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Welcoming the 50th anniversary of society foundation

The Japanese-French Oceanographic Society
was founded in April 1960, in order to stimu-
late scientific exchanges between Japanese and
French individuals and groups working on
oceanography and fisheries. In those days,
French scientists were leading the deep-sea re-
search using manned submersibles. In 1958,
Bathyscaphe FNRS-III and in 1962, Bathysca-
phe Archimede visited Japan to carry out deep-
sea expeditions in Japan Trench and Kuril
Trench with Japanese scientists. Recognizing
those advanced French activities, the late Doc-
tor Tadayoshi Sasaki, Professor of Tokyo Uni-
versity of Fisheries at that time, led founding
this Society, in order to stimulate scientific ex-
changes between Japanese and French oceanog-
raphers and fisheries researchers. Doctor
Sasaki, the first President of the Society, re-
ceived celebrating messages from various scien-
tists, including Doctor Luis Fage, who was
Professor of Faculty of Science, Paris Univer-
sity and Member of Institut de France at that
time, and Mr. Jacques-Yves Cousteau, who was
the Director of Musée océanographique de
Monaco at that time.

In 1963, the Society started to publish the so-
ciety journal “Umi,” which is called “La mer”
internationally; four issues have been pub-
lished each year recently, and the latest volume
is the 49th. The Society has been holding the
scientific and business meeting in June every
year. The Society numbers about 150 members
today. The Society established the Society
Award in 1966 and the Best Paper Award in
2001. In 1984, another Japanese-French
Oceanographic Society was founded in France
by the effort of Doctor Hubert Ceccaldi, Profes-
sor Emeritus of L'Ecole des Hautes Etudes. The
Japanese-French Oceanographic Societies in
Japan and France have been coordinately hold-
ing “Symposium on Oceanography in Japan
and France” either in Japan or France about

President, Japanese-French Oceanographic Society

Shiro IMAWAKI

every two years since 1983. Its 13th symposium
was held in Marseille, France in 2008.

The Society is based at La Maison Franco-
Japonaise located at Ebisu in Tokyo, and is
playing a role as a member of Japanese-French
Society Consortium, which consists of 26 aca-
demic societies on humanities, social sciences,
natural sciences, medical sciences, agricultures,
engineering, etc. and are based at La Maison
Franco-Japonaise. In 2008, they held a big sym-
posium entitled “Renaissance of academic ex-
changes between Japan and France,” celebra-
ting the 150th anniversary of Japanese-French
mutual interchange, which started near the end
of “Edo” era. Those activities of the Japanese-
French Oceanographic Society for 50 years
since its foundation are described in details on
the next section entitled “Progress of the Japa-
nese-French Oceanographic Society in the Past
50 years”.

The Society welcomed the 50th anniversary
of its foundation in 2010, and decided to hold
the memorial symposium and ceremony, and to
publish a memorial issue of the society journal
“Umi.” The memorial symposium and cere-
mony of the 50th anniversary was held in Kobe
on 15 October 2010, as the 14th “Symposium on
Oceanography in Japan and France.” It was
held as a part of the International Conference
entitled “Techno Ocean,” which has been held
in Kobe, a sister city of Marseille, every two
years. The memorial symposium and ceremony
were held successfully, being attended by more
than 70 people, including 22 scientists from
France. The details of those are given on sec-
tions of this special issue entitled “Commemor
ative events of the 50th anniversary of society
foundation” and “Commemorative symposium
of the 50th anniversary of society foundation
(The 14th Japanese-French Oceanography Sy
mposium)”. It should be noted that this special
issue was financially supported by the
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Fondation Franco-Japonaise Sasakawa; Ms.
Tomoko Ito took special care of it.

During preparing this special issue, on 11
March 2011, Japan was attacked by the huge
earthquake whose epicenter was located off the
Pacific coast of Tohoku Area and subsequent
devastating tsunami, which resulted in dam-
ages of Fukushima Daiichi nuclear power
plants. The victims almost amounted to 20,000;
it was really an unprecedented disaster. We
have sincerely re-realized the rage of Nature.
The damage was not limited to Japan, but
drifting debris in the sea and radioactive mate-
rial injected to the environment may cause
more or less considerable effects to many coun-
tries in the world, especially to neighboring
countries. Just after the earthquake and tsu-
nami, we received a lot of electronic mails of
sympathy and encouragement from colleagues
all over the world. Japan received various kinds

of relief and donation from all over the world.
French oceanographers sent a specific support
to fishermen in Sanriku Area to help them to
recover the oyster cultivation. We have re-
recognized that Japan is tightly connected with
the world. On one side, we suffer damages from
oceans occasionally, but on the other side, we
receive tremendous benefit from the oceans and
human beings shall inevitably depend on the
oceans in future, too. Namely, human beings
should cooperate with each other and pursue
the way of living close together with the oceans
and earth, which seems to be the only way for
human beings to survive.

The Japanese-French Oceanographic Society
will keep activities, focusing on scientific ex-
changes between Japan and France in the field
of oceanography and fisheries. Any sugges-
tions, encouragements and supports should be
appreciated.
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Progress of the Japanese-French Oceanographic Society in the past 50 years

Vice-President of the Japanese-French Oceanographic Society

The Japanese-French Oceanographic Society
(JFOS) was founded on April 7, 1960 and
marked its 50th anniversary in 2010. The pe-
riod of 50 years corresponds to a half century,
and that was a human's life-span in the past.
We are delighted that the society has been very
active and ongoing for such a long time.

The objectives of the society are to systema-
tize the academic exchange between Japan and
France in the fields of oceanography and fish-
eries, and to promote scientific cooperation in

Tsutomu MORINAGA

those fields. The words and text for expressing
such objectives have changed over time, but the
intent has not changed basically from the
starting time through the present.

The JFOS has been carrying out various pro-
jects to fulfill those objectives. In the following,
we will look back at the activities that the soci-
ety has undertaken during the process of car-
rying out these projects.

The society has been holding the academic re-
search conference every year around the
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spring. The number of presentations at the
conference was about 20 when it was started.
However, the number has gradually decreased
over time, and is approximately over a dozen in
recent years. This may be very much related to
the specialty segmentation of the society mem-
bers, the segmentation of academic research,
and increase in the presentation opportunity of
research papers. Also, in the past, the research
contents ranged widely from earth science and
oceanographic science to biological sciences in-
cluding fisheries science. However, they were
gradually narrowed down, over time, to the
fixed areas such as oceanography and fisheries
science. The conference venue, the Japanese-
French Hall (Maison franco-japonaise), was
originally located at Ochanomizu in Tokyo; it
was moved to Ebisu after the opening of the
new building in 1995.

For about 20 years from the foundation of
the society, numerous symposia were held by
the society. In particular, symposia concerning
the deep-sea research were held ten times. It is
partly because there was a request from the in-
dustry, for the development of ocean floor re-
sources, and partly because the deceased first
President Tadayoshi Sasaki had an extraordi-
nary ambition. In Document 1, all the past
presidents and vice-presidents are listed. The
research contents thereafter changed to vari-
ous academic themes that reflect the times, and
the number of symposia has decreased since
around 1985. The reason for this is related to
the symposia held jointly with the JFOS in
France every two to three years; the details of
those symposia will be described later. Recent
lecture meetings and symposia are often co-
hosted with other societies including various
societies affiliated with the Japanese-French
Hall (Maison franco-japonaise).

The periodical publication of the society,
which is one of the most important projects, is
the journal “La mer” named “Umi” in Japa-
nese. The journal was first published in 1963; it
is three years after the foundation of the soci-
ety. Lately, the journal has been issued quar-
terly, and Vol. 49, No. 1/2 was published in
2011. The society journal “La mer” contains
original papers, short communications, re-
views, contributed articles, and other

information. An editorial committee has been
set up in the society, and submitted papers are
reviewed by committee members under the di-
rection of the editorial committee chair. The
number of printed pages used to be about 250
pages per year, but the total number of pages
has been trending downward in recent years.
At the end of this issue, the entire contents for
the recent ten years are shown. Vol. 22, No. 3/4
(1984) was a memorial issue for the society
founder, the first President Sasaki; the issue
contained the largest amount of pages (350
pages) among the published issues. The society
journal has always been printed by Eiwa Pub-
lishing Co., Ltd. from the first issue through
the present issue.

As a publication of the society, there is the
“English-French-Japanese Glossary for Ocean-
ography and Fisheries” (B5 size, 45 pages),
published in 1967. This glossary had a rarity
value. In recent years, it has been useful for the
compilation of similar dictionaries. As enlight-
ening books for young readers, “Sea and
Human-Beings” and “What is Happening in the
Sea” were published in 1981 and 1991, respec-
tively, in the “Iwanami Junior Shinsho” series.
Both books have been well-received. Further-
more, for the convenience of the society mem-
bers, videos of scientific conferences have been
recorded, stored in DVD, and sold since 2003. In
recent years, the back issues of the society
journal (Volume 1 to Volume 45) were digit-
ized and distributed for free to all the society
members and the related research organiza-
tions. In addition, we set up the Website of the
society in 2005, in order to send out academic
information about the society.

The awarding system of the society includes
the Society Award and Best Paper Award. The
Society Award was established in 1966. Each
year, we set up a candidate recommendation
committee, carry out a fair selection, and de-
cide award winners through the discussion by
the council. Award winners are carefully se-
lected so that we cover each field of specializa-
tion in turn. The Best Paper Award was
established in 2002; the papers published in “La
mer” by young researchers or graduate stu-
dents as the first author during the latest two
years are the candidates, and one or two papers
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are awarded each year. These awards are pre-
sented at an annual general meeting of the so-
ciety. The Society Award is presented with an
award certificate and a medal (also reward
when it was established), and the Best Paper
Award is presented with an award certificate.
In Document 2, all the past award winners are
listed.

As distinctive features of the society, we have
carried out joint projects such as surveys, lec-
ture meetings, and symposia by both the JFOS
in Japan and JFOS in France. When our soci-
ety was founded, the joint deep-sea investiga-
tions with French submarines were carried out,
and the movie and lecture meetings concerning
the deep sea were also held. Around 1985, the
deceased third President Yutaka Uno was com-
mitted especially to aquaculture of both coun-
tries and actively promoted the exchange of
people between the two countries. Around this
time, the Institut Francais de Recherche de la
Mer “IFREMER” was established in France. At
the same time, Professor Hubert-Jean Ceccaldi
made an effort to found the JFOS in Paris in
1984, and also took up the post as the French
President (designation around that time) of
the Japanese-French Hall (Maison franco-
japonaise). Thus, the exchange between Japan
and France was strengthened. In particular,
there was a remarkable progress in the fields of
marine biological science including fisheries
science. The development of Japanese-French
collaboration was described in detail, by the
former Vice-President Hiroki Yagi and others,
in the review paper entitled “History and Fu-
ture of Japanese-French Collaboration in the
Fields of Oceanography and Fisheries Science”
published on “La mer” Vol. 47, No. 1/2 (2009).
The Japanese-French joint symposia were re-
peatedly held from No. 1 in 1983 to No. 14 in
2010 in either Japan or France. In Document 3,
the contents of those Japanese-French Oceano-
graphic Symposia are listed.

As mentioned above, the society has carried
out various activities. The main supporting
funding for these activities is the membership
dues from the society members and supporting
members. The annual membership fee for a
regular member was 700 yen when the society
was founded, and presently it is 8,000 yen. The

annual membership fee for a supporting mem-
ber was 5,000 yen when the society was
founded, and presently it is 10,000 yen.

For the JFOS to maintain and continue vari-
ous activities hereafter as in the past, it is es-
sential to return to the founding philosophy of
the society. Firstly, we have to revitalize, more
than ever, the academic exchange between Ja-
pan and France, which is the top priority of the
society, and to give back the achieved results to
the public of both countries. Secondly, we have
to add unique features to the society activities
in Japan. Followings are some suggestions;
subjects which other large societies exclude and
unique themes with strong societal demand
should be selected as conference themes, and
sister cities and friendship cities in France
should be chosen as conference venues. Needless
to say, we should effectively apply fast-
developing communication technology for
these purposes.
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JR D JETT & ifEH T Diff /KB E DA — % E Z 7 K RIEER ICBA 3 2 —af
DL

Une seri de travau sur la circulation generale dans un ocean

R B 1 5 BB O M ERBICB 3 2 WH 4Rk o 8 <
WP L T—

Recherches morphologiques sur les chaetognathes du Pacifique du
nord

HHEITB T B KOO EMR & © OHRILEIIE

Etude de I'effet du feu sur la peche et de son operation

H A ifgifE K D ifg AL F RIS

Recherches chimiques des eaux aux environs du Japon

IR B X ONEBIC B 2 —H o wF%E

Recherches sur les vagues et les condes internes

IR D HaFE R B 4 B LE BB IO BT SR

Recherches ecologiques de 1'elevage de 1'oreille de mer

HOHImE. FIcREEOIBRICE 2 KPEFZRIDIE

Recherches morphologiques sur 1’os urohyyal et sur les osFaciauxdes
poissons

KRFEIT BT 26 F B IC B9 2 UF5E

Recherches sur les proprieties optiques de ’eau en plein ocean
RILBED TS 7 b U HHEOER I 598

Etude sur la succession de la communaute planctoniquedans la Baie de
Tokyo

LKL B 5l O

Recherches sur les bulles stables d’eau de mer

BB M pE I B B AR REA ISR

Recherches physio-ecologiques sur la production organique par les
algues

B&bAHEED S ALY 2 0H5E

Recherches ecologique d’etre vivant relative aux euphausuaces
O TE &R I 5 —EHO R

Une serie des recherché sur les comportements de poisons et La
methodologie de peches

L IC B 2 —H O PR

Une serie des recherché sur I'optique oceanographique

7o v~ KT HABOSBFERE S CITHEEREY L
Recherches taxonomiques et biologiques peches sur les Zooplanktons,
particulierement Mysidaces
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WEPEIC 3 B ARG, FRICEER O BB 1B 3 2 F 98

Recherches sur les mechanisms de circulation des bioelements,
particulierement du silicium, dans la mer

HERHIE IS 35 0 5 0 0 B SRV BFAL

Recherches scientifiques sur les vagues cotieres pour la Prevention des
desastres

HEPERBIC 35 1) 5 3 TEK O UKE BRI IS 3 BFAE

Study on sedimentation mechanism of transition elements in Oceanic
circulation

EHEOLREL X OEHEEBRICE T 2 2 0%EICET 2 —HO P
Studies on the ecology of chaetognaths and their role inmarine Eco-
systems

IR R 1T B 9 5 PSR

Physical oceanography on coastal processes

AT S V7 b v OEFEARRICET 5%

Production ecology of the planktonic grazers in the sea

I EEHERE ) h O RG TSE AL R OSSR L F I PR S B S 2 TSR
Les compositions et les proprieties chimiques des mineraux Agrileux
dans les sediments marins

W75 v s v ORERERERE, R ARIR KR D HEfEA: 5 12 B9 5 9L
Studies on phytoplankton primary productivity with special reference
to low temperature waters

RIS 551 2 Bl AR O 2 B B9 % WFJE

Etude sur la comportement de la matiere organique particulaire dans
I'estuaire

IEPEIZ 361 2 G @ I B9 2 P98

Study on dynamics of oceanic mesoscale eddies

HEPED ERIERICBE T 2 WH9E

Study on nitrogen dynamics in the ocean

IEPED CEREE & AR AR PE IC B 9 A IFE

Studies on optical environment and biological production in the ocean
RIS O YR T D AR « a2 2B 3 2 1L FIIIFSE
Biochemical studies on the generation and decay processes of coastal
biogenic particles

AT B K OV A L & U iR Ic B 9 A RS

A series of study on large meander of the Kuroshio and oceanic proc-
esses around the Kuroshio region

BN O LA TEN I B9 % W

Studies on behavior of marine animals under various light conditions
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SRS X MBS © WG St a#lc B3 5 HE

Study on internal tide and Kyuchou in Suruga and Sagami Bays

T T A e A YA el E U o KA R o A B TR AR RIFIE
Physio-ecological studies on marine macro algae, Eisenia arborea and
Ecklonia cava

LR & O H A O IRIEIGER 2B 9 5 WH9E
Studies on deep circulation of the northwestern Pacific Ocean and the
Japan Sea

TEPEREYINEIC 81 5 8 A o s Pk 2 B 3 2 B PFTE
Original achievements leading inductivrly towards
evalution of detritus food chains in the marine foodweb

WETZ 7 b v, BHEYOEREFIITI

Ecological studies on carnivorous plankton chaetognatha

EFERIFIC & 5 Bl X CHBAGERER O WL

Studies on the Kuroshio and the North Pacific Subtropicalgyre by di-
rect current measurement

AT & B KPERGRTHEREE D N BE 3 % FJE
Interactions of microorganisms and their use as biocontrol agenta in
aquaculture

H Al D R ER I B3 2 FF 9%

Study on surface circulation current of the Japan Sea
HRTE « MBS % s & UcinRE B R O SR

Study on coastal ecology system in Tokyo and Sagami Bays
TEEERCIAE S 12 B 9 2 DF9E

Study on microstructure in the ocean

O E A RBICEE 3 2 BF5E

Study on taxonomy and ecology of fish larvae and juneviles
B O Bl LR R X O IC BT 2 R

Studies on environments, ecology and distributions of seagrass and
seaweed beds
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2002 HK B

Tsutomu MORINAGA

BRSO
Kouichi Sumri

2003 YA Z5EE

Naho HORIMOTO
2004 PR BT
Hiroyuki FusiMURA

E )
Xuhui XI1E

2008 T M

Wataru Dor

WS
Keishi SHIMADA

S "
Hiroshi Kuropa

2009

PHR  EaR
Mizuo Izawa

2010 LG Ko

Daisuke AMBE
G s
Fuminori HASHIHAMA

2011

Andreas A.HUTAHAEAN

Distribution of underwater irradiance and estimated light at-
tenuation by oil slick in the ROPME sea area.
La mer, 37 (4), 173-181.

Research on providing habitable environment for bivalves by use
of artificial reefs.
La mer, 38 (1), 11-25.

The distribution of picopytoplankton across Kuroshio current off
the Wastern Pacific Coast, Japan reefs
La mer, 39 (4), 181-195.

W IHERIRIC B 5 LR FE ST ERK-IEFERI O CO7 F v 7
2.9 & 40 (3), 99-109.
Carbon dioxide and air sea co. flux in coral reef.

La mer, 40 (3), 99-109.

FREA K27 5 —OifpREEIC R o s k> 7 F v,

A westward propagation signal in the sea ice concentration in the
Indian sector of the Southern Ocean. 43 (3) 89-96, 2005

Growth and reproduction of the pilumnid crab Benthopanope
indica  (Decapoda: Brachyura) in Tateyama Bay, Japan. La
mer, 45 (3), 135-147.

Distribution of density ratio in the North Pacific. La mer, 45 (3),
149-158.

Diurnal Tidal Current on the Eastern Shelf of Hidaka Bay -Can
juvenile walleye pollock, Theragra chalcogoramma, move south-
eastward with the diurnal tidal current? La mer, 46 (1-2), 37-47.

KAGEBICB I BRI AT F DS OWER 75 v 7 ZORFED
—10 O AP EEE T — & % O 7o R EIAE) & R AT —
Estimation of the sediment flux from the cultured Japanese oys-
ter in Ofunato Estuary and its annual variation-Calculation by
incorporating the monthly mean environmental data for ten
years. La mer, 43 (4),44 (1), 117-128.

Transition to the Large Meander Path of the Kuroshio as Ob-
served by Satellite Altimetry. La mer, 47 (1-2), 19-27.

Automated colorimetric determination of trace silicic acid in
seawater by gas-segmented continuous flow analysis with a lig-
uid waveguide capillary cell. La mer, 47 (4), 119-127.

Development of Algorithms for Estimating the Seasonal Nitrate
Profiles in the Upper Water Column of the Sagami Bay,
Japan.La mer, 48 (2), 71-86
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Theme
ViR

Aquaculture

TK BERE ARSI
Aquaculture
NI B 2 45 B &G
Coastal management and littoral planning
R D A
General oceanography
W AR 36 B BN O BlR

Founding an algal park in Seto-nai-kai

e R e SR
Coastline and conflicts
T B B Y EIRALE O TE iR
Determination of biological recruitment at sea
IKPEBGAETH D A2 e D PLE SR

Determing factors of the growth in aquaculture

M ERRTE &S

Economy and management of fisheries

IR OWEE VDY v —EH) & DL

Co-development of fisheries and leisure in coastal zones

=% e TITv IR
Oceanic fluxes
NAFX T )avA LBl
Biotechnology and environment
it D HE IR HERG O DRAE
Determinism of biological recruitment at sea
I PRI DL « Ptk L Ok
Coastal zone observation and forecast in the medium
and long term

AR E T 5 v 2O L /KEED HH L%
Mutual new understanding for research in
oceanography and fisheries, in France and in Japan
ek H) ; A& rEER S DM AAE
Global change: interaction mankind/marine
environment
e D e v RE TS R & ELIC IR T
Towards sustainable use and Management of the
oceans
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Commemorative events of the 50th anniversary of society foundation

General Affairs Secretary, Japanese-French Oceanographic Society

1. Summary of the Commemorative events
Japanese-French  Oceanographic  Society,
founded in April 1960, reached its 50th

Hisayuki ARAKAWA

anniversary in 2010. As memorial events, we
held the commemorative symposium of the 50th
anniversary, which was regarded as the 14th
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Japanese-French oceanography symposium. In
addition, we held the commemorative ceremony
of the 50th anniversary. We also published a
special issue (this issue) of the Society journal
La mer, in order to document the progress of
the Society over the last 50 years, and record
the commemorative symposium and ceremony.

In the general meeting of the Society in June
2009, it was decided that the 50th anniversary
events would be performed in 2010, and an ad
hoc Executive Committee was established.Shiro
IMAWAKI,the President of the Society,led the
Executive Committee as the Chair; Hiroshi
KONO, General Affairs Secretary of the Soci-
ety, was appointed as the Vice Chair in charge
of commemorative symposium Part 1, Teruhisa
KOMATSU, the Vice President of the Society,
as the Vice Chair in charge of affairs of French
visitors, and Tsutomu MORINAGA, the Vice
President of the Society, as the Vice Chair in
charge of commemorative symposium Part 2.
Other members of the Committee were Hiroki
YAGI, Jiro YOSHIDA, Yuji TANAKA,
Masato KOBAYASHI, Kozo KITANI, Makoto
TERASAKI, Mitsuru IZUMI, Hideaki
NAKATA, Yasuyuki KOIKE, Toshihiko
INOUE, Hidekatsu YAMASAKI, Jyota
KANDA, Masato MOTEKI, Naho HORIMOTO
and Hisayuki ARAKAWA.The Executive Com-
mittee met repeatedly and pushed forward the
preparations, collaborating with the secretary
group of the Society. In May 2010, the sum-
mary of the commemorative events was in-
formed to the Society members on the occasion
of distributing La mer Vol. 48 No. 1.

The commemorative symposium of the 50th
anniversary consisted of two parts; the Part 1
of the symposium was carried out at the Kobe
International Exhibition Hall on October 15,
2010, and the Part 2 was carried out at “la
Maison Franco-Japonaise” in Tokyo on Octo-
ber 19, 2010. Both meetings were well attended
with a great success.The interchange in the
field of oceanography between Japan and
France was promoted quite well by this sympo-
sium, and we promised further development in
the future. The commemorative ceremony of
the 50th anniversary was held just after the
Part 1 of the commemorative symposium in
Kobe.

2. Commemorative ceremony of the 50th an-
niversary

The commemorative ceremony of the 50th
anniversary of foundation of the Japanese-
French Oceanographic Society was carried out
by  chairmanship of  Vice  President
MORINAGA at the Third Room of the Kobe
International Exhibition Hall from 16:45 on Oc-
tober 15, 2010, just after the Part 1 of the com-
memorative symposium. Firstly the opening
address was given by the President of the Soci-
ety, Dr. IMAWAKI. Successively, congratula-
tory messages were given by Mrs. la Conseillere
Florence = RIVIERE-BOURHIS (Scientific
Counselor, Embassy of France in Japan; the
message was read by Vice President
KOMATSU), Mr. Tatsuo YADA (Mayor of
Kobe City; read by Vice Mayor Yoshihiro
KOSHIBA), Mr. Didier REHAULT (Represen-
tative of Marseille City), Prof. Marc
HUMBERT (Director of Maison Franco-
Japonaise de Tokyo; read by Vice President
KOMATSU), Prof. Isao KOIKE (President of
the Oceanographic Society of Japan), Prof.
Tamaki URA (President of Techno-Ocean Net-
work; read by Director Hitoshi HOTTA), and
Prof. Hubert CECCALDI (President of the Soci
été franco-japonaise d'Océanographie de la
France). The originals of these messages with
their French or Japanese translations are re-
corded below; for French translation, we re-
ceived great contribution from Dr. Martine
CARTON, Lecturer of the Department of Lit-
erature, the Gakushuin University.

Then, President IMAWAKI presented grati-
tude letters to the following support members
who have contributed to the development of the
Society for long years; IDEA Consultants, Inc.,
JFE Advantech Co., Ltd., Marine Ecology Re-
search Institute, EMS Inc., and Eiwa Press Ltd.
After that, we distributed “Tunamin”
(Yashima Shoji Co., Ltd.) to all the partici-
pants as souvenirs. Finally, Dr. Ivan
DEKEYSER (Center of Oceanography of
Marseille) made the closing remarks. Approxi-
mately70 people, including 22 from the French
side, participated in the commemorative cere-
mony (see Photograph 1). The program of the
ceremony is shown on p. 64 of this issue.
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4. Commemorative symposium of the 50th anniversary of society foundation

(The 14th Japanese-French Oceanography Symposium)

“Towards sustainable use and management of the oceans”

The Japanese-French Oceanographic Society
held the commemorative symposium in October
2010, celebrating the 50th anniversary of soci-
ety foundation. The commemorative sympo-
sium consisted of two parts; the Part 1 of the
symposium was carried out at the Kobe Inter-
national Exhibition Hall on October 15, 2010,
and the Part 2 was carried out at “la Maison
Franco-Japonaise” in Tokyo on October 19,
2010.

The Part 1 of the commemorative sympo-
sium was held as a part of the International

Convention “Techno-Ocean 2010”7, which the
Society participated in as a co-sponsor. The
theme of the whole convention was “A New Era
of the Ocean”. The theme of our commemora-
tive symposium was “Towards sustainable use
and management of the oceans”. The sympo-
sium was held at the Third Room of the Kobe
International Exhibition Hall from 8:30 on Oc-
tober 15, 2010. At first, two keynote lectures
were given by Professor Denis BAILLY (Univer-
sity of Bretagne Occidentale) and Professor
Tetsuo YaNagl (Kyushu University). After
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that, we had 16 oral presentations and 20
poster presentations. Finally the symposium
was completed by a round table discussion by
researchers from both Japanese and French
sides. Approximately 70 participants attended
the symposium.

The Part 2 of the commemorative sympo-
sium was held at the Main Hall of “la Maison
Franco-Japonaise” in Ebisu, Tokyo on October
19, 2010 under the co-sponsorship of “la Maison
Franco-Japonaise” and the support of “Fonda
tion Franco-Japonaise Sasakawa”. At the be-
ginning, Shiro IMAWAKI, the President of the
Society, made an opening address. Under the
theme of “Cooperation between Japan and
France in the oceanography field for 50 years
and its results”, three presentations were given
by Tsutomu MORINAGA, the Vice President of
the Society, Dr. Yves HENOCQUE (IFREMER),
and Prof. Hubert CrccALDI, the President of
the Société franco-japonaise d’Océanographie
de la France. Then, under the theme of
“Importance of the biodiversity in the ocean”,
two lectures were given by Dr. Yoshihiro
Fusiwara (JAMSTEC) and Mr. Pascal JANIE
(Marseilles City). 28 people participated in the
symposium.

The program of the symposium Part 1 is
shown below, followed by the program of the
commemorative ceremony, and finally the pro-
gram of symposium Part 2 is given.

“Célébration du 50éme Anniversaire de la
Société franco-japonaise d’Océanographie”
Theme: Towards sustainable use and man-
agement of the oceans

(A) Commemorative Symposium Part 1
Meeting Place: 3rd Room of the Kobe
International Exhibition Hall
Date: October 15, 2010

08:30—09:30
Chair persons: Dr. Yves HENOCQUE (Division
of Prospective and Strategy, IFREMER /

Ocean Policy Research Foundation, Japan)
and Dr. Shiro IMAWAKI (JAMSTEC)

Keynote presentations
Prof. Denis BaiLLy (Centre of Law and

Economy of the Sea, University of Bretagne

Occidentale)

An attempt to develop new tools to represent
natural processes, economical and social
parameters in the use of coastal systems:
the SPICOSA project

Prof. Tetsuo YANAGI (Research Institute for

Applied Mechanics, Kyushu University)

Concept and practices of Satoumi in Japan
and lessons learned

Coffee break

09:45—11:45

Oral presentations (Part 1)

Chair persons: Prof. Jiro Yosaipa (Faculty of
Marine Science, Tokyo University of Marine
Science and Technology) and Prof. Denis
BAILLY (Centre of Law and Economy of the
Sea, University of Bretagne Occidentale)

1. Understanding of ecosystem and its model

(1) Dr. M.C.VILLANUEVA (Channel and North
Sea Fisheries Department, IFREMER)
The Charm Project: Defying the Channel’s
loss by facing environmental challenges
across borders

(2) Prof. Kisaburo NAKATA (Faculty of Ma-
rine Scinece, Tokai University)
Coastal ecosystem model as a tool of environ-
mental management

2. Water quality and its control

(3) Prof. Mitsuru HayasHI (Research Center
for Inland Seas, Kobe University)
Dissolved Inorganic Nitrogen budget for the
inner part of Manila Bay, Philippines

(4) Dr. M. Etienne CLAMAGIRAND (Archi-
teuthis Ltd.)
The Cap Sicié ecological restoration unit for
marine environment

Chair persons: Prof. Hiroshi Konno (Faculty
of Marine Science, Tokyo University of Ma-
rine Science and Technology) and Dr.
Georges STORA (Center of Oceanography of
Marseille, University of the Méditerranée)

3. Fisheries impact on marine ecosystems and
sustainable use of fish stock
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(5) Dr. Patrick ProuzeT (Laboratory of Fish-
eries Resources of Aquitaine, IFREMER)
Toward a systemic approach to fisheries
management: The European eel (Anguilla
anguilla) case

(6) Dr. Minoru ToMmiyama (Chita Agricul-
ture, Forestry, and Fisheries Office, Aichi
Prefecture)

Practice of sandeel fisheries management in
Ise Bay toward responsible and sustainable
fisheries

4. Ecosystem management across borders

(7) Mr. Genki TeErAUCHI (Northwest Pacific
Region Environmental Cooperation Center &
NOWPAP CERAC)
Satellite based monitoring of marine and
coastal environment of the Northwest Pacific

(8) Dr. Delphine THIBAULT-BOTHA (Center of
Oceanography of Marseille, University of the
Meéditerranée ?)
The MERMeX program for the Mediterra-
nean Sea

11:45—13:00
Group photo and lunch

13:00—13:30
Poster session

13:30—15:30

Oral presentations (Part 2)

Chair persons: Prof. Hisayuki ARAKAWA (Fac-
ulty of Marine Science, Tokyo University of
Marine Science and Technology) and Prof.
Ivan DEKEYSER (Center of Oceanography of
Marseille, University of the Méditerranée)

5. Technology for sustainable development

(9) Dr. Emilia MEDIONI (Department of Sus-
tainable Development, Marseille City)
Prado reefs program: an exemplary
Marseille coastal management project

(10) Dr. Guy HERROUIN (Pdle Mer, Provence
Alpe Cote d’Azur)
New ecological engineering for the marine
coastal areas

6. New monitoring method
(1) Dr. Masahiko SasaNo (National Mari-

time Research Institute)
A new method for coral monitoring using
boat-based fluorescence imaging lidar

(12) Dr. Madeleine GouTtx (Center of Ocean-
ography of Marseille, University of the Mé
diterranée)
New observation tools (fluorescence sensors)
for monitoring pollutants in marine areas
submitted to urban inputs

Chair persons: Prof. Jota KaNpA (Faculty of
Marine Science, Tokyo University of Marine
Science and Technology) and Prof. Hubert
Jean CEccALDI (University of the Meéditer-
ranée & Academy of Sciences, Letters and
Arts of Marseille)

7. Marine policy

(13) Mr. Takashi IcHiokA (Ocean Policy Re-
search Foundation)
Initiatives toward integrated coastal man-
agement in Japan

(14) Mr. Jean-Charles LARDIC (Secretary
General, Marseille City)
Marseilles Municipality: major improvement
in marine governance and international co-
operation to contribute to “peaceful” man-
agement of the Mediterranean Sea

8. Education for protection and sustainable
use of marine environments

(15) Prof. Hiroshi Konno (Faculty of Marine
Science, Tokyo University of Marine Science
and Technology)
An introduction to EDOMAE ESD: Educa-
tion for a sustainable Tokyo Bay learning
through a university and coastal communi-
ties partnership

(16) Prof. Hubert Jean CEccaLDI (University
of the Méditerranée & Academy of Sciences,
Letters and Arts of Marseille)
An important and original teaching method
to sensibilise the pupils and the student to
protect marine environments: “Mer en Féte”
(Sea in Festival)

15:30—16:15

Round table discussion

Moderator: Prof. Teruhisa KoMATSU (Atmos-
phere and Ocean Research Institute, the
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University of Tokyo)

Speakers:

Prof. Teruaki Suzuki (Research Institute,
Meijyo University)

Mr. Jean-Charles LARDIC (Secretary General,
Marseille City)

Dr. Yves HENocQUE (Division of Prospective
and Strategy, IFREMER / Ocean Policy Re-
search Foundation, Japan)

Prof. Tetsuo YANAGI (Research Institute for
Applied Mechanics, Kyushu University)

Prof. Denis BAILLY (Centre of Law and Econ-
omy of the Sea, University of Bretagne
Occidentale)

(B) Commemorative Ceremony of the 50th
Anniversary of the Society
Meeting Place: 3rd Room of the Kobe
International Exhibition Hall
Time and date: 16:45—17:45, October 15,
2010

Presider: Prof. Tsutomu MoORINAGA (Vice
President of the Société franco-japonaise
d’Oceanographie du Japan)

Opening address: Prof. Shiro IMAWAKI (Presi-
dent of the Société franco-japonaise d’Ocea-
nographie du Japan)

Congratulatory message: Mme la Conseillere
Florence RiviERE-BOURHIS (Scientific Coun-
selor, Embassy of France in Japan)

Congratulatory message: Mr. Tatsuo YADA
(Mayor of Kobe City)

Congratulatory address: Mr. Didier REAULT
(Representative of Marseille City)

Congratulatory = message: Prof. Mare
HuMmBERT (Director of La Maison Franco-
Japonaise)

Congratulatory address: Prof. Isao KOIKE
(President of the Oceanographic Society of
Japan)

Congratulatory message: Prof. Tamaki Ura
(President of Techno-Ocean Network)

Congratulatory  address:  Prof. Hubert
CrccALDI (President of the Société franco-
japonaise d’Océanographie de la France)

Presentation of gratitude letters
Souvenirs given to all the attendees

Closing remarks: Dr. Ivan DEKEYSER (Director
of Center of Oceanography of Marseille, Uni-
versity of the Méditerranée)

(C) Commemorative Symposium Part 2
Meeting Place: Main Hall of Maison
Franco-Japonaise, Ebisu, Tokyo
Date: October 19, 2010

Opening speech (10 : 00-10 : 05)
Dr. Shiro IMAWAKI (President of the Société
franco-japonaise d’Oceanographie du Japan)

Session 1: Cooperation between Japan and
France in the oceanography field for 50
years and its results

10 : 05-10 : 30 History of Japanese-French
Oceanographic Society

Prof. Tsutomu MORINAGA (Vice President
of the Société franco-japonaise d’Ocea-
nographie du Japan)

10 : 30-10 : 55 Japan-France cooperation in the
oceanography in France

Dr. Yves HENocQE (IFREMER)

Prof. Hubert Jean CEccaLDI (President of
the Société franco-japonaise d’Océanog-
raphie de la France)

Session 2: Importance of the biodiversity in
the ocean

10 : 55-11 : 25 The life supported by whales
which sank to the seabed: the diversity of a
biotic community around whalebones

Dr. Yoshihiro Fusiwara (JAMSTEC)

11 0 25-11 : 55 Draft plan of Calanque national
park establishment, towards sustainable use
and management of the Mediterranean Sea

Mme. Pascale JANNY (Department of En-
vironment and Urban Space, and Inte-
grated Management and Governance of
Coastal Zone, Marseille City)

Ending speech (11 : 55-12 : 00)

Dr. Ivan DEKEYSER (Director of Center of
Oceanography of Marseille, University of the
Meéditerranée)
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Discours a ’occasion de la Cérémonie pour le 50e anniversaire
de La Société franco-japonaise d’Océanographie

Le Président de La Société franco-japonaise d’Océanographie, Japon

Shiro IMAWAKI

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Mesdames et Messieurs,

Permettez-moi d’abord de me présenter:
Shiro Imawaki, président de la Société franco-
japonaise d’Océanographie.

Sont réunis aujourd’hui, Mr. Didier REHAUT,
le représentant du Maire de Marseille, le Prof.
Hubert J. CeccaLpl, de la Société franco-
japonaise d’Océanographie en France, le Prof.
Isao KOIKE, président de la Société japonaise
d’Océanographie. J’ai recu les messages de
felicitations pour cet anniversaire de la part de
Mme Florence RIVIERE-BOURHIS, Conseillére
pour la science et la technologie de I’Ambassade
de France au Japon, de Mr. Tatsuro YADA, le
Maire de Kobe, du Prof. MarcHumbert,
directeur francais de la Maison franco-
japonaise, le Prof. Tamaki URrA, président du
conseil administratif du Techno-Ocean Net-
work. De nombreux membres de la délégation
francaise sont venus de loin. Je vous remercie
de tout mon coeur pour votre participation et
pour les messages comme celui du président de
la Société franco-japonaise d’Océanographie.

La Société franco-japonaise d’Océanographie
a été créée en avril 1960 pour promouvoir les
échanges académiques de chercheurs et de
groupes qui travaillaient entre le Japon et la
France sur l'océanographie et la pécherie. A
cette époque, la France était leader dans le
domaine de l'exploration des fonds marins
abbyssaux grice aux bathyscaphes que les
chercheurs pouvaient utiliser. Le bathyscaphe,
le {FNRS III), est venu au Japon en 1958 et a
plongé avec des chercheurs japonais dans la
fosse au Japon. Puis I’ {Archiméde) est venu
en 1962 pour l'exploration de la fosse de
Chishima (Kuril). A ce moment, Dr. Tadayoshi
SASAKI, professeur de la section de la Science de

la Pécherie & I’'Université de Tokyo, a été trés
impressionné par ces recherches trés avancées.
Il a fondé cette société pour contribuer a élargir
les échanges entre les deux pays. Donc, il a été
le premier président de la société.

Maintenant, plus de 150 personnes sont
membres de la Société franco-japonaise d’Océa-
nographie. Chaque année, une assemblée et un
colloque ont lieu a4 la Maison franco-japonaise
au mois de juin. En 1963, la société a lancé son
propre périodique académique, {Umi) dont le
nom francais est (La mer) . Ce périodique sort
quatre fois par an et cette année, c’est le volume
48 qui est publié. En, 1966, nous avons créé le
Prix de la Société franco-japonaise d’Océa-
nographie pour le décerner & un membre
contribuant au progrés de ’océanographie et le
Prix du meilleur article publié dans (La mer)
en 2002.

La Société franco-japonaise d’Océanographie
fait partie de I’Association des Sociétés franco-
japonaises qui partagent la Maison franco-
japonaise & Ebisu & Tokyo comme point de
ralliement. Cette association est composée de 26
sociétés dédiées a tous les domaines, les sciences
humaines, les sciences sociales, les sciences
naturelles, la médecine, l'agriculture et la
technologie. Il y a deux ans, cette association a
organisé pendant trois jours {Le Colloque
compréhensif de [’Association des Sociétés
franco-japonaises: la Commémoration du 150&
Anniversaire des Echanges entre la France et le
Japon) a la Maison franco-japonaise a Ebisu.

Suite & la création de la Société franco-
japonaise d’Océanographie au Japon, en 1984,
une société a été fondée en France a l'initiatve
du Dr. Hubert Jean CECCALDI, professeur
éméritus a L'Ecole des Hautes Etudes. Il a é6té le
premier président de cette société. Les deux
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Sociétés franco-japonaises d’Océanographie au
Japon et en France organisent {Le Colloque
franco-japonais d’Océanographie) en alter-
nance en France et au Japon environ une fois
tous les deux ans, depuis 1983. Il y a deux ans,
nous avons organisé le 13°™ colloque & Marseille
et Paris. A cette occasion, nous avons décidé
d’organiser ce 14°™ colloque & Kobe, la cité
jumelle de Marseille, dans le cadre du colloque
international, {Techno-Ocean 2010). C’est pour

cela que cette cérémonie du 50é anniversaire de
la fondation de la Société franco-japonaise
d’Océanographie a lieu a Kobe.

La Société franco-japonaise d’Océanographie
continue ses activités d’échanges académiques
sur 'océanographie et la science de la pécherie
entre la France et le Japon, je vous demande de
I’encourager. Je vous remercie encore de votre
participation d’aujourd’hui a cette cérémonie.

(Traduction: Teruhisa KOMATSU)
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

Conseillére pour la Science et la Technologie, Ambassade de France au Japon

Florence RIVIERE-BOURHIS

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Monsieur le Président de la Société franco-
japonaise d’Océanographie, Mesdames et Mes-
sieurs,

Permettez-moi d’abord de me présenter:
Florence RivieRE-BOURHIS, Conseillére pour la
science et la technologie de 1’Ambassade de
France au Japon.

C’est un grand plaisir pour moi de pro-
noncer, au nom de I’Ambassade, ce message a
I'occasion de la cérémonie du 50e anniversaire
de la fondation de la Société franco-japonaise
d’Océanographie.

Tout d’abord, je tiens & féliciter M. Shiro
IMAWAKI, Président de la Société, et ses
collaborateurs pour un demi-siécle d’histoire de
leur organisme et pour leurs actions de coop-
ération entre la France et le Japon dans le
domaine des sciences de la mer.

La Société franco-japonaise d’Océanographie
a été mise en place en 1960 par le regretté
Professeur Tadayoshi Sasaki. Il fut le premier
chercheur japonais a participer aux plongées
scientifiques effectuées par des bathyscaphes
francais dans des eaux japonaises : en 1958 avec
le {FNRS III), puis en 1962 avec 1’ { Archi-
meéde). Impressionné par la grande qualité des
sciences de la mer en France et compte tenu de
son affection personnelle pour ce pays, le
Professeur SASAKI créa cet organisme pour
contribuer a élargir les échanges entre les deux
pays. Ces échanges, qui étaient alors limités au
niveau des chercheurs individuels, se sont
étendus jusqu’a celui de la communauté
scientifique, voire du public non-scientifique
des deux pays.

Parmi diverses activités remarquables de
cette société, j’en citerai deux. L’une est le bul-
letin trimestriel {(La mer) , qui traite d’un
grand éventail de domaines dans les sciences de
la mer. Lancé en 1963, ce périodique est un
témoin de longue date des travaux océanogra-
phiques et aquacoles effectués par des
chercheurs japonais, souvent en collaboration
avec des chercheurs francais. Je me réjouis de
la haute qualité scientifique de cette publica-
tion, qui arrive cette année au volume 48.

L’autre activité est 'organisation du Collo-
que franco-japonais d’Océanographie, dans le
cadre duquel cette cérémonie a lieu. Cette mani-
festation, dont ceci est la 14e édition, est
organisée en commun avec la Société franco-
japonaise (francaise) d’Océanographie, fondée
et présidée par Monsieur Hubert J. CECCALDI,
qui nous fait I'honneur d’étre parmi nous. Ces
deux sociétés jumelles encouragent ensemble,
par cette rencontre, des échanges de chercheurs
provenant d’organismes des deux pays et, par
conséquent, contribuent a la mise en place des
projets de recherche communs a moyen et long
terme. Un des intéréts récents des deux sociétés
est la formation de jeunes chercheurs.
J’attends beaucoup de cette initiative qui
contribuera a la coopération entre chercheurs
de la prochaine génération.

Parallelement aux riches activités des
chercheurs et des associations, dont témoigne
ce colloque, les gouvernements japonais et
francais collaborent depuis de longues années.
Il y a un an, le 13 octobre 2009, la 23e session du
Sous-Comité Mixte franco-japonais en Océa-
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nographie se réunissait a Tokyo. Y.
participaient des représentants japonais et
francais des ministéres, d’instituts de recher-
che et d’universités, dont I'Institut Francais de
Recherche pour I'Exploitation de la Mer
(IFREMER) et la Japan Agency for Marine-
Earth Science and Technology (JAMSTEC). Ce
Sous-Comité s’inscrit dans le cadre de I’ Accord
de Coopération Scientifique et Technique entre
les gouvernements japonais et francais, signé
en 1974 puis renouvelé en 1991. Dés I'année de la
premiére signature de cet accord, un Sous-
Comité spécifique en océanographie avait été
créé et depuis, soit pendant plus de 30 ans, une
réunion est organisée alternativement en
France et au Japon environ tous les 18 mois. Je
souligne que c’est le seul domaine de cet accord
de coopération qui ait maintenu une telle
activité au niveau intergouvernemental depuis
aussi longtemps.

A T'heure actuelle, nous devons faire face a
des problémes globaux comme le changement
climatique, la protection de ’environnement, le
tarissement des ressources naturelles et ’accés
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a4 lalimentation et a l'eau. Ce mois-ci, la
dixiéme réunion de la Conférence des Parties de
la Convention sur la Diversité Biologique (COP
10) se tiendra a Nagoya en vue de discuter du
maintien et de ['utilisation durable de la
biodiversité. Lorsque 1'on évoque de toutes ces
questions, il est essentiel de tenir compte des
océans qui sont un moteur majeur de la
régulation de la température et de la quantité
de CO2 dans 'atmosphére terrestre et qui sont
un grand réservoir de ressources énergétiques
et alimentaires. Il est maintenant important de
fournir tous les efforts a I'échelle mondiale
pour les résoudre et que la coopération franco-
japonaise en matiére d’océanographie donne
I’'exemple de la voie & suivre.

En remerciant tous les membres de la Société
franco-japonaise d’Océanographie et ses colla-
borateurs pour leurs efforts continus, je
souhaite que le réle important de la Société
dans la coopération franco-japonaise et
internationale ne se démente pas et que
d’autres se retrouvent ici dans 50 ans.

Je vous remercie de votre attention.
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

Le Maire de la Cité Kobe
Tatsuro YADA

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Monsieur le président de la Société franco-
japonaise d’Océanographie, les membres de la

Société, Mesdames et Messieurs,
Au nom du Maire de la cité de Kobe, je vous
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remercie vivement pour votre invitation & cet
anniversaire et je vous souhaite toutes mes
félicitations pour le 50e anniversaire de la Soci
&té franco-japonaise d’Océanographie.

C’est un grand plaisir pour moi de prononcer
ce discours devant cet auditoire composé
d’excellents chercheurs.

Je suis trés impressionné par la longue
histoire d’'un siécle et demi de coopération et
d’échange dans le domaine des recherches
océanographiques entre le Japon et la France.
Je félicite les membres de la Société pour la
poursuite de ses activités scientifiques pendant
cette longue période.

Je suis trés heureux de la participation de la
Société  franco-japonaise  d’Océanographie
a4 Techno-Ocean 2010, qui est une rencontre
internationale sur les sciences océano-
graphiques, organisée a Kobe, tous les deux ans
depuis 1986. Aussi, il est trés important pour
nous que la Société franco-japonaise d’Océa-
nographie organise son colloque dans le cadre
de Techno-Ocean 2010.

De plus, La Société franco-japonaise d’Océa-
nographie a organisé un colloque intitulé “To-
wards sustainable use and management of
the oceans”. Ce collogue qui est trés important

car les citoyens s’intéressent de plus en plus a
la mer et aux ressources marines, a la
biodiversité et au réchauffement climatique.

J’espére que ce colloque permettra de
développer davantage les recherches marines et
qu’il apportera de bons résultats.

La cité de Kobe, comme vous le savez, est une
cité portuaire internationale, qui s’est déve-
loppée depuis longtemps autour de son port.
Depuis 1961, Kobe est jumelée avec Marseille,
qui est aussi une cité portuaire. En mai dernier,
I'adjoint au Maire de Marseille, Monsieur
Jacques Rocca SERRA est venu visiter Kobe,
et moi-méme, jai eu l'occasion de visiter
Marseille il y a quatre ans. La coopération de
jumelage entre ces deux cités fétera son 50éme
anniverssaire ’année prochaine. Pour cela, je
profite de I'occasion pour présenter également
tous mes remerciements aux participants de la
ville de Marseille présents 4 ce Colloque
aujourd’hui.

Pour finir mon discours, je souhaite un plein
succeés a ce colloque et beaucoup de réussite
pour la Société franco-japonaise d’Océanog-
raphie qui féte aujourd’hui ses 50 ans.

(Traduction: Yasuyuki KOIKE)
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

Le Directeur Bureau francais, Maison Franco Japonaise,

UMIFRE 19 CNRS-MAEE
Marc HUMBERT

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Mesdames et Messieurs les élus nationaux et
locaux, Mesdames et Messieurs les présidents
et directeurs d’institutions internationales,
nationales et locales, Mesdames et Messieurs,
Mes Chers Collégues et Chers Amis,

C’est un grand honneur pour moi de vous
adresser un message de félicitations en cette oc-
casion qui vous réunit 4 Kobe oll je ne peux
malheureusement étre parmi vous.

Vous voici réunis dans le cadre de Techno-
Ocean 2010, pour un théme de réflexion
essentiel pour le futur de ’humanité {une nou-
velle ére pour l'océan) et nous attendons
beaucoup - nous attendons tout - de vos débats.
Parmi les co-organisateurs de cette manifesta-
tion fondamentale, nous avons la Société
franco-japonaise d’Océanographie fondée en
1960 et nous en fétons donc le 50e anniversaire.
Je m’associe a4 tous les souhaits d’excellent
anniversaire qui sont adressés aujourd’hui a
cette pimpante organisation !

Techno Ocean est aussi le cadre ot se tient ce
14e Colloque franco-japonais d’Océanographie,
dont la premiére édition avait eu lieu a
Marseille en 1985. Notre collégue, le Professeur
Hubert Jean Ceccaldi en avait été la cheville
ouvriére, il est aujourd’hui présent a la téte
d’une impressionnante délégation francaise et a
ceuvré avec le président Imawaki Sird pour la
préparation de cette grande opération 2010.
Bravo et merci & tous les deux de tenir si haut
la coopération franco-japonaise en océanog-
raphie !

Il me faut ajouter un mot de présentation
pour ceux & qui le nom de la Maison Franco

Japonaise, et le titre de directeur francais ne
disent rien. La Maison Franco Japonaise est
une institution créée en 1924, a4 l'initiative de
Paul CLAUDEL, ambassadeur de France et a la
demande de Eichii Shibusawa, banquier et
industriel japonais a la téte d’une association
de Japonais souhaitant le développement de re-
lations culturelles et intellectuelles avec la
France. Ils ont établi une Fondation Maison
Franco Japonaise pour accueillir un (bureau
francais) constitué de délégués scientifiques
emmeneés par un directeur francais, une petite
équipe que la France envoie et renouvelle
régulierement depuis lors. Le professeur
Hubert Jean CgeccaLDI a été l'un de ces
directeurs francais, il y a quelques années, et
j’ai I’honneur d’étre I'un de ses successeurs.

Ce n’est plus le bureau francais seul qui
organise la venue au Japon de savants et d'int
elletuels francais pour débattre avec des
partenaires japonais. La tache est partagée
avec tous ceux qui agissent activement dans la
Fondation MFJ, a savoir, depuis 1980 la direc-
tion et les comités culturels et scientifiques de
cette Fondation et depuis 1930 les nombreuses
sociétés savantes franco japonaises qui se sont
créées peu a peu autour de la MFJ aprés cette
date. Elles sont aujourd’hui au nombre de 26 et
ceuvrent au développement des échanges
intellectuels et savants entre la France et le
Japon, dans tous les compartiments de la pro-
duction de connaissance. La Société franco-
japonaise d’Océanographie, je I’ai rappelé, a été
créée en 1960 et a toujours son siége, bien sir
a la MFJ. Elle a été mise en place par le
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Professeur Tadayoshi SASAKI, qui a été le pre-
mier savant japonais a descendre dans la
grande fosse sous marine du dJapon, en
plongeant en 1958 avec la bathyscaphe FNRS-
III, puis, en 1962, avec le bathyscaphe
Archimeédel. La création de cette société a été
saluée par un message de soutien de Jacques-
Yves CoOUSTEAU, alors directeur du Musée
Océanographique de la principauté de Monaco.
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C’est dire que, dés son origine cette société
porte haut dans son domaine les relations de
collaboration scientifique de niveau mondial
entre la France et le Japon. Je suis heureux de
voir que vous continuez sur la voie tracée par
vos ainés, je vous renouvelle mes félicitations et
je vous souhaite un plein succés pour vos
travaux et, en particulier, pour ceux de ce
colloque.
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

President of the Oceanographic Society of Japan

(Le Président de la Société japonaise d’Océanographie)

Isao KOIKE

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Monsieur le Président de la Société franco-
japonaise d’Océanographie, Mesdames et Mes-
sieurs,

Permettez-moi d’abord de me présenter, je
m’appelle Isao KOIKE, je suis le Président de la
Société Japonaise d’Océanographie.

Tout d’abord, je félicite de tout mon coeur la
Société franco-japonaise d’Océanographie pour
le 50¢ anniversaire de sa fondation. La Société
franco-japonaise d’Océanographie a été créée
pour promouvoir les échanges académiques
dans le domaine de l'océanographie entre le
Japon et la France. Parmi toutes les sociétés
établies au Japon selon leurs champs de
recherches, c’est la seule spécialisée en océanog-
raphie.

Au Japon, la démarche de recherche scien-
tifiques a commencé dés le début de la période
Meiji. Done, les sociétés scientifiques appliquées
comme celle d’architecture navale ont une
histoire datant de plus de cent ans. La Société
japonaise d’Océanographie, dont je suis le
Président, comporte les sciences basiques, la
biologie, la chimie et la physique, elle a été créée
a la période Showa. Donc, elle est moins
ancienne que les autres sociétés scientifiques
appliquées.

Récemment, des chercheurs scientifiques ont
développé de nouveaux champs de recherches en
rapport avec la mer et ont créé leurs propres
sociétés comme la Société de la Biotechnologie
Marine et la Société des récifs coralliens au
Japon. Ces sociétés ont des objectifs de
recherches différents de ceux de la Société
franco-japonaise d’Océanographie. De plus, la
plupart des membres de ces sociétés sont des
chercheurs japonais. Ces sociétés n’encouragent
pas la coopération et la collaboration inter-
nationales, bien qu’elles acceptent les articles

écrits par les chercheurs étrangers.

Il n’y a pas de frontiéres dans le monde de la
recherche comme il n’y a pas de frontiéres dans
la mer. Maintenant, les informations aca-
démiques sur l'océanographie sont échangées
dans des périodiques et des courriers élec-
troniques. Des colloques et ateliers de
recherches internationaux sont trés souvent
organisés. Les échanges d’informations et de
coopération internationale sont essentielles
pour le progrés des recherches scientifiques.

Quand la Société franco-japonaise d’Océa-
nographie a été créée, les échanges académiques
internationaux é&taient trés limités. A cette
époque-la, le Professeur Sasaki a créé cet
organisme pour contribuer a élargir les
échanges des recherches océanographiques
entre les deux pays. Je félicite le Professeur
Sasakl pour son anticipation et ses efforts
tournés vers l'avenir de I'océanographie.
Depuis sa création, la Société franco-japonaise
d’Océanographie contribue au progrés de
I'océanographie japonaise avec les échanges
académiques des chercheurs océanographiques
et aquacoles. Elle a obtenu de trés bons ré-
sultats dans le domaine de la Géologie marine
et de I’Aquaculture. La Société franco-
japonaise d’Océanographie a contribué con-
crétement au progrés des sciences marines au
Japon, aussi, parmi les 26 sociétés franco-
japonaises, elle est celle dont le champ d’activité
dépasse largement son sujet, I’Océanographie.

L’Europe se développe autour de {1'Union
Européenne ) . Je souhaite que la Société
japonaise d’Océanographie développe encore ses
activités et que son 508 anniversaire soit le point
de départ a 'élargissement des échanges entre
le Japon et la France et 'Union Européenne.

(Traduction: Teruhisa KoMATSU)
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

Le président du conseil administratif de Techno-Ocean Netwok

Tamaki UrRA

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Monsieur le Président de la Société franco-
japonaise d’Océanographie, les membres de la
Société, Mesdames et Messieurs,

Permettez-moi d’abord de me présenter, je
suis Tamaki Ura, président du conseil
administratif de Techno-Ocean Netwok.

Au nom de Techno-Ocean Netwok, je vous
félicite pour le 50e anniversaire de la fondation
de la Société franco-japonaise d’Océanographie
qui organise le Techno-Ocean 2010.

Cette année est la 24e édition de Techno-
Ocean Network qui se tient depuis 1986 et c’est
ici que s’est tenue la 13e Convention, comme 1'a
dit Monsieur YADA dans son discours, le Maire
de Kobe.

Les membres de la Société franco-japonaise
d’Océanographie ont soutenu les relations de
recherches océanographiques entre le Japon et
la France pendant un demi-siécle, deux fois plus
que notre organisation Techno-Ocean Net-
work. Lorsque nous pensons a I’évolution de la
situation autour de la mer, je suis str que la
poursuite des recherches océanographiques
entre les deux pays pendant ces 50 années &tait
le fruit d’efforts admirables des deux coteés.

J’ail entendu dire que les échanges scienti-
fiques des chercheurs océanographiques entre
la France et le Japon ont commencé & 1’occasion
des plongées effectuées par des bathyscaphes
francais dans des eaux japonaises, dant les ann
ées 60. A cette époque, les chercheurs japonais
devaient apprendre beaucoup de choses sur les
sciences de la mer et 'océanographie appliquée
en France. La Société franco-japonaise d’Océa-
nographie a été créée pour contribuer a élargir
non seulement les échanges de chercheurs

individuels, mais aussi les échanges scientif-
iques plus larges et plus profonds entre les
deux pays. Et, je me souviens comme si c¢’était
hier, de I'impression que j’ai eu en entendant les
nouvelles annoncées par la radio et les
journaux sur les bathyscaphes francais qui ont
plongé dans les eaux du Japon. A 1’époque,
j’étais a I’école primaire. Cette impression s’est
reproduite au moment de la visite du Nautile au
Japon en 1985. Mon esprit “aventurier” a été
ému & chaque fois que je voyais les nouvelles
technologies marines de la France; comme celle
du premier développement et déploiement
mondial de ’AUV pratique [Epaulard].

Techno-Ocean est non seulement une réunion
internationale de spécialistes qui cherchent a
rassembler les nouvelles technologies et les
résultats scientifiques sur 1'océan, mais c’est
aussl une occasion qui permet de transférer ce
savoir-faire aux citoyens et pas uniquement
aux savants. C’est un grand honneur pour moi,
en tant que Président du conseil administratif
de Techno-Ocean Network, d’accueillir ici les
chercheurs des Sociétés franco-japonaises
d’Océanographie du Japon et de la France et de
célébrer le 50e anniversaire de la Société du
Japon.

A cette occasion, je souhaite que les Sociétés
franco-japonaises d’Océanographie de la France
et du Japon se dévéloppent encore, réussissent
dans leurs diverses recherches océano-
graphiques afin de renforcer encore les rela-
tions entre les deux pays.

Je vous présente, encore une fois, mes plus
sincéres félicitations.

(Traduction: Yasuyuki KOIKE)
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Message de félicitations pour le 50e anniversaire de La
Société franco-japonaise d’Océanographie

Le Président de La Société franco-japonaise d’Océanographie, France

Hubert CEcCcALDI

a 'occasion de la Cérémonie

au Kobe International Exhibition Hall, le vendredi 15 octobre 2010

Monsieur le Président de la Société franco-
japonaise d’Océanographie,

Madame le Conseiller pour la Science et la
Technologie

Monsieur le Maire de Kobé

Monsieur le Conseiller Général

Monsieur le Président de la Société d’Océa-
nographie du Japon

Monsieur le Directeur de la Maison Franco-
Japonaise de Tokyo

Monsieur le Représentant de Techno-Ocean
2010

Messieurs les Présidents,

Chers amis

C’est avec un trés grand plaisir que je
participe 4 ce Cinquantenaire de la Société
franco-japonaise du Japon.

Il y a environ 40 ans, le Professeur SASAKI
Tadayoshi m’accueillait dans son laboratoire a
I'Université des Péches de Tokyo (Tokyo
Suisan Daigaku) et, devant un verre de whisky,
me racontait ses plongées en bathyscaphe. Ce
fut lui le fondateur de la Société franco-
japonaise d’Océanographie du Japon.

Depuis cette époque, nous avons parcouru
beaucoup de chemin dans d’amicaux travaux
communs et des coopérations entre la France et
le Japon.

Je ne pourrai pas rappeler ici tous les noms
de ceux qui ont participé a ces coopérations:
leur nombre est trop important. Mais je ne
veux pas oublier de citer les noms de mes
proches amis japonais avec lesquels nous avons
travaillé sur des sujets communs, soit en

France, soit au Japon:

KaNnazawa Akio, YacGl Hiroki, NAKAGAWA
Heisuke, Kavama Mitsu, KiTTAKA Jiro,
HIRANO Reijiro, TESHIMA Shun-Ichi, OKAICHI
Tomotoshi, HIRAYAMA Kazutsugu, YAMAGUCHI
Katsumi, TomINnaGAa Masahide, NOMURA
Tadashi, UNO Yutaka, KaJiHARA Takeshi,
Konosu Shoji, ARuGA Yusho, Supo Hideo etce.,
sans parler de I’équipe actuelle: IMAWAKI Shiro,
KomaTsu Teruhisa, Kouno Hiroshi, KoIKE
Yasuyuki, MORINAGA Tsutomu, YOSHIDA Jiro,
KaNDA Jyota, ARAKAWA Hisayuki

Du coté francais, les chercheurs intéressés
par des coopérations avec nos collégues
japonais ont été et sont nombreux.

Yves HENOCQUE, Jean-Claude et Maguy
GUARY, Francois SIMARD, Francois GALGANI,
Jean-Marie THIERRY, Béatrice CHATAIN, Joél
QUERELLOU, Catherine MAaRIOJOULS, Patrick
SAFRAN, Denis BAILLY, Richard SEMPERE, Alain
Van WorMHOUDT, Eric DELORT, Mathias
GIRAULT, Ivan DEKEYSER, Georges STORA, etc.,
sans oublier Lucien LAUBIER, récemment
disparu.

Au sujet de ces coopérations, je voudrais
insister sur trois points:

Tout d’abord sur ce tissu de relations
personnelles qui s’établit entre nous, toujours
amicales, sur l'aide que 1'on s’apporte les uns
aux autres, des conseils, des échanges
interculturels, qui nous font mieux comprendre
les différences de fonctionnement des sociétés
dans lesquelles nous vivons, les uns et les
autres.

Ensuite, sur le fait que ces Sociétés franco-
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japonaises ont une grande valeur: elles
permettent de réunir dans chacun des deux
pays, de facon informelle, des spécialistes
appartenant & des universités, des centres de
recherche, des administrations, des entreprises
privées, des ingénieurs, ce qui permet une
approche plus compléte et plus globale des
problémes traités.

Enfin, sur 'importance que joue la Maison
franco-japoniase dans ce dialogue entre les
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dimension interculturelle, bi-nationale, trés
fructueuse, une facette spécifique d’un dialogue
entre deux pays qui ont chacun une longue
histoire, et une grande richesse culturelle.

Et je me trouve toujours, toutes proportions
gardées dans la situation du Petit Prince de
Saint Exupéry, que les Japonais connaissent
tous trés bien depuis leur enfance: “l’essentiel
est invisible pour les yeux”.

Ce sont ces relations personnelles, toujours
amicales et fidéles., qui n’ont pas de prix.

Mereci.
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The CHARM Project: Defying the Channel’s loss by improving
communication on ecosystem knowledge across borders

M.C. VILLANUEVA", S. VAZ", B. ERNANDE", L. Gardel”, F. CoPPIN”,
A. CARPENTIER”, C. MARTIN?, P. EASTWOOD”, Y. OTA", S. HARROP”

Abstract: The Channel Habitat Atlas for Marine Resource Management (CHARM) is a trans-
border collaboration project between France and United Kingdom. It has become, since 2003, a
growing network of scientists geared on investing in science through joint collaboration, com-
munication and knowledge management. The initial objective of the project is to provide an at-
las for the Eastern English Channel that will serve as significant support to stockholders and
policy-makers towards sustainable exploitation and management of this ecosystem. The pro-
ject started as a pilot program collecting information and “translating” these into comprehen-
sive and integrated knowledge. The two published version of the CHARM atlas which focused
on the Dover Strait and Eastern English Channel, respectively, feature a combination of map-
based information and inventories on environment, living resources, exploitation and sensitive
areas. Integrated studies were conducted in the second volume through construction of food
web (ECOPATH) and systematic conservation planning (MARXAN) models. The project is ac-
tually in its third phase (2009-2012) which aside from providing map-based inventories of in-
formation covering the whole English Channel is geared towards a better understanding of this
complex environment an ecosystem-based approach covering more aspects on integrated mod-
eling such as trophic network dynamics, climate change effects, habitat map classification, eco-
nomics and systematic conservation planning.

Keywords: English Channel, ecosystem-based approach, ecosystem census, systematic conserva-

tion planning, transborder collaboration

I. Introduction

The English Channel is facing major chal-
lenges due to human actions that are causing
unprecedented impacts on ecosystem health
[1]. This is a crisis that needs to be appre-
hended as it threatens the collapse of its living
resources and the benefits to human society of-

1) Institut Francais de recherche pour I’Exploitation
de la Mer (IFREMER), 150 Quai Gambetta BP 699
62321 Boulogne-sur-Mer, France

2) Hellenic Centre for Marine Research (HCMR),
P.O. Box 2214 71003 Irakleio, Crete, Greece

3) 11, Bann street Southgate, Wellington, 6023, New
Zealand

4) Ocean Policy Research Foundation, Tokyo, Japan

5) University of Kent, Durrell Institute of Conserva-
tion and Ecology, Dept. Anthropology, Canterbury
CT2 7NS, United Kingdom

fered by this ecosystem.

The CHARM project aims to awaken con-
sciousness and emphasize a commitment of a
cross-section of international experts on the
Channel to focus on how to better sustain and
conserve this fragile ecosystem. It focuses on
habitats which is an important factor espe-
cially in explaining the occurrence and distri-
bution of living resources that lives in it.
Studying habitats can also provide information
about modifications in abundance of biological
resources and identify the factors that can lead
to these changes.

In 2003, French and English researchers from
eight institutes were gathered to collaborate in
establishing an initial protocol for collecting
environmental and biological data along the
Dover Strait [2]. During the second phase
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(2006-2008), scientific efforts were geared on
exhaustive data collection and map-based rep-
resentation of environmental, social and bio-
logical information of the Eastern English
Channel (Fig. 1). Initial attempts were also
done to describe and determine ecosystem state
as well as defining better management and con-
servation options in order to slow down the
system’s degradation process [3]. Scientific ex-
perts assembled were devoted in developing
synthesized data focused on specific issues and
actions to achieve a better comprehension of
system health and pin down current threats
while outlining the consequences related to
identified challenges and gaps. This is at the
same time providing an opportunity for the
popularization of information and approaches
developed within the context of the project.
Critical needs that were identified and covered
by the project to date include: (1) provide in-
formation on biology and ecology of aquatic
living resources, (2) establish ecological links
and functioning, (3) comprehension of fisher-
ies dynamics, (4) synthesis and distribution of
available data (5) fishers’ perception of marine
environment and their socio-economic context
(6) enhance comprehension and facilitate im-
plementation of regulation in and between
states and (7) knowledge on ecosystem man-
agement and conservation.

II. Documenting, mapping and modeling

In order to produce a comprehensive atlas,
there is a need to provide a census of marine
life. This means that it was necessary to iden-
tify the existing species, where they occur and
what is their habitat. Information on environ-
ment (physical and hydrobiological features),
living resources (fish and benthic organisms),
fisheries and exploitations and existing regula-
tions were collected for the first and second
phases of the project were based on existing
historical and newly collected data (Fig. 2). A
summary of collected information are enumer-
ated below. These along with data integration
modeling techniques (habitat, food web and
systematic conservation models) used in the at-
las [3] can be found in the atlas and can be
downloaded in this URL site : http://www.
ifremer.fr/charm.

Fig. 1. The Dover Strait and the Eastern English
Channel (Source: www.geoportail.com).

A. Physical environment

Most of the data concerning the physical fac-
tors such as water temperature and salinity
were from in-situ measurements provided by
IFREMER’s Channel Ground Fish (CGFS) [4]
and Beam Trawl Surveys (BTS) [5]. These sci-
entific sea surveys collect abiotic parameters
aside from providing species abundance indices
in the eastern Channel since 1988 and 2007, re-
spectively. Chlorophyll-a concentration were
derived from the Sea-viewing Wide Field-of-
View Sensor (SeaWIFS) [6] satellite images
and IBTS in-situ data. Remote sensing also
provided complementary information on tem-
perature and suspended particulate matter [7].
Hydrodynamic models were used to map bed
shear stress (proxy data for tidal current pres-
sure from Aldridge and Davies [8]) and depth.
Sediment types were based from Larsonneur et
al [9].

B. Biological species list

Three large biological groups were consid-
ered in the project: benthic invertebrates,
cephalopods and fishes.

Information on benthic organisms were from
two sources. A qualitative but exhaustive
benthic community investigation collected dur-
ing the early seventies through cooperative re-
search program entitled “Benthos de Manche”
(RCP Manche) [10]. These data were comple-
mented by characterization studies of
macrobenthic communities made under the
MAcroBEnthos of the Eastern English Chan-
nel and the south of the North Sea
(MABEMONO) programme from 2004-2006.
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For fish and cephalopod species data were
mainly based on CGFS and CEFAS Beam
Trawl Survey (BTS) from the period between
1988 until 2006 and 1986-2006, repectively. For
fish species, data concerning different life
stages were collected. For fish eggs were in-situ
collections using a Continuous Underway Fish
Egg Sampler (CUFES) employed during IBTS
surveys. Larvae were from bongo net sample
from two spring periods: 1995 and 1999. Juve-
nile and adult fishes were collected during sum-
mer and autumn annually in the eastern part
of the Channel from 1989 until 2006. Comple-
mentary data on juveniles were collected at
nursery areas (i.e., estuary mouth, coastal ar-
eas) from Young Fish Surveys (YFS) from
1977 until 2006 (see atlas for further informa-
tion regarding sample collection during sea
surveys).

C. Fisheries and dynamics

After identifying vessel types and gears used
for commercial littoral, in-shore, artisanal or
mixed fisheries, landings and fishing efforts by
commercial fishing vessels were collected.
French and English fishery data were taken
from the national centre of statistical analyses
(CNTS) and from the Department for Environ-
ment, Food and Rural Affairs (DEFRA), re-
spectively. For other states exploiting the area,
data were also collected but information were
mainly based on European loghooks and from
auction halls for vessels longer than 10 m and
/or so at sea for more than 24 hours. For
France, data are also collected for vessels less
than 10m in length. Average landing per spe-
cies and fishing frequency numbers per fleet
were mapped at coarse resolution per Interna-
tional Council for the Exploration of the Sea
(ICES) division cells (i.e., each cell is 1° longi-
tude and 0.5° latitude grid).

D. Fishermen communities

A certain number of semi-structured inter-
views (20-100 minutes) among several fishing
categories were carried out mainly focused on
small-scale fishing communities. Question-
naires included information concerning fishing
activities and methods, targeted species and
distribution of fishing locations. Fishermen
were interviewed regarding their life history in
10 English (Ramsgate, Folkstone, Rye and

Hastings) and French (Calais, Boulogne-sur-
Mer, Bay of Somme, Dieppe, Caen and Port-en-
Bessin) cities. We also conducted the
participant observation of various fishing prac-
tices. Information gathered from field inter-
views were then used to produce smoothed
raster polygons which were then used to map
fishing “hotspots” per species.
E. Acts of legislation

A thorough bibliographic and information
research was made in order to compile relevant
regulations on four major themes: fisheries,
management, habitat conservation and marine
pollution at the communal, international and
state (UK and France) levels. Regulations col-
lected were carefully validated by fishermen in-
volved in the Channel management. In the
atlas, regulations were listed and explained.
Only a limited number of maps were produced
and depicts only the most pertinent regulations
in the Eastern English Channel.
F. Data Integration

Data integration involves the use of data col-
lected and analyzed in models. All data col-
lected on species abundance and occurrence
(presence-absence) were tested for normality
using histograms, skewness and Kurtosis
analyses. Based on skewness and Kurtosis val-
ues obtained, data were transformed if a nor-
malizing function for data improvement is
found. Kriging interpolation [11]was then
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Fig. 2. Schematic representation of data collected and

data integration approaches used during the sec-
ond phase of the project.
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used to produce most of the distribution maps.

Preferential and potential habitats were
modelled using generalized linear model
(GLM) [12] and Regression Quantile (RQ)
[13] from abundance data while probable habi-
tats were modeled using generalized additive
model (GAM) [14] was used for presence-
absence data [15, 16].

Aside from habitat spatial modeling, other
modeling techniques were employed. In order
to define and provide a snap-shot picture of eco-
system structure, a trophic model was built us-
ing the ECOPATH software [17]. The food web
model represents the 1995 state of the eastern
English Channel. This involves identifying
functional groups from primary producers to
top predators and establishing predator-prey
interactions to depict biomass transfer from
one trophic level to another.

Systematic conservation planning approach
was also implemented in order to identify pri-
ority conservation zones using the MARXAN
software . This involves defining planning re-
gions as units and calculating conservation pri-
orities or costs per unit. Based on the initial
priorities specified in the model, the desired
conservation targets are selected based on the
minimized cost of planning units selected
closely located to each other as to avoid conser-
vation area fragmentation.

III. Eastern english channel: a complex eco-

system
1. Physical environment

Several maps were produced showing the dif-
ferent physical and hydrological features of the
Eastern English Channel. Mean average maps
for depth, bed shear stress and seabed sediment
types are some of the examples shown in Fig. 3.
Environmental mapping of the Eastern English
Channel shows that this ecosystem has diverse
geomorphology. Water depth varies from 40 to
100 meters (Fig. 3 above). It is a macrotidal
ecosystem. Elevated current intensities are lo-
cated along the frontiers of the Eastern Eng-
lish Channel; the narrow area of the Dover
Strait and the eastern-western channel border
(Fig. 3 middle). As a result of an important hy-
drodynamic forcing (i.e., increasing current
gradient both coast to offshore and west to

Fig. 3. Depth (above), bed shear data (middle) and
bottom sediment type (below) maps of the East-
ern English Channel.

east), sediments present a specific distribution
with pebbles and coarse sediments in the zones
of strong tidal currents and sandy muddy sedi-
ments in zones with weaker currents (Fig. 3).
2. Biological species description and habitats

The Eastern English Channel has an elevated
species richness and biodiversity owing to di-
verse habitat features and adjacent estuaries.
However, in the atlas only the most significant
species in the food web and community struc-
ture and most abundant in scientific surveys
were considered.

In the atlas we considered a total of 55
benthic invertebrate, cephalopod and fish spe-
cies. These species were the most abundant and
judged relevant in the ecosystem’s structure.
For a complete list of species considered, please
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consult the atlas [3].

For each species, information provided in-
cludes species description for possible identifi-
cation, biology, feeding behavior, habitat,
geographical distribution (Fig. 4 middle).

These species were considered for habitat and
fisheries modeling. Average abundance maps
per species were also produced based on scien-
tific surveys. An example is shown in fig. 4 for
cod in two different periods: summer (July)
and autumn (October).

3. Fisheries and dynamics

Fishing activity in the Eastern English
Channel is economically significant. In 2005, a
total of 90 763 tons were captured only by
French commercial fishing vessels (614) and
landed in 42 ports (landings declared to the
French Maritime affaire). This generated
about 218 million Euros. Demersal species are
highly exploited, especially the flatfishes (com-
mon sole) and gadoids (whiting) as well as
Scombroids and clupeids. Atlantic scallops are
also highly exploited. In 2003, production
reached up to 8500 tons sold at 24 017 Euros.

In the atlas, the French fishing gears and
vessels are enumerated based on three main
categories: littoral, inshore (<12 nm) and
mixed (>12 nm) fisheries. Fig.ure 5 shows a
bottom trawl used to catch demersal species
and how this gear is put out at sea and taken
back on-board. A complete description of each
fishing gears is available in the atlas.

4. Fishing communities

Small-scale fishing communities interviewed
in the project reacted well to the free-style form
of survey. A total of fifty fishermen were inter-
viewed in the 10cities/ports cited above, leading
to about 1-4 fishers interviewed per port and
per fishing gear. In the French side, mainly
trawlers and netters were interviewed whereas
in the English side, some longliners and potters
were also interviewed aside from the trawlers
and netters. Responses accumulated from the
different fishers interviewed are mainly subjec-
tive and reflected the opinions and perception
of the interviewee regarding the current state
and the future of the fishing industry. Based
on the results of our interviews and observa-
tions we can infer that the fishing activities in
the study area are complex and diverse due to

Fig. 4. Cod abundance distribution based on two sci-
entific surveys.
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Fig. 5. Traditional bottom trawl (above). Below:
Shoot (left) and haul (right) of the trawl at the
stern (back) of the vessel.

the fishing history and practices, number of
fishing vessels, regulations, etc. that affects
the fishing industry in different ports. Fishing
zones are determined by the difference in the
size and power of the fishing fleets between UK
and France, which is the direct result of the
regulation difference. In Boulogne-sur-Mer
(France) with 1000 fishers employing medium-
sized trawling fleets (120) with high mobility,
fishing zones cover mostly the eastern part of
the channel whilst for UK small ports, such as
Ramsgate, with almost all under 10m netting
boats (1520 vessels), fish only along their
coastal area (Fig. 6).
5. Governance in the Eastern English Channel
A total of 216 regulations were compiled due
to their relevance to the study site (Table 1).
This part of the work was done in order to en-
hance the understanding, encourage the appli-
cation and facilitate coordination of these
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Table 1. Regulations compiled relevant to the Eastern
English Channel on four major themes and
at four application fields.

Application

fields Irgtgflz? Iflfént French | British
Theme ! 1wy

Conservation 7 5 16 8
Fisheries 13 29 68 23
Pollutllon & 7 17 7 9
Security

Marine 1 ) 1 5
works

Fig. 6. Recorded fishing zones based on fishers inter-
viewed at Boulogne-sur-Mer (France, left) and
Ramsgate (UK, right) ports.

legislation. Among the four themes considered,
regulations on fisheries are the most numerous
totaling up to 133 laws (binding and soft),
byelaws, directives, etc. at four application lev-
els. Most international laws in fisheries are
non-binding for contracting parties. State
regulations complement community regula-
tions and are put into applications when the
latter is breached. The French fisheries have
the highest number of regulations. Most tech-
nical measures (e.g., authorized gears, percent-
age of catches, etc.) related to fisheries are
covered by the community regulations.

This is followed by pollution and security
regulations (40) focused on environment pro-
tection. Measures are set up at the community
level but cooperation at the international and
between states are highly encouraged.

Regulations on conservation (36) focus on
preserving marine habitats and species and
protection involves the interdiction of some ex-
ploitation methods and practices. Conservation
tools and establishment of conservation areas
are established at the state and community

levels, respectively.

For marine works, regulations (7) are estab-
lished only at the international and state levels.
A complete listing of these regulations as well
as corresponding explanations can be consulted
in the atlas [3].

6. Towards an ecosystem approach
6.1. Geostatistical analyses
6.1.1. Mapping species interaction with habi-

tats

Several habitat maps produced for the 55 spe-
cies were considered in the second volume of the
atlas. This is especially true for the fish groups
whose abundance distribution were mapped at
different life stages: eggs, larvae, juvenile and
adult. This includes 23 benthic invertebrates, 3
cephalopods and 29 fishes. Habitat modelings
were done to predict probable, preferential and
potential habitats for most of the species con-
sidered in the atlas. From the three modeling
techniques utilized (GLM, GAM and RQ), it
was observed that RQ-based models predicted
the maximal response of species under ideal
considerable conditions and are judged most
suitable for precautionary conservation habitat
planning [16]. An example using whiting is
shown in fig. 6 where GLM and RQ-based map
models are compared (Fig. 7). Compared with
GLM analysis, RQ-based models consider the
upper bounds of species-environment interac-
tions thus providing a clearer description of
how the environment is limiting species distri-
bution.
6.1.2. Mapping fishing communities

Using interviews conducted in the fishing
communities, fishing hot spot, seasonality and
family history maps were created. Fishers
drawings of popular fishing areas per species/-
gear were used to create the shapefile polygons
and once data are cumulated (overlay maps)
will produce fishing hotspot maps. This is,
however, a subjective snap-shot picture of fa-
vored fishing zones as the number of fishers
(50) interviewed in the course of the project
does not certainly represent the majority of
fishers in the Eastern English Channel. In fig-
ure 8 hot spots for sole fishery along the Dover
Strait zone is shown.
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6.1.3. Mapping catch

Distribution of average annual landings
from 2000-2006 for 25 of the most exploited fish
and cephalopod species were mapped per ICES
division. For each species, information on an-
nual production by state as well as commercial
value is also provided. Fig.ure 9 shows an ex-
ample of fishing frequency numbers (trip num-
bers) of bottom trawls for stripped red mullet
for every quarter of year. We can observe that
the fishing activities occur considerably along
the south of the North Sea during the third
quarter and progress slightly to the middle of
the eastern part of the Channel during the
fourth quarter of the year. This species is of
high commercial interest and is targeted
mainly by French fleets capturing up to 97 % of
annual landings. Exploitation started in 1990
with less than 300 tons and after 15 years, re-
corded landings had increased ten times.
6.2. Food web modeling

A total of 51 functional groups including de-
tritus (1), primary producers (2), inverte-
brates (15), fishes (29), mammals (2) and
seabirds (1) were considered in an ECOPATH
[17] model. This type of modeling work pro-
vided a synthetic snap-shot representation of
the ecosystem structure defined by food web
links and energy transfers from one trophic
level (TL) into another in the ecosystem [18].
The Eastern English Channel food web consists
of four trophic levels: TLI consists of primary
production and detritus, TLII include inverte-
brates such as bivalves, gastropods, small crus-
tacean (i.e., zooplankton), small demersal
fishes (i.e., stripped red mullet) and forage
fishes (i.e., goby), TLIII is mainly occupied by
large demersal, bentho-demersal and benthic
fish species (i.e., cod, plaice, sole) and TLIV
consists of high predators (i.e., shark, mam-
mals, seabirds). It is a phytoplankton-based
ecosystem owing to this primary production’s
contribution to support the upper TLs. Mean
trophic level of capture is at TLII. TL V has
very low exploitation level as functional groups
belonging to this TL includes mainly marine
mammals and seabirds (Fig. 10). Through this
work, keystoneness [19] and important trophic
roles of species were determined. Through this
type of modeling, it was also interesting to see

the combined trophic effects of fishing. This
figure shows that the combined effects of fish-
ing activites in the Eastern English Channel
will have detrimental effects to most biomasses
of functional groups.
6.3. Systematic conservation planning

The Eastern English Channel is an interest-
ing area for designing marine protected area

Fig. 7. Preferential (GLM-based, left) and potential
(RQ-based, right) habitat models based on the
interpolated mean abundance data from October
1988-2006 surveys (whiting photo courtesy of
IFREMER).

Fig. 8. Mapping of fishers’ interview responses in
fishing communities. Mapped fishing locations
for the common sole (left) made from raster
maps (middle, orange) and shapefile polygon hot
spot maps (right). (common sole photo courtesy
of IFREMER).
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Trimestre 1 " rd Oarter
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e

Trimestre 4

TR £
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Fig. 9. Landing distribution in tonnes of stripped red
mullet mapped per ICES division (stripped red
mullet photo courtesy of IFREMER).
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Fig. 10. A simplified representation of energy fluxes
per trophic level of the Eastern English Channel.

Fig. 11. Best conservation portfolio using a BLM of
500.

(MPA) networks due to the significant ecosys-
tem services (i.e., jobs, gravel extraction, wind-
farming, etc.) it offers. Preliminary systematic
conservation planning [20] was done in the
Eastern English Channel. This involved identi-
fying a set of conservation features (i.e., spe-
cies, jobs, ecological processes, etc.) then
setting numerical targets for conservation.
Once this is done, the planning region is divided
into planning units (PU) then simulation runs
are made using annealing techniques to esti-
mate a large number of near-optimal sets (or
portfolio) of PUs. A total of 1466 PUs were cre-
ated and about 17 conservation features were
identified. From the identified PUs, 47 were
considered as “conserved” while 123 were

classified as scenario-excluded for cost metrics
simulation runs. One of the hypotheses tested
was the estimation of the total perimeter
length of the planning unit portfolio multiplied
by a boundary length modifier (BLM).
MARXAN [21] minimizes the boundary length
cost by choosing patches over isolated PUs.
From our analyses, we chose a BLM of 500 to
ensure that the conservation portfolio patches
formed (dark blue patches) were generally
large enough to be ecologically viable (Fig. 11)
based on the metric costs used. In this scenario,
establishing several discontinued MPAs seemed
efficient in increasing biodiversity and mitigat-
ing effects of diverse anthropogenic activities.
Modifying metrics of cost from the one consid-
ered here, however, may give other results and
may require BLM adjustments. Other analyses
include testing different metric costs and tar-
get values on resulting priority area spatial
pattern.

IV. Reaching beyond scientific borders

This project has been carried out in four
years (two phases). The amount of results gen-
erated throughout this period is considerable
owing to the motivation and dedication of sci-
entists who collaborated together to produce
the atlas. Producing the atlas was not an easy
task. Scientific partners working on this since
its conception have overcome several challenges
in order to accomplish this work. Results ob-
tained are innovative in the sense that compil-
ing fragmented data from different fields into
a user-friendly, concise and freely-distributed
tool has provided an opportunity to safeguard
and revalorize existing information.

The success of scientific initiatives launched
in the project since its conception is the increas-
ing scientific recognition reflected by the on-
going growth, in terms of collaborations and
scientific productions, of the Charm Consor-
tium. It provided an opportunity of bridging
the gap between scientists, managers, stock-
holders, policy-makers, fishermen and the
grand public, creating a social-learning institu-
tion among different sectors that are concerned
with marine management. The atlas has be-
come a significant reference material of knowl-
edge on the Eastern English Channel and its
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living resources. The main force relies on effi-
cient communication of simplified, concise and
useful information to different sectors. It was
initially dedicated to providing contemporary
map-based inventories of habitats and living
resources in the Eastern English Channel [22]
and is actually moving towards a greater ambi-
tion of implementing an ecosystem-based ap-
proach. Since 2009, the third phase of the
project has begun covering more scientific
themes and challenges. Scientific French and
English research institutes and laboratories
participating in this phase doubled. Currently,
the whole English Channel is being covered and
more integrative modeling work dealing on
habitat classification, economics and climate
change are considered aside from the trophic
network and systematic conservation plan
modeling during the second phase.
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Limiting factors of phytoplankton communities along
the Ogasawara transect in North Western Pacific Ocean

Mathias GIRAULT" ", Hisayuki ARAKAWA"", Jota KANDA"

Abstract: In order to clarify the dynamics of oligotrophic ecosystems at the Subsurface Chlo-
rophyll @ Maximum (SCM), we investigated the distribution of phytoplankton and availability
of nutrients in the euphotic layer along the Ogasawara transect (North-West Pacific Ocean).
Depending on the distribution of underwater light and microphytoplankton communities a
gradient between oceanic and coastal stations around Chichijima Island was identified. The vi-
cinity of island is marked by lack of clear maximum peak of Chl. @ and higher values of inor-
ganic nutrients which pointed out a possible effect of island on this oligotrophic area. In
contrast, significant SCMs reaching 5 times the Chl. a concentration at the surface were meas-
ured at the offshore stations. The SCM is located under the thermocline (60 to 68 m), the or-
ganisms mainly dominated by diatoms community were exposed to low light condition (4 to
1% of surface irradiance) and were associated with nutriclines (0.35 to 1.15 © M of nitrogen and
0.03 to 0.07 « M of PO, ). Changes in the nutrient potential limitation were detected at the
SCM. In the epipelagic layer of offshore stations, Si:N:P stoichiometries values mainly oscil-
lated between phosphorus and nitrogen potential limitation. However, nitrogen suddenly
shifted to a phosphorus potential limiting factor at the SCM. If this result can be confirmed by
complementary studies, it adds evidence that regeneration or predation mechanisms and avail-
ability of phosphorus mainly control the growth of phytoplankton in this oligotrophic area.

Keywords: Chlorophyll a, light, nutrient, N-W Pacific, oligotrophy, phytoplankton

1. Introduction

According to recent projections, a decline of
primary production associated with an exten-
sion of oligotrophic areas was reported in the
Pacific Ocean. (LOPEZ-URRUTIA et al., 2006;
BEHRENFELD et al., 2006). In this framework,
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identification and quantification of relation-
ships between primary producers and oligotro-
phic conditions must be addressed in order to
better understand the climate forcing and the
ecological response.

In this low production area, previous investi-
gations described usual subsurface Chlorophyll
a maximum (SCM) close to the bottom of
euphotic layer (EPPLEY et al., 1988; FURUYA
and MARUMO 1983, Furuva 1990). The SCM
takes large part of primary production in the
Pacific Ocean where 90% of Chl. a concentra-
tion of sunlit zone can be located in this layer.
Formation of SCM is a complex phenomenon
links to photoacclimation mechanisms as well
as nutrient availability and requirements of
phytoplanktons (HENSE and BECKMANN, 2008).
Irrespective of hypothesis about its develop-
ment, the SCM remains currently unclear in



94 La mer 49, 2011

the North Pacific Subtropical Gyre, (NPSG)
(Lu et al., 2010).

Although the NPSG is a well documented
area, few are known concerning the distribu-
tion of light, nutrients and phytoplanktons
near the Bonin Islands and especially near the
Chichijima Island (TaGucHi, 1975). Thus, this
cruise provides an interesting opportunity to
detect the variability of oligotrophic conditions
surrounding the island. In this report, we in-
vestigate parameters leading the distribution
of phytoplankton in oligotrophic area. Special
attentions will be focused on the SCM layer in
order to identify the potential limiting factor
depending on the environmental conditions.

2. Materials and methods

The Chichijima observations took place from
November 18" to 21* 2009. The 12 sampling sta-
tions are located between the Chichijima har-
bor and the Tokyo Bay (Fig. 1). By using
Niskin bottles, phytoplankton were sampled at
three levels (surface, SCM, depth of 1% light
intensity) and putted into 500 ml clean polyeth-
ylene bottles. To prevent grazing processes,
Lugol’s solution was immediately added. For
each sampling point, 1 liter of sea water was
enumerated onshore according to the Utermahl
method and references listed in the HASLE
study, (1978).

Chlorophyll a and phaeopigment were meas-
ured on the basis of the fluorometer method
(Suzuxt and IsHiMARU, 1990). During this
cruise, 3 different filters were used: Whatman”
nucleopore filters ~0.2 £ m, glass microfiber
filters, GF/D ~2.7 um and paper filters N°1 ~
11 gm. After sampling with Niskin bottle, 200
ml of seawater was filtrated through each fil-
ter type by lower vacuum pressure (<100 mm
of Hg). Then, filters were immersed into N,N-
dimethylformamide, (DMF) -containing tube,
and stored in dark condition at 4°C. Analyses
were made wusing a Turner Designs
Fluorometer previously calibrated with pure
Chl. a pigment.

The light parameters have been monitored
using the Profiling Reflectance Radiometer, In-
strument (PRR 600) Biospherical Instrument”.
The PRR 600 simultaneously measures, Photo-
synthetically Active Radiation (PAR), down-

36°N

hichijima
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138°E Sy T 140°E 142°E
27°10°N

a7°04I

142°05°E 142°15°E

142°10E

Fig. 1. Sampling stations in the North Western Pa-
cific along the Ogasawara transect from
Chichijima Island to Boso Peninsula.

welling irradiance and upwelling radiance with
10nm bandpass filters centered at 412, 443, 490,
510, 555, and 665 nm as a function of pressure,
where pressure is used as a proxy for depth.
Inorganic nutrients, (NO; , NO, , NH,",
PO, Si (OH).), were measured at each sam-
pling point. Nutrient samples were collected by
Niskin bottles, immediately putted into cleaned
plastic tube and stored kept out of the light, in
a freezer compartment. Analyses of inorganic
nutrients were performed by using an
autoanalyzer (AACS III). NH," was measured
according to KANDA method (1995). PO’ by
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the method of MurpPHY and RIDLEY study
(1962) and others nutrients (NO; , NO. , Si
(OH),) by methods listed in HANSEN and
KOROLEFF study, (1999). By using nutrient
concentrations, different types of stoichio-
metries were used to identify the potential lim-
iting factors. The Redfield and Brzezinski
ratios have been calculated on the basis of fol-
lowing stoichiometries (BRzEZINSKI, 1985) :

Si:N:P=15:16:1

In addition to this previous calculation an-
other nutrient ratio was estimated (JUSTIC et
al., 1995). Three types of potential limitation
can be evidenced according to the following as-
sessments:

(@) P limitation, [PO,]<0.1 zmol.L ",
[Si(OH).J:[PO, ]>22 and [DIN]:[PO," ] >22,

(b) N limitation, [DIN] <1 gmol.L ",
[DIN]:[PO/ ] <10 and [Si(OH),]:[DIN] >1,

(¢) Si limitation, [Si(OH).] <1 gmol.L !,
[Si(OH),J:[PO/1<10 and [Si(OH).J:[DIN] <1.
Where [DIN]=[NO; ]+ [NO, ]+ [NH.],

In contrast to the REDFIELD and BRZEZINSKI
stoichiometries, JUSTIC et al. took into account
the nutrient uptake kinetics. In view to limit
bias due in part to all chemical compounds in
the calculation method, threshold criterions for
each nutrient were added according to DORTCH
and WHITLEDGE (1992).

3. Results
3-1 Biological measurements

During the cruise, we identified 157 species
including 62 diatoms, 51 dinoflagellates, 21
tintinnid species and 23 others types (copepods,
radiolarians). Concentration of diatoms and
dinoflagellate organisms remained relatively
weak at the surface between Chichijima Island
and the station 5, (respectively ~22,750
orgs.m °, ~33,250 orgs.m °). From station 6,
abundance of diatoms showed a gradual in-
crease and reached a maximum value near the
station 9 in Tokyo Bay (~520,000 orgs.m *)
(Fig. 2). The spatial distribution of diatoms
and dinoflagellates presented a specific pattern
along the transect. On the basis of our meas-
urements, diatoms dominated all types of
microphytoplanktons at the surface of St. 4,
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Fig. 2. Variability of diatoms (black circle) and
dinoflagellates pool (white square) at three dif-
ferent depth levels along the Chichijima cruise.
Graph a) shows the concentration at the surface,
b) at the maximum of Chl. a and ¢) at 1% of inci-
dent light or at 100 meters for the station 4.

from St.6 to St.9, maximum of Chl. ¢ and bot-
tom of euphotic layer. In contrast, our results
suggested that dinoflagellates were dominant
at the surface around the Chichijima Island. In
the dinoflagellates community, the Ceratium
genus appeared to be the most abundant espe-
cially the species C. furca, C. lineatum, and C.
pentagonum.

Although abundance are lower than
dinoflagellates, some diatoms species like
Rhizosolenia pungens, Cerataulina pelagica
and Pseudonitzschia spp. were recorded espe-
cially at the SCM and at 1% of light intensity.
Phytoplankton species enumerated from the
stations 6 to Tokyo Bay showed that the
Chaetoceros genus appeared to dominate the
microphytoplankton community in particular
with the species C. curvisetus and C.
laciniosum. Concerning the zooplankton
enumerations, the higher concentration of co-
pepods and tintinnids were recorded at the
SCM.

In the euphotic layer, the Chl. a concentra-
tion measured between the Chichijima Island
and the station 5 ranged from 0.02mg.m * to

0.58mg.m *. Similar to the increase of
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Fig. 3. Vertical profiles of Chl. @ and temperature recorded at stations around Chichijima Island. Chloro-
phyll @ (mg.m *) for different size classes is also shown. The black line is temperature in °C.

abundance of diatoms mentioned above, the
concentration of Chl. a recorded at the surface
increased from station 6 to the Tokyo Bay
(0.60 mg.m ? to 2.29 mg.m *). Concentrations
of Chl. a recorded from the station 6 to Tokyo
Bay were significantly different from other
stations measured in the subtropical gyre (p-
value<0.05). On the basis of filter set results,
the smallest fraction (0.2 um to 2.7 um) fixed
the higher concentration of Chl. a in 91% of
cases (Fig. 3).

3-2 Bio-optical environment

The SCMs were detected between 69m and
86m at the stations 2, 3, 4 and 5 (Fig. 4). These
significant SCMs were located under a marked
thermocline and just upper the nutriclines. At
these stations, limits of euphotic layer were in-
trinsically linked to the maximum of Chl. a.
However, no clear peak of Chl. a was recorded
at the stations H.1 and 1 located in the
Chichijima’s bay where the light reached the
bottom of seawater column with respectively
5% and 3% of relative incident light.

At the stations 2 and 5, the relative PAR was

St.H.1

St. 1

St.2

St.s

Bottom

———- Estimated

incident light

[T Center of SCM

4 SCM

Depth (m)
X O % 0 O

1 10 100
Incident light (%)

Fig. 4. Vertical profiles of incident PAR (%) from the
coastal station H.1 to the offshore station 5. The
intermediary stations (1, 2) were respectively lo-
cated at the mouth of the Chichijima Bay and
nearby the island. The black cross is the bottom
of seawater column and black triangle is the
depth of SCM. The dot filled rectangle shows the
layer where center of SCM were detected. The
continuous line shows the measured points and
the dotted line the estimated incident light.

ranged from 1 to 4% at the center of the SCM.
The bottom of the high chlorophyll layer re-
ceived 0.1 to 4% of relative light intensity while
the top was exposed to 1 to 20%. Similarly to
attenuation coefficient curve, (data not show),
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Table 1. Classification of optical water type depend-
ing on the wavelength and Jerlov table.

412 | 443 | 490 | 510 | 555 | 665

St. H1 1B 1T 1B 1B I I
St. 1 IA IA I I IA I
St. 2 IA IA 1B IA IA I
St. 5 I I I I I I

a progressive separation of incident light pro-
files was evidenced between the station H.1 and
the offshore station 5 (respectively 22.4% and
9% at 30m).

Results on the optical water type (JERLOV,
1968) were shown in the Table 1. Although the
offshore station 5 was in the case I at each
wavelength, a type II (443nm) was monitored
at the coastal station H.1. Between these two
kinds of stations the optical water type varied
from case I to IB at the sampling stations 1
and 2.

3-3 Nutrients and potential limiting factors
Vertical profiles of inorganic nutrient con-
centration showed a low value in the shallower
layer (Fig. 5). However, noticeable nitracline
and phosphacline were recorded between 60m
and 90m. In these nutriclines, peaks in ammo-
nium (0.6-0.85 M) and nitrite (0.1-0.15 £ M)
were measured at the SCM of offshore stations.
By using the REDFIELD and BRZEZINSKI ratios,
four types of potential limitations were identi-
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Fig. 5. Vertical distributions of concentration of in-
organic nutrients at the St. 3. A primary nitrite

maximum and a peak of ammonium were identi-
fied at the SCM.
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Fig. 6. Vertical distribution of potential limiting fac-
tor during the Chichijima cruise. At each depth,
the REDFIELD and BRZEZINSKI stoichiometry is
showed on the left side and the DIN:DIP on the
right side. The black dotted rectangle point out
the sampling point where the concentration
measured were near the detection limit.

fied. Thus, 2 potential nitrogen limitations
(Si,P,N ; P,Si,N), a potential phosphorus limi-
tation (Si,N,P), and to a lesser extent a poten-
tial silicon limitation (N,P,Si) were detected.
During the cruise, the distribution of potential
limiting factor appeared to indicate a clear ni-
trogen limitation at all stations. In contrast,
the [DIN]:[PO. ] stoichiometry identified few
clear potential limitations due to the high con-
centration of ammonium and threshold criteri-
ons used. However, phosphorus potential
limitations were detected at the SCM and an
oscillation between phosphorus and nitrogen
occurred in the upper layer (Fig. 6).

4. Discussion
4-1 Shifts in the phytoplankton communities
depending on the environmental conditions
According to the results collected along the
Ogasawara transect, our data set suggests a
constant oligotrophic condition due to the low
concentration of Chl. a, microphytoplankton
and inorganic nutrients. However, two possible
changes of environmental conditions depending
on these parameters were identified. By using
the one way analysis of variance test
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(Kruskall-Wallis test) a significant difference
of abundance of microphytoplankton (p-value
<0.05) was recorded between the St. 5 and the
St.6. Difference of concentration was in part
based on a shift of the dominant pool of
microphytoplankton at the surface (dinoflage-
llate to diatom) and to drastic increase of
abundance of the genus Chaetoceros spp.. Simi-
larly, results on the Chl. a concentrations de-
pending on the class sizes and nutrients appear
to confirm this trend and define an area (St.6
to St.9) which was significantly different to
the subtropical gyre (p-value<0.05). Accord-
ing to the location of stations and the sea sur-
face temperature (Japan Oceanographic Data
Center:  (http://wwwl.kaiho.mlit.go.jp/jhd-
E.html)), it’s appeared that change was proba-
bly due to the Kuroshio’s current conditions
which differed from the Subtropical gyre area.

A second separation of data set was identi-
fied between the Chichijima Bay (H.1 to H.3)
and the station St.1 to St.5. This change
marked by the vicinity of island was reported
on the microphytoplankton community and the
distribution of light in the sea water column.
According to previous report a decrease of con-
centration of microphytoplankton was moni-
tored between St. H.1 and H.3 located at the
mouth of the Chichijima Bay (TagucHI, 1975).
In agreement with the TAGUCHI results, the
concentration of dinoflagellates globally domi-
nated the microphytoplankton species at the
surface in the pool of stations surrounding the
island and in the Chichijima Bay. However,
dominant species enumerated in 1970 differed
from this current study. For instance, abun-
dance of Peridinium spp. were the dominant
species enumerated around Chichijima Bay in
1970 but no occurrence was detected in our
study. Moreover, even if the dominant species
changed, no significant difference of total
abundance of microphytoplankton was enu-
merated between the Chichijima Bay and the
stations located in the Kuroshio counter cur-
rent (St.1 to St.5).

Investigation of the relative light incidence
condition provides a method to identify how
the island modifies the surrounding area. In
our data set, stations located at the mouth and
in Chichijima Bay (St.1 and St. H.1) showed

the higher light attenuation. Depending on the
different wavelengths, variability of optical sea
water types are consistent to the gradient ob-
served but the seawater appeared more trans-
parent than previously reported (SIMONOT and
LE TreuT, 1986; EPPLEY et al., 1988). Using
JERLOV tables, optical water type near the ab-
sorption wavelength of Chl. ¢ (665nm) did not
change between the Chichijima Bay and the
St. 5. In contrast, variability of different opti-
cal types is higher for the shorter wavelength
and especially for maximum absorption of Chl.
a spectrum (443nm). This classic significant
absorption near the UV and declining to near
zero between 650nm and 700nm is a characteris-
tic of dissolved organic matter compound,
CDOM (LOISELLE et al., 2009).

The role of the inorganic particulate matter
can also be putted in evidence due to the in-
crease of upward radiance near the coastal area
(data not show). In this oligotrophic condition
the low light absorption coefficient associated
with a greater backscattering process seemed
to be a characteristic of higher turbidity near
the Chichijima Island. This result involves that
the reflective irradiance value due to shallow
bottom is too low to modify the upward flux.
As mentioned above, only 5% and 3% of inci-
dent light reached the bottom of sea water col-
umn. Thus, in contrast to the turbidity
concentration, the reflective irradiance appears
to be insignificant to drastically modify the up-
ward flux of light.

Based on the optical properties, the higher
nutrient concentration, CDOM and inorganic
particulate matter can in part explain the lack
of SCM in the Chichijima Bay. Similarly, lack
of thermocline and pycnocline recorded be-
tween the station H.1 and St.1 highlighted that
mixing condition was significant near the is-
land and modify the shallow layer environ-
ment. Mixing conditions probably improved
the nutrient availability in the upper layer and
consequently, distribution of phytoplankton
community was located in the entire sea water
column. Our optical measurements were in line
with the low concentration of phytoplankton
enumerated during the cruise and suggested
that the island modify the local distribution of
microphytoplankton, but at a larger scale
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variability of abundance remains weakly de-
tectable due in part to the globally constant
oligotrophic condition.

4-2 Structure of SCM and limitation mecha-
nisms

Distribution of phytoplankton has been
monitored depending on the class sizes. By us-
ing filter set, our results suggested that small
organisms (0.2 ¢m to 2.7 um), played a signifi-
cant role in the sea water column. Domination
of small class size and concentration of Chl. a
at the SCM reaching 5 times the concentration
at the surface confirmed this ubiquitous phe-
nomenon described in the NPSG (TAKAHASHI et
al., 1985; HENSE and BECKMANN, 2008).

Although this common structure is well
documented, identification of potential limiting
factor changed depending on the knowledge of
seawater environment and methods used for
nutrients measurement. CULLEN (1982) re-
ported this issues regarding to biomass inter-
pretation. In the Cullen study, location of SCM
is drastically led by the nitrate availability,
light and to lesser extent the temperature value
which can change the chlorophyll concentra-
tion of cell by a factor 10. However, modifica-
tion of Chl. a cell-content is also reinforced by
the photoacclimation mechanisms which can
inhibited 8 times the fluorescence in the upper
layer (LOFTUS and SELIGER, 1975). In contrast
to the high variability of Chl. a concentration
in the sunlit zone, the low variability of
microphytoplankton abundance between the
surface and the other layers tends to show that
a photoacclimation process occurred at the
SCM.

As mentioned above, SCM is closely located
at the boundary of the euphotic layer. This vi-
cinity involves developing strategy, which ac-
cording to previous reports, allow the growth
of phytoplankton community under the arbi-
trary 1% of incident light (FALKOWSKY and
OWENS, 1978; ANDERSON, 1979). The mobility of
dinoflagellates organisms in the seawater col-
umn can be one favourable advantage contrast-
ing to the slow migration of diatom species
(JEPHSON and CARLSSON, 2009). Usually the
dinoflagellates organisms swim upward in the
morning and downward in the evening to

respectively take advantage of optimal light
and nutrient replete condition. In this study
the domination of diatom measured in the
night condition at the surface of station 4 tends
to confirm this diel vertical migration. How-
ever, the lack of clear increase of dinoflagellate
abundance at the bottom of sunlit pointed out
the probable distribution in the shallow layer
as previously described in experimental cul-
tures (JEPHSON and CARLSSON, 2009).

Scavenging process at the SCM appears to be
sizeable and can modify the relative fractioned
size of Chl. a. Examination of large class size
(>11 #m) suggested that an increase of the
large size occurred under 1% of incident light.
By using a microscope, our investigations re-
vealed numerous particles at these depths
mainly composed by fragments of the diatoms.
Adsorption of organisms and scavenge of par-
ticles can in part explain the change of class
size and the presence of Chl. a at these deep
depth values. It should be noted that grazing
pressure can explain the presence of particles at
the SCM due to higher abundance of large
phytoplankton predators (copepods and
tintinnids) at these depths.

Grazing activity at the SCM initiate by large
zooplanktons and heterotrophic bacterias was
highlighted since the earliest report, (LE
BORGNE, 1977; EPPLEY et al., 1988; KUIPERS and
WiTTE, 2000). In this previous report, Le
Borgne claimed that nutrient profiles can show
the grazing activity due to the selective excre-
tion of phosphate compared with the nitrate as-
similation. According to the definition of LEg
BORGNE, our results showed the same differ-
ence between the profiles of phosphate and ni-
trate at the SCM. In addition, the peak of
ammonium recorded at the SCM adds an evi-
dence of regeneration of organic matter and a
possible grazing activity (Fig.5). However, due
to the lack of measurement of grazing activity
or picoplankton abundance in our study, dis-
cussion about the accumulation of Chl. a at the
SCM layer remained difficult and especially to
separate the photoacclimation mechanisms to
sink of particles.

On the basis on the REDFIELD-BRZEZINSKI
stoichiometries, identification of potential lim-
iting factor of the area was investigated.
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Variability of ratio can reflect the nutrient
availability and their utilization by the plank-
ton organisms. In our study distribution of
REDFIELD and BRZEZINSKI ratios mainly shows
a nitrogen potential limitation at each station.
This result was consistent with previous meas
urement which reported that (nitrate + nitrite):
soluble reactive phosphorus, (SRP), was far
below the REDFIELD stoichiometry in the west-
ern part of North Pacific Ocean (HASHIHAMA et
al., 2009). At the SCM, the DIN: [PO,’ ] calcu-
lation seemed to be more suited for identifica-
tion of the potential limiting factor due to the
ammonium compound in the calculation proc-
ess (JUSTIC et al., 1995). In our study, the con-
centration of this compound appears to be
significant in particular at the SCM where a
peak has been recorded. The superimposition of
these two indexes highlighted that the upper
layer of euphotic layer oscillated between the
nitrogen and phosphorus potential limitation
probably due to the diazotrophy process (KARL
et al., 2001). However, specific pattern recorded
at the SCM appears to be linked to the input of
ammonium issue of the grazing activity and
remineralisation mechanisms. This significant
addition of ammonium and to lesser extent ni-
trite leads to change the nitrogen to phospho-
rus potential limitation at the SCM.

Finally, comparison of the depth of SCM and
the light intensity tend to show two different
features. The bio-optical parameters recorded
in the Chichijima Bay indicated that
phytoplankton communities can grow in the
entire sea water column. In contrast, according
to the previous studies, the SCM were system-
atically measured near the compensation depth
for the stations located in the subtropical gyre
(FURUYA, 1990). On the basis on our measure-
ments, light intensity appears to control the
access of nutrients in the gyre and allow in a
stratified column to use the nutriments located
under the thermocline.

5. Conclusions

Studies of some biological and physical pa-
rameters allow identification of three different
oligotrophic areas in the Western part of the
NPSG (Chichijima Island, the subtropical gyre,
and the Kuroshio current). In these

oligotrophic areas, the higher value of Chl. a
concentration was recorded for the smallest
fraction part (0.2 zm to 2.7 um). The low con-
centration of microphytoplankton enumerated
at each station around the Chichijima was
dominated by the dinoflagellate species at the
surface. The diatom pool is more dominant at
the SCM and in the Kuroshio Current. Our
measurements confirm that Chichijima Island
appears to have specific feature in contrast to
the Subtropical gyre area. In this oligotrophic
location, the island seems to modify the optical
properties of seawater, increase the concentra-
tion of nutrients which allowed utilisation over
the entire seawater column by the phytoplank-
ton organisms. Albeit complementary studies
should be investigated, light availability and
concentration of phosphorus wunder the
thermocline appeared to be a key factor to sup-
port the growth of phytoplankton communities
in the western part of NPSG.

Acknowledgments:

We thank the captain KITAZAWA and his crew
members of R/V Shinyo maru of TUMSAT for
their cooperation at sea. We are grateful to
Ryo ITO, Kazuhiko Masuo, Yuta NAKAGAWA
and Kan Ou for their supports during the
cruise. We gratefully acknowledge Kota
AYUKAWA and Chinatsu OoucHIDA for the nu-
trients analysis.

References

ANDERSON, G. C. (1979): Subsurface Chlorophyll
maximum in the northeast Pacific Ocean,
Limnology and Oceanography, 14, 3, pp. 386-391.

BEHRENFELD, M. J., R. T. O’MALLEY, D. A. SIEGEL,
C. R. McCLAIN, J.L. SARMIENTO, G. C. FELDMAN,
A. J. MiLuicaN, P. G. FaLkowski, R. M. L
ETELIER and E. S. Boss (2006): Climate-driven
trends in contemporary ocean productivity, Na-
ture, 444, pp. 752-756.

BrzeZINSKI, M. A. (1985): The Si:C:N ratio of marine
diatoms: interspecific variability and the effect
of some environmental variables. Journal of
Phycology, 21, pp. 347-357.

CULLEN, J. J. (1982): The deep chlorophyll maxi-
mum: Comparing vertical profiles of Chlorophyll
a, Can. J. Fish. Aquat. Sci. 39, pp. 791-803.

DorTcH, Q. and T. E. WHITLEDGE (1992): Does nitro-
gen or silicon limit phytoplankton production in



Limiting factors and plankton distribution in NPSG 101

the Mississippi River plume and nearby regions?
Continental Shelf Research, 12, pp. 1293-1309.

EppLEY, R.W., E. Swirr, D. G. REDALJE, M. R.
LANDRY and L. W. Haas (1988): Subsurface chlo-
rophyll maximum in August-Septembre 1985 in
the CLIMAX area of the North Pacific, Mar.
Ecol. Prog. Ser., 42, pp. 289-301.

FALKOWSKI, P. G., and T. G. OWENs (1978): Effects of
light intensity on photosynthesis and dark respi-
ration in six species of marine phytoplankton,
Marine biology, 45, pp. 289-295

Furuya, K. and R. MaruMO (1983): The structure of
the phytoplankton community in the subsurface
chlorophyll maxima in the western North Pacific
Ocean, Journal of Plankton Research, 5, n°3, pp
393-406.

Furuya, K. (1990): Subsurface chlorophyll maxi-
mum in the tropical and subtropical western Pa-
cific Ocean: Vertical profiles of phytoplankton
biomass and its relationship with chlorophyll a
and particulate organic carbon, Marine Biology,
107, n°3, pp. 529-539.

HANSEN, K. and F. KOROLEFF (1999): Detemination of
nutrients. In: Methods of Seawater Analysis,
Grasshoff, K., Kremling, K., Ehrhardt, M.
(Eds.), Wiley, Weiheim, pp.159-228.

HasHinama, F., K. FURUYA, S. KITAJIMA, S. TAKEDA,
T. TAKEMURA, and J. KaNDA (2009): Macro-scale
exhaustion of surface phosphate by dinitrogen
fixation in the western North Pacific, Geophysi-
cal Research Letters, 36, L03610.

HasLE, G. R. (1978): The inverted microscope
method. In: Phytoplankton manual. Ed. A.
Sournia. UNESCO. Paris.

HENsE, T and A. BECKAMANN (2008): Revisiting sub-
surface chlorophyll and phytoplankton distribu-
tions, Deep-Sea Research I, 55, pp 1193-1199.

JERLOV, N.G. (1968): Optical Oceanography.
Elsevier, Amsterdam, 194pp.

JEPHSON, T., and P. CARLSSON (2009): Species- and
stratification-dependent diel vertical migration
behaviour of three dinoflagellates species in a
laboratory study, Journal of Plankton Research,
31, pp. 1353-1362.

JusTic, D., RaBarars, N. N., TURNER, E., and Q.
DortcH (1995): Changes in nutrient structure of
river-dominated coastal waters: stoichiometric
nutrient balance and its consequences. Est.
Coast. Shelf Sci., 40, pp. 339-356.

KaNDA, J. (1995): Determination of ammonium in
seawater based on the indophenol reaction with
o-phenylphenol (OPP), Water Research, 29,
n°12, pp. 2746-2750.

KARL D., BiorkMAN K., DorE J., FuJiekr L., HEBEL
D., HouLHAN T., LETELIER R., Tupas L. (2001):
Ecological Nitrogen-to-phosphorus stoichio-
metry at station ALOHA. Deep-Sea Research

Part 11, 48: pp. 1529-1566.

KuipPErs, B. R. and H. J. WirTE (2000): Prochloro-
phytes as secondary prey for heterotrophic
nanoflagellates in the deep chlorophyll maxi-
mum layer of the subtropical North Atlantic,
Marine ecology process, 204, pp. 53-63.

LE BorGNE, R. (1977): Etude de la production
pélagique de la zone équatoriale de
I’Atlantique a 4° W. III - Respiration et excrétion
d’azote et de phosphore du
zooplancton. Cah. O.R.S.T.0.M, sér. Océanogr.
Vol. XV, n°4 : 349-362.

LorseLLE, S. A., L. BraccHINI, A. M. DarrtiLo, M.
Riccr, A. ToaNazzi, A. CozAR, and C. Rossl
(2009): The optical characterization of
chromophoric dissolved organic matter using
wavelength distribution of absorption spectral
slopes, Limnol. Oceanogr., 54, n°2, pp. 590-597.

Lortus, M. E. and H. H. SELIGER (1975): Some limi-
tations of the in vivo fluorescence technique.
Chesapeake Sci., 2, pp. 79-92.

Loprez-URRUTIA, A., E. SAN MARTIN, R. P. HARRIS,
and XABIER IRIGOIEN (2006): Scaling the
metabolic balance of the oceans, PNAS, Vol. 103,
n°23, pp. 8739-8744.

Lu, Z. GAN, J. Da1, M., A. Y. Y. CHEUNG (2010): The
influence of coastal upwelling and a river plume
on the subsurface chlorophyll maximum over the
shelf of the northeastern South China Sea, Jour-
nal of Marine Systems, 82, pp. 35-46.

MurprHY, J. and J. P. RILEY (1962): A modified single
solution method for the determination of phos-
phate in natural waters. Anal. Chim. Acta., 27,
pp. 31-36.

SmoNoT, J.-Y. and H. LE Treur (1986): A
climatological field of mean optical properties of
the world ocean, J. Geophys. Res. 91, pp. 6642—
6646.

Suzukl, R. and T. IsHIMARU (1990): An improved
method for the determination of phytoplankton
chlorophyll using N, N-Dimethylformamide,
Journal of the Oceanographical Society of Ja-
pan, 46, pp. 190-194.

TAKAHASHI, M. NAkAL, T. IsHIMARU T., HAsumoTO,
H. and Y. Fugira (1985): Distribution of the sub-
surface chlorophyll maximum and its Nutrient-
light environment in and around the Kuroshio
off Japan, Journal of the Oceanographical Soci-
ety of Japan, 41, pp. 73-80.

TagucHI, S. (1975): Phytoplankton and primary pro-
duction in Futami bay, Chichijima, Ogasawara
island, Bull. Plankton Society Japan, 22, n°1-2,
pp 1-10.

Received: May 6, 2011
Accepted: July 20, 2011






La mer 49 : 103-110, 2011
Société franco-japonaise d'océanographie, Tokyo

Dissolved Inorganic Nitrogen budget in the inner part
of Manila Bay, Philippines

Mitsuru HAYASHI”, Tetsuo YANAGI?,
Maria Lourdes SAN DIEGO-MCGLONE?

Abstract: Dissolved Inorganic Nitrogen (DIN) budgets for the vertically three dis tinct layers
of the Pasig River estuary in Manila Bay were elucidated for both dry and rainy seasons. The
budgets were based on observational data and results of hydro-dynamic model experiments.
The obtained results suggest that, in both seasons, DIN fixation by photosynthesis exceeds de-
composition of organic matter in the upper layer, and that decomposition of organic matter ex-
ceeds DIN fixation in the lower layer. In the middle layer, fixation and decomposition appear
to be in equ ilibrium in the d ry season, with decom position exceeding fixation in the rainy sea-
son. Fixation thus exceeds decomposition in the water column during the dry season, with the
opposite relation observed in the rainy season. The main source of DIN in the middle and lower
layers is regenerated DIN in the water column and sediments.

Keywords: Nitrogen, Material Budget, Manila Bay

Introduction

The deterioration of the water quality in Ma-
nila Bay has resulted in blooms of red tide oc-
cur in the bay. VELASQUEZ et al. (1997)
reported the average nutrient con centrations
in Manila Bay, and JACINTO et al. (1998) calcu-
lated the nitrogen and phosphorus budgets of
the bay using the Land Ocean Interaction s in
the Coastal Zone (LOICZ) biogeochemical
budgeting procedure. However, these studies
only estimated average annual values for the
whole of Manila Bay, and seasonal variations
in nutrient cycling have not yet been described.
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VILLANORY et al. (2006) characterized the hori-
zontal distribution of Pyrodinium using a hy-
drodynamics model, and discussed the relation
between Pyrodinium blooms and the physical
dynamics of the bay, however, the influence of
nutrients was not included. HAYASHI et al.
(2006) and HAYASHI et al. (2008) estimated the
seasonal variations of nitrogen cycling in the
surface layer of Manila Bay by using a numeri-
cal ecosystem model. And it clarified the effect
of dissolved inorganic nitrogen (DIN) concen-
trations in the lower layer and nitrog en load-
ing from rivers to the reduction of chlorophyll
a (Chl.a) and DIN concentrations in the upper
layer. Nitrogen is considered the limiting nu-
trient for primary production in Manila Bay,
and the vertical transport of nitrogen to the
surface layer plays an important role in the
primary production. However, a source of DIN
unde r the surface layer has not been explored.
It is im portant to determine the characteristics
of the DIN budget not only the surface layer
but also the middle and lower layers in Manila
Bay. In this study we describe the DIN budget
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for three vertically distinct layers in the Pasig
River estuary of Manila Bay during dry and
rainy seasons. And we discuss about primary
production that is bound up with DIN budget.

Material and methods
Study area

Figure 1 shows the study area of Manila
Bay. The bay has two major inflowing rivers,
the Pasig River and Pa mpanga River, with the
Pasig River flowing through metropolitan Ma-
nila. Concentrations of DIN, Chl.a and Dis-
solved Oxygen (DO), water temperature and
salinity were determined at depths of 1 m, the
mid-depth and near the bottom in eight sta-
tions (Fig.1) during every month from March
1996 to December 1998. Water samples were col-
lected using a 5-L Niskin sampler (General
Oceanics, Inc.). Samples for the inor ganic N
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Fig. 1. Study area of Manila Bay. The solid line indi-
cates the boundary of the study area. The dotted
line indicates the boundary of the area, where av-
eraged data were obtained. The numbers indicate
sample sights.

species (nitrate, nitrite, and ammonia) and
Chl.a were filtered through GF/C filte rs, fro-
zen, and analyzed later following the m ethods
of PARSONS et al. (1984). Sam ples for DO were
fixed on site and subsequently analyzed using
the Winkler titration method (PARSONS et al.,
1984). Salinity and temperature were m
easured using the Conducti vity-temperature-
depth (CTD) profiler (A ML Oceanographic
Ltd.). Water transparency was measured by a
Secchi disc. HAYASHI et al. (2008) demonstrated
the use of the depth-time diagrams of density,
DIN and Chl. a concentrations in Manila Bay.
Under conditions of increased discharge from
the Pasig River during the rainy season, strati-
fication is developed and high Chl.a concentra-
tions are observed in the upper layer of the
estuary. Therefore, the inner part of Manila
Bay inside the solid line in Fig. 1 was analyzed
in this study. This area is divided into three
vertically distinct layers which correspond to
fixed depth intervals, as shown in Fig. 2. The
surface region of the study area is about 500
km®, the length of the outer boundary is about
38 km, and the average water depth is
approxim ately 10 m. The surface layer depth
was fixed at 3m which is the depth of the
halocline in the rainy season. The middle layer
was set from 3 m to 8 m depth while the lower
layer is below 8m.
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Fig. 2. Scheme of water and DIN budgets in each
layer of the Pasig River estuary.
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Data

Figure 2 also shows the schemes of water and
DIN budget applied to the model in this study.
Water and DIN are transported by estuarine
circulation, i.e., advection. And DIN is also ex-
changed by dif fusion across the boundary line
between the study area and the outer area and
between the layer and layer. The advection and
diffusion flux of DIN can be calculated by equa-
tion 1 and equation 2, respectively.

(Advection flux of DIN) = U,F,DIN, D
(Diffusion flux of DIN) = k.F; (DIN,— DIN)) /1;
)

where, U; is an advection velocity, F; is the
area of th e boundary section, DIN, and DIN,
refer to the average DIN concentration in each
layer, ki is diffusivity and [ is the distance be-
tween the center of the layer an d the center of
the next layer . The meaning of the subscrip ts
h and 1 refers to higher DIN concentration (h)
and lower DIN concentration (), respectively.
DIN expands from the higher concentration
area to the lower concentration area. To esti-
mate advection and diffusion fluxes, U; and k:
of each boundary section, DIN, and DIN, are re-
quired. The data for our analysis were only ob-
tained in the dry and rainy seasons. The three-
dimensional distributions of the average
residual currents for Manila Bay in April (dry
season) and November (rainy season) calcu-
lated by FUJIE et al. (2002) are used for both
advection velocities and diffusivities in th is
study. Horizontal diffusivity was constant at
10 m s' for the entire grid. V ertical
diffusivities on the horizon tal boundary at 3
and 8 m were obtained by averaging the calcu-
lated values at these two depths. The horizontal
advection velocities for the upper and m iddle
layers are average values from 0 t 0 3 m and 3
to 8 m, respectively, along the boundary line.
Horizontal advection velocities of the lower
layer and the vertical advection velocities at the
3 and 8 m boundary sections were estim ated by
the application of a water budget for each
layer. The water balance of the surface layer is
H, =Q+P-E+V;, where H, is the flow rate
from the inside to the outside of the upper
layer, and is obtained by m ultiplying the

horizontal advection velocity and the area of
the vertical section of the upper layer. Q is the
river discha rge. P is the precipitation. E is the
evaporation measured by the Philippine At-
mospheric, Geophysical and Astronomical
Services Administration. V; is the flow rate
from the middle layer to the upper la yer in the
box. The vertical advective velocity on the up-
per boundary section at 3 m is obtained by di-
viding V3 by the area of the horizontal section
at 3 m . The water balance of the middle layer
can be represented as Vi;+ H,, = Vs where H, is
the flow rate from inside to outside of the mid-
dle layer, and is solve d by m ultiplying of the
horizon tal advective velocity by the area of the
vertical section of the middle layer, and V; is
the flow rate from the lower layer to the middle
layer in the box. The vertical advective velocity
at the boundary section at 8 m is obtained by
dividing Vs by the area of the horizontal sec-
tion at 8 m. The water b alance of the lower
layer can be expressed as to Vs=H, where H, is
the f low rate from the outside to the inside of
the lower layer. The horizontal advective veloc-
ity of the lower layer can then be obtained by
dividing H, by the area of the vertical section of
the lower layer. The a verage advection veloci-
ties and diffusivities obtained using this proce-
dure are shown in Table 1.

The DIN concentration s in each layer in the
box in April and November of each year were
obtained by the horizontal average of DIN con-
centrations of Station 1, 2 and 3. Then these
concentrations were averaged over three years.
The averag e DIN concen trations for outside
the model domain were calculated using data

Table 1. Averaged advection velocities and diffu-
sivities. Minus means the flow from the in-
side to outside.

Ttem Layer April November

—1.54X107%| —4.97x10*

Horizontal Upper > 0 9710

advection Middle |—0.49x10*| 0.07x10*

locit,

velocity (m/s) I o | 082x10| 157x10-

Vertical 3m 3.82x10°°] 11.7x10°

advection

Ve]ocjty (m/S) 8m 9.45%10°° 18.2x10°°

Vertical 3m 1.95x10°"| 0.98x10"

diffusivities

(m*s™ 8m 2.07x107"] 0.54x<107"
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collected from Stations 4 to 7. The average wa-
ter temperature, salinity and Chl.a concentra-
tions for each layer were calculated by the
same protocol described above.

Runoff data for the Pasig, Pampanga and
other rivers was obtained from the “River Re-
habilitation Program for the Manila Bay
Region”. Then, the monthly average runof f in
April and Novem ber were calculated. Average
DIN loading by rivers into Manila Bay is ap-
proximately 900 X 10° mol yr ' (JACINTO et al.
1998). The estimated values for total DIN load-
ing from all river s in April and November were
calculated by dividing the annual DIN loading
by the ratio of monthly runoff. We then esti-
mated DIN loads from the Pasig, Pampanga
and other rivers by dividing total DI N loading
by ratio of monthly runoff of those rivers. DIN
may also be derived directly from sources along
the coast, such as sewage water, industrial run-
off, agriculture and aquaculture ponds. Aver-
age direct DIN loading into Manil a Bay is
approximately 600X 10°‘mol yr ' (JACINTO et al.
1998). We assumed that 50% of this DIN load is
supplied to the study area.

Although DIN may also be released from the
sea bottom, DIN flux from pore water by diffu-
sion was not observed during the period 1996 to
1998. We therefore used data from the area col-
lected in March (dry season) and November of

(a) Dry season (April)
32m3/s 223m3/s
1814m’/s | 29.50C, 33.2
h
4
1
899m3/s 1623m3/s
29.1°C, 33.3
2552m3/s
2552m3/s ?
—
27.9°C, 33.6

1999. The sampling methods and the method
for estimating DIN release were the same as
AzZANZA et al. (2004). Water exchange at the
water surface was taken to be the difference be-
tween precipitation and evaporation, P-FE.

Residence time
The residence time of fresh water in Manila
Bay is estimated by the following equation:

S,—S
(Residence time) = V%/( Q+P—E)(3)

where V is the volume in the water column,
S, 1s the maximum salinity in the outer part of
the bay, and S. is the average salinity in the
water column.

Results
Water budget

Figure 3 shows our derived water budget, as
well as the water temperature and salinity
measurements for each layer in the dry (a) and
rainy (b) seasons. The results are typical for
an estuarine circulation pattern, with flows
into the lower layer and flows out in the upper
layer . Because the river discharge in the rainy
season is greater than in the dry season, the
difference in salinity of the upper and lower
layers is enhanced during the rainy season
when estuarine circulation and stratification

(b) Rainy season (Nov.)
4m3/s 853m3/s
5848m’/s [ 29.20C, 29.6
4
|
136m3/s 4991m3/s
29.1°C, 30.0
4855m3/s
4855m3/s
#
29.0°C, 31.3

Fig. 3. Water budget (m*s "), water temperature (°C) and salin ity in each layer. Width of vectors repre-

sents the magnitude of flux.
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(a) Dry season (April) i River & direct 2.30 X 106
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(b) Rainy season (Nov.)

/ River & direct 8.05 X 10°

1.66uM = [428x107 ‘ 732uM. 2.880g I ‘
124pg ! €« |416X10° * N
470% 107" *221%107
> [2.66% 105 ‘944 e 1_1‘
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487x107 1 11.46x106
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9.49 %10 ‘ 10.04M, 0.985g 1 ‘
<« 1.56x10°
) A
Release 1.97 X 107
— FEEEEE

Advection Diffusion ‘ Flux:pumol s! ‘

Fig. 4. DIN budget (¢ mol s ), DIN concentration (M) and Chl.a co ncentration (£ g I'") in each layer.

Width of vectors represents magnitude of flux.

are more apparent, with the inflow of bay wa-
ter occurring even in the middle layer. The
estuarine circulation is weaker, and water
flows out from the middle layer during the dry
season. Estimated residence times are 33 days
in April (dry season) and as short as 16 days in
November (rainy season).

DIN budgets

Figure 4 shows our calculated DIN budget,
DIN concentrations and Chl.a concentrations
for each layer in the dry (a) and rainy (b) sea-
sons. Fig. 5 simplifies these diagrams by nor-
malizing the DIN flux during each season when
N loading from rivers and the coast in the dry
season is set to 1.0 . If the inf low flux of DIN
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(a) Dry season (April)
Water column
F>D 1
.i T F>D
| 19
2
D D=F
T 21
5 |
- D>F I

n

(b) Rainy season (Nov.)
Water column
D>F 3
19
— F>D
I 30
0 D>F
T 22
3 |
- D>F
t

gl

Fig. 5. DIN flux normalized by DIN flux from rivers and the coast, and com parison between DIN fixation
and organic matter decomposition. Width of vectors represents magnitude of flux. F indicates nitrogen
fixation. D indicates decomposition of organic matter.

in any compartment is lar ger than the outflow
flux, then there is fixation of DIN to organic
matter, and this is shown as “F” in the dia-
gram. Conversely, if the out flow flux exceeds
the inflow flux of DIN then decomposition of
organic matter must occur and this is shown as
“D”.

During the dry season, the total inflow flux
is 10 (=1+5+4) and the outflow flux is 4
(=2+2) in the water co lumn, implying that
fixation exceeds decomposition. However, this
cond ition is observed to differ in each layer,
with fixa tion being dom inant in the upper
layer and being balanced in the middle layer.
On the other hand, decomposition is dominant
in the lower layer, as the DIN regenerated by
decom position in the lower layer (12=21—09)
exceeds the DIN supplied from the outside and
the bottom (9=5+4). The DIN concentration
is h ighest in the deeper layer. Chl.a concentra-
tion is high in the deeper layer as well as in the
upper layer. In the rainy season, the inflow
flux and outflow flux in the water column are
15 (=3+3+9) and 19, respectively, indicating
that decomposition exceeds nitrogen fixation,
which is the opposite of the situation in the dry
season. These finding are consistent with the
observation that the DIN concentration in the

water column in the rainy season is higher
than that in the dry season. At this time, fixa-
tion in the upper layer dominates, as it does in
the dry season, but the outflow flux by
advection is greater compared to that of the
dry season. The DIN that is not consumed by
prim ary production is exported from the sys-
tem in lar ge volumes due to estuarine circula-
tion in the rainy season. At this time,
decomposition in the middle layer exceeds fixa-
tion, while they were the same in the dry sea-
son. As in the dry season, decomposition is dom
inant in the lower laye r. In addition to reg
enerated DIN derived via decomposition in the
lower layer, release from bottom sediments
during the rainy season is greater than in the
dry season by a factor of two.

The main source of DIN in the middle and
lower layers is regenerated DIN which arises
from the decomposition of organic matter in
the m iddle and lower layers and f rom sedi-
ments, and that the DIN supply from outside
the system is relatively small.

Discussions

HAYASHI et al. (2008) also discus sed the fac-
tors limiting for primary production in the up-
per layer in Manila Bay using a numerical
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ecosystem model. The same observational data
as this study were used in the model analysis.
The limiting factors were defined as being a
function of the maximum rate of specific nitro-
gen uptake, DIN concentration, water tempera-
ture and light intensity in the water.

That results suggested that light conditions
were considered to be the most effective limit-
ing factor in the upper layer in April, and
photo-inhibition occurs in the upper layer dur-
ing the dry season due to strong light inten-
sity. Average transparencies were 2.8m in
April (dry season) and 2.4m in November
(rainy season), and the average dissolved oxy-
gen concentrations in the lower layer were
496m g [ 'in April and 3.47m g "' in Novem-
ber. We assumed that the light intensity imme-
diately under the sea su rface is 50% of solar
radiation and an ex tinction coefficient is esti-
mated by 1.7/ (transparency) (PARSONS et al.,
1984). Usins this approach, the compensation
depths of 1% was estimated to be 7.6 m in April
and 6.5 m in Nove mber. Thus light should
reach the deeper layer somewhat more easily in
the dry season compared to the rainy season.
Then, the primary production should be possi-
ble in the middle and lower layers in the dry
season, and fixation exceeds decom position in
the water column. Regenerated DIN in the
lower layer could support primary production
throughout the water colum n during the dry
season.

On the other hand, water temperature was
consid ered more important in the upper layer
in November (HAYASHI et al., 2008). Since light
intensity is weaker in the rainy season, Chl.a
concentration was higher in the shallower
layer. And Chl.a concentration in the lower
layer was lower than that of the dry season. It
is likely that the light intensity in the lower
layer was too low for the primary production
due to the self-shading effect by phytoplank-
ton. Therefore, decomposition was greater
than fixation not only in the lower layer but
also in the middle layer in the rainy season.

Conclusions

We constructed DIN budgets of horizontal
three layers in the Pasig River estuary in Ma-
nila Bay during both the dry and rainy seasons

using observational data and the results of nu-
merical hydrodynamic modeling. DIN fixation
by photosynthesis exceeds the decomposition of
organic matter in the upper laye r during both
dry and rainy seasons. On the other hand, the
decomposition of organic matter exceeds DIN
fixation in the lower layer at all times. In the m
iddle layer, the ra te of fixation is similar to
that of decomposition in the dry season, but
the rate of decomposition exceeds that of fixa-
tion in the rainy season. Fixation exceeds de-
composition in the water column in the dry
season and DIN budget in the rainy season is
the opposite of the situation in the dry season.

The main source of DIN is regenerated DIN
derived from the decomposition of organic mat-
ter in the water column and from bottom sedi-
ments. Thus, one would have to control the
decomposition activity or the amount of par-
ticulate matter to reduce red tides in the Pasig
River estuary of Manila Bay. However, these
approaches are im possible to realize it immedi-
ately. A more reasonable present approach is to
reduce the DIN load from the land area.
HavAsHI et al. (2008) showed that if total ni-
trogen loaded from rivers is decreased to half,
Chl.a and DIN concentrations in the upper
layer are also reduced to 94% and 73% par one
year, respectively. Lowering DIN loading by
half is extreme, but this kind of attempt is nec-
essary to have a significant effect. In addition,
to clarify the behavior of organic matter, we
should assess the effect of reduced nitrogen
loading from the land area to Manila Bay by
using a numerical ecosystem model.
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Daily expression patterns of growth-related genes
in growth hormone transgenic coho salmon,
Oncorhynchus kisutch

Toshiki NAKANO"*, Yui SHOJI”, Hitoshi SHIRAKAWA?, Yoshihito SUDAY,
Toshiyasu YAMAGUCHI”, Minoru SATO", Robert H. DEVLIN”

Abstract: Growth in fish is regulated by the growth hormone (GH) / growth hormone receptor
(GHR)/ insulin-like growth factor (IGF)-I axis. This GH-IGF-T axis is influenced by several
factors. With regard to hormonal effect, it is known that salmon transgenic for GH show in-
creased growth. However, very little is known about the expression patterns of growth-related
genes in GH transgenic fish. The present study examined the daily expression patterns of
mRNAs for the growth-related genes after feeding in GH transgenic coho salmon
(Oncorhynchus kisutch). GH mRNA was detected in both liver and muscle as well as in the pi-
tuitary from transgenic fish. GHR mRNA levels in the liver and muscle were higher in
transgenic fish than in non-transgenic wild type fish but lower in the pituitary. The expression
level of hepatic IGF-I mRNA was greater in transgenic fish. The daily GH, GHR and IGF-I
mRNA expression patterns reached their peak at roughly 4-8 h after feeding, however, GHR
and IGF-I mRNA expressions in the liver was observed to be irregular in non-transgenic fish.
These results suggest that the daily expression patterns for growth-related genes are particu-
larly pronounced in GH transgenic fish. Furthermore, our findings would be useful for consid-
eration of the time of feeding and the optimum time of day for tissue sampling for analysis of

growth-related genes in fish.
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1. Introduction

The aquaculture is known to be very impor-
tant to world food production. The enhance-
ment of growth in cultured fish, therefore, has
been desired and researched. In fish, growth is
regulated to a major extent by liver-derived in-
sulin-like growth factor (IGF) -I in response to
pituitary-secreted growth hormone (GH) bind-
ing to GH receptors (GHR) of liver. The GH-
IGF-I axis is believed to play an important role
in the regulation of growth. In fish, secretion
of GH is known to be under hypothalamic
regulation by means of many modulators The
actions of IGFs are controlled by GH and IGF
binding protein and a specific receptor on the
surface of target cells (DONALDSON et al., 1979;
DuaN, 1998; MoRIYAMA et al., 2000; DEANE and
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Woo, 2009; REINECKE, 2010).

Growth in fish is genetically regulated and is
also influenced by cellular, endocrinological
and environmental factors. The responses of
endocrinal tissue are affected by the integra-
tion of external stimuli (Duan, 1998;
MORIYAMA et al., 2000; NAKANO et al., 2008;
DEANE and Woo, 2009; REINECKE, 2010). The
environmental factors such as nutrition (food
availability), temperature and photoperiod are
major factors regarding growth and develop-
ment, and seem to condition biological rhythms
in fish. In the natural environment, fish exhibit
feeding flexibility according to various condi-
tions. On the other hand, in aquaculture, feed-
ing in fish is controlled artificially and the
feeding rhythms might be modified (Ayson
and TAKEMURA, 2006; MoNTOYA et al., 2010).

In many fish, growth can be significantly
stimulated by treatment with exogenous GH
(DONALDSON et al., 1979). More recently, GH
transgenes have been transferred to fish with
strong stimulation of growth (DEVLIN et al.,
1994). The levels of both GH and IGF-I in
plasma are known to be high in GH transgenic
fish. Growth abnormalities, and altered muscle
and pituitary structures, high feeding motiva-
tion have been observed in GH transgenic
salmon relative to normal wild type fish
(DEVLIN et al., 1995, 2004; Mor! and DEVLIN,
1999; RISE et al., 2006; HALLERMAN et al., 2007).
Accordingly, expression of transgenes might
affect the many aspects of fitness such as me-
tabolism, behavior and viability in the fish.
However, little is known about the daily ex-
pression patterns of genes concerning GH-IGF-
I axis in transgenic fish. We hypothesized that
the expressions of growth-related genes are
held high levels all day long and show unique
characters in GH transgenic fish.

In the present study, we examined the
changes in the mRNA expression patterns of
GH, GHR and IGF-I genes after feeding in GH
transgenic  coho salmon  (Oncorhynchus

kisutch).

2. Materials and Methods

2.1. Fish, rearing conditions and sampling
Transgenic coho salmon (strain M77) con-

taining the GH gene construct OnMTGHI1

(DEVLIN et al., 1994, 2004) and non-transgenic
wild type coho salmon from the Chehalis River,
BC, Canada were reared in the CAER Aquar-
ium Facility. The two types of fish (transgenic
and non-transgenic) were fed by hand to ap-
parent satiation twice a day with commercially
available diets (Skretting Canada, Canada)
and matched their size according to the method
reported previously (RISE et al., 2006; RAVEN et
al. 2008). Six individuals of each of transgenic
fish and older non-transgenic fish of similar
size were placed into each of five tanks supplied
with running 10-11 °C well water and acclima-
tized for two days under natural photoperiod.
Tissues from transgenic fish (mean = SD,
20.34 = 3.32 g) and non-transgenic fish (19.27
=+ 2.15 g) were sampled at 0, 2, 4, 8 and 24 h af-
ter feeding (at 9:00 AM). Fish were sampled
from separate experimental tanks at each time
period, thereby avoiding repeated sampling
from the same tank. Fish were anaesthetized
with 100 mg/L tricane methane sulphonate
buffered with NaHCO; and rapidly team-
sampled for blood and tissues. Plasma was
stored frozen at —80 °C, and all tissues were
immediately immersed in RNAlater (Ambion-
ABI, USA) and then stored at —80 °C until
analysis. All the protocols of fish treatment
were approved by the DFO Pacific Region Ani-
mal Care Committee.
2.2. Total RNA extraction and cDNA synthesis

Total RNA was extracted from tissue using
TRIzol (Invitrogen, USA) and complementary
DNA (cDNA) was synthesized using the
ReverTra Ace reagent kit (Toyobo, Japan)
were carried out following the manufacturer’s
protocol and Raven et al. (2008).
2.8. Determination of GH, GHR, IGF-I and 8 -

actin mRNA levels

The levels of GH, GHR and IGF-I mRNA ex-
pressions in the tissues were determined by
real-time quantitative PCR (qPCR) with an
equipment of Applied Biosystems Prism 7300
Sequence Detection System (USA) using
B -actin as an internal standard according to
Raven et al. (2008). Gene specific primers and
TagMan probes were used as the qPCR assays
(Table 1). Values for GH, GHR and IGF-I were
normalized with those of S -actin. Levels of 5 -
actin were confirmed not to change with
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Table 1. Sequences of primers and probes used in qPCR analysis.

Gene Forward Primer (5-3") Reverse Primer (5'-3") TagMan Probe (5'-3")

GH |CAAGATATTCCTGCTGGACTT GGGTACTCCCAGGATTCAATCA |CAGTCCTGAAGCTGC
GHR |CACTGTGGAAGACATCGTGGAA CAAAGTGGCTCCCGGTTAGA AACTGGACCCTGCTGAA
IGF-I |GGCATTTATGTGATGTCTTCAAGAGT |CCTGTTGCCGCCGAAGT TCTCACTGCTGCTGTGC
B-actin | ACGGCCGAGAGGGAAATC CAAAGTCCAGCGCCACGTA CACAGCTTCTCCTTGATGT

respect to treatment.
2.4. Measurements of glucose levels in plasma
Plasma glucose was measured using an enzy-
matic assay method available in a kit (Wako
Pure Chemical Industries, Ltd., Japan).
2.5. Statistical analysis
All samples were run in duplicate and results
are reported as mean £ SD. All data were sub-
jected to one-way analysis of variance
(ANOVA). Multiple comparisons between
groups were made by Tukey-Kramer method
and results were determined statistically sig-
nificant at P < 0.05.

3. Results
3.1. GH, GHR and IGF-I mRNA levels

GH mRNA was detected in non-pituitary tis-
sues such as liver and muscle from transgenic
fish as well as in the pituitary. GH mRNA level
in pituitary was higher than in other tissues.
The daily GH mRNA expression pattern in pi-
tuitary and other tissues was observed to peak
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at roughly 4-8 h after feeding (Fig. 1). This
tendency regarding expression pattern of GH
mRNA was almost same with liver and muscle
in transgenic fish (data not shown).

As shown in Fig. 2, GHR mRNA levels in
liver and muscle were found to be higher in
transgenic fish than in non-transgenic fish. In
contrast, pituitary GHR mRNA levels were low
in transgenic fish, compared with non-
transgenic fish (data not shown). The daily ex-
pression pattern of GHR mRNA revealed
relatively high level in transgenic fish, in both
pituitary and muscle 8 h after feeding, and in
the liver 4 h after feeding. GHR mRNA levels
were not significantly different throughout af-
ter feeding in non-transgenic fish.

The expression levels of IGF-I mRNA in the
liver were found to be greater in transgenic
fish, with a peak at 4 h after feeding. On the
other hand, the expression pattern of IGF-I
mRNA in non-transgenic fish was irregular
and there was no significant difference in levels

(B) Transgenic

Relative mRNA expression

Y

0 2 4 8 24
Time post feeding (h)

Fig. 1. GH mRNA levels in the pituitary of non-transgenic (A) and GH transgenic (B) coho salmon. Values
with different letter superscripts are significantly different (P < 0.05). Bars are means == SD, n=4.
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Fig. 2. GHR mRNA levels in the liver of non-transgenic (A) and GH transgenic (B) coho salmon. Values
with different letter superscripts are significantly different (P < 0.05). Bars are means == SD, n=4.
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Fig. 3. IGF-I mRNA levels in the liver of non-transgenic (A) and GH transgenic (B) coho salmon. Values
with different letter superscripts are significantly different (P < 0.05). Bars are means = SD, n=4.

at anytime during the 24 h sampling period af-
ter feeding (Fig. 3).

3.2. Glucose levels in plasma

Plasma glucose levels in transgenic fish were
higher than those in non-transgenic fish, al-
though in both groups they increased gradu-
ally after feeding (data not shown).

4. Discussion

In the present study, the results indicate for
the first time that the rhythms in the expres-
sion patterns for growth-related genes exist ac-
cording to the time of feeding in GH transgenic
fish and seem to be pronounced in transgenic
fish compared to non-transgenic fish.

As shown in Fig. 1, significant differences
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were observed in pituitary GH mRNA levels
during the 24 h period after feeding in both
transgenic and non-transgenic fish. In liver
and muscle from transgenic fish, there were no
significant differences in GH mRNA expres-
sions during the post-feeding 24 h period, al-
though the highest GH mRNA levels occurred
4-8 h after feeding. This expression patterns
suggest the presence of a diurnal pattern of GH
expression in coho salmon, which therefore dif-
fers from results obtained for several fish spe-
cies (GOMEZ et al., 1996; AYSON et al., 2007). In
rabbitfish, GH mRNA levels during day time
were lower compared with the levels during
night time (AYSON et al., 2007), and plasma
GH levels in fasting fish increased (THISSEN et
al., 1999).

GHR mRNA expression in transgenic fish is
regular and increases gradually after feeding
compared to non-transgenic fish (Fig. 2). Both
mRNA and protein levels of GHR are affected
by several factors, such as exogenous cortisol,
stress and fasting, in fish and mammals
(MORIYAMA et al., 2000; Fox et al., 2006; SMALL
et al., 2006; NAKANO et al., 2008; KAMEDA et al.,
2008; DEANE and Woo, 2009). In the present
study, a clear increase in GHR mRNA levels af-
ter feeding was observed in all tissues analyzed
from transgenic fish. Consequently, food ap-
pears to be one of the important factors influ-
encing the expressions of GH and GHR mRNAs
in GH transgenic fish.

The mRNA expression of IGF-I in the liver of
transgenic fish reached its peak at 4 h after
feeding (Fig. 3). IGF-I gene expression in the
liver of fish has also been reported to be influ-
enced by environmental factors (LEUNG et al.,
2008; NAKANO et al., 2008). Liver expression of
IGF-I is regulated by GH and GHR located on
the surface of hepatocytes (MORIYAMA et al.,
2000). Hence, the patterns of IGF-I mRNA liver
expression would synchronize with the mRNA
expressions of both GH and GHR in coho
salmon. This phenomenon seems to be obvious
in transgenic coho salmon (Figs. 1-3), and
higher expression levels of growth-related
genes in GH transgenic fish than in non-
transgenic fish is consistent with RAVEN et al
(2008).

At present, the reason for the irregularity of

GHR and IGF-I gene expressions in the liver of
non-transgenic fish is not clear. The daily ex-
pression patterns of growth-related genes alter
under several conditions in fish (AYSON, et al.,
2006; AYSON, et al., 2007).

The higher plasma glucose levels in GH
transgenic fish than in non-transgenic fish ob-
served in the present study have been reported
(EBERT et al., 1988; JHINGAN et al., 2003). High
levels of GH in GH transgenic animals should
promote lipolytic and gluconeogenic metabo-
lism, so enhancing the utilization of glycogen
stores (JHINGAN et al., 2003). Higher glycolysis
in muscle is observed in growth-enhanced
transgenic fish owing to a higher energy re-
quirement (KRASNOV et al., 1999; HILL et al.,
2000). Indeed, the food (energy) intakes, food
conversion efficiency, carbohydrate degrada-
tion, utilization of lipids and proteins of GH
transgenic fish are greater than those of non-
transgenic fish (HUANG et al., 2004; RAVEN et
al., 2006; LEGGATT et al., 2009). Accordingly,
GH transgenic fish are characterized by en-
hanced metabolism and energy availability due
to their high levels of circulating GH.

In conclusion, the daily expression patterns
for growth-related genes in GH transgenic
coho salmon were found to be rhythmic. Most
organisms display daily rhythms in biological
and physiological functions, which affect
growth, development and ability to adapt to
environmental  conditions (AysoN  and
TAKEMURA, 2006; MoNTOYA et al., 2010). Our
results reveal that feeding time should also be
important as a major synchronizer of growth-
related gene expression rhythms in GH
transgenic fish.

Studies of the beneficial effect of nutritional
conditions on growth-related gene expression
are now in progress to enhance the perform-
ance of GH transgenic fish. Also under consid-
eration are experiments with coho salmon to
determine the effects of environmental factors
such as stress and photoperiod on physiological
rhythms, since there is much yet to learn about
the relationship between physiological and en-
vironmental factors, growth-related gene ex-
pression and growth in GH transgenic fish.
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Absolute salinity measurements of standard seawaters
for conductivity and nutrients

Hiroshi UcHIDA"*, Takeshi KAWANO", Michio AOYAMA” and Akihiko MURATA"

Abstract: We measured the density salinities (ie. absolute salinities) of International Associa-
tion of the Physical Sciences of the Ocean (IAPSO) Standard Seawater (SSW) batches P144-
P152 and Reference Material for Nutrients in Seawater (RMNS) lot BF by using an oscillation-
type density meter. Practical Salinity, silicate, nitrate, total alkalinity (TA) and dissolved in-
organic carbon (DIC) were also measured. The measured density salinities were compared with
the absolute salinities calculated from two models by using measured Practical Salinity, sili-
cate, nitrate, TA and DIC data. The absolute salinities estimated from one model using all of
these parameters agreed relatively well with the measured density salinity, especially for the
RMNS. However, the absolute salinities of the IAPSO SSW estimated from another model by
using Practical Salinity and a simple relationship with silicate were overestimated because of
a difference in composition from natural seawater caused by dissolution of silicate from the
glass bottles. The rate of increase of the density salinity of the TAPSO SSW caused by dissolu-
tion of silicate was estimated to be 0.0005 g kg™ y~'. The results suggest that RMNS, in which
the composition of real seawater is maintained, has substantial potential as a reference liquid

for density measurements.

Keywords: “Density salinity”, International Thermodynamic Equation of Seawater 2010
(TEOS-10), International Association of the Physical Sciences of the Ocean
(IAPSO) Standard Seawater, Reference Material for Nutrients in Seawater

(RMNS)

1. Introduction

In June 2009, the International Thermody-
namic Equation of Seawater 2010 (TEOS-10)
was endorsed by the Intergovernmental
Oceanographic Commission (IOC) of the
United Nations Educational, Scientific and Cul-
tural Organization (UNESCO) as the replace-
ment for the International Equation of State of
Seawater 1980 (EOS-80) (IOC et al., 2010). An-
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other substantial change from previous prac-
tice is the use of absolute salinity (g kg™") in-
stead of Practical Salinity (Sr) in TEOS-10
(MILLERO, 2010).

Density of seawater is a function of absolute
salinity (S.) rather than conductivity. To date,
however, there is no sensor that can precisely
measure absolute salinity in situ (MILLERO,
2006). Therefore, an algorithm to estimate ab-
solute salinity was provided along with TEOS-
10 (McDouGaLL et al., 2009). The absolute
salinity of International Association of the
Physical Sciences of the Ocean (IAPSO) Stan-
dard Seawater (SSW) (Ocean Scientific Inter-
national Ltd., Havant, UK) has been examined
and used to define the Reference-Composition
Salinity (Sg) scale (MILLERO et al., 2008). Prac-
tical Salinity can be converted to Reference-
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Fig. 1. Vertical profiles of absolute salinity anomalies ( §S,) estimated from the models of (a) McDOUGALL
et al. (2009) and (b) PAwLOWICZ et al. (2010), and (c) difference of the absolute salinity anomalies be-
tween the two models. Locations of the data used for the estimation are shown in (d) with the numbers.
High-quality hydrographic data obtained on the R/V Mirai cruises (UcHIDA and Fukasawa, 2005;
KawaNo and UcHIDA, 2007; KAWANO et al., 2009; UcHIDA et al., 2011) were used for the estimation.

Composition Salinity over the range of concen-
trations where Practical Salinity is defined: Sg
= (35.16504 g kg '/35) X Ss.

To estimate the absolute salinity (also called
“density salinity”) for a particular seawater
sample, the algorithm exploits the correlation
between the absolute salinity anomaly (§S.)
relative to the Reference-Composition Salinity
and the silicate concentration, making use of
the global atlas of silicate concentrations
(McDoOUGALL et al., 2009, Eqgs. [3-6]). How-
ever, 0 S, estimated from the model from
McDOUGALL et al. (2009) shows latitude-
dependent systematic discrepancy from &S, es-
timated from another model from PAwLOWICZ
et al. (2010) which exploits more precisely the
correlation between 6S. and nutrient concen-
trations and carbonate system parameters
based on mathematical investigation using a
model relating composition, conductivity, and
density of arbitrary seawaters (Fig. 1). A bias
in the density data for the North Pacific ob-
tained in the 1970s may partly contribute to the
discrepancy by overestimating the latitude-

dependent coefficient in the model from
McDoUGALL et al. (2009). Therefore, values for
absolute salinity as well as Practical Salinity,
nutrient concentrations, and carbonate system
parameters should be accurately collected for
evaluation and future updating of the estima-
tion method, especially in the North Pacific,
coastal and marginal seas and oceanic areas in
which density salinities have not yet been
measured. If certified standard seawater were
available as a density reference with an uncer-
tainty on the order of 0.001 kg m *, seawater
density could be measured more accurately
relative to this standard seawater with
metrological traceability by means of an oscil-
lation-type density meter (PICKER et al., 1974).

In this study, we evaluated standard
seawaters used for conductivity and nutrient
measurements for their potential as such a ref-
erence liquid by measuring their density
salinities with an oscillation-type density me-
ter. The density salinities of the standard
seawaters were compared with the absolute
salinities calculated from the two models
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(McDouGALL et al., 2009; PawLowicz et al.,
2010) by using measured Practical Salinity, nu-
trient concentrations, and carbonate system
parameters.

2. Materials and Methods

In this study we used standard seawaters for
conductivity (IAPSO SSW batches P144-P152)
and for nutrients (Reference Material for Nu-
trients in Seawater [RMNS] lot BF; Kanso
Technos Co., Ltd., Osaka, Japan). Seawater
densities were measured with a DMA 5000M
oscillation-type density meter with an Xsample
122 sample changer (Anton-Paar GmbH, Graz,
Austria). The sample changer was used to load
samples automatically from up to ninety-six
12-mL glass vials. Practical Salinity was meas-
ured with a salinometer (Autosal 8400B;
Guildline Instruments Ltd., Ontario, Canada),
which was standardized with TAPSO SSW
batch P152. Nutrients were measured with an
autoanalyzer (TRAACS 800 system,;
Bran +Luebbe, Norderstedt, Germany). Total
alkalinity (TA) and dissolved inorganic carbon
(DIC) were measured with a custom-made
spectrophotometer and a total-CO, measuring
system (Nippon ANS, Inc., Fuchu, Japan), re-

spectively (UcHIDA et al., 2011) (Table 1).

Densities of pure water and standard
seawaters were measured at 20.001 °C and at-
mospheric pressure in the laboratory with a
standard deviation of about 0.001 kg m *. Time
drift of the density meter was monitored by pe-
riodically measuring the density of ultra-pure
water (Milli-Q water, Millipore, Billerica, Mas-
sachusetts, USA) prepared from Yokosuka
(Japan) tap water in July 2010, density stan-
dard water (Kyoto Electronics Manufacturing
Co., Ltd., Kyoto, Japan), and standard
seawaters (Fig. 2).

The true density of the Milli-Q water was es-
timated from the isotopic composition
(MENAcHE and GIRARD, 1973) and Interna-
tional Association for the Properties of Water
and Steam (IAPWS) -95 standard (FEISTEL,
2008). The isotopic composition for hydrogen
(6 D) and oxygen (6 '"0) relative to Vienna
Standard Mean Ocean Water (VSMOW) was
determined for the Milli-Q water and density
standard water by using an isotope-ratio mass
spectrometer (IRMS) MAT 252 with an equili-
bration device (Thermo Fisher Scientific Inc.,
Waltham, Massachusetts, USA) ; the true den-
sity of the Milli-Q water was estimated to be

Table 1. Concentrations of salinity, nutrient, and carbonate system parameters in standard seawaters.
Practical Salinity (Sr) was measured on August 25, 2010, and absolute salinity (S,) was measured
on August 26, 2010 for several bottles of the standard seawaters. Nutrient concentrations were
measured on July 14, 2010; average of two measurements for one bottle is listed. Total alkalinity
(TA) was measured on September 12, 2010. Dissolved inorganic carbon (DIC) was measured on No-
vember 7, 2010 for TAPSO SSW lot P152 and on September 11, 2010 for RMNS.

LOt Date Of Sp S,\ NO:& SIOz TA DIC
no. manufacture | [PSS-78] [gkg ] [ #mol kg ']
TAPSO SSW
P152 2010/05/05 34.9926 35.1578 0.04 22.16 2298.9 2055.9
P151 2009/05/20 34.9984 35.1632 0.03 32.39 2303.7 —
P150 2008/05/22 34.9920 35.1572 0.39 38.91 2306.2 —
P149 2007/10/05 34.9945 35.1594 0.04 40.95 2307.4 —
P148 2006,/10/01 34.9932 35.1574 0.96 45.16 2307.6 —
P147 2006,/06/06 34.9914 35.1581 1.36 69.40 2309.5 —
P146 2005/05/12 34.9898 35.1559 0.47 78.48 2302.6 —
P145 2004/07/15 34.9913 35.1600 0.06 69.77 2317.3 —
P144 2003/09/23 34.9940 35.1626 0.08 90.52 2318.6 —
RMNS
BF 2007,/04/11 34.6138 34.7906 41.39 150.42 2376.3 2218.9
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Fig. 2. Time drift of the density meter, as estimated from repeated measurements of pure waters (Milli-Q
and density standard water) and standard seawaters (TAPSO SSW and RMNS). Measured values were
averaged for each day and density anomalies for Milli-Q water are shown relative to the estimated true
value (998.2038 kg m *). For the other waters, anomalies from the temporal mean were added to the
mean of the anomalies for Milli-Q water measured at the same time. Dashed lines show the regression
lines for Milli-Q water before and after day 62.
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Fig. 3. Mean density offset from the estimated true value for IAPSO SSW batch P152 (first 7 measurements
in Fig. 2) and for Milli-Q water measured at the same time. The true density for the Milli-Q water at
20.001 °C and atmospheric pressure was estimated from the isotopic composition of water and the
IAPWS-95 standard (Vienna Standard Mean Ocean Water [VSMOW]) for the thermodynamic proper-
ties of water; for the TAPSO SSW, true density was calculated from absolute salinity calculated by us-
ing the model of PawLowicz et al. (2010) and TOES-10.
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Fig. 4. Magnitude of corrections for the absolute salinity of TAPSO SSW (batches P144-P152) and RMNS
(lot BF) from the Reference-Composition Salinity plotted against the date of manufacture. Filled and
hollow circles indicate the total corrections for the models of McDOUGALL et al. (2009) and PAwLOWICZ
et al. (2010), which include corrections for measured silicate, nitrate, TA, and DIC. For the IAPSO
SSW, corrections for nitrate and DIC are not shown because they were small (0.00002 = 0.00002 g kg '
for nitrate and -0.0001 g kg ' for DIC in batch P152).
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Fig. 5. Differences between the absolute salinities of TAPSO SSW and RMNS, as estimated from the models
of McDOUGALL et al. (2009) and PAwLowicz et al. (2010), and those estimated from the density meas-
urements, plotted against the date of manufacture. Error bars show standard deviation. Also shown is
the difference between the Reference-Composition salinity (Sz) and the measured density salinity.
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998.2038 kg m * (Fig. 3). For the density stan-
dard water (certified density, 998.204 & 0.015
kg m ), the true density as estimated from the
isotopic composition (998.2050 kg m ) agreed
with the measured density (998.2058 kg m *) as
corrected with the Milli-Q water measure-
ments.

The true density of TAPSO SSW batch
P152 manufactured in May 2010 was estimated
from the Reference-Composition Salinity
calculated from the labeled Practical Salinity
with the slight correction (+0.0011 g kg™") of
PawrLowicz et al. (2010) for absolute salinity
and TEOS-10 (IOC et al., 2010) (Fig. 3) ; how-
ever, there could be some ambiguity (a few mg
kg™ in Sr) in the labeled Practical Salinity
(KAWANO et al., 2006).

We used a method similar to the substitution
method (WoLF, 2008) to apply an offset correc-
tion to the measured density by using the
Milli-Q water measurements with a slight
modification of the density dependency
(Fig. 3), under the assumption that the density
meter was stable over about 9 h for a series of
measurements of up to 96 samples. We expected
the effect of dissolved air on measured densities
(about -0.0024 kg m* at 20 °C; HARVEY et al.,
2005) to be cancelled out, as the measured den-
sity of pure water was adjusted to the IAPWS-
95 standard.

3. Results

By using measured nutrient concentrations
and carbonate system parameters, we exam-
ined the magnitude of corrections for the abso-
lute salinity anomaly of the TAPSO SSW and
RMNS by using two models (Fig. 4). The first
model is from McDoUGALL et al. (2009) :

0S.lg kg '] = 9.824 X 10 °[SiO:] €Y
and the second is from Pawrowicz et al. (2010):

6Salgkg '] = (5.07[Si0,] + 3.89[NO,] +
5.56 ANTA + 0.47 ANDIC) X 107, (2)

where [SiO.] is silicate concentration, [NO;]
is nitrate concentration, ANTA is TA anomaly
normalized to a salinity of 35 (= TA — [2300
X Sp/35]), and A NDIC is DIC anomaly

normalized to a salinity of 35 (= DIC — [2080
X SP/35]) (all in units of xmol kg '). Al-
though the algorithm to estimate absolute sa-
linity provided along with TEOS-10 is consisted
from latitude-dependent equations for each
ocean basin (McDOUGALL et al., 2009, Egs. 3—
6), the simple relationship with silicate ob-
tained by fitting to the data from throughout
the world ocean (McDOUGALL et al., 2009, Eq.
2) is used for the standard seawaters, because
locations where the source water was taken
from are unknown.

For the IAPSO SSW, the magnitude of the
corrections for nitrate, TA, and DIC in Eq. (2)
was small. However, silicate concentrations
were higher in TAPSO SSW with earlier dates
of preparation (Table 1), probably as a result
of dissolution of silicate from the glass bottles
used for SSW. Therefore, the magnitude of the
correction for silicate in both Egs. 1 and 2 was
substantially larger for the older batches of the
TAPSO SSW, and the rate of increase in silicate
concentration was estimated to be 0.0005 g kg™
y ', although this rate is about half of the pre-
vious estimate (0.0012 g kg 'y ') (FEISTEL et
al., 2010).

We examined the differences between the ab-
solute salinity of the TAPSO SSW and RMNS
estimated from the two models (Egs. 1 and 2)
and the density measurements (Fig. 5). The
correction term for DIC in Eq. 2 was excluded
for the TAPSO SSW calculation because DIC
was not measured, except in batch P152. The
absolute salinities estimated from Eq. 2 agreed
well with the measured density salinities. How-
ever, the absolute salinity of the IAPSO SSW
estimated from Eq. (1), which uses a simple re-
lationship with silicate, was overestimated,
probably because of a difference in composition
from natural seawater caused by dissolution of
silicate from the glass bottle. For the RMNS,
the difference was relatively small for both
models.

4. Discussion

The absolute salinity of the IAPSO SSW esti-
mated from Eq. (1) was overestimated (Fig. 5).
The coefficient of Eq. (1) does not represent the
effect of SiO, alone, and it represents both SiO,
and the combined effects of TA, DIC, NO;, and
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so on. All of these parameters are relatively
correlated in the deep ocean, and so it might be
reasonable to empirically correlate the total ef-
fect to a single one of them. However, since the
chemistry inside the bottle of TAPSO SSW is
somewhat different, the coefficient of Eq. (1)
can not represent the effect of the aging of the
TAPSO SSW.

The discrepancy (0.006 kg m ?) in the density
offset between the Milli-Q water and the
IAPSO SSW was found (Fig. 3). Uncertainty
of the Reference-Composition Salinity Scale for
the determination of the absolute salinity of
SSW may be as large as 0.05 g kg ' (WRIGHT et
al., 2011). Moreover, it is possible that IAPSO
SSW now available has a slightly different con-
ductivity/density relationship than the SSW
that was used when most of the conductivity/
density measurements were made in the 1970s.
Therefore, certified standard seawater for den-
sity is needed for density measurements. The
results we obtained suggest that RMNS has
substantial potential as a reference liquid for
density measurements, because the RMNS
maintains the composition of natural seawater
(OTA et al., 2010) and is stable for at least 3
years. The use of a magnetic levitation
densimeter (KANO et al., 2007) to measure the
absolute density of RMNS could be an effective
solution to the problem of finding a reliable
density reference.
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Operation RECIFS PRADO : a model for management
of the Marseille coast

Emilia MEDIONT

Abstract: In 2000, the City of Marseille launched the “PRADO REEFS” program involving the
construction and submersion of underwater ecological habitats designed to repopulate, in a few
years, previously unproductive seabeds. It was a national, European and mediterraneanscale pi-
lot project; in fact, nearly 30,000 m® of reefs have been submerged at depths of 25-30 m, over an

area of 200 ha, off the coast of Marseille.

The “PRADO REEFS” project is a true sustainable development project, an example of what
a community can do to protect and enhance its environment and support its socioeconomic ac-

tivities.

Keywords: artificial reef, Marseille, restoration

I. Introduction

The rehabilitation of the soft sea-bottom of
Prado Bay is an important operation in terri-
tory restoration, one that fits in with a pro-
gram for sustainable management of the
Marseille coast (Fig. 1). The aim of this project
is to increase natural resources and ensure the
permanence of human activity on the coast.

With this program, the city of Marseille has
decided to act in a global and coordinated fash-
ion, by initiating a voluntary approach in
favour of the Management Plan for the Road-
stead of Marseille (known by its French acro-
nym PGRM - Plan de Gestion de la Rade de
Marseille).

This restoration policy and management
plan consists mainly in reaching an adequate

Fig. 1. Localisation of Marseille and Prado program

balance between:

—natural environments that must be preserved
due to their exceptional value in terms of
ecology and scenery,

— sites that have become definitively “artificial”
to satisfy the needs of maritime activities
(such as ports).

Between these two extremes are intermedi-
ary urban spaces, such as Prado Bay and the
Frioul archipelago, sites with ecological and
economic potential that have heretofore been
neglected, but which now could be developed
and enhanced.

The dual advantage of restoring former ma-
rine productive zones that have disappeared
(such as dead seagrass bed matter of Posidonia
oceanica that points to the rise by several
metres of the lower limit of the living one) is
that it directly benefits users of the sea, par-
ticularly fishers, and relieves pressure on the
sensitive and threatened natural zones that
have been damaged by overuse.

II. General principles

The main goal of the artificial reef immer-
sion project is to increase the diversity and sta-
bility of marine resources in the soft bottom of
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Prado Bay.

The basic idea is to provide new hard-
substrate undersea habitats, immersed between
25 and 30 m below the surface, which are
adapted to the ecological needs (maximum of
habitats diversity) of a greater number of ma-
rine organisms. With a massive input of rock-
like habitat, the productivity and biological
diversity of the current sandy bottom will in-
crease considerably, along with the value for
both ecology and fishing activities [3] [9].

Diverse research projects carried out in the
Mediterranean over the past two decades are
now considered to be sufficiently conclusive [2]
[5] [7], providing support for the Marseille
project to adopt a very ambitious qualitative
and quantitative objective from the start. This
has made the project more significant at the
national level: the immersion of nearly 30,000
cubic metres of reef, for a total investment of 6
million euros (40% from Europe [european
founds for fishery], 30% from the Mediterra-
nean Rhone and Corsican Water Agency, 20%
from the city of Marseille and 10% from the
Regional Council in Provence, Alps and Cote
d’Azur). This objective was met in 2008 with
the immersion of the last of the 400 artificial
reefs (table 1).

From the start, the city of Marseille has
built its project on the active collaboration of
all partners, brought together onto a Scientific
and Technical Monitoring Committee that re-
unites State institutions, scientific and expert
groups, and stakeholder representatives [8].
Its essential mission is to discuss and validate
each big step in the project, at the scientific,
technical and administrative levels [3] [9] [11]
[4] [6]. Over the past ten years (2000-2010),
the committee has held 10 plenary meetings at
Marseille City Hall.

From the very start of project development,
the involvement of professional fishers has re-
sulted in active participation of the Local com-
mittee of Maritime Fishers [8], transfer of
European financing on structural funds des-
tined for fishing, the application of a ban on all
forms of fishing during the consultation pe-
riod until December 31, 2012 in the regulated
fishing zone, and their willingness to under-
take self-surveillance of reef zones and

Re-gﬁlated
... Zone il fishing zone

Sanctuary

PRADO BAY
Fig. 2 The Prado reefs area

sustainable and reasoned management of the
halieutic resource.

III. Anticipated organisation

In agreement with the main partners in-
volved, it was finally decided to limit the sector
of immersion to two zones: a sanctuary zone of
100 ha, in which all uses are forbidden outside
of surface navigation and a regulated zone of
100 ha, in which fishing will not be allowed dur-
ing the transition period until December 2012
(Fig. 2). This delay will be used to develop
management of this zone with all stakeholders.

Prado Bay has many positive features for
type of project: easy access and surveillance;
protection afforded by the Frioul archipelago
against waves from the open sea; the exis-
tence of nearly permanent marine currents
that change direction depending on the domi-
nant winds (mistrals, eastern winds) ; proxim-
ity of a vast Posidonia bed and significant
natural rocky zones that guarantee rapid
colonisation by local submarine flora and
fauna; the possibility of restoring former
plant bed zones that have disappeared and
which form vast flat bottoms that are
favourable to reef installation [6]; the exis-
tence of ferry way (Marseille-South developed
zone) that enables a sanctuary for marine
fauna to be included in this zone without en-
gendering new constraints.

IV. Description of reef architecture

The objective is to provide marine plant and
animal life with the features of hard sub-
strates, a range of ecological habitats that are
as large and diversified as possible (dimensions
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Photo 1. The different types of artificial reefs used in
the PRADO REEFS operation in Marseilles
a : pile of concrete cubes, b : pile of stone Cubes,
¢ : floating rope, d : metal basket, e : chicane, f :
fakir basket

of cavities between a few decimetres and a few
millimetres) to provide food sources and shel-
ter to all stages of biological cycles of the dif-
ferent species (Photo 1).

Ecological optimisation of these structures
that are organised on land, essentially focuses
on the interior three-dimensional complexity
and uniformity, obtained with the materials
used in their fabrication (concrete, steel, syn-
thetic cords for guard lines) and the interior
packing using units of different sizes and func-
tions (1.7m’ concrete cubes, blocks, oyster shell
nets, octopus pots).

Project studies have led to three overall types
of reefs being retained (large volume “basket”
models, piles of concrete cubes, quarry rocks)
and two types of guard lines (“high” floating
ropes, which are independent units of two
floors and “low” floating ropes, that are al-

ways combined in four groups; there are three
specific models : the metal basket reef, the
chicane reef and the piles of concrete cubes)
(Photos 1).

Biological effectiveness is provided by the
system known as “chaotic piles” which has
proven to be valuable in the Mediterranean.
But the legal obligation to plan for the eventual
possibility of reef removal (due to the tempo-
rary nature of territory acquisition in the pub-
lic maritime domain) has led to significant
constraints. As well, studies have been done on
the design of large-volume units (58 to 306 m*)
(Table 2) that are solid and stable on the bot-
tom, that are easy to manufacture and im-
merse (as well as to remove).

V. Plan for implantation

The general objective is to favour the distri-
bution of a large number of reef units (surface
effect) rather than a great concentration in the
form of a few big piles, and to facilitate accessi-
bility by mobile fauna to all lower parts of the
reef units, as well as communication among the
reefs using linkages.

Two overall types of unit grouping were thus
adopted, enabling optimal occupation of all
available surfaces (220 ha) : the villages (6 tri-
angles of 300 m on each side, made of 51 to 57
units) and linkages (8 segments of 300 m in
length made up of 9 units).

Reef density in the Prado area is 0.014 m’
per m’ of plot. In Europe, the program with the
biggest volume of submersed reefs is found in
Portugal, with 102 000 m® scattered over

Table 1. Number and volume of the different models used

Types of reef Number Total volume Percentage 9%
yp (m*) Number | Volume
Piles: 245 10 000 34 36
- Concrete Cubes (CCP) 202 3100 28 11
- Stone Cubes (SCP) 43 6 900 6 25
Modules: 142 8 585 20 31
- Metal Basket Reef (MBR) 21 4 880 3 18
- Fakir Basket Reef (FBR) 21 1705 3 6
- Chicane Reef (CR) 100 2 000 14 7
Ropes: 337 9 025 46 33
-Low (LR) 323 (x4) 5 500 44 20
- High (HR) 14 3525 2 13
TOTAL 724 27 610 100 100
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Table 2. Data on the weight and volume of the reefs

Module or pile

Volume (m*)

Weight (tons) Total volume and

weight

Pile of 6 Concrete Cubes (CCP) + |volume of one cube = 1.7 m’ 1 block =0.750 t {202 CCP = 5 050 m’
low ropes (LR) pile of 6 cubes+ LR = 25 m’ 4.5t + link (=1000t)

43 SCP = 6 880 m* for
Stone Cube Pile (SCP) 160 m’ 500 t 21 500 tons
Metal Basket Reef 1 element = 45 m’ 16 t
(MBR) + low ropes (LR) MBR = set of 3 piled elements + LR = 266 m’ |48 t 21 MBR = 5 580 m* for

1 000 tons
Fakir Basket Reef 75 m’ 8t 21 FBR = 1 575 m* for
(FBR) 1 000 tons
Chicane Reef 50 m’ 15t 100 CR = 5 000 m* for
(CR) + low ropes (LR) m 1 500 tons

_ 3 _ 3

High rope (HR) 959 m’ Ballast = 6 m’ of |14 HR = 3 525 m’ for

concrete = 14 t | 200 tons of ballast

TOTAL

26 610 m®
26 200 tons

Table 3. Ground cover of the reefs

Ground cover of Total ground Percentage of
Type of reef Number of reefs one reef (m”) cover (m?) ground cover (%)
Pile of Concrete Cubes 202 6.25 1262.5 0.063
Pile of Stone Cubes 43 50 2 150 0.108
Metal Basket Reef 21 15 315 0.016
Fakir Basket Reef 21 25 525 0.026
Chicane Reef 100 9,6 960 0.048
High Ropes 14 36 004 0.025
TOTAL 5 716.5 m* 0.286 %

50 km®. But, in terms of volume for the same
surface, the Prado reefs are 7 times denser than
the Portuguese reefs.

In regard to ground cover, the Prado reefs
cover only 0.35% of the 200 ha of the plot. The
highest reef cover is the pile of stone cubes (Ta-

ble 3).

VI. Monitoring and development programme

The territory acquisition decree anticipates
initial scientific reef monitoring over a period
of 10 years, based on the measurements and ob-
servations carried out over the different “stage
zero studies”.

Monitoring is based on the use of two com-
plementary methods: experimental fishing (by
professional fishers and supervised by an ex-
pert in halieutics) and direct population

inventories using a visual reporting technique
in undersea diving. Control monitoring of reef
stability and wear will also be carried out dur-
ing diving expeditions.

The stakeholders in the project have hoped to
go further than the compulsory monitoring
program. An operation of this scope is an op-
portunity to develop a research program aimed
at a better understanding of ecosystem func-
tion in “artificial reefs” and its relationship to
the environment. The scientific community and
its partners have therefore been solicited to
suggest other types of monitoring of the zone.

The marine science centre in Marseille and
the Subaquatic Environment and Biology Com-
mission of Department Committee 13 of the
French Federation of Undersea Studies and
Sports have therefore suggested additional
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means of monitoring: organic matter, plankton
communities, genetic origins of populations,
biological surveillance. Other means of scien-
tific monitoring are being discussed with new
partners.

A socioeconomic study will evaluate the im-
pact of these reefs on activities and uses, in par-
ticular the economic spin-offs for professional
fishing. The study will use surveys and analy-
sis of specific indicators.

The involvement of professional fishers is es-
sential, as it will enable monitoring of their
catches over a set period to compare them with
the period before the reefs were set up.

VII. Regulations and management

Fishing, diving and anchoring are forbidden
throughout the zone until December 31, 2012 to
allow species and food chains to establish them-
selves naturally.

During this period, consultation with
stakeholders helps to define the modes of use
over the regulated zone (south zone, outside
the channel). The north zone (inside the navi-
gation channel) is destinated to be a sanctuary
where all activities are forbidden. The existence
of two differently managed zones may assist in
evaluating a conservation zone and population
evolution.

VIIIL. Promoting the operation

The highly attractive nature of the images so
far obtained, and the educational potential of
these artificial reefs, make them ideal for com-
munication and raising awareness about the
marine environment and sustainable develop-
ment. Several initiatives of this type are being
developed, both for the general public and for
schools :

—one of the “concrete cube pile” reefs was
not submerged. It is exhibited near the beaches
of the Prado. Decorated under scientific super-
vision, it gives passersby an idea of the size of
the reef and of the contrast between the con-
crete at the time of submersion and the surface
colonised by marine organisms several months
later;

—in collaboration with National Education
and the “Centre Pédagogique de la Mer”, a mu-
nicipal structure to teach the public about the

marine environment, several primary school
classes sponsor a reef village every year. These
classes are provided with technical informa-
tion, photos, and accurate scientific data about
the sponsored village. Each class makes a clay
plaque which is placed in the underwater vil-
lage by a scientist diver. At the end of the year,
the classes get together for a day to show each
other their work (an ABC, a song, an electronic
circuit reef, scale model, etc.) and to meet the
institutional and scientific partners involved in
the operation,;

—to help circulate information and messages,
a set of tools is being designed and updated :
teaching pack, exhibition, internet site, teach-
ing booklet, leaflet for the general public, etc..
Some of these will be put together to form a
teaching pack, available for classroom use and
for anyone interested in artificial reefs, even
those outside the sponsorship programme;

— conferences have been arranged to present
the operation and information about what is
happening on the reefs. Held once or twice a
month, they provide an opportunity to learn
about the marine environment and the need to
preserve it.

—the Marseille experience is promoted along
the coast in France and abroad.

IX. Conclusion

From the moment of conception to the im-
mersion of the last reef, the immersion of
nearly 30,000 m® of artificial reefs in Marseille
has taken 10 years. The city of Marseille and
its partners (state, local skateholders, fisher-
men, scientists, marine users) have mobilised
and involved themselves in carrying the opera-
tion PRADO REEFS successfully to term, the
first project of this scope in France. The artifi-
cial reefs are an excellent tool for sustainable
management of the coast and coastal activities.
Spearheaded by the Plan de Gestion de la Rade
de Marseille [Management plan for the
Marseille coast], a program of integrated
coastal zone management, this unifying project
should open the way for other restoration
zones to support small coastal fishing
endeavours, restore irretrievably degraded
zones or make certain sites more accessible for
scuba diving.
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Importance of fishers’ knowledge in innovating adaptive
co-management in sandeel fisheries

Minoru ToMIYAMA"* and Teruhisa KOMATSU?

Abstract: Adaptive co-management has recently been discussed as an efficient approach for
managing small-scale fisheries. One type of local ecological knowledge, fishers’ knowledge, has
been highlighted as a useful way for adapting fishers to a management system of fisheries re-
sources. We present a case study from Japan to demonstrate a practical process of evolving
fisheries management systems into adaptive co-management by introducing fishers’ knowl-
edge. Fishers recombined elements at hand during fishing procedures for innovation of the sys-
tem. Their reflections are considered to represent the concept of bricolage, as proposed by Lévi-
Strauss: i.e., making do with what is at hand. Fishers’ bricolages appear to be indispensable for
successful implementation of adaptive co-management.

Keywords: fishers’ knowledge, adaptive co-management, sandeel, Ise Bay, bricolage

1. Introduction

Japanese sandeel (Ammodytes personatus
Girard) stock is one of the most important re-
sources of two-boat pelagic trawl fisheries in
Ise Bay, which opens to the Pacific Ocean in
central Honshu, Japan (Fig. 1). At present,
about 200 fleets are engaged in this fishery,
and the annual amount of sandeel landed in
Aichi and Mie prefectures exceeds two billion
yen (~265 million USD). From 1950 to 1982,
the sandeel stock was managed using a com-
mand-and-control method by the local govern-
ment. However, the abrupt depletion of sandeel
stock in Ise Bay in the 1980s drove fishers to
regulate the resource (TOMIYAMA et al., 2008).
The Fisheries Research Institute of Aichi Pre-
fecture is also currently addressing issues re-
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Fig. 1. Schematic view of migration routes of
sandeels from spawning grounds to nursery
grounds in Ise Bay and Mikawa Bay, as they de-
velop from eggs to adults. Arrows indicate the
migration paths of larvae and juveniles. Closed
circles indicate the locations of sandeel landing
ports around Ise Bay and Mikawa Bay.

lated to local sandeel fisheries. This collabora-
tion may foster progress in the co-management
of fisheries resources in Ise Bay (TOMIYAMA et
al., 2005).

Co-management can be defined as a partner-
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ship arrangement in which the community of
local resource users (fishers), the government,
other stakeholders (boat owners, fish traders,
boat builders, business people), and external
agents (non-governmental  organizations
[NGOs], academic and research institutions)
share the responsibility and authority for man-
agement of the fishery (POMEROY and RIVERA-
GUIEB, 2006). Through consultations and
negotiations, the partners develop a formal
agreement on their respective roles, responsi-
bilities, and rights in management. Co-man-
agement covers various partnership arrange-
ments, adjusts the degree of power sharing,
and integrates local informal relations, tradi-
tions, and customs to centralize government
management systems (ARMITAGE et al., 2007;
TOWNSEND and SHOTTON, 2008). Co-manage-
ment of fisheries can be classified into five
broad types according to the roles of govern-
ment in relation to fishers (SEN and NIELSEN,
1996) : instructive, consultative, cooperative,
advisory, and informative. Our case involves
informative co-management because the local
government has delegated fisheries scientists,
who provide valuable information on fish re-
sources, to attend meetings of fisher groups
that decide upon some fisheries measures; the
scientists are then responsible for informing
the local government of these decisions.

One of the distinguishing features of the
process of evolving to adaptive co-management
is the introduction of fishers’ knowledge.
Fishers’” knowledge, which has recently re-
ceived attention in fisheries studies, is consid-
ered one type of local ecological knowledges
(e.g., JOHANNES et al., 2000; HAGGAN et al.,
2007; RupDLE, 2007; GARCIA-QUIJANO, 2007,
MAMUN, 2010). Such knowledge corresponds to
bricolage, as proposed by LEVI-STRAUSS (1962)
in his book La pensée sauvage (often trans-
lated into English as The Savage Mind).
Bricolage, as described by LEVI-STRAUSS
(1962), means that “there still exists among us
an activity that on the technical plane provides
a good understanding of what a science we pre-
fer to call 'prior' rather than 'primitive," could
have been on the plane of speculation” (LEvi-
STRAUSS, 1962). Recently, the concept of
bricolage was introduced into management

science to describe the process of making do by
applying combinations of the resources at hand
to new problems and opportunities (BAKER and
NELSON, 2005).

In Japan, some large-scale fisheries are man-
aged by top-down or command-and-control
methods such as total allowable catch. But
most fisheries conducted in coastal areas of Ja-
pan are small scale (MATSUDA et al., 2010). In
most cases, successful resource management is
conducted by co-management or self-manage-
ment methods. In this paper, we present several
important points concerning the operation of
fisheries management (UcHIDA and MAKINO,
2008). In addition, we provide examples of
fishers’ knowledge being introduced into an
adaptive co-management system. We discuss
this knowledge introduced into the process as a
type of bricolage in management science, i.e.,
making do with what is at hand (BAKER and
NELSON, 2005). It is also very important to
analyze development process of sandeel re-
sources co-management system in Ise Bay to
clarify what factor contributes to develop the
system by applying a newly developed analyti-
cal model of knowledge creating process.

2. Sandeel fishery management in Ise Bay
The sandeel stock in Ise Bay experienced
declines in the 1970s and 1980s (Fig. 2)
(FunakosHl, 1997; TomiyaMa et al., 2005;
ToMIYAMA et al., 2008). Following the collapse
of the stock in Ise Bay, a co-management sys-
tem was implemented in the 1980s.
Autonomous organizations of fishers in
Aichi and Mie Prefectures have played a central
role in co-managing the sandeel fishery. The
history of the shift from command-and-control
management to co-management of sandeel
fisheries in Ise Bay can be divided into three pe-
riods: (1) Sandeel pelagic trawl fisheries were
licensed in 1950 by the Aichi and Mie
prefectural governments (ToMIYAMA et al.,
2005) ; (2) the sandeel stock in Ise Bay and
Mikawa Bay collapsed from late 1978 to 1982
because of overexploitation and environmental
deterioration (ToMIYAMA, 2009). After this col-
lapse, fishers in Mie and Aichi prefectures and
fisheries scientists belonging to the prefectural
fisheries research stations of Mie and Aichi
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Fig. 2. Annual landing of sandeel in Aichi Prefecture
from 1950 to 2004. Black arrows and boxed leg-
ends outline the regulatory practices of resource
management. Black lines with arrows on the
horizontal axis show periods of the large mean-
der of the Kuroshio Current, which causes ab-
normally low water temperatures in coastal
waters along the Pacific coast near Ise Bay and
Mikawa Bay. @ Regulation of fishing during the
spawning period. @ Regulation of the fishing of
large juveniles. @ Opening day control of the
fishing season by the fisheries management
simulation model. @ Establishment of the clos-
ing day. ® Adaptive establishment of fisheries
refugia

began to discuss regulatory measures in Ise
Bay and Mikawa Bay in 1980 based on collabo-
ration between Aichi and Mie prefectures. They
decided to apply the first co-management sys-
tem to sandeel fisheries in 1983. (3) By intro-
ducing fishers’ knowledge, co-management was
innovated into an adaptive co-management in
1990. The main innovations occurred through
the following three measures: (a) protection of
spawning sandeels, (b) decisions concerning
opening day, and (c) decisions concerning the
closing day of the sandeel fishery.

3. Fishers’ knowledge for innovation of a

management system

A collaborative survey between fishers and
fisheries scientists is essential for achievement
of sustainable co-management based on scien-
tific research design, which is a key factor in a
co-management system. The practical tools for
the management system have been innovated
using fisher’s knowledge that is to say

bricolage.

(a) Protection of spawning sandeels

Fisheries scientists belonging to the
prefectural fisheries experimental stations of
Aichi and Mie gathered data regarding the mi-
grating area of spawning sandeels using by-
catch and echo-sounder information in
December. As for fishers’ knowledge, fishers
have noticed that sandeels spawn earlier when
by-catch of sandeel in whitebait trawl fisheries
has occurred earlier than in a usual season. Us-
ing information on time of the by-catch, we set
refugia for spawning sandeel at the mouth of
Ise Bay. Moreover, in mid-January, sandeel
fishers voluntarily conducted a survey to catch
spawners. An open meeting was organized to
examine the ovary samples and estimate the
timing of sandeel spawning. Related fishers
and fisheries scientists belonging to both Mie
and Aichi prefectures attended the meeting,
during which the parties involved engaged in
vigorous discussion and decided on the timing
of the opening day for sandeel fisheries in early
spring, as discussed below.

(b) Decision concerning opening day

Bongo-nets are plankton sampling gear con-
sisting of two circle rings with a net but no bri-
dle. The lack of a bridle reduces net avoidance
by plankton, which are often deterred by the
approach of a bridle. Thus, this net is a very ef-
fective tool for forecasting the catch of the 0—
year-group sandeel before the fishing season
(ToMIYAMA, 2007). When the body length (BL)
of sandeel reaches 8 to 10 mm, we evaluated the
O—year-group fish stock size using density data
from bongo-net catches (frame diameter of
60 cm, net length of 3 m, and mesh size of
0.335 mm).

Under a co-management framework, the
opening day for sandeel fishing was set for the
day when sandeel larvae reach 35 mm in BL.
Therefore, accurate growth predictions were
required. The error caused by avoidance of
bong-net mouths is not negligible because of
the improved swimming ability attained by lar-
vae at 10 to 12 mm in BL. To overcome this
problem, the Aichi Fisheries Experimental Sta-
tion, along with sandeel fishers, needed to
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Fig. 3. Photograph showing fishers participating in sandeel larvae sampling using a
kite-net (upper panel) and a diagram of the kite-net (lower panel).

develop a new sampling gear that can capture
sandeel larvae larger than 10 mm in BL
(ToMryaMa, 2007). At the beginning of gear
development, a fisheries scientist of Aichi pre-
fecture requested fishers to transfer their expe-
riences on trawl nets to capture sandeel larvae
larger than 10 mm in BL. Mid-water trawl
fishers voluntarily made a net set consisting of
mesh net tube (mesh size: 1.54 mm) recycled
from their mid-water trawl net that had actu-
ally used for sandeel fisheries. Thus, this new
sampling net was based on fishers’ know-how
of making trawl net set. The net mouth has a
diameter of about 3 m and opened by a canvas
kite (Fig. 3) developed by Nichimo Co., Ltd.
(ToMmryama, 2007). The opening mechanism
prompted the name “kite-net.” Checking shape
of the net deployed in the field at first, fishers
took the initiative of experiment. Towing the
net near the sea surface from their boat, fishers
observed whether the net had wrinkled or not.
Then the fishers put down and towed the net in
the middle layer, and surveyed cross-section
view of the net using their echo-sounder
equipped in their boat. Thus, this net

innovation represents an example of bricolage
within co-management. Finally, the kite-net
can collect sandeel larvae of a wide size distri-
bution ranging from 10 to 30 mm in BL.

(¢) Decision concerning the closing day of the

sandeel fishery

Adaptive co-management of sandeel re-
sources requires to protect spawning sandeel
throughout successive reproductive seasons
during the fishing season. Therefore, many re-
searches pointed out that marine protected ar-
eas (MPAs) were necessary for sustainable
sandeel fisheries in Ise Bay (ToOMIYAMA et al.,
2008; ToMrvaMa, 2009; MATsUDA et al., 2010)
(Fig. 4). MPAs are defined by the Interna-
tional Union for Conservation of Nature (IucN,
1994) as “any area of intertidal or subtidal ter-
rain, together with its overlying water and as-
sociated flora, fauna, historical and cultural
features, which has been reserved by law or
other effective means to protect part or all of
the enclosed environment.” The present case is
applied the MPAs classified as Category IV
meaning that they are designated for resource
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i

Fig. 4. Fisheries refugia for sandeel in Ise Bay and Mikawa Bay, Japan in 2005. The lo-
cations of fisheries refugia were changed weekly based on information regarding
the migration routes of spawners detected by fishers.

management (IUCN, 1994). While no fish can be
caught within the MPAs throughout the year,
it is not practical for sandeel resources whose
spawning grounds change during a fishing sea-
son (Fig. 4). Another type of protected area is
fisheries refugia (PETERSON and PERNETTA,
2006), which are defined as “spatially and geo-
graphically defined, marine or coastal areas in
which specific management measures are ap-
plied to sustain important species [fisheries re-
sources] during critical stages of their life
cycle, for their sustainable use.” Thus, fisheries
refugia has been established since 2001 (Fig. 1).
Scientists from the fisheries experimental sta-
tions in Aichi and Mie prefectures determined
fisheries refugia that protected spawning
sandeel during the fishing season (TOMIYAMA,
2009) (Fig. 4). The refugia locations are
changed according to migration of spawners.
These adaptive co-management procedures use
diverse information obtained by modern fish-
ing equipments, such as echo-sounders, GPS

plotters, fishery radios on fishing boats, and
cellular telephones of fishers, all of which also
represent examples of bricolage. For example,
the distribution of sandeel shoals was investi-
gated using echosounders operating at both 50
and 200 kHz. Fishers’ knowledge can identify a
shoal of sandeel larvae with its shape and ap-
pearance on echograms at two different fre-
quencies (TOMIYAMA and YANAGIBASHI, 2004).

As larvae develop into juveniles and eventu-
ally adults, sandeels gradually move from the
interior to the mouth of Ise Bay, where they
enter into aestivation in May-June (Fig. 1)
when bottom water temperatures exceed 17°C
(TomrvyaMa and YANAGIBASHI, 2004). Fisheries
scientists estimate distribution area of adult
larger sandeel from collecting catch data of
sandeel by interview or phone to fishers. Based
on the estimation, fisheries scientists and a
dozen leaders of sandeel fishers discuss and de-
cide area of refugia. The fisheries refugia are
regulated by only fishers. Thus, both local
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Fig. 5. Conceptual models depicting sandeel management systems ranging from com-
mand-and-control to adaptive co-management through co-management.

governments of Aichi and Mie prefectures don
't take responsibility for control of fisheries in
the refugia. On the other hand, they allocate
adequate fisheries scientists of both prefectures
to establish the refugia and monitor sandeel re-
sources, and support financially research ac-
tivities. These scientists of Aichi and Mie
prefectures announce fishers remained stock of
sandeel estimated from daily landing data.

To determine the onset of aestivation, fisher-
les scientists use a “karatsuri” rake at the
sandeel aestivation grounds in May-June. This
rake was developed based on fishing gear used
to catch burrowing flatfish in the sand and is
applied to quantify the number of remaining
spawners burrowing in the sand in the sum-
mer. This gear is a modification of Tanda and
Okamoto’s (1992) rake. Developed using
fishers’ input and modified from the actual
fishing gear used to catch burrowing flatfish
(TomrvamMa and YANAGIBASHI, 2004), the
karatsuri rake represents another example of
bricolage.

4. Innovation of the management system
In many cases, resource depletion motivates

fishers to begin fishery management, in what
is called “the depletion crisis model” (BERKES
and TURNER, 2006). For the sandeel stock in Ise
Bay, co-management began when depletion be-
came apparent around 1980. Also in the case of
entrepreneurial firm, innovations often occur
under shortage of human or financial resources
(BAKER and NELSON, 2005). The several innova-
tions based on bricolage mentioned above were
introduced to the management system, which
developed into adaptive co-management from
the previous co-management system (Fig. 5).
When the parties involved discussed the man-
agement of sandeel stock, knowledge of fishers
played an important role in the “adaptive” as-
pect of the approach (BERKES, 2007, 2009). Lo-
cal ecological knowledge (OLsSON and FOLKE,
2001; GADHAV et al., 2003; MaMUN, 2010), tradi-
tional ecological knowledge (INGLIS, 1993;
RUDDLE, 2007), and fishers’ knowledge
(JOHANNES et al., 2000; STEAD et al., 2006;
GARCIA-QUIJANO, 2007; HAGGAN et al., 2007,
HILBORN, 2008) have been treated as important
factors in resource management. In contrast to
other types of local ecological knowledge, the
sandeel fishers’ knowledge is not a traditional
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Table 1. Shortages in scientific knowledge, application of bricolages, and components of fishers’ knowledge

Shortage in scientific knowledge

Bricolages by fishers’ knowledge

Improvement of larval

sampler

Usual sampling gear could neither
catch larger larvae nor be operated

Fishers ameliorate wing net with a
net mouth larger than usual sam-

by small boat.

pling net from pelagic trawl net for
halfbeak (sayori).

Development of
karaturi-rake
aestivation.

No gear were available to capture
sandeel burrowing in sand during

Fishers’ knowlegde on fishing gear
for capturing flatfish hints to de-
velop a new sampling gear,
karatsuti-rake, to catch sandee bur-
rowing in sand.

Setting fisheries refugia
for conservation of
spawners in the next year

ing path.

Little was known about the migrat-

Survey by fishers revealed the mi-
grating path of sandeel school using
echosounders equipped in the boats
and fisheries radio.

but rather an on-site or practical knowledge.
Table 1 presents three cases of bricolage in
which fishers’ knowledge was used to overcome
a shortage in scientific knowledge. These three
cases of bricolage correspond to BAKER and Ne
Ison’s definition of bricolage (BAKER and
NELSON, 2005), i.e., “making do by applying
combinations of the resources at hand to new
problems and opportunities.”

To understand the success of co-management
of sandeel resources and apply it to another
fishery, it is very interesting to clarify the
process of co-management development in
which the stakeholders play roles. Considering
the roles of fishers and fisheries scientists, we
can apply an analyzing model to the process
(Fig. 6). We use here SECI model developed by
NoNaKA and TakeucHr (1995) who analyzed
how the knowledge creating process works
with tacit and explicit knowledge in an organi-
zation, especially enterprises. They classified
four stages (Socialization, Externalization,
Combination and Internalization) in knowl-
edge creating process. At first, socialization
process focuses on tacit to tacit knowledge link-
ing. Tacit knowledge goes beyond the bound-
ary and new knowledge is created by using the
process of interactions, observing, discussing,
analyzing, spending time together or living in
same environment. The socialization is also
known as converting new knowledge through
shared experiences. Externalization process fo-
cuses on tacit to explicit knowledge linking. It

Tacit knowledge
Bri

Tacit knowledge

Al
1\
\_’

Internalization ||

[Understanding of
co-management
among stakeholders]

/)

Combination

[Fisheries refugial

Tacit knowledge Tacit knowledge

Explicit knowledge  Explicit knowledge

Explicit knowledge Explicit knowledge

Fig. 6. Applying the creating model, SECI model,
proposed by Nonaka and Takeuchi (1995) to
adaptive co-management of sandeel resources.
Dark area shows a rauge of bricolage.

helps in creating new knowledge as tacit
knowledge comes out of its boundary and be-
came collective group knowledge. Combination
is a process where knowledge transforms from
explicit knowledge to explicit knowledge. By
internalization, explicit knowledge is created
using tacit knowledge and is shared across the
organization. When this tacit knowledge is
read or practiced by individuals then it broad-
ens the learning spiral of knowledge creation.
Organization tries to innovate or learn when
this new knowledge is shared in Socialization
process. According to the SECI model, fishers
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knowledge and management measures are de-
fined as tacit and explicit knowledge, respec-
tively, under four conversion phases: Socializa-
tion, Externalization, Combination and Inter-
nalization (Fig. 6).

We apply this model to the case of sandeel’s
stock management. In Socialization phase,
tacit knowledge common among all fisher is in-
tegrated under initiatives of fishers’ leaders.
So, the tacit (fishers’) knowledge is shared by
the fishers’ group. Fishers’ bricolage is effec-
tive in Externalization phase, in cooperation
with fisheries scientists. In this phase, tacit
(fishers’) knowledge is converted into explicit
knowledge, such as management measures.
Furthermore, the measures are easily gained
consensus-building among fishers because it
contains tacit knowledge in itself. In Combina-
tion phase, explicit knowledge of equipments
for co-management such as kite-net, karatsuri
raker are combined to deciside opening and
closing days of sandeel fishery and fishery
refugia for protection of spawning sandeel. In
Internalization phase, fishers participating
monitoring of sandeel’s stock, their under-
standing will spiral upward. This analysis sug-
gests that bricolage is a key to start creation of
co-management of sandeel resources. There-
fore, it is very important for fisheries scien-
tists, who are charged in explicit knowledge, to
contact closely fishers for developing co-
management of fish resources.

Most of coastal fisheries in Japan are small
scale (MATSUDA et al., 2010). Resource man-
agement methods for small-scale fisheries
should be distinct from those used in industrial
fisheries, e.g., individual quota or individual
transferable quota methods. As shown here,
the introduction of fishers’ knowledge into
coastal fisheries can be very effective. By
adopting bricolages based on fishers’ knowl-
edge, expensive research equipment is not
needed to establish an effective resource man-
agement system because fishing boats can be
used as research vessels and fishing gear can
serve as sampling gear. Our practices highlight
the potential for co-management of small-scale
fisheries using the concept of bricolage and par-
ticipation by related fishers not only in Ise Bay
but also in other areas. In addition, intrduction

of fisheries refugia acceptable for fishers is
very effective for co-management.
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FITIE DASITL e vvrerrersrensrnsrensrunseuneeusetueeteetettettaettarttarteertsrsseteenaernaesnnees Wagdy LABIB
Research on providing habitable environment for bivalves by use of artificial reefs
.............................................................................. Hirokazu SUMI and Akira WADA
Conférence a la remise du Prix de la Société franco-japonaise d'océanographie
Original achievements leading inductively towards quantitative evaluation of detritus food
chains in the marine food web (in Japanese) «wreorereesrrrrmerreemi.. Humitake SEKI
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Interannual variations of coastal sea levels and annual tides spectra neighbor Kuroshio flow
(in Japanese) ........................................................................... Shlgehlsa NAKAMURA
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Numéro 2
Notes originales
Quantification of microphytobenthos biomass in intertidal sediments layer-dependent varia-
tion of chlorophyll a content determined by spectrophotometric and HPLC methods
............................................................ PaOlO MAGNI, NaO ABE and Shlgeu MONTANI
Seasoal ariation in sea surface temperature around Java delived from NOAA AVHRR
............................................................ Suhendar I SACHOEMAR and TetSuO YANAGI
Ontogenctic intervals based on the development of swimming-and feeding-related characters
in the hexagrammid, Hexagrammos agmmnus, larvae and juveniles (in Japanese)
................................................ Hiroshi KOHNOy Yutaka KURITA and Tadahisa SEIKAI
Warm water structure that approaches to Kii Peninsula, separated from the straight zonal
Kul"OShiO Path .............................................................................. YOShlhlkO SEKINE
Résumé

Pigment composition of Pedinomonas noctilucae (Pedinophyceae), an endosvmbiont of

green Nactiluca (Dinophyceae) -+ Ken FuruyA and Thaithaworn LIRDWITAYAPRASIT
Numéro 3
Message for 40™ anniversary (In Japanese) ««««--reesrerererermrrneein President Hideo Supo

Sommaire complet de “La mer" (Vol.19~Vol.37 1981~1999) (In Japanese)
Sommaire complet de “La mer" (Vol.19~Vol.37 1981~1999) (In English and Frenche)

Numéro 4

o7

65

17

87

95

103
105
129

The Proceedings of the 5th International Marine Sdence Symposlum on the Physical, Biological,

Chemical and Geological Processes in the Pacific Ocean and Asian Marginal Seas (The tenth

PAMS/JECSS Workshop) 7-9 October 1999, Kagoshima, Japan

Preface .................................................................. AklO MAEDA and HiI‘OShi ICHIKAWA
Introduction : the physical, biological, chemical and geological processes in the Pacific
Ocean and Asian marginal seas =«=+sroserroersrareeeeeeeees Hiroshi IcHIKAWA and Akio MAEDA

The Kuroshio east of Taiwan and in the East China Sea in July 1997
"""""""" Yaochu YuaN, Yonggang Liu, Huiqun WANG, dJilan Su and Arata KANEKO
Variation of the currents east of the Ryukyu Island in 1998

........................................................................... Yonggang LIU and YaOChu YUAN
Study on the free oscillations in the Yellow Sea r-rrvrevrerrerrerreerreeeeeees Chengchun QIAN
culation patterns of the Japan Sea --+-+--+--e--+ Vladimir PONOMAREV and Olga TRUSENKOVA

The SeaSonde HF radars for coastal current mapping with recent oceanographic applica-
tlong rrerrerrereeeeereeeeeees Donald E. BARRICK, Laura A. PEDERSON and Steven R. Ramp
Seasonad changes of circulation in North Pacific by a MOM2 simulation
""""""""" Dongfeng XU, Yaochu YUAN, Noriya YOSHIOKA and Yasushi YOSHIKAWA
Water, heat and salt transports from diagnostic world ocean and north pacific circulation
TNOdELS ++rerrrrrrrnrrrrrnnrrinriiariie e, Zexun WEI, Byung-Ho CHoL and Guohong FANG

165

167

173

179

185

189

199

205

211
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Coastal impacts of offshore meso-scale eddies through the Kuroshio variation
..................................................................... Kaol"u ICHIKAWA and AtSuShi KANEDA
The influence of the drag coefficient on the simulation of storm surges
...................................................... Xiugin WANG, Chengchum Qran and Wei WANG
Sevaral aspects of the simulated response of the Japan (East) Sea to synoptic atmospheric
forcing due to siberian cold air outbreaks
--------------------------------- Christopher N.K. MoOERS, Hee Sook KaNG and Shuyi S. CHEN

Tome 39 (2001)

Numeéro 1
Notes originales
Microscale processes in the ocean: why are they so important for ecosystem functioning?
................................................................................................... Laul"ent SEURONT
Size-fractionated chlorophyll a and primary productivity in the offshore Oyashio waters in
July 1992 ...................................................... AklhlI‘O SHIOMOTO and Shanl HASHIMOTO
Recent trends of nutrients in Tokyo Bay (1989-1998) (in Japanese)
--------------- Tsuyoshi MATSUMURA, Naho HORIMOTO, Taolin XU and Takashi ISHIMARU
Etude bibliographique
Prof. Luigi SANZO : a bibliographic revision with ichthyological note
................................................................................................... KaZunOri TAKAGI

Numéro 2
Notes originales
Numerical modeling of density-driven current in Tokyo Bay
------------ Ivonne M. RADJAWANE, Masaji MATSUYAMA, Yujiro KIiTADE and Toru SUZUKI
Seasonal variation of water characteristics in the northern coastal area of Java
............................................................ Suhendal" I SACHOEMAR and TetSuO YANAGI
Automated identification of larval bivalves utilizing an image processor (in Japanese)
------------ Makoto TERAZAKI, Masami HAMAGUCHI, Hironori UsukI and Hiroko ISHIOKA

Oceanic structure in the vicinity of Komahashi Daini Kaizan, a seamount in the Kyushu-

Palau Ridge. Part 1. Temperature and salinity fields «-«---=rrereeeeeeeeees Yoshihiko SEKINE

Oceanic structure in the vicinity of Komahashi Daini Kaizan, a seamount in the Kyushu-

Palau Rldge Pal"t H X VelOCity flelds ................................................ YOShlhlkO SEKINE
Numéro 3

Notes originales
Reconstruction of the feeding activity of marine top-predators foraging at sea
------------------------------------------ Yan RoPERT-COUDERT, Akiko KATO and Yasuhiko NaITo
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Allozyme determination of genetic diversity in Japanese and Thai populations of Oval Squid

(Sepioteuthis lessoniana Lesson, 1830) +wwserreserrsereaeneinnnenen. Boonyarath PRATTOMCHAT,

Yutaka NATsuKkARI, Tkuko MIkI and Kashane CHALERNWAT

Seasonal variations of the oceanic condition along the southern coastal area of Java to

Sumbawa, Indoneshia ««reoeoreerrerrreeaeen.. Suhendar I. SACHOEMAR and Tetsuo YANAGI

Conférence a la remise du Prix de la Société franco-japonaise d'océanographie

Ecological studies on carnivorous plankton, chaetognatha (in Japanese)

................................................................................................ MakOtO TERAZAKI

Numéro 4
Notes originales

Response of macrobenthic community to seasonal sediment environmental parameter

changes in a tidal estuary of the Seto Inland Sea, Japan
............................................................ Nittaya CHAIYANATE and Shigeru MONTANT
The distribution of picophytoplankton across Kuroshio Current off the Western Pacific
Coast of Japan «wweeeeeeeeees Naho HoriMoTO, Yukuya YAMAGUCHI and Takashi ISHIMARU
Vertical distribution of holoplanktonic mollusks in the western North Pacific (in Japanese)
............................................................... Harumi KOBAYASHI and Makoto TERAZAKI

Tome 40 (2002)

Numeéro 1
Notes originales
Ecosystem conditions in wet and dry seasons of Banten Bay, Indoneshia
.................................................................. Susanna NURDJAMAN and TetSuO YANAGI
Seasonal and spatial changes in the larval and juvenile fish fauna in surface waters of Tokyo
Bay, central Japan (in Japanese) -+ Kouki KaNou, Kazunori ARAYAMA, Hitoshi IMAL
Ken Kanazawa, Tetsu Koike and Hiroshi KoHNO
Consideration on horizontal and vertical distribution of adult yellowfin tuna (Thunnus
albacares) in the Indian Ocean based on the Japanese tuna longline fisheries information
........................................................................ Masahiko MOHRI and Tom NISHIDA
Climatic control of Phaeocystis spring bloom in the Eastern English Channal (1991-2000)
........................................................................ Laul"ent SEURONT and Saml SOUJSSI

Numéro 2
Notes originales
Ichthyofauna of surf zones in the outer Tokyo Bay (in Japanese)
""""""""""""""" Kazunori ARAYAMA, Hitoshi Imal, Kouki Kanou and Hiroshi Konno
Primary production rates in tidally mixed coastal waters: the eastern English Channel case
Study ................................................................................................ Fabrice LIZON
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Conférence a la remise du Prix de la Société franco-japonaise d'océanographie
Studies on the Kuroshio and the North Pacific Subtropical Gyre by direct current measure-
ment (ln Japanese) ........................................................................... Keisuke TAIRA 91

Numéro 3
Notes originales
Carbon Dioxide and Air-Sea CO; Flux in Coral Reef (in Japanese)
--------------- Hiroyuki FuJiMURA, Tamotsu OOMORI, Yukio KiTbA and Tsukasa MAEHIRA 99
Jellyfish Population Explosions: Revisiting a Hypothesis of Possible Causes
................................................................................. TR PARSONS and CM LALLI 111
Seasonal variations of sea level along the Japanese coast
~~~~~~~~~ Nyoman M. N. NATIH, Masaji MATSUYAMA, Yujiro KITADE and Jiro YosHIDA 123
Tide, Tidal Current and Sediment Transport in Manila Bay
--------------------------------------- Wataru Fuig, Tetsuo YANAGI and Fernando P. SIRINGAN 137
Seasonal Variations in Circulation and Salinity Distributions in the Upper Gulf of Thailand:
Modeling Approach ««««++s sseeeesmsrreesmminriemiiiiiii Anukul BURANAPRATHEPRAT,
Tetsuo YANAGI and Pichan SAWONGWONG 147

Numéro 4
Notes originales
Lower Trophic Level Ecosystem in Jakarta Bay, Indonesian
............................................................... Susanna NURDJAMAN and Tetsuo YANAGI 161
The Formation of Thick and Stable Warm Eddies inside the Large Meander of the Kuroshio
South of Honshu, Japan -«ocoeoeeeerereeeree.. Yoichi MAEKAWA, Makoto UCHIDA,
Shozo YosHIDA and Yutaka NacaTa 171
Measurement of heart rate in Paralichthys olivaceus by image analysis (in Japanese)
........................................................................... Yutaka HIROTA and Sadami YADA 183
On the Possibility of Improving the Flow and Water Quality in a Closed Inland Bay by
Using Cooling Water for a Power Generating Plant «:-ccoeeoeeereeeeeeenees Tairyu TAKANO,
Michihiro SHIBAZAKI and Akira Wapa 191

Tome 41 (2003)

Numeéro 1
Notes originales
Community structure of large-sized copepods in the eastern Sea of Japan in relation to the
environment of water types, during winter (In Japanese)

............................................................ Kazuyoshi HASHIZUME and Sekio SHINAGAWA 1
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Turbidity distributions in the Surrounding Ocean Area of Miyake-shima Island after the
Eruption of Mt. Oyama ««:oceoeereerreeereee.. Hisayuki ARAKAWA, Akiko KONISHI,
Saeko YAMASAKI and Tsutomu MORINAGA

Ichthyofauna of artificial tideland in Kasai Marine Park, Tokyo Bay (In Japanese)
............................................. Yuu KUWABARA, Nana TSUCHIDA, Takashi MOTOYAMA,
Hiroshi Konno, Kouki KaNou, Yuushi SHIMADA and Ryousuke MIMORI
Fatty acid composition of Acartia clausi, Pseudocalanus elongatus and Temora longicornis
associated with their diet in the eastern English Channel during a spring bloom of
PRAEOCYSLIS S ++##w++rweesssnresnnssesssessiiee e Gwenaélle COTONNEC, Laurent SEURONT,
Guy THOUMELIN and Lucia FrRAGA-LAGO
The activity of double diffusive convection investigated through the density ratio distribu-
tion in the Mixed Water Region (MWR) off Joban-Kashima and Sanriku Coasts to the
north-east of Honshu, Japan e+ esesseeemsresmmmmmiieiii Jiro YOSHIDA

Numéro 2-3
Notes originales

Seasonal occurrence and vertical distribution of the hyperiid amphipods in Sagami Bay,
central Japan (In Japanese) «ooreeeeereseereeeennnnne Hideaki NoMURA, Hiroko KITABAYASHI,
Yuji TANAKA and Takashi ISHIMARU
Seasonal occurrence and abundance of the moonfish, Monodactylus argenteus, in surf zones

and rivers of the northern coast of Bali, Indonesia
..................................................................... Takeshi YAMANE and HiI'OShi KOHNO
Seasonal occurrence and abundance of the spotted scat, Scatophagus argus, in surf zones

and rivers of the northern coast of Bali, Indonesia
............................................. Kel]l YOSHIMURA,TakeShl YAMANE and leOShl KOHNO
Non-toxic mutational strains in the paralytic shellfish poisoning causative dinoflagellates,
Alexandrium spp. (In Japanese) oeoeeeeeeseeeseeees Takuo OMURA, Hideyuki ONODERA,
Takashi ISHIMARU and Yasukatsu OSHIMA
Analysis of 3-dimensional hydro-dynamical model simulation in the Gulf of Kutch, India
and its comparison with satellite data---«---=+--eoeereeeeeees Takahiro Osawa, Chaofang ZHAO,
Pravin D. KUNTE,Lee Sung AE, Masanao HARA and Takashi MORIYMA
Surface wave transformation of pressure gauge wave meter data based on the depth-
dependency of break frequency (Fb) (In Japanese) «=--««sseeerreresrereeeeenn. Sei-ichi. KANARI
Estimate of the slick thickness for leaked heavy oil from the sunken Nakhodka in the Sea of
JAPAIL *rvvvrrreeesram e Tsutomu MORINAGA, Hisayuki ARAKAWA,
Masami SHOUJI and Tomonori Kivomiya
Seasonal variation of vertical structure of Tsugaru Current area and forerunner of Tsugaru

Current (In Japanese)

'''''''''''''''''''''' Yutaka NAGATA, Sachiko OcGumA, Toru Suzukr and Kiyoshi Nozawa
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Numéro 4
Notes originales
Flow analysis of the Arctic Ocean (the Kara Sea and the Barents Sea) by a hybrid box model
........................................................................... Akira WADA and MinOru OCHIAI
Analysis of seawater circulation in the whole region of the Arctic Ocean
................................................... Akira WADA, Tairyu TAKANO and Minoru OCHIAI
An observation on the cyclonic eddy in the coastal side of the non-large meander path of the
KurOShiO ...................................................... YOShlhlkO SEKINE and Shunsuke TANAKA
The relationship between logPow and molecular weight of polycyclic aromatic hydrocarbons
and EC50 values of marine microalgae
...................................................... Yutaka OKUMURA, Jiro KovaMA and Seiichi UNO
Influence of seagrass leaf density and height on recruitment of the cardinalfish
Cheilodipterus quinquelineatus in tropical seagrass beds: an experimental study using ar-
tificial seagrass units -+--+ Yohei NAKAMURA, Masahiro HORINOUCHI and Mitsuhiko SANO
Seasonal variations in circulation and average residence time of the Bangpakong estuary,
Thailand coeeeereeerrerrerreree. Anukul BURANAPRATHEPRAT and Tetsuo YANAGI
Chlorophyll a and primary production in the northwestern Pacific Ocean, July 1997
------------------------------------ Akihiro SHIOMOTO, Shinji HASHIMOTO and Takahiko KAMEDA
Short communication
Size-fractionated chlorophyll a concentration at the surface in the offshore subarctic North
Pacific in summer 2000
--------- Akihiro SHIOMOTO, Shinji HASHIMOTO, Kosei SASAOKA and Mitsuhiro TORATANI

Tome 42 (2004)

Numeéro 1
Conférence a la remise du Prix de la Société franco-japonaise d'oceanographie
Interactions of microorganisms and their use as biocontrol agents in aquaculture
................................................................................................ Masachika MAEDA
Notes originales
Direct Current Measurements with special reference to Velocity Fields of Mesoscale Eddies
in the Shikoku Basin «roroeerreerremeeeeeeeeeee. Yoshihiko SEKINE and Toshiyuki MASUZAWA
Larval and juvenile ichthyofauna in artificial beaches facing Tokyo Bay. (In Japanese)
.......................................... Takeshi YAMANE, Munenori KISHIDA, Tzumi HARAGUCHI,
Rei ABE, Miyako Darto, Hiroshi Konno and Kouki KaNou
Characteristics of Tidal Currents Observed at Five Mooring Stations in Sagami Bay
...................................................... Ping Astony ANGMALISANG, Masaji MATSUYAMA,
Hironori IsHiDOYA, Yujiro KITADE and Shizuo IWATA

161

137
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182

192

199

214

225
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Numéro 2
Notes originales

Diet shift with settlement in the yellowfin goby Acanthogobius flavimanus on a tidal
mudflat  eerereeeee Kouki KaNou, Mitsuhiko SANO and Hiroshi KoHNO
A Numerical Experiment on the Coastal and Bottom Topographic Effects of the Tokara
Strait on the Kuroshio Flow -coerereereereeeeeeneees Miao Yang CHEN and Yoshihiko SEKINE
Partial stock transportation of three clupeoid, Engraulis japonicus, Etrumeus teres and

Sardinops melanostictus, larvae into the shirasu fishery ground of Tosa Bay, Japan
--------------------------------- DyumaNTO, Izumi KiNOSHITA, Chiho BiTo and Jun-ichi NUNOBE
Seasonal abundance of three clupeoid larvae and juveniles occurring in the shirasu fishery
ground in central Tosa Bay, Japan «-:ocooeeeereeereeeeeereeee. DJguMAaNTO, Izumi KINOSHITA,
Chiho Biro and Jun-ichi NUNOBE

Tome 43 (2005)

Numéro 1-2
Notes originales
Short-term, seasonal, and tidal variations in the Yellow River plume
........................................................................ TetSuO YANAGI and Taka_aki HINO
Feeding habits of two sillaginid fishes, Sillago sthama and S. aeolus, at Sikao Bay, Trang
Province, Thailand «---------- Prasert TongNUNUI, Mitsuhiko SANO and Hisashi KUROKURA
Associations Tintinnides (Ciliophora, Tintinnina) - Dinoflagellés (Dinophyceae)
autotrophes potentiellement nuisibles au niveau de la Baie de Tunis et de deux lagunes
associées: Ghar El Melh et Tunis Sud (Méditerranée Sud Occidentale) (In French)
------------------------------ Mohamed Njib DALY YAHIA, Ons DALY YAHIA-KEFI, Sami SOUISSI,
Fadhila MAAMOURI and Patricia AIssa
Sedimentation rate of dioxins from the mid-1980s to 2002 in a sediment core collected off
Ishinomaki in Sendai Bay, Japan «-rweeeeeeeeeee Yutaka OKUMURA, Hiromitsu NAGASAKA,
Youichi Kouno, Takashi Kamryama, Toshiyuki Suzukr and Yoh YAMASHITA
Assessment of fine-scale parameterization of deep ocean mixing using a new microstructure
profiler «-+e-eeeeee- KanakoYokora,Toshiyuki HiBIyA, Maki NAGASAWA and Shogo TAKAGI
Deep Western Boundary Current along the eastern slope of the Kerguelen Plateau in the
Southern Ocean: observed by the Lowered Acoustic Doppler Current Profiler (LADCP)
..................................................................... YOShlhll"O NARUML Yu]l KAWAMURA,
Tomoko Kusaka, Yujiro KiTADE and Hideki NAGASHIMA

Numéro 3
Notes originales
Effects of Testosterone on the Calanoid Copepod, Acartia omorii Bradford
--------------------- Khaled HossaIN, Takuo OMURA, Seiichi TAKEDA and Takashi ISHIMARU
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Dioxin concentrations in marbled sole collected from Sendai Bay, Japan
.......................................... Yutaka OKUMURA, Youichi KouNoO, Takashi KAMIYAMA,
Toshiyuki SuzuKkr and Yoh YAMASHITA
A westward propagation signal in the sea ice concentration in the Indian sector of the
Southern Ocean ««-worerrmresrmreremeaeeeee. Xuhui XIE, Hideki NAGASHIMA and Masao NEMOTO
Larval and juvenile fish assemblages in surface waters at the mouth of Tokyo Bay (In Japa-
NESE) rrrrrrrrrerereeenes Riou NaGAIwA, Masato MOTEKI, Hiroshi KonNo and Kiyoshi FuJira
Inter-annual variation of heat budget through the sea surface in Otsuchi Bay (In Japanese)
................................................... Ayako ANBO, Hideki NaGAasHIMA, Masao NEMOTO,
Kunio Kursuwabpa and Hirotaka OTOBE

Numéro 4
Notes originales
Estimation of the sediment flux from the cultured Japanese oyster in Ofunato Estuary and
its annual variation - Calculation by incorporating the monthly mean environmental data
£OI LOI YEAI'S - ++rrrrreermmrreessnsrre ettt Mizuo Izawa and Masato KOBAYASHI

Tome 44 (2006)

Numéro 1
Notes originales
Reproductive biology of two sillaginid fishes, Sillago sihama and S. aeolus, in tropical
coastal waters of Thailand
------------------------------------ Prasert ToNGNUNUI, Mitsuhiko SANO and Hisashi KUROKURA
Salinity tolerance of larvae in the prenicillate crab Hemigrapsus takanoi (DECAPODA:
BRACHYURA: GRAPSIDAE) creeeeeeeeessrsrnnrmereeaaesnmnnninnneeeeess Winda Mercedes MINGKID,
Masahi YOKOTA and Seiichi WATANABE
Reproductive biology of blacktip grouper, Epinephelus fasciatus, in Sulu Sea, Philippines
''''''''''''''''''''''''''''''''''' Hiroaki MisHINA, Benjamin GONZARES, Honorio PAGALIAWAN,
Masato MoTeKI and Hiroshi KoHNO
Influence of the Andaman Sea and the South China Sea on Water Mass in the Malacca Strait
..................................................................... Zelina Z. IBRAHIM and Tetsuo Y ANAGI

Numéro 2
Notes originaless
Mesocosm experiment on the succession of microbial community in response to oil contami-
nation to coastal seawater ---+-:-- Masahiko NISHIMURA, Akihiro YosHIDA,Keita TOYODA,
Mihoko YAamaDA,Hideaki NOMURA, Minoru Wapa,Ken OKaAMOTO,
Akira SHIBATA,Hideshige TAKADA and Kouichi OHWADA

Numerical simulation for larval connection network of the ghost shrimp Nihonotrypaea
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harmandi population among intertidal sandflats in Tachibana Bay and Ariake Sound,
western Kyushu, Japan «ocoeeeeeeeeeeeeees Wataru FuJiig, Tetsuo YANAGI and Akio TAMAKI
Fishing strategy for target species of small-scale fisheries in Pelabuhanratu Bay, Indonesia
--------------- Eko Sri WivyoNo, Sakutaro YAMADA, Eiji TANAKA and Toshihide KITAKADO

Numéro 34
Notes originaless
Fragment growth-rates of six cultivated coral species: a reference framework for coral
transplantation - sreeeeeeeeeeeeeeeees Virginie VAN DONGEN-VOGELS andJeréome MALLEFET
Seasonal changes in growth and photosynthesis-light curves of Sargassum horneri (Fucales,
Phaeophyta) in Oura Bay on the Pacific coast of central Honshu, Japan

""""" Atsuko Mikami, Teruhisa KomATsU, Masakazu AoOKI, and Yasutsugu YOKOHAMA
Larval and juvenile fish assemblages in surface and subsurface layers of central Sagami Bay,
Japan (In Japanese) -«eoweeeeeeereeeeeeeenee Masaharu IiNo, Masato MOTEKI, Riou NAGAIWA
Tadashi M1yazaki, Yoshihiro KuriTa and Hiroshi KonNo

Fishery biology of Loligo edulis in Moroiso Bay, Kanagawa Prefecture, Japan
--------- Natinee SUKRAMONGKOL, Kotaro TsucHIYA, Tadashi TokAl, and Susumu SEGAWA
Do the ayu (Plecoglossus altivelis altivelis) born in the river with an inlet or large estuary
in its mouth perform a homing ? «--rreeorerereeeeeeees Ebrahim ALJAMALI, Izumi KINOSHITA,
Minoru SasHIDA, Takashi HAsHIMOTO and Jun-ichi NUNOBE
The antagonistic bacterium that represses the growth of eel phathogens, Edwardsiella
tarda (In Japanese) «wweeeoeeeeeees Kohsuke NogucHr, Kazuo IwAaTA and Masachika MAEDA

Tome 45 (2007)

Numéro 1
Notes originales
Recent change in water temperature and its effect on fisheries catch of bottom gillnets in a
coastal region of the Tsushima Warm Current
................................................ Alda SARTIMBUL, Hldeakl NAKATA and Ikuo HAYASHI
Structure of the upper deep current in the Melanesian Basin, western North Pacific
........................................................................ Kanae KOMAKI and Masaki KAWABE
Distribution and Behavior of High-turbidity Water in Shallow Water Area around Miyake-
shima Island, Japan - Hisayuki ARAKAWA, Yumiko NAKAYAMA, Tsutomu MORINAGA
Inter-annual variation in seawater temperature off the Uwa Sea coast, Ehime Prefecture (In
Japaneese) ......................................................... SatOShi SUZUKI and IChiI‘O TAKEUCHI
Vertical distribution and feeding ecology of a copepod Gaetanus variabilis in the southern
Japan Sea during winter -rooeeeesereeeeeeeeeeee Atsushi YAMAGUCHI, Susumu OHTSUKA,
Kazumasa HIRAKAWA and Tsutomu IKEDA
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Numéro 2
Notes originales

Vertical profiles of trace nitrate in surface oceanic waters of the North Pacific Ocean and
East China Sea -«-ewoeeerererrmeeeeennens Jota KANDA, Takayuki ITOH and Motomune NOMURA
Fluorescent labelling of cultivated corals as a sustainable management tool in coral trade
and reefs conservation ««-«seoreeeeees Virginie VAN DOGNEN-VOGELS and Jérome MALLEFET
Numerical radiative transfer simulations to examine influence of shape of scattering phase

function of suspended particles on the ocean colour reflectance
.................................................................. Takafumi HIRATA and Gel"ald F MOORE

Numéro 3
Notes originales

Mesocosm studies on phytoplankton community succession after inputs of the water-soluble
fraction of Bunker A o1l +reeerrrererememmmiin Hideaki NOMURA, Keita TOYODA,
Mihoko YamMaDA, Ken OKAMOTO, Minoru Wabpa, Masahiko NISHIMURA,

Akihiro YosHIDA, Akira SHIBATA, Hideshige TAKADA and Kouichi OHWADA

Role of tidal flat in material cycling in the coastal sea

'''''''''''''''''''''' Yumiko YARA, Tetsuo YANAGI, Shigeru MONTANI and Kuninao TADA
Growth and reproduction of the pilumnid crab Benthopanope indica (Decapoda: Brachyura)
in Tateyama Bay, Japan------+-+--+-++ Wataru Dor, Masashi YOKOTA and Seiichi WATANABE
Distribution of the density ratio in the North Pacific «-eoreerereereeereeeee Keishi SHIMADA,
Masao NEMOTO and Jiro YOSHIDA

Numéro 4
Notes originales

Abundance and size distribution of female Seylla olivacea in Klong Ngao mangrove swamp,
Ranong Province, Thailand = «-cocreeereeeeeeeeees Kanchana JIRAPUNPIPAT, Masashi YOokoTA
and Seiichi WATANABE

Laboratory assessment of the motion behaviour of intertidal gastropods
............................................................................................. Coraline CHAPPERON
Preliminary assessment for age estimation of wild population of mud crab (Scylla olivacea)
in Pak Phanang Bay, Thailand, using histologically quantified lipofuscin as age marker
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Md. Sherazul IsLam, Keita KopaMA and Hisashi KUROKURA

Tome 46 (2008)

Numéro 1-2
Notes originales
Long term variation of Secchi depth in Kesennuma Bay (In Japanese)
--------------- Kazue HisaMATSU, Hisayuki ARAKAWA, Tetsuo SEKI and Tsutomu MORINAGA
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Food resource partitioning among fishes in an estuarine nursery as revealed by stable iso-
tOpe analysis ............................................. KOetSu KON, Kouki KANOU, Takashi INOUE,
Atsushi KoBayasHI, Ken-ichi HAvASHIZAKI and Hisashi KUROKURA
Elemental composition of suspended particulate matter in Bangpakong River Estuary, Thai-
AL +eveveemrereem et Nattapong LOASSACHAN, Shettapong MEKSUMPUN,
Kazuhiko IcHivr and Kuninao TADA
Dinophysis (Dinophyceae) in the pelagic waters of central and western Pacific
''''''''''''''''''''' Nguyen Van NGUYEN, Takuo OMURA, Ken FURUYA and Yasuwo FUKUYO
Diurnal Tidal Current on the Eastern Shelf of Hidaka Bay-Can juvenile walleye pollock,
Theragra chalcogramma, move southeastward with the diurnal tidal current?
...................................................... HiI‘OShi KURODA, Yutaka ISODA, SatOShi HONDA,
Hidetaka TAKEOKA and Manabu SHIMIZU
How do fishes utilize tidal pools on the mudflat? (In Japanese)
------------------ Kazuyoshi UcHIDA, Toshihiro YOK00, Hiroshi KoHNO and Kouki KANOU

Numéro 3
Notes originales

Seasonal variation in fresh water residence time and its impact on the water quality at

Hurun Bay, South Sumatera, Indonesia
.......................................... Suhendar I SACHOEMAR, TetSuO YANAGI and MUAWANAH
Describing Cetacean Habitat in Australian Waters «--------- Cara MILLER and Nardi CRIBB
Cephalic Appendage Motion during Swimming of a Calanoid Copepod, Subeucalanus crassus
(Giesbrecht, 1888) «ereeererrreeerrinninnns Erin WITTKE, Takashi ISHIMARU and Yuji TANAKA
Evaluation of stock status of Channa micropeltes in Tonle Sap Lake, Cambodia, by means of
CPUE analysis -+ Kazuhiro ENOMOTO, Satoshi IsHIKAwWA, Mina HORI, Saroeung LIENG,
Sitha HORT, Lim Song SRUN, Nao THUOK and Hisashi KUROKURA

Numéro 4
Notes originales
Predation pressure for a juvenile fish on an exposed sandy beach: Comparison among beach
types using tethering experimentg:«--«--r-srrrerrereereeeeees Yukinori NAKANE, Yusuke SUDA,
Yasuhiro HAYAKAWA, Jun OHTOMI and Mitsuhiko SANO
Domoic acid in small-sized plankton in Nha Phu Bay, Khanh Hoa Province, Vietnam

--------- Dao Viet Ha, Yoshinobu TakAaTA,Takuo OMURA, Tien Dung NGUYEN, Thu Hong
NGUYEN, Shigeru SATO, Yasuwo FUKUYO and Masaaki KODAMA
Seasonal changes of fish fauna at the Keihin-jima artificial tidal flat in the inner Tokyo Bay,

with special reference to the necessity of long-term biological monitoring (In Japanese)
................................................ Masato MOTEKL Kengo YASUDA, Keiko YAMAMOTO,
Toshihiro Yok00, Hiroshi Konno, Kazunobu MOROHOSHI,
Nobuaki Suzuki, Syouichi MATSUZAKA and Ryuuichi ARizl
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Seasonal variation of the oceanic state in the sea near Nemuro, Hokkaido (In Japanese)
................................................................................................... Yutaka NAGATA

Tome 47 (2009)

Numéro 1-2
Notes originales

Seasonal change of riverine nutrients and distribution of chlorophyll a in Ishikari Bay,

subarctic oligotrophic coastal environment of Japan
................................................... Julius I AGBOOLA, Shunsuke YOSHI and ISaO KUDO
Transition to the Large Meander Path of the Kuroshio as Observed by Satellite Altimetry
--------------------- Daisuke AMBE, Takahiro ENDOH, Toshiyuki HIBIYA and Shiro IMAWAKI
Seasonal variation of the East Hokkaido Coastal Current (the Coastal Oyashio and the East

Hokkaido Warm Current) (In Japanese)

~~~~~~~~~~~~~~~~~~~~~~~~ Yutaka NAGATA, Sachiko OGUMA, Keiichi NAGASE, Kimihiro AIKAWA,
Tori TaNAKA, Akifumi NAKATA and Masashi NATSUME

Numéro 3
Notes originales
Age and growth of mitre squid Photololigo chinensis in the Tonkin Gulf of Vietnam based
on statolith microstructure -«=+-=++--+ Nguyen Khac BAT, Chu Tien VINH, Arild FOLKVORD,
Arne JOHANNESSEN, Kotaro TSUCHIYA and Susumu SEGAWA
Seasonal variations of the water mass of the East Hokkaido Coastal Current (In Japanese)
------------------------ Yutaka NAGATA, Sachiko OGUMA, Keiichi NAGASE, Kimihiro AIKAWA,
Tori TaNAKA, Akifumi NAKATA and Masashi NATSUME
High tolerance of phytoplankton for extremely high ammonium concentrations in the
eutrophic coastal water of Dokai Bay (Japan)

------------------ Marut SUKSOMJIT, Kuninao TaDa, Kazuhiko IcHIMI and Shigeru MONTANI
Ammonium accelerates the growth rate of Skeletonema spp. in the phytoplankton assem-

blage in a heavily eutrophic embayment, Dokai Bay, Japan
------------------------------------------ Marut SuksomdJiT, Kazuhiko IcHIMI, Ken-Ichiro HAMADA,
Machiko YAaMADA, Kuninao Tapa and Paul J. HARRISON

Numéro 4
Notes originales
Improvement of the survival rate of flat fish larvae with a marine bacterium, EKZ-2 strain
............................................................... KOhSuke NOGUCHI and Masachika MAEDA
Automated colorimetric determination of trace silicic acid in seawater by gas-segmented
continuous flow analysis with a liquid waveguide capillary cell
.................................................................. Fuminol"i HASHIHAMA and Jota KANDA
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Oceans contamination and overexploitation, the end of the fishing? (In French)
--Stéphanie PIERRE, Nathalie Prévot-D’ALVISE, Sandrine GAILLARD, Simone RICHARD

Tome 48 (2010)

Numéro 1
Notes originales

Observations of eleven Pseudo-nitzschia species in Tokyo Bay, Japan
--------------- Leni G. Yap-DEJETO, Takuo OMURA, Yukio NAGAHAMA and Yasuwo FUKUYO
Seasonal Variations of the oceanic condition off Sanrihama Beach, Nemuro I. Temperature
structure (In Japanese) ««-«oreerrsrrmsre.. Keiichi NAGASE, Kimihiro AIKAwA,
Isao HAKATA, and Yutaka NAGATA
Marking of tiger shrimp Penaeus monodon (Fabricius) juveniles: Comparison among inex-
pensive tagging optiong -« w-rorerrrrreaeereceeenes Jon P. ALTAMIRANO and Hisashi KUROKURA

Numéro 2
Notes originales
Distribution and population structure of salps off Adelie Land in the Southern Ocean
during austral summer, 2003 and 2005

................................................... Atsushi ONO, Takashi ISHIMARU and Yqu TANAKA
Development of Algorithms for Estimating the Seasonal Nitrate Profiles in the Upper Wa-
ter Column of The Sagami Bay, Japan ---+--+--++-+- Andreas A. HUTAHAEAN, Joji ISHIZAKA,
Akihiko MORIMOTO, Jota KANDA, Naho HOrRIMOTO, and Toshiro SAINO
Seasonal Variations of the oceanic condition off Sanrihama Beach, Nemuro II. salinity and
density structure (In Japanese) «eoeeeeeeeeresereeneenen Yutaka NAGATA, Sachiko OGUMA,
Keiichi NAGASE, Kimihiro AIKAWA and Isao HAKATA

Numéro 34
Notes originales
The Importance of Animal Components in the Diet of Adult Rabbitfish Siganus fuscescens
--------- Rena SHIBATA, Satoshi KATAYAMA, Satoshi WATANABE and Hisayuki ARAKAWA
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