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Community structure of large-sized copepods in the eastern Sea of Japan
in relation to the environment of water types, during winter.

Kazuyoshi HASHIZUME"? and Sekio SHINAGAWA’

Abstract : Community structure of large-sized copepods (total length of adult: >2 mm) was
analyzed by Shinagawa's methods using zooplankton samples collected from 0-500 m vertical
hauls with NORPAC nets at 18 stations during winter of 1997 in the eastern Sea of Japan. Us-
ing the population density of the predominant 13 species of large sized copepods, fuzzy cluster
analysis among 14 stations identified 3 station groups (A: south, B: northeastern, C: north-
western) in relation to the Subarctic Front adjacent to the Yamato Rise. According to the
fuzzy cluster analysis among the 13 species, 3 species groups were identified. The population
density of species group 1 (especially Calanus sinicus) was positively correlated to water tem-
perature, and dominated in station group A where water temperature was high. Species group
2 (Metridia pacifica, Paraeuchaeta elongata, Mesocalanus tenuicornis, Neocalanus plumchrus)
was eurythermal and extended to all the station groups (especially station group B). Species
group 3 (especially Neocalanus flemingeri, N. cristatus) was negatively correlated to water tem-
perature, and dominated in station group C where water temperature was low. These results
and canonical correlation analysis suggest that the community structure of large-sized copepods
is affected by the horizontal distribution of water temperature influenced by the Tsushima
Warm Current.
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Fig. 1.

Map of the Sea of Japan, depicting stations sampled during the cruise of the R/V Kaiyo-Maru (9-26th

Jan., 1997). @: 18 stations sampled for zooplankton and CTD data labeled with the station number: B4-J7.

@: 59 stations investigated by CTD only.

A 13 stations investigated by XCTD. The solid line was used as

a transect when studying the vertical profile of water temperature and salinity shown in Fig. 4A-B.



Table 1. Summary of sampling, 9-26th Jan., 1997.

AFHARBIH OO RS A 7 JHER

L, FRRICBFRE (wet weight/m®) &3R¥b 7,
51T, K EHESHICTD (WOCEMAE, Seabirdy,
SBE-9plus) IC& 0@ ~7 S5 > 7 b viliEsICnZ =
O LSO FHTTHLA I B W T, FKEDATH 50
XCTD (fE WASHEBTSK-XCTD) 12k v 13 (1 H
25-26H) 1IZBWT, RMEDKIlL « M5/ THRIK
L b o % kKRS & Autosal
Salinometer (Guildline®#!, 8400A) 12X b, T <Eh
WE Utco St o FEKiE - o, A4EE 0, 10,
20, 30, 40, 50, 75, 100, 125, 150, 200, 300, 400, 500 m)
OREMED SFHHE Lo F7, PEEREERREICL 510
i (Sm1443-1452) DKk « #4553 (199745 1 H15-16
H), 19415 (TM1-19) ok (19974F 1 H14-21H)
105 (Sm1453-1462) DiEsr (1 H31-2 H 1 H)
OF =5 (FFBIEELRRE, 1997) b B O MmN
OWFRE LI, 70807 4 Vil (ug-l) 17,
7o 7 bSO 8 (0, 20, 50, 75, 100,
200, 300, 500 m) 2 5 OERIKER & HEEE T & D JIE L
72o W T ZHMENM (Whatman GF/F filter) Tatzk
F100mlZ ¥ L7z d & ITN, N-Y 4 FILRIV LT I K
TEEME L (Suzukr and Isamvaru, 1990), 4306
HOEOREEG (WA REL FP-TTT) THIE L7z, Fc,

Maxi-
mum
Sam- Latitude Longitude sam- Bottom
pling  Date CN) CE) i depth
Station PABE ()
depth
(m)
B4 1/9/97 40°35.1" 138°59.9" 500 3215
Cl1  1/10/97 40°35.1" 137°00.0" 499 3182
C4 1/10/97 41°29.9" 137°00.1" 500 3548
C6 1/11/97 42°00.0" 137°14.9" 500 3628
C8 1/11/97 42°30.0" 137°29.9 500 3635
C10 1/12/97 43°00.0" 137°50.0° 500 3635
C12 1/12/97 43°30.0" 138°10.1" 499 3583
Cl14 1/12/97 44°00.0" 138°30.1" 499 3116
Gl 1/15/97 39°30.0" 139°30.1" 492 957
G8 1/17/97 39°40.0" 135°00.0" 500 998
H1 1/17/97 39°19.7 134°19.7 500 1969
H2 1/17/97 39°20.0" 135°00.0" 229 305
H3 1/18/97 39°20.0" 135°40.4" 448 478
12 1/23/97 38°30.0" 138°00.1" 501 1560
18 1/24/97 38°30.1" 135°00.0° 500 2967
19 1/24/97 39°00.0° 135°00.1° 499 2861
J2  1/26/97 35°45.0° 132°20.1" 198 235
J7 1/26/97 36°58.4" 131°27.6° 500 2090
a Population density of b Calculation of the correlation index between

each species at sampling 1
stations '+
Sampling stations 2
a b c -

Species 1 al b1 cl - 3
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stations (fig. 2¢)
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;f F
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membership function of the
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]

similar pattern of distribution) based on
Euclidean distance
between species in the ordination space

Discrimination of species groups (indicating

Fuzzy cluster analysis

The number of clusters is
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non—fuzziness index is higher,
fuzzines index is lower, and
interpretable results are derived

Discrimination of station groups
(geographically coherent assemblages)
based on Euclidean distance between

stations in the space derived from
eigenvalue analysis

Ih I Canonical correlation analysis

and regression analysis between the
community and environmental
variables

Fig. 2.

Stations or species belong to not
only one, but also other station or
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@

Diagrammatic summary of the steps used in Shinagawa’s community analysis.
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Fig. 3. Contours of isotherm (°C) (a) and isohaline (PSU) (b) at 100 m depth for 9th Jan.—1st Feb. 1997.
W: Warmer area. C: Cooler area. H: Higher salinity area. L: Lower salinity area. 4: Stations in-
vestigated by CTD by Maizuru Marine Observatory. Temperature (29 stations): 14-21th Jan., 1997

and salinity (20 stations): 15th Jan.~1st Feb., 1997.
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Fig. 4. Vertical sections of water temperature (°C) (a) and salinity (PSU) (b) at 12 sampling sta-

tions (see the solid line on Fig. 1).
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Table 2. Large-sized copepod species whose adult
body lengths were greater than 2mm, collected in
the eastern Sea of Japan in winter.

Mean abundance of copepodid and . Ab-

adult species over all stations(in 2981 brevi-

ds.*m? 103n ation

0

© Metridia pacifica 10623.2 71.80 Mep

©  Neocalanus flemingeri 1290.0 8.72 Nef

©  Paraeuchaeta elongata 976.9 6.60 Pae

©  Neocalanus cristatus 725.0 490 Nec

©  Mesocalanus tenuicornis 398.5 2.69 Met

©  Neocalanus plumchrus 211.7 1.43 Nep

© Calanus sinicus 204.2 1.38 Cas

©OYx Gaetanus minutus 185.1 1.25 Gam
(=Gaidius variabilis)

© Lucicutia flavicornis 40.2 0.27 Luf

©  Pleuromanma gracilis 39.0 0.26 Plg

©  Eucalanus bungii 30.2 0.20 Eub

© Candacia dipinnata 15.7 0.11 Cab

©  Eucalanus subtenuis 10.4 0.07 Eus
Paraeuchaeta sp. 9.8 0.07

©  Eucalanus mucronatus 5.1 0.03
FEucalanus attenuatus 3.1 0.02
Eucalanus subcrassus 3.0 0.02

*  Heterorhabdus pacificus 2.8 0.02
Eucalanus crassus 2.6 0.02
Pleuromanma xiphias 1.8 0.01
Gaetanus simplex 1.5 0.01
Pleuromanma abdominalis 1.4 0.01

*  Undeuchaeta plumosa 1.4 0.01

* % Pseudoamallothrix inornata 1.1 0.01
(=Amallothrix inornata)
FEuchaeta sp. 1.1 0.01
Scottealanus securifrons 1.1 0.01

*  Chirundina streetsii 0.7 <0.01
Euchirella spp. 0.7 <0.01
Gaetanus spp. 0.7 <0.01
Metridia okotensis 0.7 <0.01
Nannocalanus minor 0.7 <0.01

*  Scottcalanus helenae 0.7 <0.01
Spinocalanus sp. 0.7 <0.01
Undeuchaeta sp. 0.7 <0.01
FEucalanus hyalinus 0.6 <0.01

*  Amallothrix valida 0.4 <0.01

*  Bradyidius pacificus 0.4 <0.01

*  Calanus jashnovi 0.4 <0.01

*  Candacia norvegica 0.4 <0.01
Euchirella rostrata 0.4 <0.01
Gaetanus minor 0.4 <0.01
Lophorix sp. 0.4 <0.01

*  Pontellopsis sternua 0.4 <0.01
Pseudeuchaeta sp. 0.4 <0.01
Pseudochirella sp. 0.4 <0.01

Total 147945 100.0

Dominat species are listed at the upper.©: 14 species
used in community analyses.
* : 9 species collected for the first time from the Sea
of Japan.
Y¢ and % : Species correctly indentified by
MARKHASEVA (1996) and VySHKVARTZEVA (2000).
Names in parenthesis indicate invalid species.
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Fig. 6. Plot of sampling stations (based on large copepod community data) by non-centering ordina-
tion with use of Rs showing the relationships among the initial 16 stations by 14 species (top

left), and among the selected 14 stations by 13 species (the remaining 3 plots).

Plane defined by

each pair of axes I-II. The highest three eigenvalues of the latter plots are 8.90, 2.62 and 1.06.

The corresponding cumulative contributions are 63.6%, 82.3% and 89.9%. The solid symbols
(@, A, B of the latter plots indicate the stations with the highest membership function to the
following three station groups obtained by fuzzy cluster analysis. O, A\, []: Centroids for each
station group A, B, C, respectively.
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tained by fuzzy cluster analysis. #: Sampling station excluded from the fuzzy cluster analysis.
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Fig. 8. Plot of large copepod species projected onto the same plane, as presented by ordination plot

of 14 stations (Fig. 6), showing the relationships among 13 species and 3 species groups.

The

solid symbols (@, A, lD) indicate the species with the highest membership function to the follow-
ing species groups obtained by fuzzy cluster analysis. O, A, [J: Centroids for each species group
1, 2, 3, respectively. See table 2 for explanation of species abbreviations.

Table 3.

Factor loadings of environmental and community variables on canonical variate 1.

Factor loading

Environmental variables Mean temperature between 0-500m 0.979
Mean salinity between 0-500m —0.013
Maximum of 0-500m chlorophyll-a concentration —0.199
Bottom depth —0.578
Community variables Log number of species groupl 0.956
Log number of species group2 —0.193
Log number of species group3 —0.900
Number of species 0.692

Canonical correlation coefficient=0.985 (significant correlation at p<0.001, x’-test.).
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REZEL (Fig. 11), 20hh S5 AICHIR/NER 3R B BN L 72,

BRI U, T OfSE, i1 IO L bh—kX D

TRBBEIEAS & < 2 Tid & 0 Pkl & IEOFEB TR D 4. BE

5 & T AT B AR B AR A i AR U T, N TREAARFES OB TS > 7 b L 8IER
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Boboo, FEMNO R TENSN, 5 CHTZEMH IR IORAR % BRI B AR L D D Isn EBE X
REFTBILIMMETH - 72, FRES T—KA0EA LAD NMHBTH -7 (KAWARADA et al., 1968; $iAK, 1975;

FHBA TR D b5t & ST BARAICRE R sl Ui, # R, 1976, 1985), L, L, 0-500 miE % A U 7 ANk
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@, A W Sce Fig. 6. Additionally, sampling
station B4 was excluded from CCA because of the
lack of chlorophyll data.
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Fig. 11. Regression functions of the population den-
sity in each species group (Y) [a, b, c¢] and the
number of species (Y) (d) in relation to the mean
water temperature between 0-500 m (X) ; ob-
tained by a non-linear least square method. The
functions (regression line or curve) which yield
the closest fit (i.e. lowest AIC value) was selected
from the 5 following functions: (1) Y=aX+b.

(2) Y=aX’+bX+c. (3) Y=aexp (bX). (4
Y=aexp (bX) +c. (5) Y=exp (aX'+bX+0).
a,b,c: Parameters included in the mathematical

model. @, A, l, *: Sece Fig. 6.
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Turbidity Distribution in the Surrounding Ocean Area of
Miyake-shima Island after the Eruption of Mt. Oyama

Hisayuki ARAKAWA™, Akiko KONISHI", Saeko YAMASAKI®,
and Tsutomu MORINAGA”®

Abstract : The turbidity distribution around Miyake-shima was investigated by measuring
beam attenuation, suspended solid (SS), suspended inorganic matter, and particle size distribu-
tion aboard the RT/V Umitaka-maru of Tokyo University of Fisheries. The investigation is a
part of the project on “Influence of Miyake-shima Volcanic Activity on Fishing Environment”
supported by Tokyo University of Fisheries. The observation was carried out on October 17-20,
and November 17-19, 2000, three and four months after the eruption of Oyama. In the observa-
tions, high-turbidity waters with the beam attenuation coefficients 0.35-0.54 m ' were observed
in the pycnocline at the depth of 60-90 m on the east side of the island in October and on the
northwest side of the island in November. The SS concentration of the high-turbidity water
displayed extremely high values, 0.82 mg/[ in October and 0.71 mg/[ in November. The rela-
tionship between the turbidity (Y) and the SS concentration (X) was Y=0.32X+0.14, (+*
=0.42). The concentration of the suspended inorganic matter in the high-turbidity water also
displayed extremely high values, 0.52 mg/[ in October and 0.41 mg/lin November; these values
correspond to 63.4% and 57.7%, respectively, expressed as the weight percent of inorganic mat-
ter in the total suspended solids. For the particles of the size of 8-14 £ m, the particle volume
concentration of the high-turbidity water (November, Stn. 3, depth of 75 m) was higher than
that of the surface water at the same location. That is, the high-turbidity water layer is formed
in the vicinity of the pycnocline and mainly contains a large amount of suspended inorganic
particles. Therefore the origin of the high-turbidity water is considered to be deposited volcanic

ashes from Miyake-shima.

Keywords :
layer

Introduction

An earthquake of the magnitude of 3 oc-
curred in Miyake-shima Island on June 23,
2000. Mt. Oyama erupted on July 8 and 14, and
the volcanic products (so-called volcanic ashes)
were visibly observed. On August 18, volcanic
smoke climbed higher than 5000 m, and an
enormous quantity of volcanic ashes fell on
Miyake-shima and its surrounding ocean area.
Subsequent rainfalls washed away accumu-
lated volcanic ashes from the coast to the sur-
rounding ocean, causing discoloration of the
ocean. The shallow water regions around

* Department of Ocean Sciences, Tokyo University
of Fisheries, Konan 4-5-7, Minato-Ku, Tokyo,
108-8477 Japan

Turbidity distribution, Miyake-shima Island, Volcanic ash, High-turbidity

Miyake-shima have bountiful marine resources
such as spiny lobsters, abalones, agar weeds,
etc. and fishery is one of the key industries. Be-
cause of these circumstances, there is a concern
about the effects of sediments, which originate
from volcanic ashes that have fallen into the
ocean and ashes washed away from the island,
on marine life of the surrounding ocean area.
In 1974 a comprehensive investigation of
Nishinoshima-shinto Island, which was formed
by the eruption of a submarine volcano, was
carried out by Tokyo University of Fisheries.
The report by MATSUIKE et al. (1975) is espe-
cially relevant to the present investigation.
They investigated the turbidity of inner bay
formed between Kyuto (old island) and Shinto
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(new island) of Nishinoshima and also the
turbidity of the surrounding ocean area of the
island. The results revealed that the water tem-
perature of inner bay was 8°C higher than that
of the surrounding ocean water, and the
amount of suspended matter was approxi-
mately 15 times larger. They also reported that
a discolored ocean area, which was caused by
the outflow of inner bay water to the sur-
rounding ocean area, was observed within 0.5—
0.6 nautical miles from the island.

NAKAO et al. (1978) investigated how the
fallen ashes from the eruption of Usu Volcano
affected the turbidity of Lake Toya. Their
study involved an investigation of the sedimen-
tation process of suspended matter. It was con-
cluded that the suspended inorganic matter in
the thermocline and in the middle water layer
resulted from the following process: scouring
of volcanic ash deposit by rain water, forma-
tion of muddy water and then turbidity cur-
rent, intrusion of the turbidity current into the
thermocline, and eventual settlement of ashes
in the thermocline.

In the present investigation, we have studied
detailed turbidity distributions in the sur-
rounding ocean area of Miyake-shima after
three months and also after four months from
the time of Oyama eruption. The investigation
is a part of the project by Tokyo University of
Fisheries on “Influence of Miyake-shima Vol-
canic Activity on Fishing Environment”.

Observation Methods

The observations were carried out aboard the
RT/V Umitaka-maru of Tokyo University of
Fisheries on October 17-20, and November 17—
19, 2000. Eight observation stations (Stns. 1, 2,
3,4,5,6,7 and 8) were set up around Miyake-
shima in October, and in November three addi-
tional observation stations (Stns. C1, C2, and
C3) were set up to the east of the island (Fig.
1). In addition, four observation stations
(Stns. K1, K2, K3, and K4) were set up every
10’ in latitude between Miyake-shima and Izu-
oshima as reference points. Measurements
were performed for water temperature, salin-
ity, fluorescence intensity, turbidity, water
analysis, water color, and transparency. The
water temperature, salinity, fluorescence

intensity, and turbidity were measured with a
CTD (OCTOPUS; ISHIMARU et al., 1984) (Fal-
mouth Scientific, Inc.). For the measurement
of turbidity, an in-situ beam transmissometer
with the path length 1 m and wavelength 527
nm was used. Water was sampled with 20 L vol-
ume Niskin bottles tied to the CTD; surface wa-
ter was sampled with sampling buckets. The
sampled water was used to determine the con-
centrations of suspended solid (SS) and sus-
pended inorganic matter, and also to determine
the particle size distribution. The concentration
of SS was determined by filtering sample water
through a Millipore HA filter (pore size, 0.45
«m), drying the filter cake at 60°C for three
days, and then weighing the residue. After de-
termining the concentration of SS, we deter-
mined the concentration of suspended inorgan-
ic matter by heating the filter in a muffle
furnace (550°C, one hour) and then weighing
the residue. Particle size distribution was de-
termined by freezing water samples on site,
transporting them to the laboratory, thawing
the samples, and then measuring the samples
with a Coulter Counter Multisizer I (Beck-
man-Coulter Electronics, LTD.) in the range of
1.8-60 £ m. The water color was determined by
the Forel-Ule color scale and the transparency
was determined with a Secchi disc (diameter, 30
cm).

Results and Discussion
Distribution of water temperature, salinity,

and turbidity

Fig. 2 shows vertical profiles of water tem-
perature and salinity for October and Novem-
ber. Water temperature and salinity of the
surface layer for October (Fig. 2, top) are 23.3—
24.4 °C and 34.0-34.1 psu, respectively. Both the
water temperature and salinity do not change
down to the depth of 50 m indicating a mixed
layer. A thermocline is observed from the depth
of 50 m to approximately 70 m. The tempera-
ture decreases gradually below the thermo-
cline, reaching 15 °C at the depth of 150 m. On
the other hand, the salinity increases gradually
and reaches 34.5 psu at the depth of 60 m, and
there is almost no change below that depth.
The water temperatures and salinities for
November (Fig. 2, bottom) have similar
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Fig. 1 Observation areas and the distribution of observation stations.

distribution patterns to those for October. The
mixed layer, however, stretches by 10 m more
to 60 m. Also the differences in water tempera-
tures and salinities among different locations
are greater than those for October. However,
the water temperatures and salinities at eight
observation stations around the island have
nearly the same vertical profiles within each
observation month.

The turbidity distribution around the island
1s discussed next. Discolored water area was
not visibly detected in the surrounding ocean
area of Miyake-shima in both October and No-
vember. Table 1 lists the transparency and the
water color in the surrounding ocean area of
the island; some data are missing because of
nightfall. The transparencies and the water
color for October are 19-31 m and 2-3, respec-
tively, and those for November are 17-20 m and
2-3, respectively. In both the October and No-
vember observations, the transparency appears
high from the west side to the north side of the
island and it appears low on the other sides.
The water color, however, has no dependence
on the sea region.

Fig. 3 shows the vertical profiles of turbidity

represented by beam attenuation coefficient for
October and November. November data at Stn.
6 were obtained at 21:33. In October, rather
large beam attenuation coefficients (0.45-0.60
m ") are observed near the surface at most sta-
tions. However, the beam attenuation coeffi-
cient drops steeply toward the depth of
approximately 3 m. From that point down to
the depth of 50 m, the beam attenuation coeffi-
cient gradually decreases but stays in the
range of 0.2-0.3 m~'. The beam attenuation co-
efficient reaches 0.16 m™~' around the depth of
100 m and stays close to a constant value below
that depth at all stations. However, at Stn.6,
which is located to the east of Miyake-shima, a
high-turbidity layer at the depth of 60-90 m is
observed with the beam attenuation coefficient
of 0.35 m™".

The turbidity profiles for November show
similar tendencies in October near the surface,
however, from 3 m to the depth of 50 m, the
beam attenuation coefficient stays almost con-
stant in the range of 0.2-0.3 m™". The beam at-
tenuation coefficient reaches 0.16 m™' around
the depth of 100 m and stays close to a constant
value below that depth. One exception is seen at
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Fig. 2 Vertical profiles of water tem-
perature and salinity for October
and November.

Table 1. Transparency and water color for the
ocean area around Miyake-shima for October
and November.

Sta. 123 456 78
Oct. Transparency 31 24 23 19 19 — — —
Water color 3 2 2 2 —
Nov. Transparency — — — 20 — 17
Water color - — =3 — 3

—
—
oo
—
©

[S\)
[S\)

Stn. 3, which is located to the northwest of
Miyake-shima. A high-turbidity layer at the
depth of 60-90 m is observed with the beam at-
tenuation coefficient of 0.54 m™'. The depth of
this high-turbidity layer is close to that of Stn.
6 for October.

Fig. 4 shows the vertical turbidity profiles
observed in November around Stn. 6. Although
a high-turbidity layer at the depth of 60-100 m
of Stn. 6 is observed at 19:34, this layer is not
observed two hours later at 21:33 (Fig. 4, top).
In order to track this high-turbidity layer,
turbidity profiles are studied at Stns. C1, C2,
and C3 (Fig. 4, bottom). The beam attenuation
coefficients at these three stations are around

0.2 m ' from the surface to the depth of 150 m,
and a high-turbidity layer is not observed.
Therefore, it is considered that the distribution
of high-turbidity water is localized.

Next, the vertical distributions of SS concen-
tration are shown in Fig. 5. The SS concentra-
tion around Miyake-shima for October was in
the range of 0.24-0.6 mg/[ in the surface layer,
and 0.23-0.38 mg/[ at the depth of 50 m. The SS
concentration at the depth of 75 m of Stn. 6 was
very high (0.82 mg/D). For November the SS
concentration in the surface layer was 0.22-0.49
mg/[, and 0.11-0.32 mg/[ at the depth of 50 m.
The SS concentration at the depth of 75 m of
Stn. 3 was also high (0.71 mg/D). Thus, the dis-
tribution of the SS concentration corresponds
well with that of the turbidity. Fig. 6 shows a
relationship between the turbidity (beam at-
tenuation coefficient) and the SS concentra-
tion. Their relationship is linear as shown. Y
=0.32X+0.14, (7=0.43),

Where, Y is the turbidity (beam attenuation
coefficient, m "), and X is the SS concentration
(mg/D. A good correlation between the tur-
bidity and the SS can be seen.

The turbidity of the surrounding ocean area
of Miyake-shima was also studied with respect
to the number of suspended particles. Fig. 7
shows the particle size distributions of Novem-
ber for the surface water of the surrounding
ocean area of Miyake-shima (8 stations, solid
lines) and of the sea area between Miyake-
shima and Oshima (4 stations, broken lines).
The particle size distributions for these two ar-
eas are different. That is, the particle size for
the surface water around Miyake-shima
spreads over a wide range (2-30 um). The par-
ticle concentration especially for the sizes less
than 5 #m is much higher for the surrounding
area of Miyake-shima than that between
Miyake-shima and Oshima. In addition, the
concentration of particles number was ten
times higher for the former than the latter.

MATSUIKE and MORINAGA (1977) and also
MATSUIKE et al. (1986) investigated the
turbidity in the northwest Pacific Ocean. The
beam attenuation coefficients for the high-
current area of the Kuroshio are reported to be
0.11-0.12 m ' (wavelength, 486 nm), and the
beam attenuation coefficients for the Sagami
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Nada and its surrounding ocean area are re-
ported to be 0.1-0.4 m ' (wavelength, 486 nm).
During the present investigation, the Kuroshio
was flowing eastward at the distance of ap-
proximately 150 km south to Miyake-shima
(Quick Bulletin of Ocean Conditions, 2000, Vol.
20 and 22, Hydrographic Department, Japan
Maritime Safety Agency). Therefore, it is not
considered that the Kuroshio affects the
turbidity of the surrounding ocean area of
Miyake-shima in the present observation. The
measurement wavelength of the present inves-
tigation is different from the wavelength used
in the investigation by the above-mentioned

authors. However, the beam attenuation coeffi-
cients around Miyake-shima were in the range
of 0.15-0.30m ' (wavelength, 527 nm) except
for the surface layer and the high-turbidity
layer. Thus, the turbidity around Miyake-
shima is considered to be similar to that of
Sagami Nada. As mentioned above, the beam
attenuation coefficients were 0.4-0.6 m~' for
some surface layers around Miyake-shima.
These beam attenuation coefficients are some-
what higher than those of the Kuroshio and
the Sagami Nada, and this phenomenon is con-
sidered to be the effects from the island. This
phenomenon 1is also consistent with the
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observation that the concentration of the sus-
pended particles less than 5 ¢ m is approxi-
mately 10 times higher in the surface layer
around Miyake-shima than in the surface layer
of the sea area between Miyake-shima and
Oshima (Fig. 7).

Characteristics of high-turbidity water

As described in the previous section, high-
turbidity water layers were observed at Stn. 6
in October and at Stn. 3 in November at the
depth of 6090 m. The SS concentrations of this
high-turbidity water were shown to be rela-
tively high (0.71-0.82 mg/0). In this section we
discuss the characteristics of the high-turbidity
water in detail.

Fig. 8 shows the concentration distributions
of suspended inorganic particles for October
and November. The concentrations of sus-
pended inorganic particles for October are 0.06-
0.18 mg/I for the surface water, and 0.02-0.16
mg/l for the water at the depth of 50 m. And
those for November are 0.04-0.27 mg/[ for the
surface water, and 0.04-0.25 mg/[ for the water

at the depth of 50 m. On the other hand, the
high-turbidity layer observed at the depth of 75
m displayed a maximum concentration of 0.52
mg/l at Stn. 6 in October and 0.41 mg/[ at Stn.
3 in November, respectively. The weight per-
centage of inorganic particles in the total sus-
pended particles is calculated for October,
becomes 21-31% for the surface water, but is
very high (63.4%) for the high-turbidity layer
water. For November, the percentage is 15-36%
for the surface water at Stns. 1, 2, and 5, show-
ing similar results to those of October, but is
higher (55-70%) at other observation stations.
The high-turbidity layer water at Stn. 3 for
November has a high result (57.7%) like the
case at Stn. 6 for October.

Next, the distributions of particle size are
compared between the surface water and the
high-turbidity layer water at the depth of 75
m. Fig. 9 shows the distribution of particle size
for the surface water and the high-turbidity
layer water at Stn. 3 for November. The parti-
cle volume concentrations for high-turbidity
water are similar to that of the surface water
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for November.

up to the particle size of 8 £ m. However, the
particle volume concentrations for high-
turbidity water are higher for the particles
with the size 8-14 £ m than for the surface wa-
ter. On the other hand, the surface water con-
tains relatively larger particles (larger than 20
¢ m) than the high-turbidity water. Also the
average particle size in the surface water (11.1
«m) is approximately equal to that of the
high-turbidity water (9.7 zm).

The particles suspended in the high-turbidity
water mainly consist of inorganic matter, and
have the particle-size of 8-14 £ m in diameter.
Here, we calculate the sedimentation velocity
(v) of the particles of the size 10 . m (D) by the
following Stokes' equation;

I s 0—0

1808,
where, g is gravitational acceleration, p.is the
density of particle, 2.5, p is the density of
seawater, 1.023 g-cm™, and u is the viscosity
coefficient of seawater, 1.0 X 10 * dyn - sec *
cm”, respectively.

v =

The sedimentation velocity in the mixed
layer is estimated to be 8.04 X 10 “cm/sec. Thus,
it is found that the particles of the size 10 ym
in the surface seawater takes about 8.6 days to
reach the high-turbidity layer at the depth of
60 m.

Origin of high-turbidity water

In this section we discuss the relationship be-
tween the formation of the high-turbidity
layer and the ocean constitution. Fig. 10 shows
the vertical profiles of turbidity, water tem-
perature, salinity, density (sig.-t), and fluores-
cence intensity at Stn. 6 for October and Stn. 3
for November; these are the time and locations
when the formation of high-turbidity layers
was observed. In case of Stn. 6 in October, the
turbidity increases from the depth of 50 m,
show a maximum at the depth of 75 m, and de-
creases below that. Seawater at the depth of
110 m is very clear. Also, the pycnocline with a
gentle slope is seen from the depth of 50 m to
100 m. On the other hand, at Stn. 3 in
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Fig. 8 Concentrations of suspended inorganic particles. Solid bars and striped bars indicate data for
October and November, respectively.

The results are shown for the surface water and for the water at the depth of 50 m. The data
are also included for the high-turbidity layer water at the depth of 75 m observed at Stn. 6 in Oc-
tober and at Stn. 3 in November. Observation data are missing for the surface water at Stns. 7
and 8 for October and at Stn. 3 for November.
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at Stn. 3 for November.

November, the turbidity increases from the
depth of 50 m, exist some maximum value be-
tween the depth of 60 m and 90 m, and de-
creases extremely deeper than the high-
turbidity layer. The steep gradient pycnocline
appears from the depth of 60 m to 100 m. For
both October and November, the depth of the
high-turbidity layer is found at the same depth
where sudden changes take place in water tem-
perature, salinity, and density.

JERLOV (1958) explained that suspended par-
ticles tend to settle, concentrate, and stay in
the pycnocline because of a decrease in the sedi-
mentation rate. NAKAO et al. (1978) reported
that the concentration of the suspended mat-
ter, which is from the volcanic eruption, in
Lake Toya displayed a maximum in the
thermocline. It was explained that the muddy
water, which contains volcanic ash deposits
from the surrounding area, forms turbidity
current, enters into the thermocline, and set-
tles there at every rainfall. MTYAKE (1982) and
MORINAGA (1983) observed similar phenomena
in Funka Bay and the Antarctic Ocean, respec-
tively. However, it is supposedly complicated to

explain the phenomenon by the above mecha-
nism if suspended particles are organisms
(YAMAGUCHI and SHIBATA, 1981).

As shown in Fig. 10, the vertical profiles of
turbidity and fluorescence intensity display
different patterns at the depth of 60-90 m for
both Stn. 6 and 3. The trend is especially notice-
able at Stn. 6. As a result, the particles distrib-
uted at these locations could not consist of
phytoplankton. In addition, the content of sus-
pended inorganic particles in the suspended
particles was 63.4% at Stn. 6 and 57.7% at Stn.
3 as described before. They are much higher
than the values of approximately 20% in the
water mass of open ocean (for example
MATSUIKE et al.1983). Thus, it is confirmed
that the content of inorganic particles is very
high in the high-turbidity layer.

It is unlikely that inorganic suspended parti-
cles were carried to these locations from other
places by ocean current because the Kuroshio
was flowing eastward at the distance of 150 km
south to Miyake-shima at the time of observa-
tion. Accordingly, the origin of inorganic sus-
pended particles is considered to be from
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volcanic ashes due to the volcanic activity or
from deposited ashes that were washed out to-
gether with clay and sand by rainfall.
MATSUYAMA et al. (2002) presumed that the
origin of particles in the high-turbidity layer is
from fallen ashes because the high-turbidity
water is distributed on the leeward side. For in-
stance, the wind direction at Stn. 6 in October
was from the northwest and at Stn. 3 in No-
vember was from the southeast. However,
there was no eruption of the volcano on Octo-
ber and November, 2000. Also, the volcanic
ashes did not almost fall.

MORIKAWA (1996) studied the intrusion proc-
ess of muddy water at Lake Biwa and deter-
mined the size of particles in the high-turbidity
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Fig. 10 Vertical profiles of water tem-
perature, salinity, density (sig.-t),
turbidity (Beam Attenuation Coeffi-
cient; B.A.C.), and fluorescence in-
tensity at Stn. 6 (October) and at
Stn.3 (November).

water, which is formed in the pycnocline, to be
5-10 £ m. In the present investigation, the ob-
served particle size range of most populated
particles in the high-turbidity water was 8-14
pm. This range of particle size agrees well
with that of the high-turbidity water of Lake
Biwa. This fact implies a possibility that the
high-turbidity layer observed offshore Miyake-
shima is formed by the intrusion of turbid wa-
ter to the pycnocline.

Based on the above discussion and the two
reasons described below, we presumed that the
suspended particles in the high-turbidity layer
are deposited ashes that were washed out from
the island together with clay and sand by rain-
fall. The first reason is that the high-turbidity
water is localized to a horizontal direction, and
the second is that there were rainfalls one week
before of each observation (October 9-16, 49
mm; November 10-17, 84 mm).

In future we should investigate the process of
outflow and the behavior of high-turbidity wa-
ter by performing a space-time study for the
shallow water area around Miyake-shima.

Summary

The turbidity distribution around Miyake-
shima at three and four months after the erup-
tion of Oyama was investigated.
1) The high-turbidity waters with the beam at-
tenuation coefficients 0.35-0.54 m ' were ob-
served in the pycnocline at the depth of 60-90 m
on the east side of the island in October and on
the northwest side of the island in November.
2) The SS concentration of the high-turbidity
water displayed extremely high values, 0.82
mg/l in October and 0.71 mg/l in November.
The relationship between the turbidity and the
SS concentration shows a good correlation.
3) The concentration of the suspended inor-
ganic matter in the high-turbidity water also
showed extremely high values, 0.52 mg/[ in Oc-
tober and 0.41 mg/l in November. The weight
percents of inorganic matter in the total sus-
pended solids correspond to 63.4% and 57.7%,
respectively.
4) For the particles with the size 8-14 ym, the
particle volume concentration for the high-
turbidity water was higher than that for the
surface water at Stn. 3 in November.
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That is, the high-turbidity water layer is
formed in the vicinity of the pycnocline and
mainly contains a large amount of suspended
inorganic particles. Therefore the origin of the
high-turbidity water is considered to be depos-
ited volcanic ashes from Miyake-shima.
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Ichthyofauna of artificial tideland in Kasai Marine Park, Tokyo Bay

Yuu KUWABARA ", Nana TSUCHIDA ", Takashi MOTOYAMA *, Hiroshi KOHNO" "',
Kouki KANOU™, Yuushi SHIMADA™ and Ryousuke MIMORI™

Abstract : A total of 26,814 fish specimens were collected by monthly seine-net (mesh size
0.8mm) samplings at Kasai artificial tideland in the inner Tokyo Bay from September 2000 to
August 2001. These fishes represented 31 species (including Gobiidae spp. counted as one spe-
cies) of 17 families and were recognized as developmental stages of larvae, juveniles or young.
The major fish species were three gobiid species, Gymnogobius macrognathos, G. castaneus and
Acanthogobius flavimanus, and ayu, Plecoglossus altivelis altivelis, occupying 40.3%, 8.2%, 18.8%
and 9.1%, respectively, of the total number of individuals. The number of fish species catego-
rized as "transient”, in which some developmental stages occurred, was 22, contributing 99.7% of
the total number of individuals, and the diversity of fish community expressed as Shannon-
Wiener's diversity index was 0.81, secondly high among 13 tidelands in the inner Tokyo Bay.

These results suggest that the Kasai artificial tideland would be rich in fish assemblage and

functions as a nursery ground for fishes.

Keywords : Tokyo Bay, artificial tideland, fish fauna, larvae, juveniles
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(solid circles) in Tokyo Bay.
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Table 1. Fishes collected at Kasai artificial tideland in Tokyo Bay from September 2000 to August 2001

Family and Species Individual Rank o Month Size range Dé:ilt(?ﬁ Life style Life cycle
No. (SL, mm) category category
stage

Engraulidae

Engraulis japonicus 9 3, 9,10-12 12.0- 35.0 L-J T M
Clupeidae

Konosirus punctatus 1328 6 5.0 5-8 45- 683 L-Y T M

Sardinella zunast 1994 S 7.4 711 6.1-104.5 L-Y T M
Osmeridae

Plecoglossus altivelis altivelis 2429 3 9.1 14, 11-12 7.0- 87.2 L-Y T Am
Mugilidae

Mugil cephalus cephalus 11 2, 56 15.0- 25.0 J-Y T M
Atherinidae

Hypoatherina valenciennet 13 7 16.7- 30.1 L-J T M
Syngnathidae

Syngnathus schlegeli 1 6 59.0 Y P&S M
Scorpaenidae

Sebastes inermis 3 2-3 9.3- 21.7 L-J T M
Platycephalidae

Platycephalus sp. 2 11 55.6— 78.6 Y P&S M
Percichthyidae

Lateolabrax japonicus 1328 6 5.0 2-6 12.5-185.5  L-Y T M
Sillaginidae

Sillago japonica 15 0.1 9 13.2- 42,9  J-Y T M
Leiognathidae

Letognathus nuchalis 111 0.4 5, 710  7.1- 56.0 L-Y T M
Pholididae

Pholis nebulosa 28 0.1 1-2 9.7- 28.9 L P&S M
Blenniidae

Omobranchus elegans 12 7, 9-10 8.8- 12.3 L-J P&S M

Parablennius yatabei 7 2 7.6- 22.1 L P&S M
Gobiidae

Acanthogobius flavimanus 5032 2 18.8 2-7, 12 8.0- 744 L-Y T E

A. lactipes 130 05 2,7 911 63375 L-Y T E

FEutaeniichthys gilli 18 0.1 3, 68  5.0- 22.7 L-J T E

Favonigobius gymnauchen 13 3, 5 18.1- 444  J-Y T E

Gymnogobius castaneus 2190 4 8.2 3-5 6.8- 31.2 L-Y T EVD

G. heptacanthus 21 0.1 b) 19.5- 25.7  J-Y T E

G. macrognathos 10799 1 40.3  4-7, 11  6.8-39.0 L-Y T E

G. urotaenia 138 0.5 3-5 11.7- 26.2 L-J T Am

Mugilogobius abei 305 10 1.1 8 6.4- 12.0 L-J T E

Tridentiger obscurus 378 9 1.4 -8 5.6— 14.5 L-J T E

T. trigonocephalus 2 6-7  10.4- 11.0 J P&S EMD)

Gobiidae spp. 444 8 1.7 56, 9-10 3.7- 12.9 L - -
Pleuronectidae

Kareius bicoloratus 34 0.1 2-3 14.4- 433  J-Y T M
Triacanthidae

Triacanthus biaculeatus 16 0.1 -9 6.9— 43.0 L-Y T M
Tetraodontidae

Takifugu niphobles 2 7 10.7- 12.5 J P&S M

Tetraodontidae sp. 1 6 8.0 J P&S M

Developmental stage (L, larva; J, juvenile; Y, young), life style category (P&S, passersby and strays; T,
trransient), Life cycle category (Am, amphidromous fishes; E, estuarine fishes; M, marine fishes). Percentages
in individuals of each species to total fishes are only given when they exceed 0.1%.
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Table 2. Monthly changes of individual numbers and developmental stages in nine dominant species collected at
Kasai artificial tideland in Tokyo Bay
2000 2001
Rank Species Sep.  Oct. Nov. Dec. dJan. Feb. Mar. Apr. May dJune July Aug.
1 Gymnogobius macrognathos - - 1, Y - . - 1829, 8892, 76, 1,JY -
- LJ LJ JY
2 Acanthogobius flavimanus - - - 1,Y - 1, L 1373, 3606, 47, 3,Y 1Y -
LJ LJ LJY
3 Plecoglossus altivelis altiveli - - 195, L 70, LJ 36, LJ 819, 1284, 25,JY - - - -
LJY LJ
4  Gymnogobius castaneus - - - - - - 568, 799, 823, - - -
LJ LJY
5 Sardinella zunast 20,JY 6, Y 64, Y - - - - - - - 13, 1891,
LJY LJ
6 Konosirus punctatus - - - - - - - - 553,L. 391, 312, 72,
L LJY JY
6 Lateolabrax japonicus . - - - . 9,LJ 833, 459, 22,Y 5 Y -
LJY LJY
8 Tridentiger obscurus - - - - - - - - - - 377, 1,J
LJ
9  Mugilogobius abei - - - - - - - - - - - 305,
LJ

Developmental stage (L, larva; J, juvenile; Y, young).

Th -7,
Z oMo fffETid 2 LI Rich i > THBLL 7228,
CItHBloE=7 3R o7,

&

34 Eftd 5 AR OEHEMKOELE

g 2 I OHAKO UL Tl bR - D
20004£ 9 -10H ®0.63T, ZD#H% IR~ ITHEAD L, 2001
AE1-2 HITiRIR (0.22) Zisk L7 (Fig. 4). 2001
A2 -3 HURR IS BILUE0.28% 50.450D [ THARIZEAL
U7co “F130.367C - 72,

3.5 BEEOEFRMERN OHEER
AL 10FE D EAE D & 51326, 22T AT, 2EEHD

-, not collected.

97.8% % w7z (Table 1)s LITFIT, EAEDZ OIE
12, NERAAHREER 9 oS E BRI O B E
9 (Table 2 ).

I RANETHE, a4 HES HIZ, HEA4A»S
THIZ, HaneHETH, BXUCUHIEB L, &
T, fFHEfIE 4 HIT1,829ME Kk (4 HiciRE S hic s
AR D27.0% % 5 %), 5 128,892k (85.0%)
EZHBLLT,

< NETIE, FEN2 M55 HiT, AN A»os
5 Hiz, #EMA5 AnS TH, BXUC12HITHBL L/,
LT, fFHEfIE 3 HIC 1,373k (33.3%), 4 A
3,606ME{k (53.3%) &% < HBLL I,

T AT, Fas1IA»S 3 HI, Hfas1i2H»S 4



BP9 OBMH 33

Hig, #Hfam2 HE 4 HicHBIU 7, ELIR12HADS 2
HiZid, EAEEE19~THRK ED 0D, HI LoHlE
TIX90.0~96.7% % 7, 7o, 1119518 K
(72.8%), 3 HITIZ1,284MF1k (31.2%) AsHBLL 72,

Y raciE, Fand Ars 5 Hic, MansdHE
5 4T, #fam 5 T Uz, 4 HICi3799M 4k (11.8
%), 5 HITIE823MEA (7.9%) &% HBLL I,

FoXTIE, FENTHESHIZ, HANT Mo 9
Hiz, gcEanT A s1IHICHE Uiz, &KI128H
F1L89E A (82.5%) LZHHIL, TDIEEALEN
M TH - 72,

32 oTiE, (FaRLAM»S THIZ, Hfildman
THESHITHBEI Lz, £<126 H & T HITIR39EA
(55.1%) &312fAfk (38.8%) ASHBLL 7,

ZZXFTIE, fFEHMAMN2 AMo 4 7T, 850
M3IANS 6 HITHB Uiz, & <12 3 1138334
(20.2%) EZm - 72,

FFTTE, AFAMRTHIZ, HEOMNTHE S HicHiH
Utco &I T HITIE3THEK (46.9%) HHILL 72,

TARANE T, 8 HIZ305M A (13.3%) DFHEfans
HE L7z,

3.6 HHEABOAEETRRESLUTROFAHFN

BRESINMEOD S BAETELRMNP SN > 7D
30FE26,370ME A T db - 72,

T £RI3 1075 18,888 1A T, AEFEL RIS SN EE -
TAEABDT1.6% % Kb i, WIOAO S5, HARILI
SNt —REERNZ 9 FE T, MR TIRF A
?99.99% % i, TDH B, TRNAEEEENTY,
FF T TRAFMEHEA, T RAE, BV T, ¥
Ty yanETRFH,SHEHN, I/ BEE AN
TR EATAMNIHBLL 72, @l - HRBIE T A4 EY
<Y 1HET, HEfasHBIL, HEEBTEMO#£00.01
RITT E o7,

MK 1874, 915K T, HEFREBRRINH S HhEL 5
TRAED18.6% % H T, KD S B, —IF LA
F1FET, R TIEHKEDI8E% % v, TDH
B, W FATY, hdamA Ty, AL, FAR
71 CIRAFf EHEfDS, Y voX, 3/ vm, AXF, A
T ¥, FTRHFAMLSHRAN, YoFXERTTEH
fEHDNEL Ute, il « fRIE TR, kT
Rk D15% % Eot, 0L, FUoR, A VF
CRTIRAFD, 7H 77, 7 ZRAERETIHERA,
Iav v, <IF, £ VH VA TREMMHEE LK,

WA, RO T ALY F IO 2O
AHBHMBLL, EEEIZ256THIAT, AMGLRA S n
L S A DIB% & T, UF T TRFfE
Hefads, F/o7 2 TP SHEMAHBLL 72,

Obitsu River
Odaiba

Jyounan—jima
Kasai (west)
Keihin—jima
Kasai (east)

Shinhama Lagoon

Edo River
Tama River
Ara River
: Koito River
Yourou River
Hakkei—jima
2|0 4IO 66 8I0 10,0

Similarity (%)

Fig. 5. Dendrogram of 13 tidelands in the inner Tokyo
Bay, based on Bray-Curtis similarity index for
fish communities.
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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 Phaeocystis sp.

Gwenaélle COTONNEC'", Laurent SEURONT?, Guy THOUMELIN’, Lucia FRAGA-LAGO'

Abstract : On the basis of two three hours resolution Lagrangian surveys conducted during
three days at the beginning and the end of the 1998 spring bloom in the Eastern English Chan-
nel, we investigated the fatty acid composition of both particulate organic matter (POM) and
dominant calanoid copepods (Acartia clausi, Temora longicornis, Pseudocalanus elongatus).
Phytoplankton biomass was higher during the first than the second survey, and Phaeocystis
sp. was the predominating algal genus (ca. 90% of total diversity), with diatoms in lower pro-
portions. Cryptophytes and dinoflagellates were always in low levels (<1%). Three fatty acids
(14:0, 16:0, 18:0) were predominant in POM, and accounted for 75% to 96% of the total fatty
acids. Unsaturated fatty acids were mainly composed by essential fatty acids (w3 and w6 fatty
acids). Our major finding here was the highest proportions of unsaturated fatty acid, espe-
cially 20:5w3 (EPA) and of 22:6w3 (DHA), in copepods relatively to POM. More specifically,
T. longicornis and A. clausi lipid compositions were similar, with high 20:5w3 and 22:6 w3 con-
tents when compared to P. elongatus which was characterised by a higher proportion of 18:1
9. This suggests omnivorous and carnivorous diets for the former ones and the latter, respec-
tively. The observed shifts in POM fatty acid composition led to a decrease in the total fatty
acid contents, but no change in the fatty acid composition has been observed for the three inves-
tigated species. 7. longicornis was nevertheless more sensitive to changes of the dietary fatty
acid composition than the two other species. Finally, we stress that the species-specific evolu-
tion of the EPA to DHA ratio indicates that the fatty acids mobilization occurred differently

in each species.

Keywords : zooplankton, copepods, fatty acids, POM, English Channel
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1. Introduction

Copepods are the largest and most diversified
group of crustaceans, and are the most numer-
ous organisms in the marine zooplankton com-
munities, accounting for more than 70% of the
zooplankton fauna (RAYMONT, 1983). Plank-
tonic copepods are regarded as a fundamental
link between primary producers and various
higher level predators such as fishes. In par-
ticular, they play a salient role in the energy
transfer from lower to higher trophic levels via
lipids that are one of the most important
sources of energy in the marine food web
(WATANABE, 1982: SA1T0 and KoTANI, 2000).

It is now well established that most of
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marine copepods are characterised by elevated
lipid contents. Contents and ratios of fatty
acids (hereafter referred to as FA) in copepods
are known to vary depending on the diet com-
position, and often reflect the lipid content of
algae, which fluctuates with taxonomic groups
(SARGENT and FALK-PETERSEN, 1988: GRAEVE
et al., 1994). Moreover, the FA composition of
copepods also changes following the position of
the algae life cycle and physiological state, and
the development stages of copepods (OHMAN,
1988). Many authors provided detailed fatty
acid composition of copepods (FRASER et al.,
1989a, b: HAGEN et al., 1993: GRAEVE et al.,
1994). In particular, they found high amounts
of w3 polyunsaturated FAs (PUFAs) and
more accurately high amounts of essential FAs
(EFAs) such as the 20: 5w 3 (icosapentaenoic
acid: EPA) and the 22: 6 w3 (docohexaenoic
acid: DHA) (FRASER et al., 1989a), which can
represent a considerable proportion of the total
FAs. These FAs, and especially their availabil-
ity, are crucial for growth, reproduction and
survival (SToTTRUP and JENSEN, 1990:
JONASDOTTIR et al., 1995). Previous studies
conducted on copepod lipid composition showed
that the main part of fatty acids is directly in-
corporated from the diet. In addition, WEERS et
al. (1997) demonstrated that crustaceans are
able to selectively incorporate and accumulate
these fatty acids. Copepods also may synthesise
longer PUFAs chains by elongation and
desaturation of shorter algal FAs such as the
18: 3 w3 (Gurati and DeMorr, 1997).
DESVILETTES et al. (1997) indicated that
calanoid copepods may bioconvert 18: 3w 3 in
22: 6w3.

Studies about lipid composition of phyto-
plankton classes showed that some of algae
contain low levels of longer PUFA chains,
which are crucial for copepods that are gener-
ally assumed to be unable to produce signifi-
cant amounts of these PUFAs (NANTON and
CASTELL, 1998). Among these algae, the world-
wide distributing and bloom-forming micro-
alga Phaeocystis sp. is known to contain very
low levels of unsaturated FAs (CLAUSTRE et al.,
1990: NicHOLS et al., 1991: COTONNEC et al.,
2001). Although this alga is considered as a
non valuable food for grazers (HANSEN and

BEKEL, 1991: HANSEN, 1995: BRETON et al., 1999,
2000: GASPARINI et al., 2000), copepods consume
it (BRETON et al., 2000: COTONNEC et al., 2001).
However to our knowledge, the impact of the
FA composition of Phaeocystis sp. on cope-
pods’ FAs has not been yet investigated. The
Eastern English Channel constitute an appro-
priate area to study this impact because each
year it is the siege of a phytoplankton spring
bloom mainly dominated by Phaeocystis sp.
The objective of the present work is thus to de-
scribe the FA compositions of three of the ma-
jor calanoid species (i.e. Pseudocalanus elon-
gatus, Temora longicornis and Acartia claust)
encountered in the English Channel (BRYLINSKI
et al., 1984) in relation with the temporal evo-
lution of the FA composition of their diet. In
that way, we infer the effects of the temporal
variation of the dietary FA composition on the
FA composition of copepods during a Phaeo-
cystis spring bloom from two three-days
Lagrangian surveys that have been specifically
designed to avoid any potential changes of both
phytoplankton and zooplankton communities.

2. Material and methods
Study area

The Eastern English Channel is character-
ised by strong hydrodynamic conditions result-
ing from a combination of a megatidal regime,
straight narrowing and shallow waters (50
maximum depth). The fluvial supplies, distrib-
uted from the Bay of Seine to Cape Griz-Nez,
generate a coastal water mass drifting
nearshore, northward and separated from the
offshore Atlantic-like waters by a tidally con-
trolled frontal area (BRYLINSKI and LAGADEUC,
1990: LAGADEUC et al., 1997). In particular, the
dilution plume of the Somme estuary acts as a
retention zone where organisms would be re-
tained for a period depending on winds (speed
and direction) before drifting northwards.
This coastal flow (Fig. la; BRYLINSKI et al.,
1991) is characterised by its freshness, turbi-
dity (DUPONT et al., 1991) and phytoplankton
richness (BRYLINSKI et al., 1984). Moreover,
the dissipation of tidal energy is basically re-
garded to be responsible for the vertical
homogenisation of inshore and offshore water
masses (50 m maximum depth).
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Fig. 1: Sampling area in the Bay of Somme (southeastern English Channel) showing the drogue de-
ployment position (a) and trajectories of drogues over 3 days the 9-11 April (b) and 27-30 April

(c) 1998. Numbers indicate sampling stations.

Sampling

Two surveys were conducted in the coastal
waters in front of the Bay of Somme (Fig. 1a)
where the water column is well-mixed. A
drogue was launched closed to the frontal zone
for each survey after prospecting using a CTD
profiler along a transect from the Bay to off-
shore. The drifter was composed of a

cylindrical sock 8 m long attached to a buoy at
2 m below the surface. Its geographical position
was determined from satellite tracking (Argos
system). Sampling was carried out close to the
drifter every 3h over a 3 day period from April
9th to 11th (cruise 1) and from April 29th to
30th (cruise 2) 1998. Eighteen stations were
thus sampled during cruise 1 and 23 in cruise 2.
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Vertical profiles of both salinity (PSU), tem-
perature (°C) and density (kg.m ) were re-
corded with a Sea-Bird 25 Sealogger CTD
probe. An index of stratification (Sp) was esti-
mated using the following relation (IBANEZ et
al., 1993): Sp= X x;-pk, where x is the density
at each depth, p is the slope between two suc-
cessive points and k is the averaged density of
the water column at each station. Water sam-
ples were collected every three hours with
Niskin bottles in the sub-surface waters (5m
depth) and at 1.5m to the bottom of the water
column. Phytoplankton composition (60ml
sample preserved in acid Lugol’s iodine solu-
tion and phytoplankton composition estimated
from observations carried out on 10ml of
seawater with a Zeiss inverted microscope (X
400) according to the Utermohl sedimentation
technique; UTERMOHL, 1958), nutrient (i.e. ni-
trate and silicate) concentration (20ml frozen
samples, analysed using a Technicon auto-
analyzer II; TREGER and LE CORRE, 1971) and
chlorophyll-a concentration (500ml filtered
Whatman GF/F filters, stored in liquid nitro-
gen to avoid pigment destruction by light or
chemical or biochemical endogenous enzymes,
extracted with 90% acetone, assayed in a
Kontron model sfm 25 spectrofluorometer with
an excitation at 407nm and emission at 660nm
and the chl-a concentration calculated using
standards and predetermined calibration fac-
tors) were estimated for each sampled depth.
Lipid compositions of particulate organic mat-
ter (POM) and zooplankton were estimated
from 500ml filtration using Whatman GF/F
filters (precombusted at 450°C for 12h to re-
move organic material) and from WP2 zoo-
plankton net (200 £ m mesh-size) oblique hauls.
Filters were then stored at —20°C in 2ml of
methanol, and zooplankton organisms at — 20
°C until analysis. As FA compositions did not
show significant temporal variations through-
out the two cruises, we present only one out of
two sample for POM and zooplankton (.e. 9
and 11 samples for cruises 1 and 2 respectively).

Fatty acids

Fatty acids were extracted according to
BLIGH and DYER (1959). For copepods, pools of
300 individuals of each species (CV and CVI)

were sorted under a binocular microscope at 0
°C under cool light and subsequently gently
and carefully rinsed. The fatty acid C23: 0 was
used as an internal standard to quantify the
FA concentrations. The fatty acids were con-
verted to methyl esters according to METCALFE
and ScHMITZ (1961). A nitrogen atmosphere
was always maintained. Methyl esters were
separated from other lipids (i.e. hydrocarbons
and sterols) using HPLC interfaced with an
UV absorbance detector (Waters Lambda Max
model 841 spectrophotometer at 206 nm). The
separation was done on two associated normal
phases’ columns, the first containing Lichro-
sorb diol and the second Lichrosorb Si—60. Gas
Chromatography (GC) of the methyl esters
was carried out with a Hewlett Packard model
5890 series II apparatus equipped with a flame
ionisation detector. The methyl esters were
separated using a FFAP (Free Fatty Acids
Phase) polar phase capillary column 25 m in
length X0.32 mm internal diameter. Hydrogen
was used as carrier gas from 86 to 115 kPa. The
detector temperature was maintained at 240°C.
Peaks were identified by means of reference
standards.

3. Results
Hvydrology

The drogues followed elliptical paths with
the major axis aligned with the tidal axis and
approximately parallel to the coastline (Fig.
1b, 1c). This implies that the tidal current was
the principal force operating on the drogues.
The drogue paths nevertheless clearly differed
between our two surveys. In cruise 1, the
drogue remained in the coastal waters along
the French coast and drifted northward. In
contrast, the drogue deployed during cruise 2
drifted toward the offshore waters. This sug-
gests that the direction (west in cruise 1,
north-est in cruise 2) and the speed of the wind
(8.73m.s ' in cruise 1, 4.74m.s ' in cruise 2)
were other force operating on the drogue drift.

The water column was vertically well-mixed
during all the sampling periods as shown by
the index of stratification (Fig. 2). No tempo-
ral gradients in temperature and salinity were
observed during the drift of the drogue at the
in cruise 1. In contrast, temporal gradient of
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Vertical distribution of salinity (PSU), temperature (°C) and stratification index during

the cruise 1 (9-11 April 1998) and cruise 2 (27-30 April 1998).

salinity was observed during cruise 2 (Fig. 2)
suggesting a change of water mass. Between
the two surveys, both temperature and salinity
increased due to the seasonal changes.

Nutrients

All results are expressed in mean and stan-
dard deviation concentrations (m=*SD u«M.l ™).
Nitrate was depleted in cruise 1 (Fig. 3). The
silicate concentration was low (0.8 = 0.4
«M.I™). The high concentration observed close
to the bottom probably results from a resus-
pension of sediments (QuIisTHOUDT, 1987). In
cruise 2, nitrate was detected in the water co-
lumn with a mean concentration of 0.2£0.1
oM.l Similarly, silicate was also found in
higher concentration than in cruise 1 (2.3£1.6
uM.I'"). Two periods can nevertheless be dis-
tinguished during this survey. The first one
was characterised by significantly lower ni-
trate concentration (0.01+0.04 «M.l"") than
the second one (0.4+0.2 uM.l'; U-test, p
>0.05). No significant variation was observed
between the surface and the bottom

throughout the two surveys for these nutrients
(Kolmogorov-Smirnov test, p>0.05).

Phytoplankton biomass and composition

The prymnesiophyte Phaeocystis sp. was the
dominant phytoplankton species, and repre-
sents around 92% of total phytoplankton cells
for the two surveys (Table I). The second
group was composed of centric diatoms such as
Rhizosolenia sp. In cruise 2, pennal diatoms ap-
peared such as Nitzschia sp. and Raphoneis sp.
The Cryptophytes and dinoflagellates were in
low proportion throughout the two surveys.

The Chl a concentrations were similar in the
surface and near the bottom (Kolmogorov-
Smirnov test, p>0.05) during the two surveys
(Fig. 3). No significant trend in phytoplankton
biomass was observed throughout the two sur-
veys, even during the hydrographic change de-
tected during the second survey. Finally, the
phytoplankton biomass was significantly
higher during the second survey (p>0.05).
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Fig. 3: Nutrient (£M.l ") and Chl.-a concentrations (rg.l ") at the subsurface and at 1.5m to the
bottom during the two surveys. The shaded areas indicate the night-time sampling.
POM fatty acids
Table 1. Phytoplankton classes 10cell ' observed in During the two surveys, a majority of satu-

six and ten samples at the surface and the bot-
tom during 9-11 and 27-30 April 1998

— ot observed:<l:cell density from 1001 to
10,000 cell

9-11 April 27-30 April

surface bottom surface bottom

Prymnesiophycee

Phaeocystis sp. 240 343 443 504
Diatomophycees

Biddulphia sp. - - 1 <1
Rhizosolenia sp. 24 28 22 47
Thalassiosira sp. <1 <1 - —

Nitzschia sp. - - <1 —

Raphoneis sp. — — <1 —

Cryptophycees <1 1 1 <1
Dinophycees 1 2 <1 <1

rated FAs was observed in both surface and
bottom waters (Table II). Three (14: 0, 16: 0,
18: 0) were particularly dominant, accounting
for 75 and 96% of the total FAs in cruises 1 and
2, respectively. Other saturated FAs (19: 0; 20:
0; 21: 0; 22: 0; 24: 0) were found in lower propor-
tions. Low concentrations of unsaturated FAs
were observed throughout the studies. The
branched fatty acids (al5: 0, i15: 0, and al7: 0,
i17: 0) were detected during the two studies.
They nevertheless represented less than 2% of
the total FA content.

Temporal changes in the FA composition of
POM total FAs were characterised by a de-
crease in unsaturated FAs from 1.28% to 0.28%
between the two cruises. No significant
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Table 2. Fatty acid composition of total lipid extracted from the particulate organic matter sampled. The data
represent mean and SD proportions of nine and eleven samples during 9-11 April and 27-30 April 1998 res-
pectively taken at regular intervals of six hours. —:not detected, SatFAs: saturated FAs: Mono FAs: mono-
unsaturated FAs; PUFAs: polyunsaturated FAs; BrFAs: branched FAs.

911 April 9-11 April
surface bottom surface bottom
14:0 36.77+ 6.91 41.93+ 4.76 37.69+ 9.97 34.74+ 7.46
15:0 278+ 0.44 2.96+ 0.65 2.84+ 1.12 2.95+ 0.51
al6:0 — — — —
116:0 0.32+ 0.29 0.32+ 0.37 0.05+ 0.17 0.16+ 0.28
16:0 36.48+ 2.92 31.90+ 4.31 38.36+ 2.95 38.77+ 2.94
17:0 1.21£ 0.23 1.11% 0.13 1.73£ 1.06 1.55% 0.35
al8:0 — - — -
i18:0 0.13+ 0.24 — — —
18:0 13.28+ 3.44 11.39+ 1.84 14.67+ 4.46 16.59+ 3.50
19:0 0.19+ 0.29 0.15+ 0.36 - —
20:0 0.84+ 0.88 0.92+ 0.27 0.96+ 0.77 0.58+ 0.73
21:0 0.74%+ 0.75 0.37+ 0.57 — 0.04=% 0.10
22:0 1.80+ 1.22 1.93+ 0.53 2.12+ 1.07 2.39+ 2.19
24:0 0.03=£ 0.03 0.16+ 0.38 - -
16:1w7 0.17%+ 0.22 — 0.04%+ 0.14 0.25+ 0.43
16:1w9 - - - —
18:1w7 - — - -
18:1w9 — - — -
20:1 0.11+ 0.32 — - —
22:1 0.02+ 0.06 - - -
16:2w4 - - — —
16:3 0.04+ 0.12 — - —
18:2w6 — - — 0.13+ 0.35
18:3w6 0.74% 0.47 — — 0.06 0.16
18:3w3 - - - —
20:4w6 1.18+ 1.02 0.18+ 0.20 — —
20:5w3 0.14+ 0.39 - — -
22:6w3 0.29+ 0.54 - 0.03=* 0.03 0.35+ 0.60
alb:0 0.62£ 0.32 0.83+ 0.18 0.82+ 0.47 0.60+ 0.44
i15:0 0.72+ 0.43 0.89%+ 0.13 0.47+ 0.41 0.51=% 0.36
al7:0 0.26+ 0.14 — — 0.12+ 0.22
i17:0 0.10+ 0.22 — — —
Sat FAs 95.60+17.92 94.63+14.90 08.42+21.58 97.98+18.25
Mono FAs 0.31+ 0.63 - 0.04=* 0.14 0.25+ 0.43
PUFAs 240+ 2.54 0.17+ 0.19 0.03+ 0.03 0.54+ 1.10
BrFAs 1.70+ 1.12 1.72%+ 0.30 1.29+ 0.88 1.23+ 1.02

changes in the percentages of these FAs were
shown between the two part of the survey
“cruise 2”. The monounsaturated FAs and
PUFAs were the most diversified in cruise 1.
Three monounsaturated FAs were then en-
countered in cruise 1 (16: 1w 7, 20: 1, 22: 1),
whereas only one was identified in cruise 2
(16: 1w 7). The unsaturated FAs were mainly
composed by the EFAs (i.e. 20: 4w6, 20: 5w3,
22: 6w3) in cruise 1 with a dominance of 20: 4
w6. Two other PUFAs (16: 3 and 18: 3w6) were

observed during this survey. Only two PUFAs
dominated by 22: 63 were present in cruise 2.

Fatty acid composition of copepods

As stated above, the fatty acid composition
of POM did not differ throughout the cruise 2,
despite the observed change in the water col-
umn hydrographic structure. The global fatty
acid composition of copepods has thus been
considered without referring to this hydro-
graphic structural change. The FA composition
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of all copepod species showed similar character-
istics throughout the two surveys:

—the unsaturated FAs tended to be predomi-
nant in all copepod species (Tables III and
IV). The EFAs composed the main part of
these unsaturated FAs with high propor-
tions of 20: 5w 3 and 22: 6w 3. In particular,
the 20: 5w 3 tended to be predominant rela-
tively to the 22: 6w 3. The 16: 1w 7 and the
18: 3wb6 , as well as the other unsaturated
fatty acids (l.e. 16: 1w?9, 16: 2w 4, 16: 3,
18: 1w7, 18: 2, 18: 3w3, 20: 1 and 22: 1)
were found in low proportion in all species;

—the branched fatty acids were detected in
low proportions in all copepod species com-
prising less than 3% of the total FA con-
tent;

—the saturated FAs were generally found in
low proportions in the three copepod spe-
cies, and exhibited similar trends. Some
saturated FAs such as the 14: 0 and 16: 0
were nevertheless significantly less abun-
dant in P. elongatus than in the two other
species. Moreover, the FA composition of
T. longicornis resembled that more of A.
clausi than of P. elongatus. A notable char-
acteristic in the total FA composition of P.
elongatus can be related to the higher pro-
portion of 18: 1w9 (around 20% and 14%
of the total FA in the cruises 1 and 2 re-
spectively) when compared to the two
other species (<3% of the total FA con-
tent). A higher EPA (i.e. 20: 5w3) to DHA
(i.e. 22: 6w3) ratio was also found in P.
elongatus than in the two other species.

The fatty acid composition of the three cope-

pod species exhibited detailed differences with
the POM during the two surveys. In particular,
the unsaturated fatty acids were qualitatively
and quantitatively more important in the cope-
pods than in the POM. The saturated FAs 14: 0,
16: 0 and 18: 0 characterising the Phaeocystis
sp. were thus dominant in POM, whereas cope-
pod exhibited high proportions of 20: 5w 3,
16: 1w 7 and 22: 6w 3. Some of unsaturated FAs
were found in high proportions in copepods
(16: 2w4, 16: 3 and 18 carbon chain FAs) when
compared with the POM where they were only
found as traces or absent.

Although a low decrease in the proportions

of the unsaturated FAs were recorded, no sig-
nificant changes were observed in the FA com-
position of copepods between the two cruises. A
slight increase of saturated FAs has been si-
multaneously observed. Some FAs nevertheless
showed significant variations between the two
surveys. The 16: 3 in low proportion in cruise 1
was not detected in cruise 2. By contrast, the
16: 1w 9 increased significantly although this
fatty acid remained in low level in the POM.
Some variations of the EPA to DHA ratio were
also observed. This ratio decreased in A. clausi
from 1.69 to 1.01, whereas it increased in 7.
longicornis from 1.19 to 1.85. This ratio re-
mained constant (2.17) throughout the study
period in P. elongatus. Finally, a general de-
crease of the total copepod FA content was ob-
served in the three copepod species between the
two surveys. The FA contents of A. clausi and
T. longicornis thus increased up to factors of 2
and 4, respectively. On the opposite, the total
FA content decreased down to a factor of 3 in
P. elongatus.

4. Discussion

The hydrography of the Bay of Somme is
characterised by well-mixed waters. MANN and
LAZIER (1991) showed that tidal- and wind-
induced mixing processes are the most impor-
tant features within the coastal zones. In
particular, our study pointed out that the tidal
advection was the dominant process driving the
flow field in the nearshore waters of the Bay of
Somme. As shown by the drogue paths, the
plume of dilution of Bay of Somme works as a
hydrological retention zone as demonstrated
by GRIOCHE et al., (2000).

In our study, the FA composition allowed to
point out the composition of the POM. In par-
ticular, the high proportions of the 14: 0, 16: 0,
and 18: 0 suggest that the Phaeocystis sp. rep-
resented a considerable part of the phyto-
plankton (CLAUSTRE et al., 1990: NICHOLS et al.,
1991). While the 18: 1w9 is also reported as be-
ing a marker of the Phaeocystis sp. in the Irish
Sea (CLAUSTRE et al., 1990), it has not been de-
tected in our study. This observation could be
related to the limiting nitrate concentrations
observed during the phytoplankton spring
bloom in the Eastern English Channel
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Table 3. Mean and SD proportions of fatty acids
and total lipid content of three species of cope-
pods collected in nine samples of zooplankton
during 9-11 April 1998.

—: not detected; Sat FAs:saturated FAs; Mono
FAs: monounsaturated FAs; PUFAs: polyun-
saturated FAs; Br FAs: branched FAs.

Table 4. Mean and SD proportions of fatty acid and
total lipid content of three species of copepods
collected in nine samples of zooplankton during
27-30 April 1998.

—: not detected; Sat FAs: saturated FAs; Mono
FAs: monounsaturated FAs; PUFAs: polyun-
saturated FAs; Br FAs: branched FAs.

Fatty acids  A.claust  P.elongatus T.longicornis Fatty acid  A.claust  P.elongatus T.longicornis
14:0 11.32+ 5.97 6.46+ 3.15 12.07% 5.41 14:0 12.89* 2.88 5.894 3.42 14.50=* 9.51
15:0 0.81*+ 0.65 0.33= 0.15 0.60* 0.27 15:0 0.66+ 0.14 0.36*F 0.26 0.36+ 0.16
i16:0 0.22+ 0.44 0.03= 0.05 0.11=% 0.09 i16:0 0.19+ 0.16 0.02* 0.05 0.11=£ 0.07
16:0 21.19+11.15 17.25+ 7.54 22.33%10.09 16:0 29.34+ 4.25 23.25514.92 24.73+14.04
17:0 0.72+ 0.39 0.42+ 0.19 0.50* 0.23 17:0 0.95+ 098 1.11+ 0.89 0.26+ 0.18
i18:0 0.16= 0.31 0.08= 0.08 0.05* 0.05 i18:0 0.15+= 0.21  0.02=£ 0.04 -
al8:0 0.70£ 0.10 2.27= 1.15 1.76% 0.60 al8:0 — - —
18:0 429+ 3.84 257+ 1.23 2.55+ 0.99 18:0 8.07+ 5.13 523+ 4.64 254+ 1.65
19:0 - 0.04%= 0.11 — 19:0 — - -
20:0 1.03= 1.82  0.01%= 0.03 — 20:0 0.11=% 0.27 - -
21:0 - — — 21:0 — — —
22:0 0.07%= 0.13 — 0.04% 0.03 22:0 — - 0.15+ 0.27
16:1w7 11.90= 6.61 9.00+ 596 7.44=* 2.99 16:1w7 443+ 1.68 8.47%= 6.21 8.54=% 5.41
16:1w9 0.19+ 0.38 0.02+ 0.05 0.32* 0.24 16:1w9 0.65+ 0.26 0.96+ 0.84 1.60* 1.05

18:1w7 2.79+ 132 0.34% 0.25 2.93%= 2.05

18:1w9 2,37+ 093 20.23% 9.54  1.34% 0.57
20:1 0.98*= 1.14 0.27£ 0.48 0.38=% 0.47
22:1 0.17£ 0.19 0.14=% 0.16 0.24=* 0.23
16:2w4 0.32+ 0.17 0.53*= 0.26  0.43* 0.17
16:3 0.42% 0.43 0.04£ 0.10 0.02=£ 0.04
18:2w6 1.02£ 0.70 0.83*= 0.29 0.56=* 0.25
18:3w6 1.31= 0.71  0.96%= 0.42 0.58=* 0.21
18:3w3 5.504% 396 2.68F£ 241 1.34% 2.30

20:4 w6 0.79%+ 0.61 1.28%= 0.50 1.38% 0.53

20:5w3 18.87£12.87 22.69=£ 8.69 22.80£12.19
22:6w3 11.18+ 2.05 10.72+ 3.50 19.29+13.65
i15:0 0.66+ 0.47 0.14%= 0.08 0.13%= 0.12
alb:0 0.24% 0.30 0.04%= 0.06 0.14%+ 0.10
117:0 0.32+ 041 0.58+ 0.40 0.62%+ 0.20
al7:0 — — —

Sat FAs 40.50+-24.80 29.49+13.40 40.00+17.26

Mono FAs 18.40%+10.57 30.00%£16.45 12.65+ 6.55

PUFAs 39.45+t12.51 39.74%46.41 46.41+29.35
Br FAs 1.22%+ 1.19 0.76%= 0.54 0.89=% 0.42
Total FA 0.10 0.14 0.10
content

(ug. ng™

18:1w7 0.21+ 0.20 0.93* 1.25 0.46* 0.28
18:1w9 1.85%= 0.66 13.83% 5.75 0.67% 0.41

20:1 - 0.12% 0.41 —
22:1 0.21+ 0.35 0.09* 0.15 0.12% 0.17
16:2w4 0.24% 0.55 0.04% 0.07 -
16:3 - - -
18:2w6 1.62£ 0.22 1.54% 0.97 0.98%= 0.55
18:3w6 4.36+ 3.95 ©5.66+ 5.89 1.35%= 0.88
18:3w3 1.58+ 1.29 0.79%+ 0.97 0.56%+ 0.38

20:4 w6 0.20+ 0.26 0.74* 0.46 1.07* 0.76

20:5w3 15.11% 5.82 19.30%10.21 25.18£14.15
22:6w3 1497+ 4.86 8.92£ 6.72 13.75= 7.71
115:0 0.02£ 0.06 0.01£ 0.16 0.12% 0.12
al5:0 0.42%£ 0.10 0.18£ 0.04 0.13£ 0.21
117:0 1.63£ 0.40 2.34=% 0.10 —
alT:0 - 0.15£ 1.60 2.92% 2.00
Sat FAs 50.37+13.05 35.67£23.15 42.68+26.08
Mono FAs 7.35% 3.15 22.46*14.61 11.40* 7.32
PUFAs 38.08+16.94 38.08£25.28 42.88+24.42
Br FAs 2.07£ 056 2.64%= 1.90 38.04* 2.12
Total FA 0.05 0.04 0.02
content

(ng.ug™H

(GENTILHOMME and L1ZON, 1998) as SARGENT et
al. (1985) who demonstrated that Phaeocystis
sp. may contain high level of unsaturated fatty
acids when nutrients are not limiting. Alterna-
tively, the observed low concentrations of the
20: Sw3, 16: 3w4 and 16: 1 w7 indicate a low
abundance of diatoms (VOLKMAN et al., 1981),
while the low concentrations, if any, of 18: 3,
20: 1 and 22: 6 w3 suggest a low abundance of

both Cryptophytes (CHUECAS and RILEY, 1969)
and dinoflagellates (SARGENT et al., 1985:
CONTE et al., 1994: BiHRING and CHRISTIANSEN,
2001). These results have been confirmed with
the algal cell counting (see Table I). Alterna-
tively, the detection of branched FAs (i and a
15: 0 and @ and ¢ 17: 0) underlines the presence
of heterotrophic bacteria in the field.

Our results also showed a temporal trend in
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the POM between our two surveys. The nutri-
ent concentrations increased from the first to
the second survey (cf. Fig. 3), presumably be-
cause of enhanced regeneration processes in-
duced by the microbial activity. PEPERZACK et
al. (1998) thus showed that the microbial loop
is enhanced during the spring bloom of
Phaeocystis sp. in the North Sea. As a conse-
quence, the phytoplankton biomass increases.
This increase nevertheless mainly results from
the development of Phaeocystis as shown by
the microscopic observations (see Tab. I). The
proportions of the saturated FAs do not seem
to be affected by the development of this alga.
The observed increase in silicate concentra-
tions, essential for diatoms, indicates that dia-
toms became less prevalent in cruise 2. The
microscopic counts and the decline of diatoms
FAs markers fully corroborate this result. In
addition, one must note that the FAs markers
of Cryptophytes and Dinoflagellates decreased
and increased, respectively. On the opposite,
the constant proportions of bacterial markers
suggest that the concentration of heterotrophic
bacteria did not change throughout the
Phaeocystis bloom. Our results about the tem-
poral evolution of the phytoplankton composi-
tion during the spring bloom in the north-
eastern of the English Channel were consistent
with those of BRETON et al. (2000). We stress
that many biochemical compounds have a key
role in the nutritive value of sestonic particles.
As shown by some authors (e.g. ALGHREN et
al., 1997: BRETT and MULLER-NAVARRA, 1997)
the level of PUFAs such as EFAs can be consid-
ered as a good indicator of the nutritive value,
high PUFAs concentrations revealing high nu-
tritive values and conversely. Taking into ac-
count these considerations, the higher phyto-
plankton concentrations observed at the
beginning of April were then less nutritive
than the late April ones.

The calanoid copepod species A. clausi, T.
longicornis and P. elongatus are commonly
found throughout the spring in the French
coastal waters of the Eastern English Channel.
In particular, they represent key components
in larval and juvenile fish diet. To our knowl-
edge these species nevertheless received little, if
any, attention. Numerous authors have

nevertheless reported the detailed fatty acid
composition of many copepod species (LEE and
HiroTA, 1973: OHMAN, 1987: HAGEN et al., 1993;
GRAEVE et al., 1994). In particular, they found
high amounts of w3 polyunsaturated FAs such
as the 20: 5w 3 and the 22: 6w 3 that are charac-
teristic of copepod tissues (KATTNER et al.,
1981: SARGENT and WHITTLE, 1981: FRASER et
al., 1989a: GRAEVE et al., 1994: EDERINGTON et
al., 1995). These fatty acids were identified in
many copepod species (LEE et al, 1971:
KATTNER et al., 1981: FRASER et al., 1989a, b:
GRAEVE et al., 1994). In the present study, the
20: 5w3 and the 22: 6 w3 were recorded in high
proportions in the three copepod species. P.
elongatus nevertheless exhibited a high level of
18: 1w 9 when compared to the two other spe-
cies. This result thus represents the first field
investigations that corroborate observations
by FRASER et al. (1989a) from a nutrient-
enriched seawater enclosure experiment. Many
authors described this FA as being a constitu-
ent of carnivorous copepods (ALBERS et al.,
1996: PHLEGER et al., 1998: NELSON et al., 2001).
A. clausi and T. longicornis would thus be om-
nivorous or herbivorous (FRASER et al., 1989a:
Cripps and HiLL, 1998). Finally, the low pro-
portions of the 18: 1w 7 found in the three cope-
pod species corroborate the carnivorous diet of
P. elongatus and the omnivorous diet of the
two other species as suggested by Bi#HRING and
CHRISTIANSEN (2001).

The FAs have also been used to understand
the trophic relationships between POM and co-
pepods. In the present work, the relatively low
proportions of saturated FAs (14: 0, 16: 0 and
18: 0) in copepods could indicate that A. clausi,
T. longicornis and P. elongatus graze on
Phaeocystis. The presence of 16: 1, 16: 3, 20: 4
w6 and 20: 5w 3 also indicates ingestions of dia-
toms, Cryptophytes (18: 3) and dinoflagellates
(22: 6w3). Moreover, the higher proportions of
unsaturated FAs in copepods than in the POM,
together with lower proportions of saturated
FAs, suggest a selective ingestion of these
phytoplankton classes relatively to the
Phaeocystis. The diet and selection of food par-
ticles by these copepods were studied more ac-
curately for the survey conducted at the
beginning of April in COTONNEC et al. (2001).
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In brief, copepods selectively grazed on
Cryptophytes, non-selectively on diatoms, and
they also apparently selectively grazed on
Phaeocystis even if this selection probably re-
sults from a low rejection of this alga. T.
longicornis appeared to be more selective than
A. clausi. A selective incorporation and accu-
mulation of the unsaturated FAs also have to
be considered to explain the high proportions
of these FAs in copepods as suggested by
WEERS et al. (1997). In particular, a bioconver-
sion of these FAs cannot be excluded. The 20:
dw3 and 22: 6w 3 characteristic of copepod tis-
sues (SARGENT and WHITTLE, 1981) could also
result from a selective incorporation, a long-
term storage and/or a biotransformation from
an initial compound as 18: 3w 3.

As shown by our results, the fatty acid pro-
files of the three copepod species were not very
affected by the temporal evolution of the die-
tary FA composition observed between the two
surveys. Certain unsaturated FAs tended to de-
crease but not significantly. This nevertheless
suggests that a long-term decline of the un-
saturated FAs in the POM could affect the FA
composition of copepods. A considerable decline
of the total FA content occurred in each cope-
pod species indicating a mobilisation of lipid re-
serves between the two surveys. The most
important lipid mobilisation occurred in 7.
longicornis whereas A. claust and P. elongatus
exhibited the lowest and the intermediate one,
respectively. The low reserve mobilisation in A.
clausi could result from a high ingestion of ani-
mal preys, such as ciliates, rich in FAs. Further
investigations should thus take this compart-
ment into account very carefully to provide
valuable informations for future understand-
ing of the pelagic food chain structures and
functions.

Although the proportions of FAs do not
seem affected by the mobilisation of the lipid
reserves in copepods, the EPA to DHA ratio
changed with the decrease in dietary nutritive
value. This ratio changes specie-specifically in
association with the variation of the essential
FA composition of the diet. Although both A.
clausti and T. longicornis are omnivorous
(MARSHALL, 1973: COTONNEC et al., 2001) they
exhibited two distinct evolutions of their EPA

to DHA ratio. The 22: 6 w3 (DHA) content
seems to be more affected than the 20: 5w 3
(EPA) content by the diet changes in 7.
longicornis. In opposition, the EPA content de-
clines more than the DHA in A. claust during
the study period. This difference may be due to
variations in metabolic interconversion of these
two FAs (SARGENT and WHITTLE, 1981). How-
ever, copepods are known to select their food
particles (TACKX et al., 1989; 1990: MORALES et
al., 1991; 1993: GASPARINI et al., 2000:
Kouasst et al., 2001). Thus, the result may also
reflect a different evolution of a diatom-based
vs. flagellates-based diet with the temporal
changes of the FA composition of the POM. A.
clausi may graze more dinoflagellates than 7.
longicornis, which may consume more diatoms
despite the decline of these algae. P. elongatus
exhibited a constant EPA to DHA ratio indicat-
ing constant proportions of these essential FAs
despite the changes of dietary FA profiles. The
difference of the diet between P. elongatus
known to be more omnivorous (MARSHALL,
1973: COTONNEC et al., 2001) and the two other
species could explain this result. However, the
study of the distribution of EPA and DHA
throughout the different lipid classes (.e.
phospholipids, triacylglycerols and wax esters)
in these copepod species could also be an inter-
esting way to explain the differences of varia-
tions of EPA to DHA ratio observed in our
work. FRASER et al. (1989a) showed that EPA
and DHA are mainly located (i) in the lipid re-
serves through the triacylglycerols (TAG) in
T. longicornis, and (i) in the cell membrane
through the phospholipids in P. elongatus.
That may explain the results obtained for the
EPA to DHA ratio in our study.

The method used in our study shows that the
nutritive pool of copepods is high dominated by
the alga Phaeocystis sp. and by small amounts
of diatoms, Cryptophytes and dinoflagellates
during the phytoplankton spring bloom in the
Eastern English Channel. Furthermore, the
dietary FA composition changes throughout
the phytoplankton spring bloom in the English
Channel. Our results suggest that T. longi-
cornis would be able to survive less efficiently
than P. elongatus and A. clausi because their
lipid reserves are highly affected by the
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temporal evolution of the dietary FA composi-
tion. The difference in diet (i.e. omnivorous or
carnivorous) and selectivity are thought as be-
ing the major reasons for may be responsible of
this result. Ultimately, the approach intro-
duced in the present paper could be conve-
niently used to study the effect of the differen-
tial occurrence of diatoms and Phaeocystis in
the Eastern English Channel to higher trophic
levels. Indeed, as recently demonstrated, the
relative abundance of diatoms and Phaeocystis
could be controlled by the North Atlantic Oscil-
lation (NAO) via a differential competitivity
for nutrients and light induced by turbulent
and mixing processes (SEURONT and SOUISSI,
2002). Using the informations related to both
the fatty acid composition of these different
phytoplankton species (as well as their nutri-
tive values) and the differential diets of A.
claust, T. longicornis and P. elongatus, we
stress here that the model proposed by
SEURONT and Soutsst (2002) could efficiently be
used to predict the trophodynamic status and
the relative abundance of these three copepod
species, that could be valuably used in future
ecosystem models in this specific area. In addi-
tion, one must note that the study area is
characterised by extremely high turbulence in-
tensities (the turbulent energy dissipation
rates have been shown to fluctuate from 10™* to
10° m* s ?® during a tidal cycle; SEURONT,
1999: SEURONT et al., 2002). Now, considering
the importance of turbulence in the predator-
prey encounter and ingestion rates as a func-
tion of both the abundance and the size
spectrum of the phytoplankton preys
(SEURONT, 2001: SEURONT et al., 2001), the pre-
sent study could be used as a first step in fu-
ture attempts of understanding the potential
effects of physically induced differential graz-
ing rates on zooplankton trophodynamics, and
ultimately population dynamics via egg pro-
duction rates.
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The activity of double diffusive convection investigated
through the density ratio distribution in the Mixed Water
Region (MWR) off Joban-Kashima and Sanriku Coasts to

the north-east of Honshu, Japan

Jiro YOSHIDA "

Abstract : The activity of double diffusive convection in the Mixed Water Region (MWR) off
Joban-Kashima and Sanriku Coast is investigated by using CTD data obtained from 1996 to
2000 in September or October. More than 60% of fluid column down to 500db (oy is almost
above 27.0) are unstably stratified to double diffusive convection. However, the activity of dou-
ble diffusive convection differs year by year, namely, in 1998 and 2000, double diffusive convec-
tion is active, but not in 1996, 1997 and 1999. Our results indicate that active double diffusive
convection should occur intermittently in MWR year by year. In years when double diffusive
convection is active, 0, =26.8 surface which characterize the North Pacific Intermediate Water
(NPIW) is sandwiched by the salt finger layers above and diffusive convection layers below.
This suggests that double diffusive convection should modify a source water of NPIW origi-
nated at the further north region of MWR while its southward extension.

Keywords : double diffusive convection, salt finger, diffusive convection, density ratio, Turner

angle, modification of water mass, NPIW

1. Introduction

In the area where surface evaporation ex-
ceeds precipitation (this area usually corre-
sponds to the subtropical gyre, see figure 2 by
ScHMITT, 1994), warm and salty layer usually
lies above underlying cold and fresh layer with
the net stratification being stable. In this case,
salt finger convection should occur because of
faster diffusion of heat than salt. On the other
hand, oscillatory diffusive convection should
occur in the lower layer in the sub-polar region
where warm and salty layers frequently exists
under cold and fresh water. These two
convections are called as double diffusive con-
vection (e.g. TURNER, 1973). The activity of
double diffusive convection is well described by
the density ratio or the TURNER angle defined
as,

* : Department of Ocean Sciences, Tokyo University
of Fisheries
Konan 4-5-7, Minato-ku, Tokyo, 108-8477, Japan

Density Radio R, = g%

z

Turner Angle Tu = tan71<¥"—§ ti > €))
0

where 6, and S, are mean vertical gradients
of potential temperature and salinity, respec-
tively. a = % 272, B = % g%are the thermal
expansion and haline contraction coefficients,
respectively. When R, is larger than 1 (Turner
angle ranges between 45° and 90°), salt finger
convection occurs. When R, is ranged between
1 and 2, convection is so active that salt and
heat are efficiently transported downwards,
but the downward transport of density due to
salt exceeds than that of heat eventually re-
sults in the intensification of net density gradi-
ent. As for diffusive convection, R, should be
ranged between 1 and 0 (TURNER angle between
—45° and —90°), and the activity of convection
is also intensified as R, becomes unity, and the
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net density gradient is also intensified. This cu-
rious behavior of double diffusive convection
has a marked contrast to turbulent mechanical
mixing in which stratification is eventually
weakened or destroyed. Therefore, double dif-
fusive convection has a potential to modify the
water mass properties in the ocean in a differ-
ent manner from that due to mechanical mix-
ing.

In the region off Joban-Kashima and San-
riku coast, the Kuroshio and Oyashio directly
contact each other. The Kuroshio and Oyashio
Waters show a distinct contrast in water prop-
erties as characterized by relatively warm and
salty Kuroshio and cold and fresh Oyashio wa-
ters. These two water masses are often in-
truded each other showing complicated fine
and microstructures favorable for the onset of
double diffusive convection (e.g. NAGASAKA et
al., 1995). Then, double diffusive convection
should play a significant role in modification of
water masses in this region. This region, called
as the Mixed Water Region (MWR), has gath-
ered attentions of physical oceanographers be-
cause the source water of North Pacific
Intermediate Water (NPIW), having salinity
value ranged 33.3PSU~33.4PSU and potential
density is 04 =26.65, should be modified to ob-
tain its characteristics (33.8PSU~34.1PSU and
0¢=26.8) by some mixing processes in this re-
gion (TALLEY, 1993; TALLEY et al., 1995).
TALLEY and YuUN (2001) proposed that
cabbeling and double diffusive convection could
explain the total increment of density (A gy
=0.15). They used a simple T-S diagram analy-
sis, and concluded that A 0,=0.07 is increased
by cabbeling and the rest by double diffusive
convection. On the other hand, INOUE et al.
(2003) investigated these mixing processes in
more detail by using neutral surface analysis,
and concluded that the total increments of den-
sity by cabbeling and double diffusive convec-
tion are almost the same and is about A oy
=0.03, respectively. This value is almost half of
that proposed by TALLEY and Yun (2001).
Thus, the role of double diffusive convection in
the MWR is still undetermined. This might be
due to the lack of detailed knowledge on the ac-
tivity of double diffusive convection in MWR.

In the present study, we try to investigate

Table 1 Observations

Date Instruments

150ct. —170ct. 1996 CTD, XBT
200ct. —220ct. 1997 CTD, XCTD
10Sep. —13Sep. 1998 CTD, XCTD
10Sept. —13Sep. 1999 CTD

10Sep. —12Sep. 2000 CTD

the activity of double diffusive convection in
MWR off Joban-Kashima and Sanriku Coasts
mainly through the statistical analysis using
histogram plots of R, (Tu) at various density
surfaces. The data are described in section 2.
The histogram and T-S diagram analysis are
presented in section 3. Summary and discussion
are given in section 4.

2. The data

The Research and Training Vessel Shinyo-
Maru, Tokyo University of Fisheries is used to
occupy the stations off Joban-Kashima and
Sanriku Coasts located to the northeastern
part of Honshu, Japan. All the observations
are summarized in Table 1. Neil Brown Mark
IIT CTD is used to detect oceanic structures
down to 500db where ¢, almost exceeds 26.8.
Temperature and conductivity data are
matched by using recursive filter to reduce the
unwanted spikes. The remnant spikes or den-
sity inversions, which are not completely re-
moved by this filter, are removed by eye.
Salinities are calibrated with salinity measure-
ments of bottle sampled salinities. These data
are averaged to 1db intervals, and then running
averaged over 11db bin. To obtain R, defined in
equation (1), the least square fit over 11db data
is adapted to obtain temperature and salinity
gradients. @ and S are calculated from tem-
perature and salinity data at a centered depth
of 11db data bin by using EOS80. Tu is then
calculated by using equation (1). An example
of vertical profile of Tu obtained in October
1998 is shown in Fig. 1. Strong salt fingering
(Circled, 1<R, <2) and diffusive convection
layers (Squared, 0.5<R,<1) are piled up alter-
natively in the vertical showing interleaving
layers originated from the Kuroshio and
Oyashio Waters, and the strong mixing events
are anticipated due to double diffusion. In the
following analysis, Tu is divided at an one de-
gree interval from —90° to 90°. The number of
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Fig. 1 Vertical profile of TURNER Angle in October
1998. TURNER Angle is shown at a lower horizon-
tal coordinate, and corresponding density ratio
R, is at upper one. Diffusive ( —90° <Tu<
—45°, 0 <R, <1), statically stable(—45° <Tu
<45°, R, : negative) and salt finger(45° <Tu<
90°, 1<R, <) regimes are shown on top. A
vertical solid line shows the boundary where R,
=2 which separates the higher activity salt fin-
ger region(1<R,<2) from the lower one. Cir-
cled areas show the region for active salt finger,
and squared ones for active diffusive convection.
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Tu which falls into each one degree bin is
counted, and is divided by the total data num-
ber to obtain the occurrence frequency.

3. Histogram and T-S diagram analysis

Histograms of R, (Tu) obtained from each
observation are shown in Fig. 2 together with
station plots. In each year, more than 60% wa-
ter columns are unstably stratified to double
diffusive convection, and in 1996, 1997 and 1999,
modes of occurrence frequencies of R, are
found in the salt finger convection regime, but
the value is about 4 suggesting that salt finger
convection should occurs but is weak. On the
other hand, in 1998 and 2000, we can found
modes in both salt finger and diffusive convec-
tion regimes. The modes in salt finger regime
are less than 2 in both years, and especially in
2000, a sharp peak exists near R, is unity. This
suggests that salt finger convection is so active
in both years. The modes in diffusive regime
are also near R, unity suggesting diffusive
convection is also active in these years.

Thus, the activity of double diffusive convec-
tion differs in each year. Then, we compare the
histograms in 1997 and 1998 in more detail by
plotting histograms at each o, layer from o,
=26.0 to 27.0 at 0.1 o, interval (Fig. 3a and
3b). Note that the occurrence frequency is cal-
culated by dividing the total data number of
each Tu within each layer (this number usually
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which R, distributed between 1 and 2 are plotted, and that between 0.5 and 2 in lower two panels.

differs between each layer) with the total data
number of each observation. In 1997, a mode is
clearly defined between g, =26.0 and 26.6 layers
in the salt finger regime. R,(Tu) of this mode
is 4.3(58 degree) and is almost kept constant
down to 0,=26.9 surface, but its height dimin-
ishes. On the other hand, in the layer between
0,=26.4 and 26.5, there appears another mode
at R, =1.7(Tu="T5degree). This mode is not
clearly defined in the layers below, but exists
down to 0=26.9 surface without changing its
height. The heights of these two modes are

almost comparable down to ¢, =26.9 surface.
Therefore, in 1997, salt finger convection
should exist, but i1s weak in the whole water
columns as was seen in Fig. 2. The mode in the
diffusive regime is not clearly defined, but ex-
ists in the layers below ¢,=26.6 surface.

In 1998, in the layers between ¢,=26.0 and
26.1, two modes exist at R, =5 (Tu=>57degree)
and R, =15 (Tu="T8degree). The mode at a
large value of R, becomes not clear as o0 in-
creases, but not so for that at smaller value of
R,. This latter mode forms a sharp pointed
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peak in the layers between ¢,=26.3 and 26.6,
and R, decreases its value slightly from R,
=1.48(Tu="T79degree) to R, =1.27(Tu=81 de-
gree). Below this layer, the mode in the salt
finger regime becomes less distinct, but that in
the diffusive regime becomes clearly defined.
The mode value in the layers between 0,=26.6
and 26.7 is R, =0.42 (Tu=-68degree) and that
05=26.9 and 27.0 is R, =0.6 (Tu=-T76degree),
respectively. Therefore, salt finger convection
should be active in the upper layers above o,
=26.7 and 26.8 layers, and diffusive convection
should be active below this layer. The same his-
togram plots were also done in 2000 observa-
tion (not shown here), and results support this
conclusion.

We can see the same features in the T-S dia-
grams obtained in 1997 and 1998 in Fig. 4. In
these figures, conditionally sampled data (1<
R, <2: active salt finger, 0.6 <R, <1: active dif-
fusive convection) are plotted together with
typical water masses observed off Joban-
Kashima and Sanriku Coast defined by TALLEY
and YUN (2001). In 1997, the active salt finger
layers are equally distributed over the wide
range of 0y, and the active diffusive convection
layers distribute mainly below o, =26.5. In
1998, however, the active salt finger layers also
distribute in the same manner as in 1997, but,
concentrates above 0,=26.7 layer. The distri-
bution pattern of active diffusive convection
layers are almost same as in 1997, but are
shifted towards the subtropical water mass.

4. Summary and discussion

We have investigated the activity of double
diffusive convection in Mixed Water Region
(MWR) off Joban-Kashima and Sanriku Coast
where double diffusive convection should play a
role in modification of the source water of
North Pacific Intermediate Water (NPIW).
CTD data obtained from 1996 to 2000 in Sep-
tember or October are analyzed by histogram
plotting of occurrence frequency of density ra-
tio R, which can indicate the activity of double
diffusive convection. We can summarize the
main results as follows:
(1) More than 60% fluid column down to

500db (o, is almost above 27.0) unstably

stratified to double diffusive convection. The

activity of double diffusive convection differs

year by year. In 1996, 1997 and 1999, the

mode value of R, is greater than 4 suggest-
ing salt finger convection is not active. We

did not find the modes in diffusive convection

regime in these years. In 1998, and 2000, how-

ever, the distinct modes were found in both
salt finger and diffusive convection regimes.

The mode values of R, in salt finger convec-

tion in both years are less than 2, and those

in diffusive convection regime is near unity
suggesting salt finger and diffusive
convections are active in these years.

(2) In years when double diffusive convection
is active, salt finger convection prevails above
0¢=26.7T and 26.8 layers, and diffusive con-
vection does below this layers.

The first result only indicates the year-to-
year variation in the activity of double diffu-
sive convection at the same season. There is a
possibility that relatively short-term variation
should exists in the activity of double diffusive
convection. In fact, NAGASAKA et al. (1995) ob-
served 2-3 days variation in the intensity of in-
terleaving layers (several kilometer scales)
possibly caused by double diffusive convection.
Unfortunately, their observations were done
by XBT, and no histogram analysis was made.
However, the density ratio may change drasti-
cally according as the disappearance of inter-
leaving layers. This point should be checked by
the intense XCTD observation or long-term
CTD Yo-yo/Tow-yo observation in future.

The latter result was also obtained by
TALLEY and YUN (2001). As was mentioned in
the introduction, they concluded that the half
of density increment needed for the formation
of NPIW is achieved by the efficient transports
of density by double diffusive convection. Our
results will partly support their result, but also
indicate that this efficient mixing process by
double diffusive convection should occur inter-
mittently in MWR year by year. In fact, T-S
diagram in 1998 shifted towards subtropical
waters, but not so in 1997. This may indicate
the intensification of southward intrusion of
subarctic water into NPIW in 1998 and 2000
and the possibility of the efficient formation of
NPIW in these years. The reason for this
intermittency is not clear at present, but may
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be due to the southward extension of subarctic
gyre relating to the wintertime wind condition
in the Subarctic Region.

The existence of double diffusive convection
in MWR has been anticipated by some authors
(e.g. NAGASAKA et al., 1995, YOSHIDA et al.,
1985), and may be confirmed by the present
analysis. This convection should play a role in
the modification of NPIW, but some other
authors (e.g., YASUDA 1997) proposed a model
in which isopycnal mixing is essential to the
formation of NPIW. In their model, a source
water of NPIW has already acquired its density
at its formation site, and then achieves its
minimum salinity through the mixing along
isopycnal surface in MWR. Our results, how-
ever, also suggest that even if active double dif-
fusive convection does not exist, slow vertical
mixing due to salt finger would be present to
transport salt and heat form overlying
Kuroshio (Subtropic) Water to underneath
Oyashio (maybe a source of NPIW or Sub-
arctic) Water, and as a result, sufficient salt is
acquired to form NPIW. In this case, the den-
sity increment due to salt finger should be neg-
ligible. This last discussion is so speculative
and controversial one, and should be investi-
gated in further detail in future.

Acknowledgements

The author would like to thank Professors Y.
KoOIKE and Y. MINE who are the Captains of
RT/V Shinyo-Maru, Tokyo University of Fish-
eries and other officers and crew members for
their kind supports throughput every cruises.
Discussions with Professors H. NAGASHIMA
and M. MATUSYMA of Tokyo University of
Fisheries were very helpful. Thanks are also
extended to Mr. R. INOUE for his discussion and

kind supports. This work is supported by the
Ministry of Education, Culture, Sports, Science
and Technology of Japanese Government.

References

INoug, R, J. Yosuma, Y. Hiror, K. Komatsu, K.
Kawasakt and I. Yasupa (2003): Modification of
North Pacific Intermediate Water around Mixed
Water Region. J. Oceanography. 59, 211-224.

Nacasaka, M., J. Yosuma, H. NacasHiva, M.
Marsuyama, K. Kawasakr and K. YokoucH
(1999): On the double diffusive intrusion ob-
served in the Oyashio Frontal Region. Theoreti-
cal and Applied Mechanics, 48, 385-392.

Scumirt, R. W. (1994): Double diffusion in oceanog-
raphy. Annual Review of Fluid Mechanics, 26,
255285

TaLLEY, L. D. (1993): Distribution and formation of
North Pacific Intermediate Water. J. Phys.
Oceanogr., 23, 517-537.

TaLLEY, L. D., Y. Nacata, M. Fusimura, T. Iwao, T.
Kono, D. INAGAKE, M. Hiranr and K. OkupA
(1995): North Pacific Intermediate Water in the
Kuroshio/Oyashio Mixed Water Region. J.
Phys. Oceanogr., 25, 475-501.

TaLLEY, L. D. and J. Y. Yun (2001): The role of
cabbeling and double diffusion in setting the den-
sity of the North Pacific Intermediate Water sa-
linity minimum. J. Phys. Oceanogr., 31, 1538—
1549.

TURNER, J. S., (1973): Buoyancy Effects in Fluids.
Cambridge University Press, Cambridge, 367pp.

Yasupa, I. (1997): The origin of the North Pacific In-
termediate Water. J. Geophys. Res., 102, 893-909.

YosHDA, J, Y. MicHIDA and Y. Nagata (1985): De-
tailed structure of the surface layer in the fron-
tal zone between the Kuroshio and Oyashio
Water. In “The Ocean Surface”, Eds. Y. ToBa
and H. Mirsuvasu, D. Reidel PubL. Co.,
Dortrecht, 565-570.

Received January, 31, 2003
Accepted April, 28, 2003



La mer 41 : 60, 2003
Societe franco-japonaise d’oceanographie, Tokyo

E M
B4 E5F 1 SEHEBGRES

W A= N BF LWE BERF Fk B =E5HLUEAROBRILEEOEY D7
ZEEOMEIL KL KTEBNC A S RIGREANORERAED R E LT, BEUEHOE D O MmIZ >0 THEE,
SS, TREMMER B K ORI &, RRUKEE R AU TEHE M IS L~ TR U T~ 7o, SRR KA S 3 -4
» A% D2000£10H17-20H 8 KO 11IHIT-19H TH 5, ZOFE, 10 TREOHR T, 11HTRILEIZ S W TH
B OEREEFRED 0.35-0.54 m 'O EEEE N Z N EN60-90mEDEERFMATIcBlls i, £/, @SEEKD
SSIEEIXI0A B L U1IATENE10.82mg /18 L T0.7lmg/l DR KEZER Uic, #E (Y) &£SS (X) Lo
i, Y=0.32X+0.14, (F=042)Th %, S 5II, mEimEKOBHEEBEMEIEEIZ10H T0.52mg/l, 11H<T0.41mg/l &
FHLLAmL, Ihs 2MBERIEEMOE GO RS &, Hi#FiE63.4%, BEFISTTRICZhZTNMHYT 5, MK
(11AStn.3, 7omiE) O ES L RS O KK, REE8-14 (mOFPATHB L7z, YD K5 i1 @mEEK
EEREMEIC RSN, RICEREREN S22 RICEET LI LS, “TBRICHKRTEIEDEEZ SN S,
( *Department of Ocean Sciences, Tokyo University of Fisheries, Konan 4-5-7, Minato-Ku, Tokyo, 108-8477
Japan)

G. CotoNNEC'", L. SEURONT’, G. THOUMELIN’, L. FRAGA-LAGO' : Phaeocystis sp. DEZTIV—LEICEFT B4
FU RiBIERERD Acartia clausi, Psudocalanus elongatus® & U Temora longicornisDBSIFEEAM & 88 & DRIFR
A F V) ZHFEHFIBIZ B O TI99BED KT 7 )V — LBHIHRG L4 TR | i S hic 3 Rt 5 7' 5 v Vil
ICHDE, MRAEEY (POM) B8XUA A 7 OB 5T (Acartia clausi, Temora longicornis, Pseudocalanus
elongatus) DONRIFFEMKEFANTZ, W T 5 07 b v OBUERE, FIDOREROTBHID bEL-T, TDE
%, Phaeocystis sp. WELELTEB O (RZHBEOFI0%) HEZKOVEAETH 7, 7V 7 Mg S MIEER I
HIEDOLANL (K1%) Th-otoo, ZFOfENEE (14:0, 16:0, 18:0) HAPOMOH TH L LEIIEED75% 75
WL96% % LB T, AfafilgliiEia £ & LT (0 38XV w 6 IBIIHE) THEKSh T, ABFJEIC
B A BT, Nafilglimg, &£<1220: 5w 3 (EPA) 8XU22:6w 3 (DHA) WPOMIZHKELTAHALT
VHICHEFRIZIRVEATAREN TV LETH S, Lo L, 181w I DEENENE WD FMEROP.
elongatus &~ T T. longicornis & A. clausi TGN OHEAFMI L TN T20 : 5w 3 BLU22 6w 3 DEEMN
mn ot TR, P. oelongatus DAY R LT, longicornis& A. clausi DHELTEEZRES %5, POMT I &I
MR DZAL NN GROMD % 72 6 LTuniedy, P& L 3 HMOEY TRIBHEEHIKDOZLZ R Ihiah -
7o UL, T. longicornis (3D NRIFIBHKDO LI 2 FEITHAND & X DK TH - 7o, IkBRIT, EAEINS
EPA-DHAK O R RN, BUMOBEN N ZhOMTRE 2K TES > T I E2R®BT 5 L&l
%, ('MREN, Université de Littoral-Cote d’Opale, CNRS UMR 8013 ELICO, 32 avenue Foch, Wimereux F-
62930, France. *Ecosystem Complexity Research Group, Station Marine de Wimereux, CNRS UMR 8013
Elico, Universite des Sciences et Technologies de Lille, 28 avenue Foch, F-62930 Wimereux, France. ‘LCAM,
Université de Lille I, UMR 8013 ELICO, Bat C8, Villeneuve d’Ascq 59655, France. ‘MREN, Université de
Littoral-Cote d'Opale, UMR 8013 Elico, 32 avenue Foch, Wimereux F-62930, France. * Corresponding
author:Tel:33-321996432/Fax:33-321996401/E-mail:gwen@mren2.univ-littoral.fr)

EHH RER:BELSFHEELTHANL, BEEESFEVNOZERECHNIT TOZERETROBERE

WA S ZREM AR O IR AIEIEIC B VLT, 19964 520004512 i TCTD A b 72 Bl AT, ZHk
WD T 7 7 4 E7 14 2T, £OFER, 500db (0o <27.0) LTI, 60%LL Lo Eun#ElE < HEILHEoHT
MIGFHTH B EMWRINCD, ZTOEAVIRIEITI > TR Y DENNH S I EMRINIC, O EiF, “HiL
WA REAERICE > TWE I EERBTEDTH S, _EILHOGTRSIER ST, JLRFEEPEK
(NPIW) 242135 0,=26881%, VIV 74 77— (RE), diffusive®xitit (THD Ick->THEh TE D,
CHEAILHEOHTRASNPIW O L E B 2 5 TO A REPEDRE S 17z, (*Department of Ocean Sciences, Tokyo Uni-
versity of Fisheries, Konan 4-5-7, Minato-Ku, Tokyo, 108-8477, Japan)



La mer 41: 61, 2003
Societe franco-japonaise d’oceanographie, Tokyo

Pa
v =N

A

1. 20034 3 H 4 H CROSHERBIM  WRUKBERFEREE
BB E ISR 0T 1 iR ssiihnie #Ba,
FHTER R LS LUFRER B LOARERD 7,

s
:

2. 2003#:3 H5H~3 H20H EA—JLc&kD,
B o0 & - e B R B RO HZ B IR 1<
WTHEHORR ATHEHER (HRAY) 222 HZ
HirfhE, AR E CRRUKERS) 2 HZH
Al R L, RIS L7,

3. 19RO AlE R ORI, {5 T
IZOWTHAN BB (R 1L ER & B GREA)
REFB2 B EE PH#) £ ch 2 naEilh Ui

4. MrA=H
X 4% il - TS s
K Es TERFREYE- MYy VIV - TR B

T236-0022 T-HEHARBXIRAM1-33

auji

c

5.

6.

=

B2 GELEE)
I

S

JRE HAL 2 No. 157, 158

F&iff= 2 — 2  No. 51, 52

72>L%  No. 205 207, 208

Wi R E 285

JEET W = 2 — A (24, 25)

NII News No. 15, 16

NTT R&D Vol. 51(10, 11, 12) 5201, 2, 3)

Fiff= 2 — 2 No. 52

B No.2T

KRG ¥ — No. 6

Journal of Ocean University of Qingdao Vol. 2(1)

Journal of the Korean Society of Oceanography
Vol. 38(1)

Ocean and Polar Research Vol. 37(3, 4)

HBIEER A (A AR D 5532505, 6)

MEPEKEERESE Vol. 23(3, 4), 24(1)



62

14
2%

59 %

La mer 41,

2003

BiLiBFFEKAI

A3 AN R EFRT B,

R0 HIYE HALIEES X OUKBEFE O ik %
FEiCL, WEO Z 05 OREOW ) % et
5HDE9 5,

LA DOHEEBT 3O A ZROFEEIT
$9,

(1) G2 OB

(2) WEOMFEY S & OKEFICE S 3 EE
RO BOBER, HRE & O K&

(3) MiE DI, IKERS OB OBEAL LU
WK

(4)  BALHEDE, KEFEEEFEOMEL U2 D
PR DS, WEmi7s &I K B R

(5) &[] oD 7 D A A A

(6)  HALWEEE, JKPEFH OB OHEEED 7251
S s

(1) SWMOFEITE X IR

@) ZDMAZOHNEET 27D H
ES

KRNI, W, IKEFOSENE U THRS
ERIFBIENTE S,

SRETFFREESOIRICE > TER bD T
%,
AEORHIE AL (T150 FEABA
KL 3 THIF25E) 1Tl <,

REZTHTTSBAEE L 2 EMNTE B,

ARESHRIASOHMICEKL, iEoatz

WdBEDET B,

SHEESR, FPASEBIUOBRIAHLET S,
B2 B ATEIIERH6,000H, EEXESTEIIE

#4,00011, By Ba®IE—O4E%410,0001
EF 5,

AEFFTHEARIT L > THE SN S,

HHEOEHIIS04 E L, FLAEORTIZL -
TEMIN B, EEREHLINED 2B HBE
2k B,

LEFFHHEAROREELMG T AE TOMNES

105

B11%

F512%

F513%

4%

BEASSMEA A TH  HIE
TFI604E 4 H2TH  &IE
PEAFEE6H 1T H BIE

=BT 5 ENTE S,

FEEBOMIR 2 ET 5, 2L, EILE
FIE,
FHEBRIZONLDROEE%ESS, 7L,
ERIFEREUND S bR EMNTE B,

2E 14 Bak 24, B 104,
R 24
BTEOEMR 24 LT 5, 122, ELEDT
[AG /R

HRE ORI GERINCED 3 RIEBEICL B,
RETHEEE, MEBIOSELHEEELC
LINTE %, HERE, BMBIUOAZERHR
FHHASOPHEII IV EEINERE T /214
BT 5,

HILZRE T 5 v A NFREREZOZF SR
5,

HEEALSEREL, BEBIUHHEALR0H
E&E15, 2EFNH B EXRRISENINIC
b %,

L5, AIEEBXURFRIRIFLEHELL, K
KON, bt Wik PFERE, Wi Lo
BHEIT,

BRIAZOLZHEEBET 5,

R L Mg& A . BEeTEHFRES O
&, 20REMEEARET 5, SHEIRIT
WEARBRFIT L > THRBIZBIMT 5 EMT
X5,
LREFHEITIS U TR R S O Rk 2R TR
BEEPHET B ENTE B,
REMOETIIRBZORFHIT L 5,



4.

¥k

i

i 63

BILBFEFRFTHEE - REELRTE

- ARBIAE IR BRSS9 463 K U104 2

DEARZOFEHEB L ORE DR TEEICOWTH
ETELDTH B,

. B IERHO0AE LML AR L D # T

5o

FEHE R O BEEB S EBREST Y, L, B
WZhic-> TEASEREUNOEER 2 RN ANER
g 360 ET 5,

e

(2]

. RXRIFEEROHLME AR L D ®INT 5,

SHEROFHIIMBEHRENMT o 72720, BFIC
Hlco TRARKBELIORE 2 KITLRANER
THEHLDET B,

LRl ®Bif, BXUERR, SEoftEIckoE

AR TIET 5,

. ABEORIERFHREZORERETIT )0

BILBFFSERE

i 2 ELUAN 22, 12HRKE TIic@E hEHEZ >

HALIERE RS (LT T3] 20)) 8L U
HALMEPE S SCH (LU TECHE ] EvH) &R
YRITHET B, FREHIAESAT, WEEBXV
TREEFIT B W0 TR 1R N EAL 2 28 T 1B D1 v ip
5, UFICHl~N2EZERTRINIHITIRT 5,
HOCH B TUIRE PR EEE 2 EIHE R & 5
NENGET S, FAIE U TEBEEEZ G 34E
(JBF) oz, R¥EEFICRESNIH DN
Mo, BHFEHN2WMUNERY, ToFHE G
FHaat) 1T, UFNIKl~2®E2 R TR 5,
YPRHBIORXEBMELESZT 5DPRH
B LUMCHZRERE SRS QT [RA&]
End) EFT B,

FALSOFRHIFIIHET B,
ZHBEHERFOFHREARTERHAL, ZAERIEZHD
HBIZXDED S,
SERBASVBDLE LA IZEE, HAOREL
BT2H/ETRELZBMBET 5 ENTE 5,
ZAXIFPLHZHGME 1B X OMXCEZH

(2]

TaRICHE T 5,
SRERRALSMERE U 2 KM 12> 2 a4 &
HoRRIT X DFFHERZICEN S,
BEHBIIFEREER O 340 2 M EESNEEL, F
DS B 450 3 U LOBENH 2HE, Ih
SESHEHZEHELUTRET %,
EHRAIBEROBEZTBOLTITL, ¥2HZH
FIZRERBEOA T IV E, RXEZEFIIEIR
rEThThBET 5,

7. ABEOYIEFFFHRBZOEEHTIT Do
e
1 ZHEAEMSE» SEH SN S & 5125

T5I &,

2 ZHHZRFENE L URKREHMABICDIE XD
T4HET 5 &,

3 PERIEE X 0 #ERT B,



64 La mer 41, 2003

BILBFZERE [ 541 RBERE

1. [95&) (R3GES La mer) 3 HALEFEESOBBIGEE UT, AIXE BRI XY, EFER X UUKEFR S
iz zh S OBIES B OWFFERCR % 8K 2 FilidEETH 0, RIS MO IO FE %2 6> L& HIY
ELTW3,

2. [5&0F, FATE UTHELRRITS N, 8RR KB Z &) 1T X 2w, BEERR, &3, Pz,
EiEZ Ofthr, WEZEHSOFRBEICIVEEKT 5, Ih o OEEHE HILBE AR ITRIET %,

3. BFSIE, BALEEYRSH, BIUOBLBEPSERBICET 2R 6 LT 5, FEFICZHEAGUHAR
XEMN S OERE AT,

4. FFEIH, 1L, EIMEFEOWTNNET B, KL, £BLXORGHOHREIAXF TR UIR 5, FEH
ATI3HI2005E D P E 7LD EFEFIKE UTATIRA b 28, WOGRITITHIS00F ORI E T bIRkA 5,
7272 L, HAFEBEND S DBRFEOMLEBIC DWW THREZAEZDOBRILET 5,

5. HRRBIRTU7—F7mEey FEHOTERL, A HFHKES 20 GF, @& 1) 9¥>&9 5, fARHEHE
T AXFERIITRTALHEL, ARKIZT TV« AR—Z (FIXY — 7o TIRAHYHRE) TiEAT 5, K
it X O DR A SR & 35 E T 5,

6. HREROKRBIERIE S & IRESBEER XD It S, FHEARFBL LD, LT 50X ESmMELZHS
DHEAIHES o SIHXIRD ZnIEid, MGk, BATASEGR S TR0 —E5IH &L, BITARB LDk
12K B HHEEITHES

7. FEREMR TR & LT, #RN WIE % 7213 1/2000R) itz oha b0 &g 5,

8. PR FEZEDKIERZ 5,

9. ZKRIHL TR THRINR—YETOBEEMEIE T2, ZHOKRMET RRLREEZBZ 506 KOS HERM (K
R ZIR ) OHRSKEEETNTEEAR 10,000/ RX=Y) &F5, 722U, 77 —HMEGGEER &I
i, NCETEDBMAEEE (RH, EaEES) AMLT 5,

10. TRTCOERERICOWT, 1fd 700 5058% Mk THKTE 5, 50Hi%2 B A 5 530 1355 KI1C X 0 5050 H
PLCcHRCrEf SN 5, B0 FRTRITRIRRIE & HRFIC g s h 5,

11. FRORZ VLRI TLOEY £95, BEFEE GHFOUARNRER) HEikLDe-mail 7 N L R FICFAXEF
a2 LET 5,

T108-8477 HEIX¥#EMA-5-T WHUKEER PR PR GEH REBSU)
HALMGPE MR B
e-mail : jiroy@tokyo-u-fish.ac.jp

B 2 E W

1. FEfE

(1) FXEROYLEG : V— R oy ¥ 2FHL, ALK HIKICE X Z /307, M25iT 2 BHLIERKT 5 2 &,

2 MXFROSA V- F7 oy b &ML, AAHOMKIZY TIVAR=Z2BITTY A 7L, T4 7183300
HllE 72 AL SRR &R T35 2 &,

(3) FCERE, BOURRROThola s, ®E, RKERB X CRMEIERIZZ AR S35 E 3 5,

(1) IKERERB ORI, FHRERE & IR, % RRsREsnhc7ey E—7 4 X7, CD-R/RW, MO
HTORMAEKIET 5, 2084, BRI Microsoft WORD, Just System—A&KER, PDFOEFED AIZ[R %,
7, £ KREINSERT » A IVOHFIZIRD AL A, bmp, jpgEd—fENSHIET » A WVITRIELICE D
IZR B, 5, HABEEEHLE0,

2. FXELHOIEF
() B2 FSCUEERD - BRI OH 1 X— U HIc&#, EFEHA, HRoTbhciEmii, drfeih, BEH S 2
LW TR T B, UITEHE THRITIEEBME D - 7856 S BURERM & RLild 5, ik CGEEoBE ikt



¥ e om 65
LT 2 EHEWRT B) O, EiEES, 77 v/ AFS, Email7 FLAbET, KEICF—7—F (4
UMD, Jv=v Ny FEEXTHRT 22 &, H2R—VHIKKXE R WeRE, FHELEaT) %200
MUNTE T ARBEHEIR—VHNS, [HE] B THER] (8% [3E] [0k RO 72 &
DENLTH 2 WIFHEMIZEET 50 RN S HEGR XD REE X ES2E I U TRRERZ/ERKT 2 C
Lo FRITEMLOR=-VFEFTELATS I &

2) KFE WOURRD - EROH 1 X—VHICKE, F&54, MROIThbhiEMSE, ifeih, R %504
T 5, W THRMIEERBENL D - 7254 BBBEBE ik 5, RBEICF—7—F (4FEUN), 7=V
TNy RERLT 52 &, HF2R—VHICRER R, FEAEE0) £200:5UNTH T, AEH
3R—VUHMS ET B, [Introduction | [Data | [Results | [Discussion | [ Acknowledgement | [References |
[Figure Caption | 7% EDFENLTTHICEINT 50 AR EIHERER ORBIL T A S BEGR X ESF 1T L
THEKT 5 2 & MR — VIO ERE, FHE4, @EReELQM, EikE T, 77 v 7 ZA%F7, Email7
N 28 LRS00 FLUNOHXEEEIRZ 5, FRICEBLOXR-IUYFESERLAT S L,

(3) AR, REE: AR S TR RS & b IR SCICHET B,

(4) SFHTER, ERE ARICEIRICBT A MBI RO, TTIBREh b0 EBEITTS I L,

3. EFODEE
JERE T OMETFF10.5pt~12pt & HLICHRE L, REFEEM T+ v VEHWSE I &, FREA 7Y v 7, FUE
MCcoBMBWHEIA I AF LTI L, Maiiid ) BXY () £958, XY ZMTE () BXE ()
%)ﬂh\%f_to EHiOEH, #E, XA EOHBRA—IV RERETVy 7 ET B,

4. X
YHERRAL B I OREBICFHEN/2 DDA TEDI L LI NIZRE S, FISGR, WOGH IS % H 0
TIVT 7Ry ME (H—FFIC20TiE, B, KFOHEL, ThZhRBEFEOHOVIE 1 &, LUTFoflic
o Tie#kT 5,

(1) W/XDHE

BHREMM, BOITSE, MEIEREE (1996) « FHMEICR T 27 5 A BESHEORIELIL. 5 &, 34, 45-52.

Yanagr, T., T. Takao and A. Mormoro (1997): Co-tidal and co-range charts in the South China Sea
delived from satellite altimetry data. La mer, 35, 85-93.

(2) BfiEa#mX (BEiTEo—5518) 0Bs

MEFIER (1974) - A EEME T Z 07 b ol WEFEREL0 T 5 v 7 b v GUSRE=HE), SRR ERRE
HEt, p. 111-128.

WyYNNE, M. J. (1981): Phaeophyta: Morphology and classification. In The Biology of Seeweeds. LoBBaN, C.
S. and M. J. WyYNNE (eds.), Blackwell Science, Oxford, p.52-85.

3) EHEiTADIZE
M #EE (1989) : M EEE O T THL DR EH B —.  [EEMAFEAEMR, Hi, 154pp.
SverDRUP, H. U., M. W. JonnsoN and R. H. FLeming (1942): The Oceans: Their Physics, Chemistry and
General Biology. Prentice-Hall, Englewood Cliffs, New York, 1087pp.
(4) RXPTOXEDSIA
AP TOERD I F R T TICRITINIHEE BB ICT 20, ERMIZBROERITHED
DGreve and Parsons(1977)
@ (Avian and Sandrin, 1988),
®Yanagi et al.(1997) %+ (34U LoiZois
@ RmLTW0% (BlZIE, Yanagi et al., 1997) (3 U LoHFDLA)

5. B, RELUVEE
(1) K, XBLOFELEZOHHPRT N T IILE S,
2) KW, RIzoFFFHEHOFREL S L5 WHIEE DT, ARO REMKIMER L D (BHEE, IE



66 La mer 41, 2003

FRICOWTHA Y VRN ERBICAUROKIZIE—LTEL T ENEFE LWV OAEZIIT 2, 75—
MAEFHT AR EDOEHLT 5, CZOBE, MCMEOEHAESANEST S,

(3) BEIDGIRFFAIMIRICHEICBE b0 22T T 5, 75 —FHOHRAFLET 256320 5K
T3, COGE, MICHEDBMEEZEAMET 2,

@) K, %, BICGEIZRM D L2380 RICR KB 14em, #EA20em GEHXEEDL) UNTHE I EE2EELT
fERT 5 2 &,

6) K (FEA&t) 1id, Fig. 1, Fig.2, OEIIZBLEFEFTEDY, —DORPITEEOREGLEAR
Fig. 3(a) Fig. 3(b), -+ DEIIHRET %0 AP TOFIHIEBASEROLES [Fig. LLASN D X H 1T J
DEHITT BT &,

6) #icix, BEHOK (RO LDOZAR—2) ITHHEDY, I ELHHKE L, Table 1, Table 2, - DI
WLFEZEDTBE I &,

(M K, % BIUOFHRIKIEICEES, BLESEDF S L, £, AN TOMARKT & TR TR
DM RGN R EE T3 2 &,

(8) M, TEHOMMIIIMKIZELEDE I &

(9) HIBNZ I8 S 3 HOL MR E Fo T, REEANS Z &,

6. HfI
JFHIE UTSIHEALZ v 5 & &, $0 3 IS BN (Practical Salinity Unit:psu F723PSU) Z M0 2854
WBHALE L ET 5,



—

(S}

(98]

(@2}

—

S}

i

i 67

+k

Information for Contributors

. The scientific journal,“La mer,”the official organ of Japanese-French Oceanographic Society (JFOS), is pub-

lished quarterly. “La mer”is open to all researchers in oceanography, fisheries and related sciences in the
world. The journal is devoted to the publication of original articles, short contributions, reviews, book re-
views, and information in oceanography, fisheries and related fields. Submission of a manuscript will imply
that it has not been published or accepted for publication elsewhere. The editorial board decides the acceptance
of the manuscript on the basis of peer-reviews and is responsible for its final editing. The Society reserves the
copyright of all articles in the Journal.

. Submission: Manuscripts must be written in French, English or Japanese. Authors are requested to submit

their original manuscript and figures with one copy to the Editor in chief.

. Publication charges: For members, there will be no page charge for less than eight printed pages and

10,000 yen will be charged per page for the excess, except for color pages. For nonmembers there is publication
charge of 10,000 yen per printed page except for color pages. Color illustrations will be provided at cost.

. Proofs and reprints: Fifty reprints of each article will be provided free of charge. Additional reprints can be

provided in blocks of 50 copies. Proofs will be sent to the corresponding author. A reprint order form will be
sent with the proofs.

. Manuscripts should be sent to

Editor in Chief of “La mer”

Jiro Yoshida

Department of Ocean Sciences

Tokyo University of Fisheries

Konan, Minato-Ku, Tokyo, Japan 108-8477

Manuscript Preparation

. General

1) Manuscripts must be typed with double-spacing on one side of A4 size white paper with wide margins.

2) Figures, tables, and figure captions should be preparaed separate from the main text.

3) Authors should submit an electronic copy of their paper with the final version of the manuscript. The elec-
tronic copy should match the hardcopy exactly and should be stored in CD-R/W or FD. MS-
WORD(Windows) and PDF formats are accepted.

. Details

1) The first page of the manuscript should include the title, author's full names and affiliations including Fax
numbers and E-mail addresses. The corresponding author should be designated. Key words(up to four
words)and running head should be written at the bottom of the page.

2) An abstract of 200 words or less in English or French should be on the second page.

3) The main text should start on the third page. Please adhere to the following order of presentation: main
text, acknowledgements, appendices, references, figure captions, tables. All pages except the first page must
be numbered in sequence.

4) Mathematical formulae should be written with a wide space above and below each line. Systéme
International (SDunits and symbols are preferred.

5) All references quoted in the text sohuld be listed separately in alphabetical order according to the first
author's last name. Citations mus be complete according to the following examples:

Article: YANAGI, T., T. TakA0 and A. MoriMoT0(1997): Co-tidal and co-range charts in the South China Sea
derived from satellite altimetry data. La mer, 35, 85-93
Chapter: WyYNNE, M. J. (1981): Pheaophyta: Morphology and classification. In the Biology of Seaweeds.
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LosBaN, C. S. and M. J. WyNNE(eds.), Blackwell Science, Oxford, p. 52-85.
Book: SvERDRUP, H. U., M. W. JounsoN and R. H. FLEMING (1942): The Oceans: Their Physics, Chemistry
and General Biology. Prentice-Hall, Englewood Cliffs, New York, 1087pp.

6) Illustrations: All illustrations should be provided in camera-ready form, suitable for reproduction(which
may include reduction) without retouching. Photographs, charts and diagrams are all to be referred to as
“Fig(s).” and should be numbered consecutively in the order to which they are referred. They should accom-
pany the manuscript, but should not be included within the text. All figures should be clearly marked on the
back with the figure number and the author's name. All figures are to have a caption. Captions should be
supplied on a separate sheet.

T) Photographs: Orginal photographs must be supplied as they are to be reproduced(e.g. black and white or
color). If necessary, a scale should be marked on the photograph. Please note that photocopies of photo-
graphs are not acceptable. Half-tone illustrations should be kept to a minimum.

8) Color illustrations: The printing cost of color illistration must be borne by authors or their institution.
Authors will recieve information about the cost on acceptance of the manuscript.

9) Tables: Tables should be numbered consecutively and given a suitable caption on top and each table typed
on a separate sheet.
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