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Deep Water Isopleth Distributions in the
Western North Pacific*

Hideo Supo**

Abstract: Most vertical sections of the deep water reaching to the near-bottom show that
isopleths near the bottom slope up and down in accordance with the sea-floor configuration.
Undulation of water property isopleths may be generated in the upper water also and some-
times at mid-depths of 2,000 to 4,000 m. At the southwestern boundary of the Northwest
Pacific Basin and in the Izu-Ogasawara Trench, it is evident that the vertical excursion of
isopycnals becomes larger with depth below about 4,000 m toward the bottom than that of
isotherms. Throughout the water column between about 1,000m and the bottom salinity
variations on isotherms are always slightly greater than those on isopycnals, while dissolved
oxygen variations show no significant differences between on isotherms and on isopycnals.
Therefore, in general isothermal surfaces are not parallel to isopycnal surfaces. At least for
the deepest water within a few hundred to a thousand meters of the bottom, these results
can be explained on the premise that the water temperature must be affected by geothermal
heating while salinity is always conservative.

1. Introduction

Deep water properties show significant local
variations and their distributions are influenced
to a certain extent by the bottom topography.
A distinct wavy distribution of isopleths was
obtained for any of the vertical profiles prepared
from the INDOPAC data of potential temper-
ature, salinity, dissolved oxygen and silicate-
silicon along 35°N in the western North Pacific
(Supbo, 1982, Figs. 5.4.7a—5.4.7.d). Though
the vertical excursion of isopleths decreases
with increasing depth, it is still detectable close
to the ocean bottom. Furthermore, some near-
bottom isopleths, especially isohalines, slope up
and down in accordance with the bottom con-
figuration (Fig. 1). On the vertical sections
along 33°00’N and 26°50’N the lowering of
isohalines is plainly shown in the Izu-Ogasawara
Trench. This depression in isohaline reaches
up to a depth of about 2000 m (Supo, 1982,
Figs. 5.4.3b and 5.4.4b). The isotherm lower-
ing in the trench can, however, be detected
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** Department of Marine FEnvironmental Science
and Technology, Tokyo University of Fisheries,
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only for the 33°00’N section (SUDO, 1982, Figs.
5.4.3a and 5.4.4a). These results suggest that
isohalines do not coincide with isotherms at
greater depths. It should be noted that salinity
is the only conservative water property near
the bottom.

Salinity of the deep water shows surprisingly
similar values everywhere in the Pacific, especial-
ly in the western North Pacific (WOOSTER and
VOLKMANN, 1860).
profiles based on closely spaced samples in the
southwestern part of the North Pacific reveal
detailed salinity and dissolved oxygen structures
as well as the temperature structure of the deep
water down to near the bottom. In this paper
some analyses on the isopleth excursion of the
deep water are made and a physical inter-

Recently, some property

pretation is given on the relations between the
near-bottom distributions of potential tempera-
ture, salinity, dissolved oxygen and density.

2. Data and analysis

Two sets of observations made during 1974
to 1979 are adequate to the present analysis.
One is the hydrographic survey on the deep-
sea disposal of radioactive wastes in the central
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western North Pacific aboard R. V. Kaiyo Maru
(Supo, 1978, 1979); the other is the INDOPAC
Expedition on R.V. Thomas Washington in
1976 (SCRIPPS INSTITUTION OF OCEANOG-
RAPHY, 1978). On most of the stations shown
in Fig. 2 the deepest samples were within 100
m of the bottom when the bottom depth was
less than or equal to 6000 m. The Kaiyo Maru
section taken in 1974 was from a V-shaped
track turning at 26°N, 150°E. In 1978-1979
the Tokai Regional Fisheries Research Labora-
tory, Fisheries Agency made four hydrographic
sections, along two parallels of 26°50’'N and
33°00’'N and two meridians of 138°00’E and
143°15’E.  On these five Kaiyo Maru sections
the vertical separation between samples below
1000 m did not exceed 250 m and except for the
1974 section it was reduced to 50 m or 100 m for
the deepest several Nansen bottles. The four
INDOPAC sections selected for the analysis are
along parallels of 35°N (Leg 1), 22°30’N (Legs 11
and III) and 13°N (Leg I1I) (Fig. 2). The vertical
spacing below 1000 m was 200 to 300m. The
35°N section is made of closely and equally
spaced stations across the North Pacific, but the
western half of it, the Northwest Pacific Basin,
is adopted here because of a marked difference
of water structure between west and east of the
Emperor Seamounts (KENYON, 1982).

The object of analysis is the deep water below
about 1000 m. The following potential temper-
atures were chosen to obtain the values of depth,
salinity and dissolved oxygen on isotherms:
3.0, 2.5, 2.0, 1.8, 1.6, 1.5, 1.4, 1.3, 1.24,
1.20, 1.16, 1.12, 1.10, 1.08, 1.06, 1.05 and
1.04°C. For the sections in the Philippine Sea

the additional isotherms for 1.28, 1.26 and-

1.22°C were taken.
pycnal analysis is the general potential density

The density used for iso-

o; that the water would have, if moved adia-
batically to the depth where the pressure is i-
fold 1000 decibars. According to depth range
the following density values were selected:
27.30, 27.45, 27.55 (the usual potential density
¢o), 36.85, 36.90, 36.95, 37.00 (gs), 4l.48,
41.50, 41.52, 41.53 (g3), 45.90, 45.91, 45.92
(04), 50.19, 50.20 and 50.21kg m™* (os).

For each of the sections the mean depths of
both isotherms and isopycnals selected and the

displacements { at respective stations from those
mean depths were obtained. Thus the root-
mean-square (rms) of depth displacements
((&&)172) for isotherms and isopycnals were deter-
mined. Since vertical excursions of isopleths
tend to increase with depth (Figs. 4 and 7),
the values of ({2 are inadequate to indicate
intensities of disturbances. It may be assumed
that the product of the mean-square depth dis-
placement and the vertical density difference
corresponding to the displacement is an index
of the wave intensity because the wave energy
per unit area is proportional to the product of
the square of amplitude and the water density.
If the vertical density difference is the product
of the rms depth displacement (Z2)!2 and the
mean vertical density gradient at the mean

%
depth of the isopleth, the value of (:2>«°~2—a£—

(kg m™!) is considered the wave energy intensity
of the isopleth.
ations) of salinity and dissolved oxygen on the

The dispersions (standard devi-

selected isotherms and isopycnals are plotted on
a log scale against depth as well as the wave
energy intensity.

3. Vertical excursions of isotherms and iso-
pycnals

The V-shaped track section taken in the
southwestern part of the Northwest Pacific Basin
lies on an undulating bottom at about 6000 m
depth (Fig. 3). The bottom effect is detectable
up to a depth as high as about 3000 m above
the bottom (isopycnal of 41.50kgm™ in a3,
mean depth 2920 m).
cursion increases nearly uniformly with depth
(Figs. 3 and 4). The isotherm of 1.4°C is
parallel to the isopycnal of 41.50kgm™® in o3
east of 148°E. Below 2800 m the displacement
of isotherms is apparently smaller than that of

Below the level the ex-

isopycnals and the former vertical distribution
is much complicated. Down to a depth of about
4300 m (potential temperature 6>1.12°C) it is
similar to that of isopycnals, but at depths of
about 4500 to 5000 m (1.06<6<1.10°C) it varies
inversely with depth. The deepest two of iso-
therms (1. 05 and 1. 04°C) greatly vary in depth
with the station. These excursions must exceed
the local variation in the bottom depth. The
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Fig. 3. Isotherms, isohalines and isopycnals on
the vertical section between Site C and north-
west of Site B through Sites A and B, Kaiyo
Maru, July 16-23, 1974.

isopycnals have defenitely larger wave energy
than the isotherms throughout the water column
below 1000m (Fig. 5). Both isopleths show
weak maxima of wave energy intensity at about
3300m (1.30°C and 41.52kgm™ in ¢3) and
below the depth the wave energy of isopycnals
is nearly constant.

The 26°50’N section (Fig. 6) was taken in
the westernmost part of the Northwest Pacific
Basin. Below about 2500 m the rms depth dis-
placement of isotherms (Fig. 7) is considerably
smaller than that of the 1974 section except for
both isotherms of 1.16 and 1.12°C. The large
displacement of the isopycnal of 50.20kg m™ in
o5 is due to the remarkable lowering of iso-
halines in the Izu-Ogasawara Trench. It seems
that the trench produces no effect on the water
Nevertheless, the cold water of
less than 1.05°C is found at depths greater than
about 6000 m in the trench.

temperature.

The dense water
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Fig. 5. Vertical distributions of wave energy
intensities for isotherms (open circles) and
for isopycnals (solid circles) between Site C
and northwest of Site B through Sites A
and B, Kaiyo Maru, July 16-23, 1974,

of 50.215kgm™ or more is confined below
5400 m in the basin east of 146°E. Above the
level east of 144°E both isotherms and iso-
halines are not necessarily slope up and down
in response to the bottom configuration. There
is a marked wave energy maximum at a depth
of about 2000 m with the intensity then decreas-
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ing toward a depth of about 3000m (Fig. 8).
It is conjectured that this wave energy maxi-
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the vertical section along 26°50’N, Kaziyo
Maru, May 13-18, 1978.
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Kaiyo Maru, May 13-18, 1978.
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mum might be formed by the disturbance of
the Izu-Ogasawara Ridge to the zonal flow.
The minimum at about 3000m may indicate
that the boundary between the upper and the
At least
for isotherms another wave energy maximum
appears at about 4000 m.

On the northern section along 33°N (Fig. 9),
the wave energy intensity is conspicuous for
the mid-depth minimum. The Izu-Ogasawara
Ridge rises to within about 800 m from the sur-
face at the latitude; the Kuroshio must be

deep circulations exists at this level.

° (TEY22L g ™ .
% 2 4 6810 20 40 60 100 200 4003,
3 T T ¢ T T T ToTET T 57.30
30 [ . o 7 .45
[ ° . 1 e2rss
[ . | sees
20 r ° . 1 .90
2~ o . 7 95
1.6 = o o
i . 37.00
¢ . 4148
g 3 N 4 B0
s £ [ . o 52
] . 4153
124 O - . © -+ 4590
1.20 o, B ET]
4L - R
- . | 4892
L1z L o . 1 sole
110 o
1.08 L a ¢ 5020
[
1.05 r °©
1.04 o
i Lo P
26°50'N STATIONS 7801 -7810

Fig. 8. As in Fig. 5 except for along 26°50’N,
Kaiyo Maru, May 13-18, 1978.
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laterally spread and be diminished to such a
vertical scale above the ridge. Therefore the
extremely low wave energy shown at about
2200 m must indicate that the topographic effect
on the distribution of water properties does not
reach to the depth or more. Both the energy
minimum depth and the subsequent energy
maximum depth (about 2700 m) are considerably
shallower than those at 26°50’N. On the other
hand, the vertical excursion of isopycnals is
smaller than that of isotherms above 4000 m.
This means that isohalines are less undulated
than isotherms at mid-depths.

At the meridian along the trenches or the
western boundary of the Northwest Pacific
Basin (Fig. 10), the distribution of the wave
energy intensity is somewhat similar to that at
26°50’N. Both have distinct minima at about
3000 m and below them less sharp maxima are
shown for isotherms (at about 3600 m for 143°
15’E and at about 4000 m for 26°50’N).
the depths the wave energy intensity for iso-
therms gradually decreases with depth, but at
greater depths, the former has another minimum
at about 4200 m and thereafter increases unlike
the latter. A noteworthy feature in isopleths
at the western boundary of the Northwest Pacific
Basin is the fact that the vertical excursion of
isopycnals is apparently larger than that of iso-
therms below about 4000 m.

The wave energy intensity at the eastern
boundary of the Shikoku Basin (Fig. 11) shows
a definite vertical distribution with a minimum
at about 2000 m and a maximum at about 3200m.
There is not a significant difference in the
vertical distribution between isotherms and iso-

Below

pycnals.  Obviously, extremely large values of
the wave energy intensity estimated for the
upper water indicate the remarkable sloping of
the main thermocline in the cross-section of the
Kuroshio. The wave energy decrease with
depth below 3200 m is due to the decrease in
vertical gradient of water properties; the bottom
water in the basin is nearly uniform.

The noticeably vertical excursion of isopleths
at 35°N gradually decreases as depth increases
to more than 3000 m and increases to the bottom
(Fig. 13). The wave energy minimum is formed
at depths ranging from 3000 to 4500m and
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Fig. 10. As in Fig. 5 except for along 143°15’E,
Kaiyo Maru, May 10-17, 1979.
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Fig. 11. As in Fig. 5 except for along 138°00'E,
Kaiyvo Maru, May 20-24, 1978.

within the depth range (at about 3800m) a
maximum is discernible for each of isotherm
and isopycnal distributions (Fig. 14). This weak
maximum may be due to the topographic effect
of the Shatsky Rise rising to a depth above
4000 m (Fig. 12).

The eastern section at 22°30’N was made of
four stations taken on the eastern slope of the
Izu-Ogasawara Ridge and on the Mariana
Trench.
these stations is not more than 4000 m, the wave

As the greatest depth common to

energy intensity at greater depths than the level
is not shown in Fig. 15. Although the vertical
distribution of the wave energy intensity is
somewhat scattered, there is a slight resemblance
between the distribution for isotherms on the
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section and that on the 138°E section (Fig. 11).
At depths less than 2000 m the values for iso-
therms are apparently larger than those for iso-
pycnals on the western section (Fig. 16) as well
as on the eastern section. The reason is not
On the former section and on the
southern section (Fig., 17), extending from the

clear.
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Isotherms, isohalines and isopycnals on the vertical section along 35°N,
INDOPAC Leg I, April 17-28, 1976.
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West Mariana Basin to the Philippine Trench,
it is shown that the wave energy intensity is
the smallest at depths ranging from about 2200 m
to about 3400 m; both have less sharp maxima
in those depth ranges (at about 2700 m for 22°
30’N and at about 2900 m for 13°N).
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Salinity and dissolved oxygen distribu-

tions on isotherms and isopycnals

Salinity variations on isotherms and isopycnals

La mer 21, 1983

in the southwesternmost part of the Northwest
Pacific Basin are nearly uniform with depth
except for large values by a factor of three or
less at depths above 2000 m (Figs. 18 and 19).
This is probably due to a simple structure of
the deep water. The standard deviations at
26°50’N is about 0.002 ppt larger than those on
the V-shaped track section. This suggests that
the former section extends to the Izu-Ogasawara
Trench where the deep water properties must
be slightly different from those in the North-

west Pacific Basin. For dissolved oxygen its
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Fig. 18. Vertical distributions of standard de-
viations of salinity and dissolved oxygen on
isotherms (open circles) and. on isopycnals
(solid circles) between Site C and northwest
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Maru, July 16-23, 1974.
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variations on both isopleths linearly decrease as
depth increases between about 2000m and a
mid-depth (about 4000 m on the V-shaped track
section and about 2700 m at 26°50’N) and there-
after slowly increase toward the bottom. It
should be noted that salinity variations on iso-
therms are apparently greater than those on
isopycnals, while oxygen variations show no
significant differences between on isotherms and
on isopycnals.

Vertical distributions of salinity variations on
isopleths at 33°N (Fig. 20) and at 143°15’E (Fig.
21) show a little irregularity, which can be attrib-
uted for the former to a short section with only
six stations and for the latter to a meridional
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12-20, 1979.
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section along the western boundary of the North-
west Pacific Basin. Further, there are subtle dif-
ferences in oxygen variations between on iso-
therms and on isopycnals. Along a meridian at
the eastern boundary of the Shikoku Basin (Fig.
22) both salinity and oxygen variations on iso-
therms and on isopycnals are roughly uniform
in vertical distribution except for large values
for the shallowest water. There are striking
similarities in vertical distributions of salinity
and oxygen variations on isopleths between on
the 35°N section (Fig. 23) and on the V-shaped
track section (Fig. 18), though there is a con-
siderable difference in vertical distributions of
wave energy intensities for isopleths (Figs. 5
and 14). In addition, Fig. 23 shows variations
of silicate-silicon on isopleths, which are similar
Both salinity and
oxygen variations on isopleths for the eastern
portion of the 22°30’N section (in the south-
westernmost part of the Northwest Pacific Basin,
Fig. 24) are much alike in vertical distribution
despite considerable

to those of dissolved oxygen.

scatters because of few
For the western portion (in the West
Mariana and Philippine Basins, Fig. 25) those
vertical distributions indicate monotonous de-

stations.

creasing curves of positive curvature, but telow
3000 m their decreasing rates with depth are
apparently small.  Excepting for differences in
scatter, those for the eastern portion (Fig. 24)
seem to have the same features as in the western
portion.

variations on isopleths for the western section

Vertical distributions of silicate-silicon

seem to be identical with those of oxygen vari-

For the 13°N

ations like on the 35°N section.
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section (Fig. 26) both salinity and oxygen vari- A noteworthy feature in the vertical distri-
ations on isopleths are somewhat similar in butions of salinity and oxygen variations on
vertical distribution to those for the eastern isotherms and isopycnals for all the sections
portion of the 22°30’ section (Fig. 24). analysed here is that without exceptions, for
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Fig. 23. Vertical distributions of standard deviations of salinity, dissolved oxygen and
silicate-silicon on isotherms (open circles) and on isopycnals (solid circles) along
35°N, INDOPAC Leg I, April 17-28, 1976.
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Fig. 26. As in Fig. 18 except for along 13°N,
INDOPAC Leg 111, May 29-June 2, 1976.

salinity the variations on isotherms are apparent-
ly greater than those on isopycnals, while for
dissolved oxygen both variations are substantially
the same.

5. Discussion
Possibility of the cffect of geothermal heating
on isotherm displacements

The case of isopleth undulation is not easily
explained. The maximum of the wave energy
intensity indicates that the undulation may
originate in the upper water besides near the
bottom and sometimes at mid-depths of 2000
to 4000 m (Figs. 8, 10, 11 and 15). The magni-
tude of the undulation differs from cruise to
cruise, especially above 3000m (e.g. Figs. 5
and 14). Therefore, the wave energy intensity
shown in Figs. 5, 8-11 and 14-17 cannot be
considered to be invariant in magnitude and
in shape of vertical distribution.

Most vertical sections show that near the
bottom isopleths slope up and down in ac-
cordance with the sea-bed configuration. This

suggests that the bottom water may have a
velocity component perpendicular to the isobath.
It is likely that this creeping up and down is
usually sluggish and sporadically intensified.

Vertical excursions of isopycnals in the deep
water often become larger with depth toward
the bottom than those of isotherms (Fig. 8-10).
This means that at greater depths isotherms
and isopycnals are not generally parallel to each
other.
other, salinity variations on isotherms must be
But the
present analysis has revealed that the former
is always greater than the latter. A possible
explanation for the above is the effect of geo-
According to the plate model,
there is a definite relation between mean depth
and age of the ocean floor and theoretically
the heat flow must increase as depth decreases
(SCLATER et al., 1980, Figs. 2 and 4).
ample, the ridge is considered to be with high
heat flow.

Suppose a horizontally uniform,

If both isopleths are parallel to each

identical with those on isopycnals.

thermal heating.

For ex-

stratified
water mass overlying the sea-floor in undula-
tion. Though the bottom water may become
somewhat thinner on the crest and thicker on
the trough, isothermal surfaces and isohaline
surfaces must be parallel to each other at first
(Fig. 27a). Naturally, isopycnal surfaces must
be parallel to those surfaces. If neither advec-
tion nor diffusion occurred perpendicular to the
crest in horizontal plane, for a specific isothermal
surface, the water over the crest would be more
easily heated from below because of short dis-
tance from the bottom than that over the slope
or over the trough, even if the heat flow through
the oceanic crust is uniform.

——— |ISOPYCNALS ( ANGLES BETWEEN ISOTHERS AND ISOHALINES
—— {SOTHERMS « ANGLES BETWEEN ISOPYCNALS AND ISOHAL INES
------ ISOHAL INES

Fig. 27. Schematic representations of isotherms, isohalinestandiisopycnals on the vertical

section near the ocean bottom without geothermal heating (a) and with geothermal

beating which has lasted long years (b).
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After a great while, the isothermal surface
over the crest would show a more lowering.
When the salinity distribution is invariant, the
isothemal surface will make a certain angle to
the isohaline surface (Fig. 27b). Since the sea
water density at a fixed depth is determined
by both temperature and salinity, the isopycnal
surface must be placed at a smaller angle to
the isohaline surface. Therefore, the isothermal
surface must be gentler in undulation than the
isopycnal surface. This agrees that near the
southwestern boundary of the Northwest Pacific
Basin including the Japan and Izu-Ogasawara
Trenches, vertical excursions of isopycnals are
greater than those of isotherms at depths below
‘about 4000 m (Figs. 5 and 8-10). Also, from the
above relation between isotherms, isohalines and
isopycnals, it is easily explained that in general
salinity variations on isotherms are greater than
those on isopycnals. However, TFigs. 18-26 show
that salinity variations on isotherms are definite-
ly larger not only at greater depths but also
throughout the deep water, at least below 1000m.
This is an important problem to be solved in
It 1s difficult to confirm whether iso-
thermal surfaces make some angles with iso-

future.

haline surfaces in the shallower water up to
immediately below the main thermocline or not,
owing to large vertical gradients of water pro-
perties (Figs. 3, 6 and 12).

Up to the present little attention has been
paid to the effect of geothermal heating on water
temperature and water movement, excepting
regions of abnormally high heat flow such as
certain regions of the FEast Pacific Rise (e.g.
Knauss, 1962; WARREN, 1973). It was sug-
gested that on the East Pacific Rise bottom heat
flux might be controlling the mixing of the
bottom layer water (VON HERZEN and ANDER-
SON, 1972). The high geothermal heat flux
associated with the Galapagos spreading center
is an important factor causing bottom-water
renewal in the Panama Basin (DETRIC et al.,
1974). They indicated that geothermal heating
alone can produce renewal in 100 years or less.
Similar deepening of isotherms across the rise
can also be seen on temperature profiles at
several parallels across the Mid-Atlantic Ridge
(FKUGLISTER, 1960). Further, it should be

noted that in some cases (e.g. 28°S on the
East Pacific Rise and 36°N and 16°N on the
Mid-Atlantic Ridge) there is no corresponding
change in salinity.

The mean heat flow observed in the western
North Pacific is 1.13HFU with the standard
deviation of 0. 14 HFU, while that in the Shikoku
Basin is 1. 20 HFU with the standard deviation
of 1.03HFU in spite of its young age of the
ocean floor (SCLATER et al., 1980, Tables 3 and
5a). These values are rather small as compared
with 4. 21 HFU of north of the Galapagos spread-
ing center or 2. 40 HFU of the Equatorial Pacific,
at 114°W. However, the observed heat flow
values are closely related with sedimentation;
only the stations where the basement is complete-
ly covered with sediment are assumed to give
reliable heat flow values (SCLATER et al., 1980).

It may be noted parenthetically that the
geothermal heating at the rate of 1.1HFU
would increase potential temperature by 0.1K
over a depth range of 1km over the sea-bottom
in less than 300 years, if the heat could not be
transported above 1km of the bottom.

No water properties are conservative at least
near the ocean bottom except salinity. There
may be a possibility that the deep water stag-
nancy can be determined with the discrepancy
between isotherms and isohalines.

Dissolved oxygen distributions on isotherms and
isopycnals

Dissolved oxygen concentration is not con-
servative either. Its consumption at abyssal
depths amounts to 0.2 to 0.25mll™! in 100
years (ARONS and STOMMEL, 1967). As the
relation between dissolved oxygen and po-
tential temperature in the southwestern part of
the Northwest Pacific Basin below 2000m is
illustrated by a slope of about 0.2ml I7' to
0.1K (Supo, 1982, Fig. 5.5.1), the oxygen
consumption must produce a much greater effect
on deep water properties than the geothermal
heating does.
tion were greater for the colder water with a
higher oxygen value or above the sea-floor crest
as in warming from below by geothermal heat-

If the rate of oxygen consump-

ing, isopleth surfaces for dissolved oxygen might
become gentle in undulation more rapidly than
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isothermal surfaces would. Although it may be
often difficult to determine vertical excursions
of isopleth surfaces for dissolved oxygen, it is
conjectured that the isopleth surfaces have a
much stronger tendency to become level surfaces
than isothermal or isopycnal surfaces do. This
means that the angles between isopleth surfaces
for oxygen and isothermal or isopycnal surfaces
must be much greater than those between iso-
thermal surfaces and isopycnal surfaces, except
for at depths below about 4000 m where both
angles may not make large differences. This
fully explains the reason why oxygen variations
on isopycnals generally show the substantially
the same values as those on isotherms, while
below about 4000 m the former tends to have
slightly larger values than the latter (e. g. Figs.
18-20).

Actually, it is probable that the deep water
particle moves gradually upward changing its
characteristic along nearly a potential tempera-
ture-dissolved oxygen relation diagram as a
result of horizontal excursion over many years.
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Two Examples of Meander of the Tsushima Current*

Takashi ICHIYE**

Abstract: Meander of the Tsushima Current in the Japan Sea was observed with BT from
a research vessel tracking the current in May-June of 1972. It showed two crests (north-
ward intrusion) of 200 km amplitude and 400 km wave length. The amplitude appeared to
have been intensified by a cyclone which passed the northern edge of the current ten days
before the survey and left a row of upwelling domains behind its wake. Meander of the
western portion of the current detected by NOAA-6 satellite photos in April, 1981, seemed
to be caused by quasi-geostrophic edge waves of the baroclinic mode along a wedge-like upper
layer flow in a two layer ocean similar to the Tsushima Current. The wave length and
amplitude of the meander was about 200km and 100 km, respectively. The waves seemed
to have been excited by a cyclone which entered the Japan Sea from the East China Sea

five days before. The first crest of the meander was observed at about 37 km downstream
by a hydrographic survey about 35 days later. The predicted propagation speed is about

1km per day.

1. Introduction

The Tsushima Current is formed of the warm
and saline water of the Kuroshio origin and
contributes to the main features of the circulation
in the Japan Sea. It starts from the Tsushima
Strait, where the eastern branch flows north-
eastwards off the Japanese coast. The western
branch flows northward along the Korean coast,
then separating from the coast between 38° and
40°N. Older Japanese oceanographers (e.g. SUDA
and HIDAKA, 1932) recognized the third branch
which originates from the western branch but
those of younger generations (MORIYASU, 1972)
contended that the large meander of the eastern
branch had been mistaken as the third branch.
It is expected that the extensive meandering is a
norm and not an exception, since both branches
are narrow in width (less than 100 km) and
shallow in depth (less than 300 m).

However, it is striking that there was no
conventional hydrographic data which caught
the meandering pattern synoptically a4 la mode
the Operation Cabot in the 1950’s (FUGLISTER
and WORTHINGTON, 1951) or by tracking the
Gulf Stream in the 1960’s (HANSEN, 1970) in

* Received November 9, 1982

** Department of Oceanography, Texas A & M
University, College Station, TX 77843, U.S.A.

spite of the fact that the systematic hydrographic
survey of the Japan Sea was started in the late
1940’s and that the Japan Sea is of relatively
limited area and the shallow Tsushima Current
may be easily tracked with bathythermograph
(BT) or towed sensors. This may be due to
the situation that the hydrographic measure-
ments in Japan are carried out mainly by three
agencies, Japan Meteorological Agency, Hydro-
graphic Department and Fisheries Agency as
routine operations by occupying seasonally pre-
determined sections running southeast to north-
west. Even so, there was one set of data in
the summer of 1972 when the current was
tracked by R/V Kuroshio Maru from June 26
to July 4. These data are compared to two
cross-sections of the earlier date and a cause of
amplification of the meander is sought in the
preceding weather conditions.

The relatively large horizontal temperature
gradients caused by the inflow of the warm
Tsushima Current provide sharp thermal bounda-
ry at the surface except in the midst of the
summer. This condition together with shallow-
ness of the current makes the synoptic surface
temperature distribution useful for determining
Thus the infrared satellite
images may be a powerful tool for tracking the

the current pattern.
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meander and meso-scale features in the Japan
Sea. One such example obtained in April of
1981 is analyzed with reference to the hydro-
graphic data and the weather conditions.

2. Meander in 1972

A result of measurement with an M (Mechani-
cal) BT on board R/V Kuroshio Maru from
June 25 to July 4 of 1972 is shown in Fig. 1 as
depth contour of the 10°C isothermal surface.
The isotherms at the 100 and 200 m depths are
almost parallel to the depth contour shown in
Fig. 1 (Ocawa, 1980). The core of the Tsu-
shima Current corresponds to the depth contours
of 60m to 100 m for 10°C isotherms, the iso-
therms of 10° to 8°C at 100 m depth or those
of 5° to 2°C at 200 m depth. These distributions
indicate that the width of the current is less
than 20 km in its strongest speed zone, revealing
the frontal feature of the current. Further the
meander has a large amplitude and steepness
compared to the Gulf Stream meander deter-
mined by HANSEN (1970), with the amplitude

reaching 200 km and wave length of about 400
km. The first crest intruding to the 40°N at
133.5°E seems to be rather a permanent feature
caused by bottom topography (the Yamato Rise)
as suggested by the vertical cross-section of
temperature from a preceding hydrographic
survey.

The hydrographic survey nearest in time to
this measurement was carried out on board the
R/V Seifu Maru from May 21 to 25 (JAPAN
METEOROLOGICAL AGENCY, 1973). Vertical
sections of temperature and the thermosteric
anomaly for A and a temperature section for B
are plotted in Fig. 2(A) and (B), respectively.
The locations of the stations are plotted in Fig.
1. The temperature section of A indicates three
eastward flow branches, of which the northern-
most two correspond to those of the first crest
(anticyclonic curvature) shown in Fig. 1, though
the locations of each branch is somewhat shifted.
This suggests that the first crest may be a semi-
permanent feature due to the Yamato Rise to
the east. The third branch nearest to the coast

42

40°

36°1

34N

I 1 I

136 138° 140°

Fig. 1. Depth contours of 10°C isotherm (m) from the BT data of R/V Kuroshio-Maru from

June 25 to July 4, 1972 (OcawA, 1980).

Closed ctrcles are BT stations. The contours

are modified. The dotted lines indicates 500 m depth contour of the Yamato Rise. Crosses
and open circles arz BT and hydrographic stations, respectively, occupied by R/V Seifu
Maru from May 21 to 25, starting from BT Stn. 154. The center of a cyclone is indi-

cated by & with the date and time.
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Fig. 2A(1). Temperature cross-section (°C) for the line A occupied from
May 21 (Stn. 11) to May 25 (Stn. 1), 1972. BT stations are indicated
with vertical lines which extend to the maximal depths.
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Fig. 2A(2). Thermosteric anomaly (dsr) cross-section for the line A.
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Fig. 2B. Temperature cross-section for the line B occupied on May 21, 1972.
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Fig. 3. A surface weather chart at 0000Z on June 12, 1972. The cyclone
center is indicated by a cross with date and time.

and the accompanying upwelling (or cyclonic
curvature) of the temperature section of A are
not seen in Fig. 1, since the cruise tracks for
the latter did not cover the area where the
third branch was located. The section of thermo-
steric anomaly of Fig. 2(A) also indicates three
eastward flowing branches but the upwelling is
not recognized, since BT stations are not included
in this section. The temperature section of B
is based on BT stations only except the northern
This section indicates a narrow
eastward flow near the coast which corresponds
to the meandering flow of Fig. 1. The eastward
flow in the northernmost part may be due to
either the extention of the first crest of Fig. 1
or the western branch which separates from the
Korean Coast. This section does not suggest
a meandering pattern as in Section A.

Although the May data indicate the presence
of the first crest, the intensification of meander
may be caused by some meteorological disturb-
ance. Weather charts previous to June 25
reveal that a cyclone passed the northern side
of the current from June 11 to 13 as indicated
in Fig. 3. The passage of the cyclone induced
upwelling in its wake as theoretically predicted
by ICHIYE (1977b).

The theory treats the response of a two-layer
ocean to a meteorological disturbance with a

end station.

. 250 e ' T T 0.3

V(ms")

f] = L

! 1 0
0 50 100 150 200
(km)

Fig. 4. The depth of the upper layer H (m) and
speed V(ms™) of the basic current similar to
the Tsushima Current against a distance from
the left hand side edge.

circular storm with cyclonic wind stress moving
with a constant speed parallel to a uni-directional
geostrophic current. The current and the per-
turbation are limited to the upper layer. To
compare with the observed meander pattern,
the upper layer depth H is expressed by an
equation [eq. (23) in ICHIYE (1977a)],

H=Hpn+(Ho—Hn)aX+1e ¥ (for X>0),
=H, (for X<0), (D

where X=x—xo and z, is the coordinate of the
left edge of the current. The storm moves with
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Fig. 5.

1

ok

The upper layer depth (m) in a wake of a cyclone moving to the positive y-axis at

(horizontal distance in 100 km). The cyclone center is indicated with @ . The
basic current begins at X=0 and flows parallel to the y-axis. Its speed (V) and the
unperturbed depth (H) are shown in Fig. 4. The upper panel shows a case of the cyclone
moving 100 km to the left of the edge of the basic current.
of the cyclone moving along the edge of the basic current.

6ms”

The lower panel is a case

a constant speed C to the positive y axis which
is taken parallel to the basic low. Hp and H,
are depths to the right and left of the current,
respectively. The geostrophic velocity of the
basic current corresponding to (1) is given by

(2)

where ¢’ is a reduced gravity and f is the Corio-
lis’ parameter. The horizontal distance is scaled
with L, the approximate radius of the maximum
wind stress of the storm. Time scale is f~1.
When we take Hy=100m, H,=200m, L=
100km, ¢’=2cms™2, f=10"*s"! and aL=10/3,
the volume transport of the flow expressed by
(2) is 3x10°m3s™! and the maximum speed is
23.5ems™! at 30km from the left edge of the
current. Both parameters approximately cor-
respond to the Tsushima Current. The distri-
butions of the upper layer depth of (1) and the
velocity (2) are plotted in Fig. 4. The path of

V=g/fa(Hn—Ho) Xe ™%,

the storm is taken at the left edge (x20=0) and
100 km to the left of the edge (xo=1).

The disturbance in H is determined for the
maximum wind stress of 10/3 dynescm™2
responding to the wind speed of 13.3ms™! for
the drag coefficient of 2x 1073,
the upper layer depth perturbation due to terms
caused by the wind stress curl and divergence

cor-

Figure 5 shows

only, since these two terms are not only pre-
dominant but also less influenced by special
features of the wind stress distribution. The
moving speed of the storm is taken as 6 ms™*
as estimated from the weather chart (Fig. 3).
The figures indicate that a row of isolated up-
welling domains are formed behind a wake of
the storm with an interval of about 400 km and
the first upwelling center is located at about
200 km behind the storm center. The depth
perturbation extends laterally about 100 km from
the storm path, about the same distance as the
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The effect
of the storm is less conspicuous within the basic
current, where the rapid depth increase of the
upper layer masks the upwelling effect. Thus
the upper layer depth contours are squeezed
near the edge of the current, though the up-
welling itself reaches the same distance from
the storm path to the right as to the left.
Although these patterns do not indicate large
meandering of the basic current, the distance
between the upwelling domains corresponds to
that between the cyclonic curvatures of the
meandering.

radius of the maximum wind stress.

These upwelling domains may
increase the cyclonic curvature of the meander-
ing flow and thus induce the northward intrusion
of the anticyclonic curvature between these
domains, thus causing meander amplification.

3. Meander in April 1981

Satellite infrared (IR) imagery has become a
useful tool for mesoscale (less than 100 km) and
short period (several days) processes in the ocean
if these processes have a strong surface signature
and the remote sensing is not inhibited by cloud
LEGECKIS (1979) determined the propa-
gation of the meander of the Gulf Stream front
(left hand side edge) south of Cape Hatteras by
use of a series of satellite images for 10 to 25

cover,

Fig. 6. Computer print-out of NOAA-6 satellite
IR image of April 23, 1981 (provided by Dr.
MUNEYAMA of JAMSTEC). The square indi-
cates the area shown in Fig. 7.

days.

In the Japan Sea the image of the Tsushima
Current from NOAA-6 satellite on April 23,
1981 provided an example of meander. A com-
puter printout prepared by the Japanese Marine
Science and Technology Center (JAMSTEC)
shows the overall picture of the Japan Sea (Fig.
6). A computer-enhanced photograph provided
by Dr. O. HUll of Louisiana State University
shows the meander in the western portion (Fig.
7). This meander has smaller amplitude (about
100 km) and shorter wave length (180 to 220 km)
than the one of 1972.

Meteorological conditions previous to this
imagery indicates that a storm originated in the
East China Sea entered the Japan Sea about
five days before (Fig. 8).

Since the wave lengths of the meander are
about half the distance between the upwelling
domains behind a wake of the storm shown in
Fig. 5, the wake effect may be discounted. The
wind stress due to the moving storm may cause
the stable edge waves of internal inertio-gravi-
tational and quasi-geostrophic type. These waves
propagate along the edge of the wedge-like upper
layer with a uniform geostrophic current and
their amplitude decreases sharply as a distance
increases to the right of the edge as discussed
by ICHIYE (1982).

Fig. 7. Computer-enhanced photography of
NOAA-6 satellite IR image of April 23,
1981 (provided by Dr. HUH of LSU).
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Since the precise wind stress distribution with-
in the storm was unknown, it is difficult to
determine the forced motion of these edge waves.
However, the inertio-gravitational waves have
far larger group and phase velocity than the
quasi-geostrophic waves and thus the wave-like
perturbation of the front left behind the storm
is definitely of the latter type. When the wave
number & scaled with Vof~! is very small com-
pared to unity, the frequency equation of the
quasi-geostrophic waves is approximately ex-
pressed by

ok ' =C2n+DE{L+kCn+1))",  (3)

where V) is the uniform geostrophic velocity
of the basic flow in the upper layer and f is

41c,“ _ 1 % — * - 1, —
| |

| | }

! 1304 | - e

0.7<05 0.6-1.0 1.0 |

39°+ —

131°F s

Fig. 8. Temperature (°C) at -100m depth and
GEK data (arrows) from hydrographic measure-
ments of May 7 through 30, 1981, with the
outline of the front determined by satellite
photos of April 23. The crosses and an open
arrow show the centers of the first crest on
April 23 and May 26-30 and their movement,
respectively. Lines A and B were occupied
from May 7 to 10 and the rest were occupied
from May 26 to 30, 1981.

the Coriolis’ parameter. In equation (3) n is
the mode-number or the number of nodal points
of the normal mode wave which propagates in
the same direction as the basic flow (ICHIYE,
1982). For the first mode (n=0), the phase
velocity of waves of length 200 km is 1.18 and
447 cms™! for V=20cms™' and 40 cms™!, re-
spectively, or displacement of the wave pattern
is only 1.02km and 3.86 km per day.

The group velocity from the frequency equa-
tion (3) for small k is

do/dk=2n+1Dk{242n+ 1)k}
X{14+(2n+ 1)k} 2. (4)

Since g7 (2n+1)k? for k<1, the group velocity
for equation (3) is faster than the phase velocity.
Yet the group velocity for 200 km wave length
is 1.25 and 4.86 cm s for the basic current of
20 and 40 cm™!, respectively or the major pertur-
bations move by 1.08 km and 4.29 km per day,
respectively, if they propagate with a group
velocity.

The hydrographic measurements closest in
time to April 23 were carried out on May 7
through May 30. The GEK data and isotherms
at 100 m depth are plotted in Fig. 8 from these
data together with the outline of the front from
the IR image of Fig.6. Two sections were
measured by Maizuru Marine Observatory on
May 7 to May 10 and thus may not be con-

DEPTH(m)

Fig. 9. Temperature section with BT of line B
occupied on May 10, 1981. The vertical line
extends to the maximum depth of the BT.
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sidered as synoptic with sections which were
measured by the Hydrographic Department from
May 26 through May 30. However, with some
modification these two measurements seem to
be compatible. It is difficult to determine the
velocity of the wave pattern propagation by
comparing the satellite photo and the tempera-
ture and GEK velocity distribution. The best
guess is about 37~40km to ENE during about
30 days as indicated in Fig. 8. This corresponds
to the group or phase velocity for the basic
current speed of about 20 cm s~! which is reason-
able as the mean speed of the Tsushima Current.

The BT temperature section along 132.8°E
was measured two weeks after the satellite
photos and is plotted in Fig. 9. The warm
water intrusion seen in the photos can be recog-
nized in the upper 30 m in this section between
stations 139 and 141. Thus it appeared that
the surface warm water tongue moved north-
ward by about 70 km in two weeks, though the
front at the 100 m level moved much more
slowly.

4. Conclusion

Synoptic observation of the meander of the
Tsushima Current is scarce because the conven-
tional hydrographic method may not be the best
to track the process of space scale less than
100 km. However, the propagation of the me-
ander pattern seems to be of an order of several
nautical miles per day and thus the shipboard
tracking is possible. Even if the amplification
process might be faster than the mere propa-
gation, the satellite imagery may fill the gap
between the shipboard monitoring.

Since the T'sushima Current seems to be more
susceptible to meander because of its narrow
width and shallow depth, therefore its mean
picture may be less meaningful compared to
other current systems, even the Kuroshio and
the Gulf Stream. Also the meandering may
generate horizontal Reynold’s stresses due to
seemingly random occurrences. This is par-
ticularly so if meteorological disturbances are
the main cause of the meander as suggested by
the two examples discussed here. Then the
meandering should be an important factor for
maintenance of the current system as well as

for transport of heat, salt and nutrients in the
Japan Sea.
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Vertical Eddy Diffusivity Coeflicient in Stable
Stratified Fluid at a Coastal Sea*

Masaaki TSUJT** and Sei-ichi KANARI***

Abstract: A relation between vertical eddy diffusivity and turbulent properties at the mouth
of Tokyo Bay has been investigated by measurements of fluctuations and vertical time-averaged
profile of current velocity. The vertical eddy diffusivity can be represented by energy
dissipation rate per unit mass or vertical gradient of mean velocity and standard deviation of
horizontal velocity fluctuations, when statistically steady state is assumed for velocity fluctu-
ations.

It is shown that the vertical eddy diffusivity is proportional to the square of standard
deviation of velocity fluctuations and is inversely proportional to energy dissipation rate or
vertical gradient of mean velocity. Moreover, the friction velocity is proportional to horizontal
velocity fluctuations and is inversely proportional to the gradient Richardson number. There-
fore, the vertical eddy diffusivity can be represented as a function of horizontal velocity

fluctuations, vertical gradient of mean velocity and the gradient Richardson number.
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Fig. 1. Vertical distribution of calculated and
observed turbulent properties at the mouth of
Tokyo Bay on Dec. 5, 1979.
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Fig. 2. Dependence of the standard deviation
of the horizontal velocity fluctuations and the
friction velocity upon the gradient Richardson
number.
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Table 1. Observed and calculated values of the turbulent
properties at the mouth of Tokyo Bay, on Dec. 5, 1979.

factc;;s\ \\(ie\lit\h\(\m‘)‘; B 2 4 B 8 o 71? B B
U em/sec 36.5 33.3 26.7 13.3

Ty cm/sec 3.12 2.70 2.65 1.85

(p_— 1) X 10°%g/cm? 23.78 23.81 23.91 23.99

U/ 1/sec 0.0155 0.0158 0.0164 0.0168

3 cm?/sec? 0.026 0.020 0.018 0.008

Ux cm/sec 1.30 1.13 1.05 0.69

Ri. number 0.74 0.87 1.17 1.87
Kz(Eq. 7) cm?/sec 109.0 80.8 67.3 28.3

K=z(Eq. 8) cm?/sec 111.0 79.4 69.5 29.0
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Shelf-seiches off Susami, South of Japan*

Shigehisa NAKAMURA** and Shigeatsu SERIZAWA™*

Abstract: Local climate of shelf-seiches was studied on the basis of mareograms at Susami
where the sea level variation with 12 min of period (5cpH) was significant through a year.
A statistical property of monthly maximum variation of the sea level at Susami was correlated
to daily maximum wind velocity at Shirahama as well as to daily most-frequent wind-direction
obtained from hourly-read wind data at Shirahama. The variation of the sea level at Susami
can be understood as a kind of shelf-seiches locally induced off Susami after a simplest dynami-
cal consideration referring to Merian’s formula.
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Microzooplankton Distribution along a Transverse
Section Crossing a Marked Oceanic Front*

Akira TANIGUCHI**

Abstract: Surface distribution of microzooplankton and pollen grains along a 4 miles’ trans-
verse section crossing the Oyashio front was investigated. Within 4 miles’ distance, sharp
change in distribution was commonly observed in most plankters; distribution of some species
was observed to be confined to either side of the front, or sometimes extended into the front.
By range of the distribution, qualifications of dominant arcto-boreal tintinnid species for the
Opyashio Current indicators are determined. Acanthostomella norvegica, Codonellopsis frigida
and Salpingella sp. are the most reliable and practical indicators. Ptychocylis obtusa revealed
homogeneous distribution over entire section. Because of this high adaptability to different
water masses, the latter species could be the leading components of the tintinnid assembly
in the frontal areas.

Since this investigation was done in early blooming season of the pinaceous trees, we
obtained almost even distribution of their pollens which might very freshly fall from the air
over the section. Variability in the pollen counts between stations may be an index of

technical error of the methods employed.

1. Introduction

Biogeographic patterns of plankton which are
associated with ocean circulation extend over
large spatial scales of some 1000 km, while the
biogeographic events also occur on the more
restricted smaller scales in boundary zone be-
tween oceanic gyres (HAURY et al., 1978). At the
oceanic front formed by converging water masses
from different gyres, clear faunal change would
take place within much smaller scale; we can
sample an epitome of the biogeography of various
plankters within a few kilometers’ coverage.
To determine the reliability of so-called plankton
indicator species, investigations of change in
their horizontal distribution in such a narrow
frontal zone are advantageous.

In the Sanriku Waters east of main island ot
Japan, two prevailing currents, subarctic Oya-
shio Current from the north and subtropical
Kuroshio Current from the south, collide and
converge throughout the year. Well-defined
oceanic fronts are permanently formed there

* Received July 21, 1982
** Faculty of Agriculture, Tohoku University,
Sendai, 980 Japan

(UDpA, 1938; KAWATI, 1955a, b; KURODA, 1962).
In this paper, data on the surface distribution
of microzooplankton along a transverse section
crossing a marked Oyashio front formed about
270 km off the Sanriku coast are dealt. Reliabili-
ties of some arcto-boreal tintinnid species as the
indicator species of the Oyashio Current were
determined. We also make mention of the
possibilities that distribution pattern of pollen
grains in the surface layer might be indices of
technical error in the microplankton studies and
of mechanical processes in accumulation and
dispersion of microplankton in the frontal areas.

2. Materials and Methods

Figure 1 (top) shows the general pattern of
the surface isotherm distribution in the Sanriku
Waters based on collected data by many ships
during the period from 16 to 31 May, 1978
(GYOGYO JOHO SABISU SENTA, 1978). The
cold Oyashio Current was advancing from the
north and the warm Kuroshio Current from the
south turned eastwards. There existed two
marked oceanic fronts on both sides of the
central mixed warm water, i.e., the Oyashio
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front on the north and the Kuroshio front on
the south. On 28-29 May we sampled the sur-
face water in the Ovyashio front and, for ref-
erence, water samples from 10 layers from the
surface down to 200m at Stn. 1 located in
typical water of the Oyashio Current (Fig. 1,
top). Our data for the surface temperature
around the sampling site are also illustrated in
Fig. 1 (bottom); the temperature was measured
for the surface water frequently bucketed on a
triangular course and isotherms were drawn on
board to find the most appropriate sampling
sites. We selected a 4 nautical miles’ trans-
verse section crossing the Oyashio front. The
section started from the tip of the tongue-like
intrusion of the Oyashio water and entered into

the central mixed water mass. The intruding

43°Ny

4 N.miles

39%0° '
1440107 144°30"

Fig. 1. (Top) Surface temperature (°C) showing
the Oyashio and Kuroshio fronts formed
in the Sanriku Waters during 16-31 May,
1978 (GYOGYD JOHO SABISU SENTA, 1978).
At Stn. 1 located in the typical Oyashio
water and encircled site in the Oyashio

front, the surface water samples were col-
lected on 28 and 29 May, 1978. (Bottom)
Surface temperature (°C) around the latter
sampling site along a 4 mile traverse (narrow
rectangle) observed just before the sam-
plings. The temperature was measured at
irregular intervals (dots) on a triangle course.

cold water into the Oyashio front tends to form
very shallow surface layer overlying intermediate
water which is originated from the mixed water
mass (KURODA, 1962).

During low speed sailing of 2 knots for 2
hours, we collected 25 one-liter samples of the
surface water with a bucket at 5 minute
intervals or 25 samples at 300 m intervals over
4 nautical miles. The samples were preserved
by adding 10 m/ of borax buffered formaldehyde
solution. The microzooplankters were concen-
trated by settling method into about 10m/ of
water and then their whole number was counted
under an inverted microscope at 200 x magnifi-
cation. The number of intact loricae of tintin-
nids, which were probably alive at the sampling
time, and the number ot broken loricae were

Yo T —
(°C) 4
12F -1
10+ -
8L .
2r po
1+ /\‘IV VAN LN 1_/\‘.
—~ ~—" m:10-1
0— .
o2 Ci
g1
ARV = !
Sl m:2874.6
o,
[
Zq
]
m 1 L
1 I ) | m: 52 \l
0= Lot I T N O A A A A AN A |
1 5 10 15 20 25
Sample No,
[ 1 I 1 ]
0 1 2 3 4

Nautical miles

Fig. 2. Distribution at the surface of tempera-
ture (T: °C), pollen grains (Po: No-I™!),
naked ciliates excluding tintinnid (Ci: indiv-
I7') and those associated with zooxanthellae
(Z: indiv+l™") observed along a 4 mile trans-
verse section crossing the Oyashio front.
Ordinates are scaled in relative to mean
value (m) which was averaged over the
entire section.
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counted separately. The abundance of the
plankters was expressed in the relative values
to the over-all mean which was averaged over
the entire section. The mean values expressed
as counts per 1 liter of water are also given
(Figs. 2-4).

3. Results

Figure 2 illustrates the distribution of surface
temperature, pollen grains, ciliates other than
tintinnids and those associated with zooxan-
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Fig. 3. Distribution of 6 tintinnid species
(loricae+Z™) at the surface along a 4 mile
section. Solid and broken lines denote
intact loricae and broken loricae, respective-
ly. For detailes, see legend of Fig. 2. A:
Acanthostomella norvegica. C: Codonellopsis
frigida. L: Leprotintinnus pellucidus. P:
Parafavella jorgenseni. Pt: Ptychocylis
obtusa. S: Salpingella sp.

thellae along the 4 miles’ section. The last
component was counted separately from the
normal ciliates.

Temperature increased rapidly from 8. 9°C to
12.6°C within the first 2.5 miles. Referring
to the data on species composition of the phyto-
plankton (YAMAMOTO, 1980) and the tintinnids
described below, as well as the general pattern
of the surface isotherm distribution (Fig. 1, top),
the section can be subdivided into 3 segments:
the first 0.7 miles (Sample Nos. 1-5) were in a
cold water mass, the following 1. 8 miles (Sample
Nos. 6-16) in front water mass, and the last 1.5
miles (Sample Nos. 17-25) in warm mixed water
mass.

1) Pollen grains

To avoid miscountings, only easily identifiable
large and vesiculated pollens of a few pinaceous
trees were counted. This was also an advan-
tageous selection of the pollens that may behave
in a similar manner in air and sea (¢f. HOPKINS,
1950).
period of the blooming season of the dominant

Since the sampling time was in early

pinaceous trees such as fir and red pine in
Sanriku District (HOSHIKAWA, personal com-
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Fig. 4. Distribution at the surface of Foram-
inifera (F: indiv+l™"), Appendicularia (Ap:
indiv+/7!), copepodites (Cop: indiv+/™) and
nauplii (N: indiv-/™') along a 4 mile section.
For details, see legend of Fig. 2.
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munication), counted number of pollen grains
was very small and ranged from 6 to 14 (mean:
10.1) per 1 liter. Nevertheless, the variation
in the pollen number over the entire section
was small.

2) Ciliates other than tintinnids

So-called naked ciliates excluding tintinnids
were leading component of the microzooplankton
community and their population density varied
from 813 to 4782 (mean: 2874.6) indiv-/"!. In
addition, the naked ciliates associated with zoo-
xanthellae also occurred in small number, being
less than 23 indivel~!. Species of genera Cyclo-
trichium, Laboea, Strombidium and Tontonia
(fide FAURE-FREMIET, 1924) were abundant.
Holotrichian species occurred in only a few
cases.

Although a group of the naked ciliates was
distributed homogeneously over the entire section
irrespective of water masses, those with zoo-
xanthellae were confined to the warm mixed
water (Fig. 2). At the surface in the typical
Oyashio water (Stn. 1), while density of the
naked ciliates was similar to the average level
on the section (3543 indiv+/~! or 1.2 in relative
scale), no ciliates were associated with zoo-
xanthellae. However, this does not necessarily
imply that the latters can not inhabit the Oya-
shio water. The zooxanthellae are found com-
monly in the ciliates from the Subarctic waters
far north of the Opyashio Current in summer
(TANIGUCHI, unpublished).

8) Tintinnid ciliates

Figure 3 shows the distribution of the six
dominant species of tintinnids in alphabetical
order. Solid lines indicate intact loricae and
broken lines indicate broken loricae; their mean
numbers are given respectively above and below
the abscissae. These species have been reported
to be the arcto-boreal species (HADA, 1937).

Among them Acanthostomella norvegica,
Codonellopsis frigida and Salpingella sp. rapid-
ly decreased in abundance from cold water to
front water and finally disappeared in warm
water (Fig. 3). The ranges of variation of lorica
number were large as follows: densities of intact
and broken loricae per 1 liter were 2-137 (mean:
35.8) and 0-98 (mean: 19.5) in A. norvegica,
1-25 (mean: 7.7)Fand 0-43 (mean: 12.5) in C.

frigida, and 0-86 (mean: 21.9) and 0-9 (mean:

In the
Oyashio water, denser populations existed; in
the order mentioned above, 346 and 41, 107 and
16, and 57 and 11 loricae+/~' were counted.
Evidently these facts indicate that these 3 species
are typical arcto-boreal forms, which can hardly
extend their distribution into the front water,
much less into the warm mixed water masses.

Intact loricae of Leprotintinnus pellucidus were
distributed in the same manner, being rare in

1.7) in Salpingella sp., respectively.

warm water and increasing in cold water up to
6 7' (Fig. 3). Densities of its intact and broken
loricae in the Oyashio water were as high as 12
and 6 [7!. These indicate that L. pellucidus pre-
fers cold water to warm water as previous 3
species, though it has been reported from both cold
and warm coastal regions (MARSHALL, 1969).

Predominating species of tintinnid assembly,
Parafavella jorgenseni and Ptychocylis obtusa
(fide BURKOVSKY et al., 1974 and DAVIS, 1981),
although they have been reported as the arcto-
boreal species too, revealed different distribution
patterns from the previously mentioned species.
Density of P. jorgenseni varied from 3 to 190
[I' in intact loricae and from 0 to 207! in
broken loricae, being rich in cold water and
rare in warm water (Fig. 3) as seen for the
previous species. This species was, however,
more abundant in front water as compared with
both cold water and Opyashio water (99 intact
and 9 broken loricae«/™!).

Ptychocylis obtusa was the most dominant
tintinnid in this area; 70-368 (mean: 177.5)
intact loricae and 3-154 (mean: 65.7) broken
loricae per liter over the section and 179 intact
and 55 broken loricae in the Oyashio water
were counted. This species was more or less
evenly distributed over the entire course of the
section including both cold and warm waters,
or slightly richer in front water (Fig. 3). It
must be noted that, although no conjugants of
Prychocylis were found in the Oyashio water,
the conjugating pairs were commonly found
over this section. Their number increased in
front water up to 30 pairs per liter at the middle
part of the section where intact loricae were
most abundant.

In addition to these six species, Codonellopsis
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borealis, C. limosa, Coxliella ampla (fide
BrRANDT, 1907 but see LAVAL-PEUTO, 1977),
Dadayiella ganymedes, Parafavella denticulata,
P. wventricosa, Salpingacantha unguiculata, Sal-
pingacantha sp., Salpingella acuminata, S.
curta, S. laminata, two unidentified Tintin-
nopsis and Xystonellopsis brandti occurred oc-
casionally.

4) Foraminifera

Distribution of foraminifera seems to be very
variable (Fig. 4), but to affirm this the popu-
lation density was too small (0-4 indiv-/~%). In
the Oyashio water the density was also small,
4 indiv-l71,

5) Appendicularia

Some larvae with a few adults of appendicu-
larians occurred in warm water (2-18 indiv+/~%)
and no individuals were found in cold water as
well as in the Oyashio water (Fig. 4).

6) Copepods

Nauplius larvae (0-21, mean: 9.2 indiv./"!)
and copepodite larvae (0-16, mean: 5.4 indive
[7') were counted separately. These two larval
stages revealed different distribution patterns
(Fig. 4). Copepodites became abundant in front
water as compared with in both warm and cold
waters, although reached to the same level in
the Oyashio water (12 indiv+/"!). On the other
hand, nauplii tended to increase from cold water
to warm water, but exceedingly larger mass
(63 indiv+/™!) was found in the Oyashio water.
The number of copepod fecal pellets containing
tintinnid loricae was small in the cold water
(0-4, mean: 1.8 /7!) or nil in the warm water
but large in the front water (1-10, mean: 3.6
[71). In the last water area, as mentioned above,
copepodites surpassed nauplii in abundance.

4. Discussion

1) Tintinnid indicator species of the Oyashio

Current

Those plankters which can be used to trace
particular water masses transported by the ocean
currents are the plankton indicator species
(RUSSELL, 1935). An indicator species must be
resistant against the gradual changes of the
water properties (SCHWENKE, 1971) but it must
not sufficiently be capable to survive over a
certain range of the changes (HART and CUR-

RIE, 1960; RAYMONT, 1980). Among the arcto-
boreal tintinnids identified in this work, Acan-
thostomella norvegica and Codonellopsis frigida
are the most reliable indicators of the Oyashio
Current for rigid preference for cold water.
Their high population density and identifiable
morphology will help the practical use (RUSSELL,
1935; HapA, 1957; MARUMO, 1980). Salpingel-
la sp. will be added to these, if its taxonomic
problems are solved.

Parafavella jorgenseni was distributed in front
water more abundantly than in cold water (Fig. 3).
Therefore, referring to the second criterion cited
above (HART and CURRIE, 1560; RAYMONT,
1980), this species does not always be an ap-
propriate indicator of the Oyashio Current. By
the same criterion, Ptychocylis obtusa which was
observed to inhabit and reproduce (conjugate) in
front water or even in warm mixed water (Fig.
3) might be judged to be a disqualified indicator.
In other words, these two tintinnids have higher
adaptability to different water masses so that P.
obtusa became the primary and P. jorgenseni
the secondary components of the tintinnid
assembly in this area.

2)  Pollen distribution determining mechanical

processes of plankton distribution

The motley water movements including eddies,
upwellings, downwellings, etc. in various local
scales are driven in the oceanic frontal areas.
Such complicated water movements, which are
acting directly and/or indirectly through enrich-
ment process in the accumulation and dispersion
of microplankton, are obviously responsible for
the heterogeneity in distribution of plankton in
the frontal areas.
to discriminate the direct mechanical processes

However, it is very difficult

from the biological terms indirectly affected by
the water movement (e.g. OKUBO, 1975;
STEELE, 1978; LONGHURST, 1981).
Distribution pattern of pollen grains suspend-
ing in the surface water is controlled principal-
It is most likely that
the pollens are accumulated by converging waters
but dispersed by diverging waters. Distribution
pattern of the pollens tends to be homogeneous
in a placid large water mass but heterogeneous
in the frontal areas. Therefore, the patterns
of pollen distribution can indicate the water

ly by water movement.
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movement, eliminating biological factors, which
may affect the passive distribution of plankton.
Pollen count can be a convenient determination
of the effect of water movement on the distri-
bution of microplankton in the frontal areas.
In this work, we adopted this idea firstly into
the microzooplankton investigation. However,
since this preliminary investigation was done in
early blooming season of the pinaceous trees,
we obtained almost even distribution of pollens
just fell from the air (Fig. 2). If a crude as-
sumption that these pollens fell homogeneously
from the air could be held, variability of pollen
counts between stations can be used as an index
of technical errors in the methods employed.
Despite the fact that absolute number of pollens
collected was very small, the 95% confidence
interval of the mean value of the pollen counts
was calculated to fall into narrow range of 89-
1119, of the mean as seen in the most abundant
naked ciliates (Fig. 2). Even if, because of their
small number, the gross variance in the pollen
count is taken as a practical measure, the error
is not large, i.e., 60-140%; or 0.6-1.4 in relative
scale to mean value. CHESTER (1978) tested
the error by a series of duplicate water sampl-
ings and indicated that the 959 confidence
interval was 70-1429; of a single observation.
Both estimates are comparable, although tested
by substantially different sampling designs.

In the present case, variation of microzoo-
plankton counts which did not exceed +409%
of the mean value might be caused by techni-
cal error. Conversely, those exceeded +499%;
were judged to indicate the heterogeneous dis-
tribution, which was observed in all microzoo-
plankters except naked ciliates and Ptychocylis
obtusa (Figs. 2 and 3).

In later blooming season of the trees in 1979,
we sampled microplankton again in the frontal
areas relatively near the coast. Because pollens
had been floating for a long time and accumu-
lated into the front by water movement, extent
of pollen accumulation was used to determine
the effect of water movement on passive dis-
tribution of plankton (YAMAMOTO et al., 1981).
If we sample in coastal areas, because rich
pollens are brought from land by river, the
pollen counts would probably trace the move-

ment of water originating from the land water.
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Evaluation de la variabilité annuelle du recrutement d’une
pecherie littorale de homard (Homarus gammarus)
en Bretagne (Ile d’Houat), 1973-1980*

Jean Yves LE GALL**, Michéle JEZEQUEL**, Jo&l LOREC***
et Yves HENOCQUE****

Résumé: L’exploitation de fiches de péche quotidiennes collectées sur une pécherie littorale
de homard (Homarus gammarus) de la cote sud de Bretagne (Ile d’'Houat), a permis d’évaluer
la variabilité du recrutement au cours de sept années 1973 (1976) 1980. L’année 1975 apparait
comme une année exceptionnelle, pour ’ensemble du littoral breton, durant laquelle I’abondance
apparente des recrues est double de I’abondance moyenne calculée sur les six autres années.
I’analyse démontre que les tentatives de repeuplement, par immersion de homards juvéniles
dans la zone de péche, ne se traduisent jusqu’d present par aucune amélioration des captures
commerciales, perceptible par les fiches de péche.

Abstract: Through the log-books of fishermen an estimation of the annual variability of
the recruitment by annual first commercial size class strength in a costal lobster (Homarus
gammarus) fishery has been realized for seven fishing seasons 1973 (1976) 1980. For this
feature the 1975 year appears as an exceptionnal lobster season for the whole fishery all along
the Britanny Coast, considering the apparent abundance of the recruits which is twice the
mean abundance over six years. Analysis demonstrates that releasing of hatchery reared
juveniles into this peculiar zone exploited by the concerned fishery has no present impact on

the increasing in commercial landings, through fishing log-books.

1. Introduction

Les actions, en vue de l'aménagement, la
conservation et la gestion des stocks de homard
sont menées en France selon deux directions:
la création de cantonnements ou sactuaires ou
des femelles sont immergées, et plus récemment
la production massive en écloserie de homards
juvéniles destinés 4 étre immergés sur les zones
de péche ou dans des cantonnements créés a
cet effet, aux stades 1V et V et, depuis 1978, 4
P’age d’un an. Il s’agit donc dans les deux cas
d’une tentative d’intervention de ’homme dans
la relation stock/recrutement, soit au niveau du
stock en augmentant la fécondité potentielle du

* Manuscrit recu le 3 Septembre, 1982

** Centre Océanologique de Bretagne, B.P. 337-
29273 Brest, France

**% Ecloserie & Homard APASUB, 56170 Houat,

France

##%% Maison franco-japonaise, Kanda Surugadai 2-3,
Chiyoda-ku, Tokyo, 101 Japon

stock de géniteurs, soit au niveau du recrute-
ment en modifiant effectif de juvéniles (stades
IV et V) présent dans le milieu (C.I.E.M. 1978,
BENNET 1980). Aucune étude expérimentale
du taux de survie n’a pu encore étre entreprise
parallelement aux immersions de stades juvéni-
les, par marquage notamment.

Afin de tenter d’apprécier l’incidence éven-
tuelle des immersions de jeunes sur les captures
de la pécherie a long terme, il est utile de
connaitre la variabilité annuelle du nombre de
jeunes recrues naturelles sur la pécherie ol les
immersions de juvéniles sont pratiquées. En
1973, dés le début des immersions dans la zone
du littoral sud de Bretagne (Quiberon, Belle-
Ile, Houat et Hoedic), un systéme d’enquétes
par fiches de péche, était mis en place afin de
recueillir les données sur I'effort de péche, et
les captures ventilées par classe de taille com-
merciale. Pour des raisons techniques, les fiches
de péche de 'année 1976 n’ont pu étre exploitées.
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2. Collecte et traitement des données

2.1. Effectif et comportement de la flottille

Le nombre de casiers par bateau est en
moyenne de 360, répartis en douze filiéres de
30 casiers; on estime que le nombre de casiers
a été multiplié par deux en dix ans (ANONYME,
1981). Les casiers peuvent étre utilisés indif-
féremment pour le homard, le crabe ou la
langouste, le pécheur choisissant la zone et le
type de fond plus ou moins propice & 'une de
ces especes. En fait, les prises de langouste
sont devenues si aléatoires qu’en général, seuls
les fonds & homard et les fonds a crabe sont
recherchés, un tel choix modifiant ainsi la compo-
sition des captures respectives de ces
espéces.
rare qu'un pécheur obtenant des rendements
médiocres sur une espéce, la plupart du temps
le homard, déplace ses casiers sur une zone
connue pour étre plus propice au crabe, rendant
les résultats ainsi obtenus moins représentatifs
de la population naturelle de homard.

Par ailleurs, la flotille comprend deux types
de bateaux, les uns péchant en général sur des
fonds allant de 10 a 30 métres (la moitié de la

deux
Au cours d’une saison, il n’est pas
3

flottille environ), les autres, généralement plus
gros, péchant sur des fonds de 30 & 70 m, plus
au large (Fig. 1).
majoritaires dans le nombre total de fiches de
péche retournées.

La saison de péche au homard s’étend de fin
avril & fin septembre (5 mois).

2.2. Nombre de fiches analysées

Définie en collaboration entre les pécheurs et
I’analyste, la fiche de péche quotidienne recueille
les données des captures ventilées selon quatre

Les derniers sont largement

groupes de taille commerciaux: ‘‘rejetés’’ (in-
férieurs a la taille légale minimale de capture
de longueur totale 23cm et de poids inférieur
a 300 g), ‘‘portions’” (P) (de 300 4 600 g), ‘‘gros”’
(G) (de 600 a 2000 g) et “‘trés gros” (TG) (plus
de 2000 g). Simultanément, la fiche de péche
indique ’effort de péche développé en nombre

de casiers, nombre de filiéres et temps d’immer-
sion. D’autres renseignements portant sur la
répartition en profondeur des captures (0-10,
10-30, plus de 30 m) ne sont pas considérés dans
cette étude. En raison de la classique réticence
des pécheurs a communiquer leurs résultats de
péche, de 1973 (premiére année de ’enquéte) a
1980, le nombre de fiches de péche quotidiennes
collectées a diminué trés nettement au début
puis s’est stabilisé. Fort heureusement cette
diminution va dans le sens d’une sélection des
informateurs les plus motivés par cette enquéte
et dont les renseignements sont les plus crédibles
(Tableau 1).

2.3. Calcul d’un indice moyen de rendement

Une analyse préalable des renseignements

GRANDB-BRETAGNZ

Cantennement %

- 012 34 iilles

Fig. 1.
(d’aprés le rapport ‘‘Etude préalable 3 la gestion
des stocks de crustacés, 1981).

Zones de péche de la flottille de Houat

Tableau 1. Evolution du nombre de fiches de péche de homards en Bretagne (Ile d’Houat).
Année 1973 1974 1975 1977 1978 1979 1980
Nbre de bateaux concernés 15 10 8 9 4 7 6
Nbre de fiches de pache 1315 964 447 636 456 461 617
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collectés sur les fiches de péche, montre que le
temps d’immersion des casiers est constant et de
I’ordre de 24 heures. Il est donc possible de
calculer le rendement journalier par groupe de
taille et pour une unité d’effort donnée. L’unité
d’effort choisie est la centaine de casiers qui
correspond a un indice de rendement fréquem-
ment utilisé par les capture/100
casiers/jours.

pécheurs:

Les captures étant déclarées par groupes de
taille (groupe de commercialisation), il est donc
possible d’obtenir un indice de rendement jour-
nalier pour chaque groupe. De facon évidente,
et en raison méme de la sélectivité de ’engin
de péche (écartement des lattes de casiers), le

£

groupe des jeunes ‘“‘rejetés’’ est numériquement

D’autre part, les échelles de

X]

sous-représenté.
variation des poids entre le groupe des ‘‘gros
et des “‘trés gros’’ se recouvrent partiellement,
ce qui rend plus imprécis la répartition des in-
dividus entre ces deux groupes de taille. De
plus, le groupe des ‘‘trés gros’ est également
trés peu représenté numériquement en raison
du taux d’exploitation élevé de ce stock. Finale-
ment un seul groupe de taille parait défini de
facon satisfaisante pour les besoins de 1’étude:

>

celui des ‘‘portions’’ en raison de l’existence
d’une borne inférieure (taille minimale légale),
parfaitement définie et d’une contrainte nette
du marché pour la borne supérieure. En raison
de ’étalement de la période de libération des
larves sur deux a trois mois, du taux de crois-
sance lent de ’espéce, et 1’dge au recrutement
élevé (environ 4 années), il est impossible d’as-
similer le groupe de taille des ‘‘portions” ex-
clusivement a un groupe d’Age parfaitement
défini de type génération annuelle ou cohorte.
Cependant, les homards mous (venant de muer)
sont rares dans les captures; la période de mue
se situe en moyenne en fin d’été. Selon les
observations de GIBSON (13867, 1969), HEPPER
(1967), THOMAS (1958), et CONAN et GUNDER-
SEN (1976), les animaux de famille ‘‘portions’’
ne muent qu'une fois par an, et leur accroisse-
ment éventuel par mue ne leur permet pas de
passer, au cours d’une saison de péche, du
groupe des ‘‘portions’’ au groupe des ‘‘gros”’
Ceci permet donc d’affirmer que si le groupe
des ““portions’’ n’est pas composé exclusivement

par les recrues, ce groupe de taille commerciale
comprend toutes les recrues de la pécherie pour
I’année considérée, et que celles-ci en constituent
la trés forte majorité a laquelle s’ajoutent quel-
ques individus ayant été recrutés 1’année pré-
cedente. Les fluctuations d’abondance de ce
groupe de taille, au cours de la saison, et entre
les différentes années, marqueront donc les
tendances ou l’aspect aléatoire des variations
du recrutement sur ce stock.

2.4. Homogénéisation de la flottille par

Panalyse multivariable

Ayant choisi comme indice de rendement la
CPUE/groupe de taille/100 casiers/jour, il reste
a tenter de rapprocher cet indice de rendement
d’un indice d’abondance du groupe de taille
considéré, en pratiquant une certaine sélection
et transformation des données. L’intérét de cet
ensemble de données provient de son effectif,
de la localisation de la collecte sur une zone
géographique trés restreinte et du nombre suf-
fisant d’informateurs (4 a 15 bateaux). Il s’agit
donc, par le biais d’une sélection objective,
d’extraire une information ‘‘moyenne’’ repré-
sentative de la pécherie, d’ott la nécessité de
rechercher au sein des données celles qui s’écar-
tent trés nettement de la moyenne et dont
Ioriginalité peut provenir d’un comportement
atypique de l'action de péche ou de la nature
erronée des renseignements fournis. Nous avons
donc cherché 4 homogénéiser notre flottille en
excluant les informateurs douteux ou dont la
série est trop incompléte, ce qui est souvent le
cas des bateaux travaillant sur les petits fonds.

Afin d’homogénéiser la flottille, nous avons
eu recours a ’analyse multivariable, considérant
selon la terminologie de BLANC et al. (1976)
chaque informateur (bateau) comme une variable,
et chaque CPUE/portions/100 casiers/jour
comme observation, du début & la fin de la
saison de péche. Recherchant ici la structure
de cet ensemble de données et I’hétérogenéité
entre variables au sein de la flottille, nous avons
donc appliqué une transformation logarithmique
(Log (X + 1)) aux indices journaliers afin de
réduire ’effet de changement d’abondance au
cours de la saison.
entes analyses:

Nous avons appliqué différ-
analyse de correspondance
simple sans option particuliére, puis analyse en
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m

POINTS GROUPES 1,2,3,4,5,7,90,95,97,98
Fig. 2a. Analyse des correspondance: projection
des observations (péches journaliéres) selon les

deux premiers axes (Axes 1 et 2). Année 1975.

Fig. 2c. Projection des variables (bateaux) selon
les premiers axes (Axes 1 et 2). Année 1975.

effectuant un centrage des variables afin de
mieux mettre en évidence les originalités de
certains bateaux.

A titre d’illustration de la méthode, nous
avons extrait quelques résultats issus de I’analyse
de correspondance simple pour la saison de
péche 1975, La projection des observations
(prises journaliéres) (Figs. 2a, 2b) et des vari-
ables (bateaux) (Figs. 2c, 2d) selon les trois pre-
miers axes déterminants, permet de reconnaitre,
a titre d’exemple pour l'année 1975, une in-
contestable originalité de comportement pour

certains informateurs. Le rapprochement, par

Fig. 2b. Projection des observations (péches
journaliéres) selon les premiers axes (Axes 1
et 3). Année 1975.

Fig. 2d. Projection des variables (bateaux) selon
les premiers axes (Axes 1 et 3). Année 1975.

projection simultanée des variables et des obser-
vations, permet de déterminer aisément la
L’axe 1 (X)
décrit I’évolution temporelle des captures de
homards portions, au cours de la saison de

nature des trois premiers axes.

Iy

péche de juin 4 septembre 1975, et démontre
graphiquement une é&volution cyclique avec
retour a la situation initiale en fin de saison.
La disponibilité des homards par rapport a
I’engin de péche croissant avec la saison de mai
a aofit, cet axe temporel est également [’axe
de la plus grande abondance saisonniére. Ainsi
les bateaux n’opérant que durant les mois de
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la saison de péche les plus favorables (juillet et
aolit) se placeront a droite sur ce premier axe:
c’est typiquement le cas du bateau DM qui
n’exerce sa péche en 1975 qu’a partir du pre-
mier juillet, et qui, de plus, réalise a la méme
époque de meilleures péches que les autres
navires. Cette caractéristique tend a accuser
son déplacement sur la droite de Paxe, sans
que son comportement soit pour autant atypique.
11 doit donc étre conservé dans l’ensemble des
bateaux représentatifs de la flottille.

A lopposé, sur cet axe 1, premier axe
déterminant, et qui marque I’évolution tempo-
relle de rendement, se situe typiquement le
bateau ME qui ne péche en 1975 que durant
un mois et demi en début de saison, du 15
juin 4 la fin de juillet. Il ne peut donc, durant
cette période, réaliser d’excellents rendements,
et se cantonnera donc a ’extrémité gauche du
premier axe. Il est néanmoins représentatif des
phénomenes en début de saison et doit donc étre
conservé dans le groupe des bateaux typiques.

Les deux axes suivants, dans l’ordre d’im-
portance décroissante de la variance liée, sont
les axes 2 et 3 (axe des y pour les Figs. 2a, b,
¢,d) qui expriment l'originalité et méme le
caractére atypique de certains bateaux. En 1975,
particuliérement le caseyeur PO ne fournit que
18 fiches de péche sur ’ensemble de la saison
dont certaines de qualité douteuse. Il en est
de méme du bateau RC ayant donné 26 fiches
seulement, dont P'une (15¢ jour de péche, obser-
vation 15) complétement aberrante et trés pro-
bablement fausse. Enfin, le bateau HP se
singularise également par un ensemble de
rendements journaliers établis sur deux semaines
en fin de saison, dont les résultats sont compléte-
ment différents du reste de la flottille, mais
cependant proches de ceux déclarés par DM.
A titre de précaution, et aux fins d’homogénéi-
sation de la flottille, ces trois informateurs PO,

RC et HP sont écartés et leurs prises non con-
sidérées dans l’ensemble flottille homogéne. Il
faut remarquer toutefois que |’isolement d’un
informateur sur un axe, et un axe seulement,
ne suffit pas a le considérer comme atypique,
et & I’éliminer. Ainsi, les raisons de la singu-
larisation du bateau AA sur I’axe 3 s’expliquent
par le fait qu’il s’agit d’un navire exercant sa
péche tout au long de la saison, soit avant
(observations 1 & 7) et aprés (90 a 98) (Figs. 2a
et 2b) les autres caseyeurs. Il bénéficie ainsi
d’une certaine originalité par rapport a l’en-
semble de la flottille sans pour autant que ses
renseignements ne soient entachés de doute.

2.5. Prise moyenne journaliére de la flottille

et indice d’abondance par groupe de taille

A lissue de cette homogénéisation, il est donc
possible de calculer le rendement moyen jour-
nalier des captures de homards ‘‘portions” pour
100 casiers (=CPUE “‘p’’/100 casiers/jour) pour
la flottille, et pour chaque saison de péche
(1973-1980). Cependant, cet indice journalier
de rendement de la péche demeure encore trés
ponctuel et notoirement soumis a 'influence de
la météorologie, du rythme des marées et de
la répartition des jours de travail ou de congés
au cours de la semaine. Cette série temporelle
4 base journaliére doit donc étre lissée en réali-
sant la moyenne mobile des rendements jour-
naliers sur trois jours consécutifs.

Une fois la flottille homogéne définie, le méme
procédé de calcul de la prise moyenne journali-
ére pour 100 casiers, conduisant a un indic
d’abondance moyen journalier, peut étre calculé
pour les 3 groupes de taille (portions, gros et
trés gros) et pour chaque année du début a la
fin de saison.

3. Résultats
3.1. Evolution annuelle des rendements de
péche par groupes de taille

Tableau 2. Evolution des captures de ‘‘portions’” (recrues) et captures totales.

Année 1973 1974 1975 1977 1978 1979 1980
Captures totales 8224 7431 6712 8369 2432 4152 4272
“Portions” 5520 4496 5361 7163 1671 3598 3879

% 67.12 60.50 79.87 85.58 68.70 86.65 90.80

Xm="7703, S*=1340272, S=1157
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On constate tout d’abord le développement
saisonnier de cette pécherie, centrée sur les mois
d’été, et ensuite une répartition des captures
selon les trois groupes de taille commerciaux
utilisés: “‘portions” trés nettement plus abon-
dants que les ‘‘gros” et les “‘trés gros’” ex-
trémement rares sur cette pécherie ancienne et
qui démontre un fort taux d’exploitation. Au
long de cette série (1973-1980), le pourcentage
de ‘“‘portions’’ (recrues) dans les captures aug-
mente (Tableau 2) de 60.5 (1974) 4 90.8 % (1980).

Afin de testr la signification de cette tendance,
une régression prédictrice P 95 (pourcentage de

107

““portion’’) en fonction du temps (année) a été
établie et un test “t”’ de comparaison de pente
(par rapport & une pente nulle) a été réalisé
(t=2.469; ddf=5). On peut conclure, qu’au
seuil de 59, la pente est différente de 0, c’est-

5

a-dire qu’il y a une tendance 4 l’augmentation
du pourcentage des recrues (portions), dans les
captures commerciales au cours de la période
1973-1980.
nette tendance des rendements sur ‘‘portions’’
a atteindre en fin de saison (septembre), les
rendements sur ‘‘gros’”’ obtenus en début de
Ceci

Un autre phénoméne a noter est la

saison (juin). traduit donc la continuité

L CPUE / PORTION / 100 CASIERS / JOUR
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Fig. 3.
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Evolution journaliére au cours de la saison de la CPUE,

moyenne la flottille sur le groupe des recrues (portions >>300g).
Années 1973, 1974, 1975, 1977, 1978, 1979, 1980.
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Juilet

XY
Septembre

Evolution journaliére au cours de la saison de la CPUE,

moyenne de la flottille sur le groupe de taille des “‘gros” (0.6-2

kg).

Années 1973, 1974, 1975, 1977, 1978, 1979, 1980.
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entre groupes de tailles (portions, gros) et indique
le fort taux d’exploitation de ce groupe de
““recrues’’ confirmé par la disparition des ‘‘trés
gros’ et la diminution des captures de ‘‘gros’’.

3.2. Evolution saisonniére et interannuelle

des rendements de péche quotidiens

L’évolution des rendements quotidiens par
groupes de taille “‘portions” (Fig. 3) et ‘‘gros”
(Fig. 4) montre une évolution identique au cours
de la saison, mais différe d’une année sur 'autre.
Ces variations interannuelles sont commandées
par deux facteurs: le niveau de recrutement
(traduit par I’abondance de la classe des portions
au début de 1’été), la mortalité apparente (péche
et émigration ou diminution de capturabilité) au
cours de la saison.

Afin de comparer ’abondance relative des
“portions’’ d’une année a l’autre, il est donc
préférable d’extraire de ces séries annuelles la
série des rendements quotidiens de 1’été (juillet,
aoflit, septembre) pour chaque année. Cela
conduit donc & comparer sur ces séries de 90
jours, les paramétres des droites de régression
prédictrice du rendement moyen quotidien en
fonction du temps: pente (=mortalité apparente)
et ordonnée a lorigine (—abondance relative
des portions en début juillet) (Fig. 5, Tableau
2). L’originalité de la droite 1975 par rapport
4 l’ensemble des autres droites est évidente
pour la valeur élevée & lorigine (recrutement
exceptionnel pour cette saison), et la pente plus
forte (une mortalité totale plus forte due & une
exploitation plus intense de cette class de taille

EVOLUTION DES RENDEMENTS SUR HOMARD PORTION POUR
100 CASIERS PAR JOUR AU COURS DE 10 ETE
1975 ( JUILLET , AOUT , SEPTEMBRE ) 1973

50+

RENDEMENTS PORTIONS / JOUR / 100 CASIERS

0.0 T T

50 £ x
1/07 R NOMBRE DE JOURS 1710

Fig. 5. Régression prédictrice du rendement
quotidien des “‘portions’’ en fonction du temps
durant les trois mois d’été (1973-1980).

durant cette saison).

La comparaison plus avancée de ces sept
droites par les tests statistiques de comparaison
de droites poss plus de problémes en raison
du non respect de deux hypothéses fondamenta-
les.

Les rendements quotidiens sont le résultat
d’un lissage par moyennes mobiles sur trois
jours. Il n’y a donc pas indépendance des
observations pour deux raisons: le mode de
lissage qui lie les observations, et le fait que
Les effectifs et
rendements d’un jour sont donc déterminés par

I’on suit une méme population.

I’abondance initiale et l'effort de péche déve-
loppé les jours précédents. Il y a donc évidem-
ment autocorrélation entre observation et non
I apparait également
(Fig. 3) que la variabilité résiduelle de chaque
série est trés variable d’une année a l'autre.
Sur ce plan, un test de comparaison de variance
résiduelle entre séries montre qu’elles ne sont

indépendance statistique.

pas homogénes. Pratiquement le test d’homo-
généité des carrés moyens résiduels (S?=140,84;
ddl=6; «=0) interdit toute tentative de com-
paraison des régressions prédictrices.

Afin de visualiser les caractéristiques de ces
7 régressions prédictrices (pente et ordonnée a
Porigine), on peut utiliser la technique des
ellipses de confiance (DRAPER et SMITH 1966)
programmée par G. CONAN (Fig. 6). Au seuil
de confiance retenu (5 %), on constate qu’aucune
région de confiance ne recoupe les autres, et

50

ORDONNEE A L'ORIGINE =
INDICE ANNUEL DE RECRUTEMENT
>
2

0080 0070 0060 005 0040 -0030  -0020  -0010 0000
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Fig. 6. Représentation des paramétres des droites
prédictrices (pente et ordonnée a l’origine)
précédentes (Fig. 5) et indication des ellipses
de confiance.
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surtout la grande originalité de la droite 1975,
par rapport au groupe constituté par les 6 autres
droites.

La nature des données ne permet pas d’aller
plus loin dans I’analyse, mais suffit & démontrer
que l'abondance des portions pour I’année 1975
n’a jamais été égalée depuis, et qu’il n’apparait
aucun indice d’amélioration ou de réduction du
recrutement, en dépit des immersions de homards
juvéniles depuis 7 a4 8 années dans le secteur.

Selon les estimations généralement admises
de taux de croissance du homard en Mer Cel-
tique (GIBSON 167, HEPPER 1978) et Mer de
Norvege (CONAN et GUNDERSEN 1976), les
recrues (portions) mesurant 23 a 25cm doivent
étre agées de 4 ans. Ainsi ’abondance inhabi-
tuelle de jeunes homards en 1975 pourrait étre
due a l’existence de conditions climatologiques
exceptionnellement favorables a la survie des
larves juvéniles de homards au cours de I'été
1971.

Enfin, une enquéte plus largement étendue a
I’ensemble du littoral armorciain jusqu’aux Iles
de Chausey démontre que cette saison 1975 fut
exceptionnellement marquée par ’abondance des
jeunes homards, et que seule au cours des an-
nées précédentes, ’année 1962 présentait les
mémes caractéristiques.

4, Application aux essais de repeuplement
par immersion de juvéniles

Compte tenu de notre systéeme d’échantillon-
nage de la flottille par les carnets de péche, on
peut estimer que les captures totales en nombre
de la flottille d’Houat (25 a 30 bateaux) varient
de 10000 a 30000 homards de taille commerciale
par an. La variation annuelle du pourcentage
de ‘‘portions’’ essentiellement due aux varia-
tions du recrutement (de 60 9% pour 1974 a 91
% pour 1980) et au taux d’exploitation, permet
de fixer un seuil minimum d’efficacité d’une
écloserie destinée a alimenter une flottille de
cet effectif (20 4 30 bateaux péchant également
le crabe).

Nous avons considéré toutes les captures de
homards ‘‘portions’ P réalisées au cours des 7
années et rapporté ces captures P & une capture
totale théorique de 10000 individus afin d’obtenir
une série comparable sur sept années (Tableau 2).

Dans un premier temps, sur la base de ces 7
années, on peut considérer S? comme une esti-
mation de la variance réelle.
des captures totales de 10000 individus pour
une saison, et si 'on admet comme seuil de
probabilité P=0.05, on peut calculer [’écart
minimal (en valeur absolue) entre les captures
de ‘‘portions’” d’une année Y et la moyenne
observée (Xm=7703, pour 1973-1980), tel que

En se basant sur

Y—Xm>2.8/ v n soit | X—Xm|>044.

Le méme raisonnement appliqué a d’autres
valeurs de captures totales (M variant de 10000 a
30000 individus par saison) conduit aux résultats
suivants:

Captures totales 10000 15000 20000 25000 30000

écart minimal
|Y— Xm| 944 1471 1890 2362 2835

On peut donc conclure que, selon leffort de
péche développé conduisant a des captures totales
comprises entre 10000 et 30000 individus par
saison, c’est-d-dire environ 6 & 16 tonnes (les
débarquements estimés pour la flottille entre 73
et 80 vont de 9 a 12 tonnes), il faut que les
captures de ‘‘portions’’ soient de 944 a 2835
supérieures 4 la moyenne des captures (pour la
série 1973-1980) pour que le recrutement (au
seuil de 5 %) soit significativement supérieur aux
valeurs de recrutement dues aux simples fluc-
tuations naturelles. L’action bénéfique de 1'éc-
loserie (impact des immersions de homards
juvéniles) ne peut étre objectivement attestée
au moyen des fiches de péche que si une série
soutenue de hauts recrutements dépassant ce
seuil minimal était enregistrée durant les der-
niéres années. Ce n’est pas le cas actuellement,
puisque le meilleur recrutement a été observé
pour ’année 1975.

5. Conclusion

En utilisant, par un systéme de fiches de péche
quotidiennes, les ventilations des captures de
homard en nombre par classes de taille com-
merciales, il a été possible de mettre en évidence
et de quantifier la variabilité annuelle du recrute-
ment pour la période considérée 1973-1980.
L’abondance des ‘‘recrues’ sur cette pécherie
peut varier de 1 a 2 d’une année a lautre.
L’année 1975 apparait comme une année ex-
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ceptionnelle & cet égard pour ’ensemble du
littoral breton. En utilisant ces données, on
peut fixer un seuil minimal d’abondance des
recrues pour chaque année, qui permette de
qualifier un recrutement ‘‘d’exceptionnel’.

D’aprés cette méthode, il n’apparait pas d’-
amélioration sensible des captures commerciales,
largement dominées par les fluctuations du
recrutement, qui permettrait de conclure a un
impact positif des immersions massives de
juvéniles de homard de stade IV et V (jusqu’a
50.000 par saison), réalisées depuis huit années
dans la zone d’action de la flottille analysée.

Cette étude est actuellement poursuivie et
sera bientdt complétée d’un suivi par marquage
des populations de juvéniles d’un an immergées
chaque année.
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Tableau annexe Rapartition mensuelle (2~11) des captures en classes de taille
commerciale (années 1973 4 1980) de la flottille analysée—(Houat)

(J=jeunes, P=portions, G=gros, TG=trés gros).
Mois 2 3 4 5 6 7 8 9 10 11 Total
Année
1973
J 3 78 91 63 10 245
P 130 1512 2118 1368 392 5520
G 168 836 876 624 139 2643
TG 2 20 18 12 9 61
Total 303 2446 3103 2067 550 8469
1974
J 11 5 69 153 30 268
P 539 476 1299 1456 726 4496
G 388 356 867 873 433 2917
TG 3 3 3 8 1 18
Total 941 840 2238 2490 1190 7699
1975
J 66 281 153 66 581
P 1171 2353 941 602 5361
G 357 634 224 76 1325
TG 9 11 4 2 26
Total 1603 3279 1322 746 7293
1977
J 14 69 130 174 116 62 1 566
P 384 1280 1562 1754 1272 854 57 7163
G 46 167 304 379 119 113 8 1136
TG 0 14 3 22 27 4 0 70
Total 444 1530 1999 2329 1534 1033 66 8935
1978
J 2 0 2 35 36 6 9 14 1 0 105
P 12 2 236 426 280 305 235 169 4 2 1671
G 6 1 89 75 57 97 73 9 11 1 419
TG 0 0 5 37 76 58 153 13 0 342
Total 20 3 332 573 449 466 470 205 16 3 2537
1979
J 4 10 14 59 45 13 1 1 149
P 57 536 617 777 1053 422 118 18 3598
G 0 2 0 200 190 119 30 0 541
TG 0 1 0 0 0 10 2 0 13
Total 61 549 631 1036 1288 566 151 19 4301
1980
J 0 4 14 24 44 28 33 24 2 173
P 4 66 491 696 681 645 614 570 112 3879
G 0 9 77 37 54 57 47 79 29 389
TG 0 0 1 0 0 1 0 2 0 4
Total 4 79 583 757 779 731 694 675 143 4445
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Clay Mineral Distribution in Surface Sediment Samples of
Sagami Bay and its Vicinity, Central Japan*

Saburo AOKI**

Abstract: Clay mineral compositions of surface sediments collected from Sagami Bay and
its vicinity were observed by X-ray diffraction method. Results obtained show that chlorite
is the most widespread clay mineral, illite is the next abundant, montmorillonite is a sub-
ordinate one, and kaolinite is the least amount. The distributions of clay minerals in the
bay bottom and along the coast of Izu Peninsula seem to have been strongly influenced by
chlorite and illite which were discharged from Sakawa and Sagami rivers flowing in on the
northern coast. However, off the west coast of Miura Peninsula there is a relatively high
concentration of montmorillonite which reflects a geological characteristic of the peninsula
without influence of the clay minerals transported from Sagami and Sakawa rivers. These
distributional patterns appear to agree well with the distribution of coastal waters and the
direction of offshore currents originated from the Kuroshio current entering from the eastern
side of the bay. The distribution of clay minerals off the east coast of Bosd Peninsula agrees
well with that off the west coast of Miura Peninsula and this may reflect the geological
similarity between Boso and Miura Peninsulas. In the environs of Oshima volcanic island
clay minerals show the distributional pattern characterized by the predominance of illite and

chlorite.
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Table 1.
distributed in the hinterland.

Major rocks and clay minerals

Hinterland Rocks Clay minerals
Izu Peninsula Volccmu, rocks Montmorillonite
Kaolinite
Northern coast Sedimentary rocks Chlorite
Illite

Miura Peninsula Sedimentary rocks Illite
including pyro-  Montmorillonite
clastic rocks Chlorite
Boso Peninsula Sedimentary rocks Illite
Montmorillonite
Chlorite

including pyro-
clastic rocks
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