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Food consumption and growth of artificially produced
Japanese red porgy young Pagrus major*

Joannes S. APOSTOLOPOULOS** and Naonori ISHIWATA***

Abstract: Artificially produced youngs of the Japanese red porgy Pagrus major are reared

in laboratory and the interrelationships between food consumption and growth are examined.

The maintenance ration and food conversion efficiency are also obtained.

1. Intreduction

The interrelationship between food consump-
tion and growth is one of the fundamentally
important problems in ecology as well as in the
fish culture development. To realize such im-
portance, the interrelationships are examined on
artificially produced youngs of the Japanese red
porgy Pagrus major (T. & S.), and the main-
tenance ration and food conversion efficiency are
also obtained.

After WARREN and Davis (1967) the utili-
zation and losses of the energy in the food con-
sumed by an animal are represented by the
following equation:

QC—QVJ:QQ+Q8+Qd+Qa:

where the energy values are given as;
Qe, for food consumed;
Qw, for faeces and nitrogenous excretion;
@)y, for materials laid down as growth;
Qs, for standard metabolism;
Qa, for specific dynamic action;
Qa, for activity.

For the purposes of the present experiment,
the three energies, Q;, Qs and @, are considered
together as the energy used in the total metab-
olism, and @y is the part of the ingested energy
Q¢ used for increasing the body weight; the
remaining @ is included in both total metabolism

and Q.

* Received November 27, 1985
** Tokyo University of Fisheries; Present Address:
Institute of Oceanographic and Fishing Research,
Agios Kosmas Kllinikon, Athens, Greece
*** Tokyo University of Fisheries, Konan 4, Minato-
ku, Tokyo, 108 Japan

2. Material and method

The young fish used for the present experi-
ment were artificially produced 6-months-old red
porgy of 9.0-12.5 cm length. They were obtain-
ed from a floating net cage at the Fisheries
Experimental Station of Fukui Prefecture and
transported to the Kominato Marine Biological
Laboratory of Tokyo University of Fisheries,
Chiba Prefecture.

On arrival, the fish were placed in an indoor
concrete tank (190 cm long, 90 cm wide and 50
cm deep) with running water and fed to satiation
on pieces of jack mackerel (Trachurus japonicus)
meat once a day.

After 12-days acclimatization 56 fish of approxi-
mately the same size were selected and deprived
of food for 2 days. After this treatment their
body weight was measured and they were divided
into four groups A, B, C and D of 14 fish each.
They were placed in four indoor concrete tanks
of equal size and shape (85 cm long, 90 cm wide
and 50 cm deep) with running water and kept
for 30 days from 3 November to 2 December
1975. They were fed with pieces of jack mack-
erel meat. The food was given a little at a
time to avoid leftovers. The Group A fish were
fed to satiation once a day at about 11:00a.m.
The Groups B and C fish were fed with the
food of 2/3 and 1/3 respectively of the satiation
ration of the Group A fish, while the Group D
fish were left to starve. After 30 days of feed-
ing the fish were deprived of food again for 2
days and their final body weight was measured.

Using the results of the experiment, the
relation between daily rate of feeding (food con-
sumption/day/body weight) and daily rate of
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Initial total body weight (W,), initial number of fish (V,), final total body weight
(We), final number of fish (N:), food consumption (F), daily rate of feeding (f), daily
rate of growth (g), and gross efficiency (¢/f) for young red porgy fed on jack mackerel
meat for 30 days from 3 November to 2 December 1975 at water temperatures ranging
from 17.0 to 21.5°C (mean 19.8°C) and water flow of about 15 liters/min.

Group* Wo Ny WO/IV(} Wz ]\rt Wt/Nt F f*'ﬂ g*** g/f
() (g) (g) () (g)
A 395.8 14 28.3 491.3 12 40.9 728.0 0. 0506 0.0177 0.2312
(72.8) (2) (36.4)
B 397.6 14 28.4 507.1 14 36.2 484.4 0.0357 0. 0081 0.2269
C 403.7 14 28.8 405.8 13 31.2 241.6 0.0192 0.0026 0.1354
(31.3) (1) (31.3)
D 399.3 14 28.5 359.6 14 25.7 0 0 —0.0035 —

* Group A, satiation ration for one feeding a day; Group B, 2/3 satiation ration; Group C, 1/3

satiation ration; Group D, starvation.

WHE=F/[(t/2) (Wo+We);

sk = (W — Wo)/[ (/2 (Wo+ Wi

figures in parentheses, dead fish applying to equations: f/=F/[(/2)(Wo+ Wi+ W")] and ¢'=We+ W'
—~Wo)/L&/2)(Wo+We+ W], where W’ is body weight of dead fish.

growth (increase in weight/day/body weight)
was examined. At the same time the main-
tenance ration and food conversion efficiency
were calculated.

3. Results

The results of the experiment are shown in
Table 1. The water temperature during the
experiment ranged from 17.0 to 21.5°C with a
mean value of 19.8°C, while the water flow was
about 15 liters/min.

Based on such data the relation between daily
rates of feeding (f) and growth (g) is shown in
Fig. 1, which assumes that an equation of the
first degree (9=Af—B) would provide an ad-
equate fit to the data. The fitted equation is
calculated by the method of least squares as:

(1

The data also show that, below the satiation
ration for one feeding a day, an increase in daily
rate of feeding produces an increase in daily rate
of growth. From equation (1) f=0.0108, if
g=0. Therefore, to maintain 1 g of body weight
per day 10.8 mg of jack mackerel meat are re-
quired, or an amount of food intake is equal to
1.08 % of the body weight. Furthermore, in
the case of starvation (f=0), g=~0.0033, which
means that 3.3 mg per gram of body weight per
day are lost. This is equal to 0.33% of the
body weight.
From the equation (1) we can also obtain

¢=0.3045 f—0.0033.
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Fig. 1. Relationships between daily rate of feed-
ing (f), daily rate of growth (g, solid circle),
and gross efficiency (g/f, open circle). ¢=
0.3045 f —0.0033.

0/f=0.3045—0.0033 (1/F),  (2)

where ¢/f is the gross efficiency. From the
equation (2) it is clear that, as the daily rate of
feeding () increases, the gross efficiency (Ey=
g/f) does not increase proportionately, but may
approach asymptotically the maximum value of
0.3045 (Fig. 1). The experimental values of the
gross efficiency at any change of the daily rate
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of feeding are calculated as follows: when f=
0.0192, ¢/f=0.1354, when f=0.0357, g¢/f=
0.2269 and when f=0.0506, ¢/f=0.2312. As
noted above, the maintenance ration per gram
of body weight per day (m) was found to be
equal to 0.0108 g. So, the net efficiency [E.=
g/(f—m)] can be calculated and its values are
found to be 0.3095 when f=0.0192, 0.3253 when
F=0.0357 and 0.2940 when f=0.0506. As it
can be seen, the net efficiency is almost constant
at every value of the daily rate of feeding.

4. Discussion

From the experimental data the relation be-
tween daily rate of feeding (f) and daily rate of
growth (g) can be expressed as:

g=Af—B. (3)

From equation (3) when ¢g=0, the value of f is

Table 2. Values of f and (1/¢) log (W:/ Wo).

Group f (1/2) log (Ws/ W)
A 0. 0506 0.0051
B 0.0357 0.0035
C 0.0192 0.0012
D 0 —0.0015
0.006 7
/
//
e

0,005 /

(1/8) log (W¢/ W)
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Fig. 2, Relationship between f and (1/2) log
(We/Who). (1/8) log (We/Wo)=0.1317 f
- 0.0014,

—0.002
g

the amount of food intake required to maintain
1g of body weight per day.

According to TAUcHI (1953), if a(g) is the
amount of food intake required to maintain 1g
of body weight per day, b&(g) the amount of
food intake required to increase the body weight
lg, f(g) the amount of food intake per gram
of body weight per day, W(g) the total body
weight of the fish being reared and ¢(day) the
rearing period, then

aW+bdW/dt=fW, (4>

and this can be expressed as
(1/%) log (Wy/ Wo)
=[(loge)/b]f—(a/b)loge, (5)

where Wy is the initial total body weight and
W is the final total body weight.

Using the results of the experiment given in
Table 1, the values of f and (1/z) log (We/ Wo)
can be calculated (Table 2) and in the relation
obtained (Fig. 2) there exists a linear regression
[(1/2) log (W) Wy)=Pf—@Q] from which the
constants P and @Q, calculated by the method of
least squares, are found to be 0.1317 and 0.0014
respectively. From equation (5), P=(loge)/b
and Q=(a/b)loge. So, the values of a and &
can be calculated and they are found to be
0.0106 and 3.30 respectively. That is, 10.6 mg
of jack mackerel meat are required to maintain
1g of body weight per day, while 3.30 g of the
same food are needed to increase the body
weight 1 g. As it can be seen here, the main-
tenance ration per gram of body weight per
day calculated from both equations (3) and 4)
has almost the same value.

Using the same method and food (jack mack-
erel meat), ISHIWATA (1969) pointed out on
Trachurus japonicus and Fugu vermicularis
porphyreus, that the daily rate of growth was
proportional to the daily rate of feeding, and
that the values of @ and b were 13.6 mg and
2.57 g respectively for Trachurus japonicus, and
18.8 mg and 1.85 g respectively for Fugu vermi-
cularis porphyreus at mean water temperature
of about 23°C. The present authors get the
values of 10.6mg and 3.30g respectively.
Among the different species, the given results
are similar together while the value of a is
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lower in this case. It may be due to 3°C-lower

water temperature.

5. Summary

A laboratory study of the relation between
food consumption and growth was carried out
for 30 days from 3 November to 2 December
1975 on the artificially produced youngs of the
Japanese red porgy fed on jack mackerel meat.
It was found that:

1. Below the satiation ration for one feeding
a day, in the relation between daily rate of
feeding (/) and daily rate of growth (g) there
exists a linear regression which is expressed as
¢=0.3045 f—0.0033.

2. The amount of food intake required to
maintain 1g of body weight per day (m) is
10.8mg or an amount of food intake is equal
to 1.08 9, of the body weight.

3. The gross efficiency (¢/f) does not increase
proportionately with an increase in the daily
rate of feeding, but has the tendency to approach
the maximum value of 0.3045, even if the net
efficiency [g/(f—m)] is almost constant.

4. From the equation aW+bdW/de=fW

the amount of food intake required to maintain
1 g of body weight per day (a) and to increase
the body weight 1 g (&) are found to be 10.6 mg
and 3.30 g respectively.
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The bacterial adhesion to copepods in coastal waters
in different parts of the world*

Sachiko NAGASAWA**

Abstract: The incidence of copepods (Acartia spp.) with bacteria (ICWB) was examined for
samples obtained from 7 different coastal areas; Kuberg in northern Norway, Conception Bay
in Canada, Woods Hole and San Francisco Bay in the United States, Vera Cruz in Mexico,
the Caribbean Sea and Melanesia. Values of ICWB varied with areas and months and they
were generally less than 10 % as previously reported in other coastal areas. However, an
extremely high value, 83.8 %, was obtained from Woods Hole copepods. Slime was observed
on copepods from Woods Hole, San Francisco Bay and Vera Cruz, suggesting the presence
of bacteria capable of producing polysaccharides outside the cell wall.

1. Introduction

SEM examinations of copepods collected from
aquatic environments in Bangladesh (COLWELL
et al., 1980), three Nebraska lakes (HOLLAND
and HERGENRADER, 1981) and Tokyo Bay
waters (NAGASAWA et al., 1985) visually re-
vealed bacterial attachment to copepods. NAGA-
SAWA and NEMOTO (1986) reported that bac-
terial colonization of copepods is a widespread
phenomenon in marine coastal areas. They ex-
amined copepods from Tokyo Bay (Japan), Po
estuary (Italy), Miramare (Italy), Bay of Naples
(Italy) and Helgoland (Germany). Furthermore,
NAGASAWA and NEMOTO (in press) demon-
strated the incidence of copepods associated with
bacteria in Tokyo, Sagami, Suruga and Otsuchi
Bays in Japan as well as the yearly change in
the incidence of such copepods in Tokyo Bay.
The present study provides further information
on the incidence of copepod-bacteria associations
taking place in coastal waters in different parts
of the world.

2. Materials and methods
Plankton samples obtained from 7 different
localities (Fig. 1) were used in this study to
determine whether bacterial colonization of cope-
pods is a global phenomenon in marine coastal
areas. The seven areas include 1) Kuberg in
* Received, April 3, 1986
** QOcean Research Institute, University of Tokyo
Minamidai 1-15-1, Nakano-ku, Tokyo, 164 Japan

northern Norway (DAVIS, 1977), 2) Conception
Bay in Canada (Davis, 1982), 3) Woods Hole
and 4) San Francisco Bay in the United States,
5) Vera Cruz in Mexico, 6) the Caribbean Sea
and 7) Melanesia. Samples obtained from 4),
5), 6) and 7) belong to the Smithsonian Oceano-
graphic Sorting Center; samples from the Carib-
bean Sea were obtained during the Caribe I
cruise of the R/V Alpha Helix while samples
from Melanesia were collected during the Moro
Expedition by the R/V Alpha Helix.
used in this study were composed of 10 from 1),
3 from 2), 1 from 3), 5 from 4), 2 from 5), 5
from 6) and 5 from 7) (Fig. 2, Table 1).
Adults of Acartia spp. were removed from
the preserved plankton samples; specimens ob-
tained from 1) and 2) were A. longiremis ac-
cording to DAvVIS (1977, 1982), whereas those
from 3) were A. tonsa (Onbé, personal communi-
cation). Species of Acartia obtained from other
areas (4, 5, 6 and 7) were not identified. These
adult copepods were examined in a JSM-35
scanning electron microscope following the prepa-
ration procedure described by NAGASAWA et al.
(1985). The number of specimens examined per
sample varied with the seven areas (Fig. 2, Table
1). Incidence of copepods with bacteria (ICWB)
is defined as the percentage of number of cope-
pods infested to number of those examined for
each sample. Although some copepods had large
numbers of bacteria and other had a small
number of bacteria, only the percentages of

Samples
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Fig. 1. Map showing 7 areas (®) where samples examined in this study were obtained and
another areas (&) previously investigated by NAGASAWA and NEMOTO (1986, in press).
1, Kuberg; 2, Conception Bay; 3, Woods Hole; 4, San Francisco Bay; 5, Vera Cruz;

6, Caribbean Sea; 7, Melanesia.

copepods with and without bacteria will be dis-
cussed here. The term ‘‘slime’’, as described
by ROTH (1977), is used in the present study:
a network of carbohydrate fibers not distinctly
associated with any one bacterium, but ap-
parently serving a community function in holding
an aquatic slime layer to a surface.

3. Results

Attachment of bacteria to copepods was usually
selective. Bacteria were found more frequently
on the ventro-lateral side of the copepod than
on the dorsal side, except animals obtained from
Woods Hele. Body parts where bacterial attach-
ment occurred were not always identical for
animals from different areas. Generally a small
number of bacteria were attached to individual
copepods from Kuberg, Conception Bay, Vera
Cruz and the Caribbean Sea. In contrast, large
numbers of bacteria were attached to individuals
obtained from Woods Hole and San Francisco
Bay. Melanesia samples included specimens with

1)
—

nds with bactena (%
—
L

Ircidence of copep

1028
Feoruary March

Fig. 2. Change in the incidence of copepods with
bacteria in Kuberg during the period from
July 25, 1975 through March 2, 1976. Figures
show the number of copepods examined.

small to large numbers of bacteria. Most bacteria
attached to copepods were rods; they were short,
long, thick, slender or indented rods (Fig. 3).
Along with these rods, beaded bacteria were
observed (Fig. 3i).
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Table 1.
bacteria.

Kuberg copepods see Fig. 2.

119

Data on sampling records of copepod collections and incidence of copepods with
Figures in parentheses indicate numbers of copepods examined. For data on

Incidence of

Area Station Date copepods with Remarks
bacteria (%)
Conception Bay B Feb. 1, 1978 0( 59) Acartia longiremis
B Mar. 24, 1978 0( 75)
C Mar. 24, 1978 1.0(203)
Woods Hole 1 Sept. 1, 1984  83.9(117) Acartia tonsa
San Francisco Bay 19 Sept. 16, 1980 4.2(189) Acartia sp. 15.0°C, 28.8%0 S
24 Dec. 16, 1980 0(160) 11.6 29.3
30 Dec. 16, 1980 0(156) 11.2 29.2
32 Dec. 16, 1980 0(261) 10.9 28.7
168 Nov. 12, 1980 0(123) 16.1 28.8
Vera Cruz M3. 1 Nov. 19, 1981 11.3(124) Acartia sp. 28°C, 12%0S
M. 1 Sept. 18, 1982 2.7(226) 32 13
Caribbean Sea PN-51-60  June 29, 1977 0(127) Acartia sp. Sasardi Islands, Panama
PN-51-260 July 15, 1977 6.2(113) Glover’s Reef, Belize
PN-52-260 July 15, 1977 5.0(119) Glover’s Reef, Belize
PN-55-260 July 15, 1977 3.8(160) Turneffe Islands, Belize
PN-65-260 July 17, 1977 0(162) Southern Lagoon, Belize
Melanesia 68-PN-80  June 21, 1979 0(144) Acartia sp. Muschu Bay, Papua New Guinea
73-PN-80  June 22, 1979 1.5(134) Wewak Harbor, Papua New Guinea
89-PN-80  June 30, 1979 2.00147) Korrida Bay, Indonesia
129-PN-80  July 7, 1979 2.4( 84) Ambon Harbor, Indonesia
145-PN-80  July 14, 1979 1.1( 87) Dodinga Bay, Indonesia
1) Kuberg 32.5 to 33.4 % at 50 m.

Bacteria were found near the base of anten-
nules, antennae and legs, around the labrum,
in the depressed parts of the lateral side and
on the back. Large colonies of bacteria were
rare while attachment of a small number of
bacteria was common (Fig. 3a). Each of 10
samples included some copepods (A. longiremis)
with bacteria. Incidence of copepods with bac-
teria (ICWB) ranged from 0.8 to 15.5 % during
the period from July 25, 1975 through March
2, 1976 (Fig. 2). Incidence was not signifi-
cantly different in 9 samples from July through
February, but the in ICWB was
significant between these 9 and a sample taken
in March.

Temperature and salinity records were available
at depths of 0 and 50 m for August, September,
January, February and March. The temperature
ranged from 1.9 to 8.6°C at the surface and
from 2.7 to 7.5°C at 50m. Variation of salinity
was small; 31.2 to 33.0%c at the surface and

difference

2) Conception Bay

Bacterial attachment was rare. DBacteria were
observed near the base of antennules and on the
ventral side. Most often a small number of
bacteria were found (Fig. 8b), although colonies
occurred occasionally (Fig. 3¢). Among three
samples examined, only one contained copepods
(A. longiremis) with bacteria. The value of
ICWB was small, 1.0 %.

Temperatures at Stn. B ranged from —1 to
0°C from surface down in February, while it
was uniform at —1°C in March. Salinities were
between 31 and 32%. The average bacterial
concentration ranged from 10! to 10° per ml
(acridine orange counts)
waters (D. Deibel, personal communication).

3) Woods Hole

The heavy colonization of bacteria (large
numbers of dense colonies) was observed on the
ventral side as well as on the dorso-lateral side.

Slime was very noticeable (Fig. 3d).

in Conception Bay

Large
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numbers of bacteria were also found in the
joints of segments (Fig. 3e), near the base of
antennules, antennae and legs, around the labrum
and on the setae of legs. Bacteria often covered
most of the whole body. Frequent occurrence of
such bacterial adhesion was peculiar to copepod
(A. tonsa) from Woods Hole. ICWB was ex-
tremely high, 83.8%. No temperature and
salinity records were available.

4y San Francisco Bay

Bacteria were found near the base of anten-
nules, antennae, and swimming legs, in the joints
of segments and on the legs. Slime was some-
times found together with bacteria (Fig. 3f).
Colonies of bacteria were often observed (Fig.
3g), while copepods with a small number of
bacteria were rare (Fig. 3f). Only one sample
among five included copepods with bacteria.
Values of ICWB ranged from 0 to 4.2 %. Data
on temperatures and salinities are listed in
Table 1.

5) Vera Cruz

Bacterial adhesion was observed near the base
of antennules and antennae, around the labrum
and on the setae of legs. In most cases a small
number of bacteria were attached to copepods
(Fig. 3h); large numbers of bacteria were rare
(Fig. 31). A small amount of slime was observed
(Fig. 3h). Both samples included copepods with
bacteria. ICWDB ranged from 2.7 to 11.3 %.
Temperature and salinity records are listed in
Table 1.

6) Caribbean Sea

Bacterial adhesion was observed only near the
base of antennules, antennae and mandible.
Only a small number of bacteria were colonized
(Fig. 3j). Among 5 samples examined, three
included copepods with bacteria. Incidence of
bacterial adhesion to copepods ranged from O to
6.2 %.
not available.

7) Melanesia

Bacteria were found near the base of anten-

Data on temperatures and salinities are

nules, antennae, and legs, around the labrum
and in the joints of segments. The number of
bacteria found ranged from small to large
numbers (Figs. 3k and 1). Among 5 samples,
four included copepods with bacteria. ICWDB
ranged from 0 to 2.4%. Temperature and
salinity records are not available.

4. Discussion

Values of ICWB varied with areas and months;
generally they were less than 10 % as in Bay of
Naples, Po estuary and Miramare (NAGASAWA
and NEMOTO, 1986), Tokyo Bay, Sagami Bay
and Otsuchi Bay (NAGASAWA and NEMOTO,
in press). Surprisingly, an extremely high value
was obtained from Woods Hole copepods, 83.8
24, which is more than twice the ICWB obtained
from Helgoland and from Suruga Bay. Data
reported here on ICWB (Table 1, Fig. 2) as
well as values reported from elsewhere (NAGA-
SAWA and NEMOTO, 1986, in press) indicate a
wide distribution of copepods with associated
bacteria.

NAGASAWA and NEMOTO (1986, in press)
suggest that ICWB may depend on the number
and species of bacteria occurring in the sea
rather than on hydrographic elements such as
temperature, salinity and chemical oxygen de-
mand. Data available on bacterial numbers in
the areas shown in Fig. 1 are very few. In
addition, methods used to count bacteria are not
identical; bacterial numbers are based either on
plate counts (viable bacterial counts) or acridine
orange counts. Near Helgoland bacterial num-
bers by plate counts were 10' to 10° per ml in
the water (HICKEL and GUNKEL, 1968). Bac-
terial counts by acridine orange ranged from 10*
to 10° per m! in Conception Bay waters. How-
ever, bacterial concentration may be lower than
these values if it is estimated by plate counts.
Compared with values of ICWDB between Helgo-
land and Conception Bay, they were much higher
in the former than in the latter. Viable bac-
terial counts gradually decreased (10*-10°, 10%-
104, 10°-10% per ml) from the inner part to the
outer part of Tokyo Bay (NAGASAWA and
NEMOTO, in press). Despite such change of
bacterial numbers, values of ICWB (4.5, 7.7,
3.7 %) were not significantly different. Although
Suruga Bay waters had the lowest concentration
of bacteria, 10' per ml among waters examined
by NAGASAWA and NEMOTO (in press), Suruga
Bay copepods had the highest value of ICWB,
399,. This suggests that there is no obvious
correlation between bacterial counts and values
of ICWB. The present study includes insuflicient
data on environmental factors and bacterial
concentrations, but this drawback may be negli-
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Fig. 3. Scanning electron micrographs of bacterial attachment to copepods obtained from Kuberg (a),
Conception Bay (b and ¢), Woods Hole (d and e), San Francisco Bay (f and g), Vera Cruz (h and i),
Caribbean Sea (j) and Melanesia (k and 1). Scale bars indicate 5pm. a, Short and long rods are
scattered around the labrum of Acartia longiremis. b, A small number of short rods are attached near
the antennule of A. longiremis. c, A colony of short rods is present near the labrum of A. longiremis.
d, Short rods are present together with large amounts of slime. e, A high concentration of short rods
is observed in the joints of segments. f, Short rods, a long one and slime are present near the antenna.
g, A large number of short rods are attached to the joints of segments. h, Indented rods are colonized
near the base of antennule along with a small amount of slime. i, Short rods are densely colonized,
whereas long rods and beaded bacteria are also attached. j, Bacteria are scattered on the ventral side.
k, A small number of bacteria are attached near the labrum. 1, A few colonies of bacteria are observed
at the base of antennule.
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gible. The tendency for bacteria to become
attached to copepods may depend on the physi-
ological activity and developmental stages of
host animals rather than on bacterial numbers
in the water.

In many cases adhesion of bacteria is due to
the presence of extracellular polymers, which
may comprise polysaccharide and/ocr protein
(FLETCHER, 1980).
extracellular polymeric adhesives involves three
stages: reversible adhesion, irreversible adhesion
and microcolony formation. After an initial
stage of reversible adhesion, firm attachment or
irreversible adhesion (FLETCHER, 1980) occurs
and is usually followed by a third stage. During
this stage attached cells multiply and are joined
by additional attaching cells. This then leads
to the formation of microcolonies.

In general, attachment by

Bacteria
colonized on copepods in this study correspond
to an advanced third stage of attachment.
Difference in the number of bacteria or their
colonies may depend on hours or days elapsed
after start of bacterial attachment to the copepod.

Many procaryotes synthesize organic polymers
which are deposited outside the cell wall, as a
loose, more or less amorphous layer called a
Slime was observed on
copepods from Woods Hole, San Francisco Bay
and Vera Cruz (Fig. 3); in particular Woods
Hole samples had slime which densely covered
some parts of the copepod surface.
occurrence of slime is due to bacteria capable
of producing polysaccharides cutside the cell wall,
suggesting that such unique bacteria are present
in Woods Hole, San Francisco Bay and Vera
Cruz.

capsule, or slime layer.

Such marked

These exopolymers often form much
more widely dispersed accumulation, in part
detached from the cells that produce them as
observed in Fig. 3 and samples from Shinhama-
ko (NAGASAWA, unpublished data). This slime
layer is clearly not essential to cellular function;
many bacteria do not produce it (STANIER et al.,
1976).
organic polymers as extracellular slime is rather
uncommon and is unlike bacterial colonization
previously reported by NAGASAWA ez al. (1985),
and NAGASAWA and NEMOTO (1986, in press).

The colonization of bacteria producing
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Feeding experiment of the four-armed echinoplutei
of Pseudocentrotus depressus™®

Naonori ISHIWATA** and Akira TENJIN***

Abstract: The four-armed echinoplutei of Pseudocentrotus depressus fed with Platymonas sp.
are examined with special reference to the change of the number of food in the digestive
tract with time after feeding. The number of food in the digestive tract increases rapidly at
the beginning and reaches a maximum after 15 minutes, and then it decreases gradually and

levels off to a constant after 30 minutes.
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Platymonas sp. in the digestive tract of the
four-armed echinoplutei of Pseudocentrotus de-
pressus. Time (days) is measured just after
fertilization.
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Fig. 2.

Platymonas sp. in the digestive tract of the 4-

days-old four-armed echinoplutei of Pseudo-

centrotus depressus. Time (minute) is measured
after feeding.

Temporal change of the number of

BEROLOREBEINTA S

4, £ 0

ThHY = 4 BSGEOHIERNOINEIT, HmEEOH
Bob Lz, BEE, BUSIICHEINL, 15a&IR
BRCET DR, LU, LRI LT, 3008ALIRZ
—EIC B, TODT &I, SEBICEET S5, Hk
BRCENAANT 5L, Ktz o5l By
SHGETHI B R TSRO E L 28 s FD, €
DO, BEEHE, hEBLERBEETEIEEEKRL

5HDEEHNA, STRATHMANN (1971) I 71

O =S DEBEICOWTHEN, GREOHTHE
T5L, SERBEOTECREGOPMC L 5 THE
PAHENDERAHEHT I EEFBEELTNDS, THY
=YETR IO I RARIZANS, COEBIDLD
IR RS EEY A2 TWE DL EbND, PIHEDE
HHARER T ICEE U I3 B edicid, i OERNERE
RIS LT, HLERDERR ORI ERD D &
g, Tz CHEK LEMHEREE TOBBEED
MW HZERLAROHEEEAONDG, ZThbDl L
BHBEHOEEMETH 5.

Z Bk
FukusHr, T. (1960a): The external features of the
development of the sea urchin, Glyptocidaris
crenularis A. AGASSIZ. Bull. Mar. Biol. Stn.
Asamushi, Tohoku Univ., 10(1), 57-63.



T Y = 4 BGEOBEA YRR 127

Fukusai, T. (1960b): The formation of the echinus
rudiment and the development of the larval form
in the sea urchin, Temnopleurus hardwickii.
Bull. Mar. Biol. Stn. Asamushi, Tohoku Univ.,
10(1), 65-72.

HARVEY, E.B. (1949): The growth and metamor-
phosis of the Arbacia punctulata pluteus, and
late development of the white halves of centri-
fuged eggs. Biol. Bull., 97, 287-299.

HINEGARDNER, R.T. (1969): Growth and develop-
ment of the laboratory cultured sea urchin. Biol.
Bull., 137, 465-475.

JounsoN, M.W. (1930): Notes on the larval develop-
ment of Strongylocentrotus franciscanus. Pub.
Puget Sound Biol. Stn., 7, 401-411.

AMEZE, PRER (19740): v =HoREAEICES
THOHFE 1. 259Fy=FiEHEOHEFEERD
WET. JKEERSE, 22(2), 49-55.

AHEGEZH, PRER (1974b): v =HORHAEH
TAHAME—D. 7ho =% & 4E OHEHEROK
A KPESSGE, 22(2), 56-60.

AHEEE Q978): v=foREHEECET AE—1.
WSO KEFE I D\WT. KEE H 4, 25(4),
121-127.

JIR—E (1973): =7 vy =D EEYFIMZE.
AR E, (16), 1-54.

JORXZ (1929): ZIBEWBEEOREL D, B,
41(484), 100-105.

ONODA, K. (1931): Notes on the development of
Heliocidaris crassispina with special reference
to the structure of the larval body. Mem. Coll.
Sci. Kyoto Imp. Univ., Ser. B, 7(3), 103-134.

ONODA, K. (1936): Notes on the development of
some Japanese echinoids with special reference
to the structure of the larval body. Jap. J. Zool.,
6(4), 637-654.

ONoODA, K. (1938): Notes on the development of
some Japanese echinoids, with special reference
to the structure of the larval body, Report II.
Jap. J. Zool., 8(1), 1-13.

STRATHMANN, R.R. (1971): The feeding behavior
of planktotrophic echinoderm larvae: mecha-
nisms, regulation, and rates of suspension feed-
ing. J. Exp. Mar. Biol. Ecol. 6, 109-160.

B OMEK, PHEHE (1979): THU=HFEONERX
CERBIC B LIE T EFEROBEICOWT. KEH
JH, 27(3), 148-150.

Bl —, AME 2 (1980): VN7 v =OREHA
EERMBARICE T 2HF—1 . BEgERERIC
B HHIK A, KEEREAE, 28(3), 122-127.

i & (1962): 7TH U =HEOMBICONWT. KiE
BTE, 10(4), 213-219.



La mer 24: 128-129, 1986
Société franco-japonaise d’océanographie, Tokyo

Relationship between the grid size and the coefficient
of subgrid-scale diffusion in a finite difference
advection-diffusion equation*®

Keiko YOKOYAMA** and Kenzo TAKANO**

A false oscillation with a wave length of two
times the grid size arises from a finite difference
advection- diffusion equation if the grid size is
greater than a critical value determined by the
coeflicient of subgrid-scale diffusion.

For simplicity, a one-dimensional, steady state
advection-diffusion equation is dealt with;

oT T

“ow = B b

ox
where # is the z-component of the velocity
assumed to be positive, 7' is a state variable,
say, temperature, and B is the coeflicient of
subgrid-scale diffusion. Both # and B are as-
sumed to be constant.

Instead of the biharmonic form —Bo*7T/0zt, the
diffusion term is conventionally written in har-
monic form as Ad2T/0x2.

The relationship between A and B is deter-
mined as follows (SEMTNER and MINTZ, 1977).

‘When centered differencing is used, both terms
are approximated by

4
2T _ _p
ox*
Tnio— 4T 01 +6Tn—4T 0 1+ Trs
% +2 +1 oy 1 . (2
aZT _ Tn+1—‘ 2Tn‘l” Tn—l
AT @y (3

where dx is the grid size, Tz, Ther and Th
are the temperatures at the (n£2), (n+l)
and nth grid points. With T=ge'* (= v/ —1),
the right-hand side of (2) becomes

16B (. kdx\*
—q@?)i(SlnT) ) (4)
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and that of (3) becomes

4A (. kdx\?
_qm<81n T) . (5)

The shortest wave length resolvable by a grid
size of dzx is 24z, so that sin (kdz/2)=1. If the
magnitude of (4) is made equal to that of (5) at
this shortest wave length, then it follows that

A
a

O

~10 \

T T T T
1 2 3 4
d
Fig. 1. Amplification factors dm obtained from
the finite difference equation and amplification
factors dm’ obtained from the differential equa-
tion. Real and imaginary parts R(8) and I(5)
are shown if dm are complex numbers.
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B=(dz)’A/4. (6)

When the amplification factor is denoted by
0, the centered differencing of Eq. (1) leads to

34 (0.5d— 4)3° -+ 65
—(0.5d+4)5+1=0, (7

where
d=(u/B)\34zx . (8)

Figure 1 shows the four roots dm (m=1,..,4)
as functions of d. The real and imaginary parts
are shown for d; and &, if these are complex
numbers.

On the other hand, substitution of 7Toce®® into
(1) leads to

u 0= — Bo*,
which gives
g,=0,
02=—(u/B)"",

1+ V3

03,4= (u/B>1/3 2

The amplification factors 0’ to be compared
with 0, are given by exp (dz-on) (m=1,..,4),
which are also shown in Fig. 1. The real and
imaginary parts are shown for ds’ and d4/.
Obviously ; is identical with &y (6;=6,=1)
irrespective of d. No significant difference is
found between 0, and Jy’ in the practical range
of d. As is readily seen however, d; and ds
are qualitatively different from &3’ and 04 for
d<2.748, although they agree well with ds’ and
04/ for d<2.0. Both J; and 0; are real, negative

numbers for d>>2.748, which gives rise to a
false oscillation with a wave length of 24z.

The condition necessary for getting a solution
of Eq. (1) turns out to be

d<2.748 , (9
or with (6) and (8),
0.193 udz<< A . (10)

When the diffusion term is formulated by
Ad*T/0z?, the condition (TAKANO, 1974) cor-
responding to (10) is

0.5 udx<A. 11)

Therefore, compared with harmonic diffusion,
biharmonic diffusion allows a smaller A for a
given 4z, or a larger dx for a given A. This
is an advantage of — Bo*T/ox* over Ad*T/0x2.
As already pointed out (SEMTNER and MINTZ,
1977), the primary advantage is that the bihar-
monic formulation is highly scale selective be-
cause of a factor of (sin k4z/2)* in (4) in place
of a factor of (sin k4z/2)? in (5); the ratio of
—Bo*T/oz* to Ad?T/dx? is 0.095 for a wave
length of 10dx and 0.024 for a wave length of
204z. Biharmonic formulation brings about very
weak diffusion for wave lengths larger than 24x.
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Theoretical analysis of the in situ fluorescence of chlorophyll «

on the underwater spectral irradiance*

Motoaki KISHINO**, Shigehiko SUGIHARA** and Noboru OKAMI**

Abstract: A radiative transfer equation, including the effect of chlorophyll @ fluorescence,
is derived from a single fluorescence model combined with a two-flow model. The equation
is used for investigating the effect of fluorescence upon the upward irradiance in the vicinity
of 685 nm where the irradiance peak has been frequently observed. The computational results
reveal that the peaks develop at 685nm and 710nm at low and high chlorophyll concen-
trations, respectively. The peak at about 685nm is due to the fluorescence of phytoplankton,
while the peak at about 710nm is due to spectral properties of absorption and scattering of
phytoplankton. Further, the fluorescence peak height in relation to chlorophyll concentration
and the effects of both detritus and dissolved organic matter on fluorescence peak height are
discussed on the basis of the computational results.

1. Introduction

A strong peak at about 685 nm in the upward
irradiance or radiance spectrum in natural waters
was observed by NEVILLE and GOWER (1977),
GOWER (1980), GOWER and BORSTAD (1981)
and KISHINO et al. (1984a). They observed a
good correlation between the peak height and
the chlorophyll @ concentration in each area.
This suggests that the chlorophyll fluorescence
is responsible for the peak at 685 nm in the up-
ward spectrum. In addition to these experi-
mental results, GORDON (1979) and KATTAWAR
and VASTANO (1982) explored this strong peak
theoretically and concluded that the peak was
attributed to fluorescence of chlorophyll a excited
by incident light. However, in sifu fluorescence
is influenced by not only chlorophyll concentration
but also by the spectral distribution of the in-
cident light, the turbidity of sea water, the
phytoplankton species and the physiological state
of phytoplankton (STRICKLA WL, 1968; KIEFER,
1973a, 1973b; PREZELIN and LEY, 1980; KISHINO
et al., 1984b). As a result, the effect of fluo-
rescence on the upward spectral irradiance is
rather complicated in the vicinity of 685nm and
the relationship between the peak height and
chlorophyll concentration seems to vary with the
season and geographical location.
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In order to explore the effect of fluorescence
on spectral behavior of irradiance, a single fluo-
rescence model is combined with a two-flow
optical model in the present study. DBy using
the developed equation, the variation in down-
ward and upward spectral irradiance in the
vicinity of 685nm are calculated for various
concentrations of chlorophyll a, detritus and

dissolved organic matter.

2. Radiative transfer equation including the
effect of the chlorophyll a fluorescence
According to KISHINO et al. (1984a), down-

ward irradiance Eq(z, 2) and upward irradiance

Eu(z, A) can be written in the form of a sum of

elastic scattering and fluorescence contributions

as follows:

Eolz, )=Eq0, De *P*+Ealz, 4), (1)

Eyz, A)
=FE4(0, De XD Roo( )+ Ejulz, ), (2)

where Ejq and Ej, are downward and upward
fluorescence, respectively, given by:
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2
Fd/ (2, 2, A7) =275(2y) ZTE(Z Ae)apn(2e) C
% S”/ 2 1—exp[ — {a(4,)— K() cos 0} 2]
0 a(A7)— K(4e) cos 6
Xcoslsinfdb, (5)

'z, Jey 1) =275(25) ﬁmz, A)ap(z) C
a(Zy)
Kie) 1 aliy)
6)

K(l |:K Ae)+a(ly) log

where K is the attenuation coefficient for irradi-
ance, expressed by PREISENDORFER (1961) as

K(2)=Dafa(Q)[alA)+2b:(HT}",  (7)

and Ro is the irradiance reflectance at the in-
finite depth, given by MOREL and PRIEUR
(1977) as

by(4)
a(d)’

The parameters Dq, @, b5 and « are the distri-
bution function, the absorption coefficient, the
backscattering coefficient, and the beam attenu-
ation coefficient, respectively, apr is the absorp-
tion coefficient of phytoplankton per unit chloro-
phyll @ concentration, C is the chlorophyll a
concentration and § is the volume fluorescence
function. If a Gaussian distribution is assumed
for the emission peak of chlorophyll at 685nm,
B can be defined by

Blas) = p(685) exp[—%<ﬂ ﬂ

g

; 1/ 2i—2\2
:———40_23/26){1)[__2_( = o)] (9

where ¢ is the quantum yield of fluorescence,
o? is the variance of Gaussian distribution and
Z is 685nm. It should be noted that the
definition of the volume fluorescence function
differs from GORDON’s model (1979), fg, as
follows:

(8)

Balls)= 212 sy annlt)fd), (10D

where B¢ is dependent on 4, and apa(4e), while

B in the present study is independent of 2. and

apn(Ae). The theoretical calculations can be
simplified by the assumption that 8 is independent
of A.

OKAMI et al. (1982a, 1982b) express by(2) and
a(A) as the sum of the coefficients for each of
the components, respectively. In the present
study, it is assumed that the ratio of back-
scattering in the total scattering coefficient for
phytoplankton and detritus is 0.02 (MOREL and
PRIEUR, 1977). Denoting the absorption and
scattering coefficients for detritus as aq and ba,
respectively, and the scattering coefficient for
phytoplankton as &p», we have following re-
lations:

650

a() = aw(A)+apm(HC+0.2bg
T+ A, exp [—0.0167 (X—SSO)] , aD

by(A)= %bw(i) +0.02[6pnC+ba], (A2

where an and b, are the absorption and the
scattering coefficients for optically pure water,
respectively, and A, is the absorption coefficient
of dissolved organic matter at 380nm. From
(11) and (12), a(A) is expressed as

all)= dw(l) + bzu(;t) + Cph<)~>c

[O 2—6%(1 +1. O:lbd

+ Ay exp[—0.0167 (A—380)], (13

100 503 6C0 700
Wovelength  (nm )

Fig. 1. Optical properties of Chaetoceros socialis.
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where ¢y is the attenuation coefficient of phyto-
plankton per unit chlorophyll @ concentration.

In the calculation, values of apn bprn and cpm
of Chaetoceros socialis given in Fig. 1 are used.
The values of ay and b, are taken from SMITH
and BAKER (1981), and D; and ¢ are assumed
to be 1.2 and 10.6 nm, respectively, (KISHINO
et al., 1984a). Downward irradiance at the sur-
face E40, 2) is assumed to be 100 pWecm™?+nm™!
for the entire spectral range.

3. Results and discussion

3.1. Chlorophyll a concentration and fluo-

rescence intensity

In order to investigate the variation in up-
ward spectral irradiance, C is changed on the
assumption of bg=A,=0 in (11), (12) and (13).

The calculated upward spectral irradiance at
depth Om is shown in Fig. 2 at various concen-
trations of C. In this calculation, the value of
B(685) is assumed to be 0.0001 nm~testr™. This
value is equal to 0.024 of quantum yield of fluo-
rescence, which corresponds to the mean value
in the surface layer in coastal areas (KISHINO
et al., 1984b). In the figure, dashed line cor-
responds to the upward irradiance in the absence

La mer 24,

1986

T ! T

Upward irradiance E; ( ween St )

|
650

Wavelength

I !
500 700 740

(nm>)

Fig. 2. Spectral distribution of upward irradiance
at depth of Om as a function of chlorophyll a
concentration for 8=0.0001 nm™'*str~*. Dashed

line shows Eu in the absence of fluorescence
(3=0.0nm™t-strt).

E, ( wi-cm
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L
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E 0.5 ~
.
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Fig. 3. Spectral distribution of upward irradiance at depth of Om as a function of volume fluo-
rescence function for C=1.0pg-1" in the left-hand panel and 50.0 pg+17" in the right-

hand panel.
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Fig. 4. Correlation between chlorophyll @ concentration and upward fluorescence
intensity Eju at depth of O0m for 8=0.0001 nm~!-str™t.

of fluorescence (8=0.0 nm™!estr™?).

A clear peak near 685 nm is recognized in the
upward irradiance for C below the 20 pg-l7'.
With the increase of C, however, the peak be-
comes unclear because of the effect of the strong
absorption around 680 nm by phytoplankton itself.
This results in a shift of the wavelength of
maximum irradiance from 685 nm to about 710
In addition to the absorption effect, the
peak around 710nm is enhanced by the effect
of the spectral properties of the scattering co-
efficient of phytoplankton, which has a maxi-
mum at 710 nm as shown in Fig. 1. If fluo-
rescence by phytoplankton is absent, the peak
would appear at lower chlorophyll concentrations,
as shown in Fig. 2. Thus, the fluorescence
gives an inhibitory effect on the peak around
710 nm.

The fluorescence intensity is proportional not
only to C but also to 8 as is clear from Eqn.
(5) and (6). The variation of upward irradiance
near 685nm with various 8 at Om depth is
shown in Fig. 3. When C is 50 pg-l7! the
maximum in upward irradiance at 685nm is
recognized only for S8 larger than 0.0002 nm™!
str™!. On the other hand, when Cis 1.0 gg-17!,
the peak at 685nm is recognized in all cases
except 8 smaller than 0.00001 nm~testr=!. As

nm.

estr

is evident from Figs. 2 and 3, the peak at about
685 nm is due to fluorescence of chlorophyll a
and the peak at about 710nm is due to spectral
properties of absorption and scattering of phyto-
plankton.

The relationship between Ej, (0,685) and C at
O m depth for 8=0.0001 nm~!estr~! is shown in
Fig. 4. Below 1 pg:1"' of C, the fluorescence
intensity increases linearly with the increase in
C as is seen in the inset. However, in the
ranges from 1 to 20 pg+l™! of C, the relation-
ship between them is not linear but the logarithm
of C is proportional to the Ez. Above 20 ug-
17* of C, the increasing rate in Ep decreases
gradually with increasing C and the Ey, tends
to approach to the constant value of about 1.2.
This pattern of dependence of Epn on C agrees
well with observational results of PLATT and
HERMAN (1983) and KISHINO et al. (1984b).
The saturation in Ej, for very high concen-
tration suggests that the remote sensing of C
from the fluorescence peak height is rather
difficult for very high C.

The vertical distributions of fluorescence inten-
sity of Ejq(z, 685) and Egy (2, 685) for §=0.0001
nm~!estr™! and C=1.0 pg-17!, which are assumed
constant with depth, are shown in Fig. 5. The
intensity of upward fluorescence decreases ex-
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Fig. 5. Vertical distribution of downward and

upward fluorescence intensity, Erqs and Eru,
respectively, for §=0.0001 nm™'+str™ and C=
1.0 pg-17%

ponentially with depth. On the other hand, the
intensity of downward fluorescence increases
rapidly with increasing depth and attains a
maximum at the depth of 5m. Below 5m, it
decreases exponentially with depth. The Egq
(z, 685) below depth of 4 m becomes larger than
Eyf, (2,685). It is interesting to note that the
vertical distribution of the fluorescence is analo-
gous to that of radiance generated by elastic
scattering (SUGIHARA, 1977). The attenuance
of Erq in deeper layer and Ey, is nearly equal
to that of downward irradiance at the wave-
length of maximum transmittance.

The computed spectra Eq (2, ) and E, (g, 1),
for the case of §=0.0001 nm~t+str™! and C=1.0
pg-17t, are shown in Fig. 6; the irradiance
reflectance, defined by Rg (2, )=FEy (2, )/Eq (2,
A), is shown in Fig. 7, for the same 8 and C
assumptions. Because of the strong absorption
of pure water at wavelength greater than 685
nm, E; decreases rapidly with increasing depth.
At small depths, the rapid decrease in E4 around
685 nm results in a gradual increase in fluores-
cence intensity relative to Eg and the shoulder
appears near 685 nm. It gradually develops with
increasing depth and the peak appears below
15 m. ;

On the other hand, the sharp peak in upward
irradiance is recognized at every depth although

, 1986

( uw-cm

Irradiance

( nm)

Wavelength

Fig. 6. Spectral distribution of Eg (solid line)
and Ey (dashed line) at various depths for
5=0.0001 nm~t+str™! and C=1.0 pg-17%,

the peak becomes sharper at the larger depths.
As shown in Fig. 7, the peak in Rq (2, A) appears
at all depths and Ry (=, A) above 650 nm increases
rapidly with increasing depth. Further, with
increasing depth, the peak wavelength shifts
from 685 nm at Om and 2m toward the longer
wavelength. At 20m, the value of Rs above
670 nm exceeds 80 %;. Since the absorption of
pure water itself is very strong and . elastic
scattering is negligible at wavelength longer than
650 nm, only fluorescent light is prevailing. This
results in the large Rg in this spectral region
under the assumption of isotropic fluorescence
emission.

3.2. The influence of detritus and dissolved
organic matter on the fluorescence appearing
around 685 nm in upward irradiance

The upward irradiance at the surface was

calculated as a function of b when C is 1.0 and
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—— e 50.0 pg+17! in order to investigate the influence
Lenth ///:20m / of b; on the spectral fluorescent light around
/ /” s 685nm. The result is shown in Fig. 8. In
/ this calculation, Ay is assumed to be zero. For
/ /‘J / C=1.0 pg-17! E; increases almost linearly with
/ //\J _ bs. The fluorescence spectrum, however, be-
I /s comes smaller and broader with increasing bgq.
| / / In the case of C=50.0 p#g+17!, on the other hand,
/ the variation of E, with b4 is rather small; the
fluorescence effect is manifested in the upward
irradiance as a peak around 700 nm for all values
of bs. It is interesting to note that E, in-
creases and decreases with increasing b4 above
\‘\ and below 615 nm.
The variation of the fluorescence intensity as
a function of bg and C is shown in Table 1.

7"*{‘\\‘\ ) The influence of &g is very strong for low
\ chlorophyll concentration, while it is weak for

% «Fig. 7. Irradiance reflectance Rq at various depths
| ; . | for 5=0.0001nm‘-str’! and C=1.0pg 1%
7i1 Dashed line shows Ey in the absence of fluo-

rescence (8=0.0 nm ™ t-str™).
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Fig. 8. Spectral distribution of upward irradiance at depth of Om as a function of &g for

£=0.0001 nm~*+str* and C=1.0gg-1"* in the left-hand panel and 50.0 #g-17* in the right-
hand panel. Dashed line shows Ey in the absence of flucrescence (8=0.0 nm™'-str™).



136 La mer 24, 1986

Table 1. The fluorescence intensity, Ery (0,685)
(twecm™2+nm™) as a function of C and bg for
B=0.0001 nm~testr

c ~ by (m™)
(ug17) 0.0 1.0 3.0 10.0
1 0.179  0.0529  0.0219  0.0072
10 0.752  0.376 0.188 0. 0682
20 0.915  0.568 0 323 0.129
50 1.053  0.822 0.571 0.277

Table 2. The fluorescence intensity, Ery (0,865)
(tweem™2enm™) as a function C and Ay for
$8=0.0001 nm~testr™,

c Ay (m™)
(pg-17Y) 0.0 0.1 0.5 1.0
1 0.179  0.170 0.146 0.127
10 0.752  0.735 0.681 0.631
20 0.915  0.902 0.856 0.815
50 1.053  1.046 1.015 0.993
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Fig. 9. Spectral distribution of upward irradiance
at depth of Om as a function of Ay for 8=
0.0001 nm™testr™* and C=1.0 p#g-17".

high chlorophyll concentration. This is due to
the fact that the contribution of &4 to total ab-
sorption coefficient is large at low chlorophyll
concentrations and is small at high chlorophyll
concentrations.

Since the spectral absorption coefficient of
dissolved organic matter, a,, decreases exponen-
tially with wavelength, the influence of a, on
fluorescence intensity is very small. The vari-
ation of E, with A, in the longer wavelength
region is computed when C is 1.0 pg-17! and is
dipicted in Fig. 9. The variation of the fluo-
rescence intensity as a function of Ay and C is
shown in Table 2. As shown in Fig. 9 and
Table 2, when C is 1.0 pg-17%, the fluorescence
peak in the case of Ay,=1.0m™' decreases down
to 30% of that in the case of A;=0.0m™!. As
C increases, the influence of ay decreases more.
For example, when C is 50 pg-l~!, the fluo-
rescence intensity in the case of Ay=1.0m™!
decreases down to only 10% of that in the case
of Ay=0.0m™*.

4. Summary

1. The peak at about 685nm in the upward
irradiance is due to the fluorescence of phyto-
plankton, whereas the peak at about 710 nm is
due to spectral properties of absorption and
scattering of phytoplankton.

2. A peak appears at about 685 nm when the
chlorophyll @ concentration, C, is lower than
20 pg+17' at the volume fluorescence function,
B, of 0.000l nm™!, and when f§ is larger than
0.0002 nm~!estr* at the C of 50.0 pg-1-1.

3. The fluorescence intensity is directly pro-
portional to C at low concentrations and is pro-
portional to log (C) at middle concentrations. It
approaches a constant value at high concen-
trations.

4. The intensity of upward fluorescence de-
creases exponentially with depth. However, the
intensity of downward fluorescence increases
rapidly with depth to a maximum value at a
depth of 5m and then decreases exponentially
with depth.

5. Below depth of 20 m, the value of irradiance
reflectance above 670 nm exceeds 80 9%.

6. The fluorescence intensity decreases with
increasing detritus.

7. The influence of dissolved organic matter on
the fluorescence intensity is weak.
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Preliminary design of deep-sea surface buoy system
for ocean mixed layer experiment*

Wataru KOTERAYAMA**, Shinjiro MIZUNO** and
Hisashi MITSUYASU**

Abstract: A long term measurement of the water temperature in the upper mixed layer of
the ocean is essential for the investigation of the underwater weather, atmospheric weather
and the interaction between them. The surface buoy system is not so reliable as the sub-
merged buoy system, because it is sometimes damaged in collision with ships. Observations
by using research vessels can not be long term ones. The water temperature just under the
sea surface is difficult to measure with the submerged buoy system. The surface buoy system
should be a unique tool despite technical difficulties. In this paper a preliminary design of
a buoy system for measuring the water temperature in the upper mixed layer of the ocean
is attempted. All possible efforts are exerted to make the buoy system light-weighted and
easy to handle on board a vessel. Three types of system are investigated and finally a system,
which is the simplest one, is adopted because of its toughness in the collision with ships.
Numerical simulations of the motion and tension of the buoy system in stages of deployment
and operation are carried out by using Lumped Mass Method. The performance of the buoy
system under the working condition and its safety under the survival condition are confirmed.
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A design of surface buoy system.
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Fig. 4. Profiles of mooring line during deployment.
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Fig. 5. Motions and tension of surface buoy
during deployment. (a) Horizontal displace-
ment of surface buoy. (b) Vertical displace-
ment of surface buoy. (¢) Dynamic tension
at surface buoy. (d) Horizontal velocity of
surface buoy.

E (a)
< 33001‘\\\\ s
" 1900 e —
Yo 1000 2000 3000 T(sec) 4000
E (b)
T 160 e
,;, ouO]‘ o
I J— , _
9% 1000 2000 3000 T(seq) 4000
61 (e
<
= 1600
TN
8001 //
O ‘
0 1000 2000 3000 T(sec) 4000
£ | (d)
F 0T e
108 \ /
L \ j
16+ T
°0 1000 2000 3000 T(sec) 4000

Fig. 6. Motions and tension of current meter
during deployment. (a) Horizontal displace-
ment of current meter. (b) Vertical displace-
ment of current meter. (c) Dynamic tension
at current meter. (d) Vertical velocity of
current meter,
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Fig. 7. Motions and tension of sinker during
deployment. (a) Horizontal displacement of
sinker. (b) Vertical displacement of sinker.
(¢) Dynamic tension at sinker. (d) Vertical
velocity of sinker.
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Fig. 10. Motions and tension of surface buoy in
working condition. (a) Horizontal displace-
ment of surface buoy. (b) Vertical displace-
ment of surface buoy. (c) Dynamic tension at
surface buoy. (d) Submerged depth of surface
buoy.
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Grid size and the biharmonic form for subgrid-scale
diffusion in a finite difference vorticity
equation in the ocean*

Satoshi MURATA** and Kenzo TAKANO**

The finite difference vorticity equation in the
ocean can not be solved unless the grid size is
smaller than a critical value depending on the
coefficient of subgrid-scale diffusion. A previous
paper (TAKANO, 1975) deals with the case where
the conventional harmonic form is used for the
subgrid-scale diffusion.
scale-selective  biharmonic form is sometimes
used instead of the harmonic form.

In this context, the present note is concerned
with the relationship between the grid size and
the coefficient of subgrid-scale diffusion in bi-
harmonic form.

Recently much more

A linear, one-dimensional vorticity equation
on a B-plane is given by
56
5 0

P
FRG a%—curlr_(), @D

+8

where the z-axis is directed eastward, ¢ is the
masstransport stream function, 7 is the wind
stress and B is the coefficient of subgrid-scale
diffusion in biharmonic form.

External forcing, curl 7, is of no importance
for the purpose of the present study, so that it
is ignored. The centered finite difference analog
of (1) is

Grps—6 burot+(15+d%/2) Gyt —20 ¢n
+(15—d2/2) $u1—6 Gnotdus=0, (2)

where d=Idx, 4z is the grid size, [=(B/8)~V?,
and subscripts (n+3), (n£2), (n+1) and n refer
to (n£3), (n+2), (n+1) and nth grid points.

If the amplification factor ¢ is introduced,
then ¢n11=0%x. Eq.(2) becomes

* Received April 10, 1986
** Tnstitute of Biological Sciences, University of
Tsukuba, Ibaraki-ken, 305 Japan

356 05+ (15+d2/2)d4—20 5°
F15—d2/28—66+1=0.  (3)

The amplification factors 0m (m=1,...,6)
derived from the differential vorticity equation
(Bo%/0x8+ B0¢/0x=0) are given by exp (0nd),
where o, are the roots of

aS+0=0,
ie.,, 01=0,
ge=—1,
03, 4=p*iq, (4>

05, 6=1+1s,

where p=cos (3z/5), ¢=sin (3z/5), r=cos (x/5)
and s=sin (z/5).

The amplification factors 0 and 0’ are shown
for 4 in Figs. 1 and 2. The real and imaginary
parts of them are shown if they are complex
numbers.

One of the amplification factors 81 obtained
from (3) is 1, which is identical with di/ (=exp
(01d)). Both are not figured. There is no sig-
nificant difference between J; and 02’. The
imaginary part of 05 and ds is very close to that
of 85’ and 0¢’, though the real part R(ds,6) is
fairly larger than R(ds',¢) for d>2.0.

The amplification factors 03 and ds are close
to each other for d<1.5, and not so far from
each other for 1.5<d<2.57. However, 03,4
turn out to be real, negative numbers for d=
2.57, while 85’ and 64 are complex numbers,
irrespective of d. The negative amplification
factors give rise to false computational oscillation
with a wave length of 2d.

Therefore, the condition required of 4 is

d<2.57 (dzp<2.57 (B/B)Y).  (5)

When the subgrid-scale diffusion is written as
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1 2 3
d

Fig. 1. Amplification factors dm and om’ (m=2,

3,4) for d. The real and imaginary parts R,

R’, I and I’ are depicted if dn and o’ (m=
3,4) are complex numbers.

A0*/0x* instead of —Bd%)/0x°, the required
condition is

Az S2.75 (A/B)13, (6)

as shown in the paper cited above (TAKANO,
1975). Subscripts 4 and g refer to harmonic
and biharmonic form.

One way of determining B from A is shown
by SEMTNER and MINTZ (1977). If damping
brought about by —Bd%/0x% is made equal to
that brought about by Ad‘p/0z* at a wave
length of 24z, the shortest wavelength resolvable
by the grid size 4z, then it follows that

B=A(dx)*/4, (7)
which gives, by use of (5),
Azp<<3.04 (A/B)V5. (8)

Comparison of (8) with (6) shows that for a
given A (or B) the grid size can be larger by
about 109 with biharmonic form than with
harmonic form.

Next, the inequality (5) or (8) is rewritten in
terms of the width of the western bounday
current Wa.

1 2 3
d

Fig. 2. Same as Fig. 1 except for m (m=5,6).

If the width of the ocean L is much larger
than [7!, then the solution of Eq. (1) is given by

$=— C“;I oL+ Le/(2p+2)
—(2p+1)Le?™w cos (qlz+21/5)/{2(p+1)p}
— ¢t @=L {2y cos{sl{x— L)} /I—(2r*—1)
X sin{sl{x—L)}/sl], (9)

with the boundary conditions

.09 0% ,_
=T for x=0 and L.

The width of the western boundary current
approximately calculated from the fourth term
in the parentheses in (9) is Ws=4.29/1. If
the 3rd term is taken into account, the width
is more accurately given by

We=4.34/1, ao
which leads to
dxp<<0.592 Ws. an

In the case of harmonic form, the width of
the western boundary current W4 is approxi-
mately

Wa=2r/ V'3 « (A/B)3, 12)

which leads to



152

(X100 km )

A Xy

Fig. 3.

La mer 24, 1986

1 | | 1 [ | 1 I T B A A L L

@
o
o

n

o>
109

T T T TTHT i 1
107
A(cm?/s)

Maximum grid size dzx and the width of the western boundary current Wpg against

the coefficient of diffusion A for 4x=50, 100, 150, 200, 250 km. The maximum grid size for
a specified A is shown by a broken line. The width of the western boundary current Wa in
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the case of harmonic form is also shown by a thin line.

A24<0.76 Wa. a3

Figure 3 shows the maximum grid size daxy
(=2.57(B/B)Y%) as a function of A and 4z for
B=2x10"8 cm~!sec!.

The coefficient of diffusion should be chosen
in such a way that a specified grid size is less
than dzy. The broken line shows 4dxy (=3.04
(A/B8)¥3), the maximum grid size for a specified
A. The scale for the width of the western
boundary current {=d4xy/0.592) is also given at
the right margin.

For comparison, the width of the boundary
current Wy is also shown by using Eq. (12).

Although the biharmonic form complicates the
formulation of the boundary conditions, it is not
only much more scale-selective than the con-
ventional harmonic form but also allows a larger
grid size for a specified coefficient of diffusion.
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Growth of tagged abalone Haliotis sieboldii
in Kominato, Chiba Prefecture*

Yasuyuki KOIKE** and Naonori ISHIWATA***

Abstract:

The tagging experiments of the abalone Haliotis sieboldii REEVE have been con-

ducted from September 1965 to January 1967 at a site in the marine preserves of the Kominato
Marine Biological Laboratory, Tokyo University of Fisheries, Chiba Prefecture. Sixty four
abalones were tagged and released at the site, of which 10 were recaptured at the same site

in a year after release.

Using the data of time intervals from release to recapture and the

shell length at the times of release and recapture, it is tried to estimate the parameters %
and leo of VON BERTALANFFY’s growth equation;

Ip = loo(1-¢ *CtL0)),

where ¢ denotes a given time and /; shell length at the time.

The following three methods

provide us estimates of the parameters in application of WALFORD (1946), GULLAND and

HoLT (1959) and FABENS (1965).

1. #
7 v e ORERRERIE 4 O, FRPE (R
O OHIFE, EHREGE, AEXRBRLEICE > TRDENT
W B G ARHEYE TR T EE RN B fRIT B\ T 4 T4 (Halio-
#is sieboldii REEVE) wAZskBGR L, B bHEME T
DM QBRI 2 W5) hoREoRERZRD,
BERBEICOWTHENLZDT, TOBTERET D,

il

2. RMEHE

AE 1 TERLHHRBNEENE, HEUKERT
MERBRBHIEOZBRENOT 7 EEOAEREHRTH 5
miE 1,123 m? @0 1#%X (Fig. 1) Z#EEBHCEEL
7o 19654E 8 H, A& 2 — NEKIC & » THXNORE
AELIT- oo MERNICAET A AR ORK, FHEA
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Banda Marine Laboratory, Tokyo University of
Fisheries, Banda, Tateyama-shi, Chiba Prefecture,
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dokk HETTOKEE RS, T108 BRI X R 4-5-7
Tokyo University of Fisheries, Konan 4, Minato-
ku, Tokyo, 108 Japan

KOMINATO MARINE

LABORATORY
g

Fig. 1. Experimental area in the marine preserves
of the Kominato Marine Biological Laboratory,
Tokyo University of Fisheries, Chiba Prefecture.
Polygon (A), study site; solid lines, tide line
at mean high water; broken lines, tide line at
mean low water; chain lines, limit of preserves.
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Table 1. Records of the tagging experiments of H. sieboldii. See text for further detail.
Release Recapture Elapsed Growth Growth/
Date Shell Date Shell days (cm) year
length (cm) length (cm) (cm)

Sept. 2,1965 7.90 Oct. 18,1966 9.38 412 1.48 1.31
Sept. 2,1965 8.31 Oct. 18,1966 10.38 412 2.07 1.83
Sept. 2,1965 9.00 Oct. 26,1966 10.86 420 1.86 1.62
Sept. 2,1965 13.10 Oct. 18,1966 13.86 412 0.76 0.67
Sept. 2,1965 15.60 Oct. 18,1966 16.06 412 0.46 0.41
Sept. 3,1965 9.99 Oct. 18,1966 12.35 411 2.36 2.10
Sept. 3,1965 10. 30 Oct. 18,1966 11.60 411 1.30 1.15
Sept. 3,1965 11.30 Dec. 28,1966 13.32 482 2.02 1.53
Sept. 4,1965 9.90 Oct. 18,1966 11.60 410 1.70 1.51
Sept. 4,1965 13.20 Jan. 21,1967 14.17 505 0.97 0.70

HIUAZERE(ERE lem, BX 20em) % 82K4T - T,
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7y TROEREAE 2 WKL D 1 TEEE &R
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HIT 1 RS O E XA DK Lk, REDELY
ElerZE LT, REEN1EEBRAERST 5
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Fig. 3. Relation -between arithmetic mean of by the three methods: WALFORD's graphic
shell length at times of release and recapture i ,
() and growth in shell length per day () method (A), GULLAND and HOLT’s method
g ) (B), and FABENS’ method (C).

¥=0.00943—0. 00051 .

Table 2. Shell length estimated from BERTALANFFY’s growth equation by the application of
the methods of WALFORD (A), GULLAND and HOLT (B) and FABENS (C).

Shell length (cm)

Method Age
1 2 3 4 5 6 7 8 9 10
A 3.24 5.90 8.08 9.86 11.32 12.53 13.51 14,31 14.97 15.51
B 3.14 5.75 7.91 9.71 11.21 12.45 13.48 14.33 15.04 15.63

C 3.31 6.01 8.21 10.01 11.48 12.68 13.65 14.45 15.10 15.64
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Physical oceanography on coastal processes*®
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TEMEBLEAEDITT, TARDITINbAHRGH
NAEEME LT EInTIZARL, HEMDHESRAE
LEF LT EneBEIETHESE, EIA0HEIY
ZEOZEENET,

HAITAEZBAFBETFHAEOFICLDEL T
BT CIERD R, TEE LI LITIRREEFEEREC
Bis 5 EE T, ARSHBIRINEBETRICEN T HE
2, (b¥, EYFLBEMCTS LD BRI LS
KHEESTHWET, EWnESTDIR, TRZENEND
NHOREREATERENI T L B0 ET8, BE
HE (2T TIRKYE200m DIRO®REREELET) &
WHIBEDOL DR, ANHESEFHCERICEDD &S
TWT, BERFORCREOH LN LOEFIEZ D
FRERINTNA L WS T ELEERINETT, T

* 19864 5 H30H HiLLH (GRE) T
Conferénce a la remise du Prix de la Société
franco-japonaise d’océanographie

ok FIR RS T A EERE T ¥ 8 Department of Ocean
Engineering, Ehime University

N B bR B O AN BRERNE, B - fla
BT BT & D 1T s EHE A R E IR R EE
CEWTHE (243 vF—BED) BREDLIIKEDE
STVBNEWVWS T ETT, &THESEROBRIEES
i NRERC ST 2YUEOXELZYE - LY - &Y
FICEEEICEIRT 2 ¥R/ &wS o ki £9,
TLLTHADAMEBORER, REERCH R
BT ENRDEYEIYHEE LB W - T X 5 TR
0, LR - AMNAEEEELZ0C, b5 L0REEK
WL, H5DORIMBENDFERHEL, PR TINENE
WA - TVWEET, LBIKIREEE LW D HIERS,
WA OEERAZI WO T, YENIIZ L A VFE—D
Bf - BEAEAAE L, LENCIYRBEDER -
BRIARAKE L, AR - BEEEOEH - F
MARAREVWEWIERCERT B 2 XKL TwE
o SNEE B0 Y - B —REORIE I T
VB THEOFHLIE K BB kb, £F
Lagrange B/ RARLETT, ThbbBEEH T 5K
e BHLOOYECEYOL E ¥ Bl LT
i, ELWERBOIMNENWS T ETY, b, &
DESIEEEORZINBICENTHHE - [LF - A2
JETHEABCRIFCBANRS LI Ldbdbdb
FTT, FOXIMINEEEOEEINEE L RREN
HBR%E LT, FELBEREKMORLOHELHTS
TERTEDTLE Do

02 o0MERWTNGREBIEICEAINIESR
Y v EREYWEOB - il (BRI L5 Y
BENEELERIC, RENEORE - & - IR A H-
SRS T LERRE LD Y, BRI ELEY
FROREBIE, WIEEYDORERE WD AYHREZ 5]
R L ETH, B - (¥ AR¥SEMcZ O
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BOBIAC A5 L LTh, +OREREBDI LR
AL ZEREIETHDHD IRA, REOMFEET
RFEE E TS REMFRRIC X 2 RENY R FRiIc
BML, hOwELES, EYEELHHIL P NE
BEHD Chattonella RO FRERME, BEOEBFEK
WOFEEMERREM ORI L B8 LA EBHITE%RIT- <
E¥E Lk, ThODMERLNFNSLALD OREE ST
DZTENTEELLN, EbLBRNAZXED I
FoTWERA, TOREABEROO L OCHENFE
IR ZTT > TV D EERM, BFEZ-E D RRECE
BRI L 5 R AEREROHS L EEBMH T &
STEWS T eRBT bhET, BBEBRAEZT- TkD
NHEFCREL BohDIEEBWETR, REFELE
DORMIAERESR (EUEERLORME KN K &
W) REEBHTLENI LR, JBEOFERDS
ENARWEAFRERC LD T, FERBERN 1EA
MBED LD REGRENES L FRINLRH &5
FiERE, FAOTELZEHAL, To 1 BEEEORH
CEf o TWB AN EESDTRTEOE LB LR T
U7, HRMABET, KM, SR o OBMEE
Lo KREBBORLICE . TnHTHA I H -
L5 7 — 2 2 BHT LR TEERATLE, TR
L OREDACH RS D ORMREEOBRIC X VBB
AT OT BRI, TCREDR . ZBORHIL LB
TERP - bl T3, BEHSEBBOMEO 212K
BAREBREKROATRIEL LS, RHOEL, TOR
ERBORYICE D T ORI AR AL O FIEH 7
—2%5ED LD LRI, TdE D MR
BICAbZ & TRAVESICHCREZ £ 34, 3B 5
Ay TDIDOENFHET LTI 0 FRAN, FT
RAREIRAE &0 D B RE R A O M - (k- A
YEEOHEEEEOTIT, el L ciBRIERIC kT 5
MEOBMEIRERNINTVE LI EZLSDTT, L
AL, TREESBEHT SRR CIREE CEE
ROT, TZTCRBETEZC, L2 FEmlmRE
AR 2HE - b - A EEOHEEEYIIZL
BB, BBRLEHL LW NRFEEE] 2EHTTV -,
IO ESEAIMLBEZZ T AT TT,
EEOLRB CREBE L LHBENSEMTEL LN
T &id, EYAEYEAKRRBERECRIDAALD
TRELTNWCETL L 545, DEBEAEOHEEI Y
EULSEBL TN EWIEKRT, &0 b2 FRElR
BRI DF IR ETTS L0 5 & QIR IER KB
RHEBILEEESOTT,

BRI ST A BN AERBE LI, §23Th
BAWE7eY FROTLTY, BET A Y MRIREE
HEEELO “siome” OWZEIME, KEZCL,TE
DEEMRIBRINTVWBEDAER B, 70 v MREE
TREHSYEEEOLHAN, EYBEENESZ L1
BLABNTHEST, LaL, ZORE7aY MROB
BHLORAERE - BA—E TRV E WS~
BB - ¢, KEBEARBREE T, 7av
FREBOFEHTIEE WS DS ETIThhicZ &
Bigtns fe L BnEd, —F, HEORBEEENHEYD
ERICLD, BE7v Y MRIZ Fig. 1 ©RTL3 %
OFERHIBEHRIBETEBH LR, FRFhO
7oy OREMEBELIZIZHDNCK - KEERD
FRC - TEE L,

ET—FEETO CHANIKEREBEKOER YA O
7w+ (Estuarine front) B—EE2ECTCEELET
2, WIHRE LHEcL ) ToRS  BHEEL2LET

spring

Heating b”%&

%jgg,
—

PN
autumn
Cooling
o T T T
|
5\ J‘ \ .
i winter
Fig. 1. Schematic representation of seasonal

R, river discharge;
3, thermo-

variations of coastal fronts.
1, estuarine front; 2, tidal front;
haline front; 4, shelf/slope front.
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), 1985), FEhLECHTERILZHE SRS &, HiT
X ZHERAGORNCL VKRB LLHEBENEEAL
RO A e #w 7 v v b (Tidal front) 237EEk
FECHAELEST (B - REE, 1985), Fhicin - CEE
BHREE D 2HMY 7oy FPRBRL, FChTTORE
BIELR THERAVBRACD T4, ZOR{KE -
EROBEK L EE - BEROMIIKE ORACEEEY
e WEdE 7 v~ + (Thermohaline front) #3FAL
(Yanagi, 1980), $RERA L EAKEHBEZERAES
T DRE DTS K & OBFUC HBEM 7 7~ (shelf/
shope front) 3FAEL E3 (M5, 1986), FHIT/L- T
WEENED SIBDEE, CosETr Y+, B R

VELHEBRLTW DU TT, Thbp7ay MdHi
Tk BB WA AREEIC L AT ETELLD
MBEEIRETHR, FHHCIINETHE TRE (K
-0 FEEOLEEAROAREE) ClRIZE—DHHT
WCAFET 5 Z L3 dy - T E 3 (YANAGI and KOIKE,
1986) @ T, KHBAENGIEEZYRT S I LA RER
b T3,

SEWAMEE OREMFRIM R CASHFERRE &
iz THRE7 o v P ROYWHEASEGETE & AYHRIE] &0
SHFEE A EnTA Iz e85k LA
DT, BEETRD D T35, ERAKZWENRETR, K
BREAMEEER, FIREEER, BERERFEER
OILEEE « e E L EXFELT, ERE, BFNEET
OWE7 7 v R EO LB LT - TFEENAR T~
BHRLEHZTNEZZTNET, WHNICHILKE T

FROBERTTIITBLTHETA, FrreEond
THELI 7 ur NEERBOLE - BT —F O R
HT 2D QLI LBEOYBFERBLELIND
SR E o TREFCELATH DI T, 0¥
BT AEORERWT LT RCERICEREL, B
HHAMENEELTWET, TOL 5T T, &
OWET Y VROMFELO L OO L LTI LY
MERBEYETHED TN S LHEBZ T E DI T,
BRCHICEEFE ORI 38Tk, EF
EOIRE D THEYED W, MRELRRICEICER
BEICHA TWE « KERBREES RY - TR
WiEBFHEE, FREADERRV TRV kN
BAEEEE, WOBEERLHHEY LTHW T SEU
EEORMERBELEZIIUD, £2LDH4DBETSH
ORMNESD Z EXRBHL DD, ZOFELKRLETHE
T BnEd, HEEHINED T VE L
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Informations océanographiques de France No. 1

1. ERRE: BIROB (Chantiers navale: ’heure de
choix)

75 VABBREOT R, BB S T2
7 kAR, 4FY) RERERFEEROZ Y rvs, &
e FE—NEF Y P OHARCEPLTNDER, €T
TR, HROEMREOE LWIRHOT T, Mol
EHELTWS, BROAKRT B LA IRIE, BHFD
EAFRBIR AL, 198340k, M 1,250 87 7 vic
BI85 720 TRTOHEER 2 BAHT, FHEOFHHK
DT TR, BAEHSBY RO W RAELRE, 20
RETBAED B, MEO AR, 77 Y2 BE
B, ERENDEERNCF AT 2, BETY v T+ —
B, EEEMR S (British Shipbuilders) ®=2®
EATTEAE L, 3,500 N\OFHBEXBE L X DL,
—HDUDBETRILED B, EHLLOBEREID &L
TWoOnEHELZLTHAS D,

2. BSREIFIEM (un nouveau bateau anti-incendie)

77 VRAEZMNO VY » ~ B S Gilbert Marine
i, BEBKME— “GMF50” RO LA, TD
i3, BX 8m, i@ 3m, WK 1m, BEX 4.7t T, #
HHIZT 4 — 2 - TV VY Saab FHBL TV 5. M
ERBERY) 2257 0T, kKKitz 2, 5%26H6H
ORBERICL DL, WBINTES 1,200°C £ TERS
DL T, ZOFR— OMATIRES 40°Citk¥
- 7o BRFMIZA0~50 7 7 v & REDBR TV,
P B R AR SOLAS I AL Tk, fimme
ReHAREERICHEIAT bR LIRS D,

3. KRBT U MUEREE (Le programme de
surveillance IFREMER contre le dinophysis)

19834 LIk, B b &, KB LRk, T, HiH
75 v v+ v Dinophysis 3FEL, HEXEMNE b
DEBEEREEAEIL TN, 1984EDK, 75V A
WBEEBISERT AT IFREMER 13, £ EiGE C24R &
OEBRETHZFEE S iz, BEHBHEIL, REUIFTOH
BT L 22N FOREEET 1 DD, 10ALDLEES A
FCIK, A1ME, 6 A5 9AFTIRA2E, 24RIRT
BK T D, REBINRE LB, ABRELT TS,

HE, &< ea 71 O BRAYREL b, BKERTH
BIERT D LI/ > Tnd, &2ERNZ, IFREMER
DF Y MRy Z—CEDBND, LAERHEAR, &
v —REBICHREERGTICERL, TITR, H
FRTEO—RHRLE, ARBEAECLELLEL & S,

1983 F D FAII L iE, 4,000 FD B -8 & %S
, 1,700 ADEEED #ITEEE PR IEH RO FH %32
Jice 19854EICn B L, TOHMETZ V7 P Y OBKE
RIOALI T &7 D, BEEZHH X 23EHUT 290 i
Elgrolcs B2, RMBELHFOFHEZELT
SFOEELIRVE, TOEMRFER I WRREEFET L
Wz k5,

4. ERHY I xR EMRH] (Mesure et réglementation
de I’histamine)

FoliAd Zm—CHp U EESE T, e 24 I /EE
PO EF bz, e 223 Vi, BROBRERYT
HDERT VY ORNRIERICK 2BEMEEEYTH D,
TO&EIF, FAO LHRAKEBEE L O & FHM
COdex-alimentarus ® RIEHEVHHREE L TH- T,
75 2 REMER, IFREMER 2 vHnv/ — - &Y
2 —fE® Guy PICLET KTH D, BRADE R X IV
BEIOWT, B BERHAEEDOEN L
5. m7IILY—=—a1&EAMHE PROMA (PROMA,

une organisation de producteurs en Bretagne sud)

TIVATE, bLbLAELEORID THLEEE
Rk, WHE#FL, Bt COTMRMEERE T ICLE
G TEHWE 2 558 %, TARHNE L TRESIRT
W5, UL, COEER, EEREZCHT IR
E b, &R, THFYLE, =4, £ 7 (morlu),
H=RA4 7 VORERBC O NEECTN S, 17 Vil
20%4, PROMA 13, 121 1986 40, KPEFEA
U VERHOBRICHZEL TS, M7 vE—=a20
5« F v VEOHRE A & (paire de pélagique)
3L, 19864E 6 AlCERLH A2 —= 28 (827
—) OFABHERLIRL, TOBE/HTI LR
- oA F, 1975 IR S M TR SRR T &
i<, PROMA 2332 Z 21T/t - T3,
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HE, PROMA 12, 7 vZ—=.AFDarviv
J—ENBY Y s FE—LVEETO S0 EDORMKETESER
LLT, 2HOEEERGKOT TR, BARYHD T
5o
6. U OE%E: 1986 Fi&HE, FAMKEBEOHLU (Péche

au thon: la saison 1986 commence bien)

VY FARER, SHEE6AT AT -= MBERETY
VAR THED DBETH -2, ThDDERXTO,
EMBEETIERE T 575 VABRKREERER L TWB 0
3, 0BETHD, 1986 4 i FRiI & L3,
IFREMER FIE® X3 V757 &P T EHEL
MEBREARTH B FIRRARL VY, T VRERY
e, Fv A 200 HRKBATERELIRTYS
DT, HEAKE (Q) TLAREETER,

7. THUEBEUPS (Développement de la culture
de la palourde)

7%V Ruditapes decussatus O 5 §H 1%, 19854 T
400t W LA, 75 YA TRMEDVRILTHT
HH (10~15mmoOf H) OfEATEICEN SRR
BETHDI LN T0db, 5DETH, HwiFRN
DI T — N H D BEERS SATMAR 13, 1985
FHE 4,000 FEOHE (EFEEED 80 %) * £E
LT, 753 VADEBEAEEZELADN TN D,

8. TSURBEEEDEZ (Quel développement pour
les algues en France?)

19844F 7 7 v 2%, #TEb A 77 F v B VRS
2,300t &, WENLTVF VERIE 1,700t HAEL T,
FERTRERE 2 %2 HD TNz,

19714, HAREDEFEET /1 # Undaria pinatifida 73,
T THIGTED € » FEEL Dt —if étang de Thau
Kbt Thid, O HENLWMAL TS H +
EHICRL - TBAINRBE LA 2bDTH b, *
N Bid, SEICHIPERRICIEY » T, KBEETORE
FEMRFEZ DD LS - oo TDRAIZ, WD S
YAFOT, i —=RBEEOY 2 VET, X

DRI NVA—= D7 a0 UETHE e 714D
CiE 3m IKZEL, B 1lm MkD 1Tkg OEEEF
Fizo 198641, HBER- T, v vERXTO
REZFI DL S VHABIETROINLZ DREIT
XoT, 77 YRAARAHERTOMD 5 EHH, # 21,
Laminaria digitata < Alaria esculenta O KIIHEFE
FEOFEEME D E T3/ 7 » T ’
19824F, W WO 7 Vv—E Ty (A—heF 2/ —
VIR I, BREICEMERRE v 2 - Ihk,
DV E—id, MALEXHRLOBELELEELEL
Tnd, 1986, & 0K ERE R ARKEEE
Société d’Economie Mixte (SEM)D—2, HEEIFE -
MARLZEL Y & = KB Z Uiz, HIREMELTOa
—FFa = VRETSV-ET VDN, FTC
BIML CWBDiE, IFREMER, #<=—uitl, 75 2 —
W TNTH, TovE—v - TSR, SNV TR, T
<y otk i = S HEBHRAE, SV TS
Jante s b5y c =2V FLeIoF o 2V THD,
IFRMER R ZORFHERERSEETT I LR
TWno, MEDOFEFFRFHL, KOLBD THD, 1°
“HH” B % marée verte (I E O — 7 A Y Ulua
MBEIAL TENTH LD HE) OF - Bk R,
20z A NF~tEEE (X2 v 2K, 3° By (i
DE@, MPILEROLEK). 4° BERBEEFEN, 5° 1T
EFWHBORE (743304 FOBE),

(R cov)—xXTR, <Y {LAHEELRETO
75 v AENER (H¥E&HRIEE, AB5HHE, 2H)
DER BREEL) #BRT 5, SHREHBRLATS
(Frans’ Inf’Ocean, No. 0, 19864E 7 B15H 1) ® 4
HE &7, (F. v=—uw, X&F SAME

* Fonds d’Intervention et d’Organisation des
Marchés des produits des péches marines et des
cultures marines (FIOM)

** .Centre d’Etude et de Valorisation des Algues
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Activité d’édition de la Société franco-japonaise
d’Océanographie de Paris

NV LBEETS, AISIDk, LEEMTROEEY
EF 20K, 20FEEO—ME LT 2EED= 2 — X
VE~ERITLT& k. —DIRBROEHEBEHRZ BN
% “Flansh Japon” CREHIT]) T, BEI~105FT
FETINTWB, Z20HR 7 5 v A QWREREENAT
% “Fras’-Inf’Ocean” CREHT]) T, A&4E8 HHE, 0
FL1BBRRTELTH B, THHIRKBND “Flash-
France” LWEINDFETH b, TORER, 75
v AMHEER] & U0, St La mer 3 I ZXEIFTE
BINsFPET, TOF1LEEZ, KBCABRELEED
Thbo

—7, FRTSHEALTVWDS LW Z I WAH RO
%, LOBRERDOLT DD, (LHEEESITT S
¥ 2@ CDST*(CNRS £ THI#) £ W1 LT, AEIH
7B HADRHE I Bk GEE ) “Cellule Japon:
Revue des Sommaires sur 1’Océanographie japonaise’

(BATIOFE) %AIFIL, 2D 0B, AKEIAK
RT3,

SDICBERETO 25835 5, FRREDBL L= 2
—X e VE—T, —DRT7IVXAT D HRKEHRE
“Jap’Inf’Ocean”, %O—2I%, HEAAT D7 7 v 2 IE
#3E “Frans’Inf’Ocean” TH %, bbb EATIT,
FICKEMEREARS T &ICir 5, LT TRTBN

* Centre de Documentation scientifique et téchnique

EHLY, BEOHEWEREZBALINER > Tnd,

e bHERBCERTRAE NS, (FEREFN X E
HikE %)

D OBIEENC L - C, #EFSHF CORERIL
HESMR2S, XDk s L2 HRLTWD,

B, SVILEEEYSR, RESBHIS0LFTY T,
DB ELNEL, L CBERADALZIC L 28]
DILREHFL T B, £BEIZ100 7 7 v /HFETH B,
{LHIEEFEOHLADREICLD, BLEBEYXEED
A, G075 )ikl b, HAALER, Flash-
France OEH %), X Bic Flash Japon d R I
LDEHEING,

SEOEERIZ

RASRIT: Banque Indo-Suez, Tokyo Branch
(Tél: 03-585-0221)

OREZ % Société franco-japonaise d’Océanographie

DEEFS: N° 14361-100-26

PRINCE 2o == SgNOF L 5l
Société frano-japonaise d’Océanogaphie
Institut océanographique
195, rue Saint Jacques
15005 Paris, France
(F. v=—wn, XE BRME
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Temporal Dynamics of an Estuary: San Francisco Bay. By J. E. Cloern and
F. H. Nichols (eds.) 1985. Dr. W. Junk Publishers,. Dordrecht. v-+237p.

AEOHIROBERIZ, ¥~ 75 v yZ a@Emaics
0 3 REM R 2 BRE ORI D 5, £FED
BA, BUREELZ L bbIbIHEZIHL TV 50D
2, FADRICET 5 4« ORBER N AL LEEY,
WA X 5 i CEWEI A D E RSO X
SKFELLEHH288EL U TN T2 08T B E
Z72H 2T, MWwEE, BEl»bBEL, REL, £
o w o MEWHHBEECRREFEDZ LS L LTy
BB THb, LT, BERCETHKOBREES,
MR & Oaes, BFEYEORE Lo, BB
BYHOMBR L REE, EYBELAYE, BLUOZhD
DAEERR, K& - K - HEYMOYMEBE), BiEd
BRI E OEMFI AR & OB Y HRICiEZ X5
ELTWD, ZOkD, REZIROUBEL PN TNT,
TRENERLOEERFHEFEL T D,

1. v 75y vRaEORE

2. BVITIVYRABET HKOBEREBADOR

Ay A
3. kv 75 vy R amia ORic s A IATEREERE
KRB OEMEE)

4, H VT I UV RABIRITDHH AL

5. ¥v75vyRaEcky3EREVMERE

6. V7Y RAIBOMEHHEEREICKT K

&, ERHEBOBEOEE)

7. EYv7IvyRaEekds 2 B Macoma

balthica DEHE T 5K « 8 - HESOEH

8. Hr7IryvRIABOEMENEICET BHEMH

By
9. YT IvYAIABTET HEMRAGERED

SyAs LIEEY

10, FV75VYRABDI —AAEXF & LD
OEEY 75 v 7 b B

1. #v 75y 2aEORE TS5 v b v OER
Eqyi

12, Hrv7svyRaiEeRd 58 Crangon fran-
ciscorum D5y L PR O FHN BENEE)

13, v TS vy Ramiesid s 1980 £ D 1982 4
FTORMMOSH L BFEE

4.  FOBEEHORENEE & OB
CNLOEOCEHETONL LI, ¥ 75 vy R

BORBEN ¥R AN R L THEREHRBELTHE

BLTWD, ERCRIECEER DNV TNT, KL%

WD A TARERFT L TWd, MIZE—DOLMEE

MRIC L » THMNTWEDT, BLTHREBZIAE

REv, b, IEMET Y7 FOoWEERKE

LTHRENDr — 2032003, KEOHAIRENE
BB FHLTWABLL, BFhbEET
BEOWPD M BEHCHRST T ENTED, £L
T, BREBOET, FKRA, ®#Y, B, BKEBEKD
TR YR 2 05 7c B COMREE R D ORERO TR
FLTWARARTH 3, BEREMNEYIOED 52
T, PHHRSBER & RO A5 DEB LT 2@ DR
3HThH, HRANICEREZBTI WSy 77V v Ra
EOBFIE LT T, XEOMECHETLTWS
ZL QWK TOLRELTHMEDSHEKLEEZ DN 5B,
B, EREBCLHEIANGR EOMNESWEREL T
D AROWEREE IR, Ak, —F2BED LV,
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Organic materials in aquatic ecosystems.
Inc., Boca Raton. vi+201 p. $64.00 (in

A more comprehensive title for this exciting book
could be ““The properties and transformaion of orga-
nic materials in aquatic systems with emphasis on
microbial reaction rates under in situ conditions.”
It consists of sound geomicrobiology, biological
oceanography, and marine chemistry. It is mainly
about dissolved, colioidal, and particulate organic
materials, both living and dead, in seawater but it
presents much information on organic matter and
biomass in lakes. Of the 203 references, complete
with titles, only 3 were published prior to 1930.
Twenty were published between 1931 and 1955, 92
from 1956 to 1969, and 103 from 1970 to 1981.

The first chapter, ‘‘Organisms in aquatic ecosys-
tems,”’ discusses 1) Evolution of life in the hydro-
sphere, 2) Energy flows in the biosphere, 3) Grazing
food chains, 4) Detritus food chains, and 5) Energy
flow in communities, Chapter 2 treats the qualitative
and quantitative effects of temperature, salinity, pH,
redox potentials, surface tension, hydrostatic pressure,
organic nutrients, and other environmental conditions
on microbial functions in aquatic environments.
Chapter 3 deals with 1) The dynamics of the microbi”
al decomposition of particulate organic matter, 2)
Dynamics of the microbial assimilation of organic
solutes, 3) The cycles of carbon, nitrogen, phosphorus»
and 4) Turnover rates of organic materials.

Although exceptionally well printed, a few errors
appear. One of the most conspicuous is a boldface
D instead of IV on p. 118. One error is attributable
to Piccard, who erroneously identified a holothurian
on the floor of the Mariana Trench as being a flat
fish (p.52). On p. 37, extremely halophilic organisms
are said to be exclusively microorganisms, whereas
the brine shrimp, Artemia salina, and the larvae of

certain flies are common inhabitants of brines that

BT B2EHRD

By Humitake Seki. 1982. CRC Press,
U.S.A.), $75.00 (foreign).

are supersaturated with salts. Also questionable is
the statement on p. 39 that the salinity in extreme
cases may be as high as 100%. If the environment
is 100% salt, it is not aquatic. The solubility of
NaCl in hot water is only 35.7%; only 42.73% for
NazSOs. There are some questionable statements
about the buffering action of certain cations and
anions on p. 40. In line 33 on p. 40, “‘unable’’ should
be “‘able.”” An alga was reported (p. 40) to grow on
media having an initial pH of 13.0; further observa-
tions have shown that the absorption of CO: from
the atmosphere rapidly lowered the pH by two or
three units.

In an effort to be concise, Dr. Seki has often
made general statements that need some modification.
He states with some justification that temperature is
the most important environmental condition that in-
fluencnes microbial reaction rates. Anomalously, in
many paragraphs, figures, and tables dealing with
reaction rates, the temperature is not stated. Many
authors are quilty of this.

Personally, I prefer to have the the figures and
tables printed near the place where they are discuss-
ed in the text. In this book, the figures and tables
are printed at the end of each chapter. The refer-
ences are printed all together near the end of the
book.

Despite these shortcomings, Dr. Seki has prepared
a highly commendable reference book that will be
useful for aquatic microbiologists, geomicrobiologists,
marine biologists, marine chemists, oceanographers,
ecologists, and others. The book is most provocative
in the sense of being exciting and stimulating. It
raises many questions while providing considerable
new information along with a succinct review of
recent literature on the subject.

(Claude E. ZoBell)
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