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A Numerical Tsunami Modeling in Osaka Bay and Kii Channel*

Shigehisa NAKAMURA**

Abstract:

Tsunamis in Osaka Bay and Kii Channel were studied by using a numerical

model in which finite difference method was utilized. The aim of this study was to find a

possible relation of wave form to tsunami-source parameters.
disturbance of the water surface at the source area and its duration time.

The parameters were the
It was clarified

numerically that the size and location of the source were also important factors to determine

tsunamis on the coast.
tsunamis in the model.
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Fig. 1. Area for numerical tsunami modeling.
Dotted lines are the bathymetric contours
in the metric unit.
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Table 1. Categories of tsunami source parameters.

Source parameter . Category A B C D E
Vertical displacement of water surface, W (m) 0.1 0.5 1.0 2.0 3.0
Duration time of disturbance, T (sec) 200.0 400.0 800. 0 1200.0 1600. 0
Size of source Length, D 24X 34X 44X 54X 64X

Position of front, P (I) 4 6 8 10 12
Width, B* 104Y 84Y 64Y 44Y 24Y

* AX =A4Y =4540 m. Tsunami source is characterized by a combination of the parameters such as W,

T, D, P and B of each category.
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Fig. 3. Duration time T and the leading wave

at Osaka. (a) Wave patterns of the leading
wave for W=0.1lm. (b} Relation between
the crest height He of the leading wave and
duration time T.
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A Fundamental Study on the Reaction of Fish to Polarized Light*

Tadashi TAKAHASHI**, Masakazu ICHIKAWA*** and Kanau MATSUIKE**

Abstract: The goldfish (Carassius auratus) was used to determine whether they can dis-
criminate between different vibration planes of polarized light. The experiments were conducted
under various combinations of polarized light in the cruciform water tank. Polarized lights
with a uniform directional vibration plane were passed through the tank from opposite ends.
The polarized lights were of a cycle of 1 second on and 0.1 second off. Three fish of 8 Ocm
in average body length were used, one at a time, for the experiment. FEach fish was released
at the center of the water tank. When the fish reached the oblong sections wherein polariz-
ed lights were sent in a pre-selected directional vibration plane, it was rewarded with feed.
In contrast, the fish was punished with an electric shock when it failed to reach a selected
section. During the experimental period, the vibration planes in the oblong sections were
randomly changed so that the fish would not learn its location. The experiments were carri-
ed out 5 times a day for 115 days.

The number of rewards and punishments was equal for about the first 40 trainings of
each experiment. Then, the number of rewards increased and exceeded 70 % after the fish
was trained 100 times. Thus, it was concluded that the goldfish can discriminate between

different vibration planes of intermittent polarized light.
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Fig. 1. (A) Plane view of the experimental water
tank.
(B) Side view of one oblong section.
I, light source; df, diffusing filter; pf,
polarization filter; £, feeding tube; e,
electrode.
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Table 1. Combinations of the polarized lights

of different vibration planes: —, horizontal;
|, vertical; ,/, 45° inclined; and \, 135°
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Experiment Combinations of polarized lights
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Punishment Fig. 3. Learning process in goldfish to discrimi-

nate between two vibration planes of polarized
light; vertical plane (reward) vs. 45° inclined

Fig. 2. Learning process in goldfish to discrimi-
nate between two vibration planes of polarized

light; vertical plane (reward) vs. horizontal plane (punishment). (A) Fish B. (B) Fish C.
plane (punishment). Open circles show that For further explanation, see Fig. 2.
the experimental fish received the treatment ) _
in Section 1 or 3. Solid circles show that the DT, EEA TR ok Fex Fig.
experimental fish received the treatment in 5Dr Sk, ZOBHEOoWTE ERRLEE
Section 2 or 4. (A) Fish B. (B) Fish C. FREOR T L Do
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Fig. 4. Learning process in goldfish to discrimi-
nate between two vibration planes of polarized
light; vertical plane (reward) vs. 135° inclined
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see Fig. 2.

For further explanation,
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Fig. 5. Learning process in goldfish to discrimi-
nate between two vibration planes of polarized
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Optical Environment and the Quantum Efficiency of Phytoplankton
Photosynthesis during the Summer in the Bering Sea*

Masataka HAGA** and Kanau MATSUIKE**

Abstract: The quantum irradiance, spectral irradiance and turbidity (beam attenuation
coefficient) were measured in the sea areas above the abyssal plain, continental slope and
continental shelf in the Bering Sea during the summer of 1978. The optical structure of the
sea areas, the ratio of the attenuation coefficients of underwater quantum irradiance for
chlorophyll @, phaeopigments and unidentified absorbants, and the quantum efficiency of phyto-
plankton photosynthesis (measured by the tank method) were compared.

In the upper layer of the water near the continental slope, the turbidity, chlorophyll «
concentration and photosynthesis were very high and the light attenuation due to chlorophyll @
was about 50 % of the total attenuation, The quantum efficiency in this area was about
0.03 mol C/mol quantum. In contrast, in the water above the continental shelf, the turbidity,
chlorophyll @ concentration and photosynthesis were low and the light attenuation due to
unidentified absorbants was about 75% of the total attenuation. The quantum efficiency in
this area was about 0.04 mol C/mol quantum. Consequently, it was concluded that there is
not much difference in the quantum eficiency between these water areas, irrespective of the

difference in photosynthetic productivity.
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Fig. 2. Spectral transmittance of the filters for
the underwater irradiance meter.
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Fig. 6. A comparison of the insolation in blue
sky weather (August 1, [J) and overcast
weather (July 27, D).
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Table 1. Spectral irradiance attenuation coefficients (K).
Wavelength (nm)
Sea Area Depth
(m) 375 427 484 513 572 622 650 681
Northern North Pacific, Sta. 0-10 0.23 0.12 0.10 0.098 0.12 0.36  0.43 0.49
Bering Sea abyssal plain, Sta. 4  0-10 0.16 0.14 0.078 0.098 0.13 0.38 0. 42 0.53
Bering Sea continental
slope, Sta. 8 0-10 0.36 0.36 0.26 0.20 0.15 0.35 0.41 0.43
Bering Sea continental
shelf, Sta. 14 0-10 0.29 0.20 0.096 0.087 0.10 0.29 0.36 0.42

Table 2.

Percentage of the total irradiance (300-2,500 nm).

Northern North

Fig. 9. Underwater total irradiance calculated in
(1) blue sky weather and (2) overcast weather.

Depth Bering Sea abyssal Bering Sea continental Bering Sea continental
(m) Pacific, Sta. 3 plain, Sta. 4 slope, Sta. 8 shelf, Sta. 14
0 100 100 100 100
1 41 41 33 39
33 33 23 30
5 20 20 9.3 17
10 11 11 2.7 7.6
20 0.29
25 2.6 2.6 0.97
50 0.37 0.37 0. 041
75 0.063 0.063 0.0018
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Fig. 10. Vertical distributions of the relative
" 80 quanta irradiance (400-700 nm).
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" £
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Fig. 11. Vertical distributions of the beam attenuation coefficient. (1) Northern North
Pacific, Sta. 3; (2) Bering Sea abyssal plain, Sta. 4; (3) Bering Sea continental
slope, Sta. 8; (4) Bering Sea continental shelf, Sta. 14.
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QE=P/[(H—He %)% 3,600x12] (1)

2T, QEXETFIE (erC/e B, P
WA R (uegC/mPhr), H LRSSt &7
B (p A RET/misec), KilZHfzrer 7y
b oa PEIE A ) DY E T IR W BUREL [m!(mg chl.
7, Gz eev 4 b alE (mgchl a/

m?) ThH, H-He %% 3 HK\C; Izig%E L
WERBHL EDBTEDND,

a/m?*)

QE=P/(HKC;x3,600x12) (2)

ELTHETAZENTE S, AT @ K

X BEFIERE R,
rww 74 ball LAHARETRE O Wk

(Ky) ®RDBIw, KETFREOMEGE (K

HIRD L SR LT (cf. TYLER 1975),
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Fig. 13. The total quantum attenuation coefficient
(K) vs. the concentration of chlorophyll @ and
phaeopigments (C,+Cs) plots. Dots, data ob-
tained in the Bering Sea; crosses, data obtained
by TYLER (1975) in Sargasso Sea; A and B,
minimum values of K relative to (Ci+Cs).
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3.40, Ce=0.970) 12 Ci+Co i L K/ he s
HETHB, FioXHID 3 Hix SCOR Discoverer
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v V=B TH LN Ci+C T 5 K D
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ZeDRMERH THE S A L BERESERICE .
AME=HTH, 2D b, B ABET
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Table 3. Mean values of the quantum efficiency and ratios of the quantum attenuation due
to chlorophyll a (K;Cy), phaeopigments (K:C:) and unidentified absorbants (KzCy) to the

total quantum attenuation coefficient (K).

Sea Area Depth Quantum Ki\C\/K KCo/K KzCux/K
. ~ (m) Efficiency B -
Northern North Pacific, Sta. 3 0-19 0. 020 0.26 0.028 0.41
Bering Sea abyssal plain, Sta. 4 0-37 0. 026 0.24 0.041 0.43
Bering Sea continental slope, Sta. 8 0-16 0.025 0.49 0.12 0.27
Bering Sea continental shelf, Sta. 14 0-15 0.043 0.033 0.020 0.74
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B, TOK EHAERERIVZrr Y 4 va
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Enrichment of Transition Metals in Deep-sea
Sediments Relative to Near-shore Sediments*

Noburu TAKEMATSU**

Abstract: The relative enrichment of transition metals in deep-sea sediments compared to
near-shore sediments is attributed to the presence of micro-ferromanganese oxides near the
sediment-water interface of deep-sea sediments and to the sorptive properties of transition
metals on the sedimentary components such as manganese and iron oxides, humic substances
and silicate minerals, as well as the supply of these metals to the sea floor.

1. Introduction

The concentrations of transition metals in
sediments increase remarkably from near-shore
areas to deep-sea areas (WEDEPOHL, 1960;
TUREKIAN and IMBRIE, 1966; CHESTER and
MEessiHA-HANNA, 1970).
the distribution, three principal theories have
been proposed: the trace element veil theory
(WEDEPOHL, 1960), the differential transport
theory (TUREKIAN and IMBRIE, 1966; TURE-
KIAN, 1967) and the active ridge theory (BOST-
ROM et al., 1969). The trace element veil theory
can not specify the mechanism for enrichment.

In order to explain

Although terrigenous particles are subjected to
the differentiation by particle size during trans-
port, the differential transport theory has re-
quired modification since the chemical compo-
sition of non-lithogenous fraction of deep-sea
sediments has been found to be similar to that
(ELDERFIELD, 1972,
The sediments associ-

of manganese nodules
CHESTER et al., 1973).
ated with submarine volcanic activities are
localized and have a distinct chemical compo-
sition as the so-called metalliferous sediment
(BOSTROM and PETERSON, 1969), although
transition metals of hydrothermal origin may
be supplied to deep-sea sediments through the
‘water column.

The relative enrichments of transition metals
in deep-sea sediments compared to near-shore
sediments are  Mn>Co>Cu>Ni>Zn>Fe
(WEDEPOHL, 1960). This order can not be

* Received April 21, 1981
** The Institute of Physical and Chemical Research,
Hirosawa 2-1, Wako-shi, Saitama Pref., 351 Japan

explained by the theories described above. The
relative enrichment of transition metals is
controlled by many factors such as their relative
fluxes to the sediment, diagenesis after burial,
the mechanisms of their incorporation into the
sediment. This paper discusses the cause of
the enrichment differences of these metals,
focussing on the incorporation processes occur-.
ring at the sediment-water interface and taking
sorption phenomena into consideration.

2. Removal of minor transition metals from

sea water

The concentrations of transition metals in sea
water, except iron and manganese, are much
lower than those predicted from the solubilities
of their least soluble compounds. In order to
explain this discrepancy, scavenging (sorption,
in a broad sense) processes by particles settling
through the water column have been proposed
as the removal mechanisms of minor transition
metals from sea water (GOLDSCHMIDT, 1937:
GOLDBERG, 1954; KRAUSKOPF, 1956). Minor
transition metals in sea water are incorporated
into organisms in the surface layer and most
of them are regenerated in the intermediate
layer, and their vertical distribution is similar
to that of nutrients (SCLATER et al., 1976;
BOYLE et al., 1977; BRULAND et al., 1978;
BRULAND, 1980). The remaining organic de-
tritus and faecal pellets of zooplankton trans-
port transition metals to the sea floor. These
rapidly settling biogenous particles and oxides
of manganese and iron scavenge transition
metals during settling through the deeper water
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Table 1.

The concentrations of transition metals in sea water, suspended matter,

settling particles, faecal pellets and sediments.

Fe Mn Co Ni Cu Zn

Sea water (¢g/l)

deep water 1 0.02» 0.04» 0.65% 0.35% 0. 60¢
Suspended matter (ppm)

surface water® — 529 13 _ 109 220

deep water (Atlantic)®’ 15, 000(37) 320(26) 16 (14) 130 5) 200( 3) 1,000( 0.6)
Settling particles (ppm)

deep water (Sargasso Sea)” 37,000( 86) 980(35) 17 (46) — 150(28) 510(13)

intermediate water (Atlantic)s’ 5,800(100) 67(97) 2.5(68) —— 29(33) 520( 2)

deep water (Atlantic)¥’ 17, 000(100) 400(53) 9.6(44) ~—— 110(24) 410( 8)
Faecal pellets (ppm)

surface water (Mediterranean)® 24,000 243 3.5 20 226 950
Sediments (ppm)

deep water ¥ 50,700( 89) 4,780(10) 101 (11) 211(27) 323(19) 200(43)

a) SUGIMURA et al. (1978); b) KLINKHAMMER and BENDER (1980); ¢) BRULAND (1980); d) CHESTER
and STONER (1975); e) BUAT-MENARD and CHESSELET (1979); f) SPENCER et al. (1978); g) BREWER

et al. (1980); h) FOWLER (1977); i) CRONAN (1969).

the lithogenous fraction.

eolumn (TUREKIAN, 1977; MARTIN and KNAU-
ER, 1980; SPENCER et /., 1978; BREWER et al.,
1980y).

The elemental composition of settling particles
collected with the sediment traps (SPENCER ez
al., 1978; BREWER et al., 1980) and suspended
particulate matter in sea water (CHESTER and
STONER, 1975; BUAT-MENARD and CHESSELET,
1979) is different from that of the sediment
(Table 1). This indicates that transition metals
in these freshly sedimented particulate materials
undergo significant chemical differentiation by
diagenesis at the sediment-water interface before
their final incorporation into the sediment, that
is, some metals are released back into overlying
water column (BENDER et al., 1977; BOYLE et
al., 1977). The most effective agents incorpo-
rating transition metals into the sediment are
considered to be manganese and iron oxides.

3. The states of transition metals in deep-sea

sediments

Marine sediments consist of lithogenous and
non-lithogenous (authigenic) materials. The
average transition - metal contents in the litho-
genous fraction of deep-sea sediments are similar
to those of the total near-shore sediments
(CHESTER and MESSIHA-HANNA, 1970). There-

The values in parentheses are the percentage of

fore, the enrichment of these metals in deep-sea
sediments is mainly attributed to that in the
non-lithogenous fraction,

Based on the similarity between element/
manganese ratios in the non-lithogenous fraction
of deep-sea sediments and manganese nodules,
ELDERFIELD (1972) has concluded that the
concentration of trace metals by manganese
nodules and the enrichment of these metals in
slowly accumulating sediments are related pro-
cesses. Certain sediments from the south-west
region of the North Atlantic Ocean have con-
tents of non-lithogenous transition metals similar
to those of manganese nodules (CHESTER et al.,
1973). Further, the behavior of non-lithogenous
transition metals in deep-sea sediments for the
acid and reducing agent extractions is similar
to that in manganese nodules (TAKEMATSU,
1978). The calcium carbonate phase is essentially
free from transition metals (TUREKIAN et al.,
1973; TAKEMATSU, 1978). Therefore, the
major part of non-lithogenous transition metals
in deep-sea sediments is incorporated in fine
ferromanganese oxide minerals dispersed in and
coated on sediments.

In Table 2, element/manganese ratios in the
non-lithogenous fraction of deep-sea sediments
are compared with those of manganese nodules.
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Table 2. Comparison of element/manganese ratios in the non-lithogenous
fraction of deep-sea sediments with those in manganese nodules.

Fe Mn Co Ni Cu Zn
Average contents (%) in Pacific
deep-sea sediments (CRONAN, 1969) 5.0669 0.4784 0.0101 0.0211 0.0323 0.020*
Average contents (%) in lithogenous fractions
(CHESTER and MESSIHA-HANNA, 1970) 5.0 0.052 0.0012 0.0063 0.0067 0.0095*

Average contents (%) in non-lithogenous fractions

Element/manganese ratios in
non-lithogenous fractions

Average contents (%) in Pacific
manganese nodules (CRONAN, 1976)

Element/manganese radios in
Pacific manganese nodules

0.60 1.0 0.017 0.032 0.020

0.5669 0.4316 0.00902 0.01543 0.02627 0.01145

1.3 1.0 0.021 0. 036 0.061 0.027

11.96  19.78 0.335 0.634 0.392 0.068

0. 0034

*. WEDEPOHL (1960)

The chemical composition of the non-lithogenous
fraction in deep-sea sediments is obtained as-
suming that 90 9% of the total sediment is of
lithogenous origin. The ratios of cobalt and
nickel to manganese in the non-lithogenous
fraction of deep-sea sediments are similar to
those of nodules, while the ratios of copper and
zinc in the former are larger than those in the
latter. This suggests that most of the non-
lithogenous cobalt and nickel in deep-sea sedi-
ments is associated with micro-manganese
nodules, and that the significant part of non-
lithogenous copper and zinc is associated with
sedimentary components other than micro-
manganese nodules. This conclusion is con-
sistent with the sorptive properties of these
metals on sedimentary components,

The sorption affinity of transition metals for
hydrated manganese oxides (birnessite and d-
MnQO;) follows the sequence of: Cu>Mn>Co>
Zn>Ni (MURRAY, 1975; TAKEMATSU, 1979a).
The sorption affinity for hydrated ferric oxide
and silicate minerals is in the order: Cu>Zn>
Ni>Co>Mn, although hydrated ferric oxide
has much stronger sorption affinity than silicate
minerals (TAKEMATSU, 1979a). This order is
similar to the so-called Irving-Williams order.
The humic substances, which are the most
important constituents of organic matter in the
sediment, have the same sequence of sorption
affinity as hydrated ferric oxide and silicate
minerals (RASHID, 1974).

4. The mechanisms of enrichment of minor
transition metals in manganese nodules
Manganese oxide minerals found in nodules

are todorokite (IOA manganite), birnessite (7A

manganite) and 6-MnO,. The formation mecha-
nisms of the different manganese oxide minerals
are considered as follows. Todorokite is formed

as a result of diagenetic remobilization and 4-

MnO:; is precipitated from sea water (CALVERT

and PRICE, 1977; Usul, 1979a). This concept

is consistent with the view that todorokite is

formed in less oxidizing environments than 0-

MnO; (GLASBY, 1972) and with the observation

that nodules rich in todorokite are abundant in

the underlying areas of high organic productivity,
where diagenesis takes place actively and the

redox potential is lower (CRONAN, 1975).

The concentrations of minor transition metals
in nodules are one or two orders of magnitude
higher than those in the continental crust. The
enrichment is explained by the sorption pro-
cess and the lattice substitution. Nodules rich
in 6-MnQO; are enriched in cobalt and lead,
while nodules rich in todorokite are enriched in
nickel and copper (BARNES, 1967; CRONAN and
Toowms, 1969; CRrRONAN, 1975). The enrich-
ment of cobalt and lead in d-MnO; is attri-
buted to the oxidation of these metals to their
higher valency states to substitute for Mn** in
the [MnQOs] octahedra (BURNS, 1976). The
same process has been proposed for nickel

(BURNS and FYFE, 1967; BURNS, 1970). The
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concentrations of minor transition metals due
to the sorption have been calculated using their
distribution coefficients of sorption between d-
MnO; and sea water and their concentrations
in sea water (TAKEMATSU, 1979b). The calcu-
lated concentrations of copper and zinc were
comparable to their concentrations in nodules,
while those of cobalt and nickel were an order
of magnitude lower than their concentrations in
The discrepancies in cobalt and nickel
can probably be ascribed to the substitution.
MCKENZIE (1971) and UsUI (1979b) have found
in the laboratory experiment that birnessite
(7 A manganite) is transformed into todorokite
in the presence of divalent ions of metals such
as cobalt, nickel, copper and so forth. This
appears to indicate that mineralogy of nodules
is controlled by the supply of these transition
metal ions to nodules. However, this is not

nodules.

the case because some todorokite-rich nodules
from continental margin environments are not
enriched in these minor transition metals (GRILL
et al., 1968; CRONAN and Toowms, 1969). As
BURNS and BURNS (1978) have stated, todorokite
which contains divalent manganese in the lattice
is formed in the less oxidizing (organic rich)
sediment and divalent manganese in todorokite
is replaced by divalent ions of nickel and
copper. Further, todorokite and birnessite which
are precipitating in sea water of the similar
concentrations of minor transition metals have
the similar concentrations of these metals
(TAKEMATSU et al., submitted for publication
in J. Oceanogr. Soc. Japan). Therefore, the
correlation between todorokite and nickel and
copper may be due to the supply of these
metal ions available to todorokite rather than
mineralogy.

Calculated on the world average abundances
of transition metals in manganese nodules
(CRONAN, 1976) and their recently reported
concentrations in sea water (BRULAND, 1980;
KLINKHAMMER and BENDER, 1980; SUGIMURA
et al., 1978), the enrichment relative to sea
water follows the order: Mn»Fe>Co»Ni>
Cu»Zn

5. The factory which produces micro- and
macro-manganese nodules located near the
sediment-water interface of deep-sea sedi-
ments
Raw materials are supplied to the sea floor

as organic and inorganic particulate matter from

overlying sea water. After deposition, the
greater part of the raw materials except silicate
minerals is dissolved by diagenesis due to the
decomposition of organic matter, although some
part is preserved according to chemical environ-
ments such as Eh and pH. Dissolved iron and
manganese are transported to the sediment-
water interface by advection and diffusion, and
transformed into solid phases as ferromanganese
oxide minerals which are present as coatings
on silicate minerals, fine particles dispersed in
the sediment or nodules at the sediment-water
Some part of dissolved iron is pre-
Transition metals

interface.
cipitated as free iron oxides.
other than iron and manganese are partitioned
among ferromanganese oxides, free iron oxides,
humic substances and silicate minerals according
to their sorptive and substitutive properties.
Some fraction of transition metals supplied is
not captured by sedimentary components and
released back into bottom water as wastes.

In the oxidized deep-sea environments where
manganese oxides such as todorokite, birnessite
and 0-MnQO, are stable, the greater part of
cobalt and nickel supplied are incorporated into
ferromanganese oxide phases because they are
sorbed very strongly on the manganese oxides
and substituted for the manganese in the lattices.
Most of copper and zinc is also incorporated
into ferromanganese oxide minerals but a con-
siderable fraction is associated with silicate
minerals and humic substances because they are
sorbed much more strongly on these substances
than cobalt and nickel.

In the near-shore areas, the supply of sili-
cate minerals from continents relative to bio-
genous and hydrogenous materials extracted
from sea water is much larger than that in
the open sea areas. Further, in the near-shore
sediments, in- which redox potential is lower
than that in the deep-sea sediments because of
a large amount of organic matter, a consider-
able fraction of manganese dissolved by dia-
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genesis is released from the sediments. The
non-lithogenous manganese in the near-shore
sediments may be present as oxyhydroxides and
oxides of its lower valency states or the solid
solution of calcium carbonate (WINTERHALTER,
1966; CRERAR and BARNES, 1974; MANHEIM,
1961; CALVERT and PRICE, 1970). Since cobalt
and nickel are only weakly sorbed on the
manganese compounds described above, most
of these metals supplied through the interstitial
water are released from the sediment, although
some fractions of copper and zinc are retained
in the sediment because they are strongly sorbed
on all the sedimentary components. The concen-
trations of transition metals in the near-shore
sediments are not significantly different from
those in the lithogenous fraction of deep-sea
sediments.

The cause of the relative enrichments of
transition metals in deep-sea sediments compared
to near-shore sediments (Mn>Co>Cu>Ni>Zn
>Fe) can be understood when the average
contents in deep-sea sediments and in manganese
nodules are divided by those in the lithogenous
fraction of the sediments and the relative enrich-
ment in the former is compared with that in
the latter (Table 2). The elemental composition
of the sediments is controlled by the amount
and the chemical state of manganese oxides in
the sediments, as well as the supply of the
lithogenous and non-lithogenoﬁs metals to the
sea floor.
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The Quantum Yield of Phytoplankton Photosynthesis
in Lake Fukami-ike, Japan*

Noburu TAKEMATSU**, Motoaki KISHINO** and Noboru OKAMT**

Abstract: Primary production, chlorophyll a concentrations, spectral absorption of phyto-
plankton, insolation during incubation, vertical distribution of downward spectral irradiance
were simultaneously measured in Lake Fukami-ike, Nagano Pref., Japan. Light energy
absorbed by phytoplankters in the water column was estimated by three methods proposed
by TYLER (1975) and MOREL (1978). At deeper depths, quantum yields of phytoplankton
photosynthesis, calculated in consideration of spectral compositions in irradiance, were higher
than those calculated without consideration for the compositions. The estimated quantum
vield increases with depth, approaching 0.125 moles Os/einstein near the compensation depth,

which is the maximum reported for the quantum yield of photosynthesis.
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Fig. 1. Spectral absorption coefficient of phyto-
plankton. B: BANNISTER (1979); L: LORENZEN
(1972); F: present study (Lake Fukami-ike).
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Fig. 2. Continuous record of insolation by the shore of Lake Fukami-ike on July 23, 1980.

Table 1. Primary production (Py), chlorophyll a
concentration, photosynthetically available
radiation (E¢(07)), relative irradiance to the
surface (E((Z)/Eq«07)) and diffuse attenua-
tion coefficient (Kg) in Lake Fukami-ike.

Depth

Chloro- -
phyll a Eq(0Y) E(2)/ Ku

(i
(m mole (einstein  Eq(07)
Ou/m?) (€ CL s "9 " ()

8:00-17:05, July 22, 1980 43.7

surface

0.1m) 141 56. 6 86.4 1.62
0.5m 108 58.0 47.3 1.84
1.0m 134 84,1 15.9 2.71
8:00-12:22, July 22, 1980 27.1

0.5m 83.8 58.0 47.3 1.84
8:18-17:25, July 23, 1980 39.8

surface

{0.1m) 104 56.0 82.0 2.07
0.5m 114 58.6 36.3 2.06
1.0m 101 55,1 12. 8 2.31
2.0m 40.7 105 0.768 2.43
7:52-17:40, Sept. 21, 1980 22.6

surface

(0.1m) 163 60. 8 85.3 2.02
0.5m 140 65. 1 36. 4 2.03
1.0m 55.3  65.5 13.5 1.88
2.0m 24.8 63.2 3.34 1.23
3.0m 13.3  68.9 0.748 2.13
7:52-12:33, Sept. 21, 1980 12.9

0.5m 102 65.1 35.4 1.95
12:42-17:40, Sept. 21, 1980 9.23

0.5m 129 140 37.5 2.12

BTy s v27 b vE X OEHEY E BELS S

oIz,
% (Fig.

FHRRRKRERAREEMCBH LT
Do

100 —

(uw/cm? «nm)

Downward irradiance

0.1
400 500 600 700
Wavelength (nm)

Fig. 3. Vertical distribution of downward spectral
irradiance in Lake Fukami-ike on July 23,
1980.

WG IR O MR (Ko 2 2m™ fiETH 5
2, rew 74 MVEBEEEOHBIEARY LTV,
FHIEEDERENE WD TH A H (Fig. 4),

2D NEHEBAEERR IO rr 7 4 LVBE

WA R AERY, EBT1H%H 100~150
m moles Oy/m? T, LYRDOZ L BES & HIT
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(m1)

Absorption coefficient

1.0

0.0

400 500 600 700
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Fig. 4. Spectral absorption coefficient of dissolv-
ed and suspended matter in Lake Fukami-
ike. api, aa, ay, and aw: the absorption
coefficient of phytoplankton, detritus, yellow
substances and water, respectively.

i, TR 20~60% (E¥340%), 9 121110~60
%CFE 20%) Th o tco 7 m w7 4 LVEEITIZIE
60 mg Chl. a/m® T7 H X b 9 Ao %A Enr -1,
3 HHERAEEDOK = 5 1 F - FIHER

B AEED Y= x % —FIHSELY,  HiEoD
HCT TR~ a), b) 5L o) D32DF
BTEHE LT (Table 2), #2720, a) © g T
W, R CEOKEC L A SR E ORENE L
WIZEEREELT, KEOEIRYIRFR Imk
IO 0.5m - THE L

29, ) OFECEWTAES lm & 0.5m
Wl o e f a5 &, —Be 1michi-
B GO T NIRIMEL te o T B, Tt
BREEANR 208 U CHERIE R A 5 % o,
HECHEMMCEET A LA RELTWS S
EWRRT B, BRI, REHERE O MR

Table 2. The quantum yield of phytoplankton
photosynthesis in Lake Fukami-ike. Photo-
synthetically usable radiation (PUR) was
estimated with (a) diffuse attenuation coefli-
cient, (b) irradiance and average absorption
coefficient of phytoplankton, and (c) spectral
irradiance and spectral absorption coefficient
of phytoplankton.

Depth #(moles Os/einstein)

(a) (b) (c)
4Z=1m , 4Z=0.5m

8:00-17:05, July 22, 1980

surface

(0.1m) 0.00434 , 0.00465 0.00475  0.00510
0.5m 0.00672 , 0.00662 0.00650 0.00752
1.0m 0.0161 , 0,0168 0.0165 0.0210
8:00-12:22, July 22, 1980

0.5m 0.00837 , 0.00824 0.00809 0,00936
8:18-17:25, July 23, 1980
surface

0.1m) 0.00348 , 0.00388 0.00411 0.00443
0.5m 0.00825 , 0.00968 0.00965 0.0113
1.0m 0.0233 , 0.0242 0. 0258 0.0328
2.0m 0.0489 , 0.0771 0. 0908 0.126
7:52-17:40, September 21, 1980
surface

(0.1m) 0.00885 , 0.00999 0.00999 0.0109
0.5m 0.0158 , 0.0180 0.0187 0. 0220
1.0m 0.0158 , 0.0189 0.0198 0. 0255
2.0m 0.0350 , 0.0364 0.0369 0.0517

3.0m 0.0833 , 0.0829 0.0812 0.121
7:52-12:33, September 21, 1980

0.5m 0.0203 , 0.0240 0. 0247 0. 0292
12:42-17:40, September 21, 1980
0.5m 0.0165 , 0.0181 0.0190 0. 0223

P 2m T, HEIRANEKRIIKERZ 0 5m T
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RIS
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Rapid Determination of the Coefficient of Viscosity for Sea Water*

Naoki FUKUCHI** and Tomosaburo ABE**

Abstract: A viscometer is made for a stable sea foam which requires a speedy and accurate
measurement of the coefficient of viscosity of sea water. A chrome plated brass disc 10 mm
thick and 100 mm in diameter is horizontally suspended in about two liters of collected
natural sea water, not filtered. A suspending string, made of phosphor bronze, is tied to the
center of the disc. The disc is vibrated torsionally with small amplitude. Its damping feature
recorded on paper gives the coefficient of viscosity. About five minutes are long enough for
one measurement, because the damping vibration period is about 25 seconds. The probable
error is of 0.8 % for temperatures ranging from 5 to 15°C. Since sea water is not filtered,
this viscometer allows us to get the coefficient of viscosity including the effect of various

surface active agents.
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transducer.
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Studies Concerning the Fishery Biology of the Sea Urchin, Hemicentrotus
pulcherrimus (A. AGAssiz) in Kaji, Fukui Prefecture —IIL
On the Test Growth and Mortality of the Sea Urchin Population®

Naonori ISHIWATA**, Hiroshi FUSHIMI**, Kuniteru MAEKAWA***
and Takashi NANBA****

Abstract: In the present study, the test growth and the mortality of the sea urchin popula-

tion were obtained from size-frequency analysis of the natural population on the coast of Kaji,
Fukui Prefecture, before the fishing seasons in 1967 and 1968. The results obtained are sum-
marized as follows:

1. On the western part of the coast in water less than 2m deep the sea urchin reaches
4 mean test diameter of 16.0 to 17.5 mm at 0.4 year, 26.5 to 27.8 mm at 1.4 years, and 33.0
mm at 2.4 years; in water 2 to 3m deep 13.8 to 15.8 mm, 24.4 to 25.6 mm, and 31.0 to 31.6
mm respectively; in water more than 3 m deep (Off Takase) 12.5 to 14.5 mm, 23.0 to 24.5 mm,
and 28.5 to 29.0 mm respectively. Also, in the eastern waters the animal reaches a mean
size of 13.0 to 14.6 mm at 0.4 year, 20.2 to 24.1 mm at 1.4 years, and 26.0 to 28.5mm at

2.4 years (Table 1). The maximum size in the population is 49 mm and this is probably at
an age several years older. Test growth varies with the different habitats. It is roughly
population density correlated and decreases with increasing population density (Fig. 3).

2. 1In the western waters the mortality rate between the ages of 0.4 and 1.4 years is

18 % and between 1.4 and 2.4 years it is 77 %.

In the eastern waters the mortality rates

are 0 and 73 % respectively. As this animal is not captured at the age of 0 year, the former
value is the natural mortality rate while the latter value is the sum of the natural mortality

rate and mortality due to fishing.
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Fig. 1. Survey stations of the sea urchin popula-
tion on the coast of Kaji before the fishing
seasons in 1967 (A) and 1968 (B).
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Fig. 2. Test diameter frequency distribution of the sea urchin population on the coast of
Kaji before the fishing seasons in 1967 (A) and 1968 (B).

The histograms show the observed frequency, the thin lines are the normal curves
fitted to each age group by the TANAKA’s method and the thick lines are the sum of
the normal curves. a, western waters less than 2m deep; b, western waters 2 to3m
deep; ¢, western waters more than 3 m deep (Off Takase); d, eastern waters.
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Table 1. Test growth and age composition of the sea urchin population

La mer 19, 1981

Kaji before the fishing seasons in 1967 and 1968.

on the coast of

Age
Item Area Year
0.4 1.4 2.4
Western waters

Water less than 2m 1967 16.0 + 2.3 26.5+2.0 33.0+2.0
deep 1968 17.5 + 2.2 21.8 1.9 33.0x2.1
Mean test Water 2 to 3m deep 1967 13.8 + 1.9 24.4+£2.0 31.0+1.7
diameter £ SD, 1968 15.8 1.8 25.6+1.8 3.6 1.6
mm Water more than 3 m 1967 12.5 +1.8 23.0£2.0 29.0 1.8
deep (Off Takase) 1968 14.5+1.7 24,5+ 1.7 28.5+1.8
Eastern waters 1967 13.0 1.3 20,2+ 1.6 26.0 1.6
1968 14.6 £ 2.2 24.1+2.1 28.5+2.2

Western waters 1967 7,478 6, 646 1,547

1968 909 6,283 1,580

Water less than 2m 1967 2,137 3,143 623

deep 1968 360 3,196 598

Composition, number Water 2 to 3m deep 1967 3,615 2,438 545

of individuals 1968 324 2,092 542

Water more than 3 m 1967 1,726 1,065 379

deep (Off Takase) 1968 225 995 440

Fastern waters 1967 707 1,226 564

1968 185 981 416

Total 1967 8,185 7,872 2,111

1968 1,094 7,264 1,996

Table 2. Comparison of the test growth of the sea urchin in various localities.

Researcher’s name

Mean test diameter, mm

) Age Method
Test locality 0.5 10 15 20 25 30 35
MINAMIZAWA & OGAWA 5 12-13 24-25 35-36 Size-frequency
(1959) distribution
Fukui Prefecture
Fujr (1963) 10 21 28 34 Size-frequency analy-
Kanagawa Prefecture sis, consecutive
collection, and
tagging experiment
NAKAMURA & INOUE 8-9 21-22 32-33 41-42  Size-frequency
(1965) - distribution
Yamaguchi Prefecture
Y 8.8 22.2 Rearing experiment
INOUE et al. (1969) 9.0V  19.8 21.0» 29 2V 36. 49 Size-frequency
Yamaguchi Prefecture analysis
KAKUDA et al. (1970) 9.8 21.5 Rearing experiment
Yamaguchi Prefecture
KAKUDA (1978) 15.1%  20.6 25.8 26.6 Rearing experiment

Yamaguchi Prefecture

1) Age of 0.7 year; 2) 1.3 years;

3) 1.7 years;

4) 2.3 years;

5) 3.3 years; 6) 0.6 year.
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Fig. 3. Relationship between population density
(number of individuals/4 m?) and test diame-
ter of the sea urchin on the coast of Kaji
before the fishing seasons in 1967 and 1968.
Dotted line, 0.4 year; broken line, 1.4
years; solid line, 2.4 years. Open circles,
western waters less than 2 m deep in 1967;
solid circles, western waters less than 2m deep
in 1968; open triangles, western waters 2 to
3m deep in 1967; solid triangles, western
waters 2 to 3 m deep in 1968; open squares,
western waters more than 3m deep (Off
Takase) in 1967; solid squares, western
waters more than 3m deep in 1968; open
ellipses, eastern waters in 1967; solid ellipses,

eastern waters in 1968.
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ANNONCEMENT

La Société a publié le Sommaire complet de La mer, Tomes 1-18 (1963-1980)

pour la commémoration du vingtiéme anniversaire, au mois de Mai dernier, si ’on

désire 'obtenir, il faut en proposer au bureau de la Société avec le prix de livre

1.000 yen.

ANNOUNCEMENT

In commemoration of the 20th anniversary of the Society, a special edition

of “La mer”’, containing the total contents and author index for Volumes 1-18
{1963-1980), was published in May. This is obtainable on request from the office
of the Society at a cost of ¥1,000 per copy.
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Recherches taxonomiques et biologiques péches sur les zooplanctons,
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BHAFEGM R cH 800 A FHF I T F T8,
BIED L 5 HBOWENH D, 10 FEBMTHE
3%, 1950~ 19594E1213.105%&, 1960~ 1969411
12548, 1970~ 19794 ik 128f @M Hi7zic fido - T
Bh, WEROBEMERL ELERLREE L 5T,

AADO DO NREHL, F v LV Pe—50
AW B3 - 1oy, MRS bERE LTERE,

* 19814F 5 H29H, B{LAHE(FHEF)ICTHER

Résumé de la conférence faite le 29 Mai 1981
aprés la remise du Prix de la Société franco-

japonaise d’océanographie
** EWHRUOKEE RS  Université des péches de Tokyo
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Mysidae” ##EHEL ¥ Lic, Zodicit 163 fEh
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o I FRELOBETHE R LY, 1966
FrOLESHETIHEIHELREL, 7okhigE
b3 e MO A

BRI X OHL B E DAL & U BEL L -
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WEEORTELET, WEEYH AR L
BEAFRIUEREL > TWET, LikhsT,
BBIECIIL AT L, TRELITVERA,
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