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Reflection of electromagnetic waves at sea surface*

Takashi IcaIveE**

Abstract: Reflection of plane electromagnetic waves (EMW) at the sea surface is treated based on
Maxwell’s theory. Itis assumed that oil or freshwater of a uniform depth covers infinitely deep sea.

For dielectric constants and conductivity of oil or freshwater, reflectivity (R) or phase lag (PL) of
reflected waves decrease or increase almost linearly with thickness of the cover layer up to several
centimeters. The critical thickness decreases with increasing frequency and incident angle from
the vertical and is smaller for freshwater than for oil. Thus, the thickness of oil in case of oil spills
or that of freshwater caused by precipitation in the Tropical Pacific Ocean before El Nifio may be
determined with SAR (Synthetic Aperture Radar) or SLAR (Side Looking Airborne Radar) at
frequencies around 1 GHz. If the thickness is known otherwise, the precise measurements of R and
PL may estimate aging of oil or mixing of freshwater with seawater, by determining conductivity
and dielectric constants of oil or freshwater. EMW of 20 GHz or higher frequencies is not effective
to detect the freshwater but is useful to determine dielectric constant of oil for estimation of its
aging. This is because EMW are reflected at the oil film, whose thickness has a variance of a few
millimeters but at the same reflection angle and because the mean R of such reflected waves depends
only on the incident angle and dielectric constant of oil.

1. Introduction

It is believed that reflection and refraction
of electromagnetic waves (EMW) at the sea
surface are a well-known problem solved as
an exercise of the classical electromagnetic
theory. However, the recent development
and wide application of satellite and airborne
remote sensing with microwaves of the ocean
surface processes suggests that more careful
check of the problem may be warranted to
understand information obtained with such
techniques. It is found that existing litera-
ture in both oceanography and electronic en-
gineering lacks in addressing to this funda-
mental problem in depth, though it abounds
in details on oceanic processes and technical
treatment of hardwares and signal process-
ing. Classical study by LieBERMANN (1962)
dismissed EMW as a tool for exploring the
oceanic processes except possibly with ex-
tremely low frequency waves, because of
electric conductivity of the sea water which
attenuates the incident EMW amplitudes to
insignificance within centimeters for micro-
wave range, though SLATER (1942) noted that

*Received August 29, 1989
**Department of Oceanography, Texas A & M Uni-
versity, College Station, TX 77843, U.S.A.

the sea water behaves between conductor and
insulator for that range. Development of
synthetic aperture (SAR) or side-looking
airborne radar (SLAR) has stimulated mi-
crowave remote sensing of the ocean envi-
ronment with a quantum leapfrog, since these
devices could overcome hindrances of cloud
cover inherent to the passive sensors both in
IR and microwave ranges.

However, the fundamental assumption on
which these techniques depend is that the sea
surface reflects the incident EMW as a perfect
conductor, though the surface is rugged due
to gravity waves and ripples of various len-
gths and heights (TresITs, 1987: ErLacH],
1988). PuiLLps (1988) reviewed application
of SAR to oceanic processes, particularly to
determining ocean wave spectra and noticed
many ambiguous problems in interpretation
of SAR images simply as Bragg reflection of
EMW at the multifaceted sea surface caused
by ripples.

This paper is limited to the problem of re-
flection of EMW at a flat sea surface but is
mainly addressed to two practical situations
different from the implicit assumption of the
sea surface as the perfect conductor. They
are a thin layer of oil or fresh water covering
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the infinitely deep layer of the sea water. The
oil film case is applicable to oil spills that
occurred as the disastrous but by no means
unexpected event in Prince Williams Sound,
Alaska in March 1989. The fresh water
upper layer covers the Tropical Pacific Ocean
over a wide area and its usual coverage and
seasonal change are crucial to early detection
of El Nifio. This is because the event has
been reported to start as the eastward pro-
pagating equatorial Kelvin waves from the
western Equatorial Pacific Ocean (GiLL,
1982). In the latter area an excessive pre-
cipitation causes sea level height anomalies in
the form of fresh water accumulated at the
sea surface (IcH1YE and MuUNEYAaMa, 1989). It
is impossible to monitor the fresh water ac-
cumulation over the vast tropical oceanic
area without satellite remote sensing. In
both cases the reflection of EMW particularly
in micro-wave range is a crucial problem to
understand, in order to interpret imagery
data available with the current technology
and to improve the devices available now or
to develop new ones.

2. Basic equations

The thichkness of oil or fresh water is
denoted h (Fig. 1) and the underlying sea
water is assumed infinite in depth. The
z-axis is positive downward. The plane
EMW is incident with an angle 6 to the ver-
tical. The y-component (out of paper) of
magnetic field is expressed by

ij: (ajefujz_'_ bjeujz)e— ¢ Ax+ ¢ wt’ (1)
where j=0, 1, and 2 refer to the atmosphere
4

EMW

Ol €5,05,H,

Seawater
81 ’ 01; “‘0

Fig. 1. Schematical figure of EMW reflected
by a thin layer of oil on the sea water.

(vacuum), the upper layer and the lower
layer, respectively, and A is an arbitrary
positive parameter, a; and b; represent ampli-
tude of incident and reflected waves, and w is
a circular frequency of EMW. When a, is
prescribed, b;, u; and A can be determined in
terms of w, € and electromagnetic constants
of three media through Maxwell’s equations
and boundary conditions (STraTTON, 1941).

Hereafter the exponential term of equation
(1) is dropped. The main problem of reflec-
tion of EMW at the sea surface is to discuss
the reflectivity b,/a,. Warr (1962) derived
this ratio for multi-layered media in terms of
transmission line theory which seems to be
familiar among electronic engineers. How-
ever, for three layers, the advantage of sim-
plification on serial expressions is lost, thus
here a traditional approach that is familiar
with oceanographers and physicists is taken.

First, Maxwell’s equation leads to

uf=A%+7r4 )
W=t o0 e 1w 3)

where 0; w; and u; denotes conductivity,
dielectric constant and magnetic susceptivity,
respectively and the real part of g;is always
positive.

The boundary conditions are that H;y and
the x-component of electric field E;x are con-
tinuous, whereas

Ey=—(0;+ ¢t we;) "aH,/az. (4)

In terms of a; and b; these conditions are
expressed with

ap+by=a;+b; (5a)
Ko(—ap,+by)=K,(—a,+b,)(at z=0) (5b)
ae ""+beth=a,e " (6a)

K, (—ae """ +be"™ =K,(—a,e "
(at z=h), (6b)
where
K=y (o, +iwe)™, j=0, 1, 2. )

In the lower layer there is no reflected wave,
thus b,=0.

Equations (5) and (6) form four linear
equations about ay, a;, a,, and b,. Thus the
four a; and b; can be expressed in terms of a,.
The amplitude and phase of the reflected
wave can be represented by the magnitude of
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complex ratio by/a, and its phase. The result
of derivation from (5) and (6) is given by

-be/ao=M/N (8a)
M= (K,—K,) — (K,— KKK, ") tanha(8b)
N=(K,+K,) + K, +KK,K, ) tanha(8¢c)
a=u;h, (8d)

The argument u,h does not appear in (8),
since at z=h the r.h.s. of equation (6) lacks
b,-term.

3. Electromagnetic properties of the sea
water, fresh water and oil

In relations (8a)-(8d), parameters K; and a
can be expressed in terms of 6 and electro-
magnetic constants. In such expressions re-
alistic electromagnetic properties of the at-
mosphere, sea water, oil and fresh water are
taken into account. First, the atmosphere is
considered as insulator, thus ¢,=0. Then
oil, fresh water and sea water are all non-
magnetic. Thus go=pg=u, and y,=u.
Further ¢, is considered as the value in
vacuum and its suffix is dropped. Then

n=—uew=—(w/c)} €))

where ¢ is speed of light in vacuum. Equa-
tion (1) and Fig. 1 indicate that incident and
reflected waves have a factor e '** leading to

A=(w/c)sinb. (10)
Substitution of (9) and (10) into (2) yields
u,=(w/c)cosB. an

This with (1) confirms that ay and b, are the
amplitude of incident and reflected waves,
respectively.

Substitution of (11) into (7) leads to

KOIQt/E)%COS@:/CCOSG, (12)
where
K= (u/e)7. (13)

The expressions of u;, K;, and K, become
simplified because of values of electromag-
netic constants of oil, freshwater and seawa-
ter.

When s; and J; are defined by

s;=¢€;/€ G=1, 2) (14a)

8,=0,/¢; G=1, 2). (14b)
u; and Kj are expressed by
1 1

u;=i(s;ze)zw(1—s; 'sin®0—iw '8z,

(=1, 2), (15)
1 1

K,=r(s)z (1—s; 'sin®0—iw '6)z(1—id) ",

(G=1, 2), (16)

For the fresh water and the sea water, s, =~s,~
80. therefore the sin @ term in (15) and (16)
can be neglected against unity. Thus (15)
and (16) become

w=i(s,perw(l—in '8)z, (=1, 2) A7)
K,=r(s)z (1—iw '6)"2, (=1, 2). (18)

Oil has dielectric constant ranging from
22¢ to 4¢ in its component hydrocarbon
liquids (KayeE and Laby, 1988). The ap-
proximate expression (17) and (18) for oil
are not so precise compared to exact one (15)
and (16) as for the freshwater and the sea-
water, However, it is expected that oil spilled
on the sea usually is mixed with the sea water,
thus its dielectric constant may increase and
here it is assumed (15) ~ and (16) are appli-
cable to oil too.

The 6 term in (15) to (18) represents eff-
ects of conductivity on EMW reflection and
refraction by the medium. If this term is
neglible against unity the medium is insula-
tor, whereas if it is much larger than unity,
the medium is conductor. This term depends
also on the frequency of EMW, thus even if
the medium is insulator for the high fre-
quency, it may become conductor for the low
frequency EMW. The value of §; is thus
considered as a critical frequency, which
divides the medium as insulator or conductor.

For instance, the sea water witho,=4 Q!
m ™}, &, becomes 0.9GHz (Giga Hertz), with ¢,
=80 (MKS unit). Therefore for GHz wave
the sea water is neither conductor nor insu-
lator. On the other hand for oilg, is 2x107®
to 1071 Q' m™! at 20°C (LanporLT and Bor-
NSTEIN, 1960). Therefore§, of oil is about
1.8 10% Hz and thus microwaves reflect at
the oil surface as from insulator. For the fresh
water the same calculation yields the critical
frequency as 10° Hz; thus it behaves like in-
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sulator for microwaves.

The feature that the seawater is neither
insulator nor conductor in microwave fre-
quency range of GHz was recognized by
Scater (1942). However, this frequency
range is widely used for both SAR and other
remote sensing with satellite for oceanic pro-
cesses because of requirement of high fre-
quency range necessary for high horizontal
resolution of imaging targets on the sea.
Particularly for SAR and SLAR an impracti-
cally large antenna is needed to obtain reso-
lution of orders of several tens of meters both
in azimuth and range planes (ELacui, 1988).

4. Reflectivity and phase lag of the waves
reflected at the sea surface

Since the &, -term is near unity in equation
(18) for microwave range in K, this is ex-
pressed by

1 1
K,=u+iv=k(sy) 2z (1—iw '8,)7z, (19)

where u and v and both positive and de-
pendent on frequency.

The reflectivity (R) and phase lag (PL) of
the reflected waves can be expressed by R,
and ¢, as

Table 1.

by/a,=R.e **»=M,/N,, (m=1, 2), (20)

where m=1 and 2 represent the oil covered
sea and the fresh water covered sea, respec-
tively. With approximations that both oil
and fresh water are insulator for frequency
range considered (& ;- term neglected against
unity in equations (19) and (20)) and that
oil's £, value is taken as 4 ¢ (sin@ terms are
neglected against unity in equations (15) and
(16)), M,, and N, become

M,,= (cos6 — pu) cosB, —q,Vcosfsing,,
+i{pvcosB,+ (s,—aqnpucosd)sinb,},
(m=1,2) (2D
N,,= (cosf + pu) cosB,,—Qq,V cosfsinb,,
+i{pvcosB,+ (s, +a,ucosd)}sins,,
(m=1, 2). (22)
Parameters in (21) and (22) are defined as
below:
1 1
p=C(s,)"7 ~(80) 7 ~0.1118
1
q,=(s,/s,)2 = 2p, (112:1
1
B,=(w/c) (s,—sin’8)zh=(w/c)s,zh
~=0.42I'h (23c)

(23a)
(23b)

Part of R and PL versus /7. Gamma (frequency in GHz), N is 8/ 7, Mag is R and Phase is

minus PL. Symbols h, and h, denote: where R and PL become extreme for the first time.

INDEX = 1 GAMMA = 0.8
6() > 0. 15. 30. 45. 60.

N(B Mag Phase Mag Phase Mag Phase Mag Phase Mag Phase
0.00 0.847 0.002 0.842 0.002 0.825 0.003 0.790 0.004 0.716 0.008
0.05 0.841% -0.011 0.837 -0.010 0.820 -0.008 0.786 -0.004 O0.716 0.008
0.10 0.831 -0.023 0.826 -0.023 0.809 -0.020 O0.776 -0.012 0.716 0.008
0.15 0.813 -0.036 0.808 -0.035 0.792 -0.030 0.762 -0.019 0.716 0.008
0.20 0.786 -0.049 0.7817 -0.048 0.767 -0.041 0.743 -0.026 0.716 0.008
0.25 0.748 -0.062 0.744 -0.059 0.733 -0.049 0.719 -0.029 0.716 0.008
0.30 0.697 -0.071 0.695 -0.067 0'690k =0.054 0.691,,-0.030 0.716 0.008
0.35 0.632, -0.073 0.633},-0.068 0.640 P-0.052 0.662 P—0.026 0.716 0.008
0.40 0.562 l—0.059 0.569 "-0.054 0.5%92 -0.038 0.638 -0.016 0.716 0.008
0.45 0.511 -0.020 0.523 -0.017 0.559 -0.010 0.623 -0.001 0.716 0.008
0'50hf 0.510 0.035h,0.522 0.0324,,0.559 O.OZShLO.623 0.017 0.716 0.008
0.55 0.560 0.074 0.567 0.069 0.591 0.054 "70.637 0.032 0.716 0.008
0.60 0.630 0.089 0.632 0.084 0.639 0.068 0.662 0.042 0.716 0.008
0.65 0.696 0.088 0.694 0.084 0.689 0.071 0.690 0.046 0.716 0.008
0.70 0.747 0.078 0.743 0.075 0.732 0.066 0.718 0.046 0.716 0.008
0.75 0.785 0.066 0.781 0.064 0.766 0.057 0.742 0.042 0.716 0.008
0.80 0.812 0.053 0.807 0.052 0.791 0.047 0.762 0.036 0.716 0.008
0.85 0.830 0.040 0.825 0.039 0.809 0.036 0.776 0.029 0.716 0.008
0.90 0.841 0.027 0.836 0.027 0.820 0.025 0.785 0.021 0.716 0.008
0.95 0.847 0.014 0.842 0.014 0.825 0.014 0.790 0.012 0.716 0.008
1.00 0.847 0.002 0.842 0.002 0.825 0.003 0.790 0.004 0.716 0.008
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1
B,~ (w/c)(syzh = 1.873I'h
1
(1—i0.8993 D z=u+iv,

(23d)
(23¢)

where in (23c) and (23d) T is the frequency
of EMW in GHz and h is the thickness of oil or
freshwater in cm.

Equations (20) (21) and (22) indicate that

Magnitude and Phase vs p/n

Magnitude and Phase vs B/n
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R and PL are periodic about 8, with a period
of 7, whereas B, are proportional to Th as
given by (23c) and (23d) for oil and fresh
water, respectively. Therefore, when R and
PL are given for the B, from 0 to 7, their
values for different h can be computed by use
of (23c) and (23d) at different frequencies.

Magnitude and Phase vs Bin
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Fig. 2. Examples of R and PL versus beta for oil (A, Index 1) and fresh water (B, Index 2) at 1.2 and 4
GHz for 6 =0°and 45°.

Tabie 2. Part of R and PL versus h (H here) in cm. See explanation of table 1. Symbols h, and h,
indicate the thickness at which R and PL become extreme for the first time.

INDEX = 1 GAMMA = 0.8
ety > a. 15. 30.
Hlew) Mag Phase Mag Phase Mag
0.0 ~0.847 0.002 0.842 0.002 0.825
0.5 0.841 -0.011 0.836 -0.011 0.819
1.0 0.829 -0.025 0.824 -0.024 0.807
1.5 0.808 -0.039 0.803 -0.038 0.787
2.0 0.7?7? -0.053 0.772 -0.051 0.759
2.5 0.732 -0.066 o 729 -0.062 0.719
3.0 0.671) -0.074 0.670 .069 0.670
3.5 0. 59?&?—0.069 0. 601&P—0.064 0.616{P
4.0 0.529 -0.040 0.539 -0.036 0.570
4.5 $.0,503 0.014p 0.014p 0.555
5.0 "RQ.541 0.065"0.550 0.060"D.578
5.5 0.613 0.088 0.616 0.082 0.627
6.0 0.686 0.089 0.684 0.084 0.681
6.5 0.743 0.079 0.739 0.076 0.729
7.0 0.785 0.066 0.780 0.064 0.766
7.5 0.813 0.052 0.808 0.051 0.792
8.0 0.832 0.038 0.827 0.038 0.810
8.5 0.843 0.025 0.838 0.024 0.821
9.0 0.847 0.011 0.842 0.011 0.826
9.5 0.846 -0.002 0.841 -0.002 0.824
10.0 0.838 -0.016 0.833 -0.015 0.816

Phase Mag
0.003 0.790
-0.009 0.785
-0.021 0.775
-0.033 0.758
-0.043 0.737
-0.052 0.709
0.055 0.679
0.047 0.649
-0.024 D0.628
0. D12ﬁ 0.621
0.047710.631
0.066 0.655
0.071 0.685
0.066 0.715
0.057 0.742
0.046 0.762
0.035 0.777
0.023 0.787
0.011 0.790
-0.001 0.789
-0.013 0.783

45.
Phase
0.004

-0.005
~0.013
-0.021
-0. 02?

QFU 029
-0.022
-0.008

0.010
0.028
0.040
0.046
0.046
0.042
0.036
0.028
0.019
0.010
0.001
-0.007

0.716
0.716

60.
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Table 1 is prepared to list R and (PL/7) to 3
decimals at 0.8, 1.0, 1.2 and 5 GHz with inci-
dent angle 6 from 0 to 60°by 15°step. For
oil (index 1) and fresh water (index 2), a part
of the printout is shown here, and the whole
table is available upon request.

Figure 2 shows the curves of R and PL
versus the parameter B, denoted as S for the
oil m=1 and the fresh water m=2 at the
incident angle 0°and 45°. It is seen that R
changes with S more strongly for oil than
for water, whereas PL changes with B the
other way. Also changes of R with A are
less conspicuous for increasing angle. This
figure suggests that to determine the thick-
ness of the film with decrease of R is more
feasible for oil than for fresh water, whereas
PL change may be useful to determine the
freshwater cover.

It is more practical to plot R and PL versus
h in cm. Table 2 is prepared to list R and
(PL/7) for h=0 to 10 cm at 0.1, 0.4, 0.6, 0.8,
1.0, 1.2, 1.4, and 5 GHz for oil and fresh water
for index 1 and 2, respectively with incident
angle ranging 0 to 60°of 15°step. A part of
the table is shown with the whole available
upon request. Some examples are shown in
Fig. 3 as R and PL versus thickness h in cm.

Figure 3 and Table 2 indicate that R and PL

Magnitude and Phase vs Thickness H

Magnitude and Phase vs Thickness H
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change little against change of thickness h up
to 10 cm for the frequency less than 0.4 GH,
or lower but at 5 GHz both change rapidly
with slight change in h. Also R and PL de-
crease or increase, respectively as 6 increases
for small values of h but as h increases this
does not hold. On the other hand for the
water at 0.1 GHz the R and PL show the
decrease with the thickness h. Also the
change of R and PL with h for different angle
6 is more complicated for the water than for
the oil.

Further, R and PL decrease with increasing
incident angle up to 60°. For oil and fresh
water, R decreases and PL increases with
increasing thickness up to a certain thickness.
This critical thickness is denoted as h, and h,
for R and PL, respectively. Then both h, and
h, depend on frequency and incident angle.
In practical term these depths may be con-
sidered as a limit for using R or PL of reflected
waves to determine the depth of oil or fresh
water covering the sea surface. Fig. 3 and
Table 2 indicate that both h; and h, are larger
for fresh water than for oil at the same fre-
quency range and that h, is larger than h, for
the same frequency for oil but practically the
same for the fresh water. However, values of
h, and h, are almost independent on the inci-
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Fig. 3. Examples of R and PL versus thickness (H, in cm) for oil (A, Index 1) and fresh water (B, Index
2) at 1.2 and 5 GHz for 6 =0%and 45°.“h,” and “hy,” represent the depth at which R and PL become

extreme for the first time.
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dent angle. Also both are less for fresh water
than for oil at the same frequency and the
same incident angle.

If his intended to measure with change of R
and PL of reflected waves, oil is easier to do so
than water, because the range of h which
makes this possible is larger for oil than fresh
water. This is in accordance with the intui-
tive judgment, since oil is more different in
electro-magnetic properties from sea water
than fresh water is, with oil being different
both in conductivity and dielectric constant,
whereas freshwater having the same dielec-
tric constant as the sea water.

5. Very high and low frequencies

As discussed in Section 3, media in which
EMW propagates behave as conductor or in-
sulator according to frequencies of incident
EMW. However, reflection of EMW at the
sea surface covered by oil or fresh water
depends on the behavior of the sea water in
relation to EMW frequency, since oil and
fresh water behave as insulator at microwave
frequencies near or higher than 1 GHz be-
cause conductivity of these media is several
orders lower than that of sea water. This can
be seen from equations (21) and (22) which
do not contain terms depending on ¢ ;.
These two equations do contain u and v that
depend on 6 , through equation (19) or (23e).

However, conductivity of oil or fresh water
may reach that of sea water when mixture
between the two progresses. In that case the
approximations (21) and (22) are not valid

Rzandq)vse
1.0 e ey

—R, ¢

00 0 10 20 30 40 50 60 70 80 90
0 (deg)
Fig. 4. R and PL versus incident angle 6
for fresh water from equation (25).

and results of Appendix I should be used.
Equation (23e) indicates that

u=1, v=0 (24)

for I" 215 within an error of 6%. Then (21)
and (22) become simple and for freshwater
(m=2), from equation (20),

R.e %= (cosf —p) (cosf+p)~". (25)

Therefore PL is zero for 6 less than 83.6° and
is 7 for @ larger than this angle. Fig. 4
shows curves of R, and ¢, versus 8. The
values of R, and ¢, do not depend on h and
indicate reflection simply at the sea water
surface without the upper layer. Therefore
microwaves of frequency higher than 15 GHz
are not useful to monitor presence of fresh
water over the sea surface.

On the other hand, for oil the approxima-
tions (24), (23a) and (23b) lead to

R.e ""={(cos6—p) cosf—i (0.5—2pcosd) sinB} X
{(cos8+p) cosB +i (0.5+2pcos) sing} !, (26)

where 8=5, of (23c¢). When (26) is averaged
over B8 from nzto (n+1) 7, the r.hs. of (26)
becomes simply by approximation of (23a)
and (23b) (See Appendix II for derivation),
ere‘i;l: {(1+2p)cos8§—p—05} X
{(1+2p)cosO+p+05F" (27a)

or returning to dielectric constants of oil and
sea water, €, and ¢,

1.0 — e
L ~—~A—~R1 ..... 6
0.8 |
1T
_ 08 ~
R, o
0.4
10

0.2

00 0 10 20 30 40 50 60 70 80 90
0 (deg)

Fig. 5. R and PL averaged over beta versus
incident angle 6 for oil from equation (27
a) or (27b). (The dotted lineshould jump
to wat 8=60°)
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Fig. 6. R and PL versus beta for frequency range higher than 15 GHz for § =0° and 45°. (Compare with

Fig. 2)

Rie ™ =[{1+ (e,/e,)7) cosO— { (/&7 (&/e)7}] X
[(1+ (e,/ep)7) cosO+ { (e/e)t+ (e/e)z) 1™, (27b)

where ¢ is dielectric constant of vacuum.

Curves of R; and ¢, versus @ are plotted in
Fig. 5 based on equation (27a). Both para-
meters depend only on 6, since they are inte-
grated over h. The R, decreases with in-
creasing 6 as seen in Fig. 3 for lower fre-
quencies but for the same value of h. On the
other hand, ¢, is zero for 8 =~60° and then
jumps to 7. In terms of dielectric constant
of oil, equation (27b) leads to

N 1
@, =0 for 0 <0 < Arctan (g/e,)z
1
=7 for Arctan (¢/e)2 < 0 <z/2.(27¢c)

The averaging over 7 on phase 5 of equ-
ation (26) is justified, because at 15 GHz
about 5 mm change in h can produce change
by 7z in Bfrom equation (23c¢). This is based
on an assumption that in the field thickness
of the oil film is not uniform but its variance
may reach 5 mm.

When wave frequencies higher than 20 GHz
are used, identification of oil over the sea may
be possible if its dielectric constant identifies
the kind of oil. This is to apply equation (27
b) to measured R, that becomes useful if the
oil thickness has a variance of a few mm. For
scanning a narrow field with much less thi-
ckness variances, equation (26) may be used
to determine thickness by measuring R;,. PL
from equation (26) fluctuates rapidly with
change of h as discussed before, thus it is

doubtful that PL. may be used to determine h.
Fig. 6 shows R, and ¢, versus 8.

For EMW with frequencies less than 0.1
GHz, relations (21) and (22) become simplified
again, since from equation (19)

u= v =k (s,0/8,)7. (29)

Further sine and cosine functions of (21) and
(22) can be approximated by

sinB,, = Bnm cosf, =1, (30)

However, for oil the low frequency EMW
causes very little change in R and PL with
increasing hup to 10 cm. Thus possibility of
determining h with EMW of 0.1 GHz or lower
frequencies is practically slight.

For the fresh water, 0.1 GHz wave may be
utilized to determine h with reduction in R
and increase in PL with increasing h. The
very low frequency approximation for (21)
and (22) is simple substitution of (27) and
(28) into these equations, thus it is not pre-
sented explicitly here.

However, there is a possibility that both oil
and fresh water may change their electro-
magnetic properties, particularly their con-
ductivity by mixing with underlying sea
water as time progresses. Therefore, no
more valid is the approximation o !'§,< 1
that leads to equations (21) and (22). In
order to compute in such cases, expression of
be / a, without approximations of (17) and
(18) but with (15) and (16) is given in Ap-
pendix 1. This may be used to give correc-
tions to Fig. 2 for determing R and PL, if, ¢,



Reflection of electromagnetic waves at sea surface 75

N

o O Km

Fig. 7. Wake of a ship that was supposedly discharging oil or oil contaminated liquid. This ship was
about 500 km from the coast and heading for Delaware Bay (p. 116 in Fu and Holt, 1982). (The glossy

print is courtesy of Dr. Fu at JPL.)

and ¢, of oil or fresh water is known by aging
or mixing with the sea water. Inversely, this
relation can be used to estimate of aging of oil
or mixing rate of the fresh water with the sea
water by measuring R and PL of reflected
EMW at the sea surface.

6. Applications and concluding remarks

The R and PL of EMW reflected at the sea
surface covered with oil or fresh water show
significant departure from those of the un-
contaminated sea surface. Some SAR
images taken with SEASAT-satellite in 1978
showed the oil covered sea surface with a
black patch as indicated in Fig. 7 that is
duplicated from report by Fu and Holt
(1982). This has been interpreted as R being
diminished due to suppression of capillary
waves and ripples by oil film. However, as
indicated in Fig. 3, R is reduced by 15t0 18 %
from the clean sea surface with presence of oil
film a few mm thick for EMW of 1.4 GHz.
Therefore reduction of R of plane EMW due
to a thin film should be considered to account
for blackness of oil covered sea.

On the other hand R and PL decrease or
increase almost linearly with thickness of oil
or fresh water up to its critical value of a few

centimeters depending on the frequency of
incident EMW.  The critical thickness is
larger for water than oil and becomes smaller
at higher frequencies in GHz range. There-
fore, SAR or SLAR may be used to determine
thickness of oil or fresh water over the sea by
determing of R or PL of reflected EMW.

Since present SAR and SLAR use the fre-
quency range that is adequate for determi-
ning R or PL of expected thickness, they can
measure thickness of oil in case of a major oil
spill or that of freshwater and precipitation
on the Tropical Pacific Ocean to forewarn El
Nifio processes.

With about 100 GHz or higher frequencies,
if variance of oil thickness is an order of 0.1
mm or more over a relatively wide area, the
aging of spilled oil at the sea surface may be
determined through change of its dielectric
constant by measuring R as indicated by
equation (27b). At the currently available
frequency range of 1 to 20 GHz, if R and PL of
reflected waves can be determined accurately,
not only thickness h of oil or fresh water
covering the sea surface may be measured but
also its aging or mixture with the sea water
could be determined. In the latter case, ap-
proximate equations (21) and (22) are no
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more valid but relations presented in Appen-
dix I should be applied.

Acknowledgement
Numerical computations and computer
graphics were provided by Matthew Howard.
Publication of this paper is partially suported
by U. S. WOCE program (headed by W.
Nowrin, Dept. of Oceanography, Texas A & M
University).

Appendix I
Substitution of (12), (15) and (16) into (8
b) and (8c¢) lead to

by/a, =P/Q (A-1D)
P={(cosf—P)cosfB,
—i(B,—cosOP)sinB,, (A-2)
Q= (cos8 +P)cosf,,
+i(B,+cosOP)sins,, (A-3)
where
1 1
P=s, 7(1—s;'sin®0—6,0 ')z
(1—-id,0 ™! (A-9)
1 1
B=(s, ) 2(1— (s, m)'sin®0—s, ,o0 ')z
(1—i6, o D (A-5)
P, = B/P. (A-6)
Bn= 81 m@/c){1—(s;m) 'sin’
1
—8 no i e (A-T)

In equations (A-4), (A-5) and (A-7), m=1
and 2 represent oil and fresh water respec-
tively. Note m-suffix is added to s, and &,
the upper layer parameters corresponding to
s, and 0, of the sea water. Therefore, s;,
corresponds to s;in (23b) and (23c) and s,,=
s;. When aging of oil and mixing of fresh
water with sea water progress, range of s;;
changes from s; to s,. Further those of &,
from 1077 to 0.9 GHz and of &, from 107* to
0.9 GHz, respectively, though electromagnetic
properties of oil s;; and ¢, are less known
after aging than those of rain water after
mixing with sea water.

Appendix II

For high frequency, (23c) and (23d) in-
dicate B, and f3; become large for small change
in h. For example, at ' = 20, 8, and B,
change by one cycle (2 7z) for variances of h

of 1.3 cm and 0.17 cm respectively. When
SAR or SLAR scans the sea surface, it covers
a sufficient swath area to include variances of
h of this orders of magnitude. Then the ref-
lected wave consists of many component
waves reflected at oil or fresh water of vari-
ous thicknesses, variances of which make
those of B, or B, 27 or much larger. This is
different from reflection or scattering of
EMW from rough surfaces treated by a mon-
ograph of BEckMANN and SeizzicHiNo (1963),
because all reflected wave components in this
case are reflected with the same angle. The
irregularities in h are random but continuous.
Thus R and PL of the effective reflected
waves are expressed by averaging compo-
nents waves with 8, over interval 7 as

Rme‘i‘“"zif”(Mm/Nm)dBm’ (BL)
7do

where M,, and N, are given by (21) and (22),
since M, and N,, are repeated over 7 to 27.

Hereafter, suffix m is dropped. Then (Bl)
becomes

X 1 z
Re ¥ = *IO (acosB —ibsingB)
T

X (A cosB+iBsing)"'dA (B2)
Re ™ = {z(AX—B)} '(a{AB+iBlog X
(iBsinB+Acosp) |5} —ib{iBs

— Alog(iBsin+AcosB)I3}) (B3)

a=cosf—p, b=05—2pcosb (B4)

A =cosf+p, B=05+2pcosé (B5)

and in the integrated expression the loga-
rithm is generalized to a complex argument
by use of analytic continuation from formulas
listed for a real argument (MoRriGuUcHI et al.,
1957, p. 191-192). In integration from B=0
to 7, the argument of log-terms in the com-.
plex plane changes from (A, 0) at 8=0
through (0, iB) to (-A, 0) at 8= 7x. There-
fore, the real and imaginary part of log-term is
given by

log(iBsinB+ A cosf) :
=log|—Al|—loglA|+ir=1ir. (B6)
Thus (B-3) becomes simply

Re “=(a—b)(A+B)™!
=(cos8—05)(cos8+05)". (B7)
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A non-dissipative internal bore*

Motoyasu MrvaTa**

Abstract: An analytical solution of an internal bore is derived using a two-layer fluid model. This
bore differs from the classical one in that energy dissipation does not occur as it proceeds.

1. Introduction

Internal bores in the ocean and lakes which
are often accompanied by large-amplitude
oscillations, have been reported by numerous
authors; notably HarLpern (1971), THORPE
(1971), Hunkins and FrLieceL (1973), WINANT
(1974), Ivanov and Konvaev (1976), and
Farmer (1978), among others. These bores
may be caused by tidal currents, transforma-
tion of a long internal wave, slackening of
wind over narrow lakes, or intrusion of sur-
face or bottom water from the open sea, al-
though the mechanism of their formation is
not fully understood. The similar phenome-
non in the atmosphere was reported by Smitu
et al. (1986).

Most of the theoretical models so far stud-
ied to describe the bores have been based on a
KdV equation or a modified KdV equation (e.
g. LEe and BeraDpsLEY, 1974). However, the
applicability of the KdV equation is rather
doubtful because the amplitude of the phe-
nomenon is often so large that the assumption
of weak non-linearity can no longer be valid.

The purpose of this note is to show that,
using a simple two-layer model, a solution of a
large amplitude internal bore can be derived.

2. Equations of motion and bore solution
Consider irrotational two-dimensional
motion in a two-fluid system, in which a layer
of lighter fluid overlies a layer of heavier
fluid, resting on a horizontal impermeable

*Received April 13, 1990

**Jet Propulsion Laboratory, California Institure of
Technology, on leave from Geophysical Institute,
University of Tokyo, Yayoi 2-11-16, Bunkyo-ku,
Tokyo, 113 Japan

bed. For simplicity the free surface is replaced
with a rigid lid, eliminating the surface wave.
Both lower and upper fluids are incompressi-
ble with homogeneous densities p; and p,.
The depth of the lower layer at infinity hl is
assumed to be smaller than that of the upper
layer hy.
Then assuming a steady state solution with a
uniform flow of constant velocity c at infini-
ty, and using the three conservation laws of
mass, enrgy and flow force, we can obtain the
following ordinary differential equation (see
MivaTa, 1985).

M df s

5 (W +K=0, €))

Where ¢ represents the nondimensional
displacement (normalized by h,) of the in-
terface from the undisturbed position, £ is
the horizontal coordinate defined by h; £ = x
—ct, ¢ being the velocity of the stationary
bore.

_ 2F*7*(1+r1s) = ¢*+DEP+EL?
T 8(+s) B¢ +1 ’
B r’s—1 D— r2—s+r(F?-1)(1—s)
r(l1+rs)’ r+s ’
E=—r(F?*-1),

h;(1—
pode b2 p_c _ /ehd-9r
h; 01 Co 1+rs

Now consider the special case when

F:v(lJrr)(r—l—s) @)
Jra+yfs) -

Then Eq.(1) can be simplified to:
d¢ _ ¢QL-D) 3)
df¢  Jam@Br+D

Upon integration we can obtain the solution

of this equation, that is,
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_ArQ+n0+trs) [, YBEHl+1

13 ﬁ(r*\g) \nM*l
+mln@>’ <4)
m-+yB¢+1
where
2
o [dsaenasts 1< {BeF1 <m.

r(1+4s) 1 +rs)

3. Discussion

The solution (4) describes a shock wave or
an internal bore advancing into still water.
However, this bore has no energy dissipation
as opposed to the classical concept of bores
where energy is always dissipated along the
shock line. Such non-dissipative bores of
small amplitude were discussed by KAKUTANI
and Yawmasakr (1978), and FuNAKOSHI
(1985). Thus the bore obtained above can
be regarded as a large amplitude generaliza-
tion of their results.

Since the height of the bore is determined
from the equation m = yBf+1, the non-
dimensional amplitude A is given by the fol-
lowing:

—

A=IT

1+4s
It should be noted that once the environ-
mental parameters r and s are given, the am-
plitude is determined. From (2) the non-
dimensional veleocity F, which also depends
or r and s only, is always greater than 1.

(%)
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An experimental study of the nearshore circulation
around an elliptical island*

Masahiro HasHima**

Abstract: The equations of the nearshore circulation caused by waves breaking around an ellipti-
cal island are solved for a model, and the numerical results are compared with the experimental
results that are carried out on models. The theoretical distribution of the mean flow along the
island shore agrees well with the experimental values. Furthermore, close agreement is obtained
between the experimental results and the flow patterns of Iwo-Jima that is approximated an el-

lipse.
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Table 1. Conditions in the experiments.

Water depth  Wave period Wave height Wave length

(h cm) (Ts) (Hmm) (L cm)
Case 1 4.38 0.49 3.5 284
Case 2 4.38 0.64 3.0 385
Case 3 4,38 0.64 35 385
Case 4 5.00 0.43 35 25.0
Case 5 5.00 0.54 3.0 33.6
Case 6 5.00 0.75 4.0 49.4

3. HiEsE

FHEER » OBIEFEREE KD 5 HRER R EEHHE
RHER CRE, 1987) MV 3, CIcERA
BEREmEICET,

FHEZE E nikBWTiEMO 2 BN OB 2C



82 La mer 28, 1990

Top view

Wave absorber

615 m

22
Ay

Wauve maker—

tical island

23

eQGn-p

%Y

<105m—=k—— 3B m —
Side view
Tcamera
E = 6cm < % ‘QT H
) —

Fig. 1. Experimental instruments.
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Fig. 3. Velocity vectors that are computed numerically around an elliptical island for Cass 4. Axis unit

in cm.
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Fig. 4. Velocity distribution along the shore.
(A) Theoretical; (B) experimental. Solid
line, Case 1; broken line, Case 2; chain line,
Case 3.
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Influence of internal tides on sea level variations at
the Suruga Bay coast*

Masaji Matsuvama™®* and Atsushi Oswakr**

Abstract: The influence of internal tides on the sea level elevation was studied by using the sea level
and subsurface temperature records observed at Uchiura, at the head of Suruga Bay in summer
1978. The amplitudes of sea surface elevations due to the internal tides (SLA) are defined as
difference between the observed and predicted sea levels. A comparison of the time series of the
temporal variations of amplitude and phase for the tidal periods of SLA with those of the subsurface
temperatures shows that the characteristics of SLLA are similar to those of the subsurface temper-
ature due to the internal tides. The maximum amplitude among the four major tidal constituents
of SLA is estimated to be 4.0-5.3cm for the M, constituent and the minimum is 0.1-1.0cm for the K,
constituent. The sea level records at four stations, Uchiura, Shimizu, Minamiizu and Omaezaki, are
analyzed by the same method as well. The M, constituent of SLA is the largest among the four
major tidal constituents at Uchiura and Shimizu, near the head of Suruga Bay during this period.
The M, constituent is the largest at Uchiura, and the maximum value of the M; amplitude at Uchiura
is about twice as high as that at Shimizu, about 2.5 times that at Minamiizu, and about 4 times the
value at Omaezaki. The M, constituent of SLA at Shimizu is almost out of phase with that at
Uchiura. This relation of the amplitude and phase between Uchiura and Shimizu is supported by
a numerical experiment of the internal tides in Suruga Bay. The amplification of the M, constit-
uent agrees with the numerical experiments and is considered to be due to resonance with the
longitudinal internal seiche of Uchiura Bay. These results suggest that the SLA variations with

tidal periods, especially the M, constituent, are mostly induced by the internal tides.

1. Introduction

Sea surface elevations are well known to be
influenced by internal waves, but their am-
plitude due to long internal waves (i.e. the
internal tides and seiches) is on the order 10
of the amplitude of thermocline displacement
from a rough estimation (e. g. PROUDMAN,
1954; PuiLLips, 1977). Therefore, these
magnitudes are really a few centimeters at
most and are much less than those due to the
surface waves. Therefore, this influence has
been neglected for the analysis of sea level
variations in many cases. But, in coastal
areas where large amplitude internal tides
exist frequently, the influence is considered to
prevent precise estimation of the surface ele-
vation due to the surface tides.

In Suruga Bay, which is located at the cen-
tral Japan island and faces the Pacific Ocean
(Fig.1), it is feared that a huge earthquake
will occur in the near future, so that an ob-

*Received July 3, 1990
**Tokyo University of Fisheries, Konan 4-5-7, Mina-
to-ku, Tokyo, 108 Japan

servation system has been established to re-
ceive any precursory indications of an earth-
quake. Sea level observations are being
made at some sites along the bay coast part of
this effort. Matsuvyama and TeramoTO
(1985) and Matsuvama (1985 a) raported
that internal tides in Uchiura Bay (Fig.1)
have amplitudes of thermocline vertical dis-
placement larger than ten meters near the
head of the bay at times in summer and early
fall. In Uchiura Bay, the amplitudes of the
surface tide for the four major constituents
(M., S, K, 0,) range from 15 to 41 cm at the
coast (Tablel). Therefore, the sea surface
variations due to the internal tides can pos-
sibly reach 1/10 of those due to the surface
tides in summer and early fall. Inasa (1982)
suggested the presence of internal tides at
other regions in Suruga Bay from the current
measurements. On the other hand, TAMURA
et al. (1986) analyzed the sea-level records
at Omaezaki during the period from 1970 to
1979 and showed that the M, constituent has
seasonal variations with maximum value in
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10' 20' 138°30 £

Fig. 1. Bottom topography in Suruga Bay and locations of sea level measurements (Stas. U, S, M, and
OM) and of subsurface temperature measurement (Sta. O). Sta. P indicates the location of the current
measurements by INaBa (1982). Numerals on bottom contours are in meters.

Table 1. Harmonic constants of the four
major constituents (Tide Table by Japan
Oceanographic Data Center).

M, S, K, Oy

A P A P A P A P

Uchiura 41.3 167 189 192 21.0 179 154 161
Shimizu 40.2 166 186 192 21.5 180 159 160
Minamiizu 39.6 163 182 188 24.0 188 184 164
Omaezaki 41.3 166 19.0 192 23.1 186 17.8 164

A: amplitude (cm). P: phase (degree).

summer and minimum in winter. The am-
plitudes of the seasonal variations reach
about 4 per cent of the M, amplitude. These
variations agree with those of the internal
tides, so that it is speculated to be due to the
internal tides.

Investigations of the influence of internal
tides on sea surface elevations are required,
because surface elevations due to the internal
tides are unpleasant noise in the analysis of
sea level records at the coast. This study
tries to show, through the analysis of the

hourly sea level data, that internal tides in
Suruga Bay have an influence on sea level
variations at the bay coast. First, we define
the sea-level anomaly (SLA) as the difference
between the predicted and observed sea
levels. We describe the time and spatial
variations of SLA with the semidiurnal and
diurnal periods during the period from 1 July
to 2 September 1978. Long-term tempera-
ture measurements for investigating the
characteristics of internal tides were made in
the subsurface layer at the head of Uchiura
Bay from 14 July to 22 August 1978 (Ma-
TsuvaMa, 1985a). Second, the time series of
SLA will be compared with those of temper-
ature to examine whether the sea-level anom-
aly (SLA) can be used for the analysis of
internal tides. The spatial variations of the
semidiurnal constituent of SLA are also
compared with results obtained from numer-
ical experiments of internal tides in Suruga
Bay (MaTsuvama, 1985b).
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2. Data and data analysis

Hourly sea level records are taken at Uchi-
ura (Sta.U), Shimizu (Sta.S), Omaezaki (Sta.
OM), and Minamiizu (Sta.M). Uchiura and
Shimizu are located near the head of Suruga
Bay, and Minamiizu and Omaezaki near the
mouth of the bay (Fig.1). The harmonic
constants, i.e. the amplitude and phase of tidal
constituents, for the sea level at each station
prepared by JODC (Japan Oceanographic
Data Center) are calculated from the records
collected for 10 years from 1971 to 1980
(Table 1). We define the hourly sea-level
anomaly (SLA) by subtracting the predicted
sea level (PSL) from the observed hourly sea
level (RSL) in the following form :

RSL — PSL = SLA.

PSL are constructed from 39 tidal constitu-
ents. The time series of hourly SLA can be
obtained at each tidal station. We will focus
on the diurnal and semidiurnal constituents
of the SLA variations. These variations are

(cm)

expected to be mainly related to the internal
tides, and variations of the atmospheric pres-
sure and wind. These atmospheric phenom-
ena are supposed to have an influence mainly
on the sea level with the diurnal period, but it
is not easy to remove them from the SLA
variations because it is difficult to estimate
the response time of the sea level against the
various atmospheric systems. Therefore, in
this study, we do not neglect the effects of
wind and atmospheric pressure on the sea
level variations, as a first step.

3. Variations of sea-level anomaly (SLA)
Fig. 2(a) shows the time series of SLA at
Uchiura and Shimizu, located respectively at
the eastern and western sides near the head of
Suruga Bay, from 1 July to 2 September 1978.
Semidiurnal and diurnal variations are seen
with low-frequency variations at both sta-
tions. The variations of SLA with semidiur-
nal and diurnal periods at Uchiura are larger
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Fig. 2(a). Time series of sea level anomaly (SLA) at Uchiura (solid line) and Shimizu (broken line) from

1 July to 2 September 1978. Units are cm.
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Fig. 2(b). Time series of sea level anomaly (SLA) at Omaezaki (solid line) and Minamiizu (broken line)
during the period from 1 July to 2 September 1978. Units are cm.

than those at Shimizu. Marked tidal varia-
tions do not exist through about two months
even at Uchiura but appear weak at times
from 5 August to 7 August, and from 24
August to 26 August. The maximum value
between the ridge and trough of the varia-
tions for these tidal periods amounts to 18 cm
at Uchiura in the latter part of July and 12 cm
at Shimizu in the middle of July. The am-
plitudes of the semidiurnal component at
Uchiura are seen to be large compared with
the diurnal component. Frequently, the
phase of the tidal frequency at Uchiura is
different from the phase at Shimizu. This
indicates that the horizontal scale of SLA
variations is not very large compared with
the width (about 30 km) of Suruga Bay.
Fig. 2(b) shows the time series of SLA at
Omaezaki and Minamiizu during the same
period as for Fig. 2(a). These are the SLA

records at the west and east coasts at the
mouth of Suruga Bay. Though semidiurnal
and diurnal variations are recognized in both
records, these are often weakened during the
two months. The maximum value between
the ridge and trough of the tidal variations is
about 10 cm both at Omaezaki and Minamiizu.
Fig. 2(a) and (b) shows that the tidal vari-
ations of SLA at the bay head are larger than
those at the bay mouth.

The SLA variations with the tidal periods
are seen to be variable throughout the two
months (Fig. 2(a) and (b)). We will exam-
ine the temporal variations of SLA with these
periods. So, the records are divided into
several segments of 15 days each. To obtain
the amplitude and phase of the four major
constituents, Fourier coefficients are compu-
ted. Harmonic analysis is carried out for
each 15-day record and is repeated for the
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Fig. 3. Temporal amplitude variations of
SLA at Uchiura calculated from a 15-day
series advancing one day at a time.

subsequent 15-day series after advancing one
day at a time (KieLman and Duing, 1974;
MATSuYAaMaA, 1985a).

Fig. 3 shows the temporal amplitude vari-
ations of SLA at Uchiura calculated from a 15
-day series advancing one day at a time. To
compare these variations with those for the
temperature near the head of Uchiura Bay
analyzed by the same method, the data are
shown for the period from 14 July to 22
August 1978. The M,; constituent is pre-
dominant throughout the whole observation-
al period and its amplitude ranges from 4.0 to
5.3 cm. The S, constituent is placed in the
second magnitude of SLA variations, but its
amplitude is less than 2.2 cm. The K, con-
stituent is the smallest of the four major
constituents, while it has the second largest
magnitude in sea level fluctuations (Tablel).

Table 2. Maximum and minimum values
(cm) for the four major constituents of
SLA at four stations from 14 July to 22
August, 1978.

M, S, K, 0,

Max Min Max Min Max Min Max Min

Uchiura 53 40 22 06 09 01 15 02
Shimizu 24 17 11 01 14 08 1.0 03
Minamiizu 2.1 15 08 03 14 03 08 0.1
Omaezaki 12 04 09 03 1.7 03 12 02

The maximum amplitudes of the O, and K,
constituents are 1.5cm and 0.9 cm, respec-
tively. This indicates the predominance of
semidiurnal constituents (M, and S,) in SLA
variations at Uchiura during July-August
1978. Table 2 shows the maximum and
minimum values of temporal amplitude vari-
ations for the four major constituents of SLA
at the four tidal stations during the above
period, calculated by the same method as the
above-mentioned harmonic analysis. The M,
constituent has the largest amplitude in SLA
among the four constituents both at Shimizu
and Minamiizu as well, but at Omaezaki the
maximum amplitude of the M, constitueut is
comparable to or less than that of the diurnal
constituents (K; and O,). Amplitudes of the
M, constituent range from 1.7 to 2.4 cm at
Shimizu, and from 1.5 to 2.1cm at Minamiizu,
which are less than the half of the amplitude
at Uchiura. The K, constituent at Shimizu is
the second largest and has maximum ampli-
tude of 1.4 cm which is larger than that at
Uchiura throughout the whole period. At
Minamiizu, the K, constituent ranges between
0.3 and 1.4 cm and the S, and O, constituents
are less than 1.0 cm.

Harmonic analyses of SLA at the four tidal
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Fig. 4. Temporal variations of the phase dif-
ferences between RSL (observed sea level)
and SLA (sea level anomaly) for the M,
constituent at Uchiura (@), Shimizu (W),
and Minamiizu (4) calculated from a 15
-day series advancing one day at a time.
The estimated values refer to RSL.
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Fig. 5. Hourly sea-level records at Sta.

stations during the summer of 1978 show
that the M, constituent is predominant at
Minamiizu, Uchiura and Shimizu. So, we
will focus on variations of the M, constituent
hereafter. Fig. 4 shows the temporal varia-
tions of the phase difference between SLA
and RSL for the M, constituent at Uchiura,
Shimizu and Minamiizu. The phase of SLA
lags behind that of RSL by —30°to 30 °at
Uchiura, by 180°to 230°at Shimizu and by
290°to 310°at Minamiizu. These phase re-
lations show that SLA is almost in phase with
the raw sea level at Uchiura and out of phase
with that at Shimizu. The raw sea level
among the three tidal stations are nearly in
phase for all four constituents shown in Table
1, so that the phase of the M, constituent of
SLA at Uchiura is nearly out of phase with
Shimizu. On the other hand, Uchiura always
lags behind Minamiizu by 30°to 90°.

4. Comparison of the sea-level anomaly
(SLA) and temperature in the subsurface
layer

Long-term temperature measurements
were made at Sta. O (Fig. 1) and the records
were obtained at depths of 4, 12, and 16 m
during the period from 14 July to 22 August
1978 (MaTsuvaMa, 1985a). The location of
Sta. O is along the coast about 1km from the
Uchiura tidal station. These temperature
records were employed to obtain the temporal
variations of the internal tide at Uchiura tidal
station at the head of Suruga Bay. In spite of

U (upper) and hourly temperature records
layer (4, 12, and 16m depths) at Sta. O (lower).

in the subsurface

{C)

3.0 1978

DAYS

Temporal amplitude variations of
temperature at a depth of 16m at Sta. O
calculated from a 15-day series advancing
one day at a time.

Fig. 6.

only one station, comparison between the
time series of SL A and those of the subsurface
temperature makes it possible to confirm
whether the SLA variations at Uchiura
during this period are mainly due to the in-
ternal tides or not.

Fig. 5 shows the time series of temperature
at Sta. O and sea level at Sta. U from 14 July
to 22 August 1978 (Matsuvama, 1985a).
Temperature oscillations with the tidal peri-
ods are significant, but are not as sinusoidal
as those of the sea level. The difference be-
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tween maximum and minimum in the tem-
perature variations at a depth of 16m amo-
unts to 6-8°C. Matsuvama (1985a) sugge-
sted that these temperature variations are
associated with the vertical displacements of
the seasonal thermocline of 35-40 m, by a
rough estimation from the vertical tempera-
ture distribution.

Fig. 6 shows temporal variations of the
amplitude of temperature at a depth of 16m at
Sta. O calculated by the same method as Fig.
3. This figure does not represent temporal
variations of the amplitude of internal waves,
but may indicate those of relative amplitudes
among these constituents at each segment
using the same estimation as for the vertical
temperature distribution. Two notable fea-
tures are found: (1) The M, constituent is
predominant throughout the whole observa-
tional period; (2) the K; constituent is the
smallest among the four constituents, while it
has the second largest magnitude in the sea
level variations (Table 1).

As might be expected, the characteristics of
the temporal variations of the amplitude of
temperature in the subsurface layer (Fig. 6)
are similar to those of SLA at Uchiura shown
in Fig. 3. Naturally both records are seen to
be closely related to each other. The tem-
perature fluctuations shown in Fig.5 have
been shown to be due to the internal tides in
Uchiura Bay (MaTsuvama, 1985a), so that
those of SLA may be mainly induced by the
internal tides as well.

5. Comparison of SLA and the results of
numerical experiments of semidiurnal in-
ternal waves
Numerical experiments using a two-layer

model have been made to study the behavior

of the semidiurnal internal tides in Suruga

Bay (MaTsuvyama, 1985b). The results from

the numerical model give spatial variations of

the amplitude and phase of the internal tides.

Therefore, it is interesting to make a com-

parison between characteristics of SLA with

the semidiurnal period at the four stations in

Suruga Bay and those obtained by the nu-

merical model. The numerical model and the

results are summarized as follows. The

model ocean is bounded by the coast and by
an artificial boundary at the Suruga Bay
mouth. The tidal fluctuations due to the in-
ternal mode were specified at the bay mouth
to model the behavior of internal tides. The
density difference between two layers of 3 X
107® and thickness of the upper layer of 50 m
are used to represent the density stratifica-
tion in the summer of 1978 (MATSUYAMA,
1985 b). The amplitude of interface dis-
placements at the mouth of Suruga Bay is
obtained in the following way; the tidal cur-
rent amplitude, which was obtained from
current measurements in the surface layer at
the moored station (Sta. P in Fig. 1) near the
mouth of Suruga Bay by Inasa (1982), is
considered to be mainly due to internal tides,
because the velocity due to the surface tides is
about 0.01cm/s at this site. The M, ampli-
tude is 7.6cm/sec from 10 July to 31 July
1978, and is 2.0 cm/sec from 31 July to 15
August 1978 (InaBa, 1982). From continui-
ty in the surface layer, amplitudes of the
interfacial displacements, Z, are estimated as

Z=VH/C,

where V is the amplitude of tidal current in
the upper layer, H is the upper-layer thickness
and C is the phase velocity of internal waves.
With the value in Suruga Bay in the summer
of 1978, i.e. H=50 m and C=1.2 m/sec, Z is
taken as 200 cm with V=5.0cm/sec.

Fig.7 shows the time series of interface
displacement and surface elevation due to the
internal tides obtained at the monitor station
at Uchiura tidal station. The surface eleva-
tion of about 4 cm occurs together with the
interface displacement of about 18 m and is
out of phase with it. The free surface dis
placement is opposite phase with the thermo-
cline displacement (PuiLLips, 1977; LEBLOND
and Mysak, 1978).

Fig. 8 shows the co-range and co-tidal chart
calculated with amplitude of 200 cm for the
M, constituent. The amplitude of the inter-
face displacements of 200 cm is taken at the
bay mouth as the open boundary condition.
There are three amphidromic points in
Suruga Bay. The innermost one is about 7
km distant from the northern coast and about
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Fig. 7. Top: Time series of free surface ele-

vation due to internal tides at Sta. U for
the amplitudes of 2 m at the southern
boundary obtained from the numerical ex-
periment.
Bottom: Time series of thermocline dis-
placement at Sta. U for various amplitudes
at the southern boundary, 0.5 m (solid
line), 0.8m (broken line), and 2m (dotted
line) (after MaTsuvama, 1985b).

13 km from the head of Uchiura Bay. We
can see that the co-tidal lines turn cyclonica-
lly. The phases at Uchiura and Shimizu tidal
stations are about 10.5 and 6.5 hours, respec-
tively. This shows that Shimizu lags behind
Uchiura by about 4 hours. The numerical
experiments suggested that the internal
waves with the M, constituent oscillate with
nearly opposite phase between the eastern
and western sides of the head of Suruga Bay
under the density stratification in the
summer of 1978 (MaTtsuyaMa, 1985b). This
phase relation from the numerical experiment
nearly agrees with that obtained from the
phase difference of SLA between Uchiura and
Shimizu shown in Fig. 4. The amplitude of
the interface displacement under this situa-
tion is 18 m at Uchiura and 8 m at Shimizu,
that is, the amplitude at Uchiura is 2.2 times
as large as that at Shimizu. This ratio is
consistent with the difference of SLA ampli-

Fig. 8. Co-range (broken lines) and co-tidal
(solid lines) chart of thermocline displace-
ment for the M, constituent obtained from
the numerical model under a stratification
in summer, 1978. Units for co-range line
are m and for co-tidal, hour.

tudes between Uchiura and Shimizu for the
M, constituent. Amplification of the semi-
diurnal internal tides in Uchiura Bay is con-
sidered to be due to resonance to the longi-
tudinal internal seiche in Uchiura Bay (Ma-
TSUYAMA, 1985b). The amplification of the
M, constituent of SLA near the head of
Suruga Bay agrees with that of the numerical
experiment and is due to resonance with the
longitudinal internal seiche of Uchiura Bay
(see Fig. 8).

6. Summary and discussion

The influence of internal waves on the sea
level elevation has been studied by using sea
level and temperature records in subsurface
layers at Uchiura located at the eastern side of
the head of Suruga Bay during the period
from July to August 1978. The sea level
anomaly (SLA) is defined as the difference
between the observed sea level (RSL) and the
predicted sea level (PSL). The characteris-
tics of SLA with the tidal periods are similar
to those of the internal tides deduced from the
subsurface temperature measurements at
Uchiura as follows; (1) the M, constituent is
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predominant, (2) the K, constituent is the
smallest among the four constituents, while it
is the second largest magnitude in sea level
fluctuations.

The SLA variations at Uchiura, Shimizu,
Omaezaki and Minamiizu in Suruga Bay are
analyzed during the above period. The am-
plitudes of SLA are large near the head with
those at the mouth. The maximum ampli-
tude of SLA for the M, constituent amounts
to 5.4 cm at Uchiura, but, it is 2.4 cm at
Shimizu, 2.1cm at Minamiizu, and 1.2cm at
Omaezaki. The maximum amplitudes of the
other major tidal constituents (S,, K;, and O,)
of SLA range from 0.8 to 2.0 cm at all four
stations. For the M, constituent, the phase at
Uchiura is nearly out of phase to that at Shi-
mizu. Numerical experiments for the M,
constituent (MaTsuvama, 1985b) support the
amplitude difference of SLA between Uchiura
and Shimizu. The phase difference of about
180 degrees (6 hours) obtained from the SLA
variations between these two stations is
slightly larger than that of about 120 degrees
(4 hours) from the numerical experiments.
These results suggest that the SLA variations
with the M, constituent are mostly due to the
internal tides. The amplification of the M,
constituent near the head of Suruga Bay is
considered to be due to resonance with the
longitudinal internal seiche of Uchiura Bay
(MATsuYAMA, 1985a).

The amplitude and phase of SLA for the M,
constituent are not always in quantitative
agreement with those of the internal tides
deduced from temperature measurements in
the subsurface layer and of the numerical
experiments. The difference is considered to
be mainly due to the estimations of amplitude
and phase of the internal tide from tempera-
ture measurements and the numerical model.
The analysis was made by assuming a prom-
inent lowest mode of the internal tide. It is
required to consider the contribution of
higher modes of internal tides (RATTRAY et
al, 1969). Long-term measurements of the
vertical displacement were not made through-
out the water column, but were made in the
subsurface layer near the coast. Tempera-

ture measurements at only a few fixed depths
in the subsurface layer (4, 12, and 16 m)
cannot always give reliable information
about the vertical movement of water by the
internal wave because of the shallowness of
the observation depths. The numerical ex-
periments were carried out by using a two-
layer model.

This study is a first step to estimate the
influence of the internal wave on the sea lavel.
Therefore, the study will be continued in the
future to make long-term measurements of
the vertical displacements with a thermistor
chain from the surface to the bottom at the
head of Suruga Bay and to obtain data with
high accuracy.
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Prevention of vibration in small FRP fishing boats*

Takatomo Koike**

Abstract: Vibration measurements were made on the deck of five small FRP fishing boats sized 4 -
6 tons. Horizontal vibration exceeding 40 mm/s was noted in one of the boats. Assuming that
this heavy vibration was ascribable to the resonance of the lateral vibration excited by the propeller
shafting system, reinforcements were arranged for the bearing base located in the proximity of
coupling between the propeller shaft and intermediate shaft. As the result the horizontal vibration
could be reduced to 12 mm/s or less. Vibration measurements on the bottom plating immediately
above the propeller in three of the five boats have shown that there was vertical vibration exceeding
170 mm/s in one of them. In view of the facts that the number of propeller blades of this boat is
three and the gear ratio of the reduction gear is 3.05, the high intensity of vertical vibration was
considered to be attributable to the resonance caused by the main engine excited force and the
propeller excited-force, and the number of propeller blades was changed to four. As a result, the
vertical vibration at a rotational speed of 2,000 rpm or more of the main engine could be reduced to
1/5 or less, with the eventual benefit of successfully preventing peeling of breast scales of skin-jack.

1. Introduction

Hull vibrations of small FRP fishing boats
used for coastal fishing operations sometimes
have adverse effects upon fishing equipment
and tackles, fish catches, and people. How-
ever, very few reports have so far been avail-
able except those by Koike (1989, 1990). In
Koike's (1989) report, measurements were
taken on vertical and horizontal vibration on
the deck of five small FRP fishing boats in an
attempt to grasp the actual state of vibration
in fishing boats falling within this category,
and horizontal vibration exceeding the gravi-
tational acceleration was observed in B-Maru,
one of the five fishing boats.

The vibration measurements taken with
C-Maru, D-Maru and E-Maru of the five boats
in a space inside the bottom shell plating
directly above the propeller have shown that
a vertical vibration as much as three times the
gravitational acceleration was generated in
D-Maru (Koikg, 1990).

Consequently, reinforcements were made to
the installation of the bearing base in the
proximity of coupling between the propeller
shaft and intermediate shaft in B-Maru. On

*Received August 10, 1990
**Laboratory of Fishing Technology and Engi-
neering, Tokyo University of Fisheries, Konan 4-5-7,
Minato-ku, Tokyo, 108 Japan

the other hand, the number of propeller
blades was changed from three to four in
D-Maru. As a result, horizontal vibration on
deck and vertical vibration at the bottom
shell plating right above the propeller could
be reduced. The measured results after these
modifications are reported.

2. Vibration measuring procedures for

fishing boats

The principal particulars of B-Maru and
D-Maru that were modified for the present
experiments as given in Table 1.

Measuring procedures used in B-Maru

Vertical and horizontal vibrations of the
deck were measured by connecting a 50 mm/
G accelerometer to a signal analyzer fitted to
each frame in the longitudinal direction under
sailing conditions without slamming while
proceeding at the rotational speed of the main
engine of 1,920 rpm.

Measuring procedures used in D-Maru

Vibrations of the bottom shell plating im-
mediately above the propeller were measured
while the boat was proceeding at varying
rotational speeds of 100 rpm interval from the
minimum to the maximum rpm. The meas-
urements at the bottom shell were taken by
arranging accelerometers of a sensitivity of
10 mm/G in three axial directions, fore-aft,
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Table 1. Principal dimension of the fishing boats.

Length Breath Depth
Ship Mater. Tonnage L B D
(m) (m) (m

Power Reduction

HP ratio

Propeller(1st meas.) Propeller(2st meas.)
blade dia. pitch blade dia. pitch
(mm) (mm) (mm) (mm)

B-Maru FRP

645 11.82 3.14 1.12 360
D-Maru FRP 482 1047 267 0.76 320

3.04 3 940 980 3 940 980
3.05 3 840 960 4 840 950

vertical and horizontal directions. The meas-
ured values were amplified 10 times and 100
times, and recorded with a cassette data re-
corder.

3. Analysis method

Vibrations of the deck of B-Maru, which-
were obtained directly using a signal ana-
lyzer, were subjected to frequency analysis
from 0 to 100 Hz at 1 Hz intervals, and the
power spectra were recorded on a floppy disk
of a personal computer through an RS-232C
interface.

Analog data of vibrations of the bottom
shell plating of D-Maru were inputted into the
signal analyzer, subjected to frequency anal-
ysis from 0 to 200 Hz at 1 Hz intervals, andthe

power spectra thus obtained were record-
ed on floppy disk of a personal computer as in
the case of B-Maru. A 5 Hz Hi-pass filter was,
however, used for the low frequency region.

The power of the component frequency
obtained from the contributory factor of the
high frequency component was determined in
terms of acceleration (mm/s?). In view of
the fact that it is the normal practice to use
acceleration in gal (cm/s*) when dealing with
the effects of vibration on human bodies, and
to use speed (mm/s) when handling hull vi-
brations, the accelerations obtained were
converted into speed. The vibration compo-
nents created by the main engine-excited
force and the propeller-excited force are as-
sumed to be included in these power spectra.

If the basic frequency of vibration excited
by the main engine is denoted by F, Hz, and
the rotational speed of the engine at that time
is denoted by N, rpm, the following equation
holds:

F.=N./60 (1

and this was assumed as the primary vibra-

tion by the main engine.

If N, denotes the rotational speed of the
propeller when the gear ratio of the reduction
gear is denoted by G, the basic frequency F
of the propeller-excited vibration is expressed
by the following equation,

F,=B,(N,/60)=B,((N./G,)/60) (2)

where the number of propeller blades is de-
noted by B, and this was assumed as the
primary vibration by the propeller.

4, Results

Horizontal vibration of B-Maru

If the ship length (m) is put on the x-axis,
frequency of vibration (Hz) on the y-axis, and
power of vibration (mm/s) on the z-axis, the
power spectra in the lateral direction for
B-Maru before modification are as shown in
Fig. 1. There are distinct peaks at the loca-
tion of the main engine and the areas fwd and
aft of it. The frequency of this distinct
power agrees with the primary frequency 32
Hz, which was determined by substituting the
rotational speed of 1,920 rpm of the main
engine in Equation (1). Furthermore, the
frequencies of the distinct power spectra of
the four other FRP fishing boats, which were
measured concurrently, were also identified
to be the primary vibration caused by the
main engine.

Fig. 2 shows the primary horizontal vibra-
tions of the five FRP fishing boats using the
ship length L, as references. The figure
shows the distinct power spectra of 30.0 mm/
s afore the main engine, 46.8 mm/s at the
location the main engine is installed, 37.5
mm/s abaft the main engine, and 18.2 mm/s
at the end of the stern of B-Maru. In the
other four fishing boats, the power spectra of
13.6 mm/s at the end of the stern of A-Maru
and 13.3 mm /s of E-Maru represent large
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Fig. 2. Primary horizontal vibration of five fishing boats.

values of power spectra, and with the excep-
tion of 10.2 mm/s at AP of E-Maru, all of the
power spectra of vibrations measured in these
four boats were 10 mm/s or less. Thus, it
was found that the horizontal vibrations of
B-Maru were relatively large as compared
with those of the other boats.

The horizontal lines of 4 and 9 mm/s in the
Fig. 2 are the indexes corresponding to vi-
bration in the living quarters specified in ISO
6954 (Guidelines for the overall evaluation of
vibration in merchant ship) (AoxI et al.,1981
a), where the values in the range of 4-9 mm/s
are considered to be in the average area.
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Considering the above, the shell plating was
partially cut, and the bearing base was rein-
forced in the proximity of coupling between
the propeller shaft and intermediate shaft,
located at the aft bulkhead of the living quar-

The second measurements were taken after
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Fig. 3. Power spectrum of horizontal vibration of B-Maru at 2nd measurements.
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Fig. 4. Primary horizontal vibration of
B-Maru. Hl,1st measurements; H2, 2nd
measurements.

These indexes are applied to merchant ship
with a length of 100 m and over, but are not
applied to small fishing boats. However, the
measured power spectra of the vibration of
B-Maru are shown to be far greater than these
indexes.

It was assumed from the results of meas-
urements that the cause of the horizontal vi-
bration in B-Maru was the bending moment
created by the misalignment between the
propeller shaft and the intermediate shaft,
and the eccentricity involved in their coupled
rotation (Aok1 et al., 1981 b; YosHipA and
KANEDA, 1972; YosHIDA and NisHiDa, 1975).

completing modification work for B-Maru.
Fig. 3 shows the measured power spectra.
When compared with the first measurements
(Fig. 1), the figure shows a remarkable re-
duction of horizontal vibration. Primary
horizontal vibration induced from the first
and second measurements of B-Maru are
shown in Fig. 4. It can be seen from the
figure that the intensities of vibration were
reduced from 30.0 mm/s to 10.8 mm/s in the
area afore the main engine, from 46.8 mm/s to
11.6 mm/s at the installed position of the
main engine, and from 37.5 mm/s to 7.9 mm/s
in the area abaft the main engine.

Vibration of the bottom plating of D-Maru

If rotational speed (rpm) of the main
engine is taken on the x-axis, frequency of
vibration (Hz) on the y-axis, power at each
rpm (mm/s) on the z-axis, the power spectra
of the bottom plating of D-Maru obtained at
the first attempt to take measurements
(before modification) are as shown in Fig. 5.
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Fig. 6. Power spectrum of vertical vibration at the bottom of D-Maru at the 2nd measurements.

The figure shows the large power spectra;
ie. 173.2 mm/s at the rotational speed of the
main engine of 2,300 rpm, and 44.7 mm/s
even at 2,000 rpm. In the absence of any
evidence to prove propeller deformation, it
was assumed that vibration of D-Maru was
not excited by the propeller itself (Niwa,
1972).

On the other hand, the fundamental fre-

quencies of main engine-excited vibration F,
and propeller-excited vibration F, are deter-
mined from Equations (1) and (2) as shown
below on the basis of the fact that the gear
ratio of reduction gear G, is 3.05 and the
number of propeller blades is three.

F. at 2,300 rpm: 38.3 Hz

F, at 2,300 rpm: 37.7 Hz

F. at 2,000 rpm: 33.3 Hz
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F, at 2,000 rpm: 32.7 Hz

The difference in fundamental frequency
was extremely small at 0.6 Hz for both rota-
tional speeds (rpm) of the main engine. It
was therefore inferred from the approximate
coincidence of fundamental frequencies of the
main engine-excited vibration and propeller-
excited vibration that resonance was caused
by these vibrations. In this specific connec-
tion, the number of propeller blades was
changed from three to four to change the
fundamental frequencies of these vibrations.
The second vibration measurements were
taken after changing the number of propelier
blades.

Fig. 6 shows the power spectra of the vi-
brations measured at the second attempt. It
was verified that the peak of the power spec-
tra was indentified in the propeller-excited
primary vibrations, where a considerable re-
duction from the first measurements was
noted.

In order to compare the conditions for re-
ducing the vibration of the bottom plating of
D-Maru with those of other two fishing boats,
the measured values of C-Maru and E-Maru at
their first measuring attempt, are shown in
Fig. 7. If we compare the results of the first
measurement (D1) with the second measure-
ment (D2) of D-Maru, large reductions are
seen from 173.2 mm/s to 19.9 mm/s at 2,300
rpm, and from 87,6 to 27.0 mm/s at 2,100 rpm,
but there was an increasing tendency from
20.5 mm/s to 26.3 mm/s at 1,800 rpm and
from 4.3 mm/s to 19.5 mm/s at 1,600 rpm. If
we consider that the largest power spectrum
with C-Maru and E-Maru was 14.3 mm/s at
2,300 rpm of C-Maru, the intensity of vibra-
tion of the bottom plating in D-Maru is still
large compared with those of C-Maru and
E-Maruy, though it could be largely reduced by
changing the number of propeller blades.

Fig. 8 shows the primary vibrations in the
longitudinal direction of the three fishing
boats. In D-Maru, the longitudinal primary
vibration has been reduced from 12.8 mm/s
to 4.1 mm/s at 2,300 rpm, and from 7.5 mm/s
to 3.0 mm/s at 2,100 rpm, but it has increased
from 0.9 mm/s to 4.6 mm/s at 1,600 rpm, and
from 1.1 mm/s to 4.6 mm/s at 1,800 rpm.
However, it can be said that these power
spectra are quite small when compared with
the primary vertical vibration.

5. Discussion

Horizontal vibration of B-Maru

From the results of the first and the second
measurements, the horizontal vibration of
B-Maru before modification is considered to
be reasonably attributable to the moment
created by the misalignment of the propeller
shaft and intermediate shaft. The statement
of the fishermen that their fatigue at sea has
been mitigated by the modification suggests
that the reduction of vibration has contrib-
uted to reducing the fishermen’s fatigue.

Bottom vibration of D-Maru

The vertical bottom vibration of D-Maru
could be successfully reduced from the larg-
est vibration of 173.2 mm/s at 2,300 rpm to
19.9 mm/s, a reduction to approximately 1/8,
by changing the number of propeller blades
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from three to four. It may be interpreted
that the resonance of main engine-excited
vibration and propeller-excited vibration was
the cause of the vibration.

Vibration increased at the rotational speed
of the main engine in the range between 1,600
and 1,800 rpm. The increase in the number
of propeller blades is supposed to reduce
variation of hydrodynamic pressure by the
propeller (TanicucHi, 1958). However, the
propeller diameter of 840 mm remains un-
changed and only the propeller pitch has been
changed from 860 to 850 mm, which is in-
significant. It is therefore considered that
the increase in thrust created by the propeller
under the same rotational speed has contrib-
uted significantly to the vibration of hydro
dynamic pressure acting on the bottom plat-
ing.

Furthermore, the propeller tip clearance of
16.89% of D-Maru, which is smaller than 20 to
309 in ordinary steel ships and 259% in high-
speed patrol boats of the Maritime Safety
Agency, can be counted as one of the reasons
for the large bottom vibration caused by the
propeller-excited force.

On the other hand, when the number of
propeller blades was three, captured skip-jack
were stored not in the aft fish hold, but in the
fwd fish hold to avoid peeling of breast fsc-
ales. However, the use of the aft fish hold
became possible after changing the number of
propeller blades to four, thus contributing to
the prevention of degrading of product qual-
ity arising from peeling off scales.

6. Concluding remarks

The horizontal vibration of B-Maru was
caused by the improper installation of the
propeller shaft and intermediate shaft, but the

distortion of the hull of small FRP fishing
boats caused by everyday grounding can
often lead to similar difficulties.

The bottom vibration of D-Maru is consid-
ered to be ascribable to the resonance of the
main engine-excited vibration and propeller-
excited vibration.

It is necessary to design a hull form that
allows ample tip clearance, so that propeller-
induced pressure variation can be minimized.

Recognizing the growing age of crew
members serving aboard small fishing boats,
the author considers that studies on reducing
hull vibration should be made to reduce fa-
tigue among crew members at sea.
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Optical characteristics of monofilament nylon gut
in squid angling fishery”*

Yoshihiko NakaMura**, Taeko Mivazaki** and Kanau MATSUIKE™*

Abstract: In squid angling fishery, the angling rate changes not only by jig but also by angling
gut. Squids have so excellent viual sense that the difference in angling rate is considered to be
caused by changes in the optical characteristics of angling gear. In this study, the reflected lu-
minance of angling gut was measured at different diameters, and with different operating histo-
ries and qualities. Both transparent and dark nylon monofilament guts were selected as experi-
mental material. Their histories were unused, 3 days and 7 days. The reflected luminance in-
creased as the diameters of angling gut increased; angling gut quality also caused changes. In
the case of angling guts with histories, the standard deviation and variation of the reflected lumi-
nance was a few times larger than that of unused angling gut.
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Fig. 1. Diagram illustrating the experimental tank (300X60X60 cm) and equipment used in this study.
L: Luminance meter.

R:Reel. M: Length. F: Guide roller. K: Light.
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Table 1. Monofilament conversion table.
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Table 2.
monofilament gut at different diameters.

Mean luminance (cd /m?), standard deviation (cd /m?) and variation of transparent nylon

Number (Diameter in mm)

10(0.5) 2000.7) 30(0.9) 35(0.95) 40(1.0) 50(1.2)
Mean luminance 0.225 0.235 0.257 0.259 0.256 0.266
Standad deviation 0.012 0.012 0.009 0.009 0.010 0.015
Variation 0.053 0.051 0.035 0.034 0.039 0.056

Table 3. Mean luminance (cd/m?), standard
deviation (cd/m?) and variation of dark
nylon monofilament gut at different di-

ameters.
Number
26 28 30
Mean luminance 0.130 0.132 0.133
Standard deviation 0.010 0.011 0.012
Variation 0.077 0.083 0.090
3. WRLEE

3-1 77 20KE & RHHEE %

Fig. 23, WB@s#kd CERHEBEK01m™
BUOT, FUROKESEZEZLBAORMEE %, KRE
FAOBEH Tn ¥ 7 ABLCKEHEH Pn 7 7 220 TR
Li:6DTH 5, HEHERHIScm ThHs, v vFu
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Fig. 2. Reflected luminance for different diameters of nylon monofilament gut. Symbols @ and O

stand for transparent and dark gut, respectively.
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Table 4. Calculated luminance (cd /m?) of
the transparent gut for differemt dia-
meters in turbid water of 0.3 m™' with
underwater brightness of 0.01 Ix at a
distance of 1 m apart.

20
6.13x107¢

30
6.6X107°

50
6.95x10°8

Gut number
Luminance

102 IxBEEDOHZ S ETRALS 20 LHEEINT
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Fig. 3. Reflected luminance distribution for dark nylon monofilament gut of 0.84 mm diameter for
different operating histories in fishing. Symbols @, VV and A stand for the operating histories of

unused gut, 3 days and 7 days, respectively.
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Table 5. Mean luminance (cd/m?), standard
deviation (cd/m?) and variation for the
dark gut of 0.84 mm diameter after
changing history operated in fishing.

Table 7. Mean luminance (cd/m?), standard
deviation (cd/m? and variation of the
dark gut for different diameters after
changing the history.

History Number History
Unused 3 days 7 days Unused 3 days 7 days
Mean luminance 0.130 0.140 0.233 26  Mean luminance 0.193 0.210 0.192
Standard deviation 0.010 0.047 0.039 Standard derviatin 0.008 0.070 0.083
Variation 0.077 0.336 0.167 Variation 0.041 0.333 0.432
28 Mean luminance 0.194 0213 0.204
Table 6. Mean luminance (cd / m?) Standard deviation 0.005 0.188 0.176
standard deviation (cd / m?) and varia- Variation 0.026 0.188 0.176
tion of the dark gut for different diame- 30 Mean luminance 0.194 0.222 0.223
ters after changing the history. Standard deviation 0.008 0.052 0.095
Variation 0.041 0.234 0.426

Number History
Unused 3 days 7 days
26  Mean luminance 0.129 0.148 0.225
Standard derviatin 0.010 0.048 0.031
Variation 0.078 0.324 0.138
28 Mean luminance 0.132 0.143 0.237
Standard deviation 0.010 0.023 0.036
Variation 0.076 0.161 0.152
30 Mean luminance 0.133 0.179 0.255
Standard deviation 0.012 0.101 0.053
Variation 0.090 0.565 0.208
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Fish reaction to vertical twine barriers
with different distance between twines*

Yoshihiko Nakamura** and Yoshihiro Kurita**

Abstract: To examine the effectiveness of the vertical twine barrier the number of fish (Japanese
parrotfish) swimming through the twine barriers with different distance between twines in 20
minutes was counted. The vertical twine barrier with twines 10 cm apart was completely effec-
tive and fish avoided it. The distance of 30 cm between twines was equally effective. At the
distance of 60 cm between twines fish started to pass through the vertical twine barrier. The
vertical twine barrier was almost completely ineffective with twines 120 cm apart and fish swam
straight through it. Subsequently, concerning the decrease of effectivenss, the ratio of twine dia-
meter (d) to mesh size (1) and apparent contrast between the vertical twine barrier and the sur-
rounding background were discussed for different twine diameters with changing mesh sizes.
The vertical twine barrier with the ratio more than 0.01 was effective for fish. The apparent

contrast was changed with the distance between adjacent twines.

Fish was kept in control by

the vertical twine barrier at the apparent contrast showing violent variation.
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Fig. 1. Diagram of the experimental tank.
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Fig. 2. Diagram of the experimental equip-
ment. The equipments were fitted to the
test tank (450X900X450 mm).

I, iron frame: K, cartridge: L, light: G. guide
roller: E, eye ring: R, reel: T, twine.
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Fig. 3. Fish path to the vertical twine barrier of 2.8 mm diameter with twines 10 cm apart in general
seawater with an attenuation coefficient of 0.3 m™ in daylight.
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Fig. 4. Mean reaction distance to the verti-
cal twine barrier of 2.8 mm diameter with
different distance between twines in day-
light

Table 1. Ratio of crossing vertical twine
barriers of 2.8 mm diameter with different
distance between twines in daylight.

Distance between twines (cm) 10 30 60 120

Number of approaches 36 38 38 35
Number of crossings 0 0 4 15
Ratio of crossing* 0 0 0.1 0.3

* Crossings/ (approaches+ crossings)
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Fig. 5. Fish path to the vertical twine barrier of 2.8 mm diameter with twines 60 cm apart in general

seawater in daylight.
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Table 2. Ratio of crossing vertical twine
barriers with different diameters and dif-

ferent distance between twines in day-
light.

Diameter (mm) Distance between twines (cm)

10 30 60 120
1.1 0 0 0 0.4
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Table 3. Ratio of crossing vertical twine
barriers with different diameters and
different distance between twines in
darkness.

diameter (mm) Distance between twines (cm)

10 30 60
1.1 0 0.1 0.7
2.8 0 0 0.3
7.8 0 0 0
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Fig. 6. Apparent contrast for different twine
numbers of 2.8 mm diameter per unit dis-
tance.
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Underwater visibility of a branch line of longline gear
to tuna in the Bay of Bengal*

Tsutomu Morinaca™*, Takashi Koike***and Kanau MATSUIKE**

Abstract: With regard to the materials used for the branch line of tuna longline gear, it is gener-
ally known that a nylon leader makes the catch efficiency much higher than a wire one. Such a
phenomenon occurs regardless of the scale of tuna longline fishery and the operation position. It
is considered that the rise in catch efficiency is due mainly to the difference in visibility (meas-
ured in meters) of the two kinds of branch lines. In order to confirm such a consideration, a
series of investigations was carried on. First, the underwater optical environment of the Bay of
Bengal was analyzed. Next, the optical and physical qualities of the two kinds of branch lines
used were measured in a water-tank experiment. Based on these measurement, visibility (in
meters) of the branch line to tuna at the limit of discrimination was estimated. As a result, it is
known that the sea water of the operation area in the Bay of Bengal is very clear, and it corre-
sponds “oceanic water type 1” of the Jerlov's water-mass optical classification; and the turbidity
of the water (beam attenuation coefficient) is low, showing 0.11—0.22 m~! (486nm). A nylon
leader (# 150, monofilament) is 2.0mm in diameter, and a wire leader (#28, 3x3) is 1.7mm. Under
the reasonable conditions of clear water (beam attenuation coefficient, 0.14m™!) and high illumi-
nation level (illuminance in water, 2,000 1x), the inherent contrast of a nylon leader is 1.1 and
that of a wire leader is 6.3. Supposing that the visual acuity of tuna is 0.9, a nylon leader is visi-
ble at 1.1m and a wire leader at 3.6m under the said conditions. This indicates that the visibility
of a branch line for tuna changes with the material used, and is much less for nylon than for wire.
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Fig. 1. Operation and optical observation
stations in the Bay of Bengal. Solid circles
for the operation and optical observation
stations, and open circles for the optical ob-
servation stations.
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Fig. 2. Equipment and arrangement of the
experiment.
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Photo. 1. Samples of branch line. Upper:
nylon leader (#150, monofilament). Lower:
wire leader (#28, 3X 3).
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BEW, AL, $8bB, KE30 m B 2HxE
EiREME (481 nm) #31.9%, &Rtk (533 nm)
A 223% KU AR (5699 nm) 5 4.03% TH - 12,
¥/, Table 1 &E[FE UEBRRIL I B 2 BE OHEBKRKE

Rt BlAE, FHEX (481 nm) OfFi3 0.038m™ ! T,

FHE < g (1981) REALKEAECHIRIL 7248 0.10
m! (484 nm) ITHNTH 1/3 E/NSVWETH - 12,
Wiz, ZOEEHEK Jeriov (1964) i - THFHIZK
BINKA T 5E, ToOHKiE “oceanic water type 17
KEML, FECEBTHIEVA S,

Fig. 4 i3 Stn. 4 i< B 2 KO EBLRE (486

Relotive Irradiance (%)
001 01 !

r T T T T T T [

599nm 70
S53nm  48Inm 443nm

Fig. 3. Depth distributions of spectral rela-
tive irradiance at Stn. 4.

Table 1. The diffuse attenuation coefficient
for irradiance of seawater in the upper
layer at Stn. 4.

Wavelength (nm) 443 481 553 599 663

Diffuse attenuation 0.036 0.038 0.050 0.107 0.247
coefficient(m™")

nm) DHMEFHERT . BEMW/NS L 2EEBKEIHE
BB LEEHKT 5, REH»SKESOM $TTR
FHTEBLEEL 0.13~0.16 m ™! OEFRIcH b, % DM
WS o ERLS DR 5T, ZHEIETH, B
AL EAL, KEI00m T010m g -,
Pt T, dkdhicBRERFER DRV EVE B, &
1o, MEEONHEHAE I EHEE® 0.11~0.12
m~! (486 nm) (Marsulke and MoORINAGA, 1977)
WL T, F7o, SLBRIBOBIMN & [HR I #ERER
EEML 7, MEHICBT B E S A004KER 38m
M5 69m OHFATH 3 L#HEHIs NS (FHkD, 1987),
C OIKGFEEHIC B 1 B KPR OAESHEE Table 2 IR
T, B (481 nm) ORETHEE S A 04D LR
(38 m) H24%, T (69 mE) »H76%TH-7o
T/, L ADONMIKEICB Y BHEKONEHRE
0.11~0.22m™! (486 nm) T&H %,
3-2. EfEEOXFHmER O

Kbic B3 2YEOBEEDOa Y b5 R N RURIPTO

Beam attenuation

coefficient
0O 01 02m"
Ollll]ll‘ll[tl
c |
501
O -
100+
mL
L

Fig. 4. Vertical distribution of turbidity of
water (beam attenuation coefficient, m™)
at Stn. 4.
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Table 2. The spectral relative irradiance at
the upper and the lower depth of swim-
ming layer of tuna in the Bay of Bengal.

Swimming layer

Wave length Upper Lower
(nm) (38m) (69m)
481 24 % 76 %
533 14 29
599 1.3 0.042
IVEFIRAPRKRRO LD RERE NS,
_ Bt —Bblo) ...
Clo)= Bb(0) )
Cr)= Bt —Bb(r) .. (2

Bb(r)

T, CloRMkofETOBEDa v kI 2T,

CO)IMEr o EMr TORMIDOI Y F 5 R b,

Bt(0) & Bb(o) A DHE TOYHER UERD 5 DK
SRR, XU Bt(n & Bb (0 3tk 5> ol r To
VAR UERD S ORMEETH 2, RbIDav i35
ZAMEEEDOI VTR EOBBRIRROL S TH B,
(DunTLEY, 1963),

Bb(o)
Bb(r)

C(r)=C(0)+*EXP [—r(a—K-cos8)] <-(3)
ZIT, al@UHEBERE, K IBEOMBRER Y0
BASATH 2,

AR TRKEH WP S ORBEEZEZTVBEDT (6
=90°), B)RFKADLHIRsh 3,

Bb(o)

C(r)=C(0)*EXP(—ar) Bb(D)

............ )

BEORPIOa Y P52 b EEMM S OERE M
RO W T DRIEFER % Fig. 5 IKRT, Kb FIAg
FTLIAY, FTPRMBFAavFIr2THB, ThHDEIR
SEOREOFEEETRENT VS, RMH»S, Rhid
DavrIRMIPTTIAVYBF A0 FIREDKE
EREWETHD &Y - e, Fh, Bl o HEE
OBIMLES S B 0a v 5 X F OETFHHEITLT A4
YROEFAD Y FITREBRBEAERL VI E I
Rote, TOEHFEHBKS (1985) OFERE—HT 3,
T, BED»LOREE IYHADALE T b IR r &

NfIETOELRWIE, $HDLE, WOROELD
Bb(0)/Bb(nN% 1 ELKEL, RhJoavyts3 2k &
R & OBIR A R/NARETEREEZ RN L, HiL, T
NoOEREEME ($hbb, YWAOMNE) IcAREL
T, @EDOav IR EWEL, ZTOMERE, 81y
A¥H63, FATYFIANBLLIIICE >7,

3-3. %< A OBMOKHE

Kb TRBMEEFHRE LB 32 B2 3MEOKE &,
YEOa v+ 52 P RUEBPOHZ SO 3BERTHRE S
(hft, 1989),

%7, HALBIYEROKRESIRRAMNETORA
(RaAfy) clRESH, KROBFRES 3,

2T, DidkoREx, r3WEd» S oM, RO
O RHA WEDFAM) ThHs, TIT, HAYOHE
BESBMNRRLLOOPHRNEERIN TV S, <
%O S11F skipjack tuna OHA 0.18 TH 5 (Naka-
MURA, 1968), %7/, YIKROESEHEOEEO X >
IR ICHE VR, BEOHEICRY, MEI»ERS
ha, BEAIENOEE» SHEE R 2 EMEsh
TW3 55 (ScHWASSMANN, 1974), T <A
%090 (A5 LREL,

wic, YEEHREBELERAOa P52 Ea v
FAFPARVYa—-WFTEREHN, T TIE 005
(HesTER, 1968) & L7z,
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Fig. 5. Apparent contrast versus distance

between branch line and luminance meter.
Upper: wire leader. Lower: nylon leader.
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Hic, KboBHBEH 170 Ix P EdhiTROENP
AVEFIFTRAPRVY a =V FADOEEIRIE (NakaMU-
RA, 1968), AEERII T OAEEEL T B WEE
T (2,000 1x) THEMil 7,

Fig. 6 IERBRCBI 2O R»FOa vy 52
rEHA (RAFA) LoBFRERT, KhoAHMHT
UAY, @HINFAuYFISATHS, THoDMIZR]
HOWREGARLSBEH Ui, /4, Ko A, B
DEFMIIEEMOBED I v + 5 X b %R,

Kb, $rv4rcidlANNSEEE (B
KELEB), RPTOaI v PSR MEEA»OKRE
WWNEED, EFLTW &2, coT &l
A aYF S ACBVTHRBERBEEESES -7, LHL,
BERZObDDOREIMEFEI/NIV W) 0T, #
AT 2 ERPRBRIEET B TFic X 3 EELE
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Z T, iRt (1989) oFEic kb, HERISKbiE
\F %43 SRR REERH £ 847 0.90 & LTsk®», Fig. 6 1
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T, MBEMOMBLEIERX LOoRHa kU bsLty
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Fig. 6. Apparent contrast versus visual

angle with regard to a wire leader and a
nylon leader. Symbols A and @ denote a
wire leader and a nylon leader,
respectively. Dotted lines A and B indi-
cate inherent contrast of 6.3 and 1.1, re-
spectively. The line X shows the relation-
ship between visual angle at the limit of
discrimination and apparent contrast.
Points a and b stand for the positions
crossed with the line X.

A Y RUOF10ry7 7 ZORBRRAOEARCELITD
IVEIR I THD, ALY, REasbickidss
BHALERLFOI VS5 R MERDL, HERRE
B#IL7A¥T36m, FAuvyF/2TLlmEis,

BROEZREHIF Aoy F 7 2OEBETTA ¥ O
$1/3TEV, T18bL, HiC->TEELTELEL
A, #Lv 4 void, HEOFH] 3.6 m ok,
FAurvF S RA0EE, BEOBER 1.1 m OETEL
ThHEBTE LD, T10bDL, HREOHEZERE
BHMOBETED, Kb, TOTEVPERD LR
KESLTW2bDEEALNS,

E, HRBICHO T EoRRERERELL (F
SADHINE 018 & L), RBMRECHAL R
o8 (REM 26cm) T, FSICIIEH T ORETH -
tro Et, YNOEBEDI VTR EKEEECHIE
HETRD B E, ZOEIR 160 TH-1, Thdick
v, $oEEHECEZRRERG 273 m TH 3,

Pl osERidKkga+48 % 0 2,000 1x OBETH
3, UL, KbhoH? s R3KE KERCELICE -
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EARRITREE KRN (NUTA): HREGEE OB &
BRI T« TERERL T & OBAGR
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Large amorphous particles (NUTA): The development
of the sampling system and comparsion
with suspended and sinking particles*

Yasufumi Misaima™*, Shigeru MonTaNt** and Tomotoshi OxkaicHi**

Abstract: Suspended and sinking particles were collected at northern part of Harima-Nada, the
Seto Inland Sea, during two weeks in June 1985. In addition, we attempted to collect large amor-
phous particles (NUTA). The relationships of these particles were investigated by comparing
organic matter contents in individual particles. The daily sinking total mass fluxes were compa-
rable to about 10 % of the suspended particles standing stock in the surface through 10 m depth
water column in each day. The daily organic carbon, organic nitrogen and Chl. ¢+ pheophytin
fluxes were comparable to 9.0%, 5.8% and 16.4% in suspended particle standing stock in the sur-
face through 10 m depth water column, respectively. The high percentage of Chl. a +
pheophytin, low percentage of nitrogen and low value of Ch. a/pheophytin ratio suggested that
the sinking particle contained many zooplankton derived from materials such as fecal pellet.
The vertical profiles of organic matter contents in NUTA and suspended particles in the water
column were different from each other. Comparing with amino acids composition, NUTA were
more similar to the sinking particles and also to aged phytoplankton debris. It is considered that
NUTA are formed through the decomposition process of phytoplankton to detritus and also relat-
ed to scavenging process of marine particles.

1. # §
HKICETET BN -F oI iR E IR T/ &
WeHHEKOE X &R LA LHETEL TV A BEN T LT
Ehzboofhiz, MECKEBREBEEEZRE-> TV
5350850, INSRBEF4 AV LTy T (sedi-
ment trap) K& DEEERE N, HHERTFEFETN TV 5,
R TREM TS v 7+ ORI EE2ELABEIOR
FT, WBECBYIUHEORES, EBEEY~OAYOD
BEEE 7S S EHBESBE AR L TVWE T EMER SN T
W3 (Smaypa, 1969; Honjo, 1978 72 &),
Lin LEDMSIRERETIE, FEBLUOKSZOTL—
3 v 7 (blooming) DHPHKFELTA L 1%, BIK
*1990 4£ 7 B 30 H5E Received July 30, 1990
HENKRFEZE T761-07 FEAKHBE=ARTE
2393

Faculty of Agriculture, Kagawa University, Ikenobe
2393, Miki-cho, Kagawa, 761-07 Japan

cm i b BEIMEVERMTHERICEESQ, o
KT &< 1) v Z2/ —(marine snow), 77 Y4 —

(aggregate) 350k Mafk] « [XTh] L&t
A RBRLRTRERTVWS GEH, 195274 &), Th
SONTHEBIEE D, ¥F4 AV 7K
HROu—-FRECHETIER, E{DALITE-
THEIhTWwa (GEH, 1982),
BlHISATWAESIL, <) YR/ —iddtiERs
IKEFROBAHABR < ALEBE] TOHERICLOA
ZEsh i RBEoBEBN T ORI TH 5 (Suzukr and
1953), <=V ¥R/ —OYENEEIL, hTE
LTikd AL, ZREESEV (KajHARA, 1971), 20
BB ETRIL &5 & LT HEKBOERET
BETHEhATLEYL, ZOFEEEED T THRIT
LB CRETHY, TOWMRRIBEEITELA
EHEATOE DT, ULBLEBKLRFa—NFSfEY

KaTo,
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FERIOERE, <V YR/—RT I - 2R
3 ERBKER S THERBET AL ENRA LR,
KECHEFHRBOEZED TS,

< YR/ -OKTFEERBEBERTIE IL Y HE
Lo 10MMTH O (TrRENT et al., 1978; ALLDREDGE,
1979; Suanks and TRENT, 1980), BHEREK « TR,
sy s B, BESFOARYEZARNLEE LSS
(TrENT et al., 1978; ALLDREDGE, 1979; ALLDREDGE
and Cox, 1982), <Y YR/ —KFOEEHICHELET
5 REIEBE U EET MK HTE 10~100
RrEi & #Hi45 X LT\ 3 (SHANKS and TRENT, 1979) o
EREEROK 10%ICHYT 2BOXBEN< ) ¥ X
VR TOERCEELTVIEEISZ LR
(KNAUER et al., 1982), =V YR/ —i@Ns57)T7%
OWEMOEFOB THH 3 I EREBRESL TV S
(ALLDREDGE and YouNGBLUTH, 1985; ALLDREDGE et
al, 1986), L LEMNE, IhdohTob¥ErHnE
L EOEHABRIBEPCFHIC & - TEBBKEL, V0
PN oRE s sBREshTOWRWT &R E, S, #
HFRBICBIF A7) YR/ - EOREN KRR F D5
PRSI >V TOPRRIILEN TV S,

ZITEELR, BEESRICEY BN S OB
R (B E Ik b CoRTR, HMKRETHELEI
BEAIEBEDLD [ak] EENTEBY, AHET
L%k “NUTA” &¥59°3) OFFICEHL, NUTA
Bo-—FRECMHETHI LV RRERFALT, chE
TREZON TV >t ZOBWEBE (NUTA ©+
5w 7) ORRIBEGERTORNERS S, TLTZ
DR FHBFNCER STV BB T BN T BN
KWEDRIKRR - TWB D, FhIOKTHEELRE

RTEDL A BEREEIZZTOM, BicIns&i Ok
FRIOHEEBEFZ OO PICT AT EXHME LT,

2. HHEORER

Fig. 11oR L BBEHLRiERoE S (St. 64, KB
17m)ic BV T 19854 7 A 156 H~27 HOH 2 AR
bizb, EAEFEEN & SARORMELT - 12,
HBHRER i3 6L Bl Ny F Y BUKEERVWTO, 2,
5, 10, B-2 m(BEL 2 m) BTEREL /-, Btk
WTide54 27 b5y 7 (MoONTANI ef al., 1988)
ABELSm oFFCHRELT1I BRI L ICAF 1510
Wbt - THEL f2o % 72 NUTA (758 ATIR R
HgE (NUTA Trap)% 0, 2, 5, 10, B-2m #Fiz—
BEETUERL o #AL 72 NUTA Trap M-1 i3
a—-FI7IRFy 7BIOF VY —ERD 1T, Fhic
F ¥ 450°CT 3 B BME L /2 2cm X 10cm D
Whatman GF/C 7 4 V¥ — %% X203 bDTH 3
(Fig. 2)o #H L NUTARKZ 7 4 Vo — T L B
L, SEkE Lk, REBOMTIHE AR -
%%, Chla, 73/ BSETH 3,

3. aAE

3-1. IR TR B X UM FIR

#K 1L %, FHEREKTHSE L 450°CT 2 KR
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g —THEIWBL, 7108 TFA2REKS
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Fig. 1. Location map of sampling station in Harima-Nada, the Seto Inland Sea, Japan.
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10L *R $om
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Van dorn type
water sampler
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ﬁ

]ﬁ

Bottom A ‘

Fig. 2. Illustration of Van Dorn type water
sampler, sediment trap and NUTA trap
system.

Sediment trap
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ERWTT7 4 vy — Ry, BENTEERREOHE
T, WEKTERERY, ETLAEBEE NS » 70K
D O tEBhi THRAEH L 12,

3-2. BRI %
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(PARrsoNs et al., 1984) THIE L 12,
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HETHIE L 7o
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Fig. 3. Vertical distributions of water tem-
perature (upper) and salinity (bottom).
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Table 1. Comparsion of particulate matter, organic carbon, organic nitrogen and Chl. e+ pheophytin
settling fluxes and Chl. a/pheophytin ratio with their standing stocks.

TPM* Org.C Org.N Chl. a+pheophytin Chl. a/pheophytin
0-10m standing
stock (A) 68.3+£20.7 6.60+1.24 1.13+0.19 0.0689+0.0207 6.25.0
(g/m2)
i B
Setting flux (B) 8.62+2.17 0.593+0.14 00660017  0.0113%0.0038 1.240.2
(g/m*/day)
B/A (%) 105 9.0 58 16.4

* : Total particulate matter.

~302THV0, 5m» 5 10m iZhF TKEEE - BE
BEsRO N, HEEEE L (Fig 3,

Z OBIHIBIRIcE S i sk TR B K R BB
% « 3, Chl.a+Pheophytin OIEBEFHE O EEHE L,
HEPS 10m E (€F 4 AV N Ty TREFE)
ToOKBEGOBREN T, EHERSE %%, Chla+
Pheophytin DBEROEHEE OB E, ThEhD
K@ Chl a/pheophytin k% Table 1 IZ/R"d, FHE
IR O ek TR o S8 1d, 8.62X2.17g/m?/day
THot, —FhH, BENTOBEEER (0~10m)id 68.3
+20.7g/m* THY, 10 m FEicBr3 1 HH0 Otk
BFHIIRELS 10 m FE TOHAERD 10.5%IHHY
LTW3, LALAESS, BENTOZVWHILTLS
TERERI TSR E VW &L S HRIEBRIGR o hish - /o
(Fig. 4)o
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1

- >
_ 100k ¢ Lo 3
Qe * 4 2
o E — o 3 o
CRC) Rt ] E
ot — ) by v o— o
S X K | S
a9 v . »®
oL ¢ \ 2
bR 4 i =

o
g2 g
S 2 sof ’ ; 1 -Js £
-3 ©
3 ® * . @
o w
s 5
‘I— L

[=]

057 s 21 23 286 27 °
Jul.
Fig. 4. Changes of total mass fluxes and

suspended particles standing stock in the
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Observation on the fish behaviour around the underwater lamps
by fish sounder and underwater TV camera*

Eiichi Hasecawa**and Hiroshi KoBayasur**

Abstract: Changes of fish behaviour around the underwater lamps were observed by using a fish
sounder and an underwater video camera. Both the amount of fish in the beam angle of fish
sounder and the amount of fish in the visual field of an underwater video camera changed in syn-

chronizing with turning on and off the lamps.

Isoilluminance line of 1.0 1x had a tendency to

become a boundary of fish distribution around the underwater lamps. It seemed that the mini-
mum stimulus which influenced fish reaction to the changes in illuminance was very low. The

—3

number of fish concentrated around the underwater lamps was estimated to be 0.47m™",
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Fig. 1.

Experimental area.

B
Fig. 2. Schematic diagram of experiment.

A: Upper underwater lamp. B: Lower un-
derwater lamp. C: Underwater TV camera.
D: Transducer of fish echo sounder.
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Fig. 3. Changes of fish echoes in response to
changes in underwater light intensity, Apr.
16. A: Upper underwater lamp. B: Lower
underwater lamp. (O: Turn on the lamp.
@: Turn off the lamp.
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changes in underwater light intensity, Apr.
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Fig. 9. Underwater isoilluminance line and the superimposed fish echoes, showing the changes in verti-
cal distribution of fish in response to changes in underwater light intensity, (1~6) Apr. 16.
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Fig. 10. Underwater isoilluminance line and the superimposed fish echoes, showing the changes in
vertical distribution of fish in response to changes in underwater light intensity, (1~7) Apr. 21.
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Fig. 11. Frequency distribution of the light intensity that fish receive in the beam angle of fish sounder
in the case of both underwater lamps turn on. Max: Maximum value of the light intensity (Ix) fish
receive. Mean: Mean value of the light intensity (I1x) fish receive.
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The Caprellidea (Crustacea: Amphipoda) inhabiting the green alga
Cladophora wrightiana: The influence of wave exposure on
the species composition*

Ichiro TakeucH1**, Hiroshi YaMakawa™** and Masamu Fujiwara™***

Abstract: The influence of wave exposure on caprellid fauna inhabiting the green alga Cladophora
wrightiana was investigated. Algal samples were collected at four stations in a small inlet located
on the Pacific coast of Boso Peninsula, Japan. The sampling stations were separated into two
groups, i.e. the exposed site and the sheltered sites, according to the degree of wave exposure
measured by the plaster ball method. Dominant species were Caprella danilevskii and C. polyaca-
ntha in the exposed site and C. okadai in the sheltered sites. Distributional difference of these
caprellid species may be attributed to the differences in robustness of the body somites and

appendages.

1. Introduction

Caprellid amphipods are one of the domi-
nant epifaunal crustaceans inhabiting mac-
roalgae in the Sargassum zone called “Ga-
ramo-ba” on the rocky coasts of southern
Japan. Distribution of epifaunal caprellid
(and/or gammarid) amphipods is affected by
the following environmental factors: wave
exposure (DomMasNEs, 1968; FENwICK, 1976;
Hiravama and Kikuchi, 1980; Tararam and
WAKABARA, 1981; WAKABARA et al, 1983;
TakeucH! et al, 1987), turbidity (MooRE,
1973, 1978), quantity of epiphytes (Kita and
HaraDA, 1962; NaGLE, 1968; NorToN and
Benson, 1983),and presence, size and features
of substrata (Caing, 1978; Epcar, 1983a, b;
GUNNILL, 1982; STONER, 1980, 1983; TAKEUCHI
et al, 1987). Rocky coasts facing the open
sea provide suitable fields for studying the
influence of wave exposure on epifaunal crus-
taceans, because the degree of wave exposure
varies widely due to the complicated topog-
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raphy even within a small stretch. Recently
TakeucHI et al. (1987) reported the caprellid
fauna collected from the exposed and shelt-
ered sites located within the small inlet
“Heito” on the Pacific coast of Boso Penin-
sula. Although the species of algae in both
areas in their study were different from one
the other, no specific connection of caprellid
to the algal species was recognized. They
inferred that the wave exposure is one of the
most dominant factors affecting the occur-
rence of caprellids.

The green alga Cladophora wrightiana
HaRrvEy, as well as Sargassum macrocarpum C.
AcarpH, grow mostly as in a bush-like
manner on the medium size rocks around the
center of the inlet Heito (Konno, 1985). This
area corresponds to the sheltered site in
TakeucH ef al. (1987). In the inlet “Jizogi”
next to Heito, Cl. wrightiana is distributed not
only on the rocks and stones around the
center but also the rock base near the en-
trance of the inlet where waves break. The
occurrence in the entrance of Heito might be a
rare case for this species.

Thus, in order to elucidate the influence of
wave exposure on the caprellid fauna, we
focus on the species composition of the Cap-
rellidea on Cl. wrightiana, which was collected
from the several localities within the small
inlet Jizogi.
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2. Study area, materials and methods

This study was carried out in a small inlet
called “Jizogi” located in the sanctuary of the
Kominato Marine Laboratory, Faculty of
Science, Chiba University (formerly Komi-
nato Marine Biological Laboratory, Tokyo
University of Fisheries). Jizogi is surround-
ed by rock bases, and rocks and stones are
scattered on the bottom. Four sampling
stations were set up in the sublittoral zone of
the inlet (Table 1, Fig. 1). St. A is situated
near the rock base at the entrance of the inlet
where waves break upon. Sts. B, C and D are
located on the rock or stones in the deepest
point of the entrance, middle and inner part of
the inlet, respectively. According to the
measurements of wave exposure by the plas-
ter ball method (Table 1), St. A was regarded
as exposed site and Sts. B, C and D as shelt-
ered sites.

Table 1. Depth, substratum and degree of
wave exposure at four stations in the inlet
“Jizogi”. The degree of wave exposure
was referred to our unpublished data. The
measurements were conducted twice in
February 1986 by the plaster ball method
(Muus, 1968; Havasni and YAMAKAWA,
unpubl.). Plaster balls with diameter of
2.7 cm were weighed initially in the dry
condition. Two bricks with styrol on the
upper surface were set at each station, and
six plaster balls were attached to the styrol
surface. After three hours of exposure in
situ, the plaster balls were weighed again
in the completely dry condition. The per-
centage of weight loss was regarded as the
degree of wave exposure. The degree of
wave exposure at St. A was significantly
higher than those of Sts. B, Cand D (P <
0.01; t-test) during both measurements.

St. Depth Substratum Degree of wave exposure (% +S.D.)
(m)

Calm Stormy
Weather Weather
A 1.0 Rock base 14.3+4.16 21.4+8.35*
B 85 Rock with 5.3%0.34 125%0.24
drift sand
C 6.0 Rock and stone 5.2+0.82 10.7£1.36
D 35 Stone 4.7%+0.08 10.6+£0.37

* Two plaster balls were flown off due to the stormy
weather.

Sampling was conducted three times
during late spring to early summer, z.e. 15-18
May, 11-16 June, and 8-12 July, 1978. Algal
samples were cut off near the substrata and
gently deposited in vinyl bags iz situ. In the
laboratory, they were shaken in freshwater
and detached animals were collected through
a sieve with mesh size of 0.3 mm. Caprellids
were carefully removed from these animals,
and preserved in 10 % neutralized formalin.
These caprellids were identified to species
level under the binocular microscope. Algae
were weighed after placing them on paper for
two hours.

The similarity of caprellid species compo-
sition among sampling stations was pre-
sented as the Cz index (Kimoro, 1967; OMORI
and Ikepa, 1984). The similarity matrix of
caprellid fauna was converted into a dendro-
gram following Mountford’s clustering
method (Omori1 and IkEDA, 1984).

3. Results

Nine species from two genera of the Cap-
rellidea were collected from Cladophora wri-
ghtiana (Table 2). Eight of these species
belong to the genus Caprella.

The classification of stations by the simi-
larity index correlated well with that by the
degree of wave exposure. Figure 2 shows
dendrograms of the similarity index on the
sampling stations and the species composi-
tion of the Caprellidea. It indicates that the
caprellid fauna could be separated into the
same two groups every time: the exposed site
(St. A) and the sheltered sites (Sts. B, C and
D); the similarity index is higher than 0.80.
The density of caprellids in the exposed site is
generally higher than that in the sheltered
sites.

In the exposed site, Caprella danilevskii
Czerniavskl and C. polyacantha UTINOMI
dominated and constituted more than 80 % of
the total individuals (Table 2, Fig. 2). C.
verrucosa BoEck was the third dominant spe-
cies, being less than 209%.

In the sheltered sites, C. okadai AriMmoTO
was consistently dominant and contributed
more than 50% of the total caprellid fauna
(Table 2, Fig. 2). C.danilevskii (2-269) and
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Fig. 1. Study area and stations. A. Boso Peninsula. B. Uchiura Bay. KML; Kominato Marine Laboratory,
Faculty of Science, Chiba University (formerly Kominato Marine Biological Laboratory, Tokyo
Unviersity of Fisheries). C. Sampling stations in Jizogi. Broken lines indicate the highest low water

at the neap tide.

Table 2.

Species compositions of the Caprellidea inhabiting Cladophora wrightiana Harvey. The

number in parentheses indicates the percentage to the total number of individuals.

May*

June July

Species StA  StC  StD  StA

St.C St.D St.A St.B St.C St.D

Caprella okadai 89.8) 91(100)  3(1.3)

10(52.6) 309(98.1) 124(96.1) 2(0.3) 175(73.5) 212(96.4) 158(89.3)

79(

C. danilevskii 43(50.0) 2(2.3) 96(39.8) 5(26.3) 1(0.3) 321(48.3) 14{5.9) 4(1.8) 2(1.1)
C. subinermis 2(2.3) 2(0.8)
C. kominatoensis 4(4.5) 3(15.8) 22(3.3) 37(156) 1(0.5) 2(1.1)
C. penantis 4(4.7) 1(1.1) 2{(0.8) 9(3.8) 1(0.5)
C. verrucosa 7(8.1) 93(14.0)
C. polyacantha 29(33.7) 139(67.7) 226(34.0) 1(0.4)
C. simia 4(1.3) 5(3.9) 2(0.9) 15(8.5)
Paracaprella crassa  3(3.5)
unidentified 1{0.4) 1(0.3)

Total 86(100) 88(100) 91(100) 241(100) 19(100) 315(100) 129(100) 664(100) 238(100) 220(100) 177(100)

ind./alga (g) 0.56 0.10 0.36 0.36 0.44 0.17 1.09 0.26 0.23 021

*Algae of St. B could not be collected because of stormy weather.

C. kominatoensis TakeucHI (0—16%) were the
next dominant species at Sts. B and C, while C.
stmia MAYER was the second dominant spe-
cies at St. D, but contributing less than 109%.

4, Discussion
Of the chemical and physical factors, wave

exposure could be considered to be the most
important factor which influences the occur-
rence of epifaunal amphipods in a small
stretch of rocky coast. KomaTsuetal (1982)
demonstrated that difference of temperature
in a 150 m stretch of rocky coast was less
than 2° C, which was smaller than that of
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Fig. 2. Dendrograms of sampling stations by the similarity index and the species compositions of the

Caprellidea at each station.
1978. 3. July 1978.

The similarity is presented by Kimoto's C,index. 1. May 1978. 2. June
Abbreviations of the species of the Caprellidea are as follows: Cd, Caprella

danilevskii; Ck, C. kominatoensis; Co, C. okadai; Cp, C. penantis; Cpo, C. polyacantha; Cs, C. simia; Cv, C.

verrucosa; P, Paracaprella crassa.

daily fluctuation (KomaTsu, 1985). Havasni
(1989) reported that the salinity of the sur-
face waters at middle part of “Heito” was
limited between 33.0 and 35.0%, throughtout

Occurrences less than 3.09% are omitted in the right part.

the year. Hence, one may assume that in a
small stretch of rocky coast the quality of
seawater does not vary much spatially. To-
pography, however, chages drastically, which

imm

Exposed site

Fig. 3.
danilevskii; B, C. polyacantha; C, C. okadai.

Sheltered site

Caprellid amphipods inhabiting the green alga Cladophora wrightiana Harvey. A, Caprella
All species were drawn from a typical male.
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in turns determines the degree of wave ex-
posure, as shown by the present study and
TakrucH et al. (1987).

The Caprellidea associated with the green
alga Cladophora wrightiana was clearly dif-
ferent in species composition between the
exposed and the sheltered sites (Table 2, Fig.
2). Among the caprellid amphipods inhabit-
ing this alga, Caprella danilevskii and C. pol-
yacantha have much more robust body som-
ites and appendages than C. okadai (Fig. 3).
As already discussed by many researchers
(DomMasSNES, 1968; FENwICKk, 1976; HIRAYAMA
and KikucHi, 1980; WAKABARA et al., 1983;
TakeucH! et al., 1987) robust appendages
seem to be suitable for grasping substrata in
the exposed sites where waves splash strong-
ly.

The present study revealed that the habitat
of C. polyacantha was Cl. wrightiana of the
exposed site among the Sargassum zone off
Amatsu Kominato. In the exposed sites of
the closed inlet “Heito”, this caprellid was not
recorded from any algae, whereas C. danilev-
skii has been found to inhabit Sargassum
yamadae YosHIDA and T. Konno and S. hemi-
phyllum (TurNER) C. AcarpH (TAKEUCHI ef al,
1987). Moreover, C. polyacantha was not rec-
orded from CIl. wrightiana of the sheltered
sites of “Heito” (TakrucHr, 1985; TAKEUCHI et
al., 1987).

The association of C. polyacantha to CL
wrightiana might be partially explained by
the morphological adaptation of this caprellid
to the filamentous thalli of the alga. Ebpcar
(1983a,b) demonstrated a strong positive re-
lationship between the size of epifaunal
amphipods and the width of thalli. Thalli of
Cl. wrightiana are like grass with width of 1-2
mm, while the above two Sargassum species
have thalli which range from 5 to 10 mm in
maximum width. Body length of C. danilev-
skii reaches 11 mm in mature male and 8 mm
in mature female (Takeuvcnr and Hirano,
1988), while C. polyacantha is a relatively
small caprellid with body length of 6 mm in
mature male (Fig. 3). Thus, C. polyacantha
tends to inhabit selectively on algae, such as
Cl. wrightiana, with filamentous thalli in the
exposed area.

This study, together with DomMmAsNEs
(1968), FEnwick (1976), Hiravama and Kr-
kucHl (1980), and TakeucHi ef al. (1987),
ensures the influence of wave exposure on the
occurrence of epifaunal amphipods on sea-
weeds.

Among those studies, only a few studies
have represented quantitatively the degree of
wave exposure. This study, as well as TAKE-
ucHi et al. (1987), bases the degree of wave
exposure on the results obtained by the plas-
ter ball method (Muus, 1968; Havasur and
YaMagawa, unpubl.). HirRavyama and KikucHi
(1980) referred to the maximum height of
waves from the unpublished report of Miyagi
Prefecture. In this study, the weight loss of
plaster balls at the exposed site was 2.82
times as much in the calm weather and 1.90
times in the stormy weather as that at shel-
tered sites (Table 1). In TakErucHI et al
(1987), the increase of the degree of wave
exposure in the exposed sites from the shel-
tered sites were 589 in the calm weather and
61 % in the stormy werther. Muus (1968)
showed that the weight loss of plaster balls
per current velocity increased as the velocity
increased. Thus, if wave exposure could be
converted into the current velocity equiva-
lent to steady flow, it might be estimated that
at least 1.6 times difference of the current
velocity influences the occurrence of capre-
1lid amphipods.

On the other hand, Tararam and WakA-
BARA (1981) reported that the wave exposure
did not affect the species composition of epi-
faunal gammarid amphipods, and WAKABARA
et al. (1983) mentioned that common species
of epifaunal amphipods were present in both
the exposed and the sheltered shores. In
these reports, however, quantitative data of
the wave exposure are lacking. Thus it is
inferred that in their sites the degree of wave
exposure might not be so much different as to
cause sufficient difference of epifaunal com-
munities between the exposed and the shel-
tered shores.

Further detailed studies are needed to elu-
cidate the critical degree of wave exposure
which influences the occurrence of each spe-
cies of caprellid and gammarid amphipods.
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Annual mean sea levels at Stockholm and annualvring of a tree
in Shiretoko Peninsula, Hokkaido*

Shigehisa NAKAMURA™*

Abstract: A subarctic interrelation between the annual mean sea levels at Stockholm and the
annual ring growth rate of a tree of Quercus mongolica var. grosseserrata at Shiretoko, Hokkaido,
is studied by the Fast Fourier Transform Method to get their amplitude spectra and by a simple
cross-correlation analysis. It is hard to find out a systematic solution of any amplitude spectra
even for the directional annual ring growth rate of the tree. One of the simplest methods leads
us to find three peaks in cross-correlation between the mean sea levels and the annual ring
growth rate along a specific radial line. The three peaks at time lags of 22, 66 and 88 years are
discussed in relation to long-term variations of the sunspot number and the solar magnetic activ-
ities which must be actually effective to the mean sea levels and to the annual ring in the subarc-

tic zone.
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Fig. 1. Amplitude spectra of the annual
mean sea levels at Stockholm (dashed line)
and of the annual ring growth rate of a
tree of Quercus mongolica var. grosseser-
rata at Shiretoko, Hokkaido (solid line).
Both Stockholm and Shiretoko are located
in the subarctic zone, facing Baltic Sea and
the northwestern Pacific, respectively.
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Fig. 2. A part of the annual ring of the tree (Quercus mongolica var. grosseserrata) at Shiretoko,
Hokkaido. R is the reference radial line for a minimum growth of the tree. A specific pattern of
annual rings can be found in the right-hand side of the radial line R.
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Fig. 3. Directional annual ring growth rate
of the tree (Quercus mongolica var.
grosseserrata) along radial lines from Q to
I’ at angle intervals of ten degrees from 4. EEHEE
the line R (cf. Fig. 2). The radial lines Q o . . B
to I’ show that the tree ring growth rate is bR &SE, 2x7 P VRTOBICL T, X
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(dashed line) and H (solid line).
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Fig. 5. Amplitude spectra of the annual ring
growth rate along the radial lines H’
(dashed line) and K (solid line).
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Fig. 6. Cross-correlation between the annual
mean sea levels at Stockholm and the
annual ring growth radial line A of the tree
(Quercus mongolica var. grosseserrata) at
Shiretoko, Hokkaido.

S OHREDIMICED & S ISBHRNSH B2 HWTT 5 C
EREDS LV,

TIT, mbBHUMITEERHTAII LTl
s, 1850FEM S 128 FRERRELT, 2ty 2
FOV A DEPHEKALE 3 X+ 5O ‘A" LoFRKk
B (HEHRols) & oOMEMBAREC, 2kni, 20
BRI TFig. 6 0&Hich-t, T7bb, 56 LH22
F 664 «88FEDE X CHRIBARENEEATLY,
Lind, ZOF5LIEB22F0BEMETH B, LIEL,
44D L & CERB/NTIEV, BEI DL S BERY
BoNOTHEHh, B8, SHRORFICES N
HETh 5,

Ligdic, KBRS SSN o AEEE%E 1749 -
1989 Hlc > W\WTA B &, T oM/ 22 BdH
%, D SSN OEDZEEN, »IE 5L bIERKENT
Fi v, RENEIEE S, coB4@EL T
109 %R < SSN A REHERE/LLTVWBEEE->TL
W CRESKFEE ISR £ v & —FREER
PoOER), Chld, [URFHRFOXMREE -1 11
EFRPCHEHYT I b0 LEbN G, 1720, KBEEHAD
it (Hare, 1924) £ Maunper (1922) D butterfly-
diagram ®DE4, r& i, Stix (1989) Oidfl%
HThH, KEBEHCHEELAZHOFMPIR 11 ETRE
(T, 2P THBLABBRETHAS, Ld,
Z 0 22 L Fig. 6 WBARSH D £ HITHZ B,

A by 7RIV A QENEEHEIRAL & JLEREHIRE R O 3
X5 OFEREF, KGERR0EBENLT, HEIH
BEHZLEATIVTHS D, BEFHICMET S R
Py dvabitiEES, HEFIOGEVEEEEEL T,



150 La mer 28, 1990

KIGEHOEFHOHELBZFTVE0hbLAKY,
AXOEDLYICHILY, TOWEFICEEL TEHD
HaOHBE - @R EVIEE, Tk, BHEEEVE
PPl EERFLT, HBEERLEZL,

X #

AnpERsoON, A. ], G. MArGarerT and H.-G. ScHERr-
NECK (1988): A satellite altimeter experiment
for the European Space Agency Earth Remote-
Sencing Satellite. EOS (Trans. Am. Geophys.
Union), 69, 873-881.

CURRIE, R.G. (1981): Amplitude and phase of the 11
yr term in sea level: Europe. Geophys. J. Roy.
Astron. Soc., 67, 547-556.

Er-Saen, ML and T.S. Murty (1986): Seasonal and
long-term sea level veriations in the Atlantic
coast of Canada. Marine Geodesy, 10, 295-308.

Exman, M. (1988): The world’s longest continued
series of sea level observations.
Geophys., 127, 73-77.

Havrg, G. E. (1924): Sunspots as magnets and the
periodic reversal of their property. Nature,
113(2829), 105-112,

BUKM—BR (1967): PEFd 1660 £ — R E A S RHA~D
R, TORB KBRS, (10a), 1-11.

TUGG (1987): Proces-Verbaux No.17, IAPSO IUGG,
XIX General Assembly at Vancouver, held in
August 1987. 473pp.

JERIPAER (R « BAEE (1959) @ FHEHARARRE.
&+, 306pp. (&< 2 pdD).

Pure Appl.

Lee, L. C. (1988): Toward a time-dependent
reconnection model. EOS (Trans. Am.
Geophys. Union), 69, 1617-1627.

MAUNDER, E.W. (1922): The sun and sunspots.
Mon. Not. Roy. Astron. Soc., 82, 534-543.

Morri, Y. (1981): Evidence of an 11-year periodici-
ty in tree-ring series from Formosa related to
the sunspot cycle. J. Climatol, 1,345-353.

hARTEA (1989 a): BEiHIc & 2 B#IZCE, La mer,
27, 164-169.

HREA (1989b): ATHEIC X 2 BEaTHHl & #i
#ic>WwW T, Lamer, 27, 200-204.

SeME (1989): Geosat HERTCH#IHIS - AAED
2 & 5B HEAKMLOEE IO WT, #EL7E,
65, 1-16.

Stix, M. (1989): The sun. A and A Library
Springer-Verlag, Berlin, 390pp.

Sturces, W. (1987): Largescale coherence of sea
level at very low frequencies. J. Phys. Ocean-
ogr., 17, 2084-2094.

WessB, D. J. (1988): Ascimilating altimeter data
into ocean models using forward and forward-
backward schemes. Symposium on Ocean
Data Assimilation and Prediction Studies, PS-6,
IAPSO IUGG, Proces-Verbaux No.17, XIX Ge-
neral Assembly at Vancouver, August 1987.
p. 240-241.

INHFEHESR (1983): SEAEMFERME FE3 . Hik
#E B, 349pp. (&< 2 p979).



La mer 28: 151-152, 1990
Société franco-japonaise d’océanographie, Tokyo

BILBEFF2ERRILSHEER

I B 1T 5 B\ G Y O E B BEd 5 5

% &

IE 7

Etude sur la comportement de la matiére organique

particulaire dans I’éstuaire

Masahiro OcHIAI

LDRVR, KEHLHLBEFSEERIE LD
D, Bt RREBHVAZLTBVET, 5%, C
OZERSLUARAELT, IVBVHEEZITY>ELS
BheshBTHLET,

Fhid, HRETRFEOEAREALED S ET TREK
B 3RO ] %, &L THIkREEICS
WTIT->T&EE L, MM ET LDk, 19824
KV 2FEM7 5 vALBOWTIHEEZ T ABEEEE L,
tets, 75 v ARBEKICEET AMESZ NI ERA TR
<, A AWM DLOMEEIT > TW kb,
KBETOMELE VWS ET, =420tV F—»A
WHEFEBRFMTS e LELEL, F—<2%4EDFT
EERAEsov I3 7 s~k viEkdboT I BO
BFEE Vi LE Lz,

T/ BEIRAKME & b AEKRDOEERERSTH
D, KB TRBEYOXKERE L CEEB/LAYT, T
no 200k EEUCRARBTHIEST 2T &ickD,
Kb coOBEBMOME T 2REF L L ToRElic
DWCHIATZ2d0EELZE Lk, v Ve 2TRH,
HALIEZZEERETOHD, i, Klomkc
DSWTHEABIBENTEXRWI EbdD, b PR
BERBLBZVWEZFREVALLELL, AL, ORI
AL, T3/ BROWEBIVHETOEEEEVLL,
ZENTORKILY, 73/ BOSHEEHIOVTH
TEREVWLELE L,

19904 6 A1 H BAR8 G THER
Conférence 4 la remise du Prix de la Société
franco-japonaise d’océanorgraphie

HE L RFBEIM b E

Department of Chemistry, Faculty of Science
Tokyo Metropolitan University.

ZE)lT’, FEOBEERRIITHYD, o, HEE
POTIRABBRENR T 4 —NVETHEIENDL, Th
FTHMELOBRIAETT>TB £ Lk, BERIR, £B
MoBEBHIHOLBRICESEBOTHELT->TE
OTEH, ERYOEEILEBLAY TS Bk,
T/ BERBICHIETX 3B SRB 2L LD, &
BRI TOESOFEIC LS N 5O{LAYOEE 2B
KTAIEEEZFT LT,

REISH I B VT, MM EAESOMBIC LY
BEEREB T 2 C L RIESHIREhTETVES, LoL,
BRSOV TR, #REAEEORESS D, MWy
KBV THNS 3B S ORHIEHRREEEZ L
TETVEHATLE, BRLEOhTE 7 Y VBRI
BHE S VI BEOTKPIRELEL, Lirby v sHE
BEBRFIERE*ZT 3 EBMohTvEd, —K
BAAEN 7 Vi 7 BD & 5 ERRSE Vs,
MR T OEAEF K L CHEEBS DRV ETFHENE
T, £ITC, ThOOERLAYRMO, REERTOR
BcEA WS IMNTERWEAShEEZ, T4
EHTEVDE LI,

BU®», CORRGEHEINREORICHIESE T LT EhV
REERAEBIZILNTES D, PLEL EYBOLT,
A 1 EHOR— ZATHBATFIOKEL 0 )IKF7 = ) -8
HE T, SEOHATHIESZEIELTBY T LT,

g vy BROEY, BAOEELZT EEE
ACHRIC B TRV ERST T &8, /M (1978)
KEOHEIN TRV DD, (LA&¥L~LToRO
BicB 2 0HMEEAMRICKVEHATE LR TOF -
SRHERATLR, &5, AIEpOKICEBITZE
BEEBYOAEILBVT, FEIRTOKOERICLD



152 La mer 28, 1990

HEWEENBEA &, FIIHRICB Y 28RO H%
IS TE BB HDEEATL

B %R T 28OS b7 5 v/ — RGN
T vy bR, 7, BEECEEEhT
By, MERtFCB0T, BEEGEYOKEO—DE
LTashTwES, ZEIFLHRICE W CEERERK
DT 587 — 200 HEFANSE &, ZOSTEEH
FAOBANF B3I L, Bbd3E2RVELEL
oo EXIC, ZEINCBWTT 58/ — X 2EERFEEH#
VIOfEL Ll TcE 20 ERL TVWA T LT
DET,

MEBR, &5z, ZEINOBRKCEY 2 BEET 3
JBROERABA AR L OBY, FOHTOESINH
AEEOMEHEA S E, AMICT Y/ BOBESEDT
BZEERVWELE L,

O HOOBALDEENNCBVTHRIES W RiEE
Bkt E 7 3 BROFERERBET S, HIE»WVE
DL IHNT 2B BT, WIOHEARIC—
EOHRMBHOLND I EERWELE LI, LaL, @
O0FRI TR BREGERYSENT 2 ESBEEL,
oM E VMRS 20 ICHES PP -TEFL
too COWMANEBBIcBIAEY TS v 7 r vEOE
M X 2HEEICERT 20 EREL, 7007 00D
&0 BEET /B EBERBRKMY OBIB I TAE
AnrBEHETIEICLELL, 7um 7 400&kD
HESNIAERMEEE LI CLickb, EFEHXo
RFLCEBEEAEEYOSD, TI/ By 50
BRI ORMIIBSORBICE S EEFPRT BT

EERRWELE LI,

EREBALLHEIBVWTR, SYEEDRDICAD
BTOBRYATHIEHALT 20, EHOREEENH
FAZEICBLTRVEVWEEI LR TVWE LR, Lo
L, BY0d 2 BEHEMLETSHIEICXY, a0 4
REBL LT, HER, OLVTRIERUBRLHETSC
EHTE, LRBEHROGEYEEMEECI DNk
B BICXRIT A EMNERRBICEDE L, D
BR, SEIROBcB) 25808 2H oMt
T EMTEE L,

COWEIREE, ZEIicBLT L ERIMNTINT
BoF, o oMORBVWTOBRAMSEENILY
hiE, ABMOBHETEST S ET, OWEHEIHE
WTHBEEZLBZNICOVT, TR, FHAORMH
B0, SBIVBL DT 4 =V FIRBOTER, B
BENBELBEETHVET,

&g, KEICBI AHIERILFEOB S LASAEHEL
T unk, ¥aaAEEREHEVL LET, £,
WRF— <& LTI ORREKREVERNTE S LT
LT RICd ST, BT, e
oA T W-RREL KRS, EeRxri33RIC
DoV LEd, BHIEEFRFE ORI Y.
D75 yREREBTOWREVEA Y F — AEHRERTO
sV LES, BHE, BLAANMOEET
HBEHNT 4 =R, DTS5 v AMEENE, Bo
WRZOHETH Y, PHOT F AL RELTVREEZL
1= LichET, COREEHccoBEABD, %Eicd
BATLRESE, BRHOKFELTL-IFVTT,



La mer 28: 153-162, 1990
Société franco-japonaise d’océanographie, Tokyo

P
¥ =

1. 19904E 3 A28H (K) EFKERZFLENT, ER
2, 3EELRESY (GFBRAKLSRE) OMEMT
biik.

2. 19904£4 A9 H (A) HA&HK T, BIAFEE
BECEBHEIEMBIGEY VRV Y LBTATH
EbEifTbNiz.

3. 19904£5 8 2 H (k) HKERZELCHEWTHER2
EEE 1 ERELSAHEM N, TETBRER TR0
®¥D,

1) W¥R2, 3EEFBREBRFHRELCOVT

2) ¥Rz, 3EELEBERRICONT

) [F7 /74—y 0FEEY VR Y L)
(11. 14~15%F) OHE LT - o

4) vrHRIyL [KERECETSHLVBRNEE
DRE| (BAZMSBKEXHEEEZESEHE
4.1) BHE LI,

5 ®mE

19894Ef 13, La mer 26% 4%, 27%1—2 &4t

ERTT I N, B2EAAHEY Y RYT LT B
V—F 4 VS Rk T5215%3%5 (19899 A
) 1, SHRAcHTOFETD 5.

6) £if
BT E T W T 1989 EE ORI REIME S
o ELBOREESBRMNESRE, BYRMNE
R2E0n5B, MO b, ZLEFESAREOFHEA
12584 THYD, 21%3, 4B5xHFAIhZLETS
LIDIWI0 THOXHERY, ¥5075 HORF
Lixs,

7) SBIEH{LHEEY VRV T ARDNT

4. 19904 5 ASIBHEFKERZEC B\ TER 2 FEF

HEARMIR, TEXBERTREO LR,

1) ER2, IEETREABRENRARE

2) ER2, IEELRBEHERREG

3) k2, 3IFEEEISR, BE EFOIEH

4) ¥k2, 3EEFHABOEMCONT

BECHBECBERINTL - RETRX, BF

E, #EfE, B —S8E, ARBEEREOS
LA FHEREMT AT &R, 2EMDERINE
Hlko (UEFRE - FHBESO » TRAES
)

c =

anl

5) FRTEEEERE
6) FR2EEZSHZTEFRHEIZRARE
7 FREEBRIRERERCEETHE
8) FREEERHERER
9) FER2EENXTHRER
10) SERkIEERLEZHEHEHRZELZERN
11) £ &BOHEIKONWT
12) #B3EBLGEY VR T LKDNT
5. 1990426 A 1 H, BIALMABELCEWTER24E
B H{MEEZSENMRRELVEE I, REE
BEREERZTEO LS,
VA - WA N
£/ (9:30~11:50)
1. W57 BKEERN DRI, 4 VB
........................... EYE ﬁ(“ﬁ}éﬁﬂﬁt A ._)
2. #wRELHS TLAMN2000] CHL MRS
EEOREE Y TIB
Bathymodiolus sp. «:-+++ Ok EE GERAR) -
BA HE@EREer2-)
3. HRAFICET D KBEEESYOEEERCS LR

ZJEF&% ................................. Zi:ﬁﬁa?a(ﬁﬁj(ﬂ)
4, EFEBCBIZHELEHST v/ P VRERD
ZETB e erverenstnsisniniiiiiiinnian oﬁﬁ%% . /J\E i .

749¥—% B. Vv b (KK -
O ER (B EREFE) - EBEHE GEKKR)
5. "ML (VT V) kBT B SS, ZRE, HEY
759 b VREROEE - OFHER RKXK) -
FN7 7y b AHO FLHREEE€)
6. Alexandrium tamarense DHEE & FHE
.................................... OE;{L %(ﬁzkj() .
EHFRE® - REERGERAKE)
7. REOMRICKT HITEIR)! e R EE AR
4% (13:30~14:10)
8. 198%EMIA D 145°E XEKEOBM—ERILOE
ﬁw, [‘9_ ........................... O*ﬁﬂl&?ﬁ . ﬁ w: .
SERREHE - T HKAD - SBIRIEGEKR)
9. BHORYNETOREDTAIONT
.............................. E@mﬁ%(zgki%ﬁﬁ)
6. 19904£6 A 1 H, BILAMAREIE W THILHE
CEBR 2 55F) R&NHEIN, BEOBERTR



154 La mer 28, 1990

DEEY, X
) ERTEEBERE FLEEHRE 1, 649, 254(2, 500, 000)
a) B % B B -EBEER 240, 496( 300, 000)
SEBBRR 2 % =B 713,081( 650, 000)
= x & 2 26,620(  50,000)
T % As B& ] % 2 B = 13,550( 30, 000)
LESE 2 - — 2 FLHRR 71,577(  75,000)
E&H 319 4 12 311 He % 28,313(  36,030)
BHAE 24 1 1 24 REE R HBE 549, 035
P2, SEEFHE, RERERCEY At 3,291, 926(3, 641, 030)
EERI 3) VR2FEEEINERER
NHEL 1 FEES 1A, RS 10, BMFERKS 1HE,
“® & 1M BEALE, vUEYYLRCBRAOMHE
SR RS 10 ZLEORT (41D
BoMmE WOER (5 EKk2) FR 2 EEFLEAIERCERIEFFLHAZR
B % & 2[H BHEIER
ABBEES 1[H BIEBLGEEY VR Y Y ARMER
THAE 23—y /B> 7 & ORR ot
N = e J— e KEHET, TTHILAAE 4) FR2EERITHEEER
WEE ER2EETFHE
BoEBIMGEY VRV LT uY—F 4 v WA
ZOFTF (198949 B La mer 27% 3 5) WEERBE 549, 035/
b) & # ELSEBE4&H#H 1, 866, 000
La mer % 45 (26(4), 27 (1-2), 27(3)) TifF BB 4&ELE 310, 000
FELMR, BRI 2/, BLEEY VRV LE FLEEX LS 250, 000
¥, TOMTAR2I0E (Z05 b, BILGREY E % #H 280, 000
R YT LBRIBIE) EZAEARR 350, 000
0 FR2EEZLAZHEHZBERERE #®OR A 15, 000
2) ERTGEBERIHBERERCETRE Bt 3,620, 035
FRITEENRE X
ERTELAL1HA FLESRIRE 2, 450, 000
X243 H31EE % OH-EER 300, 000
RA # B =B 700, 000
. TEETE x & =R 30, 000
HEEKBS 211,030( 211, 030) & B R 30, 000
E&4HE& %R 1, 514, 000(1, 800, 000) FLHRR 75, 000
BHLELE 310, 000( 350, 000) 3 ® 35,035
Foigsetks 292,900( 250, 000) W 3,620,035
5 & % 220,000( 320, 000)
E5 A EAIR % 386,619( 350, 000) 5 HE2ROERICONT
% W A 357,377( 360, 000) LERREBVAELRALOERSKOWTIDORE

BoRbhic, BREEATSRNOLZRLRATIRE
it 3,291, 926(3, 641, 030) RERCIBTLLL




2 & B = 155

6) Tofth
a) &ENOAEBEM~OBHEERD - o
b) 4ERBIUCHEABISENDLS 3 EALEEY Y
AU L (19147 5 v R) OEBREOBE B
X CLB~DWGIHIENRD - Jzo
Bl&f\\ T, HERERLE~NOFLEBH LRHE
TN (EREAHESR) 3fibhi. ¥,
BLuAECHIN, BLEIKET L.

K 4%: BAEER ERSFIAE)

R B AoRcksd sBEERYOEEETHH

3F

HEREE: BAEEELTOTLE LEMESBRRXRK
hoF#Y, BAERCRBRTHRORKIHL T 2
JBOSITEETH D, R DIBETAHELHIRL
LYEE CRIE AR M ED, £ 0REXEA
HoMEcRE L TE k.

S, BILBEELSEOZEBHONRET - HR
i, & 0HbIEORCKT 2BEEERYOFEEICEET S
RETH B WKLEBRBBETAERCE TR
TREAEME DR, TOFRHEVEOEE KL
REEYEZ, BEWERLE X VETFRYEORS -
BBRE L LTHEN S, OO ORI ST 2 Y
Hiexds s o h b e BET 3 BRRCERCOEFNVE
BERSERLAONTETVWEY, HESHRYCET S
TE - FEHIRDT. TN, HEELOPIRER
HEEHIET %,

EABERKERED, H¥RAZu=t 057 4 RO
EEBEE I o= 777 4 —AWTESEF O Ss
WK TFHROT 1/ BRI R AL OERIT &
BRIV, BRTLIFBYOBNC L DR FOR
BB E VL RFEEECRELBVODB Z LR
SYPLSAMTELRC LTV, Hib, 731/ BREERN
BWREYHIZ, KBEOBERA 4+ VY EEOE/ BB
RiS$57kd, HYDEWT RO LR T3 HLhic
B - HETHS, RAKtBEROBNREYEIZ, B
THNC b EELIDICEBERIIEHE LKL, HY
HEVWI D THE CEENSBEOMNT 2L LI
LT3, IbIke, RA(IGEHERTIHREED—DT
577/ —ABEBEBRUORWEEL L
FHL, WOREET S ERY % ERab#F3hT
BHES LBRECEEINLENCHBEL, BHRBERY
BT AFEERIL TV,

HOELRETE - AT OBRERKLGPT 3
/BOBMED T A RHORRE, SR%OBIEHR

PRI N D IR EFHFRIRARELTT > T3,

h b oRBr R 2HBRYE OFEE ORI~
ABRARY > TERLZDDTCHY, TORERELF
fidh, BOWEFOESCERT S LIABEETD
B0 Lo TAZESREABL L HLBERLEORE
BEEL LCHEET 5,

FOEZEREEHELZES
ZER & & ¥ &
F B B X

1979: ZEE)IKF OBFE YRR OREREL, Ko
B, 20: 407-409. (LIFEX, RERE, /NEMT
EHE)

1979: BB T 2 BEEETHRYOFHE(L, BekPHE
40: 185-190 (BB, EABWALELE)

1980: Determination of dissolved c#rbohydrates in
natural water by gas-liquid chromatography. J.
Chromatogr., 194: 224-227.

1980: Vertical distribution of monosaccharides in lake
water. Hydrobiologia, 70: 165-169. (with T. HAN-
YA)

1980: Chemical composition of labile fraction in DOM.
Hydrobiologia, 71: 95-97.(with T. NAKAJIMA and
T. HANYA)

1980: Changes in monosaccharide composition in the
course of decomposition of dissolved carbohydrates
in lake water. Arch. Hydrobiol., 90: 257-264.
(with T. HANYA)

1981: Seasonal variations of dissolved organic cons-
tituents in Lake Nakanuma during March and
November 1979. Verh. Internat. Verein. Limnol.,
21: 682-687.(with T. UK1iyA)

1983: SEJIAKFOBEFET I /B KLEEN, 24:
297-301. (% M, KRZHE L HE)

1983: Les glucides dissous en poids moleculaire elve
dans ’eau du Golfe de Sagami. La mer, 21: 7-
10 (with A. SUZUKI and T. HANYA)

1986: FEE)I| THtiRicis O 57 I / BRg{b&d. KOE
g, 27: 297-831 (FHIR Rl X £3)

1987: ZE)ITHRICET 50 ABBERBONH. B
KFEHERE, 48: 187-194 (FKEFRE, MR W, &4
Rz s L HEFE)

1988: Distribution of neutral sugar and neutral sugar

decomposing bacteria in small stream water. Arch.
Hydrobiol., 113: 179-187 (with T. NAKAJIMA)



156 La mer 28, 1990

1988: Behavior of particulate carbohydrates and amino
acids in estuary of .the Tama River. Marine Che-
mistry, 25: 265-278. (with M. OGINO, K. SASAKI
and T. OKAZWA)

1989: Comportement des glucides et acides aminés
particulaires dans l’estuaire de la Riviére Tama.
La mer, 27: 25-33 (with M. OGINO, K. SASAKI
and T. OKAZAWA)

1990: Distribution of organic matter and bacteria in
river water. Verh. Internat. Verein. Limnol., in
press. (with T. NAKAJIMA)

1990: Effect of water quality on the waterscape of
Tamagawa. Jpn. J. Limnol., in press,

7. 19904 6 H26H (&) WIERAERFIC I\ TFER2
EEF2HBELNE L, FEABREITROL
B,

1) 6A13H (K) HeEBILZENY v R Yy AKEE
35 BIASEIRERER & Hr I,

2) La mer 27% 4 S 350HB CEHL FlIfT a3 N B,

3)  1990FEREHAERTE KX AL 30FEFLSHEHEITON
T

4) HIEBILEEY Y RY Y ARRDNT

8. 19904£9 H20H (K) HFKERFEICIWTFER 2
EEBIMBRELBHI N, TEAHEITIOL
¥,

D EXRBEFRBEoZESBHRECHEY, TR M
KRER2, SEEFHECRY FTFBNRT 5403,
HBRELOEBIE BN,

2) BAENRESBECES S ERHEHKOBFEHE
K2onWTid, 9A1IEBMAD T, BEINLBDHEA
BB - 720 .

3) TIVITINL Ty I T T —TD [ELHE]
R4 (1990.10. 3~8) ~\ La mer 27 %4 E%H
BiaTééli

4) HAERELBNDRELDD - HEEREHEEE
LOROEERFHEBAOEICET 5 ERERC>
Wk, [HBRGEYS: (5 48), AR - RELCHY
(B4, KEFE B6H) £1AUAN] 75, W
IR TKEE (B6H) 1ALN] otkErHE
THELREZTHZ L E LR, TheonwTid, 4
%, £BOBR, FEOEHNEEEL O HE
BROBMERZEZ (BT LL Lk,

5) #EBEABEFLZES?D, EMEAE (KF) &
OHlEEHCONTOBWIMKERD > Tz ED LD

AETCHHETEZ LR BONRHALM TRV
B, BEREWAAEERZLTDT, L0HLT
BRTzEE L
6) #EBRABATRZA L RHEERINERNEESS

LEEHOZRRCET O T, BRoXfE

BHEERD -2 DDA T, BBbodbse

BHEH0WIEAEBRERZIOMEL AR T L

&l

7) TRIAOKME, BESE (KE) konTERREL

oo

a) BLEHRERPIERFEERS (10.16 EE#®
w—)  (HE)

b) 3 MEREEKEEMRLE KB
RIES) (11.2~3 4t5) (HE)

c) LB¥HEFELE (Recruifment and Larval Bio-
logy of Marine Animals) 11.10~19 7 5 > A
RFEXRH, 1I3B~UBB{LLHBETY VRY I LTE
T7 5 VAR EREZTTDTNB 5, FEMILE
ETHB,

8) HIMMBILEEY VRV Y LKLDNT
9) AIFEFERSTHICONT
9. 19904£10H11H (R) HFEKEKRFK I TAI30
FERSERESIEM NI,
[ BILKERRIEC KD 5 £ BEMEO R
vv— Figt (LBHREFLLRE, 77 VAETHR
Ly )
10, HEEEYRH
EAN
WREBER Y 2 vy (KEFF), No. 1.
EE BL%4%, Nos. 108, 106, 110.
EoULE (HEEREEHi+ > % —), Nos. 105, 106,

107, 108.

KEFFRHRBRHERE LR T HEE v 4 —,
KEEBTFERT), B15.

NTT R&D (BEXRHEEHS), Vol. 39, Nos. 2-9.
WG (BEEETES), Vol 21, Nos.

1, 2.

HAMBFRERE (HEMEFES), §825.
IEERFEMEEETCE, $28%, 1, 258
i (HABHEFS), 103, 1045,

RESTEC (Y &—1t * vy v iEiivwr5-—), 24,

25%.

Bull. Nat. Sci. Mus. (B3xzBSE488), Vol. 15,

Nos. 3, 4; Vol. 16, Nos. 1, 2.



¥ 4& T = 157

B R EEER, No. 22,

BAT T Vo b V¥AH, H6LB2E; WL, B
1E.

LBIW (KELERER), No. 6.

JODC =.~A (HAWET—~4 + » #4—), Nos.
40, 41.

HWER= 2 — 2 (BHEEENESL), No. 17.

B EREHRE (HEEERSRR), 4B,

RERFHERERL THRERFFTRE (B AHEX KT
B18E,

BAZNSHL LD, No. 17.

W) B SYETERE, 195,

BETFHEARAREER (BHRAESBETERE
BT, 634EEE.

MFREARERER, ¥ 209 5.

B AR KEEFRFFTEHE, 8405,
HAZNSBHM, #W/31%, £5, 7, 95

fRptEE (AARGIEERT), 58378, 379 5.

BEEHcrI2M)KoaB L HUERX (RBREEE
#BFFRED, No. 89.

HIERKEN R FEHRE, 8525,

BARTEOREE S BARTEREYE), B145.

BEETTIEYRERRE, $375.

HHRERE (RlRFEHETT), $305.

KETEREFRHEHRE, #1115,

KEETER R, $125.

BETEHATRE, $295.

BETERRTER, No. L

HERERE B (BAEET ~2 £ 2-), 1990,
3A.

B REHEMN (WERAER), 35, 36.

MR R E R (R EMKSL), Vol 21,No. 3.

HEEERREE (RERFLEETINBHEEE
Hiz%), No. 28.
EAEERE—R (BAEET -4t 4~), No.
22.

BETEHIEN=1—X%, No. 3.

REIFRFH RS, No. 17.

R = 2 ~ A (EREFFEA), No. 19.

Bull. Mar. Sci. Fish. Kochi Univ. (BHIK2HEES
YBER £ —), No. 11.

TEEKERRETRRE, $£485.

SE

BEBEFLSE, H20%, $45; $25%, 1,25,

American Museum Novitates, Nos. 2926, 2950.
2651, 2953.

KEEFEH (HEKEFES), Vol. 13, No. 4.

MEER (TERFERRENE). Vol. 35, Nos. 6-16.

Annales de I'Institut Océanographique, Tome 65,
f. 2.

KEFH (FEKEFES), Vol 14, No. 1.

HEBEREEH, Vol. 20, Nos. 1, 2.

Aquatic Living Resources, Vol. 3, No. 2.

Harvard University Library, 1988-1989.

BILEF¥REE - FTHA
(1990~1991 ££5)

B M ax~nreTovz Yy FUHt
SrwleaR— TULIVRAFFVF
—~ RN)F—=eTFVT IV
P—=Ya BAR—eH L= Ty Je
vd— VFY Ty FAANY L F—
FaREY NI

ZERE IN—N e BHLT 4

& R AEUB

B & B BAME BEEH

B B (ER ZEH SRR (&) RE
B, mE IE; (0 EERE, BRER
(Br7E) BE XX, /hiagik; (R#) Lo
R, BO¥E—

B = AREH B dHEEX

BRERR NEFER

oM A HLUEHE NBKSE, AR fEHE
A% B, FHF K, KFE—E REEH,
FIERSLED, R _ES, SRB— HaHE
&k, EAFH, ARBE BAREE,
Nk, MRET, EARNE, REATAR
KA B, FRKEE EHTE, EREER,
B X, BN, mANE, BREX,
BEE=, B E, BRELE, TR M,
#O JE, LHER, FARE, BHERY,
HREA, kH B, RAHZ, EHR &
BABA, M =2, FHET, B8R
REERX, BE 15, LS, UXE=,
=M, NBEM RERRX, 0 O
ihfESR, B B, BOF—

(28] FRIFEFLUZIHBEERBERLEE
HAZES, FEMA=R, B M, HE K
EAER, #aWE AFE= i M,
#O JA, PHEA, BERA BE B,
NEFIERS, 8 @HE, WAER



158 La mer 28, 1990

HAXZie@EL LY

No.17

" piu R B — Ay P 5] B 13 [ 9 2511 (TGBP)
DEJEIZ DT (#EE) 1 2 RN

FR2458 BAEFMESBLBEES

BAFMEHE, 524 HABE, L2208 £ TH 109 AR LML 2 L2, 4ENBRERLETL ) TR, TORET
RS nEEE PO, ARQOBENETFICOVWTBMLSELET,

BAEHRIMBIOOBEEE

HAFM WS 100 MRS (F14W - H5E) i3, 4 A
18~20B 7 3 HERHE S L7z,

BEBE 1 BHOFHIPICIE, SR HOEBHYE, &5

FHEHOBEICHKE, #E, MBS0 2REOREHI LS
nrz, THLDEHEIEOWTIE, REFRDOEBLETNE
ErEo kT, F2HHOFHRICRRENL, 4k, #
LB HDITHOFFFICIZ, HEATRLHVHEEIN, b
DRGEDOTFT RO KB, HBfTbi, /7, $£20H
DFHKICIE, HBFEDY, F3IHBOFRHPICREEESR
Hed, FRICBERIERSEFNHBEENL, &
B, £2HHRSIKEL, REEEGMOzZHIZHN
7219904 (F6E) FAEBESEELLOBATL EN,
TH2EBDHFRH LB ThILE,

SEME T, kK0S, HAREIRIRE e,
Otk B — = 8 EBE % R 785 B (IGBP) &Rl Dw
T (#%) (CofEnEMmIz, JEsm)

ZDIGBPIZ DWW, LEi» L & ER BRI &HPHE
BT 552, WREKERSE TRIHYRKIT 51T E 2295
ZOE, INLDREERLEEZ T, ARISE L KR
BT R BELN IGBP AR L L L 4 » TSHE
NEEREBMN ZLHLLNTH S,

o, FEFHELICHBREBAEICRERXRN,
BIREFF I an,

@ AFHIES) & oERIRBEIC BT 24501 R B S — ARIEE)

EHERBURIC W T (S oS 0F#MIL, FIBBE)

I, ARES) & MRS AR RR & BB
FI63EI0H DR ELUKIT» TERFROBF L PRIHE &
LT EEH22Lnizo2nwT, MRICRETI LXK
L2V THD, ToWFcETIEENERICIE, ARME
Bew) BENER, ERERSLEENRERMEE LD
B, BUIHHOMEFITE2ICo0T, BRAHEGE
HhY, Fh, XRNMEEEZRDH 2 Z{HFRIMEND
=, BLLREIIThILL,

Tz, BeFE2 BEBNFREICIE, BT 7)) HafERE
HDRAICHR I BRAYBENDABFHEZ LD CHHERDP LD
MEIZ DWW CEETbN, "TH¥EENARTRNEZF
KREL, FMENRE» >EHMWLBRIZECERNE
Raaxbnie,

LB, H2HEFRICIE, "EROBEBL~ORNIE W
IF T, ERLHHEARSTHONL (ZnaBiED
HALZ, PEER),

I — 4 Y EEE IR R R RE (1GBP)
DREIZHOWVT (f1%)

(H&A)

ERRefiEAa#%k (ICSU) i3, 198341 BnBITER L
b, ERSRIMY - Rk EEES (IUGG) NHREND
- 2 R — L B E PR E %5 ( International
Geosphere-Biosphere Programme, B&#IGBP) 22\ <T
BEt 2 A, 1986~ THMNES T, ZoiE%
19904E 4 5 104EFIERRtH hic S D EH/iT 2 Z & 2ELR,
KA EOHEEIZERNALROERED H M EHENE
HCBMLTETEY, ZoEBRNIBELCRIEORRE
HEHBMY 5 L3, ZOERBEFRHE > FOREM
DA BBEEIBHOTREVEEZ LS, LT,
ECRFIZ Z D ERO» DERNEBLE IR ER L DS, ]
HEIC BT 2 IGBPHRENEMIC B, HROHE, B
XiG, MEENVERKL & NEHEHIESICTFHET £
BrELLNW,

(5g) [Eg]

Eg¥AiEA <% (ICSU) 11, ERBRMEELLT, b
IREAL 2 BT 2 WEAY - (bR - e LB %
DFEfERA 2T 50 FMMBEEEL, THEkE—
S B ER R HE (IGBP) 2 £/t 2706, Rit:
ToTE7:, BAENHEEIIMFET 2EBREELICEH
LiEmic z 0@l 2 R L TE 7,

IGBP? H#IZ £33k % K& T 2 HpBAY - (LERY - Y
WAL T OMEEREZRHTIZLICE ST, BFEdL
LB, REICWADZTOEMEEABL T2k
BomBEL T, &5 ABE# L 2EiconwT
fREL, SR, EETLZLTHD,

RAEIC BT 2 ERFHEIZ, ERSLHEERL 2D,
RO THEHREZEL 2,

FRER L | RARBRS DL RO EWE & ik,
HRFS 2 | BRI BIT 2 WRERE EWERE,

BRI 3 | BB EEYBE~DRRELOHE,
MEHEE 4 RRE - kE - BELEMEOMEER LS
BLAREREREETY 7,

MERRS - REEkNE=F YT
RFIA6 | RBINEE,
FRFUR 7 ¢ HERTREE & ARMEBOMEER,

A EIZ19904% 5 104E B Thb, HEZEENE
Y RA—=2T TR, BERKEERE, BRICHICESLY S
WTOHREZERT S, 7, MROICHET D0, MR
PRATF LD bIBOERGRTE L LIBRNT S,



¥ 4& B = 159

AMER) & MR CAT 3 RNBREHAE
—AMGERD & RIS OVT (BE)

ABERE T d ) ERBCOWTR, ¥ ox
o—eB LR EBENTE L, BOREICEY), TELSPH
HEh RV ERE CREL, £oOWERRBICEYEST,
BB THEAT L, BRSO BE L EA RN TE R,
iz, TRHLRERREAKOREMRICERT 5 ki
Bl MEthid, b &2 ¥ ORIEIRNTY
3, FLTCEXOEFEREDIRT, AL L TG, #EE
72IMEEL 5 2 BN EENRRAEEBL T3 E I AICH
Brbb,

IR O REE LR EOERN 7o 2 7L T
T3 rk B — A 4 B E IR G B 78 it (IGBP) s 6 ), 4
LEBATERS WL FED MHERE{LD ABCK TR HE
(i#:) (HDGCP)) »*'H 5,

BB % Wi T 272 0i0id, ARIEE) &R E—2 0
RELTELR, BT AWEABRC ALY B
NERMTBICETE, HEXEBERML, FLVERE
HAPKERRLBET 2., 22Tk, RANTTFREH
PHRETL 7RI L AETOLEYHD, TNE L
HLuL2 L ENMATREZEET it WEED
KK, HEKROREH, £EHHRERNERILETDH
%,

8440 A EER—$FOERL~OHE

A OHMBRSHNITEN—RTH 5 HlIETRY, #2218
B4 BI9BOFH% 1 Bh 5 SERMIC b VB S Lz,
SENEEL, TFHOEBIANTIE, THoT

HEHH®IE, KAESHSENRENLE, ILHICHE
Gitgger LT, ONERE 2HLEL L NERNOERILA
O E—EAFENEE, 22w T, QEYINIXE 4 H2A
b IR BT 5 EENE—BEOBE, 22w T O
MANE—EE 5 Ee B o THAREMLEH & B M1,
l2onT, FNFNERNRRILINT,

BT, SEMTHEERIC L) ERLFHEIITON
7298, FOBBXLNBEROELLOEHE L L THE
T2k, TAESEKNEMEMNLR - BHhEZCLHHE
AEHSHROMEMT, &ML, THICRRIE LEY H O
RE, FYENSANME, (222 3lFRNHEH - F
EAOWBNTEY Ha, THEFEHEHASMAL T2 £E
B i BAAN O RGOS 152 BLIK L B Sy, THLVE
i S EAD BAEHLENB ALY Fi, THERFEH
SH 0 ERR AL 1 - by FThoT,

RETYHEERIASEE—EEIR0
#FRECHIT (BE)

EAEEME L (AL A EATORREHEECL, =
DERBROFREZEDTT T L LRIBEHTTR2ICBITS
HEHE CEREND )V HERNTIDICEELERS
Y5,

43T, RETHIIEEORHE, HERUREKORR
BicbnwT, F0k#E2R2L, BAGRORRICAK
LTa, EXICHARGoREEEER M EICRLZ
RETHEOREIL AT BWTECEHIN TS
ZAHTHb,

BETYORRLIEHOMRER, ZTOEENLHELS
Y, EICHIFLLIYE . HiliEEE L TIEEEREDI

BABINT WY, BET¥0BRRILWEEEEH
LTWBNT, 4z HEPLERCT 2B LB
BERLFE s sivny,

A&, ZnLILEROTIC, SETEFNRESE
Bz B8mMLTWB 43 &nREEINLE7—-%2 T
N—TOHBADTI, FELEOEE L EMNKREER
L, #OHREREND NV H LS BRORMEERLLLD
Th5,

EMHEEHEERERERE —S9WE
2oH L VWHRGESICOVWT (BE)

ARl o) S5 A R B o)t T SR | AR ) A
= XL WEENICENL, EPRELSKROERETEY
CBEMELT, BKORBELTEL, SHREMBRRD
HANBREDESTOALLT, AT 7 /0—0k
BrH B, EWPWEHENEMIZITETREY,

ZNLILRROT T, EWYBEN—FORRERD
21z, UTon L) bl Wifkhkils o< 22 e »HE
Lv,

B TR R PR AMICTFR ZHET RESFHEL
T, (A)STHereshr (B) Mm@ (C)BKInmmiT
NES%EY EIFE, FNFNOFEICEA L 73BT
EB (R —) 255, Fho EEICEHRL,
—ODHEEBEEFES, SISO I RN ELH
FLTHLWABOMERKN L AT LKL 5. LT
193k - KBS EREMREOTREABMAEEL —RE L
BIEEHET,

BARFHSMEISHERRED-HDOREN
HERGNERICOWVT

B, BAERLRALERBERL TR, FFMHFRE
b, BISHSEERNHOERERSHE~NTRE
BHENSHEFTL>TVET, 20 TBE&E, Ik, HHED
BEITILENHY, BT, BIGWIC BT 2 BHEN
MEFKL SIS BB NN BRERFERKRE &
zoicit, WHTHEISHD THE, HUETT,

oo TES, B#EPITO o, TENRRIC L BT
W AT RS, £, ER2F6 A308 (£) 2T
CHAERNSBO BB TESICHET A L ICRETS
PDEXHNET,

T e R B SRR HS, 13, IO EAKYD
N 20T, BEFHESBESRAEBEETESICHRL KX
B, ERTRTLET,

BRAROTITEA

AAEMSRELABBEHRENEHEBLICHES N
KoB¥EREFATEINELL,

@ HENE No.6 "HRHEEEIEEZH,)

@ H¥EWE No.9 MAMNPA D LMEEID

[Seffi] migEe b, 1,000 (HTRBLAA)
PSR L (W) BAEMH M (T106 R
EFRET3-24-20, RHEREKT L ¥~ LN, Bik03-
403-9788)

WER-BHuabeErbN LS, T
THFHFB(ALE 0,
106 HRHEREAAAKRT-22-34

BAEHEHLHEERS ERE03(403)6291




160 La mer 28, 1990

AARZMRE/ L) Nl8

FISH HAZMRBEBEORNTHEHZ D

TR 248 A HEEMSBMLIBERS

HAFMEHTIE, B, SHLH2HETILOOFRENEH LN TV ET ., SEOBFFHRWAL Y T,
%@%ﬁ?ﬂﬁﬁakmzf, FEEICHMS LA REERERSBRFIIOVT, BAbRvLLET,

ZHHARENSBSBDBERIZOWT SEBHFHzCETIIA—-Fv—F)
BASHLHTIE, B, BISMER (EH: FRIE [ swmzme |
7 H22H A5 34R) 2BETILONFRREIEDSHIL -
T3, BE (SRENERR)
Selly, BOOFHELLT, 6HKEEHOUMBIE, &
SRR & OB REHOEHIF b, S ERH [ zaswmxmae |
DH - rFAkEIZ, M2RRTH -7,
S4Bl E R E TN D FME L ZOHBOBRIIKD & L BTk
H5)ThHD, EREOHRE
(&R
(R 2 48 " "
© 9 H Efijerreeeee BEHEARROBM =8 e
B e BB ERS () 20w T i
o [ TR
< 11H30H & T BB EEERE 2 0iEE THORE
<120 Ehereeneeeens SEHOBHEORER B AN (ZREMEER)
ALY
G 3 ) xuRi2m
- 1 H31E T2 HOBHME R MO Y FRELTERT ~a %
. 2 H20H T HIBA (FREEED) ORMOH 2ONERE - 2R
- . BAYWEM LR
- 3 H20H & TS HOBRMENRIENEES0MAT
NEY: R XIS S AL S TR 25 0 1 B % [ mmeaxs |
- 4 H20H & T REE R B0 B llc T A B -
5 : ER
< 5 ety o s
6 A% T HIBASH (2ZEAUHKOSH L WISHE ST HamRER
L CHE TR E &% 5u%)
o 6 HHrheeeesesenne BASM &% 2 L TARBRRK ¥ EEIN-MEARERERRICL YED
BEAHERS S NSRBI L IFbhD (FRED
o T H22H cererereeess 150 H A MEH L H A (2) 2B,
(i) BURF7GIM R E S | T ERIARs Z 0B ET ()T 5,
BB Fi E BBET A i RS L L T, BB R, T 03 & AL R BE A A
R M2 R B e, BT R Rliis R E HFHEZ L) RO S RMENfRT LIz, &1
SO BEH B L B3, HREMEMERIL, BEEWN DB R HEBAZBITHS D Lich 5,

HREGOERZECHARRLEERSEHEE



F &

ERSE(NE)ERFERERSE

KO, EMBELK, FMBRERSE L BIREN
R L LR M L T 7%, PR3 (19914F) Bl
i, KO 6 BBRLHLBUTLI LA, 6 A19BnMET

THEnz (7 v MU, HEBRSHROBIMLIE & Rfin)

@521 [EG B ERE L
(FR 34 8 A22H ~29H, HHE)
HMEEK | BEARERBEESN 42
QESERYE » AT Y 2 (HI6MEREREATS
&% - 89 HERESYHSE)
(ER 347 H7H~128, REH)
HAEER D () BT L - [ —ah 1 %4
QEFHIE - 5 LFE A 1991 B S ikl 28
(X348 H25H ~31H, F3H)
SRR ¢ (1) BASH{bES
QEREER T2V —2a3 v &Y — 3y I¥SlRS
(FR 347 A158~196, W)
MK BAS I2v—2 2> &7 — 32 %4
S—BHNERICBETAE 6 HEle— kN T 02 £
(FRE 34 6 H23H~29H, HEH)
FMER  (d) B AR S
@220 E B TE &3
(TER 345 8 H22H ~29H, EEH)
HLEFA . BAEWTEIYS

£ 4RE - BT R LR
BHEICOVWT(EE)

(LR 245 Ho5H, Hrs5EREERLKD)

FHBMA—TE & b AD B BT R TR SR
DEMBERIIC An Tz, 20 & 5 AT O NEE 2 B,
BEROFEHAHENHICIE, WESE, HFiEOBHIZY
LY, MBI OB L AT RTH S,
BAE DS MRS 2 1L F TR IR 7o HBY
FRLELTREBLTELDOTH DD, FORREKERR
SEDKBFHECBWTHIER SN, SLICREBELILS
~ETHD, BREHLES, LIS TREFICBITLHN
FERNHEMIC OV RMFOBEICET 2 H A5
- (ERTCELLITHBSBE) BT, KFHLEY
FFRF RSB OB OB LR MOMENE, HEEOMELTH
DLEREHEHLC, B 4E3, SEOBEEMT X
Sl n B R UL A B ZnEELBEMTH B
B, BB, HEY, EDESSHRIKERS
FREL) BEERLEMERI CORANICD EDWTH
BEEENITLDLLNTH S,

IEEHREREESHRE - KBTI 3HE
i(ﬁgiﬁé)ﬁtzm%iﬁﬁimz&—x zouwT

(¥R 2% 5 A258  $H755EME HFHLKE)
RHYEICB TS, ERHFEORMAINEN LS, K
FENWRRENUBIIR OB YBEINTITH S,
BAZATSRCEMTHERE SndRIc L5 &, Khe
BlokFioB1T 3t BROFFNMAEERE N A_— 2
EMEE—ALID L 28, ko k$PEL T 24
D1HLINNDLIDESISHET,;, KBRAEPLEWMLENS
HEEREYEICANG L, KEWICRIFTN1ILL 45

)

£ B 161
DINDAR—=ZALDLVWEENRRETH S,

HHO R RS LB & 2 RT3 2o,
KEZENHRERNAR— R ZIHFMICHET 5 Lt
CLETHY, BLELVBAOEMEENT 5 LB
H5b,

BAZNSEIEANRESHEOSMLE

REH T, ARV, KD 2 >DOLHBIHS Bl
LT, BRI SR OEESEBHCLET,

1 AMBES TSERWCHRER

@B B¥ IR 2 SE10A 13 HDI3EE305 ~ 178
& B URBEBEHETEEEY F—KREk—N
(SRR MBS AL AT+ 26 F )
OEBLHMRE
QT El bt & & FR B
B HEE (HB7HSH, WIUBERKERE)
QTN R TG & &R
EH W (R2iieH, BuResif)
@ HRIR I & A ] 0 o B e i
N B (B 3ESH, ERAREHR)

I AMERS 'ARRTALF—CHBREHCHTIRE

OB B L 24E10A30HMK 13k ~ 178
0% 5 AAEliosEs
(HEHPEE A AA 7 —22—-34)
(T8 TFREBL JARKER T S 15
ORIE L WHE
(OWNLFS:
KE BT (B4R, FRBEAFER)
Oz A N X—&ik
HH FHE (B5HKE,
@ 2L X — & KR,
IR % (B 3LH,
@ R X — LCOATH
LrmHsE (55 HaH,
* liEse b, ABERTT,
(R & be]
BN SHETSRELR TARBHSTR,
WEE 03-403-6291 M 227, 228

HERNEORITRA

B ¥ A SRS I ERAHBH SO E R
ICHE SR BERBEIHTINE L,
« BEHE No.7 THRERIRIRRIME,
« BSWHE N8 TARIRMIRE L bITEESA DMy
g e b, Efi1.000 (IWREBLA, b210M)
(R & bsE]
(%) Bédsmin R (WS 03-403-9783)
T106 B HERIE X B AR 3-24-20,
LHEEHEL F—E LA

RECRFHIE)
LIERFHIR)

P RFHIR)

HEH - BEWabeErb Y ELs, Ttk

THHFE &Y,

T106 WEREBHREARKT —22—34
HAZMSHREMEES iH03(403)6291




162

E B £« &R

B R I ¥E & X & &
B X & B OB
F 0 ¥

BR&t AEHZBE A B OE
FR&M X W R B R &
W L B OB B R & #
@ LY RENRR
BrXaw Il & & B
ZTERBERARERN &4
BRSE BA - BFRREFRH
B R % # X & #
FHARISGBEXRIN & &
SHARLEREERAELS
BXat ® i E
BERXaH B R OB B
R &M ERAREM Y £ —
HBRAe BE7—-X 3~}
7 == 3 i = W N A -

BXR77275 v 8R4

BRa B ERBMRR
N AR E—

= & 5
BRRXad ARXELEEHR
BIBRMIE BXa&#

BRAad BHHRERRER

EEHBTRAXEERA 1-1-2 =Hrear

HRA LR RET 9-2
HEAMBXHBE 2-15-6
HEEAXRE ALK 3-34-3
Er#fEEXEA 1-7-10
HRHTE S BRI PAHERE 3-1-5

HESBTFRERAGE 1-18-12 LR

HRAAHX KBERHE 2-31-8
REATREXMHE 1-16-8
BORTTRXAER 1-1, 3-401
BT FFHET 1079
HRHSHEAXE/ 3-14-5
FHEARIIXAEE 4-3-18
HEBMARE LY 6-7-22
BETBRRBRPR 2-2-20
BERII DT 487 H 6906-10
HRHBRIRES) 4-10-21
RIGREHATTHITET 283
MEJREARTEA 2229-4
AR A ER B2 5 1-3-22

HEPHRRNE L E 3-3-5 1LdLEETL BEAHE

HRE PR EE 1-8-14
FRIE R HE T F A 230
EREXHAREE 1-7-17



A7 NSRRI 55 =

Underwater Sliding Vehicle System (USV)
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Towing Vessel/ " -

Faired Cable

Electrode

Inductive Couplling
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Hydrodynamic Depressor
The USV system
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SPECFICATIONS (BERPRM L 2 -y SEH S HRHMEE L 1.)

Towing Speed :0~8knots

Operation Dapth:Max.400m Holizontal Distance(m)
100 200 300 400 500 600 00 800 900 1000
Tow Cable 8mm hydrodynamically fared stainless steel o et L e
wire rope with polyurethane coating

Sensor Range Accuracy 50

Conductivity 20~70ms +0.05ms T

Temperatune —2~35C +0.05C E

Depth 0~400dbar 0.5%FS &
Data Transport :Inductive Coupling Data Communication System w50
Sempling Rate  :5Stimes per second
Sensor Battery :50hours 50
Life Trajectory of the USV
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