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Distribution of low saline water near
the mouth of Tokyo Bay

1 Wayan NURJAYA", Yujiro KITADE ",
Masaji MATSUYAMA® and Sachio MATSUI®

Abstract : Detailed CTD measurements were made in two lines in Sagami Bay to investigate a
behavior of low saline water flowed out from Tokyo Bay near the bay mouth in May, Septem-
ber and November 1997. The low saline and high turbidity water were found near the tip of
Miura Peninsula in Sagami Bay in all three observations. The low saline water distributed
along the southern coast of the peninsula, and extended toward the center of Sagami Bay. Then
the area occupied by the low saline water at the southern observation line was smaller than at
the western one. ADCP measurements made in November 1997 shows the existence of the
northwestward current in the southern line and west-northwestward current in the western
line. The distribution of the low saline water flowed out from Tokyo Bay is strongly affected
by the external force, i. e, the current circulation in Sagami Bay.

Key words : Tokyo Bay, Low saline water (LSW), Density current, Sagami Bay, Intrusion, CTD

measurement, ADCP measurement, Internal radius of deformation

1. Introduction

Low saline water (LSW) discharged from
rivers is usually found in coastal zone of
world’s ocean and leads to formation of sharp
density gradient, i.e., density front. Its beha-
vior is often affected by external forcing, ie.,
wind effect, ambient flow, bottom and coastal
topography, and inflow properties. Existence
of the buoyant’s sources along the coastline
represents one of the principle forcing mecha-
nisms for coastal and shelf currents
(Yankovsky and CAHAPMAN, 1997). When the
width of LSW is equal to or larger than the in-
ternal radius of deformation in the coastal re-
gion, LSW has a characteristic of density
current in the rotating fluid without external
forces, that is, moving right on the coast in the
northern hemisphere (e.g., GRIFFITHS, 1986).
This characteristic is usually observed in
coastal water in the world.

Tokyo Bay is a semi-enclosed bay with lots
of river discharges. LSW discharged from

* Department of Ocean Sciences, Tokyo Univer-
sity of Fisheries, 4-5-7, Konan, Minato-ku,
Tokyo 108-8477

Tokyo Bay is expected to flow out through the
bay mouth into Sagami Bay to have a charac-
teristic of density current in a rotating fluid.
Unok! and Kisuino (1977) reported from the
long-term mean data that the low salinity and
low transparency water distributes along the
western coast of Tokyo Bay. MATSUIKE et al.
(1986) also observed the high turbidity waters
concentrated along Miura Peninsula, i. e., at the
western side of the bay. But, the discharged
water from the western side of the bay mouth
is not clarified by the observation in detail.
Both studies of field observation and numerical
modeling are required to understand the be-
havior of LSW discharged from Tokyo Bay.

The present study was firstly focussed on
the distribution of LSW in the vicinity of
Miura Peninsula, i.e., western sides of the bay’s
entrance. The main purpose of this study is to
obtain spatial and temporal scales of LSW dis-
tribution as a guide to build a gravity current
model.

2. Observations
Figure 1 shows bottom topography of Tokyo
and Sagami Bays, and the two observation
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Fig. 1. Location of study area and bottom topography of Tokyo and Sagami Bays. A and B are
CTD observation lines. Bottom contours are in meters.

lines (Line A and Line B) and each observa-
tional position. Each line consists of six sta-
tions. Line A faces to the south of the tip of
Miura Peninsula in Sagami Bay, while Line B
faces to the west. The distance between station
and station is 1 miles (about 1.85 km) to 1.5
miles (about 2.8 km) and the nearest station to
the coast is 0.9 km from shoreline in Line A and
1.2 km in Line B. The observations were made
by T/V Seiyo-maru, belonging to Tokyo Uni-
versity of Fisheries. The CTD observations

were made in May, September and November
1997 and the ADCP measurements were made
in November, 1997.

3. Results

Figures 2 to 4 show temperature, salinity and
density distributions on May 10, September 11,
and November 15, 1997, respectively. The tem-
perature and density distributions indicate the
existence of the stratification due to the sea-
sonal thermocline (e.g., IWATA, 1979; KAWABE
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Fig. 2. Distributions of (a) water temperature in Line A, (b) salinity in Line A, (¢) sigma-t in
Line A, (d) water temperature in Line B, (e) salinity in Line B, and (f) sigma-t in Line

B on May 10, 1997

and YONENO, 1987). In May (Fig.2), the con-
tours of the temperature and density in both
Line A and Line B gradually decline toward
the coast from the sea surface to about 100m
depth. This indicates the existence of west-
ward current in Line A and northward in Line
B. The same feature is not found except near
the coast in Line B in September (Fig.3). In
November (Fig.4), the temperature and den-
sity distributions are complicated by the

coastal water intrusion into the subsurface
layer. The contour-line declination toward the
coast is also recognized in the density distribu-
tions.

Salinity is variable in each observation, espe-
cially in the surface layer. The lowest value
was observed at the sea surface in September
among three observations. The subsurface
layer is occupied by the higher salinity water
of 34.5, originating from the Kuroshio water in
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Fig. 3. The same as Fig. (2) except on September 11, 1997

every observation. The two common features
are found from the comparison of Line A and
Line B as follows. (1) The low salinity water
concentrated in the surface layer near the coast
in Line A. (2) The width of LSW was in Line
B larger than in Line A. Then, LSW is trapped
in the coast in Line A, while it extended off-
shore at Line B by the external forc. In Novem-
ber, the interesting feature is also found in the
intrusion of the coastal water into the subsur-
face layer, i.e., the core depth of the intrusion is
30m in Line A and 3bm in Line B. The intru-

sion occurred along the density contour line.
The separation of the temperature and density
contour lines in Line A is due to the intrusion
(Fig.4). The intrusion into the subsurface
layer observed in November is remarkably dif-
ferent from the dispersion at the sea surface in
May and September.

LSW flowed out from Tokyo Bay into
Sagami Bay is considered to be high turbidity
water as well (MATSUIKE et al., 1986, UNOKI and
KisHINO, 1977). Figure 5 shows the salinity-
transparency relation at every line in each
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observation. The value of transparency in May
is relatively low in comparison with that in
September and November. As the reason is not
sufficiently explained, we treat as the relative
relation of the salinity-transparency. The
transparency is basically positive relation to
the salinity except some data. The low salinity
water indicates the low transparency water, i.
e., highly turbidity water. The high salinity
and low transparence water is found at St. 10
and at St.4 in May, and at St.4 and at St.6 in
November. The boundary mixing is possibly

Pressure (db)

Pressure (db)

Pressure (db)

50 -

100 | -

] r

150 ? L

] +

[

i

200 -1 L

0

] [

50 - o

1 i

] i

100 "

] [

150 o

200 —L
0 1 | | { | |

] 4 i

50 /\f—\ =

1 245 i

12475 i

- 25 L

100 - 25.25 —= 7 -

1255 i

150 - 25.75 r

_ 26 -

1 [

200 — . =

1095 870 645 420 270 120

Distance Offshore (km)

occurred near the sea bottom because the swift
current in relation to the semidiurnal internal
tide exists in this region (MATSUYAMA and
IwaTA, 1985, KIiTADE and MATSUYAMA, 1997).
The detailed observations near the sea bottom
will be required to clarify this phenomenon in
future.

The ADCP measurements were made along
Line A and Line B in November 15, 1997. Fi-
gure 6 shows the current distributions of 15m,
45m and 100 m depths, as the typical distribu-
tions in the surface, subsurface and middle
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Fig. 6. Current at 15 m, 45 m and 100 m depths of Line A and Line B on November 15, 1997

layers, respectively. The strong current ex-
isted in the 15m and 45 m depths near the coast,
i. e, the northwestward to west-northwestward
direction in Line A and west-northwestward di-
rection at Line B. The direction agrees with
the current deduced from the density distribu-
tions (Fig.4). The discharged low saline and
high turbidity water moves westward through
Line A and along Line B. As a result, the low
saline water did not move northward along the
eastern coast of Sagami Bay, but was dispersed
toward the center of Sagami Bay. The current
direction observed near the coast agrees with
that obtained from the long-term current meas-
urements on the shelf off Miura Peninsula by
Iwata and MATsUYAMA (1989). They showed
the mean current direction through 315° to
340° on the shelf west off Jogashima (the tip of

Miura Peninsula). As a result, the low saline
and high turbidity water flowed out from
Tokyo Bay into Sagami Bay, trapping the coast
of the tip of Miura Peninsula as a density cur-
rent in a rotating fluid. After passing this area,
the low saline water was extended to the west-
ward to be affected by the external force in the
field. The reason is speed of density current to
be much less than that of the current in Sagami
Bay.

4. Structure of LSW
Coastal Trapped Structure

LSW was trapped along the coast at the
southward line (Line A) from the tip of Miura
Peninsula in all three observations. The obser-
vation shows the coastal-trapped structure in a
rotating fluid (e. g., GRIFFITHS, 1986). So, we
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Fig. 7. Satellite image of the sea-surface chlorophyll of Tokyo and Sagami Bays on May 9, 1995

by NOAA-14.

examine to grasp a characteristic of the
coastal-trapped mode by solving the basic
equations under the hydrostatic and Bous-
sinesq approximations in non-viscous fluid, fol-
lowing Kunpu et al. (1975). A rectangular
coordinate system consists of x eastward, y
northward with the origin at the coast and z
upward from the mean sea level. The funda-
mental equations are obtained as follows;

w . Lo
ot po O
_ 1 o
Ju 0o Oy
P 1090 ™
ou  Ov , Ow
or oy oxr
., o _
o TWa 0

where u, v, and w are the z-, y- and 2z-
components of the velocity, respectively, g the
gravitational acceleration, o, the vertical mean
density, 6 the equilibrium stable density, o the

perturbation density, p the perturbation pres-
sure, and f the Coriolis parameter. The poten-
tial vorticity equation is derived from the set of
fundamental equations (1) as

o (1 0% 1 op
w7t e (yr ) =0 @
where N? = _9 %, is the square of the buoy-

oo Oz
ancy frequency. Assuming that N is constant
and initial potential vorticity is zero, Eq. (2) is
written as

6y2+<f2>62 =0. ©)

The vertical and horizontal modes can be sepa-
rated from Eq. (3) as follow;

2
Pl (NVaiz, =0
2 4)
: Y vy —
a0

where a is separation constant, and #z the ver-
tical mode number. We assume the dominant
of the first mode from the distribution of the
low salinity water at Line A (Figs.2 to 4). The
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appropriate solution of the lower part of Eq.
(4) is Y1 = A, exp(ay) and of the upper part
of Eq. (4) can be obtained as

Z1 =B cos( NJ(}] z)

under the boundary conditions at the sea sur-
face and bottom, i. e, w=0 at z=0 and z=—H
(KuNDU et al., 1975). A, and B; are unknown
constant. The internal radius of deformation is

obtained as a;! :%. When we adapt H=T70

m, f=8.34x10 °s~!, the internal radius of defor-
mation is estimated as 3.0 km in May, 49km in
September and 3.1 km in November.

On the other hand, if the salinity distributes
as the coastal-trapped structure, the salinity is
expressed as S(y) =So— S’ exp(ay) where a is
the scale of the salinity variation, Sy the salin-
ity in open sea, and (S;—S’) the salinity at the
coast (y=0). So, we estimate the radius of de-
formation as 3.2 km in May and 3.4km in Sep-
tember. In November, the estimation is not
easy for the intrusion into the subsurface layer.

The internal radius of deformation is little
difference from the scale of the salinity varia-
tion defined in this study, that is, there is little
difference between the both values obtained
from the different method. The radius of defor-
mation ranged 3 km to b km in three observa-
tions.

Intrusion of LWS into the subsurface layer

The salinity distributions are variable in
time and space. The outflow mechanism may
be different from each observation. The core of
the low salinity was found at the sea surface in
May and September, but at about 30m depth in
November. As mentioned above, the density
current is affected by the earth rotation (e. g.,
GRIFFTHS, 1986). Therefore, the core of low sa-
linity at the sea surface can be explained as the
outflow of low-density water moving south-
ward along the western coast of Tokyo Bay.
When the core of salinity minimum is 30 m
depth, how can be explained the mechanism ?
As shown in Fig.6, the current distribution
near the coast is nearly uniform in vertical.
The distribution of the salinity minimum at
about 30 m depth is speculated having already
formed inside the mouth of Tokyo Bay.

Recently KOIKE et al. (1997) reported the out-
flow in the subsurface layer through the bay
mouth and the core of the coastal water at
about 30 m depth. They explained the phe-
nomenon due to the vertical circulation in-
duced by the fairly strong northward wind
during a few days. The salinity inversion in
the surface layer is possible to occur by exter-
nal forcing in Tokyo Bay, especially in late fall
and winter when the density stratification is
weaker than in summer. But, in future, we will
continue the detailed observation in order to
clarify whether or not the intrusion phenome-
non is frequently found in weak density strati-
fication and to grasp its formation.

5. Summary and Discussion

In order to investigate a behavior of low sa-
line water flowed out from Tokyo Bay, the
CTD observations were carried out in two
lines, i. e, the southward and westward from
tip of Miura Peninsula, in May, September and
November 1997. The low saline water flowed
out along the tip of Miura Peninsula into
Sagami Bay in all three observations. The low
saline water distributed along the southern
coast of the peninsula, and extended toward
the center of Sagami Bay. Therefore the area
occupied by the low saline water at the south-
ern observation line was smaller than at the
western one. The ADCP measurements in No-
vember support the existence of the northwest-
ward current at the southern line and west-
northwestward current at the western line.
Then, the low saline water flowed out from
Tokyo Bay is strongly affected by the circula-
tion in Sagami Bay. In November, the low sa-
line water intruded into the subsurface layer in
Sagami Bay. The internal radius of deforma-
tion, i. e., width of LSW, is estimated as 3-5 km
from density stratification.

The coastal water flowed out from Tokyo
Bay did not move along the western coast of
Miura Peninsula, but extended toward the cen-
ter of Sagami Bay, in all three observations.
The west-northwestward current is clarified to
be the most important role on behavior of the
discharged water. Figure 7 shows a satellite
image of the sea surface chlorophyll in Tokyo
and Sagami Bay obtained on May 9, 1995. The
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distribution of the chlorophyll shows the path-
way of the discharged water from Tokyo Bay
and supports the above explanation.

The observed distributions of LSW near the
tip of Miura Peninsula may be possible to be af-
fected by tidal currents, especially semidiurnal
internal tidal current (MATSUYAMA and IWATA,
1985 ; KITADE and MATSUYAMA, 1997). We exam-
ine the influence of the tidal current to the sa-
linity distributions in Lines A and B. The first-
mode internal tide is considered to dominate
over higher modes ones, so the upper layer
water moves with the same velocity. The tidal

current excursion, 7, is estimated as follows,
T

2
n= ‘!: Vo sin(%)dt
where T is the semidiurnal period, and v, the
current amplitude. When typical current am-
plitude is 02m/s (MATSUYAMA and IWATA,
1985), the excursion, 7, is estimated as 2.9 km.
The current direction is mostly parallel to the
coastline, so the tidal current effect should be
considered to include the observation plan. It
took about 4 hours to make CTD observations

in the both lines; we will be required to shorten
the observation time.
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Long-term effect of massive crude oil spill during the

Gulf War on intertidal invertabrates

Hiroo SaTomn*, Kotaro TSHUCHIYA ¥, Ryo TsujMoTo* !, Toshiyuki
HIRANO", Ryusuke KADO™" and Hiroshi TOKUDA™""

Abstract : A massive oil spilled during the Gulf War of 1991 covered ashore from the southern
area of Kuwait to the west side of the Abu Ali Island in the western Arabian Gulf, and a large
amount of oil is still left along the intertidal level of these beaches. Surveys were carried out
at three times during the period from February 1992 to November 1994, and collected oiled sedi-
ment samples on the Gulf coast. This paper reports on the information as the follows; 1) oil
contents of sediment samples in intertidal zone, 2) changes of chemical composition in n-
alkanes and identification of polycyclic aromatic hydrocarbon in sediment samples at Munifah
Beach 3) influence of oil spilled on intertidal invertabrates, on the bassis of biological data ob-
tained at each sites in western Arabian Gulf coast. The contamination by polycyclic aromatic
hydrocarbon in an inner layer of sand still persisted and so the infauna at habitat of a deeper
layer in sandy beach, such as Umbonium vestiarium and Dosinia sp., was not yet found in
Manifah Beach, which was the most oil-polluted site on early November 1994.

Key words : Crude oil spill, Gulf War, Infauna, n-alkane, PAH (Polycyclic aromatic hydrocarbon)

1. Introduction

From late January and early April in 1991,
crude oil more than 160 million gallons was
spilt into the seawater of Arabian Gulf (I0C,
1991). The oil slicks moved toward the south-
east, staying ashore under the influence of
northerneast winds. As a result, the spilt oil
was trapped by Abu Ali Island near Al-Jubail.
Most of the Saudi Arabia shoreline from Ku-
wait to Abu Ali Island ranging over more than
500 km, were covered heavily by oil (Fig.l).
According to Saudi Arabian Officials, the
amount of the light fraction in the spilt oil lost
by evaporation have been estimated as high as
50 percent, and approximately 38 million gal-

* Tokyo University of Fisheries, 4-5-7 Konan,
Minato-ku, Tokyo, 1088477 Japan
** Kitasato University, Sanriku, Iwate, 022-0100
Japan
Aikokugakuen Junior College, 5-7-1 Nishikoiwa,
Edogawa-ku, Tokyo, 133-0057 Japan
! Present address: Toyama Prefecture Fisheries
Institute, 363 Takatsuka, Namerikawa-shi,
Toyama, 936-0011 Japan

* & %

lons were stranded along the Saudi shoreline
(I0C, 1991). The remained oil penetrated into
and persisted in the sediments throughout the
intertidal zone (HAYES ef al., 1993). The pur-
pose of the present studies is to clearfy the du-
ration of the persistent contamination of oil
and its long-term effects on invertabrates in
intertidal the zone sediments.

2. Materials and methods

The survey sites was selected on basis of I0C
report (1991). According to this report, the
spilt oil covered most of shore from Abu Ail Is-
land to southern area in Kuwait City. On the
first survey, sampling was carried out at eight
sites on mid-February 1992, which were Al
Khobar Beach near Dhahran and eastern side
of Abu Ali Island as non-polluted area, and the
western side of Abu Ali Island, Munifah,
Safaniya, Grummah Island and other points as
polluted area. Second survey was conducted
on late August 1993 at six sites, which were
along Manifah Beach, the western and eastern
sides of Abu Ali Island as polluted sites, and
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Fig. 1. Extent of the oil spill during the Gulf War and sampling sites for three time survey.
A black part indicates the oil polluted area as monitored on March 6, 1991 (cited by

GERGES, 1993)

along Al Khafji and Al Khiran where was lo-
cated between Al Khafuji and Kuwait City.
The third survey was carried out on early No-
vember 1994 at the same six sampling sites as
ones conducted in the second survey and addi-
tional at Al Khober also.

Sediment samples were all collected at mid-
tide levels of intertidal sandy beaches and salt
marshes in each sites. The sediment-core sam-
ples for chemical analysis were collected manu-
ally with plastic tubes, which were 40 cm in
length and 3 cm in diameter. The core sample
were cut into several centimeter with a knife,
and was analyzed for determination of oil con-
tent.

The analytical procedure of oil content in the
core samples is shown in Fig. 2. The extracted

fraction by n-hexane and by dichlorometane
were analyzed according to American National
Standard Test Method D-893 (1992). Each sam-
ple was prepared by the homogenizing the oil
and/or sand mixture with a spatula in 50-ml
vial. Sample of 10 gram was extracted by n-
hexane of 10ml and made dry up after three
time extractions (n-hexane-soluble fraction).
The residue of sediment was extracted at three
time by dichloromethane (dichlorometane-
soluble fraction), and the fraction was mainly
extracted for asphaltic components. Extraction
efficiency was enhanced by using ultrasonic
wave, and allowed to sit for one hour. After the
extracted sample reached equilibrium, the vial
was centrifuged at 3000 rpm for 10 minutes. An
aliquot of the n-hexane-soluble fraction was
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Fig. 2. Photograph of a core sediment sample collected at Munifah beach on early November
1994.
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Ultrasonic Wave Extraction |
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[Dichloromethane fraction|
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Fig. 3. Flow chart of analytical method of sediment samples collected at each sites. GC/MS
operating parameters is following as TSUJIMOTO et al. (1998).

purified by silicate gel column, and then in- aromatic hydrocarbons in benzene-soluble frac-
jected into a Gaschromatograph (Varian 3400)- tion were detected by single ion monitoring
Massspectrometer (Quadrupole 710, Finnigan method of GC/MS (modified by FARRINGTON et
MAT Inst. Co.). The component of n-alkane in al, 1982).

the n-hexane-soluble fraction and of polycyclic The benthic organisms in mid-tidal sediment
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Fig. 4. Vertical distribution of oil content (%) in the sediment samples collected at each sites
on late August 1993. Black and white bars indicate the n-hexane soluble fraction and the

dichlorometane soluble fraction, respectively.

samples were collected in a quadrat of 10cm?
up to the depth of 10 cm and sieved with 2 mm
mesh at each survey sites. Retained inverte-
brates were sorted their individual number live
and dead animals.

3. Results and Discussion
In a core sample collected at Munifah Beach
on November 1994, sedimented oil still found

heavily remaining from surface to 10 cm depth
layer (Fig.3). As shown in Fig.4, the analyti-
cal results of sediment samples collected on
late August 1993 indicate that spilt oil at the
southern area of Kuwait City and the eastern
side of Abu Ail Island was not found clearly.
That is, the polluted areas were restricted be-
tween Al Khiran coast and the west of Abu Ali
Sand Bank, as almost same result by GERGES
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Fig. 5. Chromatograms of the n-hexane soluble fraction in sediment samples collected at
Munifah beach. Numbers of peaks indicate chain length of n-alkanes.

(1993). The surface of sediments at several
sites on mid-February 1992 was still covered
220 cm thick with weathered oil which was al-
ready changed to asphalt. And, as this result is
shown, oil content of the sand at the depth be-
tween 5 and 10 cm of Munifah Beach on late
August 1993 was 98.3 g/kg at the maximum
which was occupied by 67% of n-hexane-
soluble fraction, and the rest was composed of
dichlorometane-soluble fraction. The oil con-
tent of surface sand layer was less than that of
layer ranging from 5 to 10 cm depth. The per-
centage of dichlorometane-soluble fraction at

Al Khiran Beach was considerably high. It was
assumed that the sedimental oil in the surface
layer of these areas was weathered to the
asphaltic component.

From the result of the crude oil by Single Ion
Monitor of GC-MS of sediment samples from
1992 to 1994 at Munifah Beach (Fig.5), showed
that the sample mainly contains n-alkanes
ranging from Ci. to Ca Phytane and UCM (un-
resolved complex mixture) in the sediment
samples of 1992 were clearly detected, and
phytane was dominat in the samples of 1993,
but no peak of n-alkanes were detected in the
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Fig. 6. Chromatograms of benzene soluble fraction in sediment samples collected at Munifah

beach on early November 1994.

samples of 1994, which were fifteen months old
after spilt out. This result suggests that the de-
composition rate in situ was extremely lower
than that in culture media (NELSON-SMITH,
1970), because the oil absorbed by sand in-
vaded inner layer of the days go on, and then
the decomposition of remaining oil is inter-
rupted by newly covered sand which gave rise
to anaerobic environment in an oily sand layer.

Figure 6 shows the mass-chromatogram of
benzene-soluble fraction in sediment at
Munifah Beach at the third survey of 1994.
Polycyclic aromatic hydrocarbons, such as
naphthalene, phenanthrene, anthracene and
chrysence, still remained for long term after
the Gulf War, as shown similarly to the result
of the barge Florida spilt No.2 fuel oil into
Buzzzard Bay, Massachusetts on 29 September
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Table 1. Species abundance and change of benthic organisms (C>2mm) at the main sampling
sites in the intertidal zone of southeastern coast of Arabian Gulf area
. Al Khafji Munifah Abu Ali Al Khobar
Locality
polluted Non-polluted polluted Non-polluted
year 93 94 93 94 92 93 94 92 93 94 93 94 92 94
ANNELLIDA
Polychaeta
unidentified spp. +/ +/ /ot
MOLLUSCA
Gastropoda +/
Umbonium vestiarum /t /4 /+ /++
Pseudomonilia gradata /+ /+ /ot /+
Ocilinus kotschyi /4 /t
Nodilittorina arabica /4 +/ /+ t/ tt/+
Cerithiopsidella cingulata /=t /t /4 +/+H St /M /4 +/+
Potamides conicus JHE /44 /4 H/HE
Cerithium scabridium /+t +/+ /+ /4
Cerithium sp. /+ /+ /+ /4t /+ /4 /+ /+ VAR S VA V4
Clypeomorus b. persicus /+ /o /+ /0 /4t +/+ /- /4 /4
Mitrella blanda /t
Atys cylindrica /+
Bivalvia*
Brachydontes variabilis /+ /+
Modiolus sp. /+ /t /tt
Pillucina fischeriana /4= +/
Tellina arcinoensis /+ /+ t/+ 1/
Tellina (P?Arcopella) sp. /= +/4
Dosinia spp. /+ /bt /- /4 /+ /+ VARVA & VARAS S 4/
Meretriz sp. t/
ARTHROPODA
Crustacea
Balanus amphitrite /4 +/+

dead abundances.
*Abundance of dead bivalve shell was calculated as all valve

1969 reported by TEAL et al. (1992). The decom-
position of these persistent components and
their long-term effect to marine ecosystem
should be pursued in the furture.
Taxobiogeological data collected at each
sites for three time surveys are summerized in
Table 1. Species names and abundance of inver-
tebrates collected in each sample are listed up,
and the fauna was mostly composed of
molluscs, among which the dominant species
were gastropods, Cerithiopsidella cingulata and
Cerithium scabridum, and bivalves also. Total
number of species at each site was less than fif-
teen at most. The diversity of biological com-
munities in the intertidal zones of the Arabian
Gulf was very low for three time surveys, even
in non-oil-polluted sites. Seasonal changes of
these communities in three seasons, that is,

number/2.

February, August and November were not
clearly observed. This low diversity and nar-
row fluctuation throughout the year is due to
the stressful environment, such as high salinity
and high water temperature, as reported by
KADO et al. (1992).

Percentages of live and dead individuals of
littoral animal at each sites is shown in Fig 7.
At the heavily polluted sites of Munifah and Al
Khafuji, living organisms were not found at all,
while plently of living organisms were found
at non-polluted site of Al Khobar Beach. In any
case, percentages of live individuals were
clearly low in the oil-polluted sites as compared
with those of non-polluted sites. This fact ap-
pears to be a proof that oil-polluted areas in
1994 were still suffered from the adverse effects
of the oil and was delayed recovery of marine
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Fig. 7. Percentages of live and dead individuals at each site in mid-February 1992, late August
1993 and early November 1994. Black and white bars indicate dead and living organisms,

respectively.

life. The infauna which organisms was living
at habitat of a deeper layer in sandy beach,
such as Umbonium vestiarium and Dosinia sp.,
were not yet found in Manifah Beach of the
most oil-polluted site on early November 1994.
It suggests that the remaining oil, both weath-
ered and absorbed by sediments, is not only
taking the favorite substrata away from in-
habitants like sandhoppers and crabs, but also
oxygen supply is reduced at to a deeper layer
and consequently infaunal invertabrates are

prevented from recovering. In addition, oozing
oil may be discouraging invertebrate larvae
from settling on sand.

The most polluted area at Munifah Beach is
still contaminated by polycyclic aromatic hy-
drocarbons. The long-term monitoring on oil
and organisms in oily beach urgently needed,
and the favorable coastal environment should
be recovered as soon as possible.
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Standing crops of planktonic ciliates and their prey
organisms, picoplankton and nanoplankton, around
the continental shelf break in the East China Sea

Toshikazu SUZUKI"

Abstract : Standing crops of planktonic ciliates, nanoplankton and picoplankton were investi-
gated around the continental shelf break in the East China Sea. They were 1.0 X 10'-2.08 X 10°,
2.15X10-6.45X 10° and 6.14 X 10=1.01 X 10° cells/], respectively. Vertical profile of planktonic cili-
ates was almost parallel to that of autotrophic nanoplankton. On the other hand, the profiles of
heterotrophic nanoplankton and picoplankton, though similar to each other, were different
from that of ciliates. These results might indicate that energy and carbon flux flowing into cili-
ate plankton is mainly from the production of autotrophic nanoplankton in this area.
Picoplankton and heterotrophic nanoplankton might be less influential on ciliate production.

Key words : Planktonic ciliates, Picoplankton, Nanoplankton, East China Sea

1. Introduction

Planktonic ciliates, nanoplankton and
picoplankton are essential components in
marine microbial food webs. Ciliates are
known to ingest nanoplankton(GIFFORD, 1985;
VERITY, 1985) and picoplankton (SHERR and
SHERR 1987; BERNARD and RASSOULZADEGAN,
1990). Nanoplankton, especially heterotroph, is
also an important predator on picoplankton
(TaNaka and TANIGUCHL 1996; TANAKA et al.,
1997). Relationships between the two plankton
out of these three have been quantitatively in-
vestigated. Picoplankton abundance correlates
to heterotrophic nanoplankton abundance
(SANDERS et al., 1992), while in some case the re-
lationship is weak though statistically signifi-
cant (GasoL and VaQuE, 1993). Furthermore,
standing crops of nanoplankton correlates well
to ciliate plankton in the western Pacific Ocean
(Suzukl et al., 1998). LyNN and MONTAGNES
(1991) however report that the correlation be-
tween picoplankton biomass and planktonic
ciliate biomass is poor. An entire figure com-
posed of these three groups is not easily ob-
tained from these relationships because these

* Faculty of Fisheries, Nagasaki University,
Nagasaki 852-8521, Japan

reports were obtained individually on space
and time. A simultaneous investigation on
these three plankton groups is indispensable
for prevailing their trophic structure.

In this study, standing crops of planktonic
ciliates, nanoplankton and picoplankton were
simultaneously investigated around the conti-
nental shelf break in the East China Sea. There
is a boundary between the water of continental
shelf and that of the Kuroshio current in this
region. The shelf water is rich in nutrients
from large river, Changjiang River, and some-
times productive, e. g. 1570 mg C/m?/d (HAaMma,
1995). On the other hand, the Kuroshio water is
poor in nutrient and less productive, €. g. 60 mg
C/m?/d (TaNicucHl, 1972) and 209-290 mg
C/m?/d (Hama, 1995). Various substances in
the shelf water are mixed and conveyed out by
the Kuroshio current flowing to north-east
along the continental slope. To estimate the
transportation of particulate organic carbon
and other biogenic substances, the investiga-
tion of microbial components as well as organ-
isms in the classical food chain is essential.

2. Method
On May 29, 1996, three stations around the
continental shelf break in the East China Sea
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Maru in early summer of 1996. Position of the Kuroshio current is cited from the Quick
Bulletin of Ocean Condition, No. 11 (1996).

(Fig.1) were investigated by T/S Kakuyo-
Maru, Nagasaki University. Temperature and
salinity were measured with a CTD. Thirty
three water samples from upper 110 to 400 m
were taken with a rosette multisampler
equipped with the CTD. Bottom depth at Stns.
A, B and C were 113, 134 and 910 m, respec-
tively.

Preparation for picoplankton (0.2 to 2 um in
equivalent spherical diameter) and nano-
plankton (2 to 20 um in ESD) counting was
carried out on board immediately after sam-
pling. An aliquot of 40 ml water was fixed with
glutaraldehyde at final concentrations of 0.5 %.
Ten ml of the fixed sample was stained with
DAPI for picoplankton counting and filtered
through a 0.2 um pore size and black pre-
stained Nuclepore filter (SHERR et al., 1993).
Another 20 ml was stained with proflavin for
nanoplankton and filtered through a 06 um
pore and black pre-stained Nuclepore filter
(SHERR et al., 1993). The prepared filters were
stored in a freezer (—20 °C) until microscopic
observation in laboratory.

Within one month after sampling, pico-
plankton and nanoplankton were observed
under an epifluorescence microscope (Nikon
BHC) at 1000 X magnification using UV and
Blue excitation, respectively. Twenty fields for
picoplankton equivalent to 1.38 X 107* ml and
1690 fields for nanoplankton equivalent to 2.34
X 10" ml were examined. Their detection limit
were 7.52 X 10° cells/1 and 4270 cells/], respec-
tively. Although small-sized ciliates, less than
20 um in ESD, occurred occasionally, such cili-
ates were not counted in nanoplankton cate-
gory. Autotrophic nanoplankton were separa-
tely counted from heterotrophic one according
to the red emission of chlorophyll pigments.

For the examination of planktonic ciliates,
200 ml of water aliquot was fixed on board with
Bouin’s solution at final concentration of 5 %
(JEROME et al., 1993). Fixed water samples were
stored in cool and dark place. After returning
to laboratory, samples were concentrated with
a sedimentation cylinder and observed under
biological microscope (Nikon BHC) using a
Sedgwick-Rafter slide. Detection limit of
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ciliate counting was 5 cells/1. Mesodinium spp.,
other naked ciliates and loricated ciliates were

separately counted by their morphological fea-
tures.

3. Result and Discussion

Sampling stations were located on the
boundary between the shelf water and the
Kuroshio water (Fig. 1) according to the report
of the Quick Bulletin of Ocean Condition
(1996). Stn. A was more influenced by the shelf
water and Stn. C was by the Kuroshio water.

Mixing layer was observed in the surface at
every station (2040 m in thickness) (Fig.2).
Water temperature and salinity at 0 m depth
was 228 -236 C and 3429 — 3466 psu,

respectively. Below this layer, water tempera-
ture decreased with depth, salinity however
did not show conspicuous change while it fluc-
tuated in fine scale around 40-100 m depth, and
sigma-T resulted in increasing with depth. At
Stns. A and B, undeveloped picnocline oc-
curred also near the bottom (10-20 m in thick-
ness).

Picoplankton abundance at Stns. A and B
was 4.31 X 10%-9.93 X 108 cells/1 and did not show
noticeable change throughout the water col-
umn (Fig.3). On the other hand, the abun-
dance at Stn. C decreased gradually with depth,
especially in the deeper layer, i. e. from 1.01 X
10° cells/1 at 0 m depth to 6.14 X 107 cells/1 at 400
m. These abundances are comparable to those
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Fig. 3. Vertical profiles of picoplankton abundance.

of coastal and offshore waters, eg. 05—
3.0X10° celis/l in summer of Onagawa Bay, the
northeastern Pacific coast of Japan (TANAKA
and TANIGUCHI, 1996) and 10° cells/1 order of
magnitude in Kashima-Nada, the lower reach
of the Kuroshio current (ISHIGAKI et al., 1997).
Abundances of total nanoplankton, auto-
trophic nanoplankton and heterotrophic
nanoplankton were 2.15 X 10°-6.45 X 10%, 1.73 X
10*-5.65x 10° and 1.85x 10~1.69 X 10° cells/1, re-
spectively (Fig.4). Although autotrophic
nanoplankton dominated over heterotrophic
one in the surface at every station, it became
subordinate below 150 m depth at Stn. C. These
standing crops were comparable to those of
other oceanic waters, e. g. 6.9 X 10°-1.38 X 10°
cells/1 of total one, 1.44 X 10°-5.25 X 10° of
autotrophic one and 3.76 X 10°~1.17 X 10° of
heterotrophic one in Sargasso Sea (CARON,
1983) and 1.45Xx10*3.18 X 10° cells/1 of total one
in off eastern Australia (Suzuki ef al., 1998).

They were however slightly smaller than that
of eutrophic coastal sea water, e. g. 1.0 X10°-8.8
X 10° cells/1 of heterotrophic one in northern
Hiroshima Bay, Seto Inland Sea, Japan (IMAI
and YAMAGUCHI, 1996).

Total ciliate abundance was 1.0 X 10'-2.08 X
10° cells/1 (Fig.5). It was also comparable to
other warm waters around Japan, e. g. 30-3040
cells/1 in the East China Sea in August (OTa,
1995), 40-1760 cells/]1 in Toyama Bay in August
(Suzuki and TANIGUCHL, 1997). The decrease of
ciliate abundance with depth was stronger
than those of picoplankton and nanoplankton
especially at Stn. C.

Among the three ciliate groups, Mesodinium
spp. were hardly observed. They occurred at
only three layers of Stn. A and their
abundances were less than 85 cells/l. Even if
they were all autotrophic one, ie. M. rubrum,
their contribution to primary production might
be trivial in the continental shelf edge of the
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East China Sea.

Loricated ciliates occupied small proportion
to total ciliates. Its ratio to total ciliates was
less than 0.14. Naked ciliates except
Mesodinium spp., on the other hand, dominated
throughout the water column at every station.
Such small proportion of loricated ciliates was
also reported in oligotrophic and open sea
areas (Suzukl and TANIGUCHI, 1998).

Abundance ratio of picoplankton to het-
erotrophic nanoplankton (3.33 X 10?~191 X
10%) was stable, while it slightly decreased with
depth (Fig.6B). The vertical profile of pico-
plankton was parallel to that of heterotrophic
nanoplankton. Picoplankton might have a
close relationship with heterotrophic nano-
plankton, as is usually reported in various sea
areas (e. g. SANDERS et al., 1992). On the other
hand, the ratio to autotrophic nanoplankton
(1.27x10%1.43x10*) and that to ciliate plank-
ton (4.13 X 10°-7.07 X 10°) increased substan-

tially with depth (Figs. 6A and C). The verti-
cal profiles of autotrophic nanoplankton and
ciliates showed stronger decrease with depth
rather than that of picoplankton. The relation-
ship between picoplankton and autotrophic
nanoplankton and that between picoplankton
and ciliates might be trivial in this area. The
contributions of autotrophic nanoplankton and
ciliate plankton toward the microbial food
webs were relatively large in the shallow layer
and small in the deep layer.

The ratio of autotrophic nanoplankton to
ciliates (1.92x10>1.90x10%) did not show a sig-
nificant change throughout the water column,
while it varied widely (Fig.7A). Autotrophic
nanoplankton showed nearly parallel profile to
ciliates. It might have a close relationship with
ciliates and sustain the standing crop of cili-
ates. On the other hand, the ratio of heterot-
rophic nanoplankton to ciliates (2.85x 10*-1.85
X 10 increased with depth (Fig.7B). Heterot-
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rophic nanoplankton showed dissimilar profile
to ciliates, i.e. the former decreased more
weakly with depth. The relationship between
heterotrophic nanoplankton and ciliates might
not be so substantial as that between
autotrophic nanoplankton and ciliates.

From these abundance ratios, it is considered
that there are two independent routes of en-
ergy flux in the microbial components; one is
from picoplankton to heterotrophic nano-
plankton and the other is from autotrophic
nanoplankton to ciliate plankton. The former
is relatively important in the deep layer and
the latter is in the shallow layer. These scheme
is different from the original microbial loop
that the bacterial production is the primary en-
ergy source for ciliate production (AzaM et al.,
1983). Considering the microbial processes in-
tegrated through an entire water column, the
shelf break zone in the East China Sea might be
the boundary of microbial energy route, i. e. the

link from autotrophic nanoplankton to ciliates
is important in the continental shelf area and
that from picoplankton to heterotrophic
nanoplankton is in the Kuroshio current area.
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Optical characteristics of hook line
in tuna longline fishing

Yoshihiko NAKAMURA ¥, Siriraksophon SOMBOON**, Fumie SUZUKI* and
Yoshinori MIYAMOTO™

Abstract : The in-water apparent contrast of different materials used for hook line in tuna
longline fishing was estimated by using their in-water video image. The materials were con-
sisted of three types of wire and nylon monofilament and one fluorocarbon monofilament. Each
material was prepared for three operated history in the fishing; a new (no used), 1 day-operated
and 7 days-operated hook line samples, respectively.

The apparent contrasts of all kinds of wire hook lines are higher than that of the nylon and
fluorocarbon monofilaments. The apparent contrasts of 1 day-operated hook lines are rather
lower than that of new hook line materials. The apparent contrasts of 7 days-operated hook
lines are rather higher than that of 1 day-operated hook lines.

The nylon and fluorocarbon monofilament hook lines and the 1 day to 3 days-operated hook
lines being effective for tuna longline fishing, it is considered that fish are caught by the hook

line materials of lower apparent contrast.

Key words : Visibility, Contrast, Video image, Brightness value, Tuna longline fishing

1. Introduction

In tuna longline fishing, the book line is gen-
erally made of wire or nylon monofilament ma-
terials. The catch rate of nylon monofilament
hook line is reported to be higher than that of
wire hook line (KasuGa, 1990). This higher
catch rate is considered to be due to the elastic-
ity characteristic and poor visible range of
nylon monofilament; these bring about diffi-
culty for fish both to get free from hook and to
detect nylon monofilament hook line, respec-
tively. Moreover some works have been inves-
tigated on the optical characteristics of wire
and nylon monofilament used as the hook line
in tuna longline fishing (NAKAMURA et al., 1990
a, b; WARDLE et al., 1991). However, why nylon
monofilament is suitable for the hook line is
not clear yet. In the meantime, it is reported
that fish use no other sense except the visual

* Tokyo University of Fisheries, 4-5-7 Konan,
Minato-ku, Tokyo 108-8477 Japan
** Southeast Asian Fisheries Development Cen-
ter, Training Department, P. O. Box 97, Phra-
samutchedee Samutprakan 10290, Thailand

sense to detect fishing gear in its vicinity
(BLAXTER et al., 1964). From this point of view,
the apparent contrast of the hook line with its
surr ounding background is considered.

The apparent contrast of an object in the
water has been calculated from its luminance
with its background which are measured using
a luminance meter, but this is difficult to do
with a small object in the water. Then lumi-
nance measurement of an underwater object
can be carried in the laboratory for setting the
various optical conditions.

This study proposed a simple investigation
method both to estimate the underwater appar-
ent contrast with different materials used for
hook line in tuna longline fishing by using an
underwater video image, and also to character-
ize their optical performance.

2. Materials and Methods
1) Materials

Samples of hook line were collected from
tuna longline operation during the cruise of the
T/S Shinyo Maru of the Tokyo University of
Fisheries in 1996. Table 1 shows the samples of
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Table 1. Materails, size, number of sample with different history of using age and the catch

Size Number of samplee (line)
Material Type
Number” dia. (mm) New 1 day 7days  Catch
Wire Zinc-alumi-plated 30 (3+9) 1.4 1 2 2 1
Wire Zinc-plated 30 (8+9) 1.4 1 2 2 0
Wire Red colour-coated 30 (3+9) 14 1 2 2 1
Nylon monofilament Common White-colored 120 1.95 1 2 2 1
Nylon monofilament Flexible White-coloured 120 1.95 1 2 2 2
Nylon monofilament Light grey-coloured 120 1.95 1 2 2 2
Fluorocarbon
monofilament Fluorocarbon 120 1.95 1 2 2 4

*Standardized size of wire and monofilament material in Japan

seven different hook line materials with four
different historical hook line materials used in
the tuna longline operation and their charac-
teristics. The materials were consisted of three
types of wire and nylon monofilament and one
fluorocarbon monofilament. Each material was
prepared for three operated history in the fish-
ing; “a new” (no use), “1 day-operated” and “7
days-operated” hook line samples, and the hook
lines which caught fish hereinafter called
“catch line”, respectively. A number of the new
sample line was only one line for each material
compared to two used sample lines because op-
tical characteristics of the new sample lines are
about constant. For the catch line, only the
good condition lines without twisting or bend-
ing were used in the experiments.

2) Methods

The tuna longline fishing operations were
carried out by T/S Shinyo-Maru in the Bay of
Bengal during the 13-19th of Feb., 1996. Fig. 1
shows seven fishing grounds for the tuna
longline operation. In each operation, one hun-
dred baskets were used including seven materi-
als of hook line; six hook lines per basket. The
arrangement of the seven materials of hook
line is shown in Fig. 2; each material was set
for two baskets continuously. After the first
tuna longline operation, two hook lines from
each materials were collected as “1 day-
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Fig. 1. The fishing grounds for tuna longline fishing
operation; figures from #1 to #7 denote seven
fishing operations, respectively.

operated” experimental samples. They were
rinsed materials were collected as “l1 day-
operated” experimental samples. They were
rinsed with freshwater and dried in shade be-
fore being kept in cool conditions. By the same
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Fig. 2. Diagram of structure in tuna longline fishing gear used. The number 1, 2, 3, 4, 5, 6 and
7 represent seven hook line materials of zinc-alumi-plated wire, zinc-plated wire, red color-
coated wire, common white-colored nylon monofilament, flexible white-colored nylon
monofilament, light gray-colored nylon monofilament, and fluorocarbon monofilament,

respectively.

| Unit : cm

Fig. 3. Instrument for taking an underwater image of hook line samples.

method used in fishing, after seven days the
other two lines from each material were col-
lected as “7 days-operated” samples. Further-
more, the hook lines, which caught fish in each
fishing operation, were also kept as “catch line”
samples; length, weight and species of fish
were recorded for every “catch line”. These
used-line samples were kept for measuring of
their apparent contrast.

3) Underwater video image

An underwater video image of the samples
was taken during the cruise of T/S Seiyo-Maru
of the Tokyo University of Fisheries in the
Sagami Bay on the 23rd of May, 1996. The video
camera (Nikon Type—5) was set inside the
water-proofed case of the Remotely Operated
Vehicle (ROV) model “RTV100”. Fig.3 shows
arrangement and method to measure the un-
derwater video image of the samples. Due to
the visibility of video camera and the small size

of the samples diameter being less than 1.95
mm, the distance between the samples and the
ROV-video camera was fixed as short as possi-
ble at 30 cm. The interval distances between
each sample were T7cm apart. The light
transmittance (%) in the waters during the ex-
periment was measured by using the STD
transmissometer (wavelength 540nm). As
shown in Fig. 4, the profile of light trans-
mittance (%) in the waters of the Sagami Bay
clearly shows that the transmittance 85.57%
(beam attenuation coefficient; 0.16 m™) at the
depth of 10m reduced to 76.96% (beam attenua-
tion coefficient; 0.26 m™") at the depth of 17 m.
It was overcast sky where the direct light was
hardly observed and the irradiance was ranged
from 30,000 iz to 50,000 [x on deck. From a fore-
mentioned circumstances, the video image was
taken up to the depth of 20 m.

The sea conditions such as wave level meas-
ured at 3, and wind forces measured at 4 on the
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Fig. 4. The profile of light transmittance (%) in the
waters of the Sagami Bay.

Beaufort scale were also observed, respectively.
In order to prevent bubbles from occurring on
the sample line during the experiment, all of
the sample lines were soaked in sea water for
about 3h.

4) Underwater video image with different dis-

tances

An underwater video image of all seven ma-
terials with different distances was also taken
by two divers in the waters off the Banda Ma-
rine Laboratory of the Tokyo University of
Fisheries on the 28th of May, 1996. The dis-
tances of hook line apart from video camera
were changed five steps at 30, 60, 90, 120, and
150 cm, and each step of recording time was 10
s. The vedeo image measurement of these ma-
terials was made by an underwater video cam-
era (CCDTR 850, SONY) at the depth of 6m
from surface where the water bottom depth
was about 10 m. It was cloudy weather where
the direct light was hardly observed and the
irradiance was 50,000{x on deck. The beam at-
tenuation coefficient a (m™") was calculated to
be 0.28m !, which was defined as shown in the
equation (1) (DUNTLEY, 1963)

C(rZ): C(ﬁ)e (=T evveireaiinieiiiiiiiiiieeees (D

where C denote the contrast value at different
distances between 7, and 7..

5) Underwater apparent contrast

Video image of all materials were captured
by video capture soft ware and saved as docu-
ment file as shown in Fig. 5. The NIF IMAGE
1.55 software was used to measure the bright-
ness value of the sample T, against its sur-
rounding background B;. Five positions on
each sample were measured to calculate an av-
erage value.

In this study, the apparent contrast C, of
sample can be defined as shown in the equation
(2) (Hioki, 1981).

where T, and B, represent the luminance of
sample and surrounding background, respec-
tively.

Then, the video image contrast C, can also be
defined as the function of the brightness value
of sample T, and its background B, as shown in
the equation (3) (NAKAMURA et al., 1995a).

= T (3)

The coefficient of correlation between appar-
ent contrast C, and video image contrast C,
being high to be 0.95 under the illmination in-
tensities of 40/{x and over, the relationship be-
tween them can be defined as shown in the
equation (4) (NAKAMURA et al., 1995 b).

Cz=0.134lan+ (0.983 oecrreeerenniniiiiiiianns (4)

According to aforementioned methods, the
underwater apparent contrast of each material
was estimated.

3. Results
1) Apparent contrasts of hook line material at

different conditions

Figure 6 show the apparent contrasts of all
hook line materials for the new line in compari-
son with the 1 day-operated, the 7 days-
operated and the catchlines.

Figure 6-a shows the apparent contrasts of
the new hook lines. The apparent contrasts of
the new wire materials are higher than new
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Fig. 5. The image of hook line samples (upper) and measurement of their brightness value

with their background (lower).

Symbols a, b, ¢ and d represent hook line samples.
Sumbols @ and [ ] denote measuring point of hook line sample and background, respec-

tively.

nylon monofilament and fluorocarbon mono-
filament. Among the wire materials, the appar-
ent contrast of zinc-plated wire is the highest
and that of zinc-alumi-plated wire is the lowest.
Among the nylon and fluorocarbon monofila-
ment, the apparent contrast of the common
nylon monofilament being the highest, that of
light gray-colored nylon monofilament is the
lowest.

Figure 6-b shows the apparent contrast of 1
day-operated hook line materials. The apparent
contrast of 1 day-operated materials is rather
lower than that of new materials. The apparent
contrasts of 1 day-operated wire materials are
distinctly higher than that of the nylon and
fluorocarbon monofilament compared with
that of new materials. The apparent contrast of
the fluorocarbon monofilament is the lowest

among all of them. In addition the apparent
contrast of the light gray-colored nylon
monofilament is two times higher compared to
that of the new material.

Figure 6—c shows the apparent contrasts of 7
days-operated hook line materials. The appar-
ent contrast of 7 days-operated material is
rather higher than that of 1 day-operated mate-
rials. The apparent contrasts of wires are still
higher than that of the nylon and fluorocarbon
monofilaments.

Figure 6-d shows the apparent contrasts of
catch line; the apparent contrasts of all wire
materials and the common white nylon
monofilament could not be measured due to
the bending and twisting which occurred in
the fishing operation. The apparent contrasts
of the remaining nylon and fluorocarbon
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Fig. 6. Apparent contrasts of all materials of sample
for the new (a), 1 day-operated (b), 7 days-
operated (¢) and the catch lines (d).
Symbols FC, LG, FWN, CWN, ZAP, RED and ZP
denote hook line materials of fluorocarbon
monofilament, light gray-colored nylon mono-
filament, flexible white-colored nylon mono-
filament, common white-colored nylon mono-
filament, zinc-alumi-plated wire, red color-coated
wire and zinc-plated wire, respectively.

FWN

monofilament catch lines are distinctly higher
than that of new, 1 day-and 7 days-operated
materials.

These show very clearly that the apparent
contrasts of all kinds of wire material are
higher than that of the nylon and fluorocarbon
monofilaments. Among new hook line materi-
als, the apparent contrast of the light gray-
colored is the lowest but it increases when the
history is changed to 1 day and 7 days opera-
tions. This is the contrary result of the fluoro-
carbon monofilament whose apparent contrast
of new material is higher than that of 1 day-

and 7 days-operated materials.

2) Influence of the light transmittance in the

water to the apparent contrast

Figure 7 shows the apparent contrasts of all
hook line materials for different transmittances
of 85.57% and 76.96%, respectively. Regarding
this decreasing of the transmittance, it is un-
derstood that the apparent contrasts of the
hook line materials were also affected. Espe-
cially the apparent contrast of wire materials
decreases in proportion to decreasing the
transmittance. In the case of 1 day-and 7 days-
operated nylon and fluorocarbon monofila-
ment, their apparent contrasts seem to be
hardly changed with different levels of the
transmittance.

3) Apparent contrast with different distances

From the visual observation by two divers it
was found that the new fluorocarbon
monofilament was poorly visible in the water
when compared with the new =zinc-alumi-
plated wire. Fig.8 shows an example of the ap-
parent contrasts of new zinc-alumi-plated wire

0.8-(| NEw i
706 | a
= 0.4+ ]
5
o] 0.2
0- /7
0.8+
1DAY
%06
<
Eo0.4-
&
N
0-
0.8-|7DAYS
5 0.6
%‘ 049 Vay _ |
0-* -
FC LG FWN CWN  ZAP  RED
MATERIAL

Fig. 7. Apparent contrasts of all materials for the
new, 1 day used, 7 days used with different level
of transmittance at the depth of 10m and 17m, re-
spectively. Symbols FC, LG, FWN, CWN, ZAP,
RED and ZP are same as in Fig. 6.

Symbols Ml and [] denote the transmittance of
85.57% (10m) and 76.96% (17m), respectively.
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Fig. 8. Relation between the apparent contrast of

hook line and the video recording distance.
Symbols ll and @ denote hook line materials of
the new zinc-alumi plated wire and fluorocarbon
monofilament, respectively.

and fluorocarbon monofilament according to
the video recording distance. The beam at-
tenuation coefficient was calculated to be 0.28
m~' by the equation (1). From the figure, the
apparent contrasts of zinc-alumi-plated wire
are larger than that of fluorocarbon monofila-
ment materials, which seems to support the re-
sult from visual observation. The apparent
contrast of both materials also decreases as the
distance increases. In addition the apparent
contrast of the zinc-alumi-plated wire steadily
decreases by the distance.

4. Discussion
1) Apparent contrast of 1 day-operated hook
line materials
In the squid jigging operation nylon
monofilament being used as jigging line, its lu-
minance value (cd/m?) increased for 3 days-
operated; with higher increased for 7 days-
operated material (NAKAMURA et al., 1990 b). It
is understood that the apparent contrast in-
creases as luminance value increases, in case of
the constant background luminance.

NUMBER OF CATCH (Individual)
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From the results in Fig. 6, it is shown that the
apparent contrasts of the 1 day-operated hook
line materials are lower than that of the new
hook line materials in tuna longline. This is a
different result from the results on the squid
jigging lines. In order to clarify the apparent
contrast of the 1 day-operated hook line, its
standard deviation is studied. As shown in
Table 2, the standard deviations of the appar-
ent contrast are two times larger in the 1 day-
operated hook line material than that in the
new one; also larger than that in the 7 days-
operated one. In this case we understands the
mean value of apparent contrast to be small,
even though the apparent contrast value varies
largely. This large standard deviation of mate-
rials means that they stimulate the vision of
fishes.

2) Catch analysis related to hook line materi-

als

Figure 9 shows the number and fish species
caught related to the materials used as hook
lines during seven days operations. Due to the
catch result it is clear that the nylon and
fluorocarbon monofilament hook lines are bet-
ter than wire ones. It is also noted that tunas
are caught by nylon and fluorocarbon
monofilament hook line only. As shown in Fig.
6, with the apparent contrast of the nylon and

S._.
[ sAiLFISH
EJ STRIPED MARLIN

44 ¥ BROADBILL SWORDFISH
7 YELLOWFIN TUNA
3
6
2_.
6 ral
1 -
3
0 ‘_ T T T ‘—]"‘ T A f
FC LG FWN CWN ZAP RED 2P
MATERIAL

Fig.9. Number of catch related to hook line materi-
als. A numerical number inside the bar repre-
sents the used days of hook line in tuna long line
fishing operation. Symbols FC, LG, FWN, CWN,
ZP, RED and ZAP are same as in Fig. 6.
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Table 2. The mean apparent contrast and standard diviation (SD) of all materials for the new,

1 day used, 7 days used and the catch.

NEW 1 DAY 7 DAYS Catch
SAMPLES — e
MEAN SD MEAN SD MEAN SD MEAN SD
Zinc-alumi-plated wire 0.426 0.030 0.437 0.062 0.5688 0.034
Zinc-plated wire 0.682 0.032 0.497 0.060 0.625 0.033
Red color-coated wire 0.491 0.045 0.308 0.105 0.363 0.043
Common white-colored nylon  0.367 0.071 0.224 0.112 0.296 0.013
Flexble white-colored nylon 0.319 0.032 0.225 0.086 0.320 0.060 0.347 0.097
Light grey-colored nylon 0.088 0.021 0.205 0.056 0.229 0.101 0.333 0.027
Fluorocarbon 0.240 0.113 0.169 0.069 0.164 0.050 0.361 0.054
fluorocarbon monofilament hook line being c
smaller than that of wire one, it is considered Cl - m ....................................... (6)

that fish are caught by the hook line materials
having poor apparent contrast.

Besides, only the 5 and 6 days-operated hook
line of fluorocarbon monofilament still could
be utilized to catch other species but not for the
4 days-or longer days-operated wire one. With
respect to these aforementioned it can be said
that the fluorocarbon monofilament is a highly
effective material used for the hook line in
tuna longline fishing.

3) Sighting range of tunas on the hook line

The value of visual contrast threshold for
tuna is not informed, so the value for cod
Gadus morhua L is applied to tuna; it is re-
ported to be 0.02 (ANTHONY, 1981) which is de-
fined as shown in the equation (5).

where C, T, and B, represent the apparent con-
trast, luminance value of sample and surround-
ing background, respectively.

These are changed by increasing the dis-
tance between target and fish eyes. The appar-
ent contrast is decreased by increasing the
distance and reaches the visual contrast The
relationship between C and C; from the equa-
tion (2) can be defined as shown in the equa-
tion (6).

According to the equation (6), C being 0.02, C,
is calculated to be about 0.01. As shown in Fig.
8, the apparent contrast value is decreased with
the increasing of distance; apparent contrast
reaches to 0.01 at the distance which is defined
as the sighting range of the tuna. For example,
the sighting rages of tuna on the new fluoro-
carbon monofilament and zinc-alumi-plated
wire are calculated to be about 5m and 2m in
the 0.28m ™' of turbid water, respectively.
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