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Abstract

< Oceanic environmental research section :

Effect and estimation of artificial upwelling structures >

Physical environment characteristics in waters around the artificial

structure set up like following.

Temperature and salinity was seasonally changed at study area. that is
in winter season (2nd March, 2005.), temperature distribution shows
lower than 0.5T in the vicinity. Temperature in the southeastern part of
the outer area is higher than that in the northwestern part of the coast at
area. Salinity distribution shows alike temperature. Vertical distributions
of temperature and salinity show nearly homogeneous because the water
column was mixed from the surface layer to near bottom. In spring
season (3rd May, 2005.), the temperature not shows variation from the
surface to near bottom layer. Salinity in the southern area is higher than
that in the northern area. In summer season(4th August, 2005.),
difference of temperature shows 10.0C from the surface to near bottom
because of increasing of solar radiation. There is strong stratification at
2bm depth in summer season. Surface salinity in the eastern area lower
than that in the western part of the study area. Salinity distribution at the
middle and near bottom layer shows low concentration in the eastern

part of the study area.

To investigate current pattern in the study area, current measurement

was carried out during 25hours of spring tide and neap tide at st. A and



B. Current field was measured by ADCP an interval of 4m from
subsurface to near bottom. Maximum current speed was measured
76.96cm/s at surface layer(8m, st.A) during spring tide(27~28th in
January, 2005.).At middle layer(28m), maximum current speed was
75.50cm/s. Also, maximum current speed was 67.28cm/s at bottom
layer(48m). From 22th to 23th in June of 2005, maximum current speed
of surface layer(8m) was 74.86cm/s at st.A. At middle and bottom
layer(48m), maximum current speed was measured 106.33cm/s and

73.38cm/s, respectively.

Current fields at st.B during neap tide (16 ~17th in April, 2005.) are as
follow : At surface layer(8m), maximum current speed was 52.34cm/s.
Maximum current speed was measured b54.74cm/s, 56.61cm/s and
46.26cm/s at surface(8m), middle(28m) and bottom layer(48m),

respectively.

The concentration of dissolved oxygen (DO) was highest in April with
a range from 5.98 to 8.66 mg/L. The concentrations of Chlorophyll-a
was 1.21 pg/L in April which was highest during the study period and
0.23 ug/L in November which was lowest. The concentration of ammonia
averaged 1.76 uM in April, higher than that in the rest survey periods.
The concentrations of nitrite and nitrate were highest in November and
October with the values of 0.56 uM and 3.58 uM, respectively. The
concentrations of DIN and TN were highest in November with 11.02 uM
and 5.91 uM, respectively. The concentration of DIP showed the greatest
gradient with station and depth. The concentration of TP was 1.22 uM in
November, displaying the highest values. As a result, distinctively high

concentrations in dissolved inorganic nutrients were observed irregularly



with distance and depth along the four directions from the center of the

artificial structures.

The mean standing crop of phytoplankton were 10,100cells/L(April,
2006.), 65.09cells/L(August, 2006.), 54.57cells/L(October, 2006.), and
39.57cells/L(November, 2006.) at the surface layer and 86.57cells/L(April,
2006.), 51.27cells/L(August, 2006.), 24.05cells/L(October, 2006.),
49.86¢ells/L(November, 2006.) at the middle layer(25m depth).

The standing crop of phytoplankton increased 3 times to the average
when it compared with 2005. The dominant species of phytoplankton
showed Chaetoceros pseudocurvisetum, Nitzchia pungens in April,
Chaetoceros pseudocurvisetum, Nitzchia pungens, Thalassiosira
nitzchioides, Skeletonema costatum in August, Chaetoceoros lorenzianus,
Nitzchia pungens, Thalassiosira nitzchioides in October, Nitzchia pungens

Skeletonema costatum in November 2006.

The dominant species of a season phytoplankton changed some when
it compared with 2005. The abundance of zooplankton ranged from
210.63 to 2,120.79inds/m’ (mean 1,028.67nds/m') in April, 281 to
843inds/m'(mean 485.36inds/m’) in August, 281 to 1,123.75inds/m’ (mean
517.38nds/m’) in October, 131.25 to 871.8inds/m' (mean 225.38inds/m’)
in November 2006. The abundance of zooplankton increased 3 times to

the average when it compared with 2005.

The number of viable cell ranged from 0.1 to 25X103cfu/ml(mean
5.64x103cfu/m) in April, 0.4 to 187X103cfu/ml(mean 46.7<103cfu/ml) in
August, 3 to 35%103cfu/ml(mean 15.5%103cfu/m¢) in October, 0.1 to
10.9X103cfu/me(mean 2.2<103 cfu/m¢) in November 2006. The number of

viable cell increased 1.3 times to the average when it compared with 2005.



The species composition and monthly variation with of fish
assemblage in the water off Maemul-Do were studied using set net and
shrimp trawl gear from February to December, 2006. During the study
period, 12 orders 51 families and 80 species were collected. In set net,
the number of species was total 29, individual was average 999ind.,
biomass was average 110,824g. In shrimp trawl gear, the number of
species was 64, individuals was 1,708ind., biomas was 29,484g. The
number of species, individuals and biomass was higher at shrimp trawl
gear than the set net. Trachurus japonicus, Chromis notatus and Mugil
cephalus dominanted at set net and Hypodytes rubripinnis, Raja kenojei
and Conger myriaster dominanted at shrimp trawl gear. In results of the
community analysis, diversity, evenness and richness was higher at

shrimp trawl gear than set net.

< Oceanic environmental research section :

Seawater reaction of artificial upwelling structures >

The assessment of environmental stability for the block made by coal
ash mixture (ash block) is very important to conserve a marine
ecosystem. In order to evaluate the environmental stability of the ash
block, mineral composition, grain size analysis, evaluation of heavy metal
pollution, source estimation of sediments, uniaxial compress test, weight
change of ash block and reaction path modeling were investigated.
Quartz and illite were most abundant mineral associated with plagioclase,
halite, chlorite, smectite, and kaolinite. The mean grain size gradually

increased toward surface and gradually decreased toward north. The



sorting 1s classified poorly sorted or very poorly sorted and its skewness
1s classified coarse—skewed. The kurtosis increase at the coarse grained

sediments.

The concentration of heavy metal showed generally higher in
northwestern part of study area and the distribution of heavy metal is
affected by the grain size of sediments. The enrichment factor of heavy
metals of sediments was lower than 1 except for Ni and Pb. The REE
pattern indicates that all samples except for sample from 9 station are
identical source. Moreover, Pair diagrams of Rb/Al vs. Ti/Al and Rb/Al
vs. Nb/Al indicate that the source of upper sediments was very similar to

source of lower sediments.

The uniaxial compressive strength ranges 23 to 43MPa and its
strength increase with increasing the deposition time in seawater. The
weight change of ash block ranges —2.05 to 7.61% and the rate of change
1s 1insignificant. The ash block seems to be insoluble in ocean

environment.

< Manufactured and dropped the blocks of artificial upwelling

structures >

We had been manufactured 8,100 upwelling blocks for the second year
allocation by finding the best mixture of industrial by—product called coal
fly—ashand structured large artificial structure in near undersea marine
area. The purposes of these upwelling blocks are to improve natural sea
water quality and increase principle production level and building fish

school's induction by upwelling the bottom sea water, which contains



nutritive sales and dissolved oxygen, to the ocean surface.

Using floating crane with possible 4 point mooring, tugboat, DGPS and
Program of marine survey(HYPACK), we dropped the blocks total 8,100
around of N 34" 36.000", E 128° 30.000°. As a result of installation, the
structure's height, width, length were 16~20m, 42m, and 80m

respectively.
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Fig. 1-1-12. Vertical distribution of salinity in April, 2006(SN line:

upper, EW line: lower).
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Fig. 1-1-19. Vertical distribution of stick vector along the E-W line
at flood current on 4th May 2006 (neap tide).
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Fig. 1-1-21. Vertical distribution of stick vector along the 9-10 line
at flood current on 4th May 2006 (neap tide).
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Fig. 1-1-26. Vertical distribution of stick vector along the 6-9 line
at flood current on 30th May 2006 (spring tide).
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Fig. 1-1-28. Vertical distribution of stick vector along the 5-8 line

at ebb current on 30th May 2006 (spring tide).
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Fig. 1-1-31. Vertical distribution of stick vector along the 1-3 line

at flood current on 27th July 2006 (spring tide).
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Fig. 1-1-32. Vertical distribution of stick vector along the 4-5 line
at flood current on 27th July 2006 (spring tide).
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Fig. 1-1-34. Vertical distribution of stick vector along the 5-8 line
at ebb current on 27th July 2006 (spring tide).
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at flood current on 14th October 2006 (neap tide).
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S-N line at flood current on 27th October 2006 (mid tide).
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Fig. 1-1-44. Vertical distribution of stick vector along the E-W and
S-N line at ebb current on 27th October 2006 (mid tide).
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Fig. 1-1-45. Vertical distribution of stick vector along the E-W and S-N
line at flood current on 30th November 2006 (neap tide).
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Fig. 1-1-46. Vertical distribution of stick vector along the E-W and S-N
line at ebb current on 30th November 2006 (neap tide).

_77_



H(w-component) X

oo B oL o3 = N oW TN g XN oo B W H
= Falliny Hm%_d?g%?iﬂgé C=)
TE Wy o ogedToymE o= @ o
%W ﬂ%_dr.%%ﬁuwdﬂmﬂﬁ%;?% ﬂgn%
— ~ T T T ol T T T <
RE R fThz iixie¥ITs 3T

g w®2HE®omEora=s T L 5 TE

wﬂ ﬂmazwmwj%;umr.%?.hwomn m%
S < . . = N

Jo R R - R I 42

2o H d g - SR B - NIV - ]

" wf _ w%u.mﬁ ot o W o o T S <

) O o

T oo SLE b H B g T WG EAR A

= - I v onow S R S S (w g

o b oz - 1 oo T T N om PO ok o =% o &

B o 0 i <0 < o NS S
4 D H o BOEE g oML EET T ook oy
- W o o ~ o Nl T o oW T 4o e 2
— ~ o 5 ~
Ty SEenFwTHITs e sge STy
N ) 1; ] HT —_ ,DL O_ O_ o 0 ﬂ El_ o EW E,._ © c._o
1)) wm RGN G :__/w S = = B R mm o
BERES S SN S L N-N-E e SRy
= F oo T oop B B ox oy ¥ oo 8 JI T H
X — 5 2 o< o Mromn o= IR ToME o g
o ﬂ_,w BT oo = 9 T oor HON ) o 4L S Jopyy T Ao~ g
JJo T il = — £3 o mH 23! o| NOX X0 B B %o 0 Y
~ . = < P CO M = g . 20
N E#E I~ | 3 ‘I._l/l o) - — - B Z. — HT_ &_l o | o
o = <+ 0 ve N o g N o & X 2R v =
9 i =« L O < © T e
%mm%_e.mﬂm%ﬁu%%%%M%&UﬂWﬂu.

0 — o — B © -

) o) = m .n_m N X0 N B _ﬁ Mﬂ ) %m © M_. <t .m M
g Cw W o xE T ok 2w O
B R g - T 2 T A o 7 E = o= "
H % T m T o T o= omw o m oo o N <5 B N m 3

A HERst e

°©

ok

7 e
SELE

=
=

23~40m
- 78 -

ok

L=

A 4

Z] %
Al

T

T
PN
TEE T

T

o]a1 9o 2 lineol Al

3 line°l A



of Bx7F MR 4 linedlAE FE2E TH 128.5°E8t 5ol A
Aol B¥7F e 5 linedldE AAXHORE 2~4cm/so AsH7L
Byslgon B2 JRoA a74F7F UEFGTH 6 linedAlE dAAd o=
AeA Yeb o 7 linedl e HZd)
8 lineol X 34.59~34.607°N 74+ ¢] A
Aol A 2cm/s ©]Fe] A5FH7FE, 9 linedl A= 34.597°No|A HZEA 71X
2em/s®] AR HAESloM HEY gREdA AR BE
th 10 linedll A= W oFsHAl A5/t abdR7t A Ao A3 Hzol vE
U= B¥ 2 Hola gt}
ol¢} o]l 2006 59 49  Ax7]e  AANI Az HFEAHE
(w-component) A3} FzAlef HFA| BF dF A9y F4AES AlQshar

H5qel BEol $AS eka,

_79_



T \
11 11 2 O \ ]
2
15- 15 0 B
19+ 19+ 2 E
23 23k v E
27 27+ |2 b 4
31 31r G —
3 _3F E
;E’ 39 g 391 0 61
53 5 2 0
o 43 a - i
Al @2 4
47 a7t M~ ! ) ‘ B
51 51 . 2 k 1
2
55 55 N\ R B/ s
59 59 G
631 63
67 671
- Neap tide(Flood current) ] 1k Neap tide(Flood current)
May 4, 2006(E-W line 1) May 4, 2006(E-W line 2)
& W-Component sr W-Component
79 . . ; 79t n ; ;
128.49 128.5 128.51 128.49 128.5 128.51
Longitude(°) Longitude(°®)
7 -
11 11
15- 15}
19+ 19+
23 23r
27 27F
31 31
35 351

Depth(m)
8

Depth(m)
[

43 43

47 A7

51 51

55 551

59 59

63F 63

67 67

7k Neap tide(Flood current) ] 1k Neap tide(Flood current)
May 4, 2006(E-W line 3) May 4, 2006(E-W line 4)

& W-Component sr W-Component

79 . ; ; 79t ; ; ;
128.49 128.5 128.51 128.49 128.5 128.51

Longitude(°) Longitude(°®)

238 1-1-47. 200693 592 49 (2Z7]) AZA 1-4 linedA] #=3 A=A
(w-component) ¥3.

Fig. 1-1-47. Vertical distribution of w—component along the 1-4 line
at flood current on 4th May 2006 (neap tide).
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Fig. 1-1-48. Vertical distribution of w—component along the 5-8 line
at flood current on 4th May 2006 (neap tide).
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Fig. 1-1-49. Vertical distribution of w-component along the 9-10

line at flood current on 4th May 2006 (neap tide).
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Fig. 1-1-50. Vertical distribution of w—component along the 1-4 line
at ebb current on 4th May 2006 (neap tide).
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Fig. 1-1-52. Vertical distribution of w-component along the 9-10

line at ebb current on 4th May 2006 (neap tide).
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Fig. 1-1-56. Vertical distribution of w—component along the 5-8 line
at ebb current on 30th May 2006 (spring tide).
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Fig. 1-1-57. Vertical distribution of w-component along the 9-10

line at ebb current on 30th May 2006 (spring tide).

_92_



ojth. 1ol A

al

A

Rl

2006 749 279 WF7] HZ2A]

T

T
=X B (w-component)d] X E L}E}

a9 1-1-58 % 59

HASl 128.5°E A 2cm/s

N

.ZF

T

.ZF

T
T
-

= g

hyA
fhn 5l

128.5~128.51°E°l| A]

7F YEFS o™ 3 linedl A]

o] YeltT}. 4 lineol

HA vEbk o, 7 lineol A

Ay
fhn Y

LN

=]

= A B (w-component)?] &
1At 5 lineol A]

20064 749 274
[}
— 93 —

TEE FA B%0

ol 1 A7|7} ZstA WElSTE. 3 linedl A

Aol M= st 250l 2 ol4dllA

| N

T

T

62

A= Ao
E-W line @ S-N line°l| A <]

=

=i
40m o]

7o 3F0°] YERTE 8 linedlA= T

=

k

=

AA A O 2 4 cm/solie] AV =
o

F7F ol b Al

1
A

T

T

T

FITE 4 lineol A=

Zoltk. 1 lineol A9

A YERSTE 2 lineol A
2cm/s ©]4e] A7)

=3

a3 1-1-60, 61

Al

1}

o
AR

o
th 2 linedl M= 722 T

o] A7 =
o] YERto™ ThA

line | A1
g
H
line | A1

°©



ool FV|E EAEgon, Y& 9

o)
diel S5l fAlsHAl o
Elgton, F2E FH 5% F4 oF 40m olHdA FEF7E EAE
ol¢} o] 2006d 7€ 27 dix7ld AAF dA  FEdE
(w—component) 2= FEAIS G2 BT Adsie 27 [ Bu
S-AHA YERsEe ™, 20060 59 3049 Aol FAE AeF 9 SR
7F Aol BxstE FEE Hola

_94_



11+ 11
15F 15}
19+ 19
23 23r
27F 27F
31 31r
_35p 351
E E
£39 Z 39F
o o
8 43 & a3t
47 A7
51 51
55 550
59+ 591
631 631
67 67F
- Spring tide(Flood current) ] b Spring tide(Flood current)
Jul. 27, 2006(E-W line 1) Jul. 27, 2006(E-W line 2)
T W-Component e W-Component
79t i " " 79t . . |
128.49 128.5 128.51 128.49 128.5 128.51
Longitude(®) Longitude(°®)

11r

151

19

231

271

31

351

39

43t

Depth(m)

47

s1f ¥

55

59

63

671

Spring tide(Flood current)
Jul. 27, 2006(E-W line 3)
W-Component

71ir

751

79t

, . .
128.49 128.5 128.51
Longitude(®)

I3 1-1-58. 2006 7€ 27d(HN=z7]) ZZEA 1, 2 E 3 linedlA #531
2 A #(w-component) &3
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Fig. 1-1-60. Vertical distribution of w—component along the 1-4 line
at ebb current on 27th July 2006 (spring tide).
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Fig. 1-1-61. Vertical distribution of w—component along the 5-8 line

at ebb current on 27th July 2006 (spring tide).
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Fig. 1-1-62. Vertical distribution of w-component along the 9-10
line at ebb current on 27th July 2006 (spring tide).
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Fig. 1-1-63. Vertical distribution of w—component along the 1-4 line
at flood current on 14th October 2006 (neap tide).
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Fig. 1-1-64. Vertical distribution of w—-component along the 5-8 line

at flood current on 14th October 2006 (neap tide).
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Fig. 1-1-65. Vertical distribution of w-component along the 9-10

line at flood current on 14th October 2006 (neap tide).
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Fig. 1-1-66. Vertical distribution of w—component along the 1-4 line
at ebb current on 14th October 2006 (neap tide).
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Fig. 1-1-67. Vertical distribution of w—-component along the 5-8 line
at ebb current on 14th October 2006 (neap tide).
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Fig. 1-1-68. Vertical distribution of w-component along the 9-10

line at ebb current on 14th October 2006 (neap tide).
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Fig. 1-1-70. Vertical distribution of w—-component along the E-W and
S-N line at ebb current on 27th October 2006(mid tide).
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Fig. 1-1-71. Vertical distribution of w—-component along the E-W and

S-N line at flood current on 27th October 2006(mid tide).
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Fig. 1-1-72. Vertical distribution of temperature along the E-W and
S-N line on 27th October 2006(mid tide).

- 112 -



-

1=}
=

5]

Al LHERS

Al

A Hebsk o

°©

Al

A

M S-N 2 linedl] 4]

T

A0
T

e}

2006 114 30
2006 114 30

A e

°©

KeX
L
L
L

5A - (w-component) 9] A3}

a8 1-1-74
S-N line®l A <]

E-W 2 linedl A&

14 1-1-73

S-N line®l A <]
Zol 7hAA Uehis X5 B

E-W 1 line ¥ 2 line°lA
o1 S-N 1 line 2 2 line°lA]

)

N
w5

bl mgrs

°©

A WeE uw

;é}

=)
3 2006W 11¥ 3099 AA]

A= 7}

==
=

(el

i
23
il

A 71l

LHERA AT

1-1-75¢
2006 1049 2749 9} fAL

NN AAAQ e W

a9

S—-N line
(34.6°N,

] o3
==

=~
“

ol
A

==
3

&=

3F3ith. E-W line

hyA
fin 5l

sl 3

[}

16~19°C=Z YElstom

T

-

128.5°E)ell A W9 &%,

B
A

¢

=
1o

)

A}, o9 B

=

=

be s

°©

A<
AN

5]
- 113 -

]

L.

A& sl Aol



11
151
19r
23
27+
31
35
39+

B
ZE4r
g

34T

Depth(m)

47+

51
55
59+
631
671
i
751
791

81

n n n : n n n n n n
12847 12848 12849 1285 12851 12852 12853 12847 12848 12849 1285 12851 12852 12853
Longitude(®) Longitude(®)

11 1+
15 151
19t 19+
231 231
27 271
31 31t
35 351

3 39

jé’ 43 § |

§ 47 § a7t
511 sif
55 551
59 591
631 631
671 671
71t 7t
751 751
791 791
81 811

T T T T T T T T T T
34.58 34.59 34.6 34.61 34.62 34.58 34.59 34.6 34.61 34.62

Latitude(®) Latitude(°)

a3 1-1-73. 2006 11€ 30¥(X2=Z7]) 4ZA] E-W line 3 S-N line®l
A #&55 A2 A E(w-component) ¥3E.

Fig. 1-1-73. Vertical distribution of w-component along the E-W and
S-N line at ebb current on 30th November 2006 (neap tide).
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Fig. 1-1-74. Vertical distribution of w—component along the E-W and S-N
line at flood current on 30th November 2006 (neap tide).

- 1156 -



Depth(m)

70r  Nov. 30, 2006(Neap tide) 1
E-W line
80r  Temperature(Deg.C) 1

1 1 1 1 1 1
3000 2000 1000 0 1000 2000 3000

Distance(m)

‘ — = ——— ‘

f———— ~
S «---""""N
o DT T —g——
_ - - -~ ~ o ____

- \ - =
207/\’/\ﬁ—18-/"\7

_ P -~ - - P -_— ~ ~ -

e U e = —
=T - =_" 17
S0 e e 1
g s - = Y
o b = - - T T T T — - = =~ B

60 1

70r  Nov. 30, 2006(Neap tide) 1

S-N line
80  Temperature(Deg.C) 1

Il Il Il Il Il
3000 2000 1000 0 1000 2000 3000
Distance(m)

a8 1-1-75. 20069 11€¥€ 30¥(£%7])) E-W line & S-N linedlA] I
H 5 d3EE.

Fig. 1-1-75. Vertical distribution of temperature along the E-W and
S-N line on 30th November 2006 (neap tide).
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Fig. 1-2-3. Vertical distribution of dissolved oxygen in April,
2006(SN line: upper, EW line: lower).
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Fig. 1-2-9. Vertical distribution of Chlorophyll a in April, 2006(SN

line: upper, EW line: lower).
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middle layer, near bottom in April, 2006.
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Fig. 1-2-12. Horizontal distribution of Chlorophyll a at surface layer,

middle layer, near bottom in August, 2006.
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Fig. 1-2-14. Horizontal distribution of Chlorophyll a at surface layer,

b

middle layer, near bottom in October, 2006.

- 139 -



s

N
St.18 St.14 St. 10 St.6 St.2 St.1 St.4 St.8 St.12 St. 16 St 20
0 i h h | | | |

81 21 St.17 St.13 St.9 St.5 t. St. 11 St. 15 St 19

0
0.85
0.8
10
0.75
0.7
ol 0.65
0.6
%0- 0.55
0.5
. 0.45
0.4
0.35
50
0.3
0.25
60 0.2
0.15
70 0.1
0.05
0
an-

23 1-2-15. 20069 112 E5AE (SN line) € TAAE (EW line)9
54 a9 dAFZE.
Fig. 1-2-15. Vertical distribution of Chlorophyll a in November,
2006(SN line: upper, EW line: lower).
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Fig. 1-2-16. Horizontal distribution of Chlorophyll a at surface layer,

middle layer, near bottom in November, 2006.
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Fig. 1-2-17. Vertical distribution of suspended particulate matter in

April, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-18. Horizontal distribution of suspended particulate matter at

surface layer, middle layer, near bottom in April, 2006.
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Fig. 1-2-19. Vertical distribution of EW line suspended particulate

matter in August, 2006.

10

—@— Surface layer ,/-\\
O Middle layer / \
—¥- Near bottom * Y

\

/I \

SPM (mg/L)

0 T T T T T T T T T

St.21 St.17 St.13 St.9 St5 St1 St.3 St.7 St11 St.15 St 19
Station

2% 1-2-20. 2006 8¥ %%F (Im), 35 (30m), @ A3 (near bottom)
A BHAAAEAY 59 22,
Fig. 1-2-20. Horizontal distribution of suspended particulate matter at

surface layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-21. Vertical distribution of suspended particulate matter in

(= -y

October, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-22. Horizontal distribution of suspended particulate matter at

surface layer, middle layer, near bottom in October, 2006.
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Fig. 1-2-23. Vertical distribution of suspended particulate matter in

November, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-24. Horizontal distribution of suspended particulate matter at

surface layer, middle layer, near bottom in November, 2006.
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Fig. 1-2-25. Vertical distribution of particulate organic matter in

April, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-26. Horizontal distribution of particulate organic matter at

surface layer, middle layer, near bottom in April, 2006.
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Fig. 1-2-27. Vertical distribution of EW line particulate organic
matter in August, 2006.
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Fig. 1-2-28. Horizontal distribution of particulate organic matter at

surface layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-29. Vertical distribution of particulate organic matter in

Octoberl, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-30. Horizontal distribution of particulate organic matter at

surface layer, middle layer, near bottom in October, 2006.
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Fig. 1-2-31. Vertical distribution of particulate organic matter in

November, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-32. Horizontal distribution of particulate organic matter at

surface layer, middle layer, near bottom in November, 2006.
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Fig. 1-2-33. Vertical distribution of ammonia in April, 2006(SN line:

upper, EW line: lower).
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Fig. 1-2-34. Horizontal distribution of ammonia at surface layer,

middle layer, near bottom in April, 2006.
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Fig. 1-2-35. Vertical distribution of EW line ammonia in August, 2006.
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middle layer, near bottom in August, 2006.
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Fig. 1-2-39. Vertical distribution of ammonia in November, 2006(SN

line: upper, EW line: lower).
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Fig. 1-2-41. Vertical distribution of nitrite in April, 2006(SN line:

upper, EW line: lower).
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Fig. 1-2-42. Horizontal distribution of nitrite at surface layer, middle

layer, near bottom in April, 2006.

- 177 -



w
5t.21 St.17 St 13 5.9
| |

51.5

E
511 5t.11 St.15 St. 19
| |

5.3 SL7

1.2
1.15
1.1
1.05

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4

0.3
0.25
0.2
0.15
0.1
0.05

19 1-2-43. 20069 8¢ ZAAE (EW line)?] olAAA Lo AR F =%,

Fig. 1-2-43. Vertical distribution of EW line nitrite in August, 2006.
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Fig. 1-2-46. Horizontal distribution of nitrite at surface layer, middle

layer, near bottom in October, 2006.
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Fig. 1-2-47. Vertical distribution of nitrite in November, 2006(SN
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Fig. 1-2-48. Horizontal distribution of nitrite at surface layer, middle

layer, near bottom in November, 2006.
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Fig. 1-2-49. Vertical distribution of nitrate in April, 2006(SN line:

upper, EW line: lower).
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Fig. 1-2-50. Horizontal distribution of nitrate at surface layer,

middle layer, near bottom in April, 2006.
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Fig. 1-2-51. Vertical distribution of EW line nitrate in August, 2006.
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middle layer, near bottom in August, 2006.
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Fig. 1-2-53. Vertical distribution of nitrate in October, 2006(SN line:
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Fig. 1-2-56. Horizontal distribution of nitrate at surface layer,
middle layer, near bottom in November, 2006.
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Fig. 1-2-57. Vertical distribution of dissolved inorgaric nitrogen in

April, 2006(SN line: upper, EW line: lower).
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surface layer, middle layer, near bottom in April, 2006.
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Fig. 1-2-60. Horizontal distribution of dissolved inorganic nitrogen at

surface layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-61. Vertical distribution of dissolved inorgaric nitrogen in

October, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-62. Horizontal distribution of dissolved inorganic nitrogen at

surface layer, middle layer, near bottom in October, 2006.
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Fig. 1-2-63. Vertical distribution of dissolved inorgaric nitrogen in

November, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-65. Vertical distribution of total nitrogen in April, 2006(SN

line: upper, EW line: lower).
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Fig. 1-2-66. Horizontal distribution of total nitrogen at surface

layer, middle layer, near bottom in April, 2006.

- 206 -



w E
St.21 St.17 St.13 St.9 5t.5 SI_. 1 5.3 st.7 stm St.15 st.19

23 1-2-67. 20069 8¥ FAAE (EW line)d $2 &9 dAFZ.
Fig. 1-2-67. Vertical distribution of EW layer total nitrogen in
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Fig. 1-2-68. Horizontal distribution of total nitrogen at surface

layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-71. Vertical distribution of total nitrogen in November,

2006(SN line: upper, EW line: lower).
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Fig. 1-2-72. Horizontal distribution of total nitrogen at surface

layer, middle layer, near bottom in November, 2006.

- 211 -



LHERA A

=
=2

_?4,4

=
GE A E(SN line)ol| A A rRH AA)

=3]

= 0.79uMA 3L, 0.63~1.19uM <]

[}

]

Ay

1.2.2.11 &&

TR

fvzel

o

—_—

o )%

oAl 4 8H, &

e

ksl
pul

o 917

sl
S|

of A 1]l

==

T o

A E(EW line)oll Al A

ol 4 5H¥} 179, 212 A9

|
—

)
o

Ho
ol
HH

UER AT (2E 1-2-74).

e =
o 1-=

=0
BN S

A

i

|

ol

il
KR

0

!

—_—

ngon Ao 9

l

o wel o 2

PZS
XA E(EW line)

PN

oJ

HAENA s=7F A

1 o

=

ol A 49me] $A 74X

E4o] QITH 1Y 1-2-75).
- 212 -

=

AL o

+ 0.35pM= 49%]0“ H]éﬁ %157]_ EV. Z:}.i.s.]_

0.10~1.27uM

ol A

]

S
=

g

A

s
L

]

oA A thebskeh

=

=

71(5]
oA AruEH

g Ho|



W o ele) A

3 O

A

O

Bolal, sFHowe A 113} 1994 ¥ $=8 1

i

Ut gAa 546 wet o

=

=

‘?4

H
=]

+ 0.06~1.36uM<]

hyA
fhn

7ele] i

=
=

_%l_
Fel

=
L

Zs

)

oA 45me] FA7HA]

2 etk 1-2-77).

Kol

g o] ¥ 1493} 18HL 30mE-H

=

=

T
| .

;|

N

O
FAARE 45me] FAAAE B Re

3
ar

AAET} Aol

2 A E(EW line)dlA] 23R

=

T

)

AL
-

)=
RN

Z]
4

o wel w7t Z7lele AR B
o &

=7 = vEd o

]

o
1l

Hol= Aol sdgloen, Moy 7 Eol 9

rc =
o 1-=

o]
HH

o

%

I

i

ol

_Z_O
22|

B

mjn
I
il

jfare}

)

A

<5l

e, o 5 Axu Hae] @ 4 18¥3 21
HAG(1dH 1-2-78).

i)

- 213 -



it

Ho
ol

21 ot

K

AA 20W3 A1 AZol 98

Eis

ol 1A

1}
=
Hola

R

78}k

<
+ 0.43~2.38uM=E =

| &=7t

i 0.76pM= 897 10€el 1|8

g

Ry

1199 &&57]0&

hyA
i Y

219] 1

0

7]

)

&

{R Aoz vfg- o

e

’J (SN line)ol| 4]

il

=
= Hu

IH
Ho
ol
e

S|
&

ol

7 1890l A% 1

Eis

o] 9]

il

BATH(ZH 1-2-79).

line) ol 4]

=
=

)
—_—

B
g

R

e

E
el
B2

i

Ho
o]
M

19 A3 1A x5l
SolA 40me] FA7HA

Aol gojel wet skt Srbehe A

o

3
ar

o A2

= HEr

] =7}

= =
—._—I‘O

2 0.5~1.0kmeol A GHEANA

19 A3 1HoARE =

B
il

jfaxe}

)

A

—

0

i

.
0

mjn

Ho
ol

N

=

oAM= A

vzl

I[N

=
el
B2
mjn

Ho
ol

A7 1993} 209X tha FE7)

ot
oAM=

<)

o #1A

<3

=

A

LHERA AT

J) 2 o &2

Z %

T
T

of §1A1% SN

R

it

Ho
ol

mjn

o .
M

- 214 -



St.1 St 4

N S
St.18 St.14 St. 10 St.6 St.2 St.8 St.12 St.16 St. 20
0 ; h | | |

10

20
30+
40
50

60-

w E
St.21 St.17 St.13 St.9 St.5 St.1 St.3 St.7 St.11 St.15 St. 19
0 | | | | |

10
20
30-
40-
50
60

70

B0-
a3 1-2-73. 20069 49 FEAE (SN line) @ FAAE (EW line)9
$ERIAY AT =,
Fig. 1-2-73. Vertical distribution of dissolved inorganic phosphate in
April, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-74. Horizontal distribution of dissoved inorganic phosphate at

surface layer, middle layer, near bottom in April, 2006.
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Fig. 1-2-75. Vertical distribution of EW line dissolved inorganic

phosphate in August, 2006.
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Fig. 1-2-76. Horizontal distribution of dissoved inorganic phosphate at

surface layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-77. Vertical distribution of dissolved inorganic phosphate in
October, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-78. Horizontal distribution of dissolved inorganic phosphate at

surface layer, middle layer, near bottom in October, 2006.
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Fig. 1-2-79. Vertical distribution of dissolved inorganic phosphate in

November, 2006(SN line: upper, EW line: lower).
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Fig. 1-2-80. Horizontal distribution of dissoved inorganic phosphate at

surface layer, middle layer, near bottom in November, 2006.
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1-2-81. Vertical distribution of total phosphate

2006(SN line: upper, EW line: lower).
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Fig. 1-2-82. Horizontal distribution of total phosphate at surface

layer, middle layer, near bottom in April, 2006.
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Fig. 1-2-81. Vertical distribution of total phosphate in August, 2006.
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Fig. 1-2-84. Horizontal distribution of total phosphate at surface

layer, middle layer, near bottom in August, 2006.
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Fig. 1-2-85. Vertical distribution of total phosphate in October,
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Fig. 1-2-86. Horizontal distribution of total phosphate at surface

layer, middle layer, near bottom in October, 2006.
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1.3. AEA ZA}

1.3.1 AEE2a=

st 24 T A H 4T F 4 s T dEFoR rlst

Alge &7 %2 542 Cupp(1943), Dodge(1982), thi#(1991), Chihara
and Murano(1996), Tomas(1997) ¢ L3S o] &3kl

AEEHIdeE +1S B4 A 7ss dotstaxt A<l
Ft}FA X =(Species Diversity index), 75X A <=(Evenness index), &

=2 9(Richness index)& Z+7} 43151t

EREASRE ool Margalef(1958)9) 3o we} Faigict

o714, N& AEEFIE dTZoliL, 4 > 74749 Fo] A= Ax
Toltt.
754 A9 (e)= Lloyd and Ghelard(1964)2} Pielou(1966)2] ofzfje] 2

& ol 83hqnt.
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¥ 1-3-1~1-3-8°] #|A]&3A}.

FA1(2006d 49) ZAEIY 35 AEZHIAES F24E Bacillariophyceae
(7F27) 23, Dinophyceae(£}H# A 0% 27F0 7 ZAMEYC
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o =5 FeA (94 1-5)9]

I S AR et AEFE T o 2 11,920cells/L 323kt Szt

7} SHd=zo w7 3P ANE o] A]7|oAE Nitzchia pungens, Chaetoceros

pseudocurvisetum?} T2 Z&=o| Hla] 2+ 2+ 16.74%, 1047%% A< &9
tH19 1-3-1, 3% 1-3-1).

3 FH(26m) AEZHAE FxAL Bacillariophyceae(7F27%) 21
% Dinophyceae(FHEZ%) 5% & F 195 26F°loH, o] 5 x4
o] Ao 98%=E tiF-its AAste] EFH B2 AEFS HERATE o] A
719 AEZFIAE AdFEFS 2,300 ~14,300cells/L(B T 9,295cells/L) =
ZALE T BA 28 10004 & ARl vl A or & AEFS
Bt E5 FshA (A3 1~-5)9 Hdt =S Z5H 2ol =AY
o] Hyt AEH KT 7 ¥ 11,400cells/L =% &dF T Nitzchia
pungens®] 18.98%= #S¥ w7IAE Al $-H3k%lal, Chaetoceros
pseudocurvisetum©] 12.10%= A2 $-HsAtH (1 1-3-2,

sHA(2006d 8¥)  AMEY  #HT  AEZEHIAEY TR
Bacillariophyceae(7+3%7%) 18%, Dinophyceae($FA X 27) 2%
Chrysophyta(F5MZA &) 2T 5 T 165 22T, o] T x4
of A 98%= =AWETF ofF FUTE o] A7 AEEFIE d
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o

Chaetoceros pseudocurvisetum®] ©TE ZF3&Fo] 4]

- 235 -



15.78% % ApAste] A1 54 # A2 $HE sAHad 1-3-3,
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3tH F=(25m) AEZHIES =XALS Bacillariophyceae(7+%7) 14
%, Dinophyceae($}H R %7}) 2% Chrysophyta(FaMZAEE) 1€ 5 %
13% 17Fe| o, o] F 4ol AA 97.8%% W ET} o} T
I e A YRt o] Al7]dA Edd AEESFIAES] dEFHS
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2t} Thalassiosira nitzchioidest 2005W% FAMAFME HFo=Z
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FA006E  10€)  FARIY ®2T HEERdAEd X242
Bacillariophyceae(7+3%7%) 163, Dinophyceae($FA X Z7) 4%
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S Byttt #3d= =  Nitzchia pungens©] 19.21% A1 $-As 1,
Thalassiosira nitzchioides?} 13.86%% #|2 $HdstFtH(1d 1-3-6, *%
1-3-6).

FA2006 11¥9)  FAEY XS HEESHAEY] TS
Bacillariophyceae(7F%7) 18%, Dinophyceae(9}H 2 Z7}) 1%,

=
s 165 20F0]lem, o T qf

=
Aol AAe] 98. 7%= E@RIET} ofF £UHh o] A7l =dF ==

O
=)
<
1%
(@}
(o]
=y
I
D
o
@
oldh
a1t
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N
1
({al
)
of\
<y
Iy

AE dE=FHL 1,000~9,900cells/L(H 3,957cells/L)&E ZFAME A, A
A 1904 7HE m=o dAESES Hel v, AA 5olA & A vlE) 7}

.300cells/L= WERRTE HS2dk Al7]19] 20054 %=
ZAFl A= Chaetoceros pseudocurvisetus, Eucampia zodiacus7} 8%
o2 F33 FTo|UARE, o] Al7|dl E¥F F Skeletonema costatum}
Nitzchia pungens®] 7} 7} 16.25%, 15.40%% #Agto] A1 4 2 A2
FHE St (™ 1-3-7, & 1-3-7).

3 T AEZHAES FTXAL Bacillariophyceae(FE7) 14%
Dinophyceae($FH R %7}) 1%, Chrysophyceae(FFM2AEY) 15 5 F
164 20Fo]3lown, o TFER7Fe] AAY] 98.3% % EAWIET) wol &
2L AFE et o] A7 =/t AEERIAEY AEFS
1,300~8,700cells/L(#+ 5,033cells/L)® Webstth 43 170 o8& A
of vs] 7Hg 2 dEFS B vHAE, AH 204 TP @3 dEFS B

3 of

o
il

). Nitzchia pungens®  Skeletonema costatums= 22t 20.63%,
15.57%% #Aste] 253 w7 R A1 8 2 A2 84S AT
Y 1-3-8, 3% 1-3-9).
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R 1-3-1. 4120069 44) £59] A2 IE T A H IEFH(x102cells/L)

Table 1-3-1. The species compostion and standing crop of
phytoplankton in surface water in April, 2006
Station
Species 1 2 3 4 5 6 7 8 9 10 11 12
BACILLARIOPHYCEAE
Bacteriastrum hyalinum 28 12 24 24
Biddulphia longicruris 5 8 5 6
Chaetoceros affinis 15 21 18 24 8
Chaetoceros compressus 24 18 32
Chaetoceros danicus 3 5 3 15
Chaetoceros didymus 22 16
Chaetoceros pseudocurvisetum 39 18 21 18 11 20
Cheatoceros decipiens 23 9 13 4
Coscinodiscus sp 1 1 1 3
Cylindrotheca closterium 4 4 3 5 3
Ditylum brighwellii 1 3 2
Eucampia zodiacus 14 24 29 28 24
Leptocylindrus danicus 15 8 15 16
Melosira juergensii 6 13 7
Nitzchia pungens 42 25 15 18 33 12 3 18 21 10 12
Oxyphsis oxytoxoides 1
Paralia sulcata 2 16 16 16
Pleurosigma sp 1 1 1 1
Rhizosolenia delicatula 4 16 18
Rhizosolenia setigera 2 4 2
Stephanopyxis turris 4 4 6 3
Thalassiosira nitzchioides 16 15 15 12 12 21
Thalassiosira rotula 13 6 14 7
DINOPHYCEAE
Alexandrium fraterculus 4 2
Ceratium fusus 2 2 2 1 2
Dinophysis acuminata 1 1
Protoperidinium sp 1 1 2
sEHE 9 15 6 12 10 8 6 4 6 15 13 7
&8 A5 148 139 58 119 132 83 110 63 58 150 120 74
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E 1-3-1. A
Table 1-3-1. Continue

b

Species Station 13 14 15 16 17 18 19 20 21 |&A |[H=S
BACILLARIOPHYCEAE
Bacteriastrum hyalinum 16 104 | 4.90
Biddulphia longicruris 13 8 13 12 14 | 84 | 3.96
Chaetoceros affinis 10 16 14 14 14 27 || 181 | 8.53
Chaetoceros compressus 16 24 114 | 5.37
Chaetoceros danicus 26 | 1.23
Chaetoceros didymus 20 58 | 2.73
Chaetoceros pseudocurvisetum 18 13 16 36 12 || 222 | 10.47
Cheatoceros decipiens 18 12 79 | 3.72
Coscinodiscus sp 1 1 8 0.38
Cylindrotheca closterium 5 2 3 34 | 1.60
Ditylum brighwellii 4 1 11 | 0.52
Eucampia zodiacus 15 8 10 17 8 12 189 | 8.91
Leptocylindrus danicus 21 15 21 | 111 | 5.23
Melosira juergensii 5 31 1.46
Nitzchia pungens 21 12 14 13 21 27 15| 355 | 16.74
Oxyphsis oxytoxoides 1 2 0.09
Paralia sulcata 9 8 7 16 8 12| 110 | 5.19
Pleurosigma sp 3 2 1 2 12 | 0.57
Rhizosolenia delicatula 7 16 | 61 | 2.88
Rhizosolenia setigera 2 3 1 2 4 3| 2 | 1.28
Stephanopyxis turris 8 31 1.46
Thalassiosira nitzchioides 27 14 2 10 21 6 || 171 | 8.06
Thalassiosira rotula 11 7 12 70 | 3.30
DINOPHYCEAE

Alexandrium fraterculus 2 8 0.38
Ceratium fusus 2 11 | 0.52
Dinophysis acuminata 1 3 0.14
Protoperidinium sp 1 2 2 9 0.42
sEHE 12 8 6 7 7 11 10 12 11| 27

=8 A= 130 80 52 48 52 110 105 160 130(2,121| 100
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3 1-3-2. 4120061 49) 5359 AeSRIEe F A 2 FEHx102cells/L)
Table 1-3-2. The species copostion and standing crop of
phytoplankton in 25m depth in April, 2006
Station
Species 1 2 3 4 5 6 7 8 9 10 11 12
BACILLARIOPHYCEAE
Bacteriastrum hyalinum 16 12 8
Biddulphia longicruris 12 8
Chaetoceros affinis 12 14 8 16 6 13
Chaetoceros compressus 18 16 13 6 16
Chaetoceros danicus 2 2 11
Chaetoceros didymus 12 24 18 10 14
Chaetoceros pseudocurvisetum 19 16 12 14 183 24 16
Cheatoceros decipiens 24 18
Coscinodiscus sp 2 1
Cylindrotheca closterium 4 1
Ditylum brighwellii 2 2 1
Eucampia zodiacus 29 8 4 11 12 10 12
Leptocylindrus danicus 25 12 10 12 12 18 15
Melosira juergensii 5 12 5
Nitzchia pungens 24 29 21 28 21 12 10 18 28 21 25
Paralia sulcata 8 16 16
Pleurosigma sp 2 2 1 2 2 1 4
Rhizosolenia delicatula 5
Rhizosolenia setigera 1 4 1 4 4
Stephanopyaxis turris 3 4 5 1 4
Thalassiosira nitzchioides 15 12 9 12 16 10 15
DINOPHYCEAE
Alexandrium fraterculus 2 3
Ceratium furca 1 1
Ceratium fusus 2 2 1 2 1
Dinophysis acuminata
Protoperidinium sp 1 1 1 1 1 1
e 5 13 12 12 13 5 7 4 8 15 7 13
E8 A= 59 140 120 130 120 30 72 30 63 143 72 134
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E 1-3-2. A
Table 1-3-2. Continue

b

Species Station 13 16 19 20 21 |&A ™2
BACILLARIOPHYCEAE
Bacteriastrum hyalinum 4 16 12| 70 | 3.85
Biddulphia longicruris 4 5 4 (| 33 | 1.82
Chaetoceros affinis 12 14 120 | 6.60
Chaetoceros compressus 77 | 4.24
Chaetoceros danicus 15 | 0.83
Chaetoceros didymus 16 18 14| 126 | 6.93
Chaetoceros pseudocurvisetum 24 26 14| 220 | 12.10
Cheatoceros decipiens 12 13 67 | 3.69
Coscinodiscus sp 1 2 7 0.39
Cylindrotheca closterium 5 20 | 1.10
Ditylum brighwellii 2 | 10 | 0.55
Eucampia zodiacus 18 16 14 18 | 160 | 8.80
Leptocylindrus danicus 17 15 || 136 | 7.48
Melosira juergensii 7 5 5 | 55 | 3.08
Nitzchia pungens 31 13 15 14 16 || 345 | 18.98
Paralia sulcata 18 3| 69 | 3.80
Pleurosigma sp 2 2 | 21 1.16
Rhizosolenia delicatula 11 | 0.61
Rhizosolenia setigera 3 4 (| 33 | 1.82
Stephanopyxis turris 4 33 | 1.82
Thalassiosira nitzchioides 12 16 | 156 | 8.58
DINOPHYCEAE
Alexandrium fraterculus 3 1 0.50
Ceratium furca 2 4 0.22
Ceratium fusus 10 | 0.55
Dinophysis acuminata 1 0.06
Protoperidinium sp 3 1 10 | 0.55
EME T 14 5 6 12 15| 26
=8 A= 139 41 63 38 64 23 74 135 128|1,818| 100
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Table 1-3-3. The species copostion and standing crop of phytoplankton

in surface water in August, 2006 (x102cells/L)

Station et
Species 1 3 5 7 9 11 13 15 17 19 21 - fHE
BACILLARIOPHYCEAE
Biddulphia longicruris 5 6 2 8 4 (25| 3.49
Chaetoceros compressus 8 12 16 12 2 9 8 67 | 9.36
Chaetoceros danicus 3 3 | 042
Chaetoceros lorenzianus 6 15 4 25| 3.49
Chaetoceros pseudocurvisetum 16 6 18 18 15 16 24 113| 15.78
Coscinodiscus sp. 2 1 1] 4 | 056
Coscinodiscus wailesii 1 1| 014
Ebria tripartita 1 1] 2| 028
Eucampia zodiacus 16 5 15 12 8 |56 | 7.82
Leptocylindrus danicus 5 15 12 32 | 4.47
Melosira junergensii 5 3 4 12| 1.68
Nizschia pungens 183 15 12 9 6 18 21 14 |(108| 15.08
Pleurosigma sp 1 2 1 2 1] 7 | 098
Rhizosolenia setigera 3 2 3 3 1 3 15| 2.09
Rhizosolenia stolterforthii 4 6 4 4 (18] 2.51
Skeletonema costatum 11 18 24 18 21 10 24 12 |138| 19.27
Stephanopyaxis turris 4 6 5 15| 2.09
Thalassiosira nitzchioides 3 8 15 15 15 5 | 61| 852
DINOPHYCEAE
Ceratium fusus 1 1 1 1| 4 | 056
Protoperidinium sp 1 1 1 1 1 1 0.84
CHRYSOPHYTA

Dictyocha fibula 1 1] 0.14
Dictyocha speculum 1 1 1 3 | 042
E8E T+ 10 9 6 9 9 11 3 8 8 10 1122

=8 A= 60 53 49 95 60 78 10 94 63 98 52716/ 100

- 242 -




£ 1-3-4. 3H41(2006d 88) T35 AEESHIE T A 2 FEF(x102cells/L)
Table 1-3-4. The species copostion and standing crop of phytoplankton
in 25m depth in August, 2006 (x102cells/L)

Station et
Species 1 3 5 7 9 11 13 15 17 19 21 - fHE
BACILLARIOPHYCEAE
Chaetoceros compressus 4 12 16 18 12 62 | 10.99
Chaetoceros danicus 1 3 1 3 119 | 1.60
Chaetoceros lorenzianus 8 4 5 17 | 3.01
Chaetoceros pseudocurvisetum 6 12 12 8 16 4 |58 | 10.28
Coscinodiscus sp. 1 1] 0.18
Eucampia zodiacus 8 8 8 8 8 40 | 7.09
Leptocylindrus danicus 7 16 12 35| 6.21
Melosira junergensii 4 3 3 7 3 2 |22]| 3.90
Nizschia pungens 5 9 13 16 12 15 12 15 10 |107| 18.97
Pleurosigma sp 3 3 | 0.53
Rhizosolenia setigera 1 4 3 3 4 3 (18| 3.19
Rhizosolenia stolterforthii 3 1 4 | 0.71
Skeletonema costatum 18 15 14 18 13 8 |86 | 156.25
Thalassiosira nitzchioides 12 12 18 12 12 9 15|90 | 15.96
DINOPHYCEAE
Ceratium fusus 1 2 114 | 071
Protoperidinium sp 1 2 1 2 6 | 1.06
CHRYSOPHYTA
Dictyocha speculum 1 1] 2| 035
E8E 3 4 7 9 7 9 4 6 7 9 9|17 3.01
=8 A 17 19 51 73 42 70 24 73 60 90 45|564| 100
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Table 1-3-5. The species copostion and standing crop of phytoplankton
in surface water in October, 2006 (x102cells/L)

Station
Species 1 2 3 4 5 6 7 8 9 10 11 12
BACILLARIOPHYCEAE
Asteionella glacialis 8 10 14
Bacteriastrum hyalinum 12 9 16 16
Biddulphia longicruris 16 4 18 2
Chaetoceros affinis 6 12 8 15 28 14
Chaetoceros danicus 3 2 3 2
Chaetoceros didymus 5 4 14 18 14
Chaetoceros lorenzianus 10 14 16 12 18
Coscinodiscus sp 1 1 3 1 1
Ditylum brighwellii 2 1 1
Eucampia zodiacus 8 12 19 8 12
Leptocylindrus danicus 8 14 18 5
Nitzchia pungens 7 12 9 15 3 8 21 15 9
Odontella sinesis 1 1 1
Pleurosigma sp 2 1 2
Rhizosolenia setigera 4 2 1 2 3
Thalassiosira nitzchioides 8 10 5 9 6 12
DINOPHYCEAE
Ceratium breve 2 2 1 2
Ceratium furca 1 2
Ceratium fusus 1 1
Protoperidinium sp 2 1 1
CHRYSOPHYTA
Dictyocha fubula 1 1 1
E8E T+ 5 6 8 10 12 6 9 7 6 5 8 6
8 A= 45 23 36 68 84 43 60 100 51 23 70 43
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E 1-3-5. A
Table 1-3-5. Continue

b

Station

Species 13 14 15 16 17 18 19 20 21 |&A |[H=S
BACILLARIOPHYCEAE
Asteionella glacialis 5 2 5 44 | 3.84
Bacteriastrum hyalinum 12 12 77 | 6.72
Biddulphia longicruris 12 8 2 62 | 5.41
Chaetoceros affinis 14 18 9 6 130 | 11.34
Chaetoceros danicus 2 5 17 | 1.48
Chaetoceros didymus 8 15 19 97 | 8.46
Chaetoceros lorenzianus 15 18 15 6 15| 139 | 12.13
Coscinodiscus sp 1 2 10 | 0.87
Ditylum brighwellii 2 1 7 | 0.61
Eucampia zodiacus 12 10 15 15 15 12 || 138 | 12.04
Leptocylindrus danicus 4 7 13 6 75 | 6.54
Nitzchia pungens 18 8 15 9 21| 170 | 14.83
Odontella sinesis 1 4 0.35
Pleurosigma sp 1 2 2 1 11 | 0.96
Rhizosolenia setigera 2 3 1 3| 21 1.83
Thalassiosira nitzchioides 12 4 12 15 6 12| 111 | 9.69
DINOPHYCEAE
Ceratium breve 1 1 9 0.79
Ceratium furca 1 4 0.35
Ceratium fusus 1 1 2 6 0.52
Protoperidinium sp 1 1 2 8 0.70
CHRYSOPHYTA

Dictyocha fubula 2 1 6 0.52
E8E T+ 9 6 9 6 10 7 5 5 10| 21

=3 A 69 40 43 52 93 62 40 28 731,146 100
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E 1-3-6. FA(2006W 10¥) T3] AEZEZIE T A 2 S (x102cells/L)
Table 1-3-6. The species copostion and standing crop of phytoplankton
in 25m depth in October, 2006 (x102cells/L)

Station

. i 2 3 4 5 6 7 8 9 10 11 12
Species

BACILLARIOPHYCEAE

Asteionella glacialis 4

Bacteriastrum hyalinum 5 16 12
Biddulphia longicruris 2 4

Chaetoceros affinis 12 12
Chaetoceros danicus 1 2

Chaetoceros didymus 2 4 14 3
Chaetoceros lorenzianus 14 12 4
Coscinodiscus sp 2
Ditylum brighwellii 1 1 16

Eucampia zodiacus 3 2
Leptocylindrus danicus 4 2 8 3
Nitzchia pungens 2 12 5 7 12

Pleurosigma sp 1 2
Rhizosolenia setigera 4

Thalassiosira nitzchioides 6 3 3 6 6 15 3

DINOPHYCEAE

Ceratium furca 1 1 1 2
Ceratium fusus 1

Protoperidinium sp 1 2

T 4 3 3 3 4 3 7 6 4 3 6 3

I
rek
O

£98 A 12 8 9 5 15 12 70 35 34 16 37 8
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E 1-3-6. A
Table 1-3-6. Continue

b

Species Station 13 14 15 16 17 19 20 21 |&A |RE2
BACILLARIOPHYCEAE

Asteionella glacialis 3 5 2 14 | 2.77

Bacteriastrum hyalinum 8 41 8.12

Biddulphia longicruris 2 5 3 3 | 23 | 455

Chaetoceros affinis 14 2 10 || 50 | 9.90

Chaetoceros danicus 6 1.19

Chaetoceros didymus 12 6 41 8.12

Chaetoceros lorenzianus 12| 54 | 10.69
Coscinodiscus sp 1 4 0.79

Ditylum brighwellii 1 19 | 3.76

Eucampia zodiacus 4 4 3 21 4.16

Leptocylindrus danicus 3 12 4 (| 386 | 7.13

Nitzchia pungens 10 12 9 12 97 | 19.21

Pleurosigma sp 1 1 1 6 1.19

Rhizosolenia setigera 2 9 1.78

Thalassiosira nitzchioides 6 12 6 4 70 | 13.86

DINOPHYCEAE

Ceratium furca 1 1 7 1.39

Ceratium fusus 1 2 0.40

Protoperidinium sp 1 1 5 0.99

sEHE 5 6 6 5 7 5 5| 18

=8 A= 34 36 42 10 37 10 31| 505 | 100
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Table 1-3-7. The species copostion and standing crop of phytoplankton

in surface water in November, 2006 (x102cells/L)

Station
Species 1 2 3 4 5 6 7 8 9 10 11 12
BACILLARIOPHYCEAE
Chaetoceros danicus 1 1
Chaetoceros pendulus 4
Chaetoceros pseudocurvisetum 12 12 9 7
Coscinodiscus sp
Cylindrotheca closterium 1 2 2 2
Ditylum brighwellii 1 1 1
Eucampia zodiacus 8 4 2 8 2 6
Leptocylindrus danicus 11 12
Licmophora paradoxa 4 3 4
Melosira juergensii 7 12 3 5
Nitzchia pungens 12 7 4 8 12 7 14 12
Pleurosigma sp 1 2 2 2 1 3
Rhizosolenia delicatula
Rhizosolenia setigera 1 2 4 5 4
Rhizosolenia stolterforhii 4 2 4 7
Skeletonema costatum 5 13 3 8 4 14 12 14
Stephanopyaxis turris 2 2 4
Thalassiosira nitzchioides 2 10 4 12
DINOPHYCEAE
Ceratium furca 1 1 2
CHRYSOPHYTA
Dictyocha speculum 1 3
s T 6 5 6 5 4 5 5 6 4 8 9 9
=8 A= 25 29 26 27 10 26 33 42 30 53 42 41
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£ 1-3-7. A
Table 1-3-7. Continue

b

Species Station 13 14 15 16 17 18 19 20 21 |&A |[H=S
BACILLARIOPHYCEAE
Chaetoceros danicus 2 4 0.48
Chaetoceros pendulus 4 8 0.96
Chaetoceros pseudocurvisetum 12 12 14 16 14 15| 123 | 14.80
Coscinodiscus sp 1 1 0.12
Cylindrotheca closterium 3 3 13 | 1.56
Ditylum brighwellii 1 2 6 | 0.72
Eucampia zodiacus 3 8 8 12 61 7.34
Leptocylindrus danicus 12 11 13 59 | 7.10
Licmophora paradoxa 11 1.32
Melosira juergensii 5 4 5 10 5 56 | 6.74
Nitzchia pungens 12 13 15 12 128 | 15.40
Pleurosigma sp 2 1 2 1 17 | 2.05
Rhizosolenia delicatula 12 13 14 39 | 4.69
Rhizosolenia setigera 3 1 4 | 24 | 2.89
Rhizosolenia stolterforhii 4 4 8 2 6 3 44 | 529
Skeletonema costatum 5 13 8 16 7 13| 135 |16.25
Stephanopyaxis turris 4 2 4 | 18 | 2.17
Thalassiosira nitzchioides 12 9 12 12| 73 | 8.78
DINOPHYCEAE
Ceratium furca 1 5 0.60
CHRYSOPHYTA

Dictyocha speculum 1 1 6 0.72
£ T 4 5 9 9 7 6 11 5 6|20

=8 A= 32 43 40 53 42 39 99 50 49| 831 | 100
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Table 1-3-8. The species copostion and standing crop of phytoplankton
in 25m depth water in November, 2006 (x102cells/L)

Station
Species 1 2 3 4 5 6 7 8 9 10 11 12
BACILLARIOPHYCEAE
Chaetoceros danicus 3 3
Chaetoceros pendulus 2 5
Chaetoceros pseudocurvisetum 6 14 10 12 21 18 16
Coscinodiscus sp 1
Cylindrotheca closterium 5 5
Ditylum brighwellii 1
Eucampia zodiacus 3 6 8 12 12
Leptocylindrus danicus 6 6 15 13
Licmophora paradoxa 4 4
Melosira juergensii 5 5 4 7
Nitzchia pungens 6 6 18 12 15 14 15 6 12
Pleurosigma sp 1 1 1 3 1
Rhizosolenia delicatula 8
Rhizosolenia setigera 3 3 6 3 3
Rhizosolenia stolterforhii 12 4 4
Skeletonema costatum 2 6 5 6 15 18 5 18
Stephanopyaxis turris 1 3 2
Thalassiosira nitzchioides 4 14 3 12 6
DINOPHYCEAE
Ceratium furca 1 1
CHRYSOPHYTA
Dictyocha speculum 1 2 2
£ T 4 3 4 5 4 7 7 10 8 6 9 8
=8 A= 15 13 14 17 17 60 62 83 72 40 69 54
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E 1-3-8. A
Table 1-3-8. Continue

b

Species Station 13 14 15 16 17 18 19 20 21 |&A |[H=S
BACILLARIOPHYCEAE

Chaetoceros danicus 2 2 2| 12 | 115

Chaetoceros pendulus 5 4 2 18 | 1.72

Chaetoceros pseudocurvisetum 10 13 10 16 16 || 162 | 15.47
Coscinodiscus sp 1 2 1 5 0.48

Cylindrotheca closterium 2 12 | 1.15

Ditylum brighwellii 3 3 1 1 9 0.86

Eucampia zodiacus 15 12 68 | 6.49

Leptocylindrus danicus 12 21 11 84 | 8.02

Licmophora paradoxa 2 4 14 | 1.34

Melosira juergensii 2 5 3 3 10 44 | 4.20

Nitzchia pungens 15 21 18 28 15 15 216 | 20.63
Pleurosigma sp 3 2 2 14 | 1.34

Rhizosolenia delicatula 16 24 | 229

Rhizosolenia setigera 5 4 3 2 1 33 | 3.15

Rhizosolenia stolterforhii 6 12 6 44 | 4.20

Skeletonema costatum 13 14 15 12 12 4 18 | 163 | 15.57
Stephanopyaxis turris 1 3 10 | 0.96

Thalassiosira nitzchioides 12 3 13 16 9 3 3 || 98 | 9.36

DINOPHYCEAE
Ceratium furca 3 2 1 8 0.76
CHRYSOPHYTA

Dictyocha speculum 2 2 9 0.86

s T 7 9 8 8 10 7 9 6 7|20

8 A= 52 58 59 70 87 46 56 47 56 (1,047 100
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13 1-3-1. E41(20069 4¥9) £33 5 A EEF3EY F =A.
Fig. 1-3-1. The species composition of phytoplankton in surface
water in April, 2006.
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23 1-3-2. 42006 49) £33 T3 A EZIIEY T A
Fig. 1-3-2. The species composition of phytoplankton in 25m depth
in April, 2006.
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a9 1-3-3. sH41(2006 8¥) £33 ZF AEZZAZEY F =A.
Fig. 1-3-3. The species composition of phytoplankton in surface

water in August, 2006.
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23 1-3-4. 34120069 8€) 23T T35 AEITIAEY FT =A.
Fig. 1-3-4. The species composition of phytoplankton in 25m depth
in August, 2006.
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a9 1-3-5. FA1(20069 10€) £33 25 A EZTHIEY T 4.
Fig. 1-3-5. The species composition of phytoplankton in surface
water in October, 2006.

23 1-3-6. F41(20064 10¥) £33 T3 A EZTZIEY T =A.
Fig. 1-3-6. The species composition of phytoplankton in 25m depth
in October, 2006.
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13 1-3-7. 4120069 11€) 3% 2F A ESIHIEY F 4.
Fig. 1-3-7. The species composition of phytoplankton in surface

water in November, 2006.
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23 1-3-8. $A41(20069 11¥) £33 T3 A EZTZIEY T =A.
Fig. 1-3-8 The species composition of phytoplankton in 25m depth
in November, 2006.
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Fig. 1-3-9. Standing crop of phytoplankton in April, 2006.
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Fig. 1-3-10. Standing crop of phytoplankton in August, 2006.
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Fig. 1-3-11. Standing crop of phytoplankton in October, 2006.
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Fig. 1-3-12. Standing crop of phytoplankton in November, 2006.
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® 1-3-9. 41200693 49€) A=EZIE AHAF

Table 1-3-9. Ecological literacy of phytoplankton in April, 2006
SO X EREX|F TEEX|E
“ "85z | 28 | s | 5 | =5 | ==
1 1.78 1.28 1.60 0.98 0.81 0.79
2 2.28 2.31 2.84 2.43 0.84 0.90
3 1.44 2.06 1.23 2.30 0.80 0.83
4 2.17 2.13 2.30 2.26 0.87 0.86
5 1.94 2.25 1.84 2.51 0.84 0.88
6 1.82 1.36 1.58 1.18 0.88 0.85
7 1.64 1.68 1.06 1.40 0.91 0.86
8 1.14 1.17 0.72 0.88 0.82 0.84
9 1.63 1.86 1.23 1.69 0.91 0.89
10 2.39 2.34 2.79 2.82 0.88 0.86
11 2.18 1.62 2.51 1.40 0.85 0.83
12 1.53 2.27 1.39 2.45 0.78 0.88
13 2.18 2.28 2.26 2.63 0.88 0.86
14 1.80 1.64 1.60 1.62 0.87 0.84
15 1.53 1.86 1.27 1.69 0.85 0.89
16 1.79 1.44 1.55 1.10 0.92 0.89
17 1.59 1.89 1.52 1.92 0.82 0.86
18 2.04 0.67 2.13 0.64 0.85 0.61
19 2.10 1.59 1.93 1.16 0.91 0.89
20 217 2.27 2.17 2.24 0.87 0.91
21 2.17 2.42 2.05 2.89 0.90 0.89

X 1-3-10. 341(200690 89) AEZHIaE YA F

Table 1-3-10. Ecological literacy of phytoplankton in August, 2006

ESSTIYpIpS ET==p 1P ET=F=p\PS
SIS == == ES == ES
1 1.92 1.36 2.20 0.71 0.84 1.24
3 1.87 1.36 2.01 1.02 0.85 0.98
5 1.53 1.88 1.28 1.53 0.86 0.97
7 1.83 2.251 1.76 1.86 0.83 1.01
9 1.91 1.98 1.95 1.61 0.87 1.02
11 2.01 2.16 2.29 1.88 0.84 0.98
13 0.95 1.26 0.87 0.94 0.86 0.91
15 1.84 1.88 1.54 1.17 0.89 1.05
17 1.89 1.98 1.69 1.47 0.91 1.02
19 1.85 2.30 1.95 1.78 0.81 1.05
21 1.98 2.12 2.53 2.10 0.83 0.96
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£ 1-3-11. F41(2006 10¥) A EZ22E A5

Table 1-3-11. Ecological literacy of phytoplankton in October, 2006

st SCHLY X EFXF TSZXF
#5 B 25 S5 25 B
1 1.54 1.13 1.05 1.12 0.96 0.81
2 1.25 1.04 1.59 0.96 0.70 0.95
3 1.66 0.94 1.95 0.91 0.80 0.85
4 1.77 1.05 213 1.24 0.77 0.96
5 1.94 0.72 2.48 1.11 0.78 0.52
6 1.41 1.08 1.33 0.80 0.79 0.98
7 1.55 1.75 1.95 1.41 0.70 0.90
8 1.68 1.63 1.30 1.41 0.86 0.91
9 1.48 1.21 1.27 0.85 0.83 0.87
10 0.90 0.74 1.28 0.72 0.56 0.67
11 1.63 1.45 1.65 1.38 0.79 0.81
12 1.17 0.97 1.33 0.96 0.65 0.89
13 1.51 1.10 1.89 1.13 0.69 0.68
14 1.35 1.43 1.36 1.40 0.75 0.80
15 1.65 1.40 213 1.34 0.75 0.78
16 1.50 1.47 1.27 1.74 0.84 0.91
17 1.72 1.77 1.99 1.66 0.75 0.91
18 1.33 0.69 1.45 1.44 0.69 1.00
19 1.42 1.54 1.08 1.34 0.88 0.86
20 1.14 1.42 1.20 1.74 0.71 0.88
21 1.57 1.40 2.10 1.16 0.68 0.87
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Table 1-3-12. Ecological literacy of phytoplankton in November, 2006

N SCIYHR S ERERT FEEAT
5 | 55 | 83 | 53 | 5 | 33
1 1.43 1.18 1.55 1.11 0.80 0.85
2 1.30 1.06 1.19 0.78 0.81 0.96
3 1.44 1.20 1.53 1.14 0.81 0.86
4 1.29 1.37 1.21 1.41 0.80 0.85
5 1.28 1.25 1.30 1.06 0.92 0.90
6 1.40 1.65 1.23 1.47 0.87 0.85
7 1.35 1.76 1.14 1.45 0.84 0.90
8 1.68 2.08 1.34 2.04 0.93 0.90
9 1.08 1.85 0.88 1.64 0.78 0.89
10 1.78 1.44 1.76 1.36 0.85 0.81
11 2.04 1.89 214 1.89 0.93 0.86
12 1.90 1.74 215 1.75 0.86 0.83
13 1.25 1.81 0.87 1.52 0.90 0.93
14 1.47 1.87 1.06 1.97 0.92 0.85
15 1.93 1.61 217 1.72 0.88 0.78
16 1.92 1.87 2.01 1.65 0.88 0.90
17 1.57 1.91 1.61 2.02 0.81 0.83
18 1.44 1.64 1.36 1.57 0.80 0.84
19 2.15 1.56 2.18 1.99 0.90 0.71
20 1.55 1.57 1.02 1.30 0.96 0.88
21 1.55 1.50 1.28 1.49 0.86 0.77
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a9 1-3-13. 4120069 49) A EZFIE] FogAAS.

Fig. 1-3-13. Diversity index of phytoplankton in April, 2006.
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Fig. 1-3-14. Richness index of phytoplankton in April, 2006.
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Fig. 1-3-15. Evenness index of phytoplankton in April, 2006.
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Fig. 1-3-16. Diversity index of phytoplankton in August, 2006.

—_— == - - ==
3.0
2.5
2.0
1.5
1.0
0.5
0.0
1 3 5 7 9 11 13 15 17 19 21
Station

a9 1-3-17. 34120069 8¢Y) A EZHAE FHEAS.

Fig. 1-3-17. Richness index of phytoplankton in August, 2006.
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Fig. 1-3-18. Evenness index of phytoplankton in August, 2006.
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Fig. 1-3-19. Diversity index of phytoplankton in October, 2006.
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Fig. 1-3-20. Richness index of phytoplankton in October, 2006.
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Fig. 1-3-21. Evenness index of phytoplankton in October, 2006.
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Fig. 1-3-22. Diversity index of phytoplankton in November, 2006.
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Fig. 1-3-23. Richness of phytoplankton in November, 2006.
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Fig. 1-3-24. Evenness of phytoplankton in November, 2006.
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Fig. 1-3-25. Distribution of CFU(colony Forming Unit) in surface
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Fig. 1-3-26. Distribution of CFU(colony Forming Unit) in surface

August, 2006.
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Fig. 1-3-27. Distribution of CFU(colony Forming Unit) in surface
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Fig 1-3-28. Distribution of CFU(colony Forming Unit) in surface

November, 2006.

- 269 -



1.34.3 TEEHI=E

i

>r=

85

1t

<l

=

A =dF 21,602.13inds/m' FollA Azt

1=3=13=1=3=16°1 ‘}etfi3Att.

3
ar

=

al
295.12inds/m’, £2+F 19,916.57inds/m’, AZ+F 997.18inds/m’,

1-3-29~1-3-32

=
T

)

ﬁo

FAFE R,

210.63inds/m'(

224.72inds/m' =

A
Ho
ol

r

}

£ 168.54inds/m’,

=
1 o]
|+

Bol] B3tk 2005

=

_?4.4

3),

j=3]
o

gk
ol A
140.5inds/nr,

=

=

5,339.05inds/m’
A ZF5F

Az
wol 43 Abele] Aol
o

]

RELA

=
=

I

=
A

=

4,917.55inds/m’,

a7
7 485.36inds/m' el o, AHPHEHZ 281-843inds/m' 2]

Hojzl whd A 3, 7, 1104 7}
Z=A1(2006d 10

o

]

140.5inds/m'Z %
2

1028.67nds/m’'©]
2120.79inds/m' (A3 2)H <]

140.5inds/m’,

)

£

<
o

KR

rvzel

7  517.38nds/m'o] o,

3

i

- 270 -



281inds/m'(AA 3, 9, 10, 11, 16 18), Hdl 1,123.75inds/m'(A A 1)<
S HST 20050 % ZAFA A} HWEIGlS w o] AV sEEHAES
T oF 2¥) Ax SISk

FA2006d 11¥9) A2 AfE SESHIAES] TS A
=

ofd

-

o
u

EHToR Uy X4F 15, 847 12F, A4F 15, 985 15, &
ol E 1F W9y, Edd e+ AA &A% 5384.04inds/m' Fol A A
7} 42.13inds/m’, &7V 4,857.89inds/m’, AZHF 168.34inds/m’, 9%

5 42.13inds/m’ Eo5E 42.13inds/m'2 A ST}
H it 225.38inds/m'e|ow, AHdHE=E FHA 131.25inds/m' (A A 16), F
) 871.8inds/m' (A 2D)WHHE Ho HAH Alole] zpol7} Ho] YER}A] =

- 271 -



® 1-3-13. £41(20064 4%) F=
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Table 1-3-13. The species composition and density of zooplankton

in April, 2006

Taxonomic group & Station
species/Station 1 2 3 4 5 6 7 8 9 | 10 | 11
Protozoa
Noctiluca scinntillans 84.2 42.1
Cladocerans
Evadne tergestina 421
Penilia avirostris 84.2 421
Copepoda
Acartia danae 421 421
Acartia hudsonia| 84.2 140.4 140.4 | 84.27
Acartia negligens 42.1 421 280.9 | 280.9 | 1404 84.2
Acartia pacific 421 84.2 463.3 224.7 | 224.7 | 140.4
Oithona davisae| 84.2 |1067.4|84.27 | 42.1 421
Paracalanus aculeatus| 224.7 | 280.9 603.9 84.2 84.27
Paracalanus indicus| 280.9 | 84.2 | 84.2 | 140.4 84.2 | 421 84.2
Sapphirina igromaculata| 421 140.45 | 84.27 | 84.27 | 84.2
Scolecithrix nicobarcia| 140.4 842 | 421 |1404
Sinocalanus tenellus 1404 | 421 421 |182.5| 1404
Temora discaudata| 42.1 421.3 842 | 84.2
Tortanus spinicaudatus| 42.1 140.4 323.0 | 421
Decapoda
Lucifer intermedius| 42.1 365.1 | 1404 | 1404
Chaeetognaths
Sagita intermedius 42.1 42.13
Total abundance 983.1 |2,120.7|210.6 |1,825.8|1,362.3|1,039.3| 258.2 | 449.1 | 786.5 | 632.0 | 352.1
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X 1-3-13. 4 &
Table 1-3-13. Continue

Taxonomic group & Station
species/Station 12 13 | 14 | 15 | 16 17 18 | 19 | 20 | 21
Protozoa
Noctiluca scinntillans 421

Cladocerans

Evadne tergestina

Penilia avirostris 421 84.2
Copepoda
Acartia danae| 1404 | 1825 182.5 84.2
Acartia hudsonia| 182.5 | 140.5 421 224.7 84.2 140.4
Acartia negligens 84.2 280.9 140.4 84.2

Acartia pacific
Oithona davisae
Paracalanus aculeatus| 224.7 | 323.0 | 140.4 | 323.0| 421.3 | 280.9 | 421.3 | 702.2 | 182.5 | 224.72
Paracalanus indicus| 140.4 | 561.8 | 84.27 | 84.2 | 224.72 | 140.4 | 1825 | 224.7 | 140.4 | 84.27

Sapphirina igromaculata

Scolecithrix nicobarcia 84.2 140.4 140.4 | 1404
Sinocalanus tenellus| 323.0 365.1 140.4| 1825 224.7 1825 | 84.2 182.5
Temora discaudata| 140.4 140.4| 182.5 | 140.4| 1825 182.5 84.2
Tortanus spinicaudatus| 84.2 2247 | 421 182.5
Decapoda
Lucifer intermedius| 140.4 182.5 84.2
Chaeetognaths
Sagita intermedius 84.2 421
Total abundance 1,736.4|2,064.7 | 674.1 | 856.7 | 1,054.3| 1,151.6 [1,193.6/1,643.2| 716.2 | 856.7
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Table 1-3-14. The species composition and density of zooplankton

in August, 2006

Taxonomic group & Station

species/Station 13|57 9 [11]13]15 |17 ] 19 | 21

Cladocerans
Evadne tergestina 140.5
Penilia avirostris
Copepoda
Acartia danae
Acartia hudsonia 480.9
Acartia negligens 4215 140.9 | 140.9
Acartia pacific 140.5 140.5 | 140.5 140.9
Oithona davisae 140.5
Paracalanus aculeatus| 421.3 140.5 | 140.5 140.5 140.9
Paracalanus indicus 4215 140.5 | 280.9 280.9 | 140.9
Sapphirina igromaculata| 140.5 280.9
Scolecithrix nicobarcia
Sinocalanus tenellus 140.5 140.5
Temora discaudata 140.5
Tortanus spinicaudatus 140.5

Decapoda
Lucifer intermedius 140.5

Chaeetognaths

Sagita intermedius

Total abundance 561.8 | 281 843 | 281 | 7024 | 281 | 4215 | 561.9 | 621.8 | 421.8 | 422.7
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Table 1-3-13. The species composition and density of zooplankton

in October, 2006

Taxonomic group & Station

species/Station 1 2 3 4 5 6 7 8 9 10 | 11

Cladocerans

Penilia avirostris 421.3 421.3
Copepoda
Acartia danae 140.5 | 1405
Acartia hudsonia 280.9 140.5
Acartia negligens| 421.3 140.5 140.5
Acartia pacific 140.5

Oithona davisae
Paracalanus aculeatus
Paracalanus indicus| 280.9 140.5 280.9
Sapphirina igromaculata 140.5 140.5
Scolecithrix nicobarcia 280.9 140.5
Sinocalanus tenellus 140.5
Temora discaudata 140.5
Tortanus spinicaudatus| 140.5 1405 | 140.5

Decapoda
Lucifer intermedius| 280.9 280.9 140.5 | 140.5 | 1405

Chaeetognaths

Sagita intermedius 140.5

Total abundance 1123.7| 561.8 | 281 |421.45|842.85|702.45|421.45|561.85| 281 281 | 281
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X 1-3-13 A =
Table 1-3-13. Continue

Taxonomic group & Station

species/Station 12 13 | 14 15 16 17 18 19 | 20 | 21

Cladocerans

Penilia avirostris 140.9
Copepoda
Acartia danae 140.95 140.95
Acartia hudsonia 140.95 421.95
Acartia negligens 140.95

Acartia pacific
Oithona davisae

Paracalanus aculeatus| 280.9

Paracalanus indicus 140.9 280.9
Sapphirina igromaculata 140.9
Scolecithrix nicobarcia 280.9 140.9 140.9
Sinocalanus tenellus 280.9 | 280.9 140.9 140.9
Temora discaudata 140.9 140.9 421.3

Tortanus spinicaudatus

Decapoda
Lucifer intermedius| 140.9 280.9 140.9 140.9
Chaeetognaths
Sagita intermedius 42.13
Total abundance 421.45 | 562.4 | 561.9 | 421.9 281 324.0 281 703.2 | 703.2 | 843.2
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Table 1-3-14. The species composition and density of zooplankton

in November, 2006

Taxonomic group & Station
species/Station 1 2 3 4 5 6 7 8 9 10 | 11

Protozoa
Noctiluca scinntillans 421
Cladocerans
Penilia avirostris 421
Copepoda
Acartia danae 421

Acartia hudsonia 140.4 89.2 | 89.7
Acartia negligens 1404 | 4241
Acartia pacific 421

Oithona davisae 421
Paracalanus aculeatus 182.5 421 | 84.2 421
Paracalanus indicus| 182.5 | 42.1 89.2 | 1404 | 42.1
Sapphirina igromaculata 89.7
Scolecithrix nicobarcia| 84.2 84.2
Sinocalanus tenellus 84.2 1404 | 4213 42.1
Temora discaudata 182.5 89.2 | 1825
Tortanus spinicaudatus 140.4 89.7

Decapoda
Lucifer intermedius| 42.1 421

Chaeetognaths

Sagita intermedius 42.1

Total abundance 308.9 | 351.1 | 365.1 | 308.9 | 313.9 | 361.1 | 407.2 | 310.3 | 131.8 | 173.9 | 173.9

- 277 -



x 1-3-14 A &

Table 1-3-14. Continue

Taxonomic group &
species/Station

Station

12

13

14

15

16

17

18

19

20

21

Protozoa
Noctiluca scinntillans
Cladocerans
Penilia avirostris
Copepoda
Acartia danae
Acartia hudsonia
Acartia negligens
Acartia pacific
Oithona davisae
Paracalanus aculeatus
Paracalanus indicus

Sapphirina igromaculata
Scolecithrix nicobarcia

Sinocalanus tenellus
Temora discaudata
Tortanus spinicaudatus
Decapoda
Lucifer intermedius
Chaeetognaths

Sagita intermedius

42.13

89.27

89.27

89.27

42.13

42.13

42.13

89.27

89.27

140.45

42.13

89.27

4213

4213

89.27

4213

42.13

42.13

140.4

4213

140.5

42.13

4213

42.13

140.5

42.13

89.27

140.5

42.13

Total abundance

220.67

173.98

280.37

282.58

131.25

173.3

224.7

266.8

224.7

871.9
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Fig. 1-3-29 The species composition of zooplankton in April, 2006.
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Fig. 1-3-30. The species composition of zooplankton in August,
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Fig. 1-3-31. The species composition of zooplankton in October, 2006.
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Fig. 1-3-32 The species composition of zooplankton in November, 2006.
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X 1-3-15 &41(20069 4¥) TEZFIE AHUAF
Table 1-3-15 Ecological literacy of zooplankton in April, 2006

St. SCIY Y X SEEX| TS X
1 1.94 1.16 0.80
2 1.32 0.78 0.68
3 1.05 0.37 0.96
4 1.85 1.07 0.84
5 1.90 1.11 0.86
6 1.80 0.86 0.92
7 1.33 0.54 0.96
8 1.26 0.65 0.78
9 1.89 1.05 0.91
10 1.49 0.62 0.92
11 1.05 0.51 0.76
12 2.01 0.97 0.96
13 1.88 1.05 0.85
14 1.48 0.61 0.92
15 1.71 0.89 0.88
16 1.43 0.57 0.89
17 1.58 0.57 0.98
18 1.67 0.71 0.93
19 1.73 0.95 0.83
20 1.74 0.76 0.97
21 1.73 0.74 0.97

X 1-3-16. 341(200690 8¢) EEZIIE YA F

Table 1-3-16. Ecological literacy of zooplankton in August, 2006

st | aCiodxs ESCAS PEEAT
1 0.56 0.16 0.81
3 0.69 0.18 1.00
5 1.24 0.45 0.90
7 0.69 0.18 1.00
9 0.67 0.15 0.98
11 0.69 0.18 1.00
13 1.10 0.33 1.00
15 1.04 0.37 0.95
17 0.64 0.17 0.92
19 0.64 0.17 0.92
21 1.04 0.32 0.95
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Table 1-3-17. Ecological literacy of zooplankton in October, 2006

St. SO X SEZX|F TSEX5
1 1.32 0.43 0.95
2 0.56 0.16 0.81
3 0.69 0.18 1.00
4 0.64 0.17 0.92
5 1.24 0.45 0.90
6 1.32 0.46 0.96
7 0.64 0.17 0.92
8 1.04 0.32 0.97
9 0.69 0.18 1.00
10 0.69 0.18 1.00
11 0.69 0.18 1.00
12 0.64 0.17 0.92
13 1.04 0.32 0.95
14 0.69 0.16 1.00
15 0.64 0.17 0.92
16 0.69 0.18 1.00
17 0.64 0.35 0.90
18 0.69 0.18 1.00
19 0.99 0.31 0.97
20 0.69 0.31 0.87
21 1.01 0.30 0.92
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Table 1-3-18. Ecological literacy of zooplankton in November, 2006

St. SO X SEZX|F TS5
1 0.94 0.35 0.85
2 1.19 0.51 0.86
3 0.96 0.34 0.88
4 0.98 0.53 0.71
5 1.26 0.52 0.91
6 1.30 0.51 0.94
7 1.20 0.50 0.86
8 1.35 0.52 0.97
9 0.63 0.21 0.90
10 1.03 0.39 0.94
11 1.05 0.37 0.95
12 1.05 0.37 0.95
13 1.03 0.39 0.94
14 1.05 0.37 0.95
15 0.68 0.19 0.62
16 0.63 0.21 0.91
17 1.03 0.39 0.94
18 0.92 0.37 0.84
19 0.92 0.54 0.66
20 0.92 0.37 0.84
21 0.95 0.36 0.91
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1-3-33. Richness index of zooplankton in April, 2006.
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1-3-34. Diversity index of zooplankton in April, 2006.
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1-3-35. Evenness index of zooplankton in April, 2006.
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1-3-36. Richness index of zooplankton in August, 2006.
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1-3-37. Diversity index of zooplankton in August, 2006.
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1-3-38. Evenness index of zooplankton in August, 2006.
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1-3-39. Richness index of zooplankton in October, 2006.
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1-3-40. Diversity index of zooplankton in October, 2006.
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1-3-41. Evenness index of zooplankton in October, 2006.
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Fig. 1-3-42 Richness index of zooplankton in November, 2006.
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Fig. 1-3-43. Diversity index of zooplankton in November, 2006.
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Fig. 1-3-44. Evenness index of zooplankton in November, 2006.
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Fig. 1-4-1. Location of the small trawl and shrimp trawl area.
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1.4.2.3 A2 &4

A Ag-2dol A EE AHE oFY TFet NATE vBoRE
el 545 W3ol7l 918k Shannon-Weanerol] oj&f A|7] %
(Pielou, 1977)¢} &% = (Pielou, 1966)9} F3H =5 33t

AR G-z dolA 8 o 7o T MATE vEFoR WY o
FodY A S Gotr 7] flete] - FAME A (similarity)S A A8HA
o Bray-Curtis A]5(Bray and Curtis, 1957)E A}F&3st3 2™, group
average W2lol o3¢t FAEE AASdt. I ofFare ¥ WEE

a5l 9lste] thAmA]l wgel AN EMMDS)E AHgetel 23l

1.4.3.1 AFEF

A Fo]7} Class Chondrichthys
% olE Order Rajiformes
7}2 #]l¥} Family Rajidae
1. ¥°| Raja kenojei
2717 Class Actinopterygii
W 2Fo]E Order Anguilliformes
S2o] 7} Family Congridae

2. 2o Conger japonicus
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J o] & Order Clupeiformes
H 213} Family Engraulidae

3. WX Engraulis japonicus
J o]} Family Clupeidae

4. Ao Konosirus punctatus

OH

sl 2] & Order Aulopiformes
3] ¥ %] 2} Family Aulopodidae

5. 3wl X Aulopus japonicus
"j& o]} Family Synodontidae

6. Ml 5o| Saurida undosquamis
% Order Gadiformes
el Family Macrouridae

7. &V =X Caelorinchus multispinuosus
g5+ Family Gadidae

8. " Gadus macrocephalus
o}9 & Order Lophiiformes
o}7] 7} Family Lophiidae

9. o}+# Lophiomus setigerus

10. 3o} Lophius liulon
%915 Order Mugiliformes
%] #} Family Mugilidae

11. %91 Mugil cephalus
G317]5 Order Zeiformes

231 7]3} Family Zeidae

12. ©317] Zeus faber
2w o]l & Order Scorpaeniformes
&2} Family Scorpaenidae
13. =33 Helicolenus hilgendorti
14. W9 X Hypodytes rubripinnis

15. B8 Seabastes inermis
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17. &8 Sebastes thompsoni

i
i)
®
i
[
5y

amily Aploactinidae

18. &S| Erisphex pottil
)2} Family Triglidae

19. A Chelidonichthys spinosus

20. @79 Lepidotrigla microptera
e ¥} Family Platycephalidae

21. %® Platycephalus indicus
A= r| 2} Family Hexagrammidae

22. =1 Hexagrammos agrammus

23. A=WV Hexagrammus otakii
55712 Family Cottidae

24. 7YAN W5 Pseudoblennius cottoides
AFA 712} Family Hemitripteridae

25. AA17] Hemitripterus villosus
=3} Family Liparidae

26. o}V =W 7| Liparis agassizii

27. =X Liparis tanakai

28. EW|7] Liparis tessellatus
o] Order Perciformes
39137} Family Moronidae

29. 59| Lateolabrax japonicus
WS E- Al 2% 3} Family Acropomatidae

30. R EA 2R Acropoma japonicum
v}2] ¥} Family Serranidae

31. A Epinephelus septemfasciatus
524537 Family Apogonidae

32. 95785 Apogon lineatus

33. %3} Apogon semilineaus
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HE]H 3 Family Sillaginidae
34. ARWE8 Sillago japonica
35. W&¥ Sillago sihama
Z780]3 Family Carangidae
36. F-Al2] Seriola lalandi
37. ol Seriola quinqueradiata
38. A78o] Thachurus japonicus
39. WA 78o] Uraspis helvola

% *¥} Family Leiognathidae

N

40. %X Leiognathus nuchalis
3t~ 3} Family Haemulidae

41. WA Parapristipoma trilineatum
=n 3} Family Sparidae

42. 73X 5 Acanthopagrus schlegeli

43. #5 Pagrus major
Wo]3} Family Sciaenidae

44. WX Ayrosomus argentatus

45. 2% 7| Pseudosciaena polyactis
UH]327] 2} Family Chaetodontidae

46. Al's7Vels Chaetodon modestus
=% 3 Family Pomacanthidae

47. &+ Oplegnathus fasciatus
o]} Family Embiotocidae

48. W7ol Ditrema temmincki
28] =3 Family Pomacentridae

49. A2lE Chromis notatus
5 7FA1 A2 Family Zoarcidae

50. S7WAN A Zoarces gilli
78 0] 3} Family Stichaeidae

51. ) =2X Chirolophis japonicus

- 294 -



FEw =2}x 2 Family Pholididae
52. AW =e}R] Pholis crassispina
53. W =e}X| Pholis fangi
54. W|=&} A Pholis nebulosa
olo] 2] ¥} Family Champsodontidae
55. ¢+l x| Champsodon snyderi
%E 1 2]} Family Pinguipedidae
56. 57V Parapercis sextasciata
7hde] #F Family Ammodytidae
57. 78] Ammodytes personatus
43} Family Uranoscopidae
58. ¥H %Y Gnathagnus elongathus
)

59. 95%Y Uranoscopus japonicus

A

=% el 2 Family Callionymidae

60. =UE Repomucenus lunatus
=03} Family Gobiidae

61. =3V45 Chaeturichthys hexanema
Z+2 3} Family Trichiuridae

62. 22| Tridhiurus lepturus
31593 Family Scombridae

63. A Scomberomous riphonius
A3 Family Centrolophidae

64. M5 Psenopsis anomala
H o]}l Family Stromateidae

65. Wol Pampus argenteus
7FAHA] & Order Pleuronectiformes
WX Family Paralichthyidae

66. @A Paralichthys olivaceus

67. DY X Pseudorhombus pentophthalmus

7}A}m] 3} Family Pleuronectidae
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68. =7}A| Cildoderma asperrimum
69. E7VA1| Eopsetta grigorjewi
70. =7VAW| Kareius bicoloratus
71. X 7VA"] Limanda yokohame
72. =248 Pleronichthys cornutus
WA 3 Family Soleidae
73. =F LA M Zebrias fasciatus
74. A7\ Zebrias zebra
A2 Family Cynoglossidae
75. AW Cynoglossus joyneri
76. WA Cynoglossus robustus
0] E Order Tetraodontiformes
A A¥} Family Monacanthidae
77. AR Stephanolepis cirrhiter
78. WH A Thamnaconus modestus
#4231 Family Tetraodontidae
79. B Takiugu niphobles

80. &5 Takifigu pardalis
1.4.3.2 EFTH 8¢y

A T A" AFS EFTEE Hastd, Fo]E(Perciformes)
o777 2132 AA e F(Family) +F9 79 ¢ 51%= 7FE 5
Ao,  Zwo]lE(Scorpaeniformes) o777} ¢k 15%, 7FAH]E
(Pleuronectiformes) o1F7F ¢ 8%, Zo%&

(Aulopiformes), W75 (Gadiformes), o]

Zkzy oF 4%, &ol&E(Rajiformes), W&ol &(Anguiliformes), o5
B

(Clupeiformes), & H x| &

(Tetraodontiformes) &7}

(Lophiformes), %95 Mugiliformes), €aL7]

2%% AU THIE 1-4-2).

(Zeiformes) o7} 247t oF
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15%
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o

a9 1-4-2. BF2E 289

Fig. 1-4-2. The aspect of appearance by the grouping classification.

1.4.3.3 AR BoA AAD o] &

1.4.3.3.1 AJ{F&5=

2006 2EHH 129704 AAFAA AHE olF= F 14 55 207
29F It o FESS & 2k

%717 Class Actinopterygii
o Order Clupeiormes
Y27} Family Engraulididae

1. B Engraulis japonicus
o]} Family Clupeidae

2. Ao Konosirus punctatus

o} % Order Lophiiformes

- 297 -



o}9] 7} Family Lophiidae

3. oV Lophiomus setigerus
%] & Order Mugiliformes
%]} Family Mugilidae

4. %o Mugil cephalus
231715 Order Zeiformes
713} Family Zeidae

. @317 Zeus faber

E o H

o]& Order Scorpaeniformes
k-2t 3} Family Scorpaenidae

2} Sepastes inermis

. 29 &2 Sepastes schlegeli
B

el

-
-

12.
X178 0]
13.
14.
15.
16.
S=w]
17.
18.

=w

2]
B8 Sepastes thompsoni

¥} Family Hexagrammidae

. 291 Hexagrammos agrammus

. AW Hexagrammos otakii

Order Perciformes

Family Moronidae

. 59 Lateolabrax japonicus

vl 2] 7}

Family Serranidae

5ol Epinephelus septemtasciatus
7} Family Carangidae

$-A12] Seriola lalandi

wkoy Serjlola quinquerqgdiata

78| Trachurus japonicus

WA 780 Uraspis helvola

Family Sparidae

s Acanthopagrus schlegeli
Z+5 Pagrus major

Family Oplegnathidae
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19. &% Oplegnathus fasciatus
o]} Family Embiotocidae

20. 14 Neodirema ransonneti
28] =3 Family Pomacentridae

21. A8ls Chromis noatus
1159]3} Family Scombridae

22. AR Scomberomorus riphonius
A=3 Family Centrolophidae

23. M5 Psenopsis anomala
7FAHA] & Order Pleuronectiformes
Y7} Family Paralichthyidae

24. QX Paralichthys olivaceus
7}A+A] 3} Family Pleuronectidae

25. E7VAM| Eopseta grigorjewi
0] Order Tetradontiformes
A A¥} Family Monacanthidae

26. AR Stephanolepis cirrhiter

27. BFH R Thamnaconus modestus
Z+2-3} Family Tetraodontidae

28. B Takiugu niphobles

29. &5 Takifugu pardalis

14332 24 2 d¥F

APZIZE &b 5O ARE o e F 29F9 R EdsioH,
Fe e 110,824gS YER AT

ZAZIZE F olF Y] F4E 4€d 16T 7P BE Fo] AL
=
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& A L] o] {7t Edshs AEFS UYERAT o/ AAFS BY 5499
266,130g2.® 7} =A vetgon, 394 37,867go.® 7HF At

o] T HZol(my 1-4-3, I¥ 1-4-4°4 SFHSE A= Ht
45070 A= AA AT oF 45%= 7HE -4 sklow, AEs oF 2407
Al oF 24%, EEE oF 3470A F 3%, s 247MA F 2%, Fo 17/MA] °F
2% 59 o7 yegon AAFo R HPolr} oF 36,273go 2 HA
A ZF] °F 33%= 7Hg A8t om 1§l 1-4-3904] A&, Fol7b oF
18,273g °F 17%, A&l& <F 11,364g <F 10%, s °F 6,645kg °F 6%,
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X 1-4-1. AA"ANA AFF o7 MAFIN) AAZFB) (29]: WA, g)
Table 1-4-1. Individuals(N) and biomass(B) of the fish collected in set net

EE0l&F 06' 2¥ | 44 = 6% 78
&£30{5| N B N B N B N B N B N B
7ol | 45 | 2000 | O 0 | 1042 |50000| 660 [150000[ 125 | 1000 | 250 | 2000
=01 97 |50000| 1 1000 | 41 |40000| 102 |100000| O 0 0 0
NEIE= 0 0 0 0 0 0 0 0 | 1200 {50000| 770 |40000
&0 2 1350 | 1 620 | 83 |20000| 4 920 1 3400 | 1 | 2800
gtof 18 | 7000 | 2 |17000| 2 [1500| O 0 4 120000 4 | 2000
2= 10 | 1650 | 2 | 1100 | 25 |4000| 31 |5000| 5 750 | 20 | 3000
=2 | 306 |30000| 1 95 0 0 0 0 0 0 0 0
=2t 0 0 0 0 8 968 | 10 |3500| O 0 0 0
LF| %] 0 0 3 |1450| 5 925 0 0 0 0 131 30000
H x| 4 620 0 0 2 |5000| O 0 9 |10000| 3 | 4000
ot 0 0 1 |2540| 3 |5000| 2 [1230| O 0 0 0
F x| 6 708 0 0 5 670 | 11 | 1500 | 40 |10000| O 0
o1 Ato] 0 0 74 |12580| 208 |10000| O 0 0 0 0 0
ZME | 12 | 3000 1 480 0 0 0 0 0 0 0 0
EE 0 0 0 0 0 0 7 | 2000 1 780 | 10 | 2000
ZFuE2| 0 0 0 0 5 |3000| O 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0

o 727 [ 8000 | O 0 0 0 0 0 0 0 0 0
=4 0 0 0 0 30 [2000| 15 |1000 | 200 | 5000 | O 0
AbA| 0 0 0 0 0 0 0 0 0 0 0 0
=] 2 420 0 0 1 970 0 0 0 0 0
FHrefol| 0 0 0 0 0 0 0 0 0 0 0 0
s40 2 960 1 560 0 0 0 0 0 0 0 0
E7HXal| 3 480 0 0 5 870 0 0 0 0 0 0
M= 0 0 0 0 1 240 0 0 0 0 0 0
A2 0 0 0 0 0 0 1 980 0 0 0 0
£5 0 0 0 0 0 0 0 0 0 0 0 0
oIxMZol|l o 0 1 410 0 0 0 0 0 0 0 0
H x| 0 0 4 32 0 0 0 0 0 0 0 0
A | 1234 [106188| 92 [37867| 1466 |145143| 843 [266130| 1585 [100930| 1189 [85800
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E 1-4-1. A%

Table 1-4-1. (Continued)

(3$1: 7AA, g)

EBO0lR/ 8 k| 11¢ 12¢ A
Z£80{E5| N B N B B B N B
4ol 0 0 288 23000 100000 50000 | 4950 | 399000
S0 0 0 0 0 0 0 10000 | 266 | 201000
NI 670 |35000| O 0 0 0 0 2640 | 125000
S 0 0 45 120000 0 0 2000 | 186 | 73090
ghof 0 0 0 0 0 0 0 30 | 47500
&= 0 0 52 112000 8 | 3040 0 207 | 45540
=222 0 0 0 0 0 0 9000 | 375 | 42095
=zt 0 0 55 10000 0 0 20000| 363 | 41468
L3 X 0 0 0 0 0 0 510 | 141 | 32885
=k 0 0 3 1350 5 | 4000 2000 | 34 | 29470
ot 0 0 0 0 31 |20000 0 37 | 28770
F A 5 | 1200 | 22 | 5000 7 182 2000 | 123 | 24260
2l AH0] 0 0 0 0 105 0 284 | 22685
UM = 0 0 0 0 16800 0 83 | 20280
=5 60 |12000| O 0 1000 0 98 | 17780
ZoEe| 0 0 8 | 2000 0 0 12000 59 | 17000
el 0 0 0 0 0 8000 | 58 [ 13000
o 0 0 0 0 0 0 0 0 0 727 | 8000
=4 0 0 0 0 0 0 0 0 0 245 | 8000
A 0 0 10 | 3000 | 8 0 0 0 0 18 | 5800
=y 0 0 1 230 1 5 |2900| 2 850 | 12 5690
Fefol| 0 0 12 [ 3000 | 12 0 0 0 0 24 | 5000
=40 0 0 0 0 0 0 0 0 0 3 1520
=7tXtol| 0 0 0 0 0 0 0 0 0 8 1350
= 0 0 0 0 0 0 0 0 10 800 11 1040
FAlE 0 0 0 0 0 0 0 0 0 1 980
=5 0 0 0 0 0 0 0 0 420 2 420
gl 4ol 0 0 0 0 0 0 0 0 0 1 410
X 0 0 0 0 0 0 0 0 4 32
A 735 [48200| 496 |79580 815 |148027 117580(10990 | 1219065
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Fig. 1-4-3. The numeber of species, individuals, biomass in month, 2006.
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Fig. 1-4-4. Richness(d), Evenness(J'), Diversity(H’) in month, 2006.
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1.4.3.3.3 A=

49 Fd3ste T MATE vRoR 9l ofFdY FAIEE AFE
A3, FAHE 40%E 7Ieo® 5709 Ao ® EREHAsT, 17158 64,
74, 8¢, 2152 49, 5¢, 9¢, 10¢, 12€=, 2€, 3¢, 11¥€2 HE9
ol AHoz Yebgvi(E 1-4-2, 2% 1-4-5, 219 1-4-6).

O SRS AEEA 1OF4E ARlse] W 8807MAI(E A A
F41,6679)%2 7MY $HEE ToR YERT tgsors 787 1257
A 1,000g), HA2 6770A1(1,667g)2] =o2 M3, YHA = 677
A 1,667g), &5 2470A1(4,927¢)9] o2 A4S AFS B 2705
2 1aFolA vlE] o] W A-dEe] B¥s= 5L BT, 20F
NH = ofHdFolANE W7ozl A 573/MAN(HAE AAH 58,8009)= =
A S7vete AEFE Bt B oo R FRo] 2 17159 A4
T EHA LIAT o] Yolx= AlHoe] WA 7370A(8,294g) o}

o] 4270A(2,000g), &) 367041(12984g), <ol 347}
A(30,000g)¢] o0& ATt 29o= Hol7t 727 AAEAZE 8,000g)
2 7p fAsen, B2 30670141(30,000g), o 9770#1(50,000g),
A7go] 4570A(2,000g), W7t 1870A1(7,0009)9] oz $-Hstsitt. 3¢
o= Aol 7k T4MA(EAF 12,580g) 0.2 7F st on, Hx 4744
(32g), TH=A 37W#(1,450g), Wefel o] 7+zF 270#1(17,000g, 1,100g)
o] Fo= A3 11¥€dl+= d7Bol7} 1,667/ (A= 100,000g) 2.2
7 s e, s 70704(16,800g), ok 31701(20,000g), =&
2070 41(1,000g), 35 87/0A(3,0402)2] o2 $-Hs3iTh

- 305 -



£ 1-4-2. 20064 €¥ o {FTFHY FAE
Table 1-4-2. Similarity of the fish community in month, 2006

29 | 39 | 49 | 59 | 69 | 79 | 89 | 99 | 10€¥ | 11€¥ | 12¢¥
24
3¢ | 35.89
49 | 43.81 |45.496
59 |36.174|26.703|57.388
69 | 30.7 |19.964|37.799|41.463
79 126.015/29.982|32.091| 29.08 |65.532
8¢Y 18.4383| 0 [8.1609|24.294| 53.84 |53.556
99Y |31.217/13.331|51.85143.198 |32.658 | 26.006 | 11.008
10 [39.034[18.165]43.049|40.505 | 30.656 [24.381|10.159 |82.471
11€¥ [37.681] 29.29 |37.363| 39.27 [33.379(30.686|29.809 |34.446 |33.234
129 [40.683]21.545[49.686(36.086[19.589|17.474(9.0049 | 48.006 | 56.27 [21.353
207
> 401 -
il
-
«
- 607
£
D got |,_‘
100"
88 6% 79 38 118 28 438 5% 128 98 108
I3 1-4-5. 20069 9H o] F+FHY FAE.
Fig. 1-4-5. Dendogram of the fish community in month, 2006.
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Fig. 1-4-6. Similarity of the fish community by the MDS in month,

1.4.3.4 Qg A ARA o F

1.4.34.1 A7F5F

2006 2YEE 12

7HA Afg-z=rgell M A= o

2907
3} 640l ol F R e thevt 2k,

=
€o]E Order Rajiformes
7}e 2] ¥} Family Rajidae
1. &9 Raja kenojei

%717+ Class Actinopterygii

o]7} Class Chondrichhyes
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WFo]Z Order Anguilliformes
S2o] 7} Family Congridae

2. B0 Conger japonicus
do] % Order Clupeiformes
H23 F

3. WX Engraulis japonicus

amily Engraulididae

S| X5 Order Aulopiformes
3| MW %] 7} Family Aulopodidae

4. 3|W| X Aulopus japonicus
W 50]3} Family Synodontidae

5. Wl 59| Saurida undosquamis
-5 Order Gadiformes
e} ¥} Family Macrouridae

6. =Y =X Coleorhyncus multispinulosus
-3} Family Gadidae

7. W+ Gadus macrocephalus
o}9] & Order Lophiiformes
o} 3} Family Lophiidae

8. o} Lophiomus setigerus

9. &o}+# Lophius liulon
231715 Order Zeiformes
21 7]3} Family Zeidae

10. ©317] Zeus feber
vl o] & Order Scorpaeniformes
%FE23} Family Scorpaenidae

11. 39 Helicolenus hilgendorti

A X Hypodytes rubripinnis

13. &82 Sebases thompsoni
=19 X3} Family Aploactinidae

14. E|9 X Erisphex pottil
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A3} Family Triglidae

15. AW Chelidonichthys spinosus

16. @7°] Lepidotrigla microptera
ke ¥} Family Platycephalidae

17. %¥) Platycephalus indicus
F =g v} Family Hexagrammidae

18. A" Hexagrammus otakii
%5703} Family Cotidae

19. 7WX%5 Pseudoblennius cottoides
2FA) 713 Family Hemitripteridae

20. AA17] Hemitripterus villosus
#2]2} Family Liparidae

21. oWV & 7] Liparis agassizii

22. ¥ X| Liparis tanakai

23. Ev7] Liparis tessellatus
5ol & Order Perciformes
NG B A 2 X7} Family Acropomatidae

24. MR EA 2R Acropoma japonicum
v}2] ¥} Family Serranidae

25. 59 Epinephelus septemfasciatus
57537 Family Apogonidae

26. €

27.
Hg]E 3y Family Sillaginidae

=7Vl % Apogon lineatus

=3}5 Apogon semilineatus

N

28. AW.28 Sillago japonica
29. W& Sillago sihama
7 780]3 Family Carangidae
30. A78o] Trachurus japonicus
T% * ¥ Family Leiognathidae

31. %A Leiognathus nuchalis
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3t~ 53 Family Haemulidae

32. WA+2] Parapristipoma trilineatum
Wo]3} Family Sciaenidae

33. X% Ayrosomus argentatus

34. Z%7] Pseudosciaena polyactis
UH]317] 2 Family Chaetodonidae

35. A&7 855 Chaetodon modestus
=% 3 Family Oplegnathidae

36. &% Oplegnahus fasciatus
5 7FA X2} Family Zoarcidae

37. S7WN XA Zoarces gilli
Z78 0] 3} Family Stichaeidae

38. Y =8V X| Chirolophis japonicus
st =2} %7} Family Pholididae

39. AW =8}R| Pholis crassispina

40. 3|22} x| Pholis fangi

41. WX} X Pholis nebulosa
oto] 2] ¥} Family Champsodontidae

42. Yol x| Champsodon snyderi
oF=ug] ¥ Family Pinguipedidae

43. 57V8] Parapercis sextasciata
7h8] 3} Family Ammodytidae

44. 7V Ammodytes personatus
293} Family Uranoscopidae

45, SFHETY Gnahagnus elongatus

46. &
=%e 3} Family Callionymidae
47. =

W50o]3 Family Gobiidae

223 Guranoscopus japonicus

e} Repomucenus lunatus

48. =345 Chaeturichthys hexanema
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Z+2 3} Family Trichiuridae
49. 2R Trichiurus lepturus
A =3} Family Centrolophidae
50. M35 Psenopsis anomala
o] Family Stromateidae
51. ¥l Pampus argenteus
7FAHA] & Order Pleuronectiformes
Y7} Family Paralichthyidae
52. QX Paralichthys olivaceus
53. AY Xl Pseudorhombus pentophthalmus
7}Au] 2} Family Pleuronectidae
54. &7VA Clidoderma asperrimum
55. E7VA1| Eopseta grigorjewi
56. E7VAM| Kareius bicoloratus
57. A 7VAW1|  Limanda yokohame
58. =v2] Pleuronichys cornua
WA 2 Family Soleidae
59. =B M Zebrias fasciatus
60. A 71t Zebrias zebra
At Family Cynoglossidae
61. ZrA N Cynoglossus joyneri
62. WA Cynoglossus robustus
Eo]& Order Tetraodontiformes
A X3} Family Monacanthidae
63. AR Stephanolepis cirrhiter
-3} Family Tetraodontidae

64. B/ Takifugu niphoble
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ZAVZIZE F o7 F4E 290 24F0 7 M BE Fo] =3,
5€7 64¥, 8¢ol 15F2o2 7MF A Fo] EdsI. MAFE Az
< 129 7,316 NA= tt& A vs] 453 A Yetwton, 593
6ol Zt7F 9970 A, 97/NAR wig- AL A {7t s AEFS o

ERUIATh o /ol AAFS BH P gL AGUr EdEld 12€4
109,762g= 7F¢ =A YERS o, 59 3,5659g= 7H ATt

A F u QA (Y 1-4-7, 28 1-4-8°4 F¢Ho= A= 3
T 1467MAE Hol WA =8 MAT] 86%E AAT A== wfg -3
e A Uehilen, 15,0499 AAHS Bt tgoz 457
wol 827/HAIZ °F 5%E At o, WA 7F 36704 °F 2%, &7Fo17F 30
MARZ oF 2%, So17F 18704 <F 1%9 o2 Akt shA, YAFS
A2 7F Fat 15,049g22 A AAF] oF 51%5 A8t w9 -H g
AES BT | ggo R FolH]r) 3,523g0 2 oF 1292 A st on, o}

X

2524g 0 2 °F 8.6%, Fo|7} 2,524g0 2 8.6%, E7FA0|7} 866g 0. %

oF 2.9%, dE7tE]Eo] 731go® ¢F 2.5%, Bdol7t 716g0 2 °F 2.4%°]

o2 SHI}AHE 1-4-3, 17 1-4-7).

o} MAFE vfFo g ofFade HHAFE B4 2
1993, FAES5EE 0.7, TTHEE 3.25 YeR

E

%)
257 7H =4 vEsten, 104l °F 1.0%
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£ 1-4-3. A5z A AA-E o7 MAFING AAZFB)(LS: WA, g)
Table 1-4-3. Individuals(N) and biomass(B) of the fish collected in

shrimp trawl gear

M= 06' 2¢& 3g 4¢ 58 6g 74
oz N B N B N B N B N B N B
o] x| 0 0 0 0 0 0 40 760 10 190 240 | 4560
Erot7 0 0 0 0 0 0 0 0 0 0 0 0
ot 6 1280 | 12 |[13298| 4 [13429| 0 0 0 0 2 420
&0 35 | 3100 | 18 | 1578 | 10 | 1798 4 719 10 1613 12 1936
= ONTe] 12 365 75 | 3390 | 67 | 5226 0 0 0 0 5 260
RV S 0 0 0 0 3 15 1 4 19 90 45 215
&0 28 965 40 | 1360 | 25 835 0 0 0 0 35 80
Aoi 3 480 22 | 4136 0 0 0 0 6 1272 4 860
2l 6 950 3 594 45 | 1650 | 30 | 1200 0 0 2 540
H| = 2b%| 0 0 20 | 1313 | 17 | 1110 1 18 2 94 0 0
d=7t2 30 | 2610 0 0 0 0 0 0 0 0 2 165
HX| 7 65 4 42 12 210 5 90 0 0 0 0
7H A CH 5 560 4 440 4 780 0 0 1 13 2 65
2 x| 7} Ato| 8 1100 0 0 0 0 0 0 0 0 2 190
oA 2 520 1 260 3 640 0 0 0 0 0 0
HHEeH 0 0 10 440 7 280 2 32 2 121 3 460
=R 0 0 0 0 0 0 0 0 0 0 0 0
=gk 1 350 0 0 0 0 0 0 1 292 0 0
EZAIMEY| 2 380 1 180 1 210 0 0 0 0 1 160
Ttz 2 365 0 0 0 0 3 628 0 0 0 0
A=ETY 0 0 8 496 5 320 0 0 0 0 0 0
o zakx| 1 190 2 316 1 220 0 0 0 0 0 0
=1 0 0 0 0 0 0 0 0 1 284 0 0
7| 1 12 1 9 0 0 1 11 3 31 5 40
o 0 0 0 0 0 0 0 0 0 0 0 0
Z celo] 0 0 2 21 0 0 1 14 0 0 0 0
TS 4 57 6 84 0 0 2 6 0 0 1 11
27| MY 0 0 0 0 0 0 0 0 0 0 0 0
=82 2 160 0 0 0 0 0 0 0 0 0 0
= 2l 3 38 5 70 4 52 0 0 0 0 0 0
otof x| 0 0 1 68 0 0 0 0 6 4 0 0
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Table 1-4-3. (Continued)

o
w|la|lo|lo|lo|o|o|o|o|lo|o|o|o|lo|o|~|o|o|lo|lo|o|o|o|lo]|o s,
Q
0 > 3 Plo|lo|g|o|lo|8|o|lo|o|o|o|o|o|o|o|o|o|lo|o|o|o|o|o]|o S
[qV] —
s ©
e o —|o|lo|lan|o|o|+~|o|o|o|o|o|o|o|o|o|o|o|lo|o|o|o|o|lo]|o o| ©
_ v l= _
— K = | — | = — — | 'R | WO | &0
0] — | = u | — |7 — = =KX= —
4 7 ® e A A A e T e e e P A AL E R A b A
R e i R N i B R B o ) Bl S IS 0 T B I ) i e ) ol el S ol e
do | ™ K| & | = =X <0 K o U Bl B e = [ Ho | mo Eal
Kiu Kiu = S R ulo ~ K| 25 [ =
ol = = P AL

ST
AL

216 | 26858 | 99 | 3559 | 97 | 4147 | 363 | 9968
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® 1-4-3. A%
Table 1-4-3. (Continued)

(291: 7HA, g)

RS e 92 108 1 12 gl
oz N B N B N B N B N B N B
o] %| 960 |[18240| 720 | 11150 | 700 | 10500 | 6280 | 56043 | 7182 | 64092 | 16132 |165535
Erot7 0 0 0 0 0 0 9 6542 | 20 |32216| 29 |38758
ot 0 0 0 0 0 0 0 0 0 0 24 | 28427
&0 10 99 17 1490 | 22 | 3389 | 20 | 1300 | 40 |10740| 198 |27762
E=ZA NG 2 155 1 80 0 0 0 0 1 55 163 | 9531
dsotels 190 | 2090 | 230 | 1772 | 410 | 3854 0 0 0 0 898 | 8040
ST 46 99 53 120 42 | 1363 | 37 [ 1749 | 29 | 1309 | 335 | 7880
A oh 0 0 0 0 1 187 0 0 1 129 37 7064
2FEH 0 0 0 0 0 0 0 0 1 76 87 5010
H = 2hx| 16 180 5 230 36 921 5 126 0 0 102 | 3992
A7tz 3 247 2 94 0 0 1 25 2 136 40 3277
HxX| 0 0 368 | 2079 0 0 0 0 0 0 396 | 2486
7H A CH 0 0 0 0 0 0 7 74 1 14 24 1946
2 x| 74RO 1 67 1 80 0 0 0 0 2 458 14 1895
=E 0 0 0 0 0 0 0 0 0 0 6 1420
HEz|H 0 0 0 0 0 0 0 0 0 0 24 1333
=R 0 0 0 0 0 0 1 1279 0 0 1 1279
=g 1 34 1 470 1 68 0 0 0 0 5 1214
EZAIME] 0 0 0 0 0 0 1 134 1 134 7 1198
= ] 0 0 2 26 0 0 0 0 0 0 7 1019
d=EE5TY 0 0 0 0 0 0 0 0 0 0 13 816
Iz atx| 0 0 0 0 0 0 0 0 0 0 4 726
=207 0 0 0 0 0 0 0 0 0 0 1 284
nhetz| 2 36 1 12 3 45 2 42 2 35 21 273
o7 0 0 0 0 0 0 8 238 0 0 8 238
F| =2fo| 0 0 0 0 1 159 0 0 0 0 4 194
TS 0 0 0 0 1 1 0 0 2 32 16 191
SH 7| A 0 0 1 41 1 67 0 0 1 80 3 188
=282 0 0 0 0 0 0 0 0 0 0 2 160
E2E] 0 0 0 0 0 0 0 0 0 0 12 160
otof x| 0 0 1 3 0 0 6 78 0 0 14 153
Yol 0 0 0 0 0 0 0 0 0 0 16 152
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Table 1-4-3. (Continued)
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Fig. 1-4-7. The number of species, individuals, biomass in month, 2006.
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Fig. 1-4-8. Richness (d), Evenness (J'), Diversity (H') of species in month, 2006.
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1.4.3.4.3. T3 FAIE

1715 249, 39, 49, 54, 7do] 23 o] Qi 2152 8¢, 9¢,
1049o], 37152 114, 12€0] EHAoH, 692 FHE ] Zaf= ATt

2w BAARRR ostd, 1aFdlAM = JiAG R v g7 Ht 5670
ABTE BAZE 1,0642) 7HF $AstG o, E7kAn7F 3270 4](1,848g), &
Fol7b 2670 A(648g), FEl7t 17/0A1(987g), &o17F 16704(1,826g) 59
Fo® ATt 2aFdAE WX Hyt T93MNA(HT ABAF
13,297g)2 7} $-Hstolon, A% stE]so] 277/0A(2,572¢), BX7F 123
AA(693g), Bgo17t 47TAA(527g), MEeFX7F 1970 4](444g) 59 o=
Uelgth 3aEol e g7t 6,73170A(Bw AAF 60,0689)% 7HE
St o, BAolzt 337040(1,5292), Eo17F 307041(6,020g), Fol+7}
1571A1(19,379g), &EshEo] 137/MA(48g) o2 S-HIUTE. 47152 wF
SEAZX7E 2TAAYAZE 75g)% /M s o, dE ol 1970
A(90g), WAt Fo7F 1070A1(190g, 1,613g), A7l 670141(1,2722) &
o] o7 At

_IR
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E 1-4-4. 24 o FZAY FAE

Table 1-4-4. Similarity of the fish community in month

249 34 49 5¢¥ 64 74 8¢ 94 10¢ 11¢ 124

2%
34 [63.216
449 |57.973]71.052
5€¢ 139.259|43.717|48.077
6 |27.467|31.298]30.048(37.951
79 161.192152.301|53.038140.549(48.046
8% [33.961/29.141|32.629| 22.13 | 34.46 |51.669
9¢ 139.319/32.407(33.102]30.731(33.319|44.017|58.148
109 [28.005(34.351(26.177(29.214|36.346|42.478|55.788(55.718
119 |35.801]40.027|34.897|22.744(32.814(40.403|42.554|36.144 | 34.824
129 |51.741]37.984129.184|21.615(22.203[58.878|35.898|35.641|33.857| 44.88

20 -
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13 1-4-9. €8 o {FFAHY FAE.

Fig. 1-4-9. Dendogram of the fish community in month.
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Fig. 1-4-10. Similarity of the fish community by the MDS.
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a9 1-4-11. A7l L A5 WA =,
Fig. 1-4-11. The individuals and biomass (g) of Trachurus japonicus

in month.

b) %o (Mugil cephalus)

sol= At BAFe] 5ol Wi A vEhstew, 6~11¥2 wi¢
vrol Aol molx] grirt 129FH A8 EolAE A 4
1-4-12).
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Fig. 1-4-12. The individuals and biomass (g) of Mugil cephalus in

month.
c) 59 (Lateolabrax japonicus)

sol AAe A 49, 9-1096] 2 B AFE nadd (o

2 1-4-13).
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Fig. 1-4-13. The individuals and biomass (g) of Lateolabrax

japonicus in month.
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a) =7 o](Conger myriaster)
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Fig. 1-4-14. The individuals and biomass (g) of Conger myriaster in

Biomass

month.

b) €] (Raja kenojei)
Folw= MAet AAR2 12€ 7P A JEpth (™ 1-4-15).
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Fig. 1-4-15. The individuals and biomass (g) of Raja kenojei in

month.
c) E7FA1) (Eopsetta grigorjewi)

7 = At AAFES 29~4do] w2 A¥dES BHIAH(H

1-4-16).
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Fig. 1-4-16. The individuals and biomass (g) of Eopsetta grigorjewi

in month.
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£ 1-4-5. g xF g vl

Table 1-4-5. Compartive in according to the contrast sea

5¢ 6¢ 114 124

FdoF | rx2E | a2y | FE2E | g2y | FERE (dE| TEE EESh

N|{B|[N|B|N|B|N|B| N B |[N|[B| N B N B
1] & %) 40760 | 32| 512 | 10 | 190 6280 |56043 7182 | 64092
ol 9 | 6542 20 |32216
Z o] 4719 10 |1613 20 | 1300 40 10740
dErleE 1| 4 |40 |206| 19| 90 32 (108 912 | 2616
& 7ol 37 | 1749 |10 [470| 29 | 1309 | 4 50
Ay 6 |1272| 2 | 562 1| 129
o} 1 |1500
el 301200| 3 | 114 1| 1279 1 76
A
=ty 3 | 628

2005 % 59, 64¥, 11¥, 12¥€9& 77 vus|E 2y, MATE A3t
%

< 53564, 69)°]
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£ 1-4-6. A E(2005)% ¥ L(FAFERF, T, MA 5, BAZ)
Table 1-4-6. Comparative of diversity, number of species,

individuals and biomass of last year(2005)

FOgEAS | 4 A4 A ()
EE 2k

‘05 ‘06 ‘05 ‘06 ‘05 ‘06 ‘05 ‘06
54 0.1 1.4 5 9 856 183 55,590 266,130
64 0.4 0.6 8 8 3,554 1,460 50,147 100,930
11¢ 1.6 1.5 11 8 202 148 1,505,621 | 148,027
12¢ 1.6 1.5 8 12 124 441 627,016 117,580
1.4.4. 1%

g o= o A|FelA d7gole] Abgho] Hdol Hls| dFe= <
ofzt Az, d7ol= dizf 1~24 7
HA gen, t7 F2ZAL FE BaL ofd ¥ A7} dA¢tor FE A

o7 olEHrla 3l 20061 AL HlE FEAIQ F A Fel U
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E 2-1-1. H23] W EAste Fee F3ie

Table 2-1-2-1-1. Weathering reactions of the fly ash forming

minerals
Name (formular) Weathering reactions

Quartz (SiOgz) Quartz — SiOsauq
Orthoclase (KAISi3Og) 4H" +orthoclase — K"+ A" + 3Si0saq + 2H20
Plagioclase

Albite (NaAlzSizOs) 4H" +albite = Na' +Al*" + 3Si02q + 2H20

Anorthite (CaAl:SizOs) 8H" +anorthite  —~ Ca™ + 241" + 250z +

4H,0

Calcite (CaCO3) H" +calcite — Ca®" +HCO3
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2.5 d7HE

2.5.1 A8
2.5.1.1 A1EAF

m{o

12708 A3t
ChAl PVCE}o]
B Ao

34.8 ' ' '

347540
s

et L & L
34.74 = QBTN

34.65+

7.+ Bijindo
3464

.’fjmsaridu
34.55+ o

34.54

Ipw
L

= < Maemuido

dSnmaerruldn

3445

. T T T T
1283 12835 1284 12845 1285

a3 2-1-1. A8AFH A=,

Fig. 2-1-1. Sampling location of study
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% 2-1-2. AEAH AHAE

Table 2-1-2. Coordinate of sampling location

Station

Longitude (x)

Latitude (y)

A

© 0O N O o~ W N OO w

128.5000026
128.5038697
128.5000026
128.4960108
128.4998747
128.5076069
128.5000058
128.4922737
128.5000058
128.5138974
128.5000058
128.4859831

34.60289914
34.59951546
34.59614738
34.59954665
34.60624623
34.59958082
34.59291540
34.59958082
34.61134331
34.59958082
34.58768761
34.59958082
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a9 2-1-2. HAE ABARA 0§37 w2 zojsh ABAH FH.

Fig. 2-1-2. Box core sampler.
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eI if

.,

a7 2-1-3. %X FolE o] 3% AIGEHHE AH AA.

Fig. 2-1-3. Photograph of sediment sampling by box core sampler.
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2512 BB FERY 24

AFA A EAES oA o]E EE}E(agate mortar)olA] 200mesh A7 =
w5t X-A HRFAS AASS T AFEE 7] 7]+ Jvld @ = PHILLIPS
AFe]l X'Pert — MPD System (F4dtstnl 525302 Cu-Kas 9|

g3kl 7b&E e 40kV, ARFE 30mAS o E AT Y 2-1-4).

19 2-1-4. X-A A EA7].
Fig. 2-1-4. Photograph of X'Pert - MPD System.
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2.5.1.3 Y=&X

AMF HAES 44 d= X E otelr] st %%, ¢F 15em A A

o FPr % Y ARE AHs] YEENS HASAT 30g9 NEE

THTE Sl dEs 2303 AFskaL 0.1IN dite
tH1® 2-1-5A).

dAeld A5 40 AE o8t 54 AASIATHIH 2-1-5B). 40
ool Atd H 9Fd A= Adxste ZH 85 7[(RO-TAP  Sieve
Shaker, 1% 2-1-50)° 93 1@ FAo = AT 40 ©]3te] HE
9 AE AREL HAA(2% 9 Sodiumhexametaphosphate) 50ccES H7}f
3t FabA7l 3 AE Y EEA 7] (micromeritics, Sedigraph 5100, —1¥
2-1-5D)& ol&s3le] 10 Ao x BAEqlth. 4 A= Folk and

Ward (1968)2} Ward (1968)
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9
=R
)
i
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3_@
32
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a9 2-1-5. YERA F3. (ARED AA, BIFNEH, O2Y 237,

D) Y ELH7].

Fig. 2-1-5. Photographs of partical size analysis process. (A)
Decarbonization, (B)wet analysis, (C) RO-TAP Sieve

Shaker and (D) sedigraph meter.
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S ol&d gHEHUES  ol&ste] HAE S
1000/1(v/g)& ZH3Ath A& 0.1g2 A3 5 PTFE A @] ¥x
2ml 24F 1.0ml P24 5ml BARS AHEdlEZ @i 7hd 7)o A 90°C=
3AIZE, 140°CZ 3A1ZF, 190°CE 1041769 7FEsidtl. 7Fds & 4M ¢
7t AlA 0.3M 94 8mlE ¥

4
B ES RE TSRS HAs,

oft
o

AF 2mlE 93 70°C=E 3 A7F 7pgE =

Aol ARRE V)7 V|2HsHH AT d e fFrRAdEd = A=
337 (Inductively Coupled Plasma Atomic Emission
Spectrophotometer)® Perkin ElmerAl2] Optima 4300DU%} =4 3H=2}
Zzup  AZE A 7] (Inductively Coupled Plasma Mass Spectrometer)®
Perkin ElmerA}e] Elan 61002 AF&3ATHZH 2-1-6). ©o] 71719 3%
9= 160nm T 850nmel™, RFZ§E 27.156MHz, H &2 1.6KW
ol t}.
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Fig. 2-1-6. Photograph of Inductively Coupled Plasma Atomic
Emissioni Spectrometer (ICP/AES).

- 346 -



Al

IH
i

7

2.5.1.5 ¢

o]

=
=

el 342 (950cm<1600cm)

R

g

A

93 1

oj

!

o

—_
fie}

i)

=7 0.3mm

FRATH " 2-1-7).

S
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2-1-8).

FRAEH (L

N 8E

ISRM Suggested Method (1981)l F3&}o] A

FoITh(E 2-1-3).

f)_:‘
515

a3 2-1-7. ZAgAZ FA.

Fig. 2-1-7. Photographs of core manufacture process.
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a9 2-1-8. 1& ¢=A37).

Fig. 2-1-8. Photograph of uniaxial compressive strength.

X 2-1-3. 15 4S5AF o] 32 Zol9 §A

Table 2-1-3. Core properties of uniaxial compressive strength

_ ERERED Fgas @t
o] & AF o 1o b2z =4
AECECIREEIER NS i o
ISRM Core 54mm 2.5-3.0 0.3mm 0.0Z2mm 1/1.000
This study Core 42mm 2.0-3.0 0.3mm 0.02mm 1/1,000
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T, Aok, A, € e)S ZERIaHAA mE Azl AdE(components)
o7 {Hslojof 3t 7+ AEL A(system)E RIS ¢ U HA9 o
23} BAR o] FojAH, shfe] ARo] v AR o mdE 4 gtk
#AZ SOLVEQ¢H CHILLEROA AEHE AHES 37F22A4 F2 H+,
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Cu2+, Zn2+ %9 HF% 9 FZo]23 Si02, H20% 9 H3lE wx] &&=
w2 f71E ToR FAEH. 1 9 3EES oY s AFste] 1
et TR 33 SOLVEQSH CHILLEROIA AE7re] AdH(E-9A At
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FEAGeNA e R BEANSFLT 7 F9 ol
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¥+ AXAy= CHILLOUTSF CHILPLOTZF ®ut.

SOLTHERM dlo]8 3d-& SOLVEQ® CHILLERE F33l7] 93 =
A3 dolE]Eo] 5o} gt o] ol UL 8N, Tt FE
ot BE 9 dolHE Exdsta Stk o] gde FAR 5=
Al (activity coefficient), A %% (component species), 22} A& (58
), 7k, BE D 19 FUHAQ AR S T7HA BEoRE FAE 2
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2.5.2 A4+ A3}

2.5.2.1 HAEY F=x4

9 sleiolER PAH] Auk 1% 4W Y HARe] FREIE A

d3) deolE7t FE o]Fn], 4 A i1

£, sdolE W stgedolEr TR 39 4 AR FEEYL
g

Mg, APFA B QetolEF FE oM, AP ¢4, FReIE

£ 2-1-4. X EY FEZXA

Table 2-1-4. Mineral compositions of sediments

Feldspar Chl, Ver,
Station Qtz Hal 111 Kao
K-spar Plag Sme
1 +++ + + + ++ +
3 +++ ++ - + ++ -
4 +++ + + + ++ +

Qtz: quartz, K-spar: K-feldspar, Plag: plagioclase, Hal: halite, Chl:
chlorite, Ver: vermiculite, Sme: smectite, Ill: illite, Kao: kaolinite

+ + +: Major, + +: Minor, +: accessary
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£ 2-1-5. EAEY A3 APE Y=

EE(291:9%)

Table 2-1-5. Distribution of particle size at each station (unit in %)

Station Mz Gravel  Sand Silt Clay Sorting Skewness Kurtosis  Types
A-1 3.68 0.85 69.98 19.82 9.35 2.78 1.08 3.06 (g)mS
A-2 4.76 0.63 53.58 25,79  20.00 3.37 0.58 2.01 (2)mS
A-3 4.34 0.84 55.77 33.35 10.05 3.33 0.68 2.11 (2)mS
B-1 3.90 0.99 67.18 21.65 10.18 2.92 1.04 2.98 (g)mS
B-2 3.64 1.38 70.61  20.02 7.99 2.66 1.08 3.14 (2)mS
B-3 4.08 0.34 61.53 29.02 9.11 2.81 0.84 2.7 (g)mS
C-1 3.91 0.39 74.24 6.46 18.91 3.21 1.35 3.22 (g2)mS
Cc-2 4.42 0.84 57.07 27.41 14.67 3.17 0.75 2.42 (2)mS
C-3 4.11 0.84 64.19 24.03 10.94 2.94 0.93 2.78 (g)mS
D-1 4.27 0.64 62.94 23.33 13.09 2.96 0.66 2.00 (g2)mS
D-2 3.46 0.25 71.08 23.57 5.01 2.32 1.33 4.36 (g)mS
D-3 4.68 0.96 54.25 30.17 14.61 3.03 0.61 2.22 (g2)mS
2-1 4.95 1.14 57.68 10.13 31.06 3.73 0.6 1.68 (g)mS
2-2 3.67 2.09 70.48 12.71 14.72 3.12 1.06 2.81 (2)mS
2-3 4.27 5.94 55.05 16.42 22.58 3.51 0.80 2.37 gmsS
3-1 3.60 0.55 73.41 1556 1048 2.83 1.23 3.36 (g)mS
3-2 4.24 1.34 53.37 38.74 6.55 2.8 0.48 2.35 (2)mS
3-3 4.65 0.91 63.22 3.12 32.75 3.75 0.79 1.89 (2)mS
4-1 3.87 1.08 68.85 15.72 14.35 3.09 1.08 2.92 (2)mS
4-2 4.93 0.28 55.7 19.07 24.96 3.33 0.44 1.63 (g)mS
4-3 4.37 0.64 55.67 32.89 10.81 2.88 0.75 2.62 (g)mS
5-1 3.89 1.61 70.12 17.18 11.08 2.78 1.15 3.12 (2)mS
5-2 5.29 1.15 43.77  32.28 22.8 3.21 0.34 1.85 (g)sM
5-3 5.45 0.22 47.85 35.64 16.30 3.35 0.43 1.69 (2)mS
6-1 4.69 1.89 39.2 47.86 11.05 2.92 0.28 2.32 (g)sM
6-2 5.17 10.38 39.12 19.61 30.88 4.25 0.16 1.41 gsM
6-3 5.39 4.61 36.68 31.13 27.59 3.66 0.04 1.76 (g)sM
7-1 4.12 4.05 58.48 23.15 14.31 3.23 0.62 2.08 (g)mS
7-2 3.14 12.72 57.32 21.34 8.62 3.23 0.73 2.53 gmsS
7-3 3.73 2.28 66.64  22.82 8.26 2.81 1.11 3.32 (g)mS
8-1 4.13 0.00 68.43 17.46 14.11 3.02 1.05 2.71 mS
8-2 4.47 2.31 54.55 30.6 12.55 3.14 0.64 2.37 (g)mS
8-3 4.31 3.63 53.93 26.42 16.02 3.18 0.76 2.58 (g)mS
9-1 4.33 0.43 60.01 29.14 1041 2.7 0.93 2.8 (2)mS
9-2 4.69 0.12 55.63 30.3 13.95 2.9 0.76 2.34 (g)mS
9-3 4.65 0.2 53.49 36.05 10.26 2.65 0.66 2.43 (g)mS
*mS © muddy sand, gmS : gravely muddy sand, (g)mS slightly

gravelly muddy sand, gsM gravelly Sandy mud, (g)sM slightly

gravelly sandy mud.
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Middle

a1 2-1-9. 459 5% E=E.

Fig. 2-1-9. Distribution of mean grain size.
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a9 2-1-10. BFYES} E95E X

Fig. 2-1-10. Pair diagram between mean grain size and sorting.
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a3 2-1-11. E4YEs) 5 =,

Fig. 2-1-11. Pair diagram between mean grain size and skewness.
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Fig. 2-1-12. Pair diagram between mean grain size and kurtosis.
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£ 2-1-6. AFE =5HAHEY

=12
el

FF (29 : ppm)

Table 2-1-6. Metal contents of each station (unit in ppm)

Station Depth Cd Pb Ni Cu Cr Zn Co Mn
A-1 0-1 0.10 22.8 10.6 5.27 13.7 39.5 36.5 640.1
A-2 1-2 0.10 20.7 11.3 5.45 27.4 41.2 32.1 339.1
A-3 2-4 0.11 22.0 14.9 7.44 37.3 52.0 38.9 327.8
A-4 Lower 0.11 19.3 12.9 7.12 20.9 43.2 33.2 329.1
B-1 0-1 0.10 21.2 11.9 6.56 32.9 43.6 32.9 519.1
B-2 1-2 0.10 21.5 12.0 6.04 38.7 44.0 51.7 372.2
B-3 2-4 0.11 20.1 12.4 6.01 31.1 46.3 70.6 346.6
B-4 Lower 0.12 18.8 14.0 5.91 39.8 46.1 33.4 332.3
C-1 0-1 0.09 20.9 11.7 5.21 28.2 36.0 63.5 458.7
C-2 1-2 0.09 21.6 10.0 7.23 26.0 38.2 52.8 348.4
C-3 2-4 0.09 20.5 10.7 5.34 19.4 40.1 52.1 303.5
C-4 Lower 0.13 18.8 13.4 6.82 35.3 52.6 29.5 319.6
D-1 0-1 0.09 31.4 10.2 4.95 26.9 38.7 51.3 513.7
D-2 1-2 0.11 19.8 10.6 5.22 28.3 40.9 33.6 359.9
D-3 2-4 0.11 21.0 12.2 6.65 31.1 44.8 40.2 330.9
D-4 Lower 0.14 19.8 17.9 7.70 44 .4 57.8 37.4 365.8
2-1 0-1 0.10 25.5 14.4 7.65 34.0 42.7 62.1 449.9
2-2 1-2 0.10 23.5 13.5 6.82 38.5 40.3 20.9 324.7
2-3 2-4 0.12 22.2 15.7 8.02 43.5 49.1 16.0 320.3
2—-4 Lower 0.15 20.4 15.1 6.83 42.2 41.9 39.2 289.1
3-1 0-1 0.12 22.1 10.4 5.25 31.9 43.5 91.4 453.1
3-2 1-2 0.12 21.1 12.5 6.31 34.3 37.7 113.6  312.5
3-3 2-4 0.10 22.8 12.7 6.50 35.7 40.1 21.1 334.5
3-4 Lower 0.17 24.1 13.7 6.05 36.8 40.9 15.5 300.0
4-1 0-1 0.13 21.7 3.8 4.79 26.0 28.9 94.0 440.6
4-2 1-2 0.11 21.3 10.4 5.90 31.3 35.6 44.5 370.5
4-3 2-4 0.11 20.7 10.5 5.44 31.9 36.1 29.7 272.6
4-4 Lower 0.14 20.8 11.6 5.61 32.7 36.3 46.6 283.5
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% 2-1-6. A%
Table 2-1-6. Continued

Station Depth Cd Pb Ni Cu Cr /n Co Mn

(@]
|
—

0-1 0.09 21.1 10.2 5.02 30.2 34.5 43.1 419.7
1-2 0.11 23.1 14.3 8.12 43.7 46.7 19.2 350.2
2-4 0.10 23.1 13.2 8.30 36.1 46.1 14.4 296.3
Lower 0.13 19.8 12.4 5.90 33.3 37.8 14.7 273.6

0-1 0.13 22.0 14.0 8.93 37.3 46.4 17.0 481.2
1-2 0.13 21.1 11.4 6.00 30.6 38.7 30.7 459.0
2-4 0.17 24.1 13.5 11.91 38.7 44.0 21.7 362.5
Lower 0.17 21.1 10.4 4.82 61.1 34.2 10.7 282.4

0-1 0.15 27.1 12.0 6.44 37.0 42.5 33.5 478.6
1-2 0.13 24.5 16.2 8.60 44.8 09.1 24.0 478.3
2-4 0.10 23.0 14.5 7.49 41.0 68.4 20.3 440.2
Lower 0.14 19.9 18.4 8.64 50.1 53.0 39.3 352.2

0-1 0.10 22.9 12.3 5.78 29.5 41.9 81.1 478.8
1-2 0.09 21.6 13.3 6.79 36.1 46.0 59.6 383.7
2-4 0.11 19.8 12.1 5.77 31.0 46.6 12.0 322.9
Lower 0.13 18.9 14.6 6.51 35.2 47.6 12.2 351.0

0-1 0.10 23.3 14.8 7.34 38.3 4.3 49.4 548.8
1-2 0.10 21.8 16.7 8.38 414 56.9 35.6 396.4
2-4 0.11 20.4 17.0 8.50 36.8 59.8 53.1 368.0
Lower 0.13 20.4 16.7 6.90 37.3 04.4 37.7 343.8

O © O O|C0 C0 00 PN N 3 I O O O|or U1 O1
|
B WDN Hk WD = WDN HIR WD H e W

- 360 -



0-1cm,

1-2cm

24m&3

Lower
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Fig. 2-1-13. Distribution of Cd contents in sediments.

- 361 -



0-1 cm,)

1-2cm <

2-4cm

Lower
T

a¥ 2-1-14. 3 & W 39

Fig. 2-1-14. Distribution of Pb contents in sediments.
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Fig. 2-1-15. Distribution of Ni contents in sediments.
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19 2-1-16. ™ E WY F9 =

Fig. 2-1-16. Distribution of Cu contents in sediments.
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Fig. 2-1-17. Distribution of Cr contents in sediments.
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Fig. 2-1-18. Distribution of Zn contents in sediments.
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Fig. 2-1-19. Distribution of Co contents in sediments.
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Fig. 2-1-20. Distribution of Mn contents in sediments.
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TEd HI54s &7I9lske] F3kX 5 (Enrichment
factor; ENE ZASFATIGE 2-1-7). FAFT ATA RS A7t HEA
A9l Ale] WIE A 52 HAT BEHeR Urols dle wIth

oA F7F 1o)hs AL F-3hEA gdviar A4E = iAds=e g 2

= Aol (Kemp et al., 1976; Helz, 1976; Rule 1986; Lee et al., 1997;
olF e} oA d, 1997; olHTF &, 2001). iEE=FH Y HAHES FIA 45
T317] Y8l A ZAH T kS 0] 839 27 (Brian and Carleton, 1982), AlXF
2L v Eoh

3} 2] 4=(Enrichment factor; Ef) = (X/ADE A =/(X/ADA| 24 o

Aeg&s T2 AA o3 SAAL] FIFE d7|Hste] EHA=
o AsHet s FEAeES Had=dl dial FASHATHIH
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£ 2-1-7. A EY Fv55 E3AF

Table 2-1-7. Enrichment factor of sediments

Station Cd Pb Ni Cu Cr 7n Co Mn

A-1 0.65 2.38 0.19 0.13 0.19 0.76 1.98 0.91
A-2 0.72 2.16 0.21 0.14 0.38 0.82 1.80 0.50
A-3 0.65 2.29 0.24 0.16 0.44 0.88 1.85 0.41
A-4 0.82 2.01 0.25 0.19 0.31 0.91 1.96 0.51

B-1 0.62 2.21 0.20 0.15 0.41 0.78 1.65 0.69
B-2 0.62 2.24 0.20 0.14 0.48 0.77 2.54 0.48
0.68 2.10 0.20 0.13 0.37 0.79 3.38 0.44
0.77 1.96 0.23 0.13 0.49 0.81 1.65 0.43

¥
w

0.62 2.17 0.23 0.14 0.41 0.75 3.69 0.70
0.64 2.25 0.18 1.78 0.35 0.74 2.86 0.50
0.60 2.13 0.19 0.13 0.25 0.75 2.73 0.42
0.86 1.95 0.23 0.16 0.45 0.96 1.50 0.43

0.61 3.27 0.18 0.12 0.35 0.72 2.68 0.71
0.63 2.19 0.20 0.15 0.38 0.77 1.94 0.42
0.77 2.06 0.26 0.15 0.48 0.90 1.63 0.42

UUU(?OOOU:J
=W R W DN
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E 2-1-7. A%
Table 2-1-7. Continued

Station Cd Pb Ni Cu Cr 7n Co Mn

\)
|
—

0.69 2.65 0.26 0.19 0.47 0.84 3.40 0.65
0.69 2.45 0.25 0.17 0.53 0.78 1.14 0.47
0.78 2.32 0.26 0.18 0.55 0.88 0.81 0.42
0.96 2.12 0.26 0.16 0.54 0.77 2.01 0.39

0.81 2.30 0.19 0.13 0.45 0.87 0.14 0.67
0.82 2.19 0.23 0.16 0.47 0.73 6.19 0.45
0.70 2.38 0.24 0.17 0.51 0.82 1.20 0.50
1.08 2.01 0.23 0.14 0.47 0.74 0.79 0.40

0.91 2.26 0.17 0.13 0.37 0.60 5.41 0.67
0.77 2.22 0.19 0.15 0.42 0.69 2.41 0.53
0.77 2.16 0.19 0.14 0.44 0.71 1.64 0.40
0.84 2.16 0.19 0.12 0.40 0.63 2.28 0.37

0.64 2.20 0.19 0.13 0.43 0.70 2.46 0.63
0.63 2.41 0.22 0.17 0.50 0.77 0.88 0.42
0.63 2.40 0.21 0.18 0.43 0.79 0.69 0.37
0.84 2.06 0.21 0.13 0.41 0.67 0.73 0.36

0.87 2.29 0.25 0.22 0.51 0.90 0.92 0.69
1.02 2.20 0.24 0.17 0.49 0.88 1.95 0.77
1.19 2.01 0.26 0.31 0.56 0.91 1.25 0.55
1.33 2.19 0.22 0.14 0.96 0.76 0.67 0.47

0.93 2.82 0.20 0.15 0.46 0.76 1.68 0.63
0.75 2.95 0.25 0.18 0.53 0.99 1.13 0.59
0.66 2.39 0.24 0.17 0.52 1.23 1.02 0.58
0.83 2.07 0.29 0.18 0.58 0.88 1.82 0.43

0.61 2.39 0.21 0.13 0.38 0.77 4.15 0.64
0.58 2.25 0.22 0.16 0.45 0.82 2.99 0.51
0.69 2.07 0.21 0.14 0.41 0.88 0.63 0.45
0.85 1.97 0.25 0.15 0.46 0.89 0.63 0.48

0.59 2.42 0.22 0.15 0.43 0.88 2.24 0.66
0.57 2.27 0.25 0.17 0.46 0.91 1.60 0.47
0.67 2.12 0.28 0.19 0.46 1.06 2.64 0.48
0.86 2.12 0.29 0.16 0.49 1.02 1.98 0.48

© © © ©[ 0 0 WY I J J[Dh O OO |01 O O1 Ol &= = =W W W Wi o o
|
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Fig. 2-1-21. Enrichment factor (Ef) of heavymetal. (A)Cd, (B)Pb,
(C)Ni, (D)Cu, (E)Cr, (F)Zn, (G)Co and (H)Mn.

- 376 -



2.5.2.5 HH&9 JEFAL HH
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N

F 2 4 d&o] v A th(Piper, 1985; Cullers et
al., 1987; Elderfield et al., 1990; Sholkovitz, 1992; Sholkovitz and
Szymczak, 2000; Yang et al., 2002; o]+ <], 2003).

H4=¢ 24¥ REE & o] &3t Qg8 7= AA 93t 7]
dx o] WstsE ARk £ 2-1-89 JJEFUL =S HAZ @
0] 83} normalizingstAth. ATA Y EHAES IJEFLL HEHES Eugt
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B85, sHit-Fo A3 ERFO e Wt AW, ERAA Y AAH
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E 2-1-8. AFY IJEF FE
Table 2-1-8. Rare earth element (REE) concentration from each

station (unit in ppm)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
A-1 0.60 0.59 0.60 0.62 0.68 0.69 0.64 0.58 0.62 0.53 0.53 0.51 0.51 0.54
A-2 0.65 0.63 0.64 0.66 0.70 0.73 0.66 0.58 0.63 0.55 0.55 0.57 0.57 0.60
A-3 0.55 0.52 0.53 0.54 0.59 0.64 0.55 0.47 0.52 0.45 0.45 0.45 0.45 0.47
A-4 0.81 0.80 0.77 0.77 0.81 0.73 0.72 0.60 0.61 0.52 0.54 0.54 0.54 0.61
B-1 0.62 0.60 0.63 0.65 0.70 0.75 0.66 0.58 0.61 0.53 0.51 0.51 0.51 0.53
B-2 0.67 0.64 0.68 0.69 0.75 0.77 0.70 0.63 0.66 0.57 0.57 0.55 0.54 0.56
B-3 0.57 0.60 0.61 0.62 0.72 0.76 0.69 0.61 0.64 0.55 0.54 0.55 0.54 0.55
B-4 0.55 0.56 0.57 0.59 0.68 0.75 0.65 0.56 0.60 0.52 0.51 0.50 0.51 0.52
C-1 0.59 0.57 0.62 0.64 0.72 0.68 0.64 0.56 0.58 0.51 0.51 0.48 0.49 0.49
C-2 0.47 0.48 0.49 0.50 0.55 0.60 0.52 0.46 0.49 0.41 0.42 0.41 0.43 0.43
C-3 0.56 0.56 0.58 0.60 0.66 0.69 0.62 0.55 0.57 0.50 0.49 0.46 0.47 0.49
C-4 0.34 0.36 0.37 0.38 0.42 0.44 0.41 0.35 0.39 0.34 0.35 0.34 0.34 0.36
D-1 0.57 0.52 0.56 0.57 0.62 0.65 0.58 0.52 0.54 0.46 0.48 0.47 0.47 0.50
D-2 0.71 0.66 0.70 0.71 0.74 0.70 0.68 0.57 0.58 0.49 0.50 0.46 0.46 0.48
D-3 0.69 0.65 0.68 0.68 0.71 0.68 0.64 0.55 0.57 0.49 0.49 0.49 0.48 0.49
D-4 0.62 0.59 0.62 0.63 0.65 0.69 0.60 0.53 0.55 0.48 0.47 0.47 0.46 0.48
2-1 0.55 0.51 0.55 0.57 0.62 0.63 0.58 0.50 0.55 0.48 0.48 0.47 0.47 0.47
2-2 0.61 0.57 0.61 0.62 0.66 0.64 0.62 0.54 0.54 0.46 0.46 0.43 0.44 0.44
2-3 0.45 0.47 0.49 0.51 0.58 0.64 0.54 0.48 0.50 0.44 0.43 0.42 0.43 0.45
2-4 0.52 0.54 0.54 0.56 0.64 0.67 0.59 0.53 0.56 0.49 0.48 0.49 0.48 0.50
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X 2-1-8. A%
Table 2-1-8. Continued

La

Ce

Pr

Nd Sm Eu

Gd Tb Dy Ho

Er

Tm

Yb

Lu

0.83
0.53
0.59
0.73

0.77
0.56
0.56
0.70

0.82
0.56
0.60
0.72

0.83
0.58
0.62
0.73

0.88
0.64
0.69
0.79

0.75
0.65
0.78
0.79

0.77
0.59
0.66
0.77

0.65
0.50
0.58
0.72

0.64
0.53
0.60
0.75

0.52
0.45
0.52
0.64

0.51
0.45
0.52
0.63

0.50
0.44
0.50
0.61

0.48
0.46
0.50
0.61

0.49
0.46
0.51
0.62

0.67
0.60
0.77
0.80

0.62
0.55
0.71
0.72

0.66
0.59
0.74
0.76

0.67
0.60
0.76
0.77

0.74
0.66
0.83
0.81

0.79
0.76
0.83
0.83

0.68
0.63
0.77
0.74

0.61
0.57
0.65
0.66

0.63
0.61
0.67
0.68

0.54
0.54
0.58
0.58

0.54
0.54
0.58
0.58

0.55
0.55
0.58
0.58

0.53
0.55
0.58
0.58

0.56
0.54
0.99
0.56

0.68
0.69
0.63
0.61

0.63
0.64
0.62
0.57

0.66
0.67
0.64
0.63

0.67
0.68
0.66
0.65

0.72
0.73
0.74
0.70

0.77
0.74
0.79
0.82

0.67
0.68
0.70
0.70

0.57
0.59
0.58
0.60

0.61
0.63
0.66
0.65

0.53
0.54
0.57
0.57

0.54
0.56
0.57
0.57

0.53
0.57
0.56
0.56

0.55
0.56
0.53
0.55

0.54
0.57
0.57
0.57

0.64
0.71
0.66
0.71

0.58
0.64
0.60
0.66

0.62
0.69
0.64
0.71

0.62
0.71
0.65
0.72

0.66
0.75
0.68
0.77

0.70
0.74
0.73
0.78

0.60
0.68
0.67
0.72

0.50
0.56
0.61
0.61

0.51
0.57
0.72
0.63

0.43
0.49
0.65
0.54

0.44
0.47
0.67
0.54

0.42
0.47
0.70
0.54

0.42
0.47
0.69
0.53

0.45
0.48
0.72
0.56

0.59
0.65
0.67
0.64

0.54
0.61
0.62
0.58

0.58
0.65
0.67
0.61

0.59
0.67
0.69
0.62

0.63
0.73
0.75
0.65

0.69
0.83
0.79
0.77

0.59
0.70
0.69
0.61

0.53
0.61
0.60
0.55

0.56
0.66
0.63
0.55

0.48
0.56
0.55
0.48

0.48
0.56
0.55
0.47

0.47
0.54
0.52
0.47

0.47
0.56
0.54
0.47

0.48
0.58
0.52
0.49

0.67
0.60
0.64
0.67

0.62
0.54
0.57
0.63

0.65
0.58
0.62
0.67

0.67
0.59
0.63
0.69

0.73
0.64
0.66
0.75

0.74
0.66
0.69
0.68

0.69
0.60
0.62
0.66

0.62
0.51
0.56
0.55

0.67
0.55
0.60
0.56

0.59
0.46
0.52
0.48

0.61
0.48
0.54
0.49

0.61
0.45
0.53
0.50

0.61
0.46
0.54
0.48

0.60
0.47
0.58
0.48

0.82
0.87
0.84
0.50

0.76
0.83
0.78
0.61

0.82
0.86
0.82
0.54

0.84
0.88
0.84
0.58

0.88
0.95
0.88
0.70

0.84
0.87
0.85
0.77

0.79
0.98
0.81
0.69

0.66
0.98
0.71
0.64

0.70
1.19
0.76
0.69

0.61
1.17
0.64
0.61

0.62
1.29
0.63
0.61

0.62
1.37
0.67
0.61

0.63
1.39
0.65
0.62

0.64
1.45
0.66
0.62
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station (in the year 2005).
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Diamete

Time Radius Height P P du du
r
(Month) (cm) (mm) (kg) N) (N/m) (Mpa)
(mm)

23,744,200.

0 2.12 42 86 3421.00 33,53 74 23.744
29,654,971.

1 2.10 42 84 4181.00 40,98 - 29.655
29,658,455.

2 2.12 42 84 4257.00 41,72 20 29.658
39,405,051.

3 2.10 42 84 5592.00 54,80 08 39.405
36,790,560.

4 2.11 42 33 5262.00 51,80 08 36.791
30,474,648.

5 2.09 42 34 4251.00 41,66 13 30.475
38,059,689.

6 2.10 42 34 5378.00 52,70 68 38.060
43,848,075.

7 2.00 42 85 5631.00 55,18 96 43.848
42,395,409.

8 2.12 42 84 6078.00 59,56 91 42.395
39,062,786.

9 2.12 42 88 5644.00 55,31 48 39.063
28,500,151.

10 2.13 42 89 4147.00 40,64 09 28.500
41,099,018.

11 2.13 42 89 5955.00 58,36 31 41.099
23,058,565.

12 2.12 42 88 3305.00 32,39 61 23.059

- 391 -



60

30 |

20 |

10 |

Compressive Strength (MPa)

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (month)

I3 2-1-26. A I dE Fol9 15 ¢FAE.

Fig. 2-1-26. Compressive strength of core as a function of time.
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a9 2-1-27. 43 REE v g 2o,

Fig. 2-1-27. Core destroyed along the weak part.
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Fig. 2-1-28. Result of calculated ash block-seawater/sediment

interaction at 17C. Saturation Index.

- 394 -



g 9

3}A]

s

o] F%(490.08g)H.ct 9.40g T 7}

ol

nal 27

e

=
S

499.48g0.2 2%9]

Fo] 459.21gE YERA

7}s

=
°©

o] %2 (442.55g)R} 16.66¢g

bedh e 6749 ol F

0.38% #tas

=i
=

2.05, 0.66

7_} 7_}

A 3o

1™,

o

X 2-1-13).

B 2(7.85%)°]tH(

iy
sk 105T 24A1%F Az A 3]s A

Sk
eS|

o

s

i

)
=

o o} 2}

ol
S

tel A" 23 F= Al 9

5]

B3} 43

=
T

o}

-
-

7h2 #eEe, o s}

=
°©

- 395 -



£ 2-1-10. A7 Wso] wE N3 B5e] FF ws

Table 2-1-10. Weight change of ash block as a function of time

Before reaction

After reaction

Reaction Time

Unit in g

Rate of change

(%)

added hydrogen peroxide (H20s)

exposed to seawater

1month
Zmonth
3month
4month
5month
6month
7month
8month
9month
10month
11month
12month

346.41

490.08
442.55
495.55
447.96
439.56
483.49
474.29
467.67
477.19
482.39
472.38
49791

347.09

499.48
459.21
485.21
445.91
437.91
486.94
487.75
485.73
516.51
512.61
475.39
498.39

0.2

1.8
3.63
-2.05
-0.66
-0.38
0.71
2.76
3.72
7.61
4.40
0.61
0.10
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Fig. 3-1-1. View of the artificial upwelling block’s manufacturing &

storage Yard.
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a9 3-1-2. EFES A=

Fig. 3-1-2. Material of artificial upwelling block.

3.1.2 7ZE9 o

KS F4009 5. #2, 9 slgtgel we&oh wigatdS digyqoz A
WE 327kg, Eeholels] 15kg, AwE] 160kg, #& A 931k, FSA)
690kg, 7IBHZ3ADE 71 wigow o, Fres Fsks He WA

] O B
WEe 24 @+ Ak

ﬂJH

E 3-1-1. <3 mggs
Table 3-1-1. Proportion Table of bottom ash

- W/C Unit Weight(kg/m*) EF Slump | SIFA=
(%) \ C |FA|BA| G S (cm) (kg/cm®)
2] €3] 55 180 | 327 15 160 | 931 | 690 8 210
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Fig. 3-2-2. Production process of artificial upwelling-block.
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Fig. 4-1-2. Contours of water depth(2005).
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Fig. 4-1-3. Image of installed structure.
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Table 4-1-1. Plan number of installation at a fixed point.

A A 9 A AR A=) H] 31

B N34°36.020",E128°30.005 1,400 22hA % A A A A
C N34°36.009",E128°30.003’ 4,786

D N34°36.003",E128°30.001’ 957

E N34°36.014",E128°30.004’ 957

7 8,100
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£ 4-2-1. AHE Hzx 3

Table 4-2-1. Number of installation at a fixed point.

A A $1 A A XA & =00) AR FZF0N)

B N34°36.020,E128°30.005 1,400 1,487

C N34°36.009,E128°30.003" 4,786 4,101

D N34°36.003,E128°30.001" 957 944

E N34°36.014",E128°30.004" 957 1,568

Al 8,100 8,100
i || B oA

HIZF S QRO 2 MO ZED

Mooring

I3 4-2-1. AFAH F3riz| o] FAHE.

Fig. 4-2-1. Process of structure installation.
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TH 4-2-2. oFF A, 2% 4-2-3. ARA.

Fig. 4-2-2. Open storage yard. Fig. 4-2-3. Harbor.

a3 4-2-7. A A=,
Fig. 4-2-6. Shipment. Fig. 4-2-7. Check of shipment.

19 4-2-6. AA,
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a3 4-2-8. 3Bk a3 4-2-9. A§.

Fig. 4-2-8. Marine transport. Fig. 4-2-9. Mooring Buoy.

I 4-2-10. 2A,
Fig. 4-2-10. Band of blocks.

P
: —=2s uH
A
\ N\ S ) soiees
L ‘b”
: ?.'!m :
| P R — ;m .-nl o\ L
a9 4-2-12. GPSY H|Z. I 4-2-13. A ASFZE IR (HYPACK).
Fig. 4-2-12. Beacon of GPS Fig. 4-2-13. Program of marine

survey(HYPACK).
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Buoy

Buoy

Block Block I E g /

HESEDEAILH 24 Ot
EECEETER
DeHAECE Be A/
Block Block
Black Black
£ Fat
Block Block Block Block
Block Block Block
ofl M & oH X &

9% 4-2-14 . 2EE3 .

Fig. 4-2-14. Dropping method of block .
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I3 4-3-1 .o 27 93 &4l.
Fig. 4-3-1. Check with fishfinder.

1% 4-3-2. Side Scan Sonar ZA} EAE @ A 2" FAHE,

Fig. 4-3-2. Air view and systems of Side Scan Sonar.
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1% 4-3-3. Side Scan Sonare] &3 #ql.
Fig. 4-3-3. Check with Side Scan Sonar.

Fig. 4-3-4. Air view and System of Multi-beam Sonar.
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1% 4-3-5. Multi-beam Sonare®l 23 2ql.
Fig. 4-3-5. Check with Multi-beam Sonar.

29 4-3-6. FFAel 97 F4l.
Fig. 4-3-6. Check of Diver.
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138 4-4-2. FZFE9] 239 9A

Fig. 4-4-2. Image of structure(two dimension).

20 16 18 4|

13 4-4-3. F+ZE9 3249 94

Fig. 4-4-3. Image of structure(three dimension).
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1% 4-4-4, F+ZE9] ¥3](23,814m).

Fig. 4-4-4. Volume of structures.

1% 4-4-5. F+ZE9 @4,

Fig. 4-4-5. Image of Section.
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19 4-4-6. +ZEY 99 D-DIFA.
Fig. 4-4-6. Image of Section D-DI.

19 4-4-7. FZEY <99H A1-A3¥ A
Fig. 4-4-7. Image of Section A1-A3.
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a9 4-4-8. +xE @4d B1-B33A.
Fig. 4-4-8. Image of Section B1-B3.

19 4-4-9. +x&¢ 94 C1-C3¥ 4.
Fig. 4-4-9. Image of Section C1-C3.
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I= "_a__ ':.-. i .- -
13 4-4-10. 78, A4 (£A61m) 19 4-4-11. 9748 (A 57m).

Fig. 4-4-10. Starfish and sea Fig. 4-4-11. Barnacle(Depth 57m).

urchin(Depth 61m).

13 4-4-12. A $-(5A57m). a3 4-4-13. AA (54 42m).

Fig. 4-4-12. Shrimp(Depth 57m). Fig. 4-4-13. Sea urchin(Depth 42m).
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