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(max)
= 1 -3Q2 -4Q3
T, (naxy=3-95-2.0x 10-18-1.1x 10-352+0.2x 10-483(3 7)
35 0 1000m (p= 10.1MPa)
54 20 4
3-1 1013.25hPa cp(x 1033 kg-1. -1
t
s
0 5 10 15 20 25 30 35 40
0 | 4.2174 | 4.2019 | 4.1919 4.1855 | 4.1816 | 4.1793 | 4.1782 | 4.1779 | 4.1783
5 | 4.1812 | 4.1679 | 4.1599 4.1553 | 4.1526 | 4.1513 | 4.1510 | 4.1511 | 4.1515
10 | 4.1466 | 4.1354 | 4.1292 4.1263 | 4.1247 | 4.1242 | 4.1248 | 4.1252 | 4.1256
15 | 4.1130 | 4.1038 | 4.0994 4.0982 | 4.0975 | 4.0977 | 4.0992 | 4.0999 | 4.1003
20 | 4.0804 | 4.0730 | 4.0702 4.0706 | 4.0709 | 4.0717 | 4.0740 | 4.0751 | 4.0754
25 | 4.0484 | 4.0428 | 4.0417 4.0437 | 4.0448 | 4.0462 | 4.0494 | 4.0508 | 4.0509
30 | 4.0172 | 4.0132 | 4.0136 4.0172 | 4.0190 | 4.0210 | 4.0251 | 4.0268 | 4.0268
35 | 3.9865 | 3.9842 |3.9861 3.9912 | 3.9937 | 3.9962 | 4.0011 | 4.0031 | 4.0030
40 | 3.9564 | 3.9556 | 3.9590 3.9655 | 3.9688 | 3.9718 | 3.9775 | 3.9797 3.9795
( Millero etal.1973)
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o =(p -1)x 103 (3-15)
v =(a -0.9)x 103 (3-16)
p =1.02768 o =0.97307
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(EOS80) JPOTS 192 1 1

¢ ) "
‘ " ( 0) p( t 0)
t(C )
p (S t 0)=p w+AS+BS24CS2  (3-23)
A=8.24493x 10-1-4.0899x 10-3t+7.6438x 10-5t2
~8.2467x 10-7t3+5.3875x 10-9t4
B=-5.72466x 10-3+1.0227x 10-4t-1.6546x 10-6t2
C=4.8314x 10-4

P ,~999.842594+6.793952x 10-2t-9.095290% 10-3t2
+1.001685x 10-4t3-1.120083x 10-6t4
+6.536332x 10-9t5

3—23 -2 40 0 42

)
PGS t p S t( ) p(P2)

, -1
e (np) u
S t = St o0 - A- 2

P P =P & Kstpl

p(S t 0) (3 23) K(S t p)

3—24
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10-2t-5.3009% 10-4t2)S3/2
A=A,+(2.2838x 10-3-1.0981x 10-5t-1.6078x 10-6t2)S
+1.91075x 10-4S3/2
B=B,+(-9.9348x 10-7+2.0816x 10-8t+9.1697x 10-10t?)S

K,=19652.21+148.4206t-2.327105t2

+1.360477x 10-2t3-5.155288x 10->t4
A,=3.239908+1.43713% 10-3t+1.16092

x 10-4t2-5.77905x 10-7t3
B,=8.50935% 10-5-6.12293x 10-t
+5.2787x 10-8t2
-2 40 0 42 0 108Pa
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QW:QS‘Qbi Qei Qh (3—26)
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o Stefan-Boltzmann
o =5.67051x 10-8W- m-2. K-4(3-29)

F F=1
TK
A =C/T, (3-30)
C=2898(u m- K) (3—30)

M m
H( )

Qs=Q5,(1-0.7C)(1-A;)  (3-31)

QSO C
A 7
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Q,=Qs- sinH (3-32)
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_ e
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Q=0s-Qpt Qe Qux Qyx Q, (3-37)
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Q, O Qt 0
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@ 37N % Q Q& Q
( ) Qe
Qs Qs (
Q O
Qs Qe
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1 3
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) 8 1 2
Q% 0
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(440 454)x 103km3 124
126¢cm 3—9
140cm
2. (411 416) x
103km3 3—9
180cm 60cm
50°
3.
20
23cm/a
18.9
7cm/a
4.
66m
Im
g=P+R+M+U;-E-F-U0 (3-39)
P R M(Melt) U; (In)
E(Evapotation) F(Freeze) U, (Out)
q (g
0) (@ 0)
Q) Q)
) Uy)
g=P R-E (3-40)
U;=U,

(3—40)



(1974) R=12cm/a
P=114cm/a E=126cm/a g=0
P R E q=0

12cm/a

(E-P) (1954) 60° S 40° N
(E-P)
S=34.47+0.0150(E-P)  10° N 40° N
S=34.92+0.0125(E-P)  60° S 10° N
E-P)



1.3
4.

§ 3.4

.1

3.8
0

19.1

3-2

50°

3—10
75
3.8

3.8

¢ )

-2 30

17.0
25
25

70°
10°

0 6 50
3.7
60 Im
17.4
16.9
66
18
2

( )( Defant 1961)



0° -10° |26.6 27.9 27.2 27.3 25.2 27.4 26.0 26.4

10° -20° |25.8 27.2 26.4 26.5 23.1 25.9 25.1 25.1

20° -30° |24.1 26.1 23.4 23.7 21.1 22.5 21.5 21.7

30° -40° |20.4 - 18.6 18.4 16.8 17.0 17.0 17.0

40° -50° | 13.4 - 10.0 11.0 8.6 8.7 11.2 9.8

50° -60° |[8.7 - 5.7 6.1 1.8 1.6 5.0 3.0

60° -70° |5.6 - - 31 (-1.3) (-1.5) (-1.3) (-1.4)

70° -80° |- - - (-1.0) | (-1.7) (-1.7) (-1.7) (-1.7)

80° -90° |- - - (-1.7) - - - -

- 0 90° 0 80°
20.1 27.5 22.2 19.2 14.1 15.2  16.8  16.0

3-11 3-12 2 8
1) 40° S
2)

28 29 28

7° N

3) 0
-2.1
4)
6 12
5)
(thepolarfront)

6)
2.

3-13



500m

10
13 17
1000m
4000m
3
0
)
3—14

(the main thermocline)
(the seasonal thermocline) (the permanent
thermocline)

300m (30° N
) 800m (20° N ) 600m
113 W”
( ) (
)
(uppermixedlayer)
100m 50 70m

150 200m

100m  ( 3—15)

3—16 (50° N
145° W)



14 15

50m

0.3

10



(

D

2)

3)

4)

8 30 40° N 9
15 14
20 28 30
34.90 34.76
34.62
(E—P) (¢ 39
3—17) (E—P) ( 3—18)
(E—P)
(E—P)
(E—P)
(
35 36 37 36)
34
0.2/km
42 .8 39
15 23



(34.2)

1.7 2000m
)

3—20

36.0

60°

20° N

300 700m

(35.5)

2.3
0.6

1.0

(35.2)

500m
1000m

3—19

5° N
37.2

45°
500 1500m

10° S

( 35.0 )

10° S
600 1600m

2.5



34.7

3—21

100 200m
1000m 2000m

400 500m
1000m 2000m

1.0

(12 ) 1.05

)

3—22

800

600

2000m

0.05



23kg.m-3

% 26kg.m-3
y  28kg.m-3
27.9kg.m-3
)
3—23
27kg- m-3
(27.9kg- m-3) () )
1000m
(
)
)

3.4.2



(

(

(

(

)

)

)

)

1916

B.
(

5—18Db

50

1987)

B.

(watermass)

(t—S

50

)



( ) (watertype)
1942

( ) (watersystem)

3.4.3

)

)



(

)

auo

KM%ﬂ_ZB Kwu
1 T
p ng ﬂz KP
g
Tp
o E»-ng E 3-41



D

2)

3—24

(K= 10%Ks)

3—24

102



3—25
2.
3.
4.
)
1927  JacobsenJ.P. t—S
A B t, S, t; S
MA MB
t(M, M=t M, My
S(My, Mg) S\M, SgMg
t S

Mg tya-t S,-S

3-42

t a Bs (3-44)

3-43



_ Sgtp - Satp tg - a
Sg-Sp Sg - Sa
a b
(3-44)
(3-42)
ty +1g Sp +Sg
t= S=
2 2
t—S
(t S)
0.1.
3.4.1
60
CTD
Im
4
1.
2.

1000

10 20cm



i

N

M < 1O O N~

oo}

10.
11.

12.
13.
14.
15.

16.



1872 * ?

20
20
§4.1
4—1
4-2
Na*
1. ( ) 1x 10 °mg/kg

Nat K* Ca2* Mg2* Srzt
Cl SOF7 Br HCO; COF  F-

H,BO, 99.9
Si 1mg/kg
Si
2.
3 C )



5.
4.1.1
5.5x 1015¢g
80
4—1
4-1
kg
Li 174 uog Li*
B 4.5 mg H,B0,
C 27.6 24— 30 mg HCO-,  C0%,
N 420 1—630 by NO-,
F 1.3 mg F~ MgF*
Na 10.77 g Na*
Mg 1.29 g Mg2*
Al 540 10 — 1200 ng AL(OH)~,  AI(OH)®,
Si 2.8 0.02—5 mg H,Si0°,
P 70 0.1—110 g HPOZ-,  NaHPO-, MgHPO-,
s 0.904 g S0%, NaSO", MgSo°,
cl 19.354 g cl
K 0.399 g K+
Ca 0.412 g ca2t
Mn 14 5— 200 ng MnZ*  MnCI*
Fe 55 5— 140 ng Fe(0H)?,
Ni 0.50 0.10—0.70 uog Ni2*  Nico%,  NiCI*
Cu 0.25 0.03—0.40 uog Cuco®,  CuOH*  Cu®
7n 0.40 0.01—0.60 uog Zn?* ZnOH* ZnC0%,  ZnClI*
As 1.7 1.1—1.9 uog HASO?




kg )
Br 67 mg Br-
Rb 120 uog Rb*
Sr 7.9 mg Srz*
cd 80 0.1—120 ng cdci’,
I 50 25— 65 ng 10~
Cs 0.29 Cs
Ba 14 4—20 U g Ba2+
Hg 1 0.4—2 ng HgClZ-,
Pb 2 135 ng Pbc0%  Pb(CO)2 , PhCI*
U 3.3 Mg U0, (€)%
A A A A
A A A logC(C  mmol/kg )
4—1
Caz* Nat Na+ Caz*
Ca2t Nat
Barth(1952) @)
T= 4-1



0| s

_..R
il
Q R
dm
— R 4-2
+ Q (4-2)
dv
—==0 =R
dt Q
R=kM(k ) (4-3)
Q-kM=0 (4-4)
s= T @-9
k Q
4—2
4-2
log T logt logt log T
H 4.5 Cl 7.9 As 5 Hg 5
Li 6.5 K 6.7 Se 4 Pb(2.6)
Be 2 Ca 5.9 Br 8 Ra 6.6
B 7.0 Sc 4.6 Rb 6.4 Th &)
C 4.9 Ti 4 Zr 5 U 6.4
N 6.3 V 5 Mo 5
0 4.5 Cr 3 Ag 5
F 5.7 Mn 4 Cd 4.7
Na 7.7 Fe 2 Sh 4
Mg 7.0 Co 4.5 I 6
Al 2 Ni 4 Cs 5.8
Si 3.8 Cu 4 Ba 4.5
P 4 Zn 4 La 6.3
S 6.9 Ga 4 Au 5
@ 4000m
13cm/a THZO:4OOO/O.13= 3x 104C )
10cm/a 40x 104

Ty o=1.4x 1021/(4.6x 1016)= 3x 104( ) (4 6)



2) Cazt 5.61x 1020g
15x 10 3g/dm3 4.6x 1016kg/a
T.,=5-.61x 1020/(15x 10 3x 4.6x 1016)= 0.8x 106( )

(CN))
102 108
( 100m)
1000
P N Si
4.1.2
14 (O HCI Ca Mg SKBrCS SrB
St F) 1x 10-5mg/kg
“ ” Fe Al
1DOE
Cr Crof cr¥
Cd
Cd** cdCl* cdCl; CdCl9
Cd
Cro+ Cr3* Cu2* Cu(OH)*
iy

2)



3)
4)
5)
Stumm(1975)
—3) Florence(1976)

2 3 3 6
6 2
3
A NE-a
RT a RT a
Eh=E,- —In— =E, - 2303—|og—
" nF a, 0 nF gaOX
Eh
RT
25 ZSOS—E— 0.059V / mol pH
pE logae pE

pE,=Eh,/0.059 pEO Eh0/0.059
Eh

(
6
(4- 8
pE
pE
25

Eh



A

o FHiEE e
AT
HigiH
B | TIEF | GHEs, |SasTg L& aE WERATEREHME | HALIMLE
ZE | H: Al | @ew |[ADEs GaRtEE | HhEEE | W,
L+ | BBEY mERETFEED | BERTFaEd EIMiEE
EEIEE  —— 104 1004 10004
ct?jjfa;. Cup OH); | Me-SE e 2554 E 4 penoi M (0H)
Fe 3taq. I M=—00CE Me- ey @ & &
ey o | SmEeRr MVEd | %, EREE
CulDs "/ i \ ‘:ﬁgéﬁ!mﬁ” ETIE;L.DSHED (EIU) "
A, Wy P fle Azas TEEM L
CoH* ™\ Ca
o (OH) ; PN
Az, S HE D\\ //HHE
|:|=|:—|:]'[g
Bl 4-3 i@k 2R ERTFERRE ( Stumn, 1951)
Eh 0.4v
Eh pH _
0.21x 101325Pa
Eh
0, 4H* 4e 2H,0
E 1.23V
RT a
Eh=E,- —In—"— 4-9
pH 8.1 P,=0.21x 101325Pa a, =1 t 25
Eh =123 005915 o 1 =074V (4- 10)
) 4 P02« 10Ty
E=—tfo Lo 20 0704 tiogp, - pH =125
PE= 05015~ n 9, gt ~ 0T 4!% e, ~PREAS
2
0, H,0 pE Eh  pH pH 0.1 pE 0.1
P,, 40 pE 10
4.1.3
1. U Pa Th Ac Ra Fr Rn
Po Bi Pb TI 11 38
227Th 228Th 230Th 231Th 232Th 234Th
g/L apm/L



2.
34 7Be 14C 26A] 32Sj 32p 33p 355 35C] 37CI  39Ar 3H
140
14N 1n_12C 3H
14N 1n,14C 1p

NZ 02
3.5Kkg uc 75t
3. 176y 147Sm 138La 87Rbh 68Ga
40K 10 4 10-12g/L 109 1016a
1.
235) 239py

89S 90Sr 90y 957 95\p 103Ry 106Ry 131] 137Cg 140Bg 141Ce
144Ce

32Pp 355 51Cr 54Mn 55Fe S59%Fe
57Co 58Co 60Co 65Zn 14C 3H 35CI
45Cq 35S 82Br 24Na 27Mg 42K

C )

908 r 137CS 55 Fe
657n 60Co 957Zr-95Np 103Ry-103Rh 106Ry-106Rh 141Ce 144Ce

18F 24Na 51Cr 66Mn 69Co 65Ni 89Sr
900Gy 131] 137Cg 140Bg 144Ce

3. 1946

1.5% 104Ci



4.1.4

100

Co, SO,

1988
4x 108t

)

(1982)

50

0.25t

NO

1x 108t
1.8x 108t

(PCB)

2x 108t
3x 108t

2t

20

co,

2050

4x 108t



(5 10)x 106t

2/3 1/3
Co,
6
4—5
1969
WoodsHole 600t Buzzard

20000 /m? 2 /m?

)

50
1953
1970 100 43
1965



(

PCB

(

(

)

)

)

70000

( §4.1.3)

1000
DDT( )  PCB(
690000
PCB  DDT
( )

DDT



§ 4.2

: HCO, CO%
H,CO,  CO, Co, Co,
Co, Co,
Co, “ " ( 4—6)
Co,
Co, JGOFS(
)
CO,(g) +H,0=H,CO,=H" +HCO; =2H* +CO%
Ca?* CO3 CaCO4(9
pH o,
Co,
4.2.1 pH
pH 8.1
Caco, Co,
Co,
Co, Co,
Co,
Co, Co,
Co,
Co, Co,
Co,
Co,
Co, Co,
Co, Co,
12¢c 13C  14C 14¢
14C N2
14C
Co,
2.2mmol/kg CO, pH



4 7 pH 81  HCO;, CO3%

CO, H,CO, CO,+H,CO, Co, H,CO,
C0,+H,CO, “ C0,” Ceo,(M
pH
1909 Sorensen pH
pH -logC;, 4-11
H* 1924
p,H -logaH” 4-12
25 p,H pH 0.027
pH
pH (PHy) pH
pH = pH, + % 4-13
pH, 0.05mol/dm3 25
4.00
pH
pH 7.5 8.2
pH H,CO,
pH
pH pPK; PK,
Ky PK;
CO, Ky PK;
pH PKy PK,
pH pH

PH,(  )=pH,( ) 0.0113(t, t) (4-14)

4.2.2

pH

_dob

dpH (4- 19

co, H,B0,

pH



4.2.3
AT
( T
) SI
A (mol/dm3)
3 (CA) (BA) (SA)
AT [H ]=[HCO;] 2[CO3] [OH] [B(OH);] S, 4-16
SA
A; (OH-1-[HD) S,
(4-16)
A; =[HCO;] 2[CO3] [B OH ] 4-17
Sy pH
7.8 8.4 Peo, (2.0 13.0)x 10-%mol/kg AT (2.3 2.6)x 10-
3mol/kg
C, CO3 HCO; AT
DIC [HCOZ]+[CO%]+[CO,]
[HCO3] [COZ]
1
[CO,(aq)] [H,0;] [H,CO,] Co,(aq) 0.2
pH
DIC DIC
( 3D ( C0,)
Cco% CaCO, CaCO,
(A;-DIC)
Co,
Co, 50 70 80
30
Co,
Co, Peo, 1
P 4 3

€Oy

NaCl

COy



co,

Co,
Co, 3
Co,
Co,
co,
Co,
co,
1992 1995
Co,
co,

co,

co,

Co,

Martin

lronEX—

172 1/3

co,

o,
Pcoz( ) Pcoz( )

I ronEX—



4.

Co,

CH,
100km

3.

N,0

1

§ 4.3

co,

4-3

CO

4-3

o, 0,

4-4)



(101325Pa)
N, 78.84+ 0.004 0.7808
0, 20.946 + 0.002 0.2095
Ar 0.934% 0.001 0.0093
co, 0.033+ 0.001 0.0003
Ne 1.818+ 0.004 x 1073 1.82x 107°
He 0.524  0.004 x 10-3 5.2 x 10-6
Kr 1.14+ 0.01x 107 1.1x 1076
Xe 0.87+ 0.001x 104 8.7 x 1077
H, 0.5x 107 5x 1077
4 4 ( )
(209
CH, 2x 1076
0, 0 0.07¢ )
0 0.02¢ )
S0, 0 1
NO, 0 0.02
NH,
o

(u

mol/dm3) cm3/dm3  cm3/kg M mol/kg

Fox(1909)
C.=10.291 0.2809t 0.006009t2-0.0000632t3

-(0.1161-0.003922t 0.0000631t2)- CI(4-18)
Ce cm3/dm3 t ( )

1966
0.1

4.3.2



Po Po
T
5x 102 0.1cm Ps Pg : :
E0
5 25 E, 2
3 8
5.2x 10-7cm3/(cm2- s) 9
2
5.2x 10-7cm3/(cm2- S)
3.3x 1013dm3 Co, CH, NO,
DMS

)

6C0, 6H,0-C.H,,0, 60,
0 80m 80 200
200m

1 2m 100m
20m

)



(COD)
BOD COD
BOD
100
BOD, coD

KIO, KMnO,  K,Cr,0.)

COD  BOD

4.3.3

(DNS)

H,S

DMS DMS

(CCN)

80
10nmol/dm3
CH,
co cCo
CH, H, N0
H, N0
CH,

4_.2x 10-5cm3/dm3
CH,

CH,
CH, 0.6x 10-5cm3/dm3
4 9)

4.3.4

CH

1200m

(BOD)

20 5 5
(
CoD
5
CoD
Cs,
DMSP  DMSP
DMS
DMS
DMS
DMS 1
4 CH4
CH,
35° S
( 60°5S)
5000m
(1 2)x 10 5cm3/dm3(



H, H, 2.2x 10-5cm3/dm3

H, 3.3x 10-5cm3/dm3
H, 300

(

H2 H2
4—10 Cadig H, 500m

HZ

N,0 N,0 1963
(1.8 27.0)x 10-5cm3/dm3 N,0
N,0

x 10-5cm3/dm3 N,0

240
360

)
1971
(22.0 29.0)



§ 4.4

100

N P Si
" (Floralnutrients)”
” Fe Mn

{3

" (thebiological limitingelemens)

80

Cu Zn Mo Co B

4.4.1
(\,)
4-11
2. 3107 5. 3% 10°
e RN 1.1%108 T
AHLELSY
% 47. 9% 99. 9%
95. 2% =
THEASY
REFRAN]_| 521w e

g/dm3

" (Micronutrients)

4. 7108

4
44%

a4
SE%

El-11 iBFETReHFAEEMR R LARTAME , B0

[@ESoderlund and Roszwal

(DissolvedlnorganicNitrogen DIN)
5.4x 1017g
(1 600)u g/dmd

NO3 ¥ ¥ %® NOj
NO3 % ¥a % % %a® NH, ¥a¥a Ya % 3@
NH
NH
NOj3 -N

(DissolvedOrganicNotrogen

1,1682)

(0.1 50)p g/dm3

Yo ¥a Via®

DON)

2.4

(G 50)u



)

(DissolvedlInorganicphosphorus DIP)

H4PO, %%1® H* + H,PO; %%® H* +HPOZ? ¥#® H™ +PO?

H,PO,
25 pK, 1.6 2.2 pK,
6.1 7.2 pK, 8.6 12.3 H,PO,
pH ( 4—12) 4—12
(pH=8 S=33 t=20 ) 87  DIP
HPO% PO 12 H,PO, H,PO,
POJ (Polyphosphate)
P—0—P
(PIP)
(apatite) 95
Ca,,(PO,)eX, X=F- OH- CI- Ca
Nat K+ Ag* Sr2t MnZ
Mg?* zn* cCd** Ba®** s Y¥  pO? CcO3
SO CrO%¥ AsOY VO F OH SO
)
(POP)
(DNA  RNA)
(ATP)
Cc/P
(105 125) 1 Cc/P
800 1
(DOP) DOP
DIP

H,S0,-H* H,SO0,-H H,SIOF
pH 7.8 83 5 H,SiO;
0.1 0.5um



(Opal Si0,- 2H,0)

4.4.2

(Silica Si0,)
H,Si0, - Si0, 2H,0

(Diatom)

(0.1p mol/dm3)

(Redtidal)

DIP
0.1 0.2u mol/dm3
G mol/dm3
0.5 1.0p mol/dm3

DIP

(NADW)

2000m

3.0p mol/dm3

2 5

4—14

DIP

4—13
DIP
DIP

DIP
DIP

2000m

2.0

DIP

1.2p mol/dm3

N

N P Si

DIN
P

DIN DIP



200

NO;—N NH ;—N
N P
« )
( 4—15)
4—16 NO;- N NO;,
NHZ- N 4—17
“ )
NO;- N NOj - N ,
6 NO;—N
NH; N NO;
4—16  4—17
N P ( 4—
18)
3.24
x 108tSi0,

4.4.3



4—19
DNz () H,0)r 2
P ] T

b
HH 5/ WH} H03 /00,

@

T
@
TS Enamne”
Eli-19 EEP AL (Sver drup, 1942)

1) (Biologicalnitrogenfixation) N,
NH; NH;
2 Ammoniaassimilation ~ NH; NHj,
3) (Nitrification) NH,
NH NO; NO,
4) (Assimilatorynitratereduction)
NO3
5) (Ammoniafication)
NH, NH,
6 Denitrification NO;
(N, N,0)
4—20 (2r°

12 N 122° 5 W)

1)
2) (photosynthesis)

3)
4)

5)
6) G )



4—21)



pH

3.5
5000

1.8x 106t

§ 4.5

salary

18

1/2000

71

salariumargentium)

Dolomite

(



§5.1

S m/s
0.10m/s
0° () 90° 180° 270°






5.2.1
d—\t/ =aF 5-1
du o av o dw o
G- afhg=afkg=ak 5-2
u v w Xy z ZFXZFyZFZ
(5—2)
(CoriolisForce
g j
z
= 080616 0.025928c0s2j 0.00069cos’2j  0.000003086z m/s?
0.052m/s?
10Kkm 0.031m/s?
g 9.80m/s2
dF =gdz 5-3
do dz
(gpm)
5-4

§5.2

1
dF (gpm) = %gdz
g=9.8m/s2 dz (m)

=45°



(5—4)

« )
s1 « )
g c—4)
g
1013.25hPa)
z

p=-rgz 5-5

dp=-rgdz 5-6
(5-6)
__1dp
T rdz >
1
r
5—1a
(

__1ldp

Gn---r an 5-8
Xy
1 1 1
6 - o 1o 1 g

xTT X YTy 2T ez

lcm 1km



(5—6)

d
bzl —
rg
(hPa) (kPa) Sl
dp=-pgdz (N/m2) 100hPa
dp hPa L dz 5—10
P 100" ¢
dz Im ¢=9.8m/s2 p =1026.8kg/m3
dp=100.6hPa
1 100hPa
(5—10) (5—4)
dp=0.098p d&d (5—11)
dd =1.02a dp
a
( CoriolisForce)
=7.292x 10-5rad/s
464m/s
30° 402m/s  60° 232m/s

( )



|
f =-2wsnj - u y (5- 12)

y 2
f, =2wcoj - u Ip
W
()
fy=1v @
f, =-fu
f =2w gn
sin|
f f
13 f_
df
’ b:_ af B -



t=mo- (5-14)
n M
t = Car alWalwa
P 1.225kg/m3 W,
C, ( )
Ca
X 0y &z
( 5-2) X z
fu
1z
X
X T,

(T T DO XDy

dxdydz dz
(5—14)
_ Tz fus
T 12820 (519
X
(5—15)
1 T?u
F :Fm? (5- 16)
(5—15) (5 16)
u K MoK M
K M

(5—15)



1e‘ﬂ ‘HUO ‘ITEE‘ ‘ITUO 1l flugu U
F —++—cK,—=( 1

e‘ﬂxg Ix2 ‘Hyg Y yo ‘Hzg 'ﬂzfzuI
le'ﬂa?( ‘ﬂvo 9 e ‘ﬂvo ‘Ha?( ‘Hvoul

X'ﬂxra 'ﬂngy ﬂyz ‘ITZ ﬂzﬂu y >
169 fwo, T o T ﬂ_wq,*l-
R = eﬂxgi‘?()( x & ﬂngy Tye ‘|TZ§<Z ﬂszj[jjb
Ko K, K,

G

—2)

du 19p u

E:-Fﬂ—+2WSInj v+F + :::

X lm+2w n +F, + ’ 5-18

a iRt uR ey s

dwv _ 19p i

d  r 9z grh+ 'p

5.2.2
OX 0y 0z ( 53

X u p
u+od u p +dp u+(Tu/9x)

o x r+(1r/fx)dx.

p udyd z



e gr

flu

gr+ —dx ﬂgu + —dx—dydz

§u+r ﬂ—rﬂ Er %(dX)ngde
0 X-0
X
gr %dx u %dedydz = ﬂ({xu) xfytz
y z
%dxdydz %dxdydz
e‘ﬂ(r u , firv) ﬂ(rw)u
dyd
e X Ty udx ydz
O X0 yd z
qr
it O x0 yd z
‘ﬂ_f+‘ﬂ(ru) . i(rv) +'ﬂ(rw) 0
it X Ty Iz
frqr 9 fr fu, v  fw_
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1hPa = 0.75mmHg= %mmHg (8-3)
1hPa lcm 980hPa 1040hPa
1013hPa 10Kkm
25
8—3
2.
dz ( 84
_ T
mg = p gdz ﬂzdz
__1fp
9=- o ® 4
8—4) 100km
1hPa 8m
1hPa p=p(2)
Porg -5



H
= & (8-6)
=— 7 -
Y &
0,=9-80665 H
gpm( ) 1gpm 9.80665J/kg %
)
1.
e
( )
E
(Magnus)
=
E = E,10 b+t (8-7)
E, O 6.11hPa t a b
a =7.5 b=237.3
a =9.5 b=265.5
-12
2 e E
f=2x 100 (8-9)
"E
3.
E(D E(t)=e
T4

)



16

m- s-1 km- h-1
8.1.2
(10-"m) (107m)
8—1
(M) M) ) w
(T)
8-1
L/m H/m u/(m- s W/(m- sb) T /s
108 104 101 10-2 105
10° 104 101 102 10°
104 102 104 101 102 101 104
103 103 100 10! 101 100 102 10%
( )
( )
1 1.5km
u v
10m/s

( 895



1.
0=fVyx k-—=RP (8-9)

f = 2w sinj w j
Vg (8-9)
_. 1%
O—-rﬂx+fvg (8-10)
_19p
0=- - ﬂy_ fuy (8-11)
Uy Vg
1 p
i 1y (8-12)
_19p
97 rfqx (8-13)
Vg
( 8-5)
8.1.3
(
8-11 8-12)
200hPa
8—6 (a) (b)lOOOhPa (21000_
Z3000): Z 3600
(=113gpm) NMC 1000hPa

2m/s



0.121hPa
0.121+1000=1018.4hPa
0.121+1000=1008.8hPa

8-6(a) (b)

( I

+40gpm (40+113) x
-40gpm (-40+113)x%
1gpm= 1m
(30° N 30° S
( )
)
TCZ)
ITCZ

10hPa(  z,4,,< 80gpm)

25hPa( Z,000S 200gpm)

(

200hPa

8-6

8-7(a) (b)

1000hPa ( 8-

8-6)

60° N

200hPa 8-7

200hPa

200hPa
6)



30°
(Hadley)
(Ferrel)
8.1.4
@
) (
3
(¢ 89 )
)
)

@

10

8-8



€

(30° N 30° S)

®



§8.2

8.2.1

(
)
1/50 1/100
8-10
( 8-10b)
1000hPa 960hPa
8-11
( Ns)  ( As) (

Cs)

24



24hPa 20 30m/s

24 1hPa
197 2 4 5
24 1004hPa 952hPa
1978
1980 12 27 1981 1 3 8
7
30° 45° N
1
5
500hPa
8.2.2
(Tropicaldepression) 8 (
17.2m/s) (Tropicalstorm) 8 9 (17.2 24.4m/s)
(Severetropicalstorm) 10 11 (24.5
32.6m/s) (Ty-phoon) > 12 (= 32.7n/s)
3 8 600 1000km
2000km 100k 7 10
8 9 5 11
80
8
5°  10° 5°
500 1000km
( ) 960hPa
( ) 5

10hPa/10km (



8-12)

30 40km
15km
5 13m/s
T.T.Fusita
( 8-13) 8-13a
200km

b a

14)

8.2.3

20 30km



200hPa 40m/s
130hPa

5 8
8 8 8-15 5 8 500hPa 588

8.2.4

(1TC2)
Hadley

80



5 10° N
8 10°  15° N
( )
8—16
12 ) (8 )HITCZ IPCZ (1985—1990)



8.3.

)

)

1

8—17

§ 8.3

8—17



(

40°

)

80

71
70

co,

70

(85



70

30
0°  30° N
20° N
30° N 50° N
50° N
)
(86 )
)
1
¢ )
)
co

8.3.2 -



(EINino)

Q =L Cg- (do-0a)- U (8 14)
Qs=Cy (To-Ty)- U (8-19)
L « ) dy G, U
10m t, t, c. ¢,
.G, C, 0.97x 10-3
C. 1.1x 10-3 c. G,
10m Uio
(8—14) % (ssT)
SST
(SSTA)
SST
t,=rCp|VIV (8-16)

p G V. 10m



C,=0.0013

Co 0.0013

8)

f
(UmML )
Ekman

8.3.3ENSO

ENSO
ENSO (EINi no)
3 7
(S0)

(Tahiti) sol

(8—16)

8—18 12 2) (6

(SouthernOscillation)
(

(son)



0.75 99.9

SST SOl

SO1

Hadley

80

ENSO SOI

( sol

ENSO
ENSO
ENSO

ENSO

( 8—21b)

8—21a)

()
8—19
(
ENSO
SST
Walker
SOl
Wlaker
ENSO
SOl
LaNin a)
ENSO
) (
SST

(SST)
-0.57 -
SOl

Hadley

SST
SOl

ENSO
sol)

SST
SST

(Walker)
8—20

( ENSO)

ENSO



ENSO ENSO

ENSO
Walker
SST ( ) Hadley
Hadley ITCZ
ITCZ
ENSO
ITCZ
ENSO
SST
1982
—1983
340
80 24
20
( )
ENSO
ENSO
1.
( )

O© 00 NO O d Wi

ENSO



10.



§9.1

9.1.1 (Pelagicdivision)
)
25 ) (15 ) ( 5
2 ) ( 0 2 5 )
()
(stenohalinespecies) (euryhalinespecies)



(biogenicsalts)
(macronutrients)

(micronutrients)

@
Mn B Co Fe (3)

)

1. 10m
1.01325x 106hPa

100 8.4mm

25m
200m

( ) (Photiczone)

(foodchains)

(Hutchinson 1959) “

(Eystor 1964)

Mn Fe CI zZn V (2)
Mn B Co Cu Si

(hydrostaticpressure)

1013.25hPa

495nm
30m
(  )(aphoticzone)



(tidalzone)

¢ 91 « )
9.1.2 (Benthicdivision)
300 400
(oozes)
(redclay)
30 30
« )

(Coccol-ithophoridae)



9.1.3 (MarineEnviromentaldivision)

C 92
(NeriticProvince)
(Continentalshelf)
€D (littoral)
( )
(2) (sublittoral)
200m 80km
(OceanicProvince)
(Pelagicdivision)
D) (epipelagic) (0 200)m
2 (mesopelagic) (200 1000)m
€)) (bathypelagic) (1000 4000)m
4) (abyssopelagic) (4000 6000)m
() (hadalpelagic) (6000 10000)m
(Benthicdivision)
€D (sublittoral) (littoral)
200m
2 (bathyal) 200m
2000 3000m
©)) (abyssal)
“ ” 2000(3000)
6000m
4) (hadal)

6000m 10000m



71

9.2.

DNA

1

§9.2

« )
(biologicaldiversity biodiversity)
" (OTA 1987)
1990)
DNA
DNA
DNA
“ " (Population)

(Raren Johnon1989)

¢ )



140

(

500
9-1)

5000

9-1



1000
4760
46983
26900
17000(WCMC ~ 1988)
750(Raven 1986)
( ) 250000(Raven 1986)
30800
5000
9000
24000
38000
751000
132461

50000

6100

( ) 19056

4184

6300
9198(Clemenlx  1981)
4170(Honacki 1982)

1436662

" (1991) WCME

(PhysetermacrocephalusLinnoeus)

(Animalia)
(Chordata)
(Vertebrata)
( )(Mammal ia)
(Cetacea)
(Physeteridae)
(Physeter)
(PhysetermacrocephalusLinnaeus)
( 9—
2) 1988 33
32 15 18 1
5 « *) 95
1993 20278 5

44 (12794 )



3 794 7
9-2
(Platyhelminthen) [Ponifera(Spongia)] (Onychophora)
(Ctenophora) [Coelenterata(Cnidaria)]
(Mesozoa) (Platyhe Iminthes)
(Gnathostomulida) (Nemertea)
(Kinorhyncha) (Gastrotricha)
(Loricifera) (Rotifera)
(Phoronida) (Acanthocephala)

5000



*

(Brachiopoda) (Entoprocta)
(Priapulida) (Nematoda)
(Sipuncula) (Nematomorpha)
(Echiura) (Bryozoa)
(Pogonophora) (Mol lusca)
(Echinodermata) (Annelida)
(Chaetognatha) (Tardigrada)
(Hemichordata)
(Arthropoda)
(Chordata)
15 17 1
( 93
9-3
6000+ 2100 1200 500
150+ 40 60 10
700+ 390 385 200
1500 650 900 280
( Vermeij 1978)
(Megadiversity)

@



&)
®)

(Bioticcommunity)

@

)



80

©))
(200m ) (nanophytoplankton)
200 1000m
(1000m ) ( 9—6
)
1g/m3
3
106
)
¢ 97N
( ) ( )
« )
( )

(5) “ " (mangroveplants )



24 27
21

( 99
(6) “
" (Johamnes 1970)
( 9—-10)
( 9—11) (fringingreef) (barrierreef)
(atollreef)
20 25
9.2.2
)
1994 (

) 9.04x 107t

1/3



(

(

(

)

1950

80

)

)

(Gelidium)

300
(Digeneasimplex)
100
(Tethyacrypta)
700
17
) « )
(Agar)
(Gracilaria)
60 70
) 18 8
" (GFL)
SOD(Superoxidedismutase
DNA
Va
(chitosan)



2 3
co, ‘
) 13 ”
)
76
100 5500 55000
1968

Hydrodamalisgigas
27 1800
19 40

4 10t

co,

co,



9-5

Mergus australis

Oceanodroma macrodactyla

Nycticorax caledonicus

crassirostris

Phalacrocoraxperspicillatus

Hydrodamal isgi gas

Camptorhynchus

labradorius

Pinguinusimpennis

Mustelamacrodon

Monachustropicalis

Eschrichtiusrobustus

(

(

)

)

80

20

10




20

(

(

)

)

250

10

DDT  HCH

TBT

DNA

1869
20 70

(10m

28

DNA



1190
(Tuvalu)

0.8m

2m



§9.3

9.3.1
(pelagicenviron ment) (benthicenvironment)
(marineplankton)
1887
V.Hensen “ Plankton”
TTA OV KT 0S
(phytoplankton)
(zooplankton)
@
( ) €O, (
)
( 9-12)
(producer)
(decomposer)
&)
( )
( ) (
) ( 9—13)
€)) (marineneuston)
(pleuston)
(neuston) (epineuston)
(hyponeuston) ( 9—14)
1)
(Sargassum)
50
(Velella)
(Porpita) (Physalia) (Minyas)
(Janthina) (Glaucus)
(Argonauta)
(Lepas) ( ) ( )
2)

(Halobates)( ) (Rheumatobates) ( )



3) ( 5cm)

(Pontellidae)
(Miraciaefferata)
(nekton)
( 9—15)
4
@ (Es
chrichtius) (Dugong) (Pleuronectiformes)
&) (Re= x X /
) (5.0x 103 Re 105) (Myctophidae)
(Sternopty chidae)
(©))
(Re 105) (Architeuthidae) (Scomberoidei)
(Balaenopteridae)
)
(Chelonioidea) (Sphenisciformes) (Pinnipedia)
(Trichechus)
(marinebenthos)

E.H.Hachael 1891
@
(Laminaria) (Ulva) (Porphyra)
(Gloiopeltis)

(Enteromorpha) (Ectocarpus)
( 9—16)

&)



(infauna)

(epifauna)
(nektobenthos)
( )(foulingorganisms)
(Teredo) (Pholas)
(Limnoria) (Sphaeroma)
(boringorganisms)( 9—17)
3
(Macrobenthos) ( ) 1mm
(meiobenthos) ( ) 0.5 1mm
(microbenthos) 0.5mm
9.3.2
(fauna) (flora)
(biota)
(endemicspecies)
(areaofendemism) (trackanalysis)
(setofendemicareas)
(dispersal)

€D (organismicdispersal)



(2) (Speciesdispersal)

( )
€)) (bioticdispersal)
(Laminariajaponica)
( )
(€))
(Priapuluscaudatus)

(P.tuberculatospinosus) —

¢



12



§9.4

9.4.1
. (ecosystem)” Tansley 1935
Sucachev
(biogeocenosis)
1965
(biosphere)
(ecosphere)

@

2

€)

“)

" (1991) ¢ " (1992)

9.4.2



)
15

(herbi vores) (Gammarus)

(Chlanus) (Haliotis) (carnivores)
(Rhopilema) (Sagitta)
( ) (
)

(omnivores) (detritivores)

9.4.3

(foodchain)
(trophicchain) (foodweb)



( 9—18)

Ryther (1969)
( 9-19  9-6)
5 3
2
g B Fp2e R
N NEBEE_ . HEeE SAneE  EHR&E

GERMEAEDY)  GDNREEED)  (EIES, BR) )

- B« A E
GaEH, B, e (TS, PTEE)
£ | B f’J\ﬁﬁfﬁ:;ﬁE
MEEE , — L8 &R —— SR e s SEf
t RERRED ) &, i)
& BE “mmmes gl
2 %, i, ZEZE B2, 8EE)
s | © RMEE, EREEE — - amp
TR . EEE) &, B
e

BRI A E

IABREE) E5E)
| D REMEE . EEReE Nt
B g o, pgm) i T
g | B AR —— BERAE—— A —— kB as
i @B, ZEK, @EFE) (i mE)

Rz, ma
i , o)

9-19
A B ( Ryther,1969)
D ( 1997) E ( Teal,1962)

(detritalfoodchain)

{3

" (marinesnow)

9 6 ( Ryther 1969)



(108km?2) 326 36 0.36 362.4
() 90 9.9 0.1 100
(gC/m2/a) 50 100 300 /
(10%/tC/a) 16.3 3.6 0.1 20
5 3 1-2(1.5) /
() 10 15 20 /
(mgC/m?/a) 0.5 340 36000 /
(108tC/a) 0.2 12 12 24.2
€D 4 5
2 3 4
@)
©))
(
)
®
15
®)
9.4.4 (microfoodweb)
80
(DOM)
(pi-coplankton) 0.2 2.0pm

10



(nanoplankton) 2 20pm (microplankton)
20 200up m 9-7

(microbialcommunity)
9-7 ( Porter 1985)

(0.2 2.0p m) «c )

@ 20u m

(20 200 m)

@

Platt(1983)
60 Fahneustiel (1986)
(LakeSuperi-or)

50
(2) 2 20um
©))
(Tetrahymena) (
) 500 600ind/hr Fenchel(1975)

75 25

Pratt Gairns(1985)

@ ¢ P



&) ) ¢ B )
®) ( S )

4) ¢ A)
®) ¢ N

(6) ( R
Pratt  Gairns(1985)

B 60 P 22 A
6.8 N 5.1 R 3.8 S 2.7
( )
Buikema(1982) DOM  POM
9-20
DOM  POM 6
DOM ( )
(repackaging)

9.4.5 (marinebiologicalproductivity)

( ) (

(marineprimaryproductivity)

)
( )



(grossprimaryproductivity)
(netprimaryproductivity)

( )
gc m-2. a-1
1967 Dugdale Goering “ " (NewProductive)
(regenerated)
( NH; -N)
( NO; -N)
(regeneratedproduction)
(newproduction)

(SCOR  1990)

()
5 90
)
1969  Ryther
15 18x 10°tC/a
20x 10%tC/a( 9-6) Eppley  Peterson(1979)
19.0 24.0Gt 3.4 4.7Gt Chavez
Barber(1987) Berger (1989) 30.0Gt
20 (6Gt) Martin (1987)

51.0Gt 7.40Gt



20

Karo(1955)
450800km 1 10km (0.45 4.5)x
106km?
0.65% 10°t
2 5
1) 1976 Marsh
0.18gC/m2- h-1( )
0.79C/m2. h-1 (0.057
1.95gC/m2. h-1) 9 8
Wanders(1976)
18.69C/m2. d-1
9-8 ( Dawes 1981)
/gC/m? . dt
0.1 0.35
5.0 10.0
19.0
«C ) 11.0
5.0
2)
50 60m
(Zosteramarina)
(Thalessiatestudium)
(Phyllospadix) (Cymodocea) (Halodule)
McRoy  McMillan(1977) 500 1000gC/m2- a-1
3)
(Spartina) (Juncus)
(Eilers 1979 )
(Gallagher 1976) (Squires Good 1974
Gabriel 1974)
4)



(

(

)

)

(Heald 1971)

C A+FU

A P+R

P C-FU-R

FU

9-9



1/3 (1376 372)
1969
Ryhter ( 9-6)
0.5 340
36000mgC/m2- a-1
5mgC/m2. d-1 150mgC/m2. d-1 5 50mgC/m2. d-1
9—9 ( Whittaker 1973)
10%C- a’l () 10%C- al 10%tC- al
15.3 7 1100 110
5.1 6 300 30
2.9 4 120 12
3.8 5 190 19
4.3 4 170 17
2.2 5 110 11
4.7 15 700 105
2.0 10 200 30
0.5 3 15 1.5
0.6 3 18 2.7
0.04 2 0.1 0.01
4.1 1 40 4
2.2 8 175 18
0.6 20 120 12
48.3 7 3258 372
18.9 40 7600 1140
0.1 35 35 5
4.3 30 1300 195
0.5 15 75 11
1.1 15 165 25
24.9 37 9175 1376
73.2 17 12433 1748
( 9-10)
0 200m 82.6
3000m
9—10 (Zenkevitch 1960)
)
106km? t- km? 106t
0 200 7.6 27.5 200 5500 82.6
200 3000 15.3 55.2 20 1104 16.6
3000 77.1 278.3 0.2 56 0.8
100 361.0 18.5 6660 100




0.8

6.66x 10°t
(D)
P/B (
P/B
3
P=Bx En
P B E n
9.4.6
co,
(DMS)
9—21 D)
@
€))
C)

(negativefeedback) (positivefeedback)
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§ 9.5



§ 9.5

9.5.1
(marinepollution) 1982
)
1 (
( )
( ATP )

2. Coombs
(1978) 9—
22 a b
C d



)

)
(bioeon centration) (bioaccumulation) Kneip(1973)
(
)
( )
CF(concentrationfactor) ( )
CF:rrgPOL/gORG
ngPOL / gSW
POL ORG SW CF
Cd 9—23 Taylor(1983)
60
( 40)
()
1.
2
0.921(
1983) Poulsen (1982) 10 100
x 10-9
2.
(Nitzschiaclosterium)
144Ce 144Ce  ( 1984)
55Fe 56Fe
(Jennings 1978)



5.
Acartiaclausi (Hirota
1983) Nereisvirens (Ray
1980) (u g/ind) (
1983) (Mytilusgalloprovincialis) As
(Uulu 1979)
Crangonseptemspinosa  PCB (Meleese
1980) Cd Hg Pb
()
)
(biomagnification)
Woodwe 1 1(1967)
Carmans
DDT
DDT 0.05% 10-° DDT 0.04x 10-6(
800 ) DDT  2.07x 10-8( 4x 104 )
DDT 75.5x 10-6
)
1.



(Platynereisdumerilin) 90Sr

(Cummingham 1979)

2. (biologicalhalf—life biologicalhalf—time
Thl/2  bl/2)

Farrington(1982) (Mytilusedulis) No.2
n Cpy b1/2 0.2 Hg bl/2
1000
()

1.

(  Sargassum)

Kujala (1969) 65Zn
(Oncorhynchustshawytscha)
657n 657n 657n
65Zn 81.9pCi/gdw
65Zn 65Zn 3.5pCi/gdw
657n

Vinogradov(1953 1955)

4000 5000m



)

(Anomalocerapotersoni)

(Chaetocerosaffinis)
100.7m/d
19.5m/d(Small 1979)
(Paracalanus) 200 400u m 5.0x 104 m3
16.5m/d 600 800 m 5.0x 104y m3
26m/d
3.
( )
1 2um
(Macomainguinata) (Phascolosomaagassizii)
(Callietacastminea)
(bioturbation)
Ben-ninger (1979) Ph Zn Cu Mn
70 80cm
110cm Pb Zn Cu Mn (Oratosquilla)
o—
24

9.5.2



)

« )
( 9—11)
9-11 ( 1989 )( 1994)
4 4
12 7 5
14 11
14 4 10
14 14 2 2
11 4 10
103 42 1 3
147 42 29 16
6 2
5 5
330 133 47 44
(Noctilucascientillans) (Trichodesmiumerythraeum)
(Mesodiniumrubrum)
Gymnodiniumbreve
()
1 ( )
(Ny)
(Trichodesmiumspp.)
(Skeletonemacostatum) (Prorocentrum)
(Gymnodinium)
2.

1987 8 14 15



20

(

)

r=0.72)
(1994) 4

Fe Mn

PH

(1983)

PH

(1983)

(1992)

80
(
(bloom)
)
BI2



( ) (1994)

12

9—25

Blo-zs FEl=ERERINGRM (5| Bokk RS, 1994)

()
—26) 9—12
1 (

9-12



(Ca(CH),)

co,

co,



(Chattonella)
1986
(Nemacystus)
1

9.5.3

)
fouling)

2000

()

1.

2.

3.

4.

(Acrinol)

1x 10-5mL/L
(
) 1986
(marinefoul ingorganisms)
(biofouling)

(

614 1344 )

(anti—



7.
)
50 832 830 831
1
1958
15
Sp) S,) 1972
1 60 10
(Kuphus)
2.
(Martesiayoshimurai) 1000cm3 108
(Martesiastriata) (Xylophaga)

3. (Sphaeroma) (Chelura)



20
7
4.
(Cliona) (Polydora)

(Strong-ylocentrotus)

(Petricola) (Saxicava) (Lithophaga)
(Gastrochaena)

9.5.4

(deepscatteringlayer) (
)

)

280 460m
280 830m 25 200m
350 600m
3.

330 390m 50 60m



(1957)
L, ( 9 13)

=S X 2 10

oY B D e
A (cm) r (cm) b

(cm) Ap k
k=1 x
100cm A =c/f(c T )
L, =-20logf + 20Iog§e% . % é %%
9 13
/cn /9 /kHz sdb Lpo/db*
27 260 50 26 43.0
73 450 50 29 46.0
37 820 50 28 45.0
37 820 50 37 54.0
41 450 50 27 54.0
32 190 50 30 47.0
80 2000 50 28 45.0
40 50 42 59.0
165 56000 22 15 28.5
75 7600 28 23 37.5
200 28 12 26.5
*Lo, 1khz 2
(intermittentnoise)
) (echo—location)

100kHz



(S/N)

5 25Hz

3. (Decapods)
(Stomatopoda) 3

)
200 1500Hz

40dB
400 2000Hz
20kHz 50m

30 45dB 40° 40°

80 6000Hz 50dB

)

)
60m



( 40m)

( 10 15m)
Im
@ 5 ) 9
8 10 11 1
5
( ) 0
2
2
5
5 8
8
10
10
)
( )
( )
1. 30 538
24 461 85
( 9—14)

9-14



1 1 2 Photobacterium
5 8 10 Nocti luca
1 6 7 Collozoum
6 17 23 Aequorea
2 4 4 Pelagia
2 9 13 Renilla
2 7 9 Pleurobrachia
1 1 1 Beroe
1 1 1 Emplectonema
2 3 4 Planaxis
1 2 2 Pholas
3 19 68 Sepiola
5 10 26 Chaetopterus
7 19 51 Cypridina
1 1 1 Membranipora
2 3 3 Thallassometra
2 5 13 Pelagothuria
3 6 12 Hymenaster
1 8 15 Ophiura
1 1 3 Balanoglossus
1 1 1 Oikop leura
2 2 2 Pyrosoma
1 1 6 Etmopterus
8 42 184 Stomi as
700m 90
2.
(
)
(
)
(Cypridina) (Odontosyllis)
(Phyllirrhoe)



(Aphrodita)



§ 9.6

9.6.1
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2/m 0 10 100 1000 5000
Ac/(m s | 0. 166 0.330 1.815 16.796 86.777

10 1



c C B s B s
g- kgl | mol. L-1 m- s1 m. si 1012cm2dyn-1 | 1012cm2dyn-1
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caCl, 1.141 0.0105 1510.9 0.9 43.961 -0.091
KCl 0.725 0.00997 1510.6 0.6 43.999 -0.053
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