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The Fluctuatidns of Sea-water Temperature, Observed Continually
during One Day at Two Points on the Ocean One Mile Apart

Toshiro KUROKI, Katsuaki NAsHIMOTO and Takeji Fust -

Abstract

The data gotten through oceanographical observation by the usual method is
valuable in itself, but it seems also that it may be not always useful for the
scientific fisheries. For the purpose of getting useful data to analyze the relation
between the ecology of fish and surrounding water-temperature, the authors observed-

~ continuously the fluctuations of sea-water temperature for about 24 hours at two
points about 1800 m apart. On the one point directly under the ship, three thermo-
elements (osmium thermister, 1.0mm¢ bead type; thermal time constant, about
10 sec.) were hung in three layers of 26m, 75 m and 150 m in depth respectively.
On the other point at the extremity of 1800m cable-set, the same number of
thermo-elements were hung in the same layers (cf. Fig. 1). These two points
were drifted naturally by wind (, affecting mainly the ship) and by sea current
(, affecting mainly the 1800 m cable-set).

A preliminary experiment was carried out on the sea off Tomakomai, Hokkaido
(42°16.TN, 141°28°E~42°12.8'N, 141°48.5'E; Dec. 18th, 14%~Dec. 19th, 14%, 1962).
Because of unexpected punctures (electric leakages), only two series of temperature
were recorded continuously for 20 hours. Cf. Table 1, Fig. 2 and Fig. 8. The
calculated velocities and directions of the sea-current are shown in Fig. 7.

A successful experiment was carried out on the Sea of Okhotsk (at the south-
west point of Kamchatka Pen.; 51°45'N, 154°22'E; Aug. 12th, 20*°~Aug. 13th,
21%; because the successful deciding of position was impossible by Rador, Loran
and even by astronomical observation, no drift was measured.) The data of the
observation and the records of the sea-water temperature are shown in Table 2,
Fig. 4 and Fig. 6. The resulis of analyzation by the auto- or cross-correlation
method about ‘‘Time-series’’ are shown in Fig. 8 and Fig. 9. From the consider-
ation of these results, the authors were able to appreciate the structures of the
boundary between two heterogeneous water masses (ef. Fig. 10) and to estimate
their herizontal length scales. And, conclusively, they propose a method for
observing useful factors in surroundings of fish at 2 or 3 points on the sea, simul-
taneously by one or more research vessels and continuously for several days. -

" n .
ABIRR L EAT SEEO D b o L SHARD DL HL HIEERS TORRCBMKAE 55

*HEMasELA3H (RER) B3 4£4 A28 (RER) ThEPhBAKEXSELTHERS
— 248 —



dt K K = % M XV, 4

HHONTEL, BRE LTHEbIRS TR L\ 3 HROEFRICIINSE AR OB O
BATCRETH T, ZhCHET2EBRLEROMILE M ShBTHA I, FRITLT
LRENOU W ABRERHETOBREABME S RAOBHLTFERIZLA ST L 5 £ BT - T\
BERBLILCDOTEEFIOEFDLI S ZEZBELTAL: TdbAHA BABIFOLO D BROER
ERICEZNLHERE D > TW B THA 3 I RBORTE B0 RERE S ERMACREE
DEZIES ELBAREELEOCE V. LT, FRTRREA MRS HEOF  HiEE~
@ﬁ%§¢%$ulof&iméntﬁ%ﬁégmsnmm&&&%aﬁmﬁwovtﬁﬁﬂit,
Z LT TAROHT TR OEREABLNABILRETH A5 0 Pz aENEoRE
RAMFARORAC 10 By ORFHEEN 2 D - THME BAOENT 2L VW 5 HRAH 2, O
PR ISR 150m & RSN BH00P, EINRARL 0EVHIEY LTI LB L kHTE
EFTNITHR X 5N & 2 SoEMERE 2000m HTC <) Mzbhiedhidiebinn, AT
1349 1800m BE7- ~7- 284 (F4 26m, T5m, 150m =AEE) TOBMAEBERNOKEL 208
FEZBLTARNBHDTH B,

FRROEMZY > T, TERBEROBMEIERR L LOIA 75840 FICHEFI36 - 37 HE
BRI ERBMERERNEO—-H L TOBMIKY L, MEZAL 180m 6 ¥ v+ 75 1%
— 3~ FIIEREREAEEEL 0 Zhed Lic. RBRbaioni (841 >, HILEKER
FAD - HEBRE L x A3 (U181 v, dAkERE) FREREORES ZMHLE, e %Bo
L TTIRTELHEE QERRERRE) SOFEYLP AL -7, ARIAZITET S LEERES
NOBIFEICN L TEEOBELET IRETH S,

MEHEEERAEY

AHTE 180m O3~ FEBOTLEATCHETA0T, ¥ ¥EX 26m, Bm, 160m =40

BBEE L LENFNROTHIZY — I X7 — 22U TH A L TRE 2R R % Rbh
T 2kg OETHEFIIRTT 2, LEEFBPEICERESA L, fio 1 1800m 2~ F (b
18mm, 67 v ~ry—~2, FELEHRR 60Q) ORETKEAILIXT 5 —2boTH
MLEIMOBRECRIRTH S, MBREZIBHL LTHERALEY—IRF—3ARI74 Os BlY—
FE (B 1.0mm, 25°C T 6kQ 58, AETLR10P, Bided ImW/°C, KR8 61T
HBe T— FIPAT 1800m DOEEICHI ) BRT 50 Th A BECBTIMINC L > TRV Y
SNZENLHHDT bm DFRF 7O KE bm B EOFCHED 2 — FAESEEIA#LN L 5
CRERDE, BTREEEREARE A HoR) 183kg) OLOT, 50m BRI e oihE
3 30m TR TTRRIL T %, o, RATHHULERREGLHRTE 5 X 51 1800m
ORBEFBMEIZ2AD L -5 K&K (3—F—) 717 % —) ®ir Tl Fig. 1 [ EHEEER
RY,

BRI LT 6 RETARETETAR (FEM 10D, 1 RR60 B LICHAT 2 E1E
8 KES 618 2) 0% Az, BLEEIIZ: VE 20, X BORBTHE LRB 2 T BEE
EHREE- THREWAABEL 12 1800m I~ FoOBPRESIZIZER7 L ELONOT
X DI AL THERERK U TRERBEORERER L N2k check LTERYH L, MizE@nET
B LB LoD 24 KL EOBESERE L 20 TH 55 L8 & AR & 0BG LAz
HUBAREN BB L L) R TERIBINOEALET I L dd D, LALIOISREETY
AL AL TRTABRECHEARRBIRS DD L BONEDT, KEOEMETHEL L H2
BT ELLEVERY A FA ORI EAMAEERR T A LIFINATHA D,

— 244 —



half side from the ship

shorter
than 100m

—50m x § 50m x 6 50m x 6

sea-gurface

half side to the extremity

150mslf Sz
The" 2Kg )
Fig. 1 Schematic illustration of 1800 m cable-set for measuring temperature at two points
Ths.e; thermisters, S:,:; 2kg sinkers, C; cable (1I8mm¢, 6 cores, chloroprene
sheath, 1800 m length junctureless), T; tension cord, R;:; reflectors for rador,
Fi.s; flags, W; 5kg sinkers for buffering, B; ball-buoys (every ones bouyance
13kg) V; research vessel, D; drum winding cable, M; measuring apparatus
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Table 1 Data of the observation on Dec. 18th-19th, 1962

Date Pogition Wind Cable-set )
- R N . Remarks w.t.; water temperature
latitude longitude 3. .. |velocity| direction | length a.t.; atomosph. temp.
(Dee. 1962) N B |direetion o /cec.)from ship) (mile)
. S S . _ _ depth; 0, 25, 75, 150 (m)
18th 11%% | 42°17.2" | 141°25.7" | 293 7 wt.; 9.9, 10.96, 10.03, 10.03 (°C), a.t.; 6.1C°
1400~ 42°16.7 | 141°28.¢’ | 298° 6 259° 0.90
1900~ 42°18.17 | 141°81.0/ | 3815° 6 315° 0.93 ,
(at 20°) a.t.; 1.8°C, wind vel. (often)>10m/s.
2000~ 42°18.7 | 141°85.0’ | 315° | 56 | 326° 0.92 '
- gm0~ 42°18.4/ | 141°86.5° | 815° 3 306° 0.92
19th 014~ 42°16.5° | 141°39.8’ | 315° | 45 | 806° 0.90
0496~ 42°14.5° | 141°43.0° | 815° 4 306° 0.90
069~ 42°13.0/ | 141°45.0°' | 815° 3 281° 0.92
3 orq R N . . depth; 0, 25 75, 150 (m)
08% 42°11.5° | 141°48.07 | 248 4 259 0.92 w.t; 9.9, 10,11, 10.11, 10.02 (°C), a.t.; 4.4°C
1200~ 42°13.5 | 141°47.5' | 225° 3 214° 0.92 | [w.t.; 10.07, 10.07, 10.06, 10.06 (°C), a.t.; 5.4°C
~ o 7 o , ° . . (at 1350)
14% 42°12.8" | 141°48.5" | 158 8 w.t 9.6, 10.20, 10.08, 9.23 (°C), a.t.; 5.3°C
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Table 2. Data of the observation

Wind Cable-set
Date Weath ‘:etomospheric -
eather mperature s : wire-
(Aug. 1963) o direc- direc- | length
Qv tion (°)| 855 | tion ()| (mile) “‘(‘§)le
12th 20% cloudy 11.0 calm — 0.85
21% ' 9 0.86
2200~25 . 10.9 7.5
cloudy
29w {gloud 0.8 calm | 818 | 0.85
230 ditto 10.8 ditto | 296 | 0.87
13th  00% ditto 10.8 SSE 1 290 | 0.88
L ditto 10.8 SSE 1 290 | 0.90
oLos-2 g 20
oudy —
020 {at ids 10.8 calm | 200 | 0.90
03%° ditto 10.8 S 1 290 0.89
040 ditto 10.8 SE 1 281 0.88
0400-20 R 5
cloudy
o5 {at i, 10.7 s 1 285 | 0.78
06 ditto 10.7 S 281 0.84
Q710 266 0.79
o7 5
cloudy
08% {at ads 10.7 s 2 234 | 0.8
Q9% ; rainy 10.8 S 2 210 0.80
1000~12 dlitto 10.7 S 2 — — 5
cloudy -
11% {at ds 10.7 S 2 195 | 0.87
2% ditto 219 0.90
1302 rainy 10.7 SwW 1 — —
1320~40 213 0.88 7
14 , _ 234 | 0.83
15% ria.in(;lf 10.7 w 1 277 0.85
cloudy
16% {at s 10.7 NW 2 310 | 0.86
16%-~2 . 12
17% cloudy 10.3 NwW 1 — —
1724 331 0.85
18% cloudy 10.3 NW 1 — —
18%° 336 0.88
1856,_,1910 10
19% cloudy 10.4 NW 1 — —
10% 332 0.89
20% : 325 0.88
2080
20W~49 12

*) Bioassayed by Prof. Dr. Kashiwada, Kagoshima University.
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on Aug. 12th-13th, 1963

BoRs:  ShAEKE OB

Sampling water *Vitamin-B .
tomperatare (°C) ot depthe dissolvelg‘?m){; D W. temp. by Bathythermo. (°C)
surface| 25m | 75m | 150m | 2m | 2m | 150m |surface| %m | T5m | 150m
10.9
) | - 11.2 6.7 2.4 2.1
8.71 1.99 1.86 {0.0 0.56 0.24
10.8 -
10.8
10.6
10.2
9.47 2.18 1.82 0.32 1.690 0.60
10.2
10.1
10.1 .
10.34 2.78 1.79 0.44 1.20 1.28
9.8
10.1 )
11.0 7.5 1.8 1.3
8.16 2.02 1.87 1.08 1.44 1.20
10.0
9.9 :
10.0 6.81 2.12 1.88 1.82 1.24 1.00
10.0
10.3
6.94 1.90 1.85 miss 0.76 4.72
10.7
104
11.20 1.92 1.83 0.24 1.00 2.80
10.5
10.6
9.10 2.08 1.85 1.08 0.88 0.96
10.6
‘ 10.3 9.0 1.8 1.6
8.09 2.02 1.80 0.68 0.84 1.20
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Fig. 2 Schematic diagram of the data on Table 1
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Fig. 83 Record of the temperature observed (Dec. 18th 18%~

26m depth (full record)
75 m depth (half miss)
150 m depth (full record)
26m depth (miss)

75m depth (partially miss)
150 m depth (partially Am'iss)
circle; water-temperature by bathythermograph

} directly under the ship

POeee e

} under the extremity of cable set
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" Fig. 7 Current velocities and their directions caleulated on the sea off
Tomakomai (Dec. 18th~19th, 1962) '
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Marks A, B and C; three series of time-function,

2 o +1.24
() c)?
+0, 44 Ass R +0.81
+0, 4
o.
-0 4
+O.ll-* (.4'005'
c)?
+0.2 A 40,41 Aaz
(c)? 0
R \ «
-0.2 60 120 180" 240’ _0,u 60’ 1207 180’
. k]
(®)2 R{© .
41 R,l+o.2 Azs . Ags +0.4 Azs
_39'(\. :‘60’« _T/\ﬁ +6_o’+.(
T ! -307 |0 W
~0.21 -0.41
35 35
Fig. 8, Auto-correlograms and cross-correlograms

suffixes 1, 2, 3; 26m, 756m, 150m

depths directly under the ship, 4, 5, 6; 26m, 76m, 150m depths at the extremity of
1800m cable-set, 11, 22, 44, 55; auto-correlograms, 41-14, 52-25; cross-correlograms
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