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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. -
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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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EAEIL 9.6~10.0°C BETH » 72, Z DHEOBFREY Table 1 12381, BOBEL 3— FEHD
FRZBIA® R T Fig. 21073, Fig. 8 2B 5h- S KRB0 EARTRLEE LD TH D,
1800 m Sesifll 26m KBEEO Y~ I 25~ (B @) ZBRAEERI LAY 7 RE LAHITELS
L, T Bm AZE0bD (Rh @) & 19 B 02% 25 L1, BEHRBLY 199 ¥ CHph
TRTH - Bm KEODD (K @) v —HAFLIKE L TER LD AT 19 H 08%
MHBAKL, EHITEA 150m KEOY—IZX5— (K @) HREL < 09° nbHEARZI TR
BTHRIIME 7. BT 18 5 180 1A5F 19 0 14®° ¥ T EREE LBLORERT 26m (@) &
150m (@) L DAKEEOKBDATH 70 F LB THEBHONBEORATH 7otcdh D
L ITHEDLF < OMERE DM AE BB L F XX 50 Bh VR bir o108, B
RN RBERD IV E HENLHERMBERRTD Fig. 8§ BEOTENbHZ L EHRLBIRT
HB. AREZBRHIL ) 25m - 150m KEBZFT5 20 BN W OBBL L8 Bhbhs)
KEZEIE L 0.8°C B IV, B) HXRERBICHT HTEM: Ey~ 10 4RCHZ 3) THO
i8ix 0.2~0.6°C DBRETH - T, 1) ¥ 1ERENA 2 KHOFRIEE 21X T5m AEET 0.3~

0.4°C 2, 150m AFEBETHEKX 0.3°C BETHIHENH -1,
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RTELNAARLS OB 2 Table 2 B 5, Ty KRR SHEELE X 5T 3
ToOBEECERBE Y & > T DD Fig. 4 Tha*, N a— FEBANORENIINCNT
HDMNOFEERT SOT, ZHTERY B Lm0 8704 - o0/ K BRI R
PR LTREAE £ TRALBRLOTHBHCERINI, 180m ¥ +7 5 {¥—T— ¥
BEREBE L — 5 BB LT 1lHERSZICERE LB 5 b SHESMRO 32 Fig. 5 (EH)
ZRT . 2L LTI~ FOFNOARLLTHY PR BE0RBEDOER ¥ 5 SO KNS
X% check T&20DTh %,
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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
Arrow; wind mark (direction and class),
heavy line; direction of cable set
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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

— 250 —
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VINT AL /////
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°C water temperature by sampling
10 = - = = e
@ s | y -
} 3 Fig. 4 Schematic diagram
o} B e = R £t of the data on Table 2
3 | ‘ Fme N
| i .
m“/l‘ i \
e -
Vi | el
O 1 ~ ——F »-sk%t
o : — |
@ vertical distribution of water-temperature oy batnytnermograph
. co ° oz o (
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O L PRl v Om 8 ~—=40m
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e | | ® L
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Fig. 5 Examples of radar images for
recognizing the cablet-set direction

Aug. 13th 03%
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Table 2 & Fig. 4 »iZ#8(F'/: Bathy-thermograph HFAE D WAL L 2KEME (BB LB
EFOE bFNEN X HE — O Ble T Fig. 6 FICRALTAL, AEBEC L 2RATERE
BREAET 4 ¥~ L OXRRANOEC & HBAREENBA LTWBERRBCANTD, EH
B —REAREL N OBBIIEEDS B DIAATCERTEDLTHAS D,

HRORB EFR

L SEATRROSR
. PIERERE Th o 1o ORFENS ¢, BONERE 1 BE T 2 Ao REHKR 2 ek LB
NSO 2T LE o728, FRTHHSKETOKRWEEL BE SN 5K 12 RREAKO
ZELREHED LEFN L SDLEBIEIL 0.8°CItk L AT LA 572k, bhvbhidEREOKER
B R Y I b RIE BN ThH D S, 12E AL A—OKRBICER L TO2HETH LR 1
KEBORRIT 24 BEibMeL 1 Hs X TCEFETH - T, < & FHRC4@Thh
BNETHIBEMBDTH B,

B IDBBLFETIIIEOREVF+ 79 4%~ 3~ FBRLTVAERZBCFAL,
WBOBR Lle 2— FERARLEASEROFHEEE: 2 DRFHE T X 2 ¥ 2 Fig. TIOR

42° - 20N
0.77. -5y 1.46 \uu
- \\\’
| 2.00% 1.25
1 ~
) o™
. ‘ 1.93%~ 3
11e/ho
. (m1e/nour) : 0.35
o°~ 10'N
142° -30°E 142° 40’ E 142" - 50°E

" Fig. 7 Current velocities and their directions caleulated on the sea off
Tomakomai (Dec. 18th~19th, 1962) '

® Fig. 3 & Fig. 6 r TERBOREERY OHALES A ORBOBIIEREZET 5,
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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

*) -

—

Beé, BRBCHI RS, 180m ¥ ¥ 75 4 ¥ —3 - FokRi: 160m o®ERL 2kg ©

BYLeRTLTY2RIVBLAYAOREL RO YRECHRROER LKA S (R 2 M #&Eh)
DEBERNELETERITVE 6O LERL THAFKTRD A,
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Fig. 8; Auto-correlograms and cross-correlogram
Cf. remarks of Fig. 8;

SERA LTI NE TP, Fig. 8 - Fig. 8 (i FRMX ASA R38R0 & DA & A
BIE OHFERER L 7 HREBT . HOBMISBRFUCEST DEMAL ¢ (YRR ThHo4, REC
ATAERES L ANV Vb B TEDF % ORSBE R HAEOCRRTTHUEN T3, 2K
L, HBCERE 3 CEE (=0) TOMARETIREFELVES LS LI CEC . ThbO
& OAERE 2 3 (auto-correlogram) PHEEARRI 43X (cross-correlogram) | -HyMHX P FEHE S
507 L E LTOAREBEOBEERT SO TH o TERENRBALEAMOEREEA TS D
DL Bbhs, auto-correlogram IZOWTARY FASEE k 60 1Z& 0 BT LT oo
WAEE7 Fig. 9 © powerspectrum TH2Y, AXOBEMIAREK n (0=0, 1, 2, ...., ) TH
NREIE ST — P A R LALSRRENATE 572d0THD, Fig. 8, 8:&9 0w~ T
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