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Seasonal migration, growth, and exposed water temperature of
immature giant octopus Enteroctopus dofleini using mark
and recapture experiment and seasonal change
in bottom water temperature in the fishing ground

Mikimasa Jon' ¥, Kouji Mivosur®, Masatoshi Sato® and Minoru Sano*

HEE A A=Y ZHIRRETT 4 A7 B Y KT — % RRA I X5 31085 L OERBR 217, BELKE, £
L CRBKIRAB ST AL L HIC, FEA I X7 i Td 4 8B TREURah oI kiR T 7 — % % L CE -4
ZOWBKELZ B L2, I XY a0l EIZE-FICHEL, L-FEFIGEr -7, BilFpEo I Xy 23tk sh:
WX CHH SN D EE0586% & & < BB B LI/ S h2 o 7225, ZBHi 2 ek B B3 BE < 7-9 I3 ~10H
VIR IR~ B 3 2 25505 > 72, 20134 8-9 F DK 40 m KO MEEC/KIRIZ 20°C & A 2 9% <, EFOHR
W NOBINILIBREOEKEONMESHTH D EEZ 5N, BBKIROKEMIZ20.1°C T, oz 4HE4E (50%) T
15.0°C UL CTH o 72, AW MM I X ¥ 3R ORI NE L, IXFaoBBREELZHLNCITLLELE
DT, IXFaORBKIRE DO CTHEHPELRT A Z N TE .

The migration, growth, and exposed water temperature of immature giant octopuses (Enteroctopus dofleini) were in-
vestigated in the coastal Okhotsk Sea area of Hokkaido using the mark and recapture method. Disk tags were used to
document the migration and growth patterns, and data loggers were used to measure exposed temperature. Data loggers
were also placed on the sea bottom off Notoro Cape, Abashiri City, which is one of the main giant octopus fishing
grounds in this area, to document the spatial and temporal changes in water temperature during the summer and winter.
The daily growth of the immature giant octopuses changed seasonally, and the daily growth of marked individuals was
faster during summer and autumn than during winter and spring. A major portion of the released individuals (86%)
were recaptured from the area where they were initially released, and the migration distance of 76% of the octopuses
was < 10 km, suggesting a small scale of migration in the area. However, a seasonal pattern of migration between deep
and shallow areas was evident, with more individuals migrating toward deep areas during July—September and toward
shallow areas starting in October. In the summer of 2013, sea-bottom temperature was higher in shallower areas, par-
ticularly in August and September, when the water temperature of 20- to 40-m deep areas exceeded 20°C. This sug-
gests that the driving factor of summer migration to deeper waters is related to the avoidance of overheating. Highest
exposed water temperature was 20.1°C and mean temperature of 4 individuals (50%) was > 15.0°C. The present study
indicates the water temperature of the giant octopus fishing ground changes rapidly in response to both the sea currents
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and the passing of strong low pressure. It also reports, for the first time, information on the movement, growth, and ex-

posed temperature of immature octopuses in the area.

Key words: Enteroctopus dofleini, mark and recapture, exposed temperature, growth, seasonal migration, temperature

environment
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I X ¥ 3 Enteroctopus dofleini 1%, ALHAR, H1) >, T8
WERREGEENDT T AAERA) 7 4+ V=T IO
B IR PR IERIBOIL WIS B L TWwa, I 4
FaZ RO ERDSEL, FHMO S0, dbifEd
BNECTEERMEGSRE 25 TED, 201020144 12B1F
LOEYSE MR 12,500 b v, HESEIT 3 E4T M
T & o 72 (http://www.fishexp.hro.or.jp/marinedb/internetdb/
fishdb/fish_year.asp, 20164£9 5 H).

iET A A=y 7 RERBEFEN (DT, #EEN,
Fig. 1) Ti&, MEENL HEERHHESICL ST,
SN 4 kg Rl O/ I X7 I EHIRED 72D i 3
HZEPHENIMOID LN TS, IAFIIZDOVT
EREED R SN DR A X3 dkg, FHREFHFEL
TV HEDRNAY A XidekgE HEINTVWELEI EH D
(E¥FIZ A, 2011), F & —2 7T ETRIR S TW /0
BRI REPEATH D L 2 b D, 721988 4FE
Mo, BERHREICHET MR AR 72D 5k
I X T aD—EICT 4 A 7 B & v CRERR R 3
LMY MADBAGH SN, HETOMHBESINTVEA, Th
FTHREIWY T LD TR,

JEHEE A+ A — Y 7 W ERRRAR T LTE D,
ZOBNIFHMIEF L, LFFITEH L, BT
WO (B E A2, 1999; Fukamachi et al., 2008). 4 & — 2 7
WA > 72l + 55 O SRR T A A8 O 3 S
ZoTHAiL, BIVMVEFKFIZ G ORE % 4+
A= 7ifpKEDRICHEE R KR 7O Y M 2K LEREGT
LI lRHmND (FH, 1975). I A& 33 HSERIHIC
AL TV 5 2 &5 R IR ZoKin & i &, — &I
16°C & D ARV IR AR BAERR S, W 7-15°C I B
T5HEMESN TS (Hartwick, 1983). SNHD T &
LIEEET 5 &, HFEILHRE A A — v 7 AR E A R
MEFITW T2 2 L1, NREEOKRO EAZ5 S
L, MBSO/ T LI AT aI0OBIRGAIHEL 5 2
TWAIREMAH 5. LA L, ThETlcdiEEtis—y
7 WERREICBI S I A Y I ERBOKKERLEFD I X
& IR T 2 ARG G ShTwn i,

AHFFETIE, WEBHOSDT o TI 7RI XY T
WO OFERZ B L, K Th HAGHEEA & — Y 7 i
FICBUTAEERBE Z MR S50, biFEtk—
7RIS B A EEL I XY aifo—2Th L
AT REIUR I (Fig. 1) OWgRERIZKIR T 7 — % 3¢ iE Ly
KinZHIRT 5L LB, REHAI XTI uh—%%

#H L THERIOE 2179 2 L TRBUKnziER L7z, 2ho
2l TR I X5 aDBE) LKDOBRZEEHT 52
LEZHME L7

mHETE
T4 R T K B EEHR
T AR T BRI, WA N O RTAY
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44°10'N
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T T T T
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Figure 1. Location of Okhotsk Region in Hokkaido (a) and sta-
tions where temperature data loggers were set (b). Gray and
black colored areas in (a) show the Okhotsk Region and
Abashiri City, respectively. The small square in (a) indicates
the area of panel (b).



WS - SR - BB - Y 1R

(Fig. 1la) ®9 B, FhR—r Z#ZHEH L2 (b5 M
My - BERHET - RO - SR - LR - M - R
HT) 2BV Tiibhz, BERBEE, Wasic L DS
NTOURRTHELIOMY O SN TV LI X532,
WEBRNTIATF Yy 78OT 4 AWy s L, Wik
PR MR - R, R, HAY, MERE RS L 2RI
TAHETITb . F72, BHRICIZESER IS L > TThE
ZRBR YRR - RREE, fRE, HAF, MRANECERS Ao ARBE
ZETIX 19882013 4E DI NIz T =y w7z, ¥ 7
X, AT VYL ABOHED L IEFH A u s BRI N—
(=% 477 AF—UTF-100) #H\WT, KoIEIRIZE
HL7.

19882013 4E D IZ A 7T 5,650 AR D KK I X 5 a3
BERBOE S, AEF370 MK T S Lz, BEIOMNTIC
&, B2 REOBIE R CER LA T — 5 ICRET
B72®, Itk L OO BAF & ALE A S 2 TR A &
Pl E TIC20 HYL Lo WM A H 2k (42fk) o7 —
& & 7z, TR B RO Hh AT & P M R SR
HEE L7z, TS OEME DR KE I 4-102 m OHFPHIZ D
D, FHEIZ4emTHo72 Q5BIT758—k 7 )L
fEIZZENZN32B LS55 m). FHIW R EERE % T3
%9 AT, AR B L ORI & 2 KO K & 7
EWIIENAERICNA T AR 525622015, 20K
BAWRER R BN 5720, N2 EERBE OMNTIZ,
WRAKGED 258 L U75/8— & > 7 4 VAHIZE N 30-60 m
DL O IKGERF TIROE S N7 BARICBRE L CTiT - 72,

W DN IZIE, BB & R HOR 2 S Pl E T2 20
HELEOMMAH 2B OICRE L, S5 - TR0
HABLOEKREIRLEFESI N TV LMIEMEICIRE L TITo 72
(45ff4F). HRIKER (g-day™") 1, FFHFAED S
MRHAEZBAE L7202 MmHBCTHRLAMEE L F
7, FRBTWIRE 7% T — 7 BUHYS H 5 722006, 2009, 2010 4F- D
34 FICiER s, 7-9 HICHE S ko 0 R E RIS
ZAERM THBEEDNA DL N LD 572728 (one-way ANOVA,
p=0.35), WMEOMITIIRLZEEZFOTTo72. 3512,
INSHDOMRIZONT, EZ2ED THEHER O H MK EE
IR L7245 R, AREEIAONLE 25720 T (one-way
ANOVA, p=0.79), P53l X5 312 % & o TR %
Torz. MHEETIE, I XFIORERIFMICRE L
B35 LM S5NTW5S (Robinson and Hartwick, 1986).
L7245 C, ARHFFETIE 34 HISHE S VENICHE S
AR, 79 A B LXT10-12 AT E NZ DB VT Ih
DO S N BRIC 7V — 7500 L CRE DN %
To7z. 512, HMEEREOFHNRZEL/ Y — v %L
ToORETHN L. 9, SEKOHBREROEZ €
DIEROIH L Tl E COROZEAZWICE 272, 2%,
A THICKE S e A 31 HICHH Sz ko H Bk
®A0g-day ' Tho2He, 4 EUPS6 A FTWET

DIDDIZZDfliE G 272, ZOh¥EETXTOMKIC
DV To 72, WTLIZEENLHEOPIRfEZFH L
INEZRAIBIFHNREERE L. ZOHETIE,
BRI 2SR L, 2o, Wis & OCFHHMRE R E O
Zfii & MOTFEHIC E 7205 TV AAARD HE R ERIE, K
EOBWHHOEROKRER X ) IETEDI, REO®E
VIO FEBE O ER X 0 I3 ICEH S s et AT
V. 29 Vo IRELERDOEI G ATV L, REAE (H
W) B OB DB ST — XD BB R 3
AFaoiEL)Eo (RD) [CREBEh, EEORERE
OFEMEALZHLSIETLE) LEZONL. LL, K
WRTHEDRIIIH T =D)L, Z0X) REE
HEL LRI F 72055 7 — 1%, 2458k F 22 AT H
D, TL—HTho7.
KBF—20H—IC& B HIBKEDIRE
201347 HPSFE 1L HOM, WEENIIBITSEESY 2
FEI O 12T B 2 FRIUE T 0 7K 20, 30, 40, 50, 57, 60, 70,
80 m M 1T DRI KL T 77— (ALPHA MACH 4t : iBCod)
ZikiE L (Fig. 1b), 350 KiROZ bz itk L 7.
O — OKIFLER R 4R & Lz, F 72, Ko 55 #
fBIL +£0.5°C 2R E L 7.
KEBF—a20OH— & BEHHR
R I X ¥ aoKia 7 —12 X 2Bk, 2013457
H24H-10 H 19 HoR, FH8ml, #EMGBITIEOK Y I
MR O WBEIRIECE AR SHRML, S NIRERN 4 ke
R ORI WS ARRIRICH W20 L R UAKRT 7 —%
AL, HA, MKE, MR, SEREOREE TS 721,
GENO AR L. b —DEFIIT4 A7 My 7
[ AT > L A B TRO LIRS L. Ko
FEIFEIE LR & L, Rk KR & FMARICRE 2 L7z,
Wi 3 X7 a0l SN O, KRE, ERER &
DF— ¥ OGRS X 00— ORI EE DT 72,
TR TSRO KR T 7 —2 5 KiT — 7 2 L 72,
F 72, WAL O KR & OB BT E 72 72
3ROV T2 & Tl £ TOMMIN BB IOV T
Mt U7z, BARKICIE, 7 H 24 HIZ/KZE 40 m 3t 5 TROR X
72 264K (T1,T2; Table 1) D FEERAKE & KT 40 m 12 %
BEIN-u X —oKKE F72, 9H4HITKESOMT
B & 7R (T6) DFREER/KIR & /K% 70 m Hi x5 O i
IR DI B 1 72 3E R 2 /K 75 % 7.

B R

T4 AR E&E L TEERRENARRHAI XSO
DELE

WA A LIRS N2 Xy a0 Pk EIX22ke TH
D, KE4kgZ 45T ERIAHEAED DT MPICZTENR TV
A, %< 131-3kgTH -7 (Fig. 2a).

BRI 72/ X5 aolERIEE IZIZHE LW E
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Table 1. Summary of giant octopuses on which temperature data logger was installed in 2013.
D Release Recapture Duration Exposed temperature
Date Depth (m) Weight (kg) Depth (m) (days) Mean (Min.—Max.)
Tl 24 July 40 3.4 31 July 55 8 13.7 (8.6-16.6)
T2 24 July 40 2.6 31 July 40 8 15.6 (10.1-16.6)
T3 24 July 50 3.0 31 July 55 8 14.4 (9.1-16.6)
T4 4 Sep. 65 3.6 9 Sep. 53 6 15.0 (11.1-18.1)
T5 9 Sep. 60 3.2 23 Sep. 47 5 18.0 (14.6-20.1)
T6 4 Sep. 69 3.6 23 Sep. 60 20 14.5 (10.1-19.2)
T7 7 Oct. 16 3.6 11 Oct. 14 5 16.6 (14.2-16.7)
T8 19 Oct. 53 39 21 Oct. 61 3 13.5 (10.1-15.7)
Table 2. Number of recaptured giant octopus at each fishery co-
- n=5621 ( a) operative (FC) and the relationship between FCs in which
e octopuses were released and recaptured.
s &
._§ Recapture  Number of FC in which octopuses were released
s FC TeCapUre  gume  Next After next Farther
Ly
g rs) Oumu 9 9
=z “_‘ Saruru 10 8 2
e 1, . T . . T Mombetsu 9 4 1 1 3
0 1 2 3 4 5 Yuubetsu 33 29 2 2
Body weight (kg) Tokoro 151 134 4 11 2
— Abashiri 30 25 5
. (b) Total 242 209 14 14 5
E g4
S
g A KA I XL AQBFERISB > - HRDEEN S KU ENE
£ o u ﬁ A
= BB O V722020 5 b 1R IEREEN O
@ 1 B S B R R A RIS N O BCENIT M TR S 72 a)s,
- ZOMWFTRTHEENTHIS N, F72, Rmshk
T g M My | du | sen | Nev I 2 7 UMK PO C R 355 B4k 86% (209 fAK)
Month DTz (Table 2).
IR AOBHIFHEDOFIEIZ49km TH o7z, Tz,
Figure 2. Disk tag experiment. Distribution of body weight of STHBEERD 76% (184 10A) OBBIEREL 10 km AL CTH

giant octopus at the time of release (a) and bottom depth of
the location where they were caught, tagged, and released
(b). The x-axis in panel (b) indicates month when they were
released.

A LN BHHM T OKEZ 411l mOERAICH Y, W
NOHTHIRL VKSR T/ X7 apsififE S Tnre
%% (Fig. 2b), 8-9 H DR ED 25 B L U75/8—1 4 4
IABEIZ 17 A & T 2 &R OKERT 12, 10-12 F o s
KB FZROGKIER - Tz, b, b4 2T/ %
BRI B O N IS BT KB DY 30-60 m DEARIZRRE L Tt
Brizz (AL HikS).

0, BEIEEESECERY S o7, — T, &R0 2.9%
(TEfR) & B3 S DD 40 km % 88 2 5 BE) % A 72
TERDEAEL, RRKOBEEHEILS2km TH -7z, il
1200 H A CHEIED & 2hb b (BHE) 20078
HDAKkmEBAZABEZ L TR0 5D 5 HE
Hi%, BUIHECT17.9% QsffkrsfMk), MHT0.9%
Quafitkrp2fik) <hh, BREIFEOIEZS 25EEEE» -
7.

SRR REBE

34 E e AICHl S N5k 5 B, 3k
(60%) VIHCHEHE & ATIZH UABE OKEZESmMN) T,
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RO VRSO BERIE & ) %D L GRVIKIRTH
a7 (Fig.3a). FEIORE S 7 ISl nic 3
A& A TIEHFRE L D SHRCHT TS N2 HEH 2
(45%, 53M81K), 8-9 HIZHi SNk T3z oGS
DI (85%, 48MEMA), UG & D b v ity vt TR
ENTEEOEEIZ2% TH o7, —HT, 10-12 I
EN8fkD 9 B, FHKERIHTRE L D bR - 72
Rix2 itk (25%) <, Wi e SR, 2k ik
WHLE TR SN B BIE Do 72,

79 A RN, 9H F TICHEH S 2R 3 Rk
ETHBIER L D RV THI S Tl L,
10-12 A FHE S 22 BRI 3 AR R Tk & ) DR
WIKIETHA E i Tw7z (Fig 3b). 10-12 A2 S 12
H F TS BRI 2 2 28R 370 A8 i aT
FDHETHEY, b LIAEETERVWRERTHHShTWwE
(Fig. 3¢).

B

34 HICHR g 67 H B X U089 HITHH S ko
H R = i O BB A IZ BB L T 72 (Fig. 4a,b). T
& B HIPAIL5-55 g-day ' T, IIMAT20-34 g-day ' 12D B
EIFHIERITH - 72, 10-12 FICE S -k o H R &
FEREIZHIER CH o 7225, 2 OHPHIL25-59 g-day™' &,
6-9 HFFli & MR TR EE 2R Z Wi ) ITHE AR - Tw
7z (Fig.4c).7-9 A, T3 10-12 HICB & h, FEND
L IEBARICHI S N2 RBE I X5 a0 H BRI,
FNENUEARE B 1£0-54 g-day' B X U70-39 g-day™!
OHEPACH Y, TNZEN10-14 g-day ' B &£ UF30-44 g-day™
BE#%, 04 g-day ' B X 182024 g-day ' IZHRHME D H B il
BaRL7z (Fig.4d,e). B, TNENOZ NV —TITBW
TR O RAE CTH % 2.2 kg (Fig. 2a) LT &
ZNE D REWEKETHBRREZ LB LHR Wi

J[©) ° | () (c)
Eo
E 2 o N
8 1 oaéz % ° 5 |
c O
5 o;@ S N I 18]
(0] % © o
&E 1o oog o | 8
() $_ 90 © oo |
(\| \I QI T T T T
S =
V‘\)% Oé' Vg% o(}' O(}‘
Month

Figure 3. Disk tag experiment. Difference in depths of locations
where each giant octopus was released and recaptured. (a),
(b) and (c) show the results from the octopus released in
March—April, July—September, and October—December, re-
spectively. The x-axis indicates month when they were re-
captured. Positive value indicates that the octopus was recap-
tured in deeper water than when released.

NLHEEIIASNL A 572 (one-way ANOVA, p>0.11).
& H & HHEE R OFHZAL % Fig. 512373, 3H
FAOHBREROFILEIX 123 g-day '£12.8 T, €L
Bl R & <ML 4 H Aici329.4 g-day '+10.6 12, 8H
HAJICIZ32.4 g-day '=11.3123E L7z, ZOBOBILEIZ 10
ATHE TRV TH o 72205, TRUETIHET L
TWwX, 12H EMIC1F18.5g-day '=15.6, #4E1 H B
1X7.5g day'#82 F TIKTF L, ZNLIKE3H F TIIw il
TIEIEFHEIENTH - 72
BIFKIR
TRTOMAITBNT, 20134F9H3HBLX U 12H14H
R A D — R R KIRDIK T A3 A B 7z (Fig.6). 7z,
THPS9HITHITT, &FiTEKRPEET A B - 72
A%, 10 7 13 H B KR O K24 X SIS/ S <% D
ZNUBEO KR AKER OZEZPN ST FIT L, S
TOBTIHEGE 5 11 H LR ZERY & Y Cokias ¥z L
Twiz (Fig. 7). F7z, K¥EE20,30,40 mibpid, K50,
57,60 mith ;5. >, Z L TAKEE70, 80 m b 11D i35 D Ik K
ROMER AL E N ENEM L Tz KEE20-40m
T, SHP-THWELIARWD2E, Kilkid20°C% B2 T

2: T (a)
T ] n=85
J = =
—— L A A e m—
I (b)
7 n =40
ol
_ [ T . E—
o o~ (c)
% | n=9
g o [ O
) T T T —
U- — R
. n - (d)
| n=30
o | ] []
T T T [
(e)
¥ n=230
e - ! 1 T I |:|| | T |
0 10 30 50 70 90

Daily growth (g-day™")

Figure 4. Disk tag experiment. Daily growth of giant octopuses
released in March—April and recaptured in June-July (a), re-
leased in March and recaptured in August-September (b),
and released in March and recaptured in October—November
(c). (d) and (e) are those of octopuses released in July—
September and recaptured at any time and in October—De-
cember and recaptured at any time, respectively.
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Figure 5. Disk tag experiment. Seasonal change in daily growth of giant octopus. Boxplots indicate median value (horizontal bars), 75
and 25 percentiles (upper and lower edges, respectively), and maximum and minimum values (upper and lower limits of vertical
bars, respectively).
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Figure 6. Bottom water temperature of octopus fishing ground off Notoro Cape, Abashiri from 24 July to 6 January, 2013. Horizontal
dashed lines indicate 20°C; vertical dashed lines indicate 3 September and 14 December, when abrupt decline of water temperature
was recorded.
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Figure 7. Bottom water temperature for stations of 20 m
(dashed line) and 80 m (solid line) depth off Notoro Cape,
Abashiri from 24 July to 6 January, 2013.

B, WEKIIZ21.5-222°CTH - 72 KEE50-70 m T,
8 HH—T I A TRILA 20°C % i#8 2, Ik KiLiZZFh
Z1120.7,21.1,21.1,20.6°C TH > 72, K80 m M i Tldk
WA 20°CE MR D Z W3 hh ol 89 ALK
FLERD D H20°C L L TH - 72 b DDOEIEE, KiFE2040m T
12 18-21%, ZK¥ZE50-70 m Tl 0.5-2.7% CTdH - 7=
WHPOKIEIZTHD ) HIZHZEH L, KEE20-30 mHh 7D
I H MK (RE-IRK) 130.8-0.7°C T o 7z DITxT
L, 7K 60-80 m i Tld2.7-3.1°C & 1T & H BIAKiLA
BREWEMAA SN, F72, KE20-30 m M5 TIXEE
FHETHRVDS, KEOm L YVESGTIIOARHETOIT)
B, FRUBEL Y D ABKREIKE P72 FIAE, K
W20 mibriod 10 H i) F ¢ Z LR35 1 KR
FEDIC08CTHo7DITH L, KEOmTITZENZEN
43°C L 1.9°CTHo72. 2D XS RMEIIXFig. 6 DI
DIRNFEO KRR B L ORI DN 2> 5 b AL S .
KEBF—420OH— &k BEH KR
B U722 103 k0 5 ok A Bl S =25, 20955
VRO KR T —IZHRLTB Y F—= 2 25Nk d o
7o FRY SMEAD D B o MARIERE 3-8 H T, 28I R

158 X200 HRICFi &7z (Table 1). #EAKDF-
Y REBR KR IZ 13.5-18.0°C DFEPHICH D, KR 1% 8.6-
14.6°C, /Kl 16.6-20.1°C DHPHIZ D - 72.

10H 7 HIZKE 19 mH T TR S A, 11 HIZ 14 mithr
TH S MEE (T7) oKL, 16.7°C TIZIZ—%E
THolzh, ZOMOMKOFEEKELIZER & & b2
LCwW7., 7H24 HIZKBE4O mbETROE S, &7
H31HICHH S 23 (T1, T2, T3) OfBOKIRE, 7
H28 HE E TIIMAZBMER 278 LT \w72a%, 7H28H
VIBETIET2 0 KIIEF 16°C TIFIZ—ETH L DITH L
fi D 2 AR D AKIRAZ IR & AT LTz (Fig.8). 9
H4HIZ65 m# S TR S, 9H9HICKESI mibiT
Bl Sz fifk (T4) ofBKIRIE, 11-18°COBTKRE
CEFL Tz (Fig. 8). 9 H4H I s, 9H23 HIZ
HH SN ToORBAKIEIZIBOBTRELLEH LoD
b, WS ERBUKIRIZEDICHER LT OF
4-15HB L1623 HOPHFEEKR, FhZhi13s5B &
16.2°C). 9 H 9 HITKZE60 m TH X4, 9 H23 HiZk
4T m CTHA S N 2EAE (T5) ORBKERIE, W %8
L CTANIEHI18.0°C TIRITRMTVTHERBLTBY, 9H
13-17 H O B Hnl, 1-4 [ & v 9 v B 1 20.1°C 123
LCw/z, 10 19 HIZ3 m TROUE S, 10 H 21 HIZKE
61l m THI S hZME (T8) OfRERAKNRIZ10.1°CH 5
15.7°C D TEE) L T\ 7z,

9H 4 HIZKEE69 m THiE & L7z T6 DFEBRKIEIZOH
4-8 H &9 H 16-23 H O BIEHF KR IZI VKB 70 m D
Vg & 2R SE QK% flfk L T\w7za%, 9 H9-15
H o BRI & D AR IKIR 2 &R L T 7z (Fig. 9a,
b). 7H24 HIZKEAO mH# i CHRGE S 7 H31 HICH L
KT & 72 T2 ORRBOKIRIE, Byl %8 U Tk
40 mIC B B SR 2 A FIFFEBICZL L TwWs (Fig.
9c,d). —H4 T, FMHICHHM RSN, 31 HIZS5mT
T SN2 TI ORBOKIRIZ T2 s 5 &, B o[k
&P 40 mifE KT & D ARV KR Z REER L T/ (Fig
9¢).

Z =

BISEKEDEHEIL

KWFFE T, BEOLATIIBIT 2 HET IR O 4 2
FRGOWERAKIRZ O CTHIRT A2 LA TE, ZLoH
JEAKIRIE 8-9 A 1213 20°C % L% Z L hvb o 7. kil
A=Y 7R R I E R R AR ISR IS LT, WA
KRERETHZER LRI SLHEAMSHEN TS (5
M, 1975). T/, EBBROBNICIFHLHIDH Y,
Z O EIEMIK-ZF RN T, B WIREA RS
5 (BAE A, 1999; Fukamachi et al., 2008). L7245 C,
RIFFETH S 92 7% - 72 IR WL IC BT 2 B F O 5.
WL, EEBRORTAELERNTHLEEZONS.
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Figure 8. Data logger experiment. Exposed water temperature of recaptured octopuses. The data for 2 individuals (T7 and T8) were

omitted.

BHHI R H I3 < DD ORI 2 KIRZ L 3B S
7o, BAREYIZIE, 9H3H & 12 H 14 B3 i S cadis
KIRZALH A S (Fig. 6), 10 H 13 HiZ3 S oEF0
KR T MR STz (Fig. 7). 10 H & 12 A oKl
ZALAIA S 7z H ORI AL L % i) R RE A
LA R—=Y Z7HICHIT T2 ERrs, ThEDR
PRSI R D BB X A iR EOBETH L)
BEPEDSE 2 5 b (http://www.data.jma.go.jp/fed/yoho/data/
hibiten/2013/1310.pdf; http://www.data.jma.go.jp/fcd/yoho/data/
hibiten/2013/1312.pdf, 201649 J 2 H). T H D 2 & i,
RO R, FibZ 22X 2 KED 5 OB L5
CHRMIZITHIEERBLTVWS. — /T, 9OH3HD
HiI21E Bk o X 5 72 K OAR ST O biEE T o 81
A HIT, Mk ZE % KRR T ISR ST 8 O FB T X
525DTEBZVWEEZLN, AWIETIEZ OKEMKT DO
KT ETE R d o7z,

10 H 15 H B H s O /KA AN S AU CRARE, K
hEWEF, WTFNOHE T EKRIZEKTLTws
7o, TOKIBOITI, FRBROFHM RS OFRL
AFORMICEBHMcE bbb, £/210A
AL, 2N E TR CHHZE TH o 72 HHIKIEAE DN &
{ o TWolzd, ZOENIIAWTHS.

T4 AV BEERABREICL 2 HBHORKAIXLZID
K&

ORI I A5 3O H B ERIZIEFH /Y — 2
AL, HE-BFoHMEERIZE VA, 11 HUBEKT L
TVE, THURRIEIEAEERELTW AW EAVRER
oo BTN —N—BATIEI A a0 HBRE
i 1-6 HITIEL, 7-RAREEV LM s TB

) (Robinson and Hartwick, 1986), Z ORI ANIZE D 55 5
E—FL T3, F/, HERERICBWTIEI XTI
BEOBAEENEFICRZI VNI EBHEIN TV (B
- BIE, 2012), AREFZETHHREICK E REKEDSA S
7z (Fig. 4).

BB ORBEI I XH IDKFEBEE

SRR D 76% OB B HHEL 100 km LT TH - 7. ¥
WS TIEI XY 20BEBIIREFTNOBENETH D,
HEYRKELRKFEHMOBENIL W EHY (AL, 1964),
F - HR R T, RN OBEISIZL AL TH D i
BANOBE I TH o722 EAWMESNR TS (K -
KH, 1999). —K T, RFATIIEIID %RV DD
BB EIEEZ 17 ) AR T A Sz, deilEE R A
e X OFIB - AL TR, 3 X5 aoBE)I T
HPS5<A VUNOBEINETH o 7245, RIFIE L [k
WCEHEERE) 217 ) MRS b T A SNz S LA &
nNTwz (@M - I, 1978). 727201, RFFEOMEET
LEAAEOMATD BHEEHOMAOE &KL, 2K
FFZE TG S N7z IX & W U HLIX TRl S 7z ik Aask
Mok EOTHWZERD, REMI XFTaDKFHAO
BEHBESIEEREL ZVEVWZ L5,

R I XA IDRERKE & TR

IAY TEE—MIC16°C & D R AR T oA H3 R S i,
WX 7-15°C O FEPHIZ 534§ % (Hartwick, 1983). F 72
BE - R (2012) IZEAOMAEEELT, I XFa0
A BT EE 7 ERRAKIRIZ R 15°C L #Ea o T b, REfF%E
T, TXTOMKOREFRBKIEA 15°CE B2, Mk
i 4 R O IR K IRIZ 15.0°C L ETH o 72, Lizdio
T, Fh—=2 ZHERREOREM I X5 304 - ERRKERIE
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Figure 9. Data logger experiment. Relationship between exposed water temperature of recaptured octopus and water temperature of sea
bottom near the octopus-release point. (a) Exposed temperature of T6 (solid line) and sea bottom temperature (70 m depth) (solid
circles); (b) difference of exposed temperature from sea bottom temperature for T6; (c) exposed temperatures of T2 (solid line), T1
(dashed line), and sea bottom temperature (40 m depth) (solid circles); (d) and (e) differences of exposed temperature from sea
bottom temperature for T2 and T1, respectively; (f) exposed temperature of T5 (solid line) and sea bottom temperature (40 m
depth) (solid circles); (g) difference of exposed temperature from sea bottom temperature for T5. Vertical arrows in (g) indicate the
timing when bottom temperature (40 m depth) exceeded 20°C.

BAOHRPOEBEN TV HEID EVEEZ LN,
AHFFE TR BNz I X5 T OREBIKIRO I E#IE 20.1°C T
(T5), ZOfERIZ9 A 13-17 H 0% M Eknl, ok
B o L Tz (Fig. 9f).  Z DR BB K iR
&R 40 m S D HE K IR O 23 Bl T 5 — oW %
Frvc/hs L, ZolRIZS < OIRER 2 K40 m 1270w

KEWTHIT LTzl Shs, —hT, KK
20°C Z 8 2 TV 2K ClE, WKIROZENZ DRI & X
LERELADMHETH S Z N4 L (Fig.9g), Z DK
X Z OWEIEAKEWOmM LD DB~ FHICBE L T»
RSN EZZONSG. UEDOZ E2RETHE, Ml
DRBHI X7 T I T HN1E20.1°C T TRERT



RIS X B AiEE A AR — Y 2RI BT A REEA I Xy a o), HR, BEBKIE X O KIRO L

52 ENUEETH LA, KRR 2 Z &3 2wl
BUESEZEZ 6N, —FHT, AEKROREFKIEA19°CH
T o 725 FR 0K 5O 2 EA& IR E L, K4
RO R I X ¥ 313 19°CH DK T H TR E
WIREIHREER 5 C LS REZ D22 L7z,

W T E TR, & L CTHBEIIEE &
Vo 7RI R TR 21T o TV AW REMEAVRIZ S L7z
(Fig. 3). HZ, I IZE AR AN =R I -
TR MmN TE Y, RIFFEIC X Y EOMmEKIRIZE
FIZ20°CEBRAHZ VWD RoT. TH) Vo laik
BOBZEOEKIBIIARMI XS5 IDAJITHEL TWi
WITHEMEDSE <, RUFFETA L N7 EFOREA~OBH) I
FAKEREZ N L TWwbs b0 LEz o/, L ESs
W, AR L, & L CRBRMIOSTEEM T, I X
¥ IB RGN R B '8 2 17 & & ARiE
ENTBY CAHH -, 2003; B i - B3, 2012; 8T -
WH, 2015), Wb EFRRERO &KL BB O
EERINTWD., T/, KFIEG~BHTL LI
BIL T, KEMET LTI A 2OAEBIIT#EIC R - 72
&M, REOMBIBEEBEIEL L) QIFETH 5 HE
PEsHRfE ST b (EE - B, 2015).

MR, PRl 7 ki 1 A — T & BB & AEER
KO 24032 2 & T, R I X ¥ ao@in %
BEHZHdENTEZ 50 MMEe R Lz flE, T2 0RBKIR
VIR RS IR 40 m RO TR K & (3T RO
WRE L T2 ehn, HmMMPICR & 2BHIXITHD
Ghroll ENELINS. —HT, FREFEPT TR S
72 T1 OFEERIKIR & W] 3 55 00 W /KR & 0 22 13 0 B 7
LEICHKIKRERAOMHETH > 72, UREOHEAKRITE
WEIERRTH o722 h b, I OMERIZIGHE TR
TRUEHL & D RIS L, €0#%Ii340m L) bk
WHFIANE BB L 2o 72 2 MR SN A, FMRICT6
WZoWTIE, —FRIIRRH S L) SR~ BH L -0b
2, BOEE & 1R CRER IR > Tz 2 E RS
B, WEINAFTF LT - NL F T LA MY =T
OB OTHIEBISEEISHEINTBY), IX¥ a3
BILTH2BIED S 5. KRET 7 2 A MGEETIE,
27 2F I HOKEGEIZEAEHPTHILTBY, 17
oV — 27 I 3EER 2T SIEORMIZH 5 2 & A5 &
N Tw b (Scheel and Bisson, 2012). F 7=, At i & & 511
FIRHIXIZBWTIE, I A7 a3 PIciEe Sz L
WCHER L7 AL &) LI LLTwiz
WG ST 5 (Rigby and Sakurai, 2005). 413, b
HEF A= 7R RICBVWTD 2 ) o o Fikid vz
72479 2T, X DEElie I Xy aofrgz @i+ 5%
ZENMRELE LB THS Y.
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AERRGE L C 2 S MBI : 2k S B L OF
R—v 7 REIRBUFE NGO & 2 FEEER OBERIO
M OME L EERT S, KT T —I2 X BRI
WL CwZwfEfipodEn &K - RHEEK
TR STV W28 18T, 45 18 = VAL,
S5 38 BUIE AL, £E38 KA, FB8REAANEZII LD L LzTX
TONEMRR 2 ZHEREOME - FHERIRHT 5.
FENT PR BB OB R ICEE RS 2 W2V /EN
TR SRR SR AR RRRIG, AUk RBIGH  Z2INE X
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