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2 (Scorpaenidae) o2 = ApYshH B F AFATTT R E =, FTof &
Fojet A Ee 2 A7} ok Aol olgsi]

Abstract: To investigate the tolerance limit and critical thermal maximum (CTM), be-
havioral responses of wild goldeye rockfish Sebastes thompsoni according to exposure
to high water temperature were observed using a continuous behavior tracking system.
As a result, behavioral index (Bl) of S. thompsoni in each temperature (20.0, 25.0, and
30.0°C) showed a significant difference (p<0.05) when compared with the value mea-
sured in a stable condition of 15.0°C. The activity level of S. thompsoni exposed to
25.0°C decreased sharply after 20 hours. Their rest time at the bottom of experiment
chamber increased, and their normal swimming and metabolic activities were disturb-
ed. In addition, at a high water temperature of 30.0°C, S. thompsoni reached the limit of
resistance and showed a sub-lethal reaction of swimming behavior, with energy con-
sumption in the body increased and all test organisms died. In conclusion, the eco-phy-
siological response of S. thompsoni to water temperature varied greatly depending on
the fluctuation range of the exposed temperature and the exposure time. In addition,
the tolerance limit of S. thompsoni to high water temperature was predicted to be 25.0-
30.0°C. The maximum critical thermal that had a great influence on the survival of this
species was found to be around 30.0°C.

Keywords: Sebastes thompsoni, high temperature exposure, tolerance limit, critical
thermal maximum, CTM
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F71
T2 Y=o} (Oh and Noh 2006; Heo et al. 2016; Yang
etal. 2016,2017; Kim 2021a).

o] F AUellA ‘<Gt B2 EE= (Sebastes thom-
psoni)= QY] A L7t =& FO & FEsto] GFAlLE
Asks g5t Tharer A77E A= il Qlek @A 2

AE 2Ee B ATE Aol AP Aois dy
0% G ANZ), ol A5, BAE, A7 B 4, 4
S} A1 B4 59 A7 AT BT (Lee et al.

1998; Huh et al. 2008; Baeck et al. 2010), A2 & thA+S
2 Z7] Yol E W AgAtet BelE 72 A4t i
v} 1ot (Nagasawa and Kobayashi 1995; Kotita and Omori
1998, 1999; Kim et al. 2017). $+H E-E2H2 4] 70~50m
O ot A Fofl MAlsh= F2H olREHA oY & S
2 &7t B oA Felloll &4 ol @M= 4
S JE = AR SH] o1 7] wioll Fof A 2 A
‘go] oA FE =R ¢h2 dgolrh dutHog
= 15°C oJ5} -2ollA F= A A5, A 427141
B 4] QY e = Aor deA Lot Fof tigt
Aol S A= I 20 A of thsh
A 79l HaH b ¢lrh(Yang et al. 2016). 53] 2 F2
AAA 7HAE QAT Lot oA AHAH HAIE
7HER|F 22 A AN Alsd o] AHE - A

e X oz [0

—_

roa o qor 1u
_?L

gt Hslo] w2 AEo] AEFHA HESO 7]Z O] e
=487 I gl = s Es S9l e @
AAEE st Z45ke 7ol AFEAL Qleh £9]
e Ao FAdS AR 954 e WSt
+ il 1okl wet A7t ¢ FEE ARE 4
Hotal A o=m BEo] AEA vhg, YA A
OFX|AF HEE7HA] &Aoo 7 7 THeRt o R ARG
& o] £t} (Kim 2021b; Yoon 2021a).

ofo] & A7t AdolM AT 2= ez 1
T2 o e A= AEHhe H U/ (tolerance
limit) & TE5H7] flste] A& 0w PFyo] 7heet
FAALEE AMgSto] kF 2 s e o] ¥
o}, A 29 9 oFA AL FEH-S= A s AT
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B Aol AMgH B 25 A% A 70m F
ofl A ofrlEo] A5 et 200714 (18.3£2.4 cm, 102.3 £50.9
gWWt) 7FFS ot AdA W 2E 22§71, 5
2 14.0%1.0°C, G 32.0%0.5 psu, pH 7.9£0.1 Z 90.0%
ol AtaEebEk oA A 7R FASHIoh A
AAE FA717F ¢ Holi= Y9-8 EP A= (Otohime
S1 Herame, Japan)E 19 13 FgFdt9on, 2= A4Y
A 27 (= 3,000 Lux), 3571 12417 287 12417 F
Z (12h Lightness : 12 h Darkness)< 2|5t 0 AFS-&
= LOpm ZEE ARESH] 2441 (200L min™) &2 4

Zof FH9AH.

L

HdEo Y3 BYEH

ol

A= FeeE2 Az WA Aol &
S is 74 E] (swimming distance), %%%E (swimming
velocity), L2 2} (fractal dimension) #f= HFE
of zkzte] WAttt ZHTRE o] H4E w7
A5Ho2 o) Wt 2E kel FAR (1
behavioral index) & AFESITH(Yoon 2021a). A HY=2
P2 e FEor 2 60L T ol A =
SHof] A LED (light emitting diode, 3,000 Lux)E 44|
S\, 413l 4 Fhulleb AAjsto] zke] BaelolA
=2]ol& WA 9 AsuiElS 520w 245130t (Fig.
1). & Ao AME 9% T BUEE AAER 2

ol

)

[e]
). 7l
H&2t %] (continuous behavior monitoring system)& Al
gotpon, gxo] de 9 AR We2 7] 3iE o
T-oll ZA|5] A8 = o] 31T (Yoon 2021b).
AP E-S handlingol] 23 &9 27|
o9 Haspet] 9fo) APARL 2ol A4
oV AG717HE AN T AU Saslech 22
FHSE A A, P E A (2
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Fig. 1. Schematic (not to scale) of apparatus used to observe
behavioral pattern in the test organisms. 1: reservoir container, 2:
agua pump, 3: water support chamber, 4: test chamber, 5: tem-
perature sensor, 6: light emitting diode (LED), 7: camera tracking
direction, 8: web-camera, 9: computer for data storage.

AATHAT=5°C-48h™). AE-E4+= 1.0um
5lo] =84 (2001 min™!)&.

of Ad82] FiE2 A8t visst

ul, 2] 3717 WFW4o Brs HAE Telo] 3
WA FE ) AAste] AT W LAL 9 A o

&3Hal.

3. XteEN

AAAE9] PFEHS KaleidaGraph I 2 738 (Kaleida
Graph 4.5, Synergy Software, Germany)= ©]-85}F%] 2%
weight smooth curve’s ‘&9l 5472 W5 0|5 245t
Stk Bie] 72 BEAE B4 dold F4S 59 7}
A AR Reele FHS 19 4 Y 71 A4 AT
Q AP (weighted least-squares error method) < AH8-5}
of A0 2 Yeh At (Kim et al. 2006). Z73F ©l
oE] ZroRRE 74710 & A A W2 AFESIA
o, TA g2 B+ EFHA} (mean = SD)E Al4FoHA
JEz Gerfigich AdAEY] AEA WS ol F =
SPSS statistics version 18.0 (SPSS Inc., USA) 2] L YEE
] (One-way ANOVA)= -5-off ol A S43t BI Z1t

Behavior tolerance limit of wild goldeye rockfish to high temperature

Table 1. Experimental condition for measuring behavior respons-
es of the goldeye rockfish Sebastes thompsoni. Test animal (n=
200) were measured 18.3+2.4 cm in length with 102.3+50.9g
in wet weight. Statistical values were computed for each batch
from 41,878-60,242 data points measured. Values are presented
as mean+ SD.

Experimental condition

Salinity (psu) 32.0+£05
pH 79+0.1
Oxygen saturation (%) <90.0%
Chamber volume (L) 60
Volume of test seawater (L) 45
Flow rate (mL min™") 200.0
Duration of the experiment (h) 120.0-168.1
Number of points measured (n) 41,878-60,242
Total length (cm) 183+2.4
Wet weight (gWWH1) 102.3+50.9
Number of experiments (n) 6

Total number of test animals (n) 24

% Sedz 298 B ARE Hustel fo142 P%

F2 p<0.052 AASFAT

ol
38
o
£
do
lo
P

79.2+12.0 gWWt) 9] -5 (7
290 2 B YA BH0E 4
(
S 2% weighted smooth curveE 5ol &A% A} o F
9] WL Al7bo] Aol thet A% Zrbohe 4TS
Helout 96417t o] thA] MY H s aisio] TEE ]
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Fig. 2. Behavior patterns of four wild goldeye rockfish Sebastes thompsoni during 120 h. Experiments were conducted in constant light-

ness at 90% oxygen saturation level.

28 45N AT S20] FSTHE 1047 T 4
o gEFe YAHOR Frstgom, B G4 fAF

H Ao (Fig. 3). 12t AAE9] ol AIA
7Fstou 20.0°C FH 25.0°C7HA] =28 4
7] 60~70A17t FF & YFo A 215 dF
o] dAst &£ 2 olAE §9 ueS Hct

L)
I
mlo

o\

i}

A

~
o

B 5 o ol 1o ofy o o mE >
rE
ot
e,

H,25.0°C +20f &5 EE=2 =& 2047 A
Sso] FAH AHotE|o] AH o2 fx v
F2E P55 Bk B 522 30.0°C7HA] 54l
3% BEL X vl GAok= AlTte] F7lsHe
Eq’ ;E%/\(—)] ;(] ?ﬂ, ;E—)];(]ﬁﬂE qu. 7}2 ;G/R]—ZJ o] o OE] l:u 1:H
ArgHE-o] WE QUL 25.0°ColA 30.0°C F27tof| e
ZH B8 20| 5ok 7~13A17F B9t AFel=
NA7F TEE o, 00°C<>ﬂ LE%H 5 10~2047F ©]
Yol AgABE2] AFTE-L 100.0%0 =233 Th (Fig. 3).
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=
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o 2o A 48A1XH7HE EES(18.3£2.4cm, 1023+
50.9 gWWt) 2] BIZ SAT F 160417 B A o=
F2& AR AT 160A77HF A Eet 20°0CE S

S AR 73S Bl 42.4% 570k e, 28, 0°C¥7P°ﬂ
A 13.5%= thA FAsHITh 28 30.0°C7HA] /45
AZ1 A3t A=) Bl 63.6%7HA] FASH HA5H3
th(Fig. 4A). 168.1A13F Aol A HAME 4704 (19.5+
2.4cm, 1262 +79.2 gWWt) 2] BI:= 20.0~25.0°C F2-7F
ol A B2 Tt 28.2% 57H5H1C M, 25.0~30.0°C T
ol M= 33.2%, 30.0°CHT F2 2 A= 15.8% A4
SFATH(Fig. 4B). 161A17F 59t AR H 0 & 499 A2
71 739 20.0°CH-E] 25.0°C H 29} 25.0~30.0°C F=2+3F
ofl Al E2E2(19.5+4.0cm, 127.93+83.1gWWt) ] Bli= o
Zp2H T ZH7F 53.0%2F 30.3% 5 71et BEH 30.0°CHETh
2 2ol A= 85.4% = T4 5] A4S T (Fig. 4C).
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Fig. 3. Behavior patterns of three groups (A, B, and C) of wild

goldeye rockfish Sebastes thompsoni subjected to temperature

increases from 15.0 to 30.0°C (AT=5°C-48h™"). Mean BI curves A, FIEE
through the center of data used a weighted smooth curve of 2%. L =
Dotted line indicated water temperature range. Group A: 18.25+ - T = =

0.44 cm in total length) and 94.83+8.91 g in wet weight; Group B: g_cq, A 7Zto] Aglo] wpet AE Zrtet= AFS B
19.45+3.83cm in total length and 126.19+79.16 g in wet weight; _

Group C: 19.48+3.95 cm in total length and 127.98+83.11 g in -+ &

wet weight. B o)A 2422 (15.0°C) S 20.0°CE ASA 7] &

7] 10417 B9 YA 02 Zrlerge

25 9 fxof YAISHE handling®ll 23 B=9] Q
LS

A )
Hh-g-0] Aatz S & Ut (Waring et al. ] 5
=

1996; Yoon et al. 2003). ©1 5 si2517] figt o=z A H =520 E5E2 204 F FAsHA AstE o] I
gzl dAt ol 7= RARPIFY] A87ItE A & AlH o 2 vigd] MEEs P5e HACH, 30.0°C
AEol b AHiolM Aede AlEre Zle Aljbstal 9 A 2 A 2 vigoll FAIsk= AlRtol $7F
T (Yoon 2021a). & 7ol &2 2o 44T & stalom, 854 A1, AR S 22 AU 79
AT 20 A7 DANA 12417 o) FRHAR & A AR Eo] wHE I 1 -2 S ka2 H EEE
Fees BEslth dd $= & 549 A5 A o] PF2 A ol =E3H B AR BEFEE B

£ 2% weighted smooth curveEs &l EA4I3F A}, - t}. 10.0°C °J5} 20l keEd 35 Alole #7198 79
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FF} o] MRk BES
WY 24 BE A7) L h
o2 I8 o] HstEle

Rabanal ef al. 2003; Ibarz et al. 2010; Yoon 2021a). 2 -
oA 11 2o thet AP ES] 2AEH A TG & T

){D

P5-S B} (Lutterschmidt and Hutchison 1997;
Wiles et al. 2020). ©]i= YAIG20l et =2 o o
AW oA =] Ak d o] #fstz <lsf A 22 wehat

7]

( JE‘
rlo

SHH 25.0°CollA] 30.0°C 2470 & &
I £ v E T 7~13A7F B9k Afele A7 T E
%12, 30.0°C =277 HNA = 10~20A]7F o] o] A A
2] BLE NA7T APgstATt Bagtat Zo] YA oF

QL

O 2 BREE X082 (Sebastes schlegeli)< /378 24

s

ES
0] 15.0~20.0°C H9|Z a4 Qe & £ 422
5 A

A

v
o7 Hil% %o, 15.0°CollA otFof 1°cH =22 4
SAZIHA SA 2oEe] S5 HARE2 27.0°Cell
A FASH A5t A2 UEFSLTE(Choi et al. 2009;
Do et al. 2016). T3 HXAH 02 AR S TAA
71HA TEUAET EH A HIE S4 dh &
S5 % cortisol, A3 (Na*, KF, CIN) & A454A 5
T 25.0°CollA Hdighs HYom, RE 204
Ztol|l Hlsto] {-oJ5HA =8kt (Kim 2021a). £ 3&
S 24°CoA £AAZ T 1247} 1°C g A
SAA AravES SATN A7} AR AAST2(CTM)
= 29.4~30.9°C H 9ol EA5tH, YA F] L2 ool A
= AtaaHlgo] A A5t 3 AAb] Bt A
© 2 BIEATH(Kim et al. 2003). 0|9} e A= B o
TFANE FAFSE AFS B, 220 Hd2H4
o2 28 AHAZ AT} 20.0°CR F22 A5
73 Bl 28.2~53.0% 5715t ™, 25.0°C 1ol =
13.5~33.2%% Tha ZASEATE 25 30.0°C7HA] &
ARl AT AHAHE] BIE 15.8~85.4% HYZ F25H]
Hasto] BE A7 APk

=
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bS] [}
2 A= AANA ZHYTE EE = (Sebastes thompsoni)
Odes 11 42 kEo] o A=Y P E U

2HA| (tolerance limit) & T8 o}7] $lote] A&HH o= Y
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