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Investigation of Suitable Temperature and Salinity Ranges for
Long-distance Transport of the Rockfish Sebastes schlegeli

Sung Jin Yang, Jeong Young Lee, Je-Cheon Jun, Jeong-In Myeong and Byung Hwa Min*

Aquaculture Management Division, National Institute of Fisheries Science, Busan 46083, Korea

The optimum temperature and salinity for long-distance transportation of rockfish Sebastes schlegeli were investi-
gated by assessing hematological characteristics and hemocyte mortality. The possible effects of the interaction of
temperature and salinity on these attributes were also investigated. No significant difference was found in hematocrit
and hemoglobin among experimental conditions. Glucose levels were highest in fish exposed to salinities of 34 psu
(4C), 18 psu (4-6T) and 10 psu (4-8 ). Cortisol levels were elevated in the lowest temperature group (4C), but
upper limits decreased with decreasing salinity. AST and ALT increased as temperature decreased at salinities lower
than 26 psu. The ratio of living cells was 99.0-99.6% in all experimental groups. The percentage of necrotic cells was
highest in fish exposed to salinities of 34 psu (4T), 18 psu (6-8C), and 10 psu (4-8 C). The percentage of necrotic
cells decreased significantly as temperature and salinity decreased, indicating that both salinity and the interaction of

salinity and temperature affected cell necrosis.
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2 S7Y b= HAF Folus W AR AHl= A
A2 (FAO, 2015), E3], $-2lviete} A& 54
0|91l o] An|EB1} 2 AA A 0.2 ShefElo] 37} ko)
of mojef EE 7He Aolc. 7129 ol 44 L Fof
A o83t 5 575 ol 8T Fu ol AMEE
o] 9Fth(Piper et al., 1982; Davis and Parker, 1986). 5} A7+ &
oA o] 83 42 4k 75 A17bo] o} A4t ke o
2 9] 5F AlZko] 24A1%t o)} Ael= W AR R o] &
7¥asteh whebs dA7MA FA R 52 AT aF vl=

Sk O A3
O 2 gy ol ok

=
Salths EA17F AcH(Piper
et al., 1982; Berka, 1986). o|2|3t @3-S FEala14} FA)7}
A W2 =T A7) o] Fo{F Al (Ferreira et al., 1984; Yo-

shikawa et al., 1989; Cho et al., 1994), ©]5 =25 #|3}A|A
EHFel= A& pEo] 7P axtAlo| | uk L
A7) B o437 52 714 A AN v Fo g lsf 15t 4
g5} ]2 ek Sk AR ]S 82 ko]
¥ o] A& 40| 757t 48 Heolu 7} A
CHMOF, 2014). “12ju} 44 52] e thAF S48 112ia7]
SR GO Fo] 25 SAIRE AEY A @910 ' 2R85)
o A% stk ® Qlsl Ao 7HAE Bol=g ALt HAME
et R, QP Al Fojuff 52 fleliA= A AR
9 #5279 gHo] Addjr|ojof gl Wedemeyer, 1996;
Harmon, 2009).

20| &2 (Sebastes schlegel)2- 2014 AJAkeFo] oF 24,598
Eo A7 ol b4l A 20% Y-S AT 22l
e ohE k4] of ol EH(MOF, 2015). 5HARH QR4 57} 2 4
At 71 e E Qlaf] sulf AxH]FFof Bl k) A4k AL Qlof Al
T2 3] AP N A a7 A AR A o] o whebA] & A
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[
- 3221(10, 18, 34 psu) wAfste] 512 24oA A&
7F AR =g A ok P 4=2(200 L) 1271
A9 271 HE 14497 SN 295 242 150t
2 89t F A 08 T h AR oA

)= 2201 A7H] 2 E 01 £ o] §8to] BolE 53}
AZHe fetste] 1492 AAsidon, Ad $7 A 24 =

e el
AR Aol o Al H A A ES &
Abakeleh. Al31717F BoF W)= 12L:12D, S84k L 235}
552 90% o2 FAISHAH. i HiAtel S Elste] A
TE&& A eH, ARV 54k BE AR ol= 100% A

A F7 A(1427) 7 AezolN BE AHolE ol
150 ppm<] 2-phenoxyethanol (Junsei, Japan)= T} A 7] 2,
heparin sodiuma #] 2|3t FA7| 2 w3l d ol A &5}
A Foio] X hematocrit (Ht), hemoglobin (Hb) =%
W BT AR E 2AFE 918 5] 2Ao] At om, e
= H4221(14,000 g,4C, 10 ) F -2 24 A7k -80C

Hti= N3 WAf-2]3te] ¥of €41:2(10,000 g, 1043}
o] Ht 4 3H(MICRO-HAEMATOCRIT READER, Hawks-
ley Co, UK)2.22 =43}%t}. Hb, glucose, aspartate amino-
transferase (AST), alanine aminotransferase (ALT)+= 714] ¢
AY518FAHE- 541 412] (FUTT DRI-CHEM 4000i, Japan)E o]4-
sfol Z7galsieh

F5 cortisol & 4 9 E-4 ¥ (enzyme immunoassay, EIA)
& 0] &3t cortisol EIA kit (Oxford, USA)E AFg-3}o] t}&
o] A5ttt 4 100 uLof 1 mL ethyl etherE %7151
cortisoh® FE% ¥, AR2| 434S Helsto] oF N, 7h4

ZHRA AL ZHol B2 100 ul9] extraction buffero] =<1
CHA| extraction buffer2 1008 S|AA|A o] & MEZ ALE-
5T}, Standard solution F4= A1E-5 50 w4 microplate®]]
2dHE o 2 Yo & =akol Cortisol-HRP ConjugateS 4715}
o] 1A]7F 50k ARL-of| A WES-A] ). BE-S- 3 washing buffer=
33] A3t 3, Tetramethyl benzidine (TMB) substrate S 150
ulLA Yo 5 308 521 BE3-A| A, microplate reader (Bio-Tek,
USA)Z 650 nmo]| A $F2 243515i ). Cortisol £4] A] Inter-
assay coefficients of variation (CV) 4! Intra-assay CV= 242+
7.1%2} 5.5%°] ATt

SME 24

Aot tu

It AFEE-2 PE Annexin V Apoptosis Detection Kit (BD
Pharmingen™, USA)E AME-3le] -5 PE Annexin V 2}t
7-Amino-Actinomycin (7-AAD)Z o|&J M- 5fo] =314
ch, 771 100-107 cellsmLE 52 3}7] 93l & N2 binding
buffer2 3|4 A]71 & 3435 &l 100 uLof PE Annexin V
9} 7-AADE 77} 5 ulLA 371 3 ehalolA A0 158
7F WS- A|# ). 0] % binding buffer (0.1 M Hepes/NaOH (pH
7.4), 1.4 M NaCl, 25 mM CaCl,) 400 uLE 73t th&, A
EZEA7](Galios flow cytometry, Beckman Coulter, USA)Z 1
ARE ool skt Ea A4 -l thet live cells
(YA S ¢1-2), apoptotic cells (Annexin V. GA), necrotic
cells (7-AAD G4 2 EF31AtHFig. 1).

SAXE|

APl Aukghe W+ BERAL Uehfglon], 977
+244(P<0.05)-2 SPSS program (Ver. 17.0)2 AM-5}1¢] One-
way ANOVA test T=+= Two-way ANOVA test2} Duncan test
= Az,

a o
o parameter H3t
Hte} Hb= A $& Al 2 9 g&of o2 793k a7}

Table 1. P-values from two-way ANOVAs of blood parameters in
rockfish Sebastes schlegeli exposed across various temperatures
(4, 6, 8, 10TC) and salinities (10, 18, 34 psu) on 14 days

Parameters S(ilg::;y Temp()%r?tu re SalinityxTemperature
Hematocrit 0.065 0.124 0.136
Hemoglobin  0.295 0.125 0.221
AST <0.001 <0.001 <0.001
ALT 0.006 0.001 <0.001
Glucose 0.001 <0.001 0.005
Cortisol <0.001 <0.001 <0.001
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Fig. 1. Flow cytometric determination of live cell, apoptotic cell and necrotic cell in the hemocyte populations of rockfish Sebastes schlegeli
exposed across various temperatures (4, 6, 8, 10C) and salinities (10, 18, 34 psu) on 14 days. A, necrosis; B, late apoptosis; C, live; D, early

apoptosis (r=15).

LERLEA] eFQktH(Fig. 2, Table 1).

Cortisol> A3 T2 A] = FiHoll A 4TollA 7 =8t
O w(Fig. 3), Ato] RFobd 45 [F-9fsHA dasto] o2, d&
W 2 X PR Ao FFs e A& UE g thTable
1). Glucose®= A% Z=& A] 34 psuol| A= 47T, 18 psudl A=

6°C 712|310 psucl|4l+= 8 CH-E -2J5HA| Z71st3ithFig 3).
Glucose:= 2, H W 2 X G 48] dd= Ue
ZAO 2 YEITH(Table 1).

AST= A3 & Al 34 psu Fitol A= 47t 23k 2}
o7} e, 10, 18 psuoAl= 4T wf 7H &= vrebsd
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Fig. 2. Levels of hematocrit and hemoglobin in rockfish Sebastes
schlegeli exposed across various temperatures (4, 6, 8, 10C) and
salinities (10, 18, 34 psu) at 14 days. Means+S.D. Same capital
letters mean not significant difference between salinity and small
letters between temperature (P>0.05).

E}(Fig 4). ASTE 22, 8 9 2 x G Ao ahgo] 9
o g:» A0 2 LEPGTHTable 1). ALTE= A3 %2 A] 10 psu
4T i 7P A Uebt e v (Fig. 4), 20 A H 2 X
HE AS2Rgof G W= A o & LERGt(Table 1).

7 AIEE HE}

AlF] 27 A 203} QB w2 FL AFEEL Table 20] L}
el 2let. Live cell 2= A& A 99.0-99.6% H = A
7o F-ofjt Abol= vrEhA] 943ttt Apoptotic cell &
= Ag Lol A -2t ZFo] 7} 1 2lh. Necrotic cell-2 34 psuof]

ofr

o

|

A= 47, 18 psucl A= 8T 9} 6°C, 10 psucl A= 6°CoF 4T o]
A 7V 7 b S 9 S x B AT AR o] RS
£ Aoz ehge

oo

Ht, Hb, glucose, AST, cortisol 52| ol AR o] 72| A
T A% & AR Eri(Davis and Parker, 1990). Ht@} Hb= Ak
e Uehdle Ald] 249 Azn AEHAE W
Z7FIAYW H@Astth(Davis and Parker, 1990). Adeyemo

s

=
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Fig. 3. Levels of cortisol and glucose in rockfish Sebastes schlegeli
exposed across various temperatures (4, 6, 8, 107C) and salinities
(10, 18, 34 psu) on 14 days. Means+S.D. Different capital letters
indicate significant difference between salinity and small letters
between temperature (P<0.05).

et al. (2003)2 African catfish (Clarias gariepinus)®] 749 <=
20| gopd 5 H7F AAaghehal shGiet 2 kol A s A
7014 Hie} Hbe) £-2]3k 20|17} LA 9Fo} 10-18 psu
°F 4-10c 9 212 29E20] Htel Hbolls 93 wIAIA]
oF= A 0 &2 o] ARt} Cortisol} glucose= 0] 7o) AEH A
A 2A ARG E ], AEYAE HOH FF St SRR
(Thomas and Robertson, 1991; Van Raaij et al., 1996).
AA T} cortisol FlE= HE FEFLAA 4CY wf 71
lE?ﬂ LFEh glucose®t frAFSHRLAL, 4C o8] 22 2]
gt Al 2EYAE = A& o AXI 31, cortisole- 84
Ag s2oz adefA ATHMceCormick, 2001), B4
Al of7tu] o] AFA| 2 E 2A 5= 3hE 1| 52 (Laurent
and Perry, 1990) ¢ Woldl ¢ dutd o= % kvt
57?'5}11} SEAITE B A 3Lo)| A cortisol FEA= o] WolAg
O8] 7H451Sict. o] o sl Marshall et al. (1999)2 &

—L% Abol| oJgt A28 2180 cortisolo] Al ARE-E o] A A2
42 F2 cortiosl =7} WolRITha &1t T o2

o](Mugil cephalus)®] 73 33 psu©llA] 0 psuz A< 73'—‘%
cortisol ‘F=7} 324 3] Wolx 2 w(Chang and Hur, 1999), 7]
Zeo]| -39 killifish (Fundulus grandis)E @42 $74-S o
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Fig. 4. Levels of AST and ALT in rockfish Sebastes schlegeli ex-
posed across various temperatures (4, 6, 8, 10°C) and salinities
(10, 18, 34 psu) on 14 days. Means+S.D. Different capital letters
indicate significant difference between salinity and small letters
between temperature (P<0.05).

G4 cortisolo] 7HAgtrtal B a1 Hl Qlck(Scott et al., 2006).

IE3}F Marley et al. (2008)2 cortisol} Hitfj o] &&+-2- 3l= &
o+ A8 3259l prolactine &35 cortisol 2] s of AT =

31 3k B Aol A prolactin® S 51A] PHAWE GE
o] Yol -2 cortisol L7} G-2l5H| ZhAdl= AL A7k
Aol w2t cortisol 2 T 413l prolactin 4|7} F7151517] of
HOoRE 2ZErh

A3 F& Al glucose’s=+= 34 psucl A= 7P e 22l
4cd o 7 = vreb 2 5735k Al 929 glucose 3t
2} S-AFSHA LFEFATHChang et al., 1999). =31, 18 psuol| A=
4-6C, 10 psucl| A= 4-8C Y off 71 A Yreh A -2t ]
29| BFakg-o] F=5lo] LERIT

G AR ASTEE ALT= 7F 717 A3 2 AR =], 7F &4
Al d5 0 2 v f-E5 o] =753 tH(Smith and Ramos
1980). & 1Lof A ASTE= 10, 18 psuoll A 4T wff 713 =7
LERSTH ALTE 10 psuol| A 4T of 7H A vrepstey. w)
2}A] 10, 18 psu2] G} 4T 9] 2o A= 717 50] A5}
o, B3 A Gt A g2o] B o A8 Ao o W A
EYAEvh= 2102 YEyTh

i

i)

P

= T
ofR7} 4 B1R B AR 0|0 HASHE BHLS de-
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Table 2. Percentage of live cell, apoptotic cell and necrotic cell in
the hemocyte populations of rockfish Sebastes schlegeli exposed
across various temperatures (4, 6, 8, 101C) and salinities (10, 18,
34 psu) on 14 days

Temperature Live cell  Apoptotic cell Necrotic cell

(C) (%) (%) (%)
10 99.0£0.32  0.55+0.192  0.21%0.07%°
99.5¢0.12  0.38£0.05°  0.17+0.04°
34 psu
99.440.12  0.34£0.022  0.25+0.03%
99.3+0.1%  0.39£0.09°  0.29+0.032
10 99.640.12  0.29+0.112  0.15x0.09°
99.1+0.2¢  0.53+#0.17¢  0.30+0.122
18 psu
99.3+0.1%  0.46£0.17¢  0.29+0.042
99.5£0.22  0.38£0.192  0.13%0.04°
10 99.5¢0.12  0.35£0.048  0.16%0.04°
99.3+0.3°  0.30£0.07¢  0.32+0.09?
10 psu
99.2+0.1%  0.394£0.10°  0.31+0.052
99.4+0.1%  0.2940.02®  0.30+0.052
P-value from two-way ANOVAs
Salinity 0.453 0.166 0.148
Temperature 0.448 0.788 0.009
SalinityxTemperature ~ 0.061 0.097 0.001

Different small letters indicate significant difference between tem-
peratures (P<0.05).

layed mortality syndrome®]2} g+cH(Harmon, 2009). ©]of| T
ok AR oA 7R PEstA HE XA A AIRE, Portz et al.
(2006)= =% Al B2 AEAR QI A 7|59 A5tE Y
Q5 stz Hargkuf gl

AM|EZ APEL2 37| apoptosis (A XA} necrosis (YAHZ
THEET) Apoptosist= p53, Bel2/Bax, cytochrome c, caspase
family protein 53} 22 apoptosis-related molecule]| 2]} ©|
Folx = 55U Al APEIHA S W3tch Y necrosist
=/ 3 o587 o] Hstof| whE Ee] Al Ao ofsf A7t
HA A HHA A5 &4 oke 2s wehe, o]t Al
A o A A o] ofs) HAHNE ofFo] 2
o Mee B} A E 2 ARg-0] 7h55Hk(Kiss, 2010; Ray et al.,
2013; Cheng et al., 2015).

E-o|(Takifugu obscurus) 2] 73-%- 34°C 2] A-2-of| A= 3A7HA]
$-E] apoptotic cell H]-&o] 27 A 4] 4=2-21 24C o] Hlsf 2]
517 ol on, 48A17H) 12.23%71A] 2718l 428 AE
A5 TS 7 @79 apoptosis H]&0] 5718HAEHCheng
et al., 2015). E3F )0 2] 4% Trypanoplasma borrelioll 2%
Elo] Hel2o] YrobHl S uf, 9] apoptosise} necrosis H]&
o] tzo}AIthar ¥ 31 vl QIth(Fink et al., 2015). 2 &17Lof| A]
apoptotic cell:> A&F7F G235t 2fo]7t 1oL, necrotic
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cell2 10 psu | A+= 8T o|a}E F2JstA ottt

upeha] 2 AARE S-S o 2B A 2|32 corti-
sol, glucose, AST W ALT+ 4T, 10 psudllA 71 =7 e}
wow, B3t 4 AP ET 22 WY ARFE HuFE e
18-34 psu, 6-10C |41 10 psu, 4 CHT} AEHAES 27| Hh=
Aoz Ueh 20ES0 AT 5 A o2 D d7
2 6-10C, 18-34 psudl 71 o2 AR E T}

B
)

Al AL

B A Sl skl TAR)(R2017008))
X o] ofa) 4=l gl ITh

References

Adeyemo OK, Agbede SA, Olaniyan AO and Shoaga OA.
2003. The haematological response of Clarias gariepinus to
changes in acclimation temperature. African J Biomed Res
6, 105-108.

Berka R. 1986. The transport of live fish. A review. EIFAC
Technical Report, 48, FAO, Rome, pp. 52.

Chang YJ and Hur JW. 1999. Physiological Responses of Grey
Mullet (Mugil cephalus) and Nile Tilapia (Oreochromis ni-
loticus) by Rapid Changes in Salinity of Rearing Water. J
Korean Fish Soc 32, 310-316.

Chang YJ, Park MR, Kang DY and Lee BK. 1999. Physiologi-
cal Responses of Cultured Olive Flounder (Paralichthys
olivaceus) on Series of Lowering Seawater Temperature
Sharply and Continuously. J Korean Fish Soc 32, 601-606.

Cheng CH, Yang FF, Liao SA, Miao YT, Ye CX, Wang AL, Tan
JW and Chen XY. 2015. High temperature induces apoptosis
and oxidative stress in pufferfish (7akifugu obscurus) blood
cells. J Therm Biol 53, 172-179. http://dx.doi.org/10.1016/}.
jtherbio.2015.08.002.

Cho YJ, Kim YY, Lee NG and Choi YJ. 1994. Basic studies
on developing equipment for waterless transportation of live
fish. Bull Korean Fish Soc 27, 501-508.

Davis KB and Parker NC. 1986. Plasma corticosteroid stress
response of fourteen species of warmwater fish to trans-
portation. Trans American Fish Soc 115, 495-499. http://
dx.doi.org/10.1577/1548-8659(1986)115<495:PCSROF>2
.0.CO;2.

Davis KB and Parker NC. 1990. Physiological stress in striped
bass: Effect of acclimation temperature. Aquaculture 91,
349-358. http://dx.doi.org/10.1016/0044-8486(90)90199-W.

FAO. 2015. Food outlook: Biannual report on global food mar-
kets. pp. 1-142.

Ferreira J, Schoonbee T and Smith GL. 1984. The use of ben-
zocainehydrochloride as an aid in the transport of fish.
Aquaculture 42, 169-174. http://dx.doi.org/10.1016/0044-
8486(84)90364-8.

o144 - HAH - BA - ws

Fink IR, Carla Ribeiro MS, Forlenza M, Taverne-Thiele A,
Jan Rombout HWM, Huub Savelkoul FJ and Greert Wieg-
ertjes F. 2015. Immune-relevant thrombocytes of common
carp undergo parasite-induced nitric oxide-mediated apop-
tosis. Develop Comp Immunol 50, 146-154. http:/dx.doi.
org/10.1016/j.dci.2015.02.008.

Harmon TS. 2009. Methods for reducing stressors and maintain
water quality associated with live fish transport in tanks: a
review of the basics. Rev Aquacult 1, 58-66. http://dx.doi.
org/10.1111/j.1753-5131.2008.01003 x.

Kiss T. 2010. Apoptosis and its functional significance in
molluscs. Apoptosis 15, 313-321. http://dx.doi.org/10.1007/
$10495-009-0446-3.

Laurent P and Perry SF. 1990. Effects of cortisol on gill chloride
cell morphology and ionic uptake in freshwater trout, Sal-
mo gairdneri. Cell Tissue Res 259, 429-442. http://dx.doi.
org/10.1007/BF01740769.

Marley R, Lu W, Balment RJ and McCrohan CR. 2008. Cortisol
and prolactin modulation of caudal neurosecretory system
activity in the euryhaline flounder Platichthys flesus. Comp
Biochem Physiol Part A: Molec Integr Physiol 151, 71-77.
http://dx.doi.org/10.1016/j.cbpa.2008.05.180.

Marshall WS, Emberley TR, Singer TD, Bryson SE and Mc-
Cormik SD. 1999. Time course of salinity adaptation eury-
haline estuarine teleost, Fundulus heteroclitus: Amultivari-
able approach, J Exp Biol 202, 1535-1544.

McCormick SD. 2001. Endocrine control of osmoregulation in
teleost fish. Am Zool 41, 781-794. http://dx.doi.org/10.1093/
icb/41.4.781.

MOF (Ministry of Oceans and Fisheries). 2014. Development
of the transport system of live fish for export. Ministry of
Oceans and Fisheries, Sejong, Korea.

MOF (Ministry of Oceans and Fisheries). 2015. Statistic Data-
base for Fishery Production Survey. Retrieved from http://
stat.mof.go.kr /portal/cate/partStat.do. on 2015.

Piper RG, McElwain IB, Orme LE, McCraren, JP, Fowler LG
and Leonard JR. 1982. Fish hatchery management. U.S.
Fish and Wildlife service, washington DC. USA, 517.

Portz DE, Woodley CM and Cech JJ Jr. 2006. Stress-associated
impacts of short-term holing on fishes. Rev Fish Biol Fish
16, 125-170. http://dx.doi.org/10.1007/s11160-006-9012-z.

Ray M, Bhunia AS, Bhunia NS and Ray S. 2013. Density shift,
morphological damage, Lysomal fragility and apoptosis of
hemocytes of Indian molluscs exposed to pyrethroid pesti-
cides. Fish Shellfish Immunol 35, 499-512. http://dx.doi.
org/10.1016/).£51.2013.05.008.

Scott GR, Schulte PM and Wood CM. 2006. Plasticity of os-
moregulatory function in killifish intestine; drinking rates,
salt and water transport and gene expression after fresh-
water transfer. ] Exp Biol 209, 4040-4050. http://dx.doi.
org/10.1242/jeb.02462.

Smith AC and F Ramos. 1980. Automated chemical analysis



N
i=)
i
S
e
op
2
ox

=¥

in fish health assessment. J Fish Biol 17, 445-450. http://
dx.doi.org/10.1111/5.1095-8649.1980.tb02777 x.

Thomas P and Robertson L. 1991. Plasma cortisol and glucose
stress responses of red drum (Sciaenops ocellatus) to han-
dling and shallow water stressors and anesthesia with MS-
222, quinaldine sulfate and metomidate. Aquaculture 96, 69-
86. http://dx.doi.org/10.1016/0044-8486(91)90140-3.

Van Raaij MTM, Van den Thillart GEEJM, Vianen GJ, Pit DSS,
Balm, PHM and Steffens AB. 1996. Substrate mobiliza-
tion and hormonal changes in rainbow trout (Oncorhynchus
mykiss L.) and common carp (Cyprinus carpio L.) during
deep hypoxia and subsequent recovery. J Comp Physiol
166, 443-452. http://dx.doi.org/10.1007/BF02337889.

Wedemeyer GA. 1996. Transportation and handling. In: Pennel
W, Barton B. (Eds), Principles of Salmonid Culture. Devel-
opments in aquaculture and fisheries science, Elseveir, Am-
sterdam, Netherlands. 727-758.

Yoshikawa H, Ueno S and Mitsuda H. 1989. Short and long
term cold-anesthesiain Carp. Nippon Suisan Gakkaishi 55,
491-498. http://doi.org/10.2331/suisan.55.491.

flo
SE
o

dr

31



