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Effects of Salinity on Survival, Oxygen Consumption, and Hematological
Response of Greenling Hexagrammos otakii
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’Department of Marine Biology, Korea University of Science and Technology, Daejeon 34113, Korea
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The effects of salinity on survival, oxygen consumption, and hematological response of greenling Hexagrammos
otakii, mean body weight 147.1£3.8 g, were investigated under salinity conditions of 33.4 (control), 33.1, 32.8,
32.2,31.0, 28.7, 23.9, 14.5, and 3.8 psu, to evaluate physiological effects in relation to changes in salinity. The sur-
vival and hematological responses of fish were measured at each salinity after 96- and 24-h exposures. The oxygen
consumption rate (OCR) of fish was measured in triplicate under conditions of stepwise salinity exposure (33.4—3
3.1-32.8—32.2—31.0—-28.7—-23.9—14.5—3.8 psu) with an interval of 24 h at each salinity, using a continuous
flow-through respirometer. No fish mortality was observed in the range of 33.4 to 14.5 psu, but the survival rate was
reduced to 53.3% at 3.8 psu after 96 h of exposure. The OCRs did not significantly differ in the range between 33.4
to 28.7 psu (P>0.05), but significantly increased at 23.9 and 14.5 psu, and then dramatically decreased at 3.8 psu
compared to the control (P<0.05). Hematological variables, such as glucose, glutamic pyruvic transaminase (GPT),
hematocrit, and Na*, were affected by reduced salinity. This result may be applicable for habitat and culture manage-
ment of greenlings.
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A% A1 A H tAke 955 ThefRt FE o] AEY ANk
© 2 YERdtH(Partridge and Jenkins, 2002; Lim et al., 2005;
Ohetal., 2014).

AL oA F ax8]8HH, o] & F3f 3/d/d(homeostasis) 4
1A Elth(Abud, 1992; Shi et al., 2011; Oh et al., 2014). =,
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0|85 o4 gFth(Mosser and Hettler, 1989; Abud, 1992; Kang
et al., 2004; Shi et al., 2011; Oh et al., 2014). ]2} o}=&& &
of v 3¥5} A4Re] W3} ojA] 3 sk kel ofFo) A=
gl Aot A s Hrtels A 59 shuE dE A Slok
(Imsland et al., 2008; Imanpoor et al., 2012; Oh et al., 2014).
e dE I w| A= sfjitol o] Ae| A Rk A= ARt
2o & oA 9] ©m(Amason et al., 2013), E3] A& W37}
B3] o 4= gl Ak A Aol et A7t 2% T}

F =2 0] (Hexagrammos otakii Jordan et Starks)= <&Hj o] &
(Scorpaeniforms), F|x=2|v]) ¥ Hexagrammidae)®| <:3h=
Qb 244 oA, Seiutel Bafela v Ack, A 7
AQte] Ao de| st Masuda et al., 1988). F=
]} 2 AR ek Xohe e, At WS4 T 4l
o] oJ3t 2] FE FAk(http:/sms.khoa.go kr/koofs)o] LFEL}IL
UAIRE, ofof w2 F=2fu] o] A2 kol sl HarH vzt
QI ke B gloo M @i wisk} o] A F o] o] 4
£, 4k £u)% 123 Qo) A4 Wi AEo) A4S 59
RS 28-S FIRFAIY oY A] 0§ 3} Y AE g A Rk A
£ sjolsko =M BF Aol Aol tfSa}] Siet 7]2A)

P
ES

Mz H A

Sl B9 bl B ofslat Awell(FE 5
22259 g8 SRl 24 o4 Aga
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o w2 F e ] o) =R T} Bl o] A= ke
al. (2014)0] 48 Fo] A A8 o] gato] 2ALS1%
|2E"2 H A4 AEo]ibz2(0.7 % 1.3 x 1.1 m, 1,000 L)
123 7)(217 0.4 m, 0] 2.1 m) 12]31 PVC A2 2] AF
(0.4x0.6X0.4 m, 96 L)& o] 20| Z=gtoju}a] A| A€
AFEZ o] ofojlo] e Bef SR BEsIAL,
2.2 5]E|(£F 2 kW)2} §7}7][DA-3000W, 3ut2], el
1E BTl U] A sle] st S2 ) &
Limin2 484 2|4:49] o Ze] u&a} 4.2
wEsi9rt.
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g 2of w2 Fiegu| 2] Abs AH]E HIH= Oh et al. (2006)
o 4 8 5 27 2T AgTt] 2Flech 55 %
B ARl BHHAEE 500 L), ASHA(EE T00 L), &
54(04x04%x04m,64 L), &40 SN (YE FY ot
4, F7 8§ mm, A7 8 cm, Z°] 20 cm), & A|(Korea flow,
Z|t| 3 L/min) 12|12 Multi Data LoggerZ /349 #H ] &3}
g AR 2A, A Y g3 8-FA probe (MPA-48 Multi-
Parameter Analyzer, Insite IG, USA)E o]-&3}0] 82ALLE
2750 24 7-S 739} 929 GigaLog E Data Log-
ger system2- ©]-8-5}F0] 1 E of] AAIZE A5l eh Al AE U
A€ P717][DA-100B, 171, B A E217](5)12F 51 Bl (&
2kW)E ol-gsto] HA7|7F &<t A4 =(20.1+£0.2C)=
A5t

4

= 0] A4 9 HP2 Ohetal. (2014)9] ¥ S w}
4AZF o1 A TV A GH S Stk 9I3k

W] A% 23,5 psush 4.0 psu)S Eo] A Bt FE 38
psus HA FER, ARk g4 FEQ 334 psus 27| FEE
AR F 34 u) %ol ket 217} 33.4 (AT, B4 1] 0%),
33.1 (1%), 32.8 (2%), 32.2 (4%), 31.0 (8%), 28.7 (16%), 23.9
(32%), 14.5 (64%) 12]31 3.8 (100%) psuz, & 97 === A
ottt GEol whE v o BEET N A4 visE
2A317] §lal 24 4T QR S e 208 47 8ola
28] W Apg o] el S SukelA) 4uks 483k, o]
Al AR 2] 488 Freliu]i 96X17E 5 2447 1A 0.7
AEE(n=3)E ZABIAIL, U7 SLke] 1§ o] 48 7
2ol =Sy 24X17F §AI A7) 242 Aato] Bol uf
a12 Atk Aol AR AT H2slel] 913l 48
7 48117+ A A3 7 2-phenoxyethanol (150 mg/L)2 v} A]
A $AZ ST Tk AP Aol £85H9T, Bolof olat
o2 WAIsE] 913 A1 717k 5t A ek Eole st
UOE Ao E FAI(EF | mL)E ol §3to] nlREm oy
B A3t 3 47T o A 557} HF*]3F 3 hematocrit, hemoglobin
(Hby& =433l 12,000 rpmof| A 527 AAilEelste] &
A =3 tf3 glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT), glucose (GLU) 12|12
Na'", K", CI= FUJI DRY- CHEM 4000i (Fujifilm Co., Japan)
£ A4g3to] ZAslsict.

A 20 % AFL 41700l w2 Aol w A S oAt 28
ofl o3 YL HAskst] Slal G A2 48417 Fok WA
A7l & AEYAE 24skst7| $13) 2-phenoxyethanol (150
mg/L)= UHA[A FAIE SRt 27] A 334 psuz {r
A A2 ) S8l 242} Suel ), 3ukE g3kl AHE
A5G 8 Ao =83 5 handlingo] I3t JaFS A
87] 915t0] 2417 B3 QAT o ) 244t ZHA 0 2 0}
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thA| o] AF B =5 (=, 33.433.1-32.8-32.2-31.02
8.7—23.9—14.5—3.8 psu)& 147k o] o] 2As}gict d&

SRR|u} 641K BN, 2 B B F 2417 Ak Al
2302 (1402 243 F O GH BER 2HGHOh

etal., 2014).
Ak AvH|E(oxygen consumption rate, OCR)2 o2 @} 72

b o] wha} 715193 th(Jobling, 1982).

OCR (mg O, kg'h") = (Ci — Co) X Q/W

o174, Ci = o} TEA 9 &4 = (mg/L)
Co = 0|7 B4 Hj5e] 2414 S (mg/l)

Q = o7 E&A& AYk= A 7H(L/h)

W = 354 58 ofAF(ke)

Xz =4

= 79 £AA 2= SPSS 11.5 (SPSS Inc., USA) 574
L2 o] §3to] EAHEA(ANOVA)E AAISH T E4F
A o]Ao] 7 9] %24 (homogeneity)}t %714 (normal-
ity)y& A83HHaL, AR SR A4 78l felE A
$- ANOVAS] 8|14 54|91 Kruskal-Wallis testS A A3}
ok kA A Fofet 2kel7) 3l& 7-F- Tukey's multiple
range test= H{F -214& 95% Al=|a=ollA] gkt
2y A AN et Abas 22680 79 Bk 2 pooling
sto] EAREA S 3skgle)

At wEof mhE Feelin] o] AEE USHE Table 10 e
Y glek. Ago] o] 017l 96417t 5ot G 33.4-14.5 psu 9]

[z ]

L= L

O] 7 F=ef v of HARHEAYSHA] oF2 1P, 3.8 psuc A=
7

48N 7t B RZ0] 86.7%2 7HA81L, T2A17F2H 96417t &
o= ZF7} 66.7%%} 53.3% = 7453t

ox

F - 9

s o] W Flegn] o] Ak4 Anle H3k= Fig. 1o
ERf it} A o] o] o %] A 33.4-3.8 psu] oA Fie
o] o] Akd 4|82 86.3-436.7mg O, kg h! W $o| ¢l om,
3.8 psu (86.3-117.6 mg O, kg h')2} 33.1 psu (133.8-436.7
mg O, kg )0l 4] 72t 2] 49} Z|ofl W5 28 wgir}. e
0]o] AbA AH|EL =0 ¥ Z9 HOo|(Z 334-32.2 psu W]
9l) & vl AT Ak 4] i E S YERH(S, 31.0-28.7
psu Q) T2, 23.9 psucl| A B2 3] 713t F 14.5 psuol| A 4
= 328kl 3.8 psucll A= § 48] sk F S HAlth o
5ol whE F e efu] o] AlZb Wt kA 2H]E-2 Fig, 20]]
Uehfglc). ¢8 334, 33.1, 32.8, 32.2, 31.0, 28.7, 23.9, 14.5
12§31 3.8 psull Al F=eljm| o] AlZbE Bt Ak S 7
7} 281.4,279.8,279.6,279.0, 280.0, 279.6, 387.8, 334.4 12|
31.99.8 mg O, kg h'o] 310, 33.4-28.7 psu H ¢l A= ¢
W ZE el 2ol 7t IAITH(P>0.05), 23.9-14.5 psuoi| A 7
sofl Bl F-oJstHA| S71RE T 3.8 psucll Al 7 w2 Al
Hat Ak 20182 HYTHP<0.05).
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Fig. 1. Changes of oxygen consumption rate in fasted greenling
Hexagrammos otakii exposed to nine different salinities.

Table 1. Survival rate (mean+SD) of greenling Hexagrammos otakii exposed to nine different salinities for 96 hours

Salinity (psu) 334 331 328 322 310 287 239 145 38
Elapsed time (h) Survival rate (%)’

24 100 100 100 100 100 100 100 100 100

48 100 100 100 100 100 100 100 100 86.7x11.5

72 100 100 100 100 100 100 100 100 66.7+11.5

96 100 100 100 100 100 100 100 100 53.3+30.6

"Values represent mean=SD (n=3).



Qo w2 Huwehn)o] ety G 715

600

500

Oxygen comption rate
(mg O, kg'h")

334 331 328 322 310 287 239 145 3.8
Salinity (psu)

Fig. 2. Mean oxygen consumption rates of fasted greenling
Hexagrammos otakii exposed to nine different salinities. Values
(mean+SD, n=3) with different letter are significantly different.

3ick. Q1 33.4-3.8 psus] W loll A 24417t 1B ¥ Frefu]
%o U] Hb, GOT, K 12170 CI 5= 4 2ol el §:2]
3 20| 8 Bo|A] ghIuk 27] 53] 334 psu(th )2 2]
7F PR eEkeh(P>0.05). BHH, F ¥ Uf GPT 52 735
28.7-3.8 psu HY oA, 18] 1L GLUS} hematocrit®] 5=2] 7
- 14.5-3.8 psu { FloflA] th2 Rk F-o5HA W2 gk A
tHP<0.05). =3F Na' 5 5=9] ¢ J& 5= 33.4-14.5 psu -
ZHoll A= 2] st zFol7F §I AT, 3.8 psudll Al F-2]8kA] 7ha
SFATH P <0.05).
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oF 2 AL 9 WL A 2| 9] 2o} AEEA
5 Rusiel AP ) AAE Hold 49 2% Aafe] o2
7| FtH(Woo and Fung, 1981; Chang et al., 2002; Kim et al.,
2009, Oh et al., 2014). & AF 2] 7~ A+ 33.4-14.5 psu ¥
FlolAl= 96417 Fet HALZE EAYSHA] EAA|RE, 3.8 psuo]| A
= 96A17 T AYEE-L 53.3%7HA] st o o] AES
of nA= AR FIFE o7 el AYH T S0l wet
e th(Martin, 1990; Boeuf and Payan, 2001; Kim et al.,
2004). Kang et al. (2000, 2004)& 7]4=]o]] A 2]} Y7
(Favonigobius gymnauchen)¥} =2 4-5(Tridentiger trigo-
nocephalus)ye A2 2 10.1-33.6 psu HY oA 4047 Al=-
S-S - 90% o) 0] BEEE Holal, 3.4 psudl| A= F of
T W5 70.0% o)) BEES Haskolh B3 FEA oF
o2 A Q1= | A|(Paralichthys olivaceus)2] 73-%- 20 psu
€} 5 psuoi| A 145=7F A Al 225 86.0% o] 449] -2 AE&0|
B 3% B} QIth(Kim et al., 2004). HHH ¢10F HZLA o] Fo]x}

flo

S 7HRelolA 2 FAlo] o] R AL Gl ] EE(Se-
bastes schlegelii)2] 73-$- G5 3.8 psucl| 4] 96A| 7t 3 26.7%7}
A REEo)| 7H4sk= Z(Oh et al,, 2014) 0.2 2 uf] F=en
O] BB olF o2 A = IS, FEUE 1Y
I gAo] Hs 2 FE AAEE Holw, AR At A4
A BEE Wolt ZuBeturi: B AR APHE AL
Aoz AzE),

Abds 2Bl E2 dE HItE fUE AW ARy 2d 9
A fAIE SA) A0S At oA E SR 58
(Brown and Terwillinger, 1999; Altinok and Grizzle, 2003)2.
B2A, dE wste] I Abas AH]EE ofFof| whet thefsH
Uehdth(Dalla Via et al., 1998; Kang et al., 2004; Shi et al.,
2011; Ohetal., 2014). & A¢ o] 749 A% S 33.4-28.7 psu
Yol di & 7F 4k 28[E9] Apo]& HolA| il
23.9 psucll A 54 3] 57k v #H4she A eke H31th Oh
etal. (2014) HA| 2] E2HS IO 2 SF Ao A 33.4-28.7
psu oA = it 7F Aba AH]E9] Zpol7t G|, 23.9-
14.5 psucl| Al 55| 573t 7 3.8 psucl| A st A& 1
o] B A3 3} GARSE A B 1519t Dalla Via et al. (1998)
+ sea bass (Dicentrarchus labrax)2] 73-¢- Q&S dA|d o=
AN A QAR A Anlgo] S715 5 Zatich
a1 st o, I (Kang et al., 2000)7} FZ45(Kang et
al,, 2004y 474 92 H 9] H(33.6-20.2 psu) Abas AH[EE
Aol 7} gloi e, ANEES] M4 T WISHE Mol ut vhe G
(10.1-0.0 psu)oll A= Akas AxBlgo] F-oJ8HA stz 2o ®
UEelsttt. o] vtof| tawny puffer (Takifugu flavidus) 12| 73
- 5-25 psu §19jell A= A= STl whet 4kas Anlgo] STt
3t 5] 30-35 psu W0l A+ Hadhe EE X (parabolic) &l
£ HI(Shi et al,, 2011) ¥HA, 54HEY(iso-osmotic) 271 9]
A 7P G2 A4 AH]EE H o= croacker (Micropogonias
furnieri) (Abud, 1992) 52} o] 7} ojFuirt G Halol| of
3tukg-o] thEA Yehee o = Qloh dHbA o2 el o] F
A B A717H] A& A7} o] Fol Xk & Wato] ofjt
HAREO] 52 w9 A& Ao & oefA §lrk(Claireaux and
Lagardere, 1999). ©]¢} -2 thARE 9] Blgh= A 24

2 o]2 B A| catecholamine} corticosteroid2} 22 AU
T2 5ot Aol 9l7](Wedemeyer, 1996) ti<ol] & o]
of thgt ¢14-7 d a5t}

W SHAIE Hlojths Hit Hdks offolAl 2B a2l
(Amason etal., 2013)2.& 2-85}1] ofFof uhe} ol of chof
S} 21 }o| & m] A tH(Imsland et al., 2008; Oh et al., 2014).
Imsland et al. (2008)2 Atlantic halibut (Hipplglossus hippo-
glossus)E OIAFC 2 15,25 12|11 32 psu 204 470 A}
S Al @l U Nat, GLU 18] 2 hematocrit®] &= ¢ Ho| Lt
o aE ASHANE Kot Hb w2 Gl fle 2= 1
a3l 2 AP AR A4S 2ol 2 A oA et Na'
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Fig. 3. Changes of the concentration of hemoglobin, Na*, K*, CI, GOT, GPT and glucose (GLU) in the blood plasma and hematocrit in the
blood of greenling Hexagrammos otakii exposed to nine different salinities. Values (mean+SD, n=5) with different letter are significantly
different.

al., 1994), coho salmon (Oncorhynchus kisutch) (Morgan and o] o] Al T QI} Oh et al. (2014)2 sjAto] o] A4] 3+4

29 A= turbot (Scophthalmus maximus) (Gaumet et sen et al., 2008) 18] ZT|=2H(Oh et al., 2014) 5 T}t
Iwama, 1998), spotted wolffish (Anarhichas minor) (Magnus- Y 98 =59 7+ Al Na'9} CI =& §-A| = 9] A=
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(hyper-osmoregulation) 242 314 H& 49 HALe] g+ ¢
Qlo] @ 4 gleka IAsR glof Fwehn] G4 APE 24
ol Ao BE Na" ww AHFeE =8 Ao w2 wAl 3l
9| stttz Az, o ‘#Oﬂ HA|(Hur et al., 2006)2} &1
(Lateolabrax japonicus) (Han et al., 2003) 18|11 Z3|=2}
(Oh et al., 2014y FA3F A FEo] =23}9S 1] GPT 5%
o= o] YAA T, GOTE) 55t F7H5ts 22 ey
2 AT} 2po|E Hlth o]2fgt HAloA & wf o] F JiE
wisk 271 S| e} 2ol uf cheyat QlabEe) whg st

oipe] Aol Ftel it Awmenlo] 4, A 2]
£ el 20 o) S}sbaAo] - 0JeF A HIA5, 287 psu
OIS AR ST ol Aol Wgol efid e

& el A% s 4%

F Aeefule] @R oA ol 58S FHT -
P uw'w L a5t o2 B3] G ARl T
Aeohu]o] Ael 4 54 helo] el

Al AL

B AT Sty a Y Ae(IHAI- S PN66370,
PO01215, PE99317) o] 2Jaf <=3 5]¢l.on, o]o] ZHA} =
Utk Ad77E F o7 ARt e, AR el =ed F
Al 57 AT-YAIE A =YL
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