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ABSTRACT

In order to minimize the damage on the red sea bream Pagrus major by a harmful dino-

flagellate Cochlodinium polykrikoides, we investigated the effect of feeding, starvation and stocking
density on the survival rate, growth, growth restoration and physiological response of P. major expo-
sure to C. polykrikoides. The experimental groups were divided into three groups such as F-HD (feed-
ing and high density with 6.4 kg/m?), S-HD (starvation and high density with 6.4 kg/m® and S-LD (star-
vation and low density with 3.2 kg/m®) according to stocking density and starvation in marine cage (11
m X 11 m x 5m). The F-HD was fed throughout the experiment for 9 weeks, whereas S-HD and S-LD
were not fed for 5 weeks and then refeeding for 4 weeks. Survival rate was the lowest in F-HD (85.5%)
and S-LD was the highest (97.3%). The growth rates of S-HD and S-LD were significantly lower than
F-HD during starvation period for 4 weeks, but rapidly recovered after feeding. The nutritional status
such as ALB, TP, TCH, TG were similar to tendency of growth data. Ht, Hb, AST, ALT and GLU levels
were significantly higher in the F-HD than in the starvation groups at the same time (in 3 week) during
starvation period. But starvation groups did not differ during starvation period. As a result, F-HD is
more sensitive to stress than S-HD and S-LD. Thus, during C. polykrikoides bloom period, starvation
and stocking density control can help survival and growth restoration of the red sea bream.
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slutdo] AZE 3mL FAZ|E o83t nRFHOZTE
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tubeo]] YL 8,000rpm 2 1027 YA EE| F Micro-hemato-
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(TCHO), total protein (TP), triglyceride (TG), blood urea nitro-
gen (BUN), creatinine (CRE), aspartate aminotransferase (AST),
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Fig. 1. Survival rate of the red sea bream Pagrus major in feeding
group (fed for 9 weeks) and starvation groups (broken line: starvation
for 5 weeks and then fed for 4 weeks) during red tide. Black bar is cell
density of C. polykrikoides. F-HD; feeding and high density with 6.4
kg/m®, S-HD; starvation and high density with 6.4 kg/m®, S-LD; star-
vation and low density with 3.2 kg/m®.
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Fig. 2. Total length and body weight of the red sea bream Pagrus major
after starvation (gray and white bar) and subsequent refeeding (bar with
diagonal line) during red tide. Asterisks indicate significant difference
among three groups (P <0.05). F-HD; feeding and high density with
6.4 kg/m®, S-HD; starvation and high density with 6.4 kg/m®, S-LD;
starvation and low density with 3.2 kg/m®.

gt zfolE Holx ke (P>005), W= AolE & S-HD
€} S-LD Abolof A& {93t 2ol & Kol A] ghghth(Fig. 2). Al
o AGMA Al 979.3+499 gol|A HA]717+ FoF F-HD=
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Table 1. Growth rate for total length and body weight, specific growth rate and condition factor of red sea bream Pagrus major after starvation

and subsequent refeeding

Starvation period Refeeding period
Factors
F-HD S-HD S-LD F-HD S-HD S-LD
'GRL (%) 47+22% —42%1.6 -14%19 001+24 43+29 29+2.1
’GRW (%) 15.6+6.3% —-11.0%4.0 -12.6+£59 57+35° 150+4.4% 255+6.3°
’SGR (%) 043+0.15*% -0.34+0.14 -0.39+0.19 0.2£0.09* 0.5+0.2% 0.81+0.1°
*CF 14+0.02* 1.3+£0.03 12+£0.02 1.4+0.06 14+0.05 14+0.03

Values are mean + S.E.M (feeding: n= 30, starvation: n=30). Asterisks indicate significant difference among three groups (P <0.05). Different alphabetic letters means

significantly different (P <0.05).

'Growth rate for total length (GRL, %) = (final total length — initial total length)/initial total length x 100
*Growth rate for body weight (GRW, %) = (final body weight — initial body weight)/initial body weight X 100
3Speciﬁc growth rate (SGR, %) = [In (final body weight) —In (initial body weight)]/days X 100

*Condition factor = (body weight/total length®) X 100

F-HD; feeding and high density with 6.4 kg/m®, S-HD; starvation and high density with 6.4 kg/m?, S-LD; starvation and low density with 3.2 kg/m’

8714+54.8,8563+789gC % A|Z0] Z43le] F-HD%} 1.29,
13281 2] 493t H &= 2}o]2 HIHTHP<0.05). AA]7|7F A=
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AEFTE T AFETE Al F-HDES AAatel= 242 1.19,
L1 2 Zastgon {93 2po] & HolA] ghekth(Fig. 2).
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Rt Aol & ETH(P<0.05). 18al 43| Fag & 55
9} 750l ThA] A AL} 7Y% 2Fo] & UEHHT

|

fir



198 ZYF . 0|HE - NRY - ¢

20 400
—&— F-HD
—~O—$-HD
*
151 ~0~S-LD 300 b
~~ S
) =
3 on
c%“ 10 g 200 |
—
= 5
[_1
05} 100 }
0.0 0
0 1 2 3 4 5 7 9
10 500
st 400 }
. ~
I 6f =3 300}
3 =
C g
s £
& 4l © 200
2} 100 }
0 L 1 L 1 L 1 1 0 1 1 L 1 1 1 1
0 1 2 3 4 5 7 9 0 1 2 3 4 5 7 9
8 2
6 15} :
2 3
eh
E 4 g
5 2
m @]
2} 05}
0 1 1 1 1 L 1 1 0

Rearing period (weeks)

Rearing period (weeks)

Fig. 3. Change of albumin (ALB), total cholesterol (TCHO), total protein (TP), triglyceride (TG), blood urea nitrogen (BUN) and creatinine (CRE)
levels in the blood plasma of red sea bream Pagrus major during red tide. ®: fed for 9 weeks; O,O: starvation for 5 weeks and then fed for 4
weeks. The asterisk indicates significant differences among three groups at the same sampling point (P <0.05). F-HD; feeding and high density

with 6.4 kg/m®, S-HD; starvation and high density with 6.4 kg/m?, S-LD; starvation and low density with 3.2 kg/m’.
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C. polykrikoides 21 Z°] 2|3t o} 7] thFH A= 19959 ©]
T A4 o2 ST 1998 AHE 2016W7HA] Haligte]
olF Hal Fale] Axd g Up tlEo] FAloly
o] 7M¢ 2 BAALE dFEHIL Arh A2A)7] FAE A
FAolF FAHE Hasslr] A AT 2H (H4A), 2=
A& AABHL §lof, & AFolM s A2A7] 7HRYARS I
o AR e Wte R =g HA9 JFFE AtstaL, HA
Hol gl ©E F=9 A4 BgH v =AMt

o,

@ oot BNorfr

OFAloj 2 o] WEL2 42 (Barton and Iwama, 1991; Kim,
2004) G¥ (Hur et al., 2006) Z%= (Han et al., 2005; Strand et
al.,2007) 59 8744 a3l S won, 53] shd7|of=
48 AEOR AT THLT Y] mETol AR of
o4 AZERe] T L Wk B3| C.polykrikoides AR E
o} F ol whet HAREo] thEA Ve g 9F 2 A A4 of
FHEoE s &5, A 22 384 offel o uad A
o2 Ad#HA Art(Lee et al., 2003). Park et al. (2013)2 1,000
cells mL™" o]Ate] 1= C. polykrikoides 2 Z7} 7} 52 &
AFAAO] SAEE 2412 ol ol AT 4 Uk s
o, 28] 50~200 cells mL™' W&o =& A HEL= &
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Fig. 4. Change of hematocrit (Ht), hemoglobin (Hb), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the blood plasma of
red sea bream Pagrus major during starvation (solid line) and then feeding (broken line) for 9 weeks. The asterisk indicates significant differences
among three groups at the same sampling point (P <0.05). F-HD; feeding and high density with 6.4 kg/m®, S-HD; starvation and high density

with 6.4 kg/m®, S-LD; starvation and low density with 3.2 kg/m°.
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Fig. 5. Change of glucose (GLU) levels in the blood plasma of the red
sea bream Pagrus major after starvation (gray and white bar) and sub-
sequent refeeding (bar with diagonal line) during red tide. The asterisk
indicates significant differences among three groups at the same sam-
pling point (P <0.05). F-HD; feeding and high density with 6.4 kg/m®,
S-HD; starvation and high density with 6.4 kg/m®, S-LD; starvation
and low density with 3.2 kg/m’.
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AYUEF), S-HD (BA-19 =) 283 S-LD (BA-A U=
1o WELL 7+7} 85.5%,93.0%, 97.3% 2 F-HD7} 7V% &

L2 HELES BT AFA 2~3F Alo] C. polykrlkotdes
A 27} 2,400~4,750 cells mL™! Y& ATt & F-HD2| A}
E80] 6% At /M w2 HARES YEbdT Kim er al.
(2000b)9] F=S A2 3t C. polykrikoides ZZ =2 A
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E1 EA ettt A% =& $ S-HDY| AEE2 93%, S-LD
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Cho and Lee, 2002), 3H87] HZ1 a0 ]t} Q1913
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A (Lee et al., 2016), AA] 7|7t (Park et al., 2012; Morshedi
et al., 2017)°] TA glo] Ueht= Gt Aol A|ut, 5447
7HrE oA A Aol AAME S AT Kim er al. (2017)
o] Aol M= A A F 255E F& A (10F)7HA] AF
370 fogt Aol & UEhiTh & Aok FA7|7E Fete
ANE4% Aol C. polykrikoides A= =20l 23 AT 2
27} F-HD A5 57kl ¥ v ALz gt 553
o] AA7IZ I A F 4570 A7 A ES Urol &
A%k Ay}, 557749 M 27|17t 5 F-HD+= GRL, GRW, SGR,
CF9| & AJAElAl S-HD, S-LD&} 9%t 2to]& UEhd
on], AA7]7F GRL, GRW 181 SGRE F AHA|G % u}
ojyA e Hof, 187] HF Ao] (Lee et al., 2016)2} Ao
(Kim ez al.,2017)9] AA7|7F 45T FAFE 225 e
ok A4 3 437 4717 £8 A] GRW-2 S-LD (25.5+
6.3%), S-HD (15.0+4.4%), F-HD (5.7+3.5%) €22 =4 Y
B Hzed Folx BT AU o3k 43R Abs
A& Feletdon, SGRE AR 23 Bt o3t 2
= A7 A4 F GFLo] AswHA =HE Aol B

= I oo 2 YyehtE BEAXAA (compensatory growth) S
2 34 =] o At} (Weatherly and Gill, 1981; Wang et al., 2000;
Cho and Lee, 2002). EAAAA2] 3= A 4] 7]7H(Gaylord and
Gatlin, 2000; Morshedi et al., 2017), At= A& (Jobling et al.,
1994), 35 34 (Dwyer et al., 2002; Kim et al., 2008) 5] ut
o th27) wge] 424719 44 F HAske ggeE =
A€ 271903 A7} Z2olol & Ao A= Hr}.

A4 olgjo= IYE ARZE Holof A A FTte] HAPo T
2E A7 F7bet] ARRAHEY ARlE %= PR
(Brett, 1979; Papoustoglou et al., 1987; Bolasina et al., 2006).
717 2 =& F S-HDS} S-LD F F4|F Ato]9] {9
g Aol YA ghoktt. kxR S-HD&= A4l B+
AEL 76.9%1A4 457k ol AFH F 83.T%= 6.8% HF
3B HY o, S-LDE 75.6%C14 89.7%E 14.1% |4 F0]
S7koto] Rmof mhE 735 2o & <153t Atlantic
cod, Gadus morhus<} parrotfish Oplegnathus fasciatusi’—] e
AEGREY F77E AT AR HEE G2 A Lam-
bert and Dutil, 2001; Kim, 2011), rockfish, Sebastes schlegelii
L wYE YT Holdg A ARNAY F7HE A
Fo] Z7k5H{E}(Oh and Park, 2016). °|2 W=o] 13 4%

Afolz oFd 3 A Ot tE 5 S Ao
Az

FHPFL o7 I D BYFHE RS + U= T2
3l X| 3 (Hrubec et al., 2000; Kim et al., 2017)0]7] wj&of %
A7l AT Az w2 A7 et AevstE 2Afstat
5t%iTh. ALB, TCHO, TP 18] 3 TG o179 FAte] 4 of
HA 28| ES Ye= X E2 (Caruso et al., 2012), Ho] A
g HSolu ¥F2F Tl g3l s, 53] "o &
713t 48 {28 Zo|g Yepd Tt (Furne er al., 2012; Kim
et al.,2013). ALB, TCHO, TP, TGE S-HD$} S-LD & HAF#
oA FEHoE 537 AT Fet FA AFES UYE
gk, Hol] HFF F NAFTolY I o]Fo R IEIA,
Kim et al. (2013), Rossi et al. (2015)2] AA)7|7to)| w2 ok
AH e 3 ET fARE AnE B ol /7Y A oy A A
Fd FHAY TGE FE8 AEHE TCHO= o7 9¥ 4
e} 73 WM sto]| whel =4 ¥3}stcl (Babin and Vernier, 1989).
2 AFME 537 "A77E 2 S oA ALBI}
TPY| ZARth= A& TCHOS TG a7t o ZA Uetyt
th E3] TGE HA] 25310 7|A] A2t} S-HDE 56.5%, S-
LD+ 68.7%= 74510, F-HD$} of5 ti 222l A5 Ue
Wtk A TG Hae A4 Al AW 38 2 At §4
£ g duA Yo AR 2 o] LAHoRE AMEH
Tt 23 (Hung et al., 1997)2 A=A Zc B3t o] 7= &
A Al AL AR O ARESHaL A7 Ao g HAo] XY
A AR &4 AR gl o]3}aR-go] FZlE o] Thuly
o] 7bg A oY P& AE-E o7t} (Love, 1980; Shearer
etal.,2012; Kim et al., 2013). 0] 2|3t oL R] ALE &AZ 0|2
of B2ohH AxA719 55740 g AL dlA T E= A
Aol a7t 3A vepd "9 A7|3E 7T ASE o
et ¢ 29E v]Ro] 537 A7 5 Hx k=
Al G H= AstE AT Hol AFFS 55l IE 7Hest
¥, 352 F-HDO] 23 $7He A2k wet AU 3
BRE FABH] g AR Y AHEe & 7HEET

BUNZ} CRE= oJ79] A4FY2E 750l ol4de] & o
Fedte A% 7159 AxE A T (Wood et al., 2003).
BUNZ Hzxo] k=& F 332 F-HDo|A §243] 453t
642405 mg/dLOE 7} & 238 Ho|I 452712 &
Aol vl wste] [§oJ5tA| A5t ol 2|g A= Kim er
al.(2017)9] 3H87] & A9 ¢+ Al BUN 4.4~5.0 mg/dL
o Bl E W AfolF B AR wZof 9T AFExE
JFE uFE Aoz wiE. B3 CREE 235 557+
A Aot DAY {03t 2to]7h A& E QT Jung er al.
(2006)2 3+E7) AA =9l CREE 0.2~0.4 mg/dLE A|A|
S, B Ao H2]F S-HDEF S-LDE 0.14~0.32 mg/dL
HAZ Zo|& Ho|X| AT, F-HD+ 0.73~1.36 mg/dL 9]

E



AR AJolE Hof Az kZo 9T A4FA=xE 75 ¢
P2 v)7 Ao AztE
C. polykrikoides A% k2ol 23t HAILQIC 2= HAH,
Ak2> Zpck(Shim er al., 2009), 8% A& (PO,) (Kim er al.,
2000a), & A4 reactive oxygen species (ROS)&} of7}a] 7]
5 A3HKim et al., 1999; Kim et al., 2000b; Lee et al., 2003),
o]F &4 (Onoue et al., 1985; Tang and Gobler, 2009) 5] X
T EQIT} Kim et al. (2000a)2 C. polykrikoides A% WZ=Y
FE o AYA HAY FaAAe EF P09 o),
o|g Qs 221F o= AT WLy} ofy| |t 1ASHS
t}. o] Aol A 5000cells mL7'o]] =2H FEo BHIYXE
WA, BIAMSE 7HA| 2] pHEE PO 7”\5]'5{1 A9t Ht, Hb2
Y&t Afol & HolA| ghol, Az =& F A AsE e
£ Aol xpolg Bt 3FAIT Kim et al. (2000b) &=
LEEo] FRHA= AL RIAVEE A #Atel 747t
7 A ARt pHE} PO, z;z:g Uehd Rog 2=319
I, HARA A 4bas 3] E5E o] A E o] e} He,
Hb 205 Uehd ez %&Hu} E3 C. polykrikoides <]
A4 DA ANA ROS7F A E Holu, Hzxof 93|
S E ROSE op7Hm|A| 9] 27, 7]524 AsHE oF7|staL
(Kim er al., 1999), ot7tn|of|l A Y ZH|E A=38}o] of7fn]|
71%6& AstA It of7ta] 7] A3Hs HY, CO, o]l o
st sAEFaA 0 EuA-E-S v A EF pHY
PO E #AE op7|gith pHE} PO, Tae EH9| A4 23}
E 33 Y AaiFo=2 010133\11‘1}, HAZx 22 Q3
ZafZ oA Wf AtaFE Y AFTES Y% F-HD HbY
o2 oitdh ae| 3 Aika ’%"EHL} ﬂ—’—‘%ﬂ A *}—4\—%‘?}
= A7 A & o v &
st} Htg $7H0A W88t A

et al, 1980), = Zﬁ@? 448 5
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{Hﬂi—J Aol WY, AAget 28 7 AR A A
25 AST,ALTE: o]59] AEHA (EEE AFLHTH Pan
etal.,2003). & @7 G4 ASTALTE 3EXHOE AZ =
Z£% % F-HDo|A £33t 715 2o AST, ALT= ZHZF 456
+£77,155£3 1 ULE A5} (o3 20| 5 Ech A9
717t % S&H, S-LD T+ ZHA]F9] AST, ALT %7} 40~22.8,
20~57U/L% AL AMSIH, Ax =& T oF 2ulj7} A535}
Aok SpetE oyt B/dAkae o3t A1 T4 UEu=
o) = =W 7hA| 29 &40 8 AST,ALTZL 5718k= A
o7 &gA 9lo] (Maita, 2007), 2,400~4,750 cells mL™' YW=
oA 693t C. polykrikoides ZZ0] =&H =59 7t 7150l
E4E Ao dE

FEEe WF FAE o7 2EA2 AR FYA A
S5 3 Itk (Barton and Iwama, 1991). C. polykrikoides 2} %

HMZA7| AS0| MAN UE ¥ 201

5,000 cells mL™'d] =29 =9 FEE $3& Q|21 5
AHeh FRHA = WA ek BIAMYE WA 7F 2H2E 24, 5u) =
2 FAE UEH o, A% =& g3 AEYA GO E 1
2519 TH(Kim ef al., 2000a). AEF A0 2E o] BL |2}
o2 FE]Fo] 7138} (Wendelaar Bonga, 1997), FAAS
frAol ot oA FaS Y3l SF2= AT (gluco-
neogenesis)= 3% FHAS 02 2 GLU £X& F7HA71
T} (Thomas and Robertson, 1991). & AFoAE X =& &
F-HD7} 165.3+7.9mg/dLZ S-HD] 1.548}, S-LD] 1.34) A
230 Q-3 2po]2 UERY o], C. polykrikoides A% =Z0]
S-HD, S-LDXEt} F-HD9J| ¢ & AEH AR L35 Ao 2 3
AEt

o|Akol A}, C. polykrikoides 2} 2| lr:%ﬂ & F-HDo|
A 7P 3 AEES Helon, AAGE 530 A7t
¢t Do FAglo] mrolv A S E‘ﬂ‘ﬂr- ol A7)
7 F AAFY FSAEH T AstE Aoz HojA 5]
T HAFEY o] FF T FELHE HEA THES
o, 45719 "ol AQFF F S-LDAA wE JFIES B G
ot z F-HDOHH AEF A0 Y N EE

i
»
ofN N
i
i1

3] S71ste], Az =& A HolgdH U= AAy
B faet AEH S ZAE op7|ste] A& 93 v A
S AAZ.

o Ok
0 =

E A= WA C. polykrikoides B2 Q3| WA ot= 4]
ol HALY & Fasetr] o AxA7] Ao AT
=9 FFF& AU sA7HF2 (11 m X 11 m X 5 m)o 4]
A 4]-1 9= (F-HD), 4-1 Y E (S- HD) 44 AL & (S-LD)
Al 2For FESFY] 5739 A T 4F79] HolggE

SOl AEY AEE, A, 4RI E 21 BT WIts
ARG Ak, E2EL2 F-HDOA 85.5%2 7H Wk, S-LD
£ 973%% 2 HEES Bk 5F9] A7 5% F
AT A%, AF AGEANA mrolyA S Hol H4
T} 893 2polE B YTHP<0.05). 3HA T Ho| YFF =
T AT 2R AR ES BYh 53] S-LD+= 9ol e+
717k Bt WE AR ES Fo BN AEFSE 2o,
Aot 993t 2po]E UEFHTHP <0.05). ALB, TCHO, TP,
TG @HEA S T AATY G = BAFoA A+

of vl §-ootA HastAARE Hol FF T AANA Al 5=
Tog wad 3EsT AE A0 Qg AEQ] He,
Hb, AST,ALT 18] 3 GLU7} A% *=% 3 F-HDoA £t
Al71oll FA3] Adgste], Ax2A7] A4, 1UE AMREES
FAoIFAA o mAT AT H o ALY Aer oA



AzA7] AAY dzo 2 YZEE,
AAe|E FHNYAS B3 AE EYE, AZ k3o U2
AAT dE 2Fo] AMSol{ TEehE Y V| 2ARR &

Al Al

2 AT 20189 FYSATE SARSLATARY (R2018
045)9] Yoz sa= 5
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