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The Effects of Elevated Carbon Dioxide in Seawater on the Early Life
Stages of Black Sea Bream Acanthopagrus schlegelii
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JeongHee Shim, Kyungsu Kim'* and Suam Kim'

Marine Environment Research Division, National Fisheries Research & Development Institute, Busan 619-705, Korea
'Department of Marine Biology, Pukyong National University, Busan 608-737, Korea

Since the industrial revolution, seawater has increased in temperature and acidity due to the increase in anthropogenic carbon di-
oxide in the atmosphere. To understand the effect of elevated CO, on the early life stages of fish, we reared fertilized eggs of black
sea bream Acanthopagrus schlegeliiunder three CO, concentrations (400, 850 and 1550 ppm) for 3 weeks. The standard length and
wet weight of black sea bream larvae declined with enhanced CO, concentration in the rearing water (P<0.05). However, chemi-
cal analysis using ICP-OES on internal tissues of black sea bream larvae indicated that the whole-body calcium concentration
increased with CO, concentration in the rearing water. These conflicting results suggest that future experiments should examine the

acid-base balance to investigate the formation of bone and otolith during larval growth.

Key words: Ocean acidification, Larva, Growth, Black sea bream, Acanthopagrus schlegelii
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34 vk-S-ofl oJsf pH7}F Wolx| = @0 =, A2 d3el o
ol 7] 5 o4ttt o] F% SR Uit g2l A
T wstolnt. a0 4Hd3t kol 7]Q1ek s ElAI
H3} A= 2000 SolehA] AlA| A o= 2hiFstA| X1
31 9l K(Feely et al., 2004; Orr et al., 2005), ©F27}Z] =U
oA A7} Ho] o] Fo| 2| ] ¢k Aol A A of| Hr
H Ao g RE2 AR oA FREEEL] Ao
U /g %ol| g Aol Sitt. 53] €2 0] CaCO,E % 5=
BBl LAk, 350 79, IS sl 2kl 2
2hg-sto] w7t ol ALY A4S AAAIA o529 Ad
Aol 2 &S u] x| 1L Qlck(Delille et al., 2005; Talmage and
Gobler, 2010). ¥, 225291 ol Rol gt A7 o} 2
H15}12] -0t (Fabry et al., 2008), o]= 2Hi3] 2-2]o|= o] F
£ Yoz she ARAo| 37 Sl uls) Al 0w of

225 2o u]s) Y2AS 7ML 35

7 AR JPAY RSl &
A0 2 gAY 4= 7] ufjFof|(Ishimatsu et al., 2005) AFth 4]
o Sjobashe QIet R A7) we Ao R daE ] u)
2ot} eyt sk st R QIS EE2 vhgol T, A%
A, AR 5o = ge] UEE = (Doney et al., 2009;
Kroeker et al., 2013), s} A elj A o] A9 tA| 32 Ao Q15
o] thilE] Ftof| & 7| E k= ol 78 e R E A=7Ql
A7} Badt Aoz QYZIHET) B =Fof| A& o] 23t F284
of q1A]sto], o] F 5 WA AYA o} FAFLE o5
1 Q= A =(Acanthopagrus schlegelilye Ao} E 0 2 A
eisto] Aol gk Atshaith Adw2 =4 S0 m o
ol HAISH= U4 ol 0.2 AAIx|efe] wio] 27 eron,
Syt A-dell, 92 Bl o, W, Fall, sl 5
of] wagteh 4kt7]= 3-7Ho|H, X4 AsAE SRS A
217 em (29), G472 20 cm o] Ak, 5-61d 0] EH T Ro]
g3t Akel7] Skl =4l 2] AFRFRIEHINFRDL, 2010). 7
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Table 1. Chemical properties for seawater in three experimental tanks in July. Calculated pCO, was computed by CO2SYS software (Pierrot
and Wallace, 2006) using measurements of pH_ ., total alkalinity, temperature, and salinity

Target pCO,

NBS?

Temperature Salinity Total Alkalinity

(ppm) PHuss () (psu) (umol kg™) Calculated pCO, (ppm)
400 8.05+0.05 20.0£0.5 32.4+0.6 2280.2+1.35 574.0+0.35
850 7.80+0.06 20.0+0.5 32.4+0.6 2275.7+0.25 988.0+0.11
1550 7.73+0.03 20.0+0.5 32.4+0.6 2266.60.81 1297.2+0.47
CO:2 cylinder

display
400, 850, 1550

CO:2 sensor

sea water in

—>

water line

reservoir
400, 850, 1550 ppm

- mixing
air filter % chamber

vacuum
pump

msaa flow
controller

aquaria aquaria

air line

'L drain

Fig. 1. A schematic diagram of experimental system for ocean acidification. Total 3 systems are used for 3-levels of CO, concentration dur-
ing this study.

2H| HE XOR o5l AES FUHloA SHAR @ %A (soda lime)7} Z-%1 57| 2 € (air filter) & 5-2}5HH 4] 0]
o] A= 0]F 0 & S o] TEdstal gro] Fof iy SI7te AbstERA 7} QB3] AlAHE A 2 92 (mixing chamber) 2
B 11487} 57FHL QITHKOSIS, 2012). ©o]of] 1 3Ate]lA] U=, ojikstet A7 A= Y 3552 (mass flow control-
L Aol 7] o] Q)/9kA] tjAro] &l ZHA =0 fjoFAkAl sl HiE] ler, MFC, KOFLOC Co., Model 3660 Series, Japan)= 7%
o gt AYefjstha], Ay elsha vhg-& Yef=2of tial] AR} A 2R FYE o], A=t TFX Y= oSkt AT} A
3, 1 AFATE P O B RS 7| FRIsto]| gk =AY o2 A% F719t 4= oAbkt A 7| A7} Al o] Al Ht. o] A ™ P4
< upst=t| glol 7| 24 R = g-g-5kaAt itk w5k 2 A E H 23kx yHe| 37 ojAkgketa F = £47](CO, sensor,
2 433t Gkl tigt aljgFol 2l Bhg-olah=s A= Fokel SOHA Tech., SH-VT250, Korea) S AF2-8}0] 142 0 &2 =4
gt AA AR, G ol 2fgh Aol Bete|ojok ek 3 StHA 7t A SAE =S otolnt. 2329 37
=2 AAsFaLA} st thA] A2 2 (vacuum pump, KnF co., N86KT.18, France)S

Eato] AR A& Al (reservoir)e} ARS 4% (aquaria) = ZHzt

M= % EE A48 0 2 ZFE R (Fig. 1), oS Fo AT gLz
A U £ o AIBEA TS S AT 5 YRS Stk

Aoz 93 60 Lo Y8 225 ALl on mA 8 A

kS mlotab ¢ A Z|sto] df 7] ARE7ke] 7]A| weko 2 Qg AR U] o]
N ig. 1). s AR B ST AT ER AR G20 B i
£ 5Eo ojieletag ThEE 3] B3t MBS ARST 3¥3huf, 2 a10) 4] Bo] HEE|A sto] SRR gt o] Akslet
LS R T 20 R TRE 9T s olAkseta 5 2 e =0 EAT WSS WAk e T e ARt
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Ab§p4-9] o] Akl 277} 400 ppm, A =0} 1%
TEAm= 242 850 ppme} 1550 ppm= A5 oH, 2 5
T AR 7] olitehEa: I 4ol H, 850 ppmit 1550
ppm [PCCO| HlEAIL2| 2(SRES) F FZHALIB) #of
(ATF D&} Aly] 204 42} o 4Fsh= 2100 Hf7] o] 4kabet
2 ol gt HIPCC, 2007). o|uj o] pHE th2kz o & o
ZF81, AsET 79, Al EF 779 o2 ZF AR
2 pH 1]E{(5 Star-pH meter with DO sensor, Thermo Scien-
tific Orion, USA)E o]-8-5to] v 33] S4s}o] 7L 2|5 &
Usheiet. 2l g7) EkzolN SHEE ojbsekarol
AFS420] pHE 7174513 1 9] BHar 92} R sets}] 9]
3, AR o] U E| =5 24 th(Dickson et al., 2007).
ojuff T == /Y87 AAHHS o]-83tod, Dr. Andrew
G. Dickson(Scripps Institute of Oceanography, University of
California, San Diego, U.S.A) A& Alof| A A5t 242
(reference materials) 7483 c a4 A A} & F8F
7|8} oAbtk a = A A oA SATE pHEE FUA
TE o]g-3lo] CO2SY S =2 13 (http://cdiac.ornl.gov/ftp/co-
2sys, Pierrot and Wallace, 2006) 2.2 A4} th(Table 1). 1
A, Yohel $20] oAl RS Ee} AR AR ol
sk 1z Afolo] thas 2ol 7} glglek: Bl 7(eF 570 ppm)
S} A 7(SF 1000 ppm)= b4 39k, (e 1300
ppm)L T W9HE. et H o] ulsh AT oA
sjeks 557 959) RonR, sepbaste] darg Hrte)
7100l 2 2A7F e ALz ATk T3 29 oj4kalet
SEe HE7|eh weto] AgkshA]| obe WHE Aol A
e R e R R e A s
3

FR(O|AEEA F 5k 39 X 2 RHE)of] 221 2000 4]
83T ARS 522220+ 0.5C & SR H 9o, AF&4=9]
b F e Bs oA oF 10 mg L= -2 = A 5F3
AR Y8 3457] = 14L:10D2 AASHE o, Al =
AR B3 5 7Y = wEeHA] phgkow 7Y o] S HE W
$hE AlAbsto], A eSS /dEe Hol= &
ol & 2URHe] 2 E|w(Brachionus rotundiformis)s 353
Fom, 13t 5 14Y 73} $HE = g v|oH Artemia salina)
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Table 2. Results of statistical analysis (one-way ANOVA). (a) is
length, (b) is weight result

Source DF SS MS F P
(@)

Length 2 128241 64.121 69.48  0.000
Error 616 568.476 0.923

Total 618 696.717

(b)

Weight 2 63.010 31500 21.78  0.000
Error 613 886.690 1.450

Total 615 949.690

o} 2ejulE E3 Folsteirt.
Az A

SHPAAT AR AN A S AT 3T ALS T A
AN A ol skl A AF-L 2ok A 24 7
AHZ AA|E o] (Carl Zeiss co., Discovery V8, G
3lof| 4] 7| 2K Carl Zeiss co., ICC1, Germany)Z ©]|-8-3}0] A
A& Ao, A 7 T3 (Carl Zeiss co., Axiovisiond.7, Ger-
many) 53l 7HA| 2] A2 A EsHA S5k Al 24
& GHHA Rl Ae-& o] g5t SAst] o= A& 2 AiAY &
ool w9 20 B2 b} e S o §aksich. Al
micro tube (AXYGEN INC., PCR-02-C, USA)°] && ¥3
& AL 5, ZF H5 0| 8 ddl= micro tubel] FAE U &
(Mettler Toledo co., AB204-S, Switzerland) ©]-8-3}o] =74
SF3ITh. ©]% 7 micro tubeo] g5 201 & gt mil A HolA
FAE ThA] Z7g5t0], 11 2to] &2 2|0 o] BAE ALbslelr.

TS Al&(Z]o]) el EAst= 2o =5 45| 9
stod, ZF Aedto] Als it 541 =(SAMWON ENG,
SFDSF06, KOREA)S}L 7)) 2oba] Sabe 5 giet. o] 5 3t
57| 2B A AT ATE (FARIE o A ICP-OES (ACTIVA,
JY HORIVA, JAPAN)Z E45}5ict. ojpe] A2 24 23}
+ Minitab 16 (Version 16.2.1, USA) =213 © 2 One-way
ANOVA A &4 33t
Zn U B

AR e} vl ol == oliketRtA: FoA AdE A olE
359 52 AT AT AR S W olkstel vt 57
Sl wek 2 Ax|ofe] Aol Asfuh 21 Sl 4 o)
2TH(P<0.05, Fig. 2, Table. 2). #|3<] 7<%, o 21400 ppm)
AL 6.5+0.17 mm (B +EZHHE HPoL, AEw
(850 ppm)2} F = (1550 ppm)l A= 242 5.8 £0.12 mme}
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Fig. 2. Growth difference of (a) standard length and (b) body wet
weight of black sea bream Acanthopagrus schlegelii larvae of 21
days old at various concentrations of carbon dioxide.

5.3+0.10 mme| 23S HArh AT 2ol 7 =
A(2.8+0.21 mg) UEboH, thgo g A5kt sk &
M= 7¥7F 2.5+0.15 mg, 2.1+0.14 mg?] 3+ 2k o)A
7 olksteks SEA SRS 24Ee) AP AlFe v
& 3he ol AL, H4o] olstEks b= ST 4AE
of 7] 4ol i ofabg ks 2 elnjgic oleig 2
e ThE A7AREe] of5el 94 9 AojglelA] ARe
7o} 2 22|59 thMoran and Stettrup, 2011; Baumann et
al., 2012; Frommel et al., 2012). Moran and Stettrup (2011)3}
Frommel et al. (2012)2 thA % 2] RFoQ} 2] o] & tijAfo
2 ojileletam =g dE|ste] HiofRt Ax, oliketetavt =
& 2 oNA A7 2850l fls Afole AL R
7 S Below AAEE A5 dagitiar Bastel
t}. Baumann et al. (2012)%x 7|44 of] A A)5}= o]5F Menidia

2717478l vAe 9% 865
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Fig. 3. Concentration of Ca in the whole body of black sea bream
Acanthopagrus schlegelii reared at each CO, level.

beryllinaZS thAro 2 A35H Ay}, o] AglEl4 %= 1000 ppm
of k= A O] AEE 2 Aol 400 ppme] k== 7 A H
o 242} 74%, 18% rast3l o, B3t 2 ojAtaleha F
of =ZH AANA FIAY FEA = FH FA8S © ol
Atk A stk

b, i AFAELS sjFabd ke duba el Aute} vty
2, o AtalEke S EIL S71EAR ol R A0 £ JRL
Ath= AE A A5F tHMorgan et al., 2001; Munday et al.,
2009; Checkley et al., 2009). Munday et al. (2009)= =2}-2-1]
%](orange clownfish, Amphiprion percula)®] 433} z}of
£ C0,400-1030 ppm 2H7g of| A ulj ezt Ak, Ao} 2h7g o A
wfebel Aololl A ool ula A3} HFo] 27} 15-18%,
47-52% Z7VFF il 253t Morgan et al. (2001)= 5
] 741 (rainbow trout, Oncorhynchus mykiss)E pH 5.21| 4]
oFstel e o, wjo] ]t 4ol S7ket Ak A4St

3+ Checkley et al. (2009)+= 5012] Y21 white sea bass
(Atractoscion nobilis)®] ©14 715 FAHAEN|FoR &
zZet A, o gEA w2 olilslieta: 55 (993-2558
patm)ol| Al Z}2k white sea bass®| ©]4o] tfztof H]glA|
7-17% AA Azt Aoz Busteit. s it s duta o
B BAEEE(CaCo,)0] 34 Ao s, 4t2 & B2t o
FrollAl A A e m A-gsh= Ao m gt 1 SHolA
b o 2 PAE offe 4 oo Jake uE A
© & A7}E|L}, Checkley et al. (2009)%= o] 2} AHikE A a2 A
Ao, o]o] Ygle® of 7o) A7 BE Al 715
AAHAEE FAFFE= e o7l 4-A7] FFA A
Of5ff o] 4] 9] A|Hof T ] [CO,* s =7t S7tste] &
AP I (Q )7h okl e, o] & Qs o] A Al &

arag

3|2 E8o] B9ld A o7 Awslelch Cooper etal. (2010)%
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2 olnlatul, 2 A 24 20] 99%7} Bo] BEg
(Johns, 1977; Nordin, 1976)+= %2 112{3}'H Checkley et al.
(2009)7F Aleket "2 /352 o4 W ZAFA o= 43St
o] thax fEfsHA| 285kl 7Hs/d o] ik et
TAT= ShA AGR U=, A E s s ST Ao
o™ E3F SAREE T HA FA ol gt A2 A 5
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