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Optimum Concentration of Alizarin Complexone (ALC) for Otolith Marking of Pacific Cod Gadus macro-
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Research Institute, Tongyeong 650-947, Korea)

ABSTRACT

Optimum concentration of alizarine complexone (ALC) for staining of otoliths for Paci-

fic cod was determined by examination of stained quality, growth and survival rates. Small juveniles
(34.1£1.8 mm TL, mean=+ SD) were immersed in four different concentrations (20, 40, 60, 80 mg/L)
and large ones (73.8+1.2 mm TL, mean= SD) in five different concentrations (1, 5, 10, 20, 40 mg/L) of
ALC for 24 hrs. The fish were then reared and observed for 14 days. The stained quality of otoliths was
evaluated by dividing them into four grades by the presence of fluorescent stains on the otoliths
under G-excited UV light. The small juveniles stained with the different ALC concentrations had 100%
staining success, and their growth rate and body weight did not differ significantly between treat-
ments. Optimal ALC concentration for the smaller juveniles was 20 mg/L in the present experiment. On
the other hand, distinct fluorescent rings were confirmed on otoliths of larger juveniles in the 10 mg/L
treatment with high survival rate. These results suggest that ALC staining at concentrations of 10 mg/L
with larger juveniles will be helpful for release-recapture experiments for stock enhancement of Paci-
fic cod.
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riguez-Ojea, 1997).

shbgd EAE olf7k AR o Fel® 1 =A9 4

Ho|] 7}3}e] (Campana and Neilson, 1982), A} #z] (Mc-
Farlane and Beamish, 1987), ¥} & 3} A} (Tsukamoto et al.,
1989; Yamashitaet al., 1994), /‘“Pg(Schmnt, 1984), o] A 2]
DRIREE SR & FAs: § B
ARE AlFgste Aoz %ﬁzﬂ %BP.

Alizarin complexone (ALC)& o]£3F o)A ZX|E&= 20,
Plecoglossus altivelis(Tsukamoto, 1988), 3=, Pagrus major
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(Tsukamoto et al., 1989), t A} o+, Gadus mohua (Blom
et al., 1994), ¥, Scophthalmus maximus (Iglesias and Rod-
riguez-Ojea, 1997), 3 %], Paralichthys olivaceus (Y amashita
etal, 1994) 53} & of] o|Fe] FgFe] e} =i}
Felle ALC EA5 ol 43 &3] o4 mlgaA W
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QAR (737 =, 2008), A RS B8 &dzAbe A
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Table 1. Effect of ALC marking on wet weight (#SD) and body
length (+SD) of small Pacific cod Gadus macrocephalus juveniles
on the 1st experiment

ALC

. n Wet weight ~ Standard length
concentration .
(mglL) (ind.) @ (mm)
0 Initial 14 0.2+15 235+1.0
Fina 9 0.6+11 28.7+0.9
20 Initial 14 04+15 30.2+1.6
Fina 10 0.7£1.3 323*+14
40 Initial 14 0.3+19 246+1.7
Final 8 05+11 28.8+14
60 Initial 14 0.3£1.3 29.0+0.9
Fina 6 0.6+1.8 32.4+0.7
80 Initial 14 0.5+0.6 311+11
Fina 3 0.8+0.7 352+14
J8, g2 9 pH 23 $47 27 (ISTEK, 815PDC)
£ olgste] 19 13] A8, 22 AF A] AbSpe

717] (KQMS, KRIKRANG060352) 2 o] &3e] A4 4o
A8} oA =8 98] MS-222 (3-amino benzoic acid
ethyl ester) & ARg-3te] whHshdx, A4 9 A2 1/20
mm Vernier caliperZ 0.1 mm7l#| &43l9on, 322
AAFA2- (SHIMADZU, BW 4200H)& ] 4-3}e] 0.1g7HA]
ZAstA 1) Ao A2 H9le 148~17.5°C(F
# 15.8°C), 982 34.7~36.1 (U 35.3), £24k4+= 101
~11.3ppm (3 10.4ppm), pH 7.8~8.2 (HHF 7.9)°]3] )
12k Aol Ag A1zF A3t Fa F Algele] Har A4,
AR 23 AFS Table 13k 3t} 221 Ao AR5
W9l 151~158°C (7 155°C), P82 34.1~358(F
I 34.8), §FAA4= 9.8~10.6ppm (¢ 10.1ppm), pH 7.8
~8.0 (1 7.8) |-
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A7) datas} AbEol] thsl] SPSS-EA 7)) (SPSS 10.0,



SPSS Inc., Chicago, USA)ell 23t 41 F-AFEA (one-way
ANOVA)< Al A 3}e]t}.

4. 0|4 ALC EHZE 24

=l

oA mEL oAl FidelA HFAM (sagitta) S FEI
¥, FR5E AAske ol B4 de AT XM Az
B3tk ALC A = A& 9] o)A JFmE2 o]
Aol FTHE 912 o] dideglassell ¥l vy ol o
2 13} 593 %, EpoxyE o83t 23} &9t 13}
¥l BR2o xlx (sandpaper) 1200, 1500, 2000 grid= A Ab<t
(sagittal section)&- <dw}s}z, 4000, 6000, 8000 gride] sdw}A)
2 B digldh ksl oM UV-33din] i (OLYM-
PUS, AX 70)%& o]-§-3te] FHaslgic). o] Mol FA= 35
Ao GAA == 107 o] 2 FHaste] ofef g} o] 0~3%t
Az T3

0=A3% 94 <t 2

1=3]n| g
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3=vlj-$- A9

%
7}7}e) o

W3t 22 =] 2ol v ®S Kruskal-
WallisH=Z v]w BA 39t}
4 H

1 ALC Aol mE ALE H JTE Het

1) 1z} A

22 Aege] A AF APFES ALC 5= 0mg/Le
2] 35%, 20mg/L ol A 14%, 40mg/L el A} 28%, 60 mg/L ol A
50%, 80mg/L| A 57%F deplon, AY Fa F AFY
2 0mg/Lod|A] 35%, 20 mg/LA|A] 28%, 40 mg/L |4
42%, 60 mg/Lell 4] 57%, 80 mg/Lel| A 78%S el gIT.
27ke) AQFel SlelM Alrge] Aol folsteh(P<
0.05).

Zzre] ATl ek A AF AF Aolr FoaiA]
gkokom (P>0.05), <=7t 4 5% ALC 3= 0mg/LolA
0.69+0.25, 20 mg/Lej|~] 0.72+0.20, 40 mg/Le|A] 0.63+
0.15, 60 mg/Le|A] 0.77+0.21, 80 mg/Lej|~] 0.77+0.16Z
vheh o] (P>0.08) 28k ¥kt (Fig. 1).

2) 25} A3l

27} = Aese] BH AF ARES RE AYTo
A 0%E ehlor], A F2 F AES 1mglLol
10%, 5mg/Lel|A] 20%, 10 mg/LellA] 10%, 20 mg/L o) 4]
10%, 40mglLel A} 10%%5 iejlioich Z7e] AR 7ol A
APFE) Aol #1817 skokeh(P>0.05).
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Fig. 1. Average growth rate of Pacific cod, Gadus macrocephalus
subjected to five different marking treatments by immersion in buf-
fered solutions of ALC at concentrations of 0, 20, 40, 60, 80 mg/L,
respectively (vertical bars denote the standard deviation).

2. 0|4 ALC ZIXFE 2M

UV light &m)7 (GRE) o2 o4& 2ad A} o|A
EeE B2 A5 dyus JAshy ALCr 9A
=i} (Figs. 2, 4).

1) 17 Al

ALC % 20mg/Lell 9] 934 s 774317} 2(= e}
A A, A7} 30 e Aoz BHEAT,
ALC 3= 40mg/Lol| A 2] 9 A== 37§A7} 2, 570A| 7F
302 BAHYT ALC 5= 60mg/Lel Ao 94 Aee
MA7E 32 FAA=Fgoen, ALC %= 80mg/LoAe] 4
A e A7) 3os B (Fig. 3), 247e] AT
ol glolA) @A A Aol $2l5hA kske(P>0.05),

i)

2) 27t A¢

ALC = 1mg/LelAe] 914 s 9hA 7k 0(A 4 <
H)o= HHHG ALC F= Smg/Lelae] 94 Axe
SHAI7E 1(FvsH )= BA= e, ALC 5= 10
mg/LellMe] G4 A== DRAZE 1, 770A7F 2, VRAI7F 3
o= AYEYF. ALC = 20mglLelAe] Al Hee
MA7F 3oz AAHFU, ALC 5= 40mg/LeA o] G
A= 9hA7} 3oz BYH A (Fig. 5). 2] AG Tl
QI A A= Aol 2515} (P<0.05).

o ’2

ALCE Ao} Yofl i) AzA EAE 93] AL4E %
Wo] o} el S48 7e] 3 (Kobayashi et al., 1964), 4%
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Fig. 2. Different alizarine complexone staining qualities of sagittal
otoliths extracted from 98-days-old Pacific cod. Photographs in each
row are of the same otolith viewed under the transmitted visible light
(left) and UV light (right). Arrow indicates AL C stained mark on oto-
liths at the concentrations of A: 0 mg/L, B: 20mg/L, C: 40mg/L, D:
60mg/L, E: 80mg/L, Scale bars=20um
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Fig. 3. Stained quality of small Pacific cod juvenile otolith by aiza-
rine complexone marking. Grades were determined by average of ten
readers assessments.
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Fig. 4. Different alizarine complex jne staining qualities of sagittal
otoliths extracted from 224-days-old Pacific cod. Photographsin each
row are of the same otolith viewed Lnder the transmitted visible light
(left) and UV light (right). Arrow indicates ALC stained mark on oto-
liths at the concentrations of A: 1mg/L, B: 5mg/L, C: 10mg/L, D: 20
mg/L, E: 40mg/L, Scale bars=20um.

T8 TR oML de=s 2Xs: d
QeI 7HE el & e gleh(Tsukar
moto, 1987). A A4 34mm o FRo| ws] ALC IF
Ade 3 13 AF Age mE AP Tl o]He] ALC
7} 94 =9, A sxl 20mg/leld 2R 1074
25 AHYY elatoz B ek ALC HH F A
28 20mglLelA] A A= 8e% 12w AF 2n T
2%z AYT F 7P A dehd 2 dTelA AA7
% 3 20mg/L7} AAF oF 34mm o) FE ALC A0

W* e AoEd 3 7P 2 ALC 5 =<l 80mg/L
oA WA AF 43% 18] AF F85 T 2% JEEE
vehfe] ALC 527t Fobd 45 Tﬂ% TR YL
Zasle Ao Uehgel 28y 2T s g7 2R
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g olgsled HRe
.]



10

Number of individual
o N » 2] o)
T T T T
> > >
—
000
585
|

Absent Faint Good Very good

Grades of marking quality per treatment
Fig. 5. Stained quality of large Pacific cod juvenile otolith by aiza-

rine complexone marking qualities. Grades were determined by aver-
age of ten readers assessments.
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g ALC xo|A A}52 o]Mo] ALC %A 3 9047+ A}
SAPT F AR F2F 27t dAR A fARE 23
g & 4 9loh (Matsumura, 2005).

9 P AA 74mm o+ £EE ALC 5= 1,5, 10,
20, 40mg/Lell A A3 A3zt 10mg/ll o] A2l oA 1
AAE Aelg mE AN AR =} AR oo
2 BAHATY =3 SmyglLolM = 8HA7L 3w G4
A2 A= o9} 22 Aol A, 13} A g
9] Alge]al FFAA 34mm 7= 5my/ll = 10mg/L
o] AgxeA -] 7bsE Aoz FEEo. 12 ALC
AA F AEEo| 23k AeME= 13 A Aol 2

ATl A 100%5 Hepli s, A F8 F AEE
N%=2 ot 122 979 75, ALC =4 F
TR ALTEE Fol7] AL oA 27t F5
g Zlez #AoEich 3t Nakagawa et al. (2007)
A 45 mm z3) 22 X)o]e| djs] ALC %= 30mg/L
3} 50mg/Lel A F1A g 244)7F F-2] AEEo] oF 62%¢<}
8%c|E2 o] o]FX ALC A HHe=rl vtu W=
Fox Basilah A= FFAdd 3dmme] 74, ALC
FE7F ol eS AltEe] Felxlorm® Smgl Ex 10
mg/Le] ALC z=ellr] A o] 7Festa ARg7]ee] W
gobd, 22 27], A= ALCAM = 2 AEEE 7
g oS Her FEHH

o (b o
o Jri o rln

10 4

o o]Ee] ALC A HAex: FE 80~160mglL
(Tsukamoto et al., 1989), 3] 80 mg/L (Yamashita et al.,
1994), =&, Theragra chalcogramma 25 mg/L (Katakura,
2003), =35, Arctoscopus japonicus 40 mg/L (Tomoda and
Kuwada, 2006), A}5=%-, Takifugu rubripes 5~ 10 mg/L (Mat-
sumurg, 2005) 0.2 AFE-5 A 9|ska BT oo Hls}(’%
¥ AL d 5 Yok =T A 19mm FE Fue) A
80mg/LellA 160mg/L2 ALC A Fx7} EoldyE o
A Awrl Ags] 2cky B skl ol (Kuwada and Tsuka
moto, 1987). 121} 1z} AdeA] "l xS AL 60
my/Ls} Bomg/Lel A A A Fsh Y Fa A A A
A47) 50% olAto g Z=rlslgdar, 20 mg/LellA] A 3}A
A Hglowz gt ;(]o{_q ALC FA AA=x= o=
o]ERT} o Aoz FA=r], o]} 7ol HAIE ALC &
Az ofFrict B e YPEAL) Fogol 71215}
Aoz RN el WalHE Fobdel A77) B
2@ Zo= Audd.

ALC 5= 20mglLels AME 7 o4 H4% 3, 9
uh 844 bt fekow ALC #A) Shelo] shsstgied, A
F~E- (Matsumura, 2005)3} -2-o] (Tsukamoto, 1985)¢)| 4 5-A}
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A% ALC ¥ =2 0, 20, 40, 60, 80mg/L 2, HAo] = X]o]
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