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HE ARG KK BAREE R T %k, A #(Paralichthys olivaceus) - % 45 (St)pRiE #EAT
. Lh4ixE 1. 8, 64 glkg (StCLy6HO/M8 ) 3 M, T SrClLy6H,O 7 Ania £y 4t FE 41,

HBARIRAR 10d, BHRA30d EREE, FIH EPMA HEAN AT A #TE ST EFME LN, &
MEF SrAFEH R, ERER, 8. 64 gkg LI A E A HIAN Sr47iE. 8 gkg 4 EH Sr ARt fa
HAT R 2 15, 64 gkg 4 HF SrAF TSI A PB4 455 6 1540 18 £, Sr 471t &8 fE & AR D
TR E S T A, A BE A EKF R LI, 1. 8 ghe #EAL2K S H(11.11£1.32) cm #
(10.88+1.07) cm, # 7 B & (P>0.05), 1.8 glkg # /L4 5 0. 64 g/kg # & 44K % 7+ B 3 (P<0.05),
HAFAEE Sruk, TRAAKEK, FIBHE, EHEALREAELH AR, %W St LE
NAGLeTE AFRNERKELXEL TERBOAFCHER T H WAL RE, ARFHRATTHHA

MRBRRITFHERET 54 %4,
X 52 S2ATIE; B A, T
PESES S931.1  XEERIERE A
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ME—BPRMA S, BILAMRK BRIESESE, AR5 E
WK AT, TR, hTIRES Y™ E,
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2013; HEFEAE, 2015), FKELE 20 et 80 TR
HEAT 2F S 36 B BT AE % (RSN 55, 1987), [HAUEBLAR
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& T RIS ER, BAT, B A SR RS (R 5 cm
Ze A BRI TARSMRIC B T o A bR 10 7 B A T
A S5 EFRA L 5 B (FE &M, 2015), HAT,
F O St B 22 L AR IR BT AE, B B AR ME
T2 5 B SR AR 138 22 05 DB 1 (2 W4,
2016), DR, 29 TF & —Fhid 5 AR S 61 i FE AR
PRic ik

H A G R AR SUbR i J2 0 2SR 0 O AT 92 454 rh
1) —Ii B AR FB, AR MENE ARAEDT 1k
UIBUE U Bk R A 2548, 2 2P il P 4 41
HAAZEH AT LR HSE 10 28 AR I S5 A= 125 8 i
DO A B e 2R A7 B SR 1 280k 25 AR 0 5 1 36
BAEE(EEH, 2015), KIME A fb2Ec =M h
FRMEFRELH LI A ML, Zead AL i 55— R 50 A 3
HRTURAE B AR KA E(EBIEAE, 2011), B AN [
M A4 4% Jc R UT BLUARAE . B O & 48 4 (Elemental
fingerprints). #E(Sr)JCE H 8 H T S i £ 25 Y
W RKASEIE Dy, SR T RO RR A A A B
AL TCIRGAIE . BRSO S EE A HLE R .
e, AOMEREKET S kB, A ESF R B E A
JAl Sr i . R BRI St e R s8R ic I H Yo
AR IC AR TE W T 0 28 T ST B R T 12 (Skalski
et al, 2009; Schroder er al, 1995), FER/K iR
FHW A RIE (ZEFH R, 2017), (HAEREKAFRICHUR
N R DG AN, IR HGE 2 ok fE SR A

KPR BRI St AL S W TARIC, (Hik = 8 i i
BHEEIEST S ARICHIWTSE. L, ARBFFEUER I
AR B EAT A BEHAT Sr ST RIEBPRIC I AT AT
A7 2 S FE ORI | D0 BF 5 G I SR s B
BERLEARHE , R, WO K 2K B A bR ic T
PRPE I A LR (5 B AR S %

1 #MR57FE

1.1 ¥ H*®

AT 2016 4F 6 H 24 HEHE KRR
Be LT o SIS T IR AT, SRRl 80 HR .
21:(6.58+0.59) cm A G4, S FRAEAE 300 L
YA R KA Y, 4K 08:00 Fil 14:00 4545 M 11K
THEARA RS R, 0, 1. 8. 64 g/kg4
St ARIC AR JEE (SrClL-6H,0 o/ UKL K} k), FFZihs
0 10 do 580 5 20 S0 560 A0 R — 350, B4R 400 B2
FrRic iy, R Ry fa iR S 2%, SCEf
PR G LIRS, PRIEAS B R X oAk . B E
WRESH G, oK, SRIF s AKIERARE 24 h
WK, oK R S G o bRic R0 S A R R S
AT R, brids 30 d &0 Se i Al KR IT
RAEFEA, 20°CORAFE. 2510 RE 4RI 2 D REAS i
TTHAMIZES IR 1),

£1 FHEARUEHFESES
Tab.1 Sampling details of Japanese flounder for otolith microchemical analysis
A4 g 4 N ) 2SS I
Otolith code Fish code (e/ke) Day after marking(d) Total length (cm)  Body weight (g)
BDHFEO(1 0-30-1 XFBEZH Control 9.3 8.7
BDHFEO02 0-30-2 9.9 11.1
BDHFEO03 1-30-1 1 9.9 7.7
BDHFE04 1-30-2 30 9.2 6.7
BDHFEO05 8-30-1 . 9.9 13.6
BDHFEO06 8-30-2 9.6 8.7
BDHFEOQO7 64-30-1 64 10.1 9.7
BDHFEOS8 64-30-2 9.9 9.4

1.2 BERRERBIAE

P T DU RAS B , 2580 2 210501 e BOR /R X
—E 2 BRI AT, MUY I) | ISR T
BB R AW S, K PR UE, 38 CHET.

BT HAREAT AB BEFEDE R SRR -, =il
B & 20 min, FHMEM G (Epofix, J}42 Struers 23 Al ;
rensin 5 hardener i L 7 : 1)U, 38CHEF 12 h
PLEo ] AB B B B E e b, 222 h #E
(i1 Ji5 {67 FH %€ TBC A 4 M 185 56 1) B & ML (Discoplan-TS
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A, PE4 Struers AR VIFITRES . VIH| S FRA LA
(500 HEPE). KiEE(1200 HU0)FTEE ZH -G 0%
&, FHEHHL(LabPol-35, F13F Struers 2\w))%E 4541
AL B A OE O, = HoA S oA K
IR o FERA B K B A YE S min J5, ARKMG:
TUET 24 h, SER TG, i H A $EBELEE-420,
HA RS 2P (36 A, 25 s). AHEINTAT
Fotk, ARSCg—f AR B AT 0 RIE LU0 .

1.3 BERTREYLSH

fifi F H A B FRR &4 TXA-8100 B HE FHR4)
X BT (EPMA) 47 H-A7 St Fl Ca B3 2% 20T o
HHEABODIERKEEETRAHGN— K ELETE
&2k 43 M1 (Line transect analysis), H TH-AH Sr B+
FHIE/NT Ca BT & E, HREPRHLE Sr/Ca B
Tos R, G —H St 7 &aS Ca g1
FHEx10° B HE R . EPMA (IS 8B0E : I &
J 15KV, BT AREA 2.0x10° A5 REEEAS N 2 um,
IR 15 s; AMEE 4 pm L2 00 TF] 50058 o
o AR 2 TR IR 55 (CaC O5) FIER R B (ST TiO;) » BT A
B2 51 58 5 BEEAT 1 53 M (Mapping analysis). iX
i, EPMA sk B FE AR F oL 43 15 kv,
5.0x107 A, REE B 20 2 um, 45 S0 BB ] 4y 30 ms,
%N 4x4 pum,

1.4 #IFELIE

FIH Excel 2010 X} 5 4 4 Bkl () Sr. Ca &
i M Sr/Ca LUAE . WG s B A2 S 000 1A T3 2
AEFR, JfXF Sr/Ca WIEAVER] . ffiH] SPSS 19.0 kA%t
216 BE AL AN A By B Sr/Ca HOAE M AR K B A7
Duncan 28 HAE, K56 4586 B2 4H A AS ] [ B 5 %6 B
4 Sr/Ca WE M AEKZESFPE, P<0.05 BREFDE,

2 ZER59Hm

2.1 BHEATFEEAEELSH Sr/Ca LL{E

B 1 AR E FR5E 30 d FBEH A7 E LR Hr e .
XTHRAAFN 1 g/kg B EE AR RRE R Sr/Ca {H
(P>0.05), AHBL Sr/Ca HlHmIE, UL 1 g/kg BAEE
HARIZ B B St TR IELhric . 8 g/kg 1 64 g/kg
F B 4H 73 BRI 1~2 4> Sr/Ca FUE I 14 , St I [X. Sr/Ca
Fo B 0] iR 2H 22 5 5 35 (P<0.05), 1P 8 g/kg il 64 g/kg
FhREH I N TR Sr LR ShRIC . HE—4 0
Mrissn, 8 g/kg BAEE4H ) BDHFE-5 7E1E 2 H A4 %0
[ 780 um AbFF4f Sr/Ca HL(E B 3% K, 904 um 4bZ

J&i Sr/Ca H(H# T4, H) BDHFE-5 1EH B H- 44 1%
L E 780~904 pm Ab A7 X BT 0, e R I AE A
10.18; BDHFE-6 7EiE & H- A% .01 780~956 pm 4k
o X BE e, fm (il 10.73;5 64 g/kg B
“H () BDHFE-7 7EFE 2 H A7 %01 640~724 pm b Hof7
X B s, o e Wl 62.60; BDHFE-8 1R RS
HAOE 560~684 um A FA7 X BOE B 16, Herm
WEE R 143.64, 8 g/kg BREEAL Sr UE(E Jy 1E & ¥IEAT
Bl 2.14~2.22, 64 g/kg BRI Sr E(E Ry 1EH YIMERT
B TR 6.60~18.27, FRIABAM IR, Sr LEAE
B EUi e B GR 2).
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Fig.1 Fluctuation of otolith Sr/Ca ratio along line transects

from the core (0 um) to the edge in the otoliths of Japanese
flounder (P. olivaceus) from different concentration groups

Sr/Ca H{H Ratio of Sr/Ca

22 BHGEAFEEAFETENEST

MAREE PR 30 d IIXTHRZL . 1. 8. 64 g/kg
JE Sr JCEAEH A L UIRE AR 54T BT,
S5 UL 2 % BRZEFN 1 g/kg BB RELH AT R H B
BURRHE 8 g/kg Fl 64 g/kg B EELH I I PL T 40 (57
A, SH ARSI R 8 g/kg Fl 64 g/kg
Tofs B85 4 T %o A 4y £ HoA 1EA T A B Srot R R SR IE
{H 64 g/kg B4« B ERIRHT 8 8 g/kg BRI 5
H 64 g/kg M B4 i BEIRAT " HIE 28 B A 30 28 B0 55
8 g/kg FREEZAMHE, Sr & HL#L 8 g/kg B EEALIN .
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Tab.2 Fluctuation of Sr/Ca microchemistry in otoliths of Japanese flounder (P. olivaceus) from different concentration groups

FRRE  ppn g WERE o STRNCHEDHIERIERS SRy EW IR
Feed marking Sample code  Phase Dete;cted St/Ca ratio Multiples of average values Multiples of peak value of Sr
(g/kg) points of high Sr area to normal to average value of normal
X HE 2 BDHFE-1 I 215 4.1240.66° - -
Control BDHFE-2 I 238 4.07+0.74% - -
1 BDHFE-3 1 298 4.28+0.78" - -
BDHFE-4 I 354 3.58+0.82% — -
8 BDHFE-5 I 195 3.47+0.81° 222 2.93
I 32 7.7241.49°
il 1(848 um) 10.18
v 42 4.37+0.70*
BDHFE-6 1 195 3.84+0.84* 2.14 2.79
I 45 8.23+1.38"
I 1(828 um) 10.73
1Y 104 4.46+0.74*
64 BDHFE-7 I 160 3.51+0.84* 6.60 17.83
I 22 23.15+14.06°
I 1(660 pm)  62.60
I\ 53 8.72+2.65"
BDHFE-8 I 140 4.27+1.08" 18.27 33.64
I 32 78.00429.73¢
il 1(668 um) 143.64
v 59 9.64+3.47"

{E: 19 Sr/Ca LAHAXT R E BT BE, 1124 Sr/Ca HAH W E LB BL, 11109 Sr/Ca MO fH W35 A2 AL BER e iy W (6L, IV oH
Sr/Ca HAH B E AL ER R BB . [RIBIAS R AR 7R 22 57 B35 (P<0.05)
Note: [ : Stabilization stage of Sr/Ca ratio in otoliths; II: Stage of Sr/Ca ratio significantly changed in otoliths; III: Peak

value of Sr/Ca ratio in otoliths; IV: Stage of Sr/Ca ratio after significantly changed in otoliths. Values in the same column with
different letters are significantly different (P<0.05)

23 £K5%T

H R 3 AlAlL, il LAl S A e K E R AT
F(P>0.05); K& 30d, 1 A8 gkg BhEHEKER
AN, XA 64 gkg BAEH K EZRARE, 1,
8 g/kg Bh B A B4 i K T X IR | 64 g/kg BHFE
HAKZE S B (P<0.05), bRiciila], #8640k

ISR e,
3 it

3.1 HARSRIERENATE

Hoq BAT AR A e A A 1, R FEDLIRI to
AN HE B, DURE B A R B AR B U R RE R AT
TRAF(REHESE, 2015). PG, Al 24 ks 0 2 J

KSR EY TR SR T RER A L AETTR
Frid, FFARALRAE . Judd 55 (1965)F H KM K 1615
BB Sr ot Z KR BRI 2 0.1 pg/ml LLF ,fdf Sr ot
1R —Fitrig e E T g

A HGERR, MERICANAER, Sr AT &
BT R e 23 B St ARICIH 2k o 4N Yamada 45(1979)
4R KRG £ (Oncorhynchus  kisutch)#t47 Sr Fric i
KB, bnie g R G, AbFRA Sr R X LY 32 4%,
Bk [ B A FRZ R X BRAA Y 1.4 4% AE R B a5,
AL PRAH 55X BRZH TG7E X 43 o Steven SE(1995)WARIE T
LG . A A i RO 2 (A A S ) Rl HL IR &
A5 B R BTG (ICP-MS) S5 Aol 7 i H g A il 141 — 1k
Ja WA AN . L, BEE AR, Ha L
Sr FRicHR 4> Ir o5 e Mok > TR ] T HA
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Fig.2  Sr concentration maps in otoliths of Japanese flounder (P. olivaceus) from different
Sr concentration groups at 30 days after Sr marking experiments

£3 R SrOREAFHEKELIER0=30)

Tab.3 Variations of total length of Japanese flounder (P. olivaceus) from different Sr concentration groups (n=30)

TiH Items

TR kHRiC Feed marking

X HEZH Control 1 g/kg 8 g/kg 64 g/kg
W45 Initial 6.61+£0.81% 6.81+0.59* 6.68+0.56% 6.22+0.41°%
13 Resume 30 d 10.24+0.91° 11.111.32° 10.88+1.07° 10.26+0.41°
H # 2 Daily growth rate (cm/d) 0.12 0.14 0.14 0.13
e AT R bR 328 25 57 18 35 (P<0.05)
Note: Values in the same row with different letters are significantly different (P<0.05)
St bric kit AR . 52 A0, EPMA FTLUEs- 8T RN, RS .

HoA B ryA AL E Y S & IR AL, A
SARCA AR AE IR, wT ke LR R R . i R
SR AT LAV B 52 R 10 O B bR iC S & i A5l ;
I T A3 T UL ) Sr AR ICERSEAE | WY IR
PRICLEAE, E— A I A T R 48 SO i A RO
%o

HAy Sr brid I 7E2EIRNG . AFHES . 2l Ko
fAEARIBBARIC, XARIC AT KA KM AR,
BAERI A, S5ghim B/, & A RMERIC. HAa S
PRICAZARRE | A RAER I, Wit Z0ARic . A
KAEB B & AT R FRMC S T, KA ARG

3.2 AREFIESMFEEXTEIRICHI RN

0 2558 1 FUK AR s B A ag 1%, B R i
AW, & —F 2580 ERICREIE A E
(fF E 4545, 2007; FEi%, 2015; Troy et al, 2016).
I, SrFRic v] LA i 12 AN R B AP Oy e i RO
ZE(2015)K S Sr &N 12 mg/L BYIEFKFRIC K
(Pseudosciaena crocea) 7 d, Fric i BUFERR S Ho A0
) 0.65~0.80 mm Ak H-A7 X Bt . £ R AF(2015)fF 58 & W,
AR 50~400 mg/L ¥ BEW) Sr YJREFE KRG
(Oncorhynchus keta)H-f1 b KPR, 50~200 mg/L
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WS4 Sr/Ca UM KAEZ Wi 55, 1 400 mg/L ik
T 200 mg/L M KA . BEMEEE St brRic 76 3 Tl 1 2%
MR e iftsc i £, KXt R 2 ik i | B
FHETEH o Ophel 45 (1968)WF5E & B, LA4%F 400 g 4]
R 32 g FUMREE AR IO, 21 d, BRid4
i (Carassius auratusvar)W %R, & Sr it ML X I
ZHIY 10 4%, Yamada Z5£(1979)LL 16 J #4104 KRG
N BFIE X4, E SR 10000 me/L 8k 1K} 60 d
JETERE St Aric, HAHEE Sr & EHEXT ALY 32 1%
Guillou ZF(1987)WF 58 3, 41K 20~23 cm R4 i
(Salvelinus fontinalis)¥% £ 200~3200 pg Sr/g HIFRiC 1A
L6 J&, Sr i XHEL G AR E AR ], HAERIEE Sr
FrEpEARIC R St SR £ WA Kk
ML 6 Ji] 200 pg Sr/g HEAPRICIAEL, U Sr
HAGEX ALY 5 A, R 4 FAHE Sr &R bR
ok, B Sr KON E . HRREEA
St bRICHE 7K F S H i 0 FH R WLARGE o AN 5% B R
FHEL ML XK (347 B Sehmic , R &8, 1 g/kg
b B 20 A P H A AR B St ARIC, 8. 64 g/kg BRI AL
BFEA I Y SrbRid, H 64 g/kg B4 Sr/Ca Heil
KAEHE 8 g/kg BhBELL K, HARICIAEL 8 g/kg B BE AL T .
FUEAT AT, BoE, E A PR T AR I T EEANE St ik
B — s F =5 A R Hoa LR A sotbrid s Hak,
FE—E VLB, Sr UURLBEAMNE Sr 77 138 i i
HA5E

ARG LRI, AR Sr brpichi BN,
[FIBEBEA Srbric B AN AR o 0 8 g/kg # L4 Sr/Ca
FUAE A KABA T RE A %0 838 um 247, 64 g/kg B
JE2H Sr/Ca HLAE M KAEN FHEH-A %0 664 um £ 47 o
X, 8 g/kg BRIEL 2 MNEEA Sr/Ca HUAE AR KAE 4351
T REH A R0 848, 828 um Ab4E , — 5 I s Mk 4
B T 3 2 T R TR ) A R AR ) — o R K
S Sty MRS M 7E B BB, 55— i e
W 2 SRR NANE Sr W BER R, (45 HAK
A2 B ] A B TR BE 4

3.3 S@tRiEx FRRicEERKIETHR M

FaE Sr J& —Fh X 1 28 6 1Y JC & (Yamada,
1979), Skov 55 (200 )53 & L, F BES 1 (Esox lucius)
£ 1500 mg/L SAAL RS W iR 23 h, ANsgm HAET
H, RMEAE(015)F5E R M, A 6 mg/L FRAARICH
XA T- B ERARE, I TIRRE Sr
PRICKE AR AT . AHFIE B, AbBEZH A6 B 40
PIRMBSE T M S, RIS AL ERXT ok vl 22 2,
L, MPRidfastT- R M8 %8, Srbric iz

3 2k X AN [ A 2 AR R s A A T, FERT IR 4
KIEZRWEHR T, APABRSE Sr mels, Ak
KT, BB K, A4 Duncan £ 5 K,
R AL BE AL (1. 8 g/kg AL )H g 791 A6 J3E 41 S X R AL
AR, H2ZR 8 (P<0.05). Rt Q2013)M 5%
B, 24 SrikJE R 10 mg/L B, KPR HE ) 25 0
AR . B, AT LIERTE S T AE AN, —
FERIER St g AK . SR, RULE(2013)
WAt Sr X RRIGARE A A . AR NIRBUA
1Ll . ATP i Je AKP FiEPE . JFIE X B I 4 2452
MR &8, BEE Sr WM THE, Sr IR XT 4141
e —SbEEAIVERT . Snyder Z5(1992)#F5545H, sl Sr
N SEAT B Oncorhynchus mykiss)HE R ZHET N B
L, 7eSCbrbric TAED, @BGEPRLHIE St frid
N MEEARPIREERAMEL I, 8 g/kg M EHR
OV B A H AT St bRic AR T AT HACR B B
W

ZE b RraR, DAREMEAR i Rk g O o B H A
Sr ARG FTAT Y o LU HA JT R 48 SR iC I 3% AT %
AR AR AT KA AR IE , B — B ARid Y
ANEZANF R, It —4 . Bt b, HATRE
E3' Q7N T N (A TS TR R T R 7/ 2 (SO W T s
i o 8 EA A AT, AT DX A3 AR AR R A
TR, SOBOBCRURF A 5 ARG 5, A RO O
ORI I EAR I B R0 TAE PR T it —
LR bRICEE], R ZWEbRIC . ARITTRA AR
AT R R R A TR R gl , DU RIERR id A
[ 3k . A E AR B A B, Rk PEAG A SRR AR
BRI, MK A AR O O e PR S
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Abstract In the management of stock enhanced Japanese flounder, it is often necessary to distinguish
those that are hatchery-reared, from wild stocks. This study examines the feasibility of marking Japanese
flounder by feeding them a diet enriched with strontium. To achieve nominally different concentrations of
strontium in the fish food, 1, 8, and 64 g of strontium chloride crystals (SrCl,-6H,0) were each dissolved
in 1 L of distilled water and sprayed onto 1 kg of pelleted feed. The treatments groups of fish were fed the
pellets for 10 d, then farmed for 30 days, and then sampled. Our data shows that both the 8 g SrCly/kg
feed and 64 g SrCly/kg feed resulted in a mark on the otoliths of the Japanese flounder. The peak
concentration of strontium (8 g SrCly/kg), often resulted in otoliths with concentrations two orders of
magnitude higher than those found in the control fish. The concentration of strontium in the 64 g SrCl,/ kg
feed, resulted in a 6-fold or 18-fold increases in the otoliths. The strontium value increased with the
increased concentration of strontium in the pellet feed. The results also showed that strontium was safe for
the fish and did not negatively affect their mortality. The total body length of the treatment groups with 1
and 8 g SrClykg, were (11.11+1.32) cm and (10.88+1.07) cm, respectively, in which the length growth
rate was faster than that of the control group and the treatment group with 64 g SrCly/kg feed (P<<0.05).
With appropriate strontium concentrations, the growth of the Japanese flounder youth was enhanced. Our
results suggest that feeding a diet enriched in strontium could be an effective means of marking
hatchery-reared Japanese flounder for stock enhancement.
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