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Thermally induced bar-code otolith markings
in juvenile Japanese flounder, Paralichthys olivaceus,
obtained by using pumped deep-sea water
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Abstract

Bar-code otolith marking was thermally induced in hatchery-reared juveniles (2.5 to 90 mm in
mean total length (TL)) of the Japanese flounder, Paralichthys olivaceus, by repeatedly exposing
them to a lower temperature by 5 or 10 C during the summers from 1997 to 2000. The colder sea
water was obtained by mixing higher temperature sea water with cold, pumped deep-sea water (2-
3C) of Toyama Bay. Bar-code marks were discriminated on the otoliths of 100% of 90mm (TL)
juveniles and ca. 40-80 % of smaller fishes (from 50 to 70 mm in TL) which was exposed to lower
temperatures by 10 “C. The successful patterns of cooling were obtained when 6-day coolings were
repeated with an intermission of 3 days between exposures and when 2 or 4-day coolings were
repeated with an intermission of 2 days. However, the markings were never found in juveniles of
any size that experienced in lower temperatures by 5 C. Bar-code marks of otolith of juveniles (90
mm in TL) were recognized clearly even after 12 months. Although some previous studies reported
that lower temperature caused change in sex ratio (decrease of female) in P. olivaceus, no tendency
was detected in the sex ratios in fishes (50 to 90 mm in TL) reared for 12 month after the bar-code
marking treatment. This marking method can be applied to a mass of juvenile fish without
damaging them and may be used to produce some variations of marks by changing patterns of
temperature. Therefore, it will be one of the useful methods to discriminate hatchery-reared fish
from wild fish in catches, if their otoliths (or head which includes otoliths) can be obtained from
fish dealers.
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Fig.1 Diagrams of 5 patterns of repeated cooling (by adding pumped deep-sea water) used to induce bar-code rings in otoliths of
juvenile Japanese flounder, Paralichthys olivaceus. For example, in the case of a, 1-day cooling (by 5C) was repeated
three times with 3-day intermissions. Hyphenated abbreviations (e.g., 1-3-1-3-1) were used in the text, figures and tables.

WTERBLL, AL TR LAES (B¥FA) &, ME (BEofmf) 2TicLTtlb—*%
A PELAY I TRATIAFTFRAZEAEL, ¥ FR=1—H#B00L T v EX T T4 VA EHNT
E (BAENEM) 2B LT, E@NAEHEmE (F¥10~40f8) THREL,

Bl SNz nN—a— FE#ZORTE, N—a— FORBI+SICo8LTwaH (B, 2K
DEEBATVF & RA LB 2 ROBAHBIHITE 2 A), 642, N—a—F BRK) »*BEAHA
BwoOMEz 5057, O25%28&HEL L, BUNTHEL, $4bb, HEABDOBKIIC2ED
N—T— FHBETE, AFBORBIC N~ I~ FO ko 5#E550% L ETHNUE Good, 50%
DT Thiid Bad, & <HERR TS HVHEE No & L7,

BEEELEODREER b 7 A fEAZ —REIKRESE T THE LB A OB GBI T 5 L O



22 BILRKERBRGHE#E H13% (2001)

£ (HM 1991, IUA 1995) 2B DT, N—I— FEREED-ODRERAIEIIZIEEE
RIZTIEPEARD 2010, ARBOKRTER, FE~ 1 FRAFTFEHEL, FH L TERERD
it - REICL Y, MEOHRET -7

fa R

HERAIDESERIR I AMALBIT2ERIND/NN—a— FEROEBIRIL Z Table 1 12
FEDOTRLY DT, R EIHERIRICOVTIHENRS,

19974E1% TL2. 5~31mDFAIZ 5 C,1-3-1-3-1(Fig.1-a) DHMEIR/ S5 — » TE#MA T 2 A7
A, TL 6 mF COMEAIIZBRICL VEIEL, 15~3lmOH AL, ERFENEL2-50D, W
N N—a— FEBPER SN o7,

19984 1% TL8SmmDHEAIZ 5 C, 2-3-4-3-4(Fig.1-b) DHFEIR/ Y — > TEEMIF 2R A, 71
EREEE, N—a— FEREIERI NP7,

19994 12 TLOOmm D e % vy, 10T, 6-3-6(Fig.l-e) DHAKERTERL /2L A, TLALD
BAETEHERICHEZ 2 KO- a— FE# (Fig2) 2RI €L I ENTE, N—a— FERK
PR ESN-HBHA (Fig2) &, FUBPICHAXAGBXOER (Figd), Uk ME71H) ©
Kb 2DER (Figd) BLU 1% (HEI9VH) ORKRe S ADEFR (Figh) &I3AHICH
MTBZENTE, T/, TLOOMDERRAIZDOWT, ¥ 1 EBMEAEET L RIcN—a— FiE
BOBFEEPRARFER, EHBIHABIIE > TV EOPFERTE (Figh). 2B, TOBETIX
EBEORETD BRTEROFELBRETH I LA TEL (Fig?)o

20004E4, EEHEHICETLHBOEME, BLU, LV/EOL T AT AERMNTEEHB
& LT, TL50~70mDHAIZ, 10T, 2-2-2(Fig.1-c) B & U'4-2-4(Fig.1-d) DH IRy — > THE
AT FRARTDS, 2-2-20 R BB/ — V2 & o TEB R NN— a— FEEISEE S - EHEK

(good) 32 TdH o7 (Table 2), TL70mLA T DEMATIX, BEARHEBOBBAD & b &G

Tablel. Bar-code ring formation on otoliths and survival rates of various sizes of juvenile Japanese flounder, Paralichthys olivaceus
by thermal induction.

Mean total length (mm)

2.5 6 15 24 31 50 60 70 85 90
Age Daysold) o 16 2 3% 5 o 7 s 10 101
Survival rate (%) 0 0 90 90 92 100 100 100 93 100
Quality of marks* - - No No No ;2(;: * gl\(l)(())c;: * glj)z(;: * No ::: d(':)*
Year of experiment [+ 1997 =] [+ 2000 —1] 1998 1999
Conditions*** 1-3-1-3-1 2-2-2&4-2-4 2-3-4-3-4 6-3-6
(5C) (10TC) (5C) (100

*Good: Each bar-code ring was separated, occupying more than 50% of the ring. Bad:bar-code rings were visible but not ' good' as
above. No: Bar-code rings were not visible. **See Table 2 for details. ***See Fig.1 for the explanation of marking conditions.
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Table2. Quality of bar-code rings thermally induced on otoliths of juvenile Japanese flounder, Paralichthys olivaceus (50 to 90 mm
in mean total length).

Mean total length Age

(mnm) (Days old) Condition* Quality of bar-code rings
SRR -cco. SO Bad o NO Total

% N 2-2-2  3# (8.1) =+ 13 (35.1) 21 (56.8) | 37 (1000
4-2-4 18 (39.1) 16 (34.8) 12 (26.1) 46 (100)

60 - 2-2-2 2 (5.0 17 (42.5) 21 (52.5) 40 (100)
4-2-4 7 (15.6) 29 (64.4) 9 (20.0) 45 (100)

70 8 2-2-2 0 ) 20 (46.5) 23 (53.5) 43 (100)
4-2-4 7 (15.6) 25 (55.5) 13 (28.9) 45 (100)

90 101 6-3-6 24 (85.7) 4 (14.3) 0 (0) 28 (100)

*See Fig.1 for the explanation of marking conditions. In all groups, water temperature was lowered by 10 C. **Number of
fish;***Percentage(%).

Table3. Sex ratios in terms of percentage of male of Japanese flounder, Paralichthys olivaceus, 1 year after bar-code rings were
thermally induced.

Percentage of male (%)

Mean total length Age
(mm) (Days old) Control 2-2-2% 4-2-4* 6-3-6*
""""""" 0 7 63(32/5) = 64 (6,2 60 @/3% -
60 74 63 (32/51) 60 (18,30) 53 (18/34) =
70 84 63 (32/51) 56 (21,/36) 70 (19./°27) -
90 101 54 (13/24) - - 42 (19.745)

*See Fig.l for the explanation of marking conditions. In all groups water temperature was lowered by 10 C. **Number of
male/Number of survived fish.



24 EILRKEXBRSMARE  13% (2001)

Z =

k7 AfEATIE, RBf, ALAFAOVWTIIIBWTY, MEERZDY O HFADOHFLEIAE
B (EBLTBRICRZLES) MEHENS (Figs2-5). 4RIO—BMNERIZL Y, WL
N—Id— FE#EER S 212, TERAWORRASRE L 72%D TL9Om (H41008) BED
Bz Hvy, BFREOFEKEREZEEHFKESL VIOCT, FEROMMEZ 3 HUL EIZTIER
w:&ﬁ%%Ltoit/mmmuT®@%uéﬁ%ﬁﬁuT%T&6#,:@%Amm,ﬁ%
N — VEEEIEERT A0, KR L ERPEOMFL2R(RETHILENH D LEZ
L7z,

HEAN—a— FEBROMAEE (BRE) 0BV, #HOIPALBHLRERLHMTEL LI T
57:0121%, AR TRL Good, Thbb, +o4BREETAN—a2— FOERBERKO}%
DEZEDBIINICEREINTVEZENET LV, BABE»OHE - 8T TCo—HDEE
SHIAWIEEE 2, N—a— FEZRIEHSIC LR ST TRHEBRLEEI0X, B R
EMBELBYBTI LR, REZITTH 1BRELV 10U EOBRIEELTLE S, 40,
10CH IR, 6-3-6D 514 THEMAHT L7 TLOOMED 1T & A EDOBAETHEGE OB TER
PHHBEICHERETE 220, HHIEZOLEBLERTLIEL VY,

N—O— FERIE, B2 ERSFrLELET, BFKREEILSEL720T, LrdEEAE
DN—T—=FEBREELIENTETHAEDT, ZHOMBIERT LIES 7288 — 2 OREi%
RS EDLILENTED, 72, BAROKREZSIRASHFA L THNIE, 1L A EDEEICF—
FRDIN—a— FEBIVERSIND LEZ LN, ERIRE LBEOBERY TV 2R (35—
YERES) LTwhiE, BHEBOBNIES b, T2, ALCEHRBTIIHRDOEE LB
VETHHDII L, AB 2 N—a— FEEFERSILE, EFECLHERIFTEETH S
(Fig.7)o %k, AENIHHEREBKEFIRN L TRABTKEBEZET S4D, £S5 2A0HAIESE
BEOERWEKTOLABTVTHRLDOT, KEROBTAEZREELTAFTKEL TIFA5ILLWTETH
5L, AETHAIIYE BE~TRERE) ThhuL, BRAOERKETAELX I Po—L
LTEHMTITZIT) I L TEI»D Lk,

7 AOHEAMICISTUTOEKER (b LIF2BTULDEKER) TRELIT LRI,
HEASHEIN S 5 2 A RESNTE Y (HAN1991, IUA1995), X512, Mk F AT 5 A2k
LTHREDPHEBLZEDHMONTWVS, KIFFETRATEZRMT T DD OKBERETIIHBR &1t
BLTHEXDOEIDFVELL Lol LEdoT, A% & b4MERLESMNTOLME
T, Bt e LTI ZVWEBDbNRS,

EREHIC L 2MHADBRIRETIE, VYV TVERBCHELZTRER LS, BEARZHHEEY
LaThidebiwvwiz e, ALCEBLLBOMESRDDLILIEITDRV, LI L, 4%, K
HBETE I ADHEE (HFAzat) 2EMEREBETAFILI V- MM L, BEHMOEN
7= (MHEREOMFRILSHAEYER) L EDITFERATNE, BEIOBH, BEMEOHEL
EOBELRBHPEONETHA S,



W - AN IR b T ARERO H {1 Y— o — VR 25

Figs.2-7. Longitudinal views of otoliths of Japanese flounder Paralichthys olivaceus before (Fig.7) and after grinding for
check (Figs.2-6). Bars=Imm. Fig.2: Bar-coded otolith of juvenile (TL90mm) reared for 2 months after the cooling
treatment (6-3-6-by 10C) shown in Fig.l-e. Arrows indicated the bar-code (check rings) formed by the thermal
induction. Fig.3: Otolith of control (TL90Omm) in comparison with Fig.2 checked at the same time. Fig.4: Otolith of
wild juvenile fish (estimated to be 7 months old) collected at Himi in 2000 December. Fig.5:0tolith of wild adult
estimated to be 19 months old. Arrow indicates an annual growth ring. Fig.6:Otolith of juvenile reared for 1 year
after the thermal indvetion (6-3-6-by10°C) at TL 90 mm. Arrows indicate the bar-code (check rings) formed by the
thermal induction. Fig.7:Otolith in which bar-code (check rings) can be recognized from its external view (concave
side) without grinding.
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