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Differences in temperature adaptability among three races of ayu
Plecoglossus altivelis under the same raising condition.
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Temperature adaptability was compared among three different races of ayu Plecoglossus altivelis at 205-220
days of age by recording changes in their tolerance temperatures after acclimation to various temperatures. These
races were raised under the same conditions from hatching up to the performance of temperature-tolerance tests
to make environment factors uniform. Tolerance temperatures of the fish changed depending on the acclimation
temperature within the race and there were significant differences in the indices of temperature tolerance among
the races. Average critical thermal maximum and minimum acclimated to 15-23°C and ranged from 29.7-32.2°C,
2.5-6.0°C in amphidromous form, 28.7-31.7°C, 2.3-5.3°C in landlocked form and 29.7-33.0°C, 1.7-5.0°C in
Setogawa artificial landlocked form. The magnitude of thermal tolerance zones for each race calculated from the
upper and lower incipient lethal temperatures against acclimation temperatures were 481°C2, 415°C2 and 517°C2
respectively. These results suggested that a difference may exist in the temperature adaptability among the ayu
races.

F-U—F 72, BE&EIG, @EE ATEHE, Hh EERR

7 2 Plecoglossus altivelis 13, W/KEICT HAEE,
EFEETHY, BREEOEEMIINTITFR 1,200t 3
OT ABEPKRINTHNBD KEOHWEMICH S
NLHBEEHDE I3, WAENEE Th 28R E /oidpEEE
ThHhAIBBMAROVT N LOFAEMICHERL TW5
B, CTNHEREWICEEMICOE L B SETH
D, ZLORLELZAEHARIBHEE TS EPHOLN
TWb, ZD>5H, ITNODREICH T 5ttt
ICBE L T, 27 G IR O KRS, 26 KRB DR D
BN ORI O>WTOREDRH Y, BEBRIIE

RICHNTEABHIGE TH S L EBPRINTH
%o LL, INETICHBBEOREE Y A XTI %R
EHEENDERRFEL A ORI NG EL, &
BRITHEEIN/Flb RY- 6w, SO Lk, i
HI L ER S ORERESHV Oh ABHICKN L THEY
TRV EDDHH ETEL TWb, LIcho-T, &
EOBREBISNC BT H2RBEEFHOMITT S I 2T,
IR R EEGROE L, O TIFELE O
BEBTHEIMEL CO B KRFEEYORB YN S > 2
THEETHHLEEZLNS,

* Tel : 81-887-52-423]. Fax : 81-887-52-4224. Email : Masaya_Okabe@ken2.pref.kochi.jp

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

718 WIS, B, wEil, RE, A, 1UkE

=77, A2 FBBEOEF,IC, KAHSC ATHICKR
SN EEVBAREREL TEE L ALERT 2 £8 5
SEAEH TR IN TV 5,510 Th b OREEBEHFMES
T oA LB, P mtDNAY 15 L UFDNA 7 ¢ v
=TV VPR E2HWTHERXLATED, ER, BE
W%, ZNOOFHER L ¥ OBEBFRANZ -V ERT D
D, TOREBERREEDP RARER LRS00
HTEPBEINTWS, 2FD, INBHIEFTIRED
ARRE L RADERBECHES L B ERTH S L E
Z26NAHT 00, Y TDORE#BISHZFET 5 &
i3, SEF-ABETERSEL TOWEEAYEHES S 2T
LAERBRTHA LEDLNS, BE, SMEAKEREL
V=T, BEEILMOEFEN LRICAE I 5 R
L LDF LMCHER S Nz ALBESME 7 2 38R EE X
NTEY, ZOREBSIEFHIGT S EBRETH 5,

BHERIERBY TH AH7-0, ZORBIIRERE I
CC#ELdT 5, Larl, BAORESRPK—EL L
R NABE I ZOREICENE L, BIEMRARE
IZRENELSEL A AL DRSS T/RIN
Twb, BEOBFENRARE LR THEELL UL, &
RS « BIEEE (Critical thermal maximum » mini-
mum BL F CTMax, CTMin ) , 16719 = 18 (] 3¢ 3t & &
(Upper lethal temperature LLF ULT), 1720 H{AZFEIR
B, 1720 R FGERE20 SHVWH N Tw5b, CTMax,
CTMin i3, BIBIREH O —EORE CHIR £/ I3RR
Lict &, RBELPZELICFELRETIEELS LT
ULT i3, BRI AETCEE S L TERIN, @
BT LI SN MEREDOFHETERI NS, F
7o, OIIBFEREL, BELTHIERED OF < KRR
ISP LIk &, EHIRORHNICFERAET T
LIRE (Upper « lower incipient lethal temperature LIF
UILT, LILT), &#&FKFERE L UILT, LILT ABI%E
B L —3d A1EE (Upper « lower ultimate lethal tem-
perature LA F UULT, LULT) & L TEEZI N TW
5,120 X 54z, UILT, LILT, UULT 5 LU LULT T
B Eh 5HEKE, BERZHEHE (Thermal torelance
zone) 1720 L ipi¥h, FOmEAY ‘CCTRT I LICLD
BEL OV TOREMEREOHEMIS R IN TV 5,
INHOREE, REEROEWIC L AEEYRELL
DZTHWAZ LICKY, B RERORESEILT %
HETEHEICBTHEYRFR LR S 5.5 £ 2
T, AR TIE, #BR BEURSIURBIRPHBES
LMEATEHBOIRELR—RET TRART
L, #7% 58I3RE K4 %5 CTMax, CTMin, ULT,
UILT, LILT, UULT, LULT % X OB Em 2RO &5
% T 7 RIS 3510 B IR FE R 7 D Hle % 3 A4
720

MHEEIURE

#HERA FRICAVWEREOHRI SURE R
PTFDOLEBDTHAH,

1. #FR7 2 F1 1996 4 7 AiCEmE ROy
THBETERHVIC LI VBB L - RKRERT 2 e HEER
L, AE11A6AIC6R (FHHERE+S.D. 19.3cm
+1.1, EHHEE+SD. 84.7g+18.1), 738 (FEHk
£ +SD.195cm+ 1.1, F#H{AE +SD.103.3g+
12.0) % AV CEIEAACEUC K DIFH L 7.

2. BEWRTLFL 1996 FHEMICEE M CHE X
N, BHEREHOT IBEEECLIVET SN TR
BERT 1% FES FICHWZT THRAEZERL, RFE
11 A 13 HIZ23 R (EH&HEE +S.D. 202cm+0.3, F
¥AE +S.D. 141.6g+17.2), g4 B (F#HkE +S.D.
20.5cm+0.9, AE+S.D.125.9g+18.3) #H\ T
PEAASELC & D EH L 7=,

3. ALEHATF? sHRILEETILRCATE T
%R ABIICHRA T AEF)IT, 199546 Fic#
WL 0EEBL, 1995410 A5 HIC5 R, o6 RB%
AWTEFRZEICI VR L 2O mRBRLL,
1996410 H 1 HIZ o108 B, 118 BRHWTAEL
TEHO—MEERA L LT, KRBT, B
sz oFE E WRINET 17 & L7

FAERE fREOEH4AER, BREAKEREL
VA —DRP 2UFRP KEEZH VT -7, Wih g
b5 40 HRENIBAK 7 0L SIC X VR L /2BE T A
v, ZTOHIIHROT 1 ARG ZERS 2 CERE
TRE L7, FEIICE 7TV VLD ATEK (558
B 18%) I L AHRREAMRE #1T\, FLEK 150
HHOMBIICEL T OR4ICBRKEEAL THKEH
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Table 1 Standard length, body weight and condition factor of ayu races examined

Acclimation Acclimation Standard length Body weight "
Race period (date, 1997) temperature (°C) (mm) (g) Condition factor
15 74.3+3.2 4.9+0.7 11.8+0.8
Amphidromous 7 Jun.—28 Jun. 20 74.1+3.5 4.8+0.8 11.8+0.6
23 73.4+2.9 4.7+0.7 11.7+£0.6
15 73.4+3.4 4.5+0.7 11.4+0.7
Landlocked 7 Jun.-28 Jun. 20 73.8+2.8 4.6+0.5 11.5+0.6
23 73.3£3.0 4.6+0.7 11.7+£0.8
15 72.4+2.4 4.6+0.6 12.1+£0.9
Setogawa 19 May-9 Jun. 20 72.6+2.6 4.6+0.6 11.9+0.8
23 73.0+2.4 4.7+0.6 12.1+£0.8

Mean+S.D.(n=110)

BEBIHAE #1770 £/, FHARCITARHBEDS
BICHLUTZEOEASE Y 1 H 2 BIZH5 TS L
770

CTMax « CTMin 88 RB kL, Becker 519343
JUTHLBINCEEL /o, ARBRICH W /-RABRERID
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ZiEL, vty FOERIC L AHENRIBICRIG A R
B T o foEEAEFECEE S LT B, £S5 A
X=X 7L VBIKBEAHN L CRRIBEXC & D%
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G3PDH-1*, G3PDH-2*, IDDH*, SOD*? 14 f#% 21 &
BFEICOWTELN/KBEI L, SREOERMEL
NV DR L L TCRRLBE TR, SRR TR
BLUFEHANTOESGHRETER L7, 61T, &miE
BIOBEIIERE Y Nei ORIC L DEH L 72, FFHED
B HIZiZ, Popgene version.1.31 & F\ /- 20

& x

BIFEE WM FIZ 31 A8 E KD pH, DO OF#{E +
SD.iiZ#hZFNT7.6+0.3~7.7£0.3, 81.3% +3.2~88.4
% 3.0 0EHTH Y, HIBREXMHE, REROVWITI
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Fig. 1 Average of critical thermal maximum, minimum
and upper lethal temperature against acclimation tem-
perature for each of the three races of ayu. ®, am-
phidromous; O, landlocked; A, Setogawa. Vertical
line in the figure indicates the standard deviation.
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Table 2 Critical thrmal maximum, upper lethal temperature and critical thrmal minimum for three races of ayu acclimated to differ-
ent temperature

Acclimation Race Critical thermal Upper lethal Critical thermal
temperature (°C) maximum (°C)*! temperature (°C)*! minimum (°C)*!
Amphidromous 29.7+0.62 30.3+£0.42 2.5+0.22
15 Landlocked 28.7+1.32 29.4+1.42 2.34£0.12
Stetogawa 29.7+0.72 30.0+0.72 1.7+0.22
Amphidromous 31.9+0.50%* 32.1+0.50** 4.5+0.70%*
20 Landlocked 31.7£0.7b%* 31.8+0.70%* 2.7+£0.30**
Stetogawa 32.5+(.4b** 32.8 +0.50%* 4.3 +£0.5P%*
Amphidromous 32.2£0.60%* 32.8 £ 0.4b**.AB 6.0£0.7¢%%A
23 Landlocked 31.7£0.4b** 32.0£0.50%*%A 5.3 +0.4b**AB
Stetogawa 33.0£0.8b%* 33.54 1.0b**.Bx 4.3 +(.5b%* B*

*I Mean+S.D.(n=5)
Vertical (a, b) values between different acclimation temperature within same race and vertical (A, B) values between races within same acclimation
temperature not sharing the same superscript letters are significantly different (* p<0.05, ** p<0.01).

DOETHIFEE 23°Cick T, #EFELY 2.2°C, 35 -
BRED LACENMETH - WTFHOBBICE T
b, BIBGRED 15C 96 20C i FR+ 5 &, UILT 5°°T
fBILEEEIC ER L7728, 23°C Tid 20C OB 4 LIHIER 3 . L
UfEaRL 7o —7, KIBEITIE, WF/IED LILT 28 3
. <
RLEWERZRL, DWTERBER, #ROMBEICE Y 5 90 |
%R 7285, BEMRLBROEIZ S bOTATEH- g
76 215 |
BEMBES &HEOUULTI}, ZhZhER : .
28.1°C FEEWF 26.7°C, WFIE 28.7°C LigE S h & ,
72 5 &, LULT, UILT 3 L O LILT CH$ h /- R _5;
E D Ok 2o FEEORER BRI, £ hiEF o
JIEE 517°C2, R 481°C2 B LUEEBHR 415°C? L7 0 k= ) ! ! . | . )
7= (Fig. 2), 0 5 10 15 20 25 30 35
T7aOY 4 LG HEEICOWTERH LA 14 BEE 21 Acclimation temperature(°C)

BIZTEDOD L, #BRT AAT-1*, GPI-I*, MPI¥, Fig. 2 Magnitude of thermal tolerance zones for each of
MEP-1*, PGDH* ) 5 B¥3% 5 &= FHE T, BEMRTIZ the three races of ayu. The polygons enclosed with
GPI-1*, MPI*, PGDH*? 3 3% 3 8= T, #EA) solid lines represent the thermal tolerance zones of

) ’ ; * ; ‘m' . , amphidromous (®), landlocked (DO}, and Setogawa
BT AAT-1*, GPI-I*, MPI*O 3 B%5% 3 BIATHET (A), respectively. The magnitude of these is ex-
RN D SNz (Table 4), WIFNOR/EIC L, &8 pressed as “‘degrees Centigrade squared (°C2)”. The
EFEEIC B 5 RETFEOBZE », Hardy-Weinberg broken diagonal line represents the line for which

. e = ! - \/ ’ o — lethal temperature equals acclimation temperature.
OFBRICED CREFROMFEOMICHEREEITD UILT, LILT, UULT and LULT represent upper in-
bl orc (ZHE, p>0.05), £MmfED GPI-1*} cipient lethal temperature,lower incipient lethal tem-
LU MPIS#ETEEIC >\ CGREETFHE O RE M OB perature, upper ultimate lethal temperature and lower

ultimate temperature, respectively.

AT ISR, R —WPNED MPIM&ETELY DX
KFTRTOHAAEDLRHICOVWTHEEZRRD LN
(P HBE, p<0.05), iz, HHIOARI L5MHERD

IS (D) (3, f%— EEE MR 0.0357, R = K
—WEF I EERIT0.0021 B L UBEEHZ—ETJIERT BEBLEHOSKEZ CTMax « CTMin HE&IZ B\
0.0231 & 755 7=, T, BERPINEORE#FGHE, SEAMTITEENRLD

Bigm<, EREATCIBRIVERECEVERZRL
7z (Fig. 1, Table 2), Tzl T, BEHROEBE
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Table 3 Comparison of upper and lower incipient lethal temperatures for each of the three races of ayu acclimated to different tem-
perature
Amphidromous
Upper Lower
Acclimatiogl | P - Acclimatiogl )
temperature (°C Teste : : temperature (°C Tested .
(8.D,) temperature 2h rr})ortahty UILT (S.D.) temperature 72 h-rr})ortahty UlLT
a % (C) e %) (C)
14.8(0.10) 29.9 100 27.2 14.7(0.10) 5.2 10 4.3
29.3 100 3.2 100
28.1 80
271 60
25.8 0
19.7(0.28) 29.9 100 28.1 19.8(0.11) 9.1 10 8.0
29.3 70 7.5 70
28.1 40 6.1 100
27.1 30
25.8 0
22.8(0.11) 29.9 100 27.9 22.8(0.09) 10.3 0 9.5
29.3 90 9.1 70
28.1 50 7.5 100
27.1 30
Landlocked
Upper Lower
Acclimatio? ) Acclimatio? )
temperature (°C Tested 79 h-mortalit temperature (°C Tested .
- v UILT 72 h-mortality UILT
(8.D.) tem;zg:crature %) C) (8.D.) tem;zgée)lture %) C)
14.7(0.10) 29.2 100 25.1 14.7(0.10) 5.2 10 4.3
28.1 100 3.2 100
27.1 100
25.8 70
25.1 50
19.8(0.08) 29.2 100 26.7 19.9(0.08) 9.1 10 7.8
28.1 100 7.3 70
27.1 60 6.1 100
25.1 10
22.8(0.09) 29.2 100 26.7 22.8(0.09) 10.3 0 9.4
28.1 100 9.2 60
27.1 70 7.3 100
25.8 10
Setogawa
Upper Lower
Acclimatio? ) Tosted Acclimatio?c) Tested
temperature (°C este: 79 h-mortalit temperature (° este . .
- y UILT 72 h-mortality UILT
(S.D.) tem;zgé:ilture (%) C) (8.D) tem;z%;)lture %) C)
14.7(0.13) 29.2 100 27.8 14.7(0.14) 5.8 0 4.4
28.1 60 4.7 30
27.0 10 3.7 100
26.1 10
19.8(0.11) 30.2 100 28.7 19.8(0.10) 9.1 0 7.0
29.2 40 6.8 60
28.1 20 5.8 100
27.0 20 4.7 100
26.1 0
22.7(0.09) 30.2 100 28.9
29.2 50
28.1 20
27.0 0
26.1 0

* UILT and LILT Total temperature within 72 hours.
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Table 4 Allele frequencies of polymorphic loci in the
three races of ayu

Race

Loci Allele i
Amphidro- 1. q1ocked  Setogawa

mous
AAT-I* A 0.976 1.000 0.986
B 0.024 0.000 0.014
GPI-1* A 0.580 0.410 0.570
C 0.420 0.590 0.430
MRI* A 0.064 0.000 0.000
B 0.926 0.190 0.800
c 0.011 0.810 0.200
MEP-I1* A 0.878 1.000 1.000
B 0.092 0.000 0.000
c 0.031 0.000 0.000
PGDH* A 0.000 0.060 0.000
B 0.980 0.800 1.000
C 0.020 0.140 0.000

i AR 3 B R L, D2 BEICHNTE
BRIA~OFEIETI B OBV EHEZ R L2 (Fig. 2),
ETHIE, BRACETAEFOER EORA AT IR
4151819 b x 1 % UULT O#EEEIL,  mfER T 0.6~
20 COENED LN, THOHORERIT, 7T1ORE
BEANCIIREEREET S EETRBL TS, ¥
72, WThORBEICEWTH, BIFKEES 15CH» 5 20
CickR/T5E, UILT ZEECERAL /o, 23CT
i3, EEAEBDBZDONZ L M-/ (Table 3), &
DS, TIREAICEWT, BRAOKIIER
BEZHES ¥ 28IBEED BRI 20C~23°C ORIC
B5bHEHEINL, —7F, L BIBIREOHMM T
i3, 5D LILT JEAICET LA L6, &R
Bl B HAEFOBR EORR SR EINE
LULT 1%, 47 &3 BIEIRE 15°Cicxt§ 5 LILT T
H%543CLUTTHH LHEINS (Fig. 2, Table 3),
L7cio T, 72OEBHNOBEL T OWTIE, &6
CEVWEIERE I DWW T AT 50BN D 5,

FBPFNET7 IOBELEBERMEYE FHBILT
i3, AIBEE{tEEZBERE LAKRIREEN 1985 F L 01T
bhTkY, 1988 £ T2, EINHEALL CEEM
F3FR, BREXRTHAEHI LWED 1.4 FRAK
man, TnLUBRERERORBEN, BRALEESZ
NZ AR 400 HFhi~1500 Hhr, 1.2 TR~6 HRB &
UREMREE P EF I50kg BERT I N TV 5,2
T/, 1992 FIZTbN/FAETIE, FLAWMATREL
Tt AONAESBIEENRBETH - I & HBHE
ENTW5B KR CTRHWAEBRIIEIC>WT, B
B DOHEEICRE, GPI-1*, MPI*ilEin T FED XL
BETHEZ CNE CTKBEIN TWALRAREROLD

CHELAER, BREIFERLEEERRLZ R
o, EFNEIERERTHS LHKIN/, O
i, BFEESEEE X LAME, ERERORERNE LU
BRATEEHOWTNACHEE TS EEREL T
%o WFNEDEBRARMEEICOVWTE, ThET
12, EEIRBRAMAREA D BB O EBMINC B 5 KK
%732 (10ATFHE) X0b1 - ABERVWI L, 2K
KB TEHE LIcHE, RNICERT 5HEEIC PUFA ©
EEPEL LT EDRENELL L > TS, &
NOOEMEL, AROBRT L EELD, KR TOE
BRBELZZLOTHLLEZONSC L1529 )
B, ERABRL TRAMINLVEKBTH L X LHO
REICHEIGL/CBRTENTH A LHERINS,

7 ADREMBEE  Brett!7203, pRKkf 8 R 23
ZOWTREMZRERAY KB L TW5, CD2H, ¥
FlEaEOBREMRREERITI0 (757 b < 200
chorhynchus gorbuscha ) ~625°C2 (4 7 < A Salvelinus
Jontinalis) QA TH -7 EPHFEINTV5H,20 K
Wik, 72O LULT #BIFIEE 15°CICd 3 5
LILT S fEEL TED, Y7o LULT # %KD
KETHBO0C LIEEL /= Brett OBE& LiIZEL - T
%, LML, MEOEHEOEVEZEEL T, 71D
BEMRERIV 7 HEELIZIZRZORBETHH LR
BNAT LD, 7ok, HIGTEAREREO LR
B\, PRiEM: (Stenotherms) RBEICETALDEEZ
b5, £/, TNET, REWREARL, ELLT
OEEMHEFEOHTICH VSN TELH, APIEORE
B, T1OHFEMC BT HREFCNOENEHEE TS
BEICA T BB RO o7, LT
NoT, Stk RRFFECEMEHBICVT, HbHh
LEHOBEBIC N FHE ¢ A & L THLIEATES
tEZONS,

BEBLNCET2EEHNER AR THAVWAT 2
3mfERICIE, 7Y A LAREFHEEICEL THL K
BEHERBPRD DN, Lich-T, REEROME
B/ NRICHIBEL /- E TR S n T 2 OREBIS O
mEEICE, BEHERPESEL TS EHESH
50 {MBEOT O A LAEIETHE G, Hardy-
Weinberg i 0 H O@BIZZHHNT, WwFhbBE—
DA VTFIVERMICHRKRT S LTSN, £/, &5E
DOFHYNFOBEEERL, HR0.045, EEMFR
0.056, HEFIEE 0.041 L7220, ZOL~)UE, BHHO
KREMD L 02320 L IFIFRIZE & Al SN L KETH
o7z (Table 5), LL7anb, FHTREFR TR
1.190 (BEFJIE)~1.381 (#HFH) BLIULHEMNEET
FEZRTIE 0.150 (MEF)IE)~0.238 (fgR) &, Wih
DFEEICIB W THEERPPIVORKRDLD & HNTR
LEWVEEZRL TR, BFCEPIEOEE RN

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

724 MIES, B8, val, FRE, A, uE
Table 5 Estimates of genetic variability in the three races of ayu
Race Number of Proportion of polymorphic loci H e?el;zi%e(gity Expected Heterozygosity
alleles per locus —_— e
p1*! p2*? Ho He Ho/He
Amphidromous 1.381 0.238 0.190 0.040 0.045 0.897
Landlocked 1.286 0.143 0.143 0.060 0.056 1.071
Setogawa 1.190 0.150 0.100 0.049 0.041 1.210

*1 Polymorphic with major alleles less than 0.995.
*2 Polymorphic with major alleles less than 0.950.
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HIBERES 0.0357 &, BRI L 0D BWMEZRL
7o TNHDT LI, ABRICHW-SHEL DV
B LIEH I N/ LICRET 5, MEREBHEED
HELRZTTWAAEEAD LT EERLTW5E,2 L
Tohho T, KMROFERY, RREFICER T 57251
i3, A—@mENOMEREH VB ELERICLD,
HEBELrBOLUNEPDL EEZ NS,
Bl =3

KR ER T HICH20, HIEERTIBE
7E e, IRERFEAYAE B K E I 5 E OB #
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EARICEBN L &9, ARBFFRIE, MarfTEkik AK
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EYEROYRNEBREMFEAREEO—RLL CEHBS
Nz,
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