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Acid Tolerance of Eyed Embryos and Larvae in Salmonid Fishes

Kazumasa Ikuta*, Toshio Shikama*, Saburo Oda*, and Naoto Okumoto*

In order to study effects of acidification on salmonid fishes, acid tolerance assay was conducted.
Sensitivity to low pH made with sulfuric acid was compared between developmental stages in hime sal-
mon (land-locked sockeye salmon), and 6 salmonid species. Stage sensitivities (24h LCsp-pH) in
hime saimon were ranked emerged fries (4.23) >hatched alevins (4. 07) > fingerlings (4.06) >eyed
embryos (3.82). Species sensitivities of alevins were ranked hime salmon (4. 07) >honmasu salmon
(3.98) >rainbow trout (3.83) >char (3.70) >brook trout (3.67) >brown trout (3.63). These re-
sults suggest that sensitivities to low pH increase according to embryonic development, and anadro-

mous salmonid species such as Oncorhynchus are more sensitive to acidic condition.

Key words:  acid tolerance, developmental stages, low pH, salmonid fishes, 24 h LCs

VR, TR AHEICL - TE U LBHNSIC L 5 HEREEDOBREHRIEIHE L & - T b,
BRI Ab KRR T, BEMERE T X A REKROBEILYT, SEEOKEEMOERRIIKNE 2
FELRIFLTNDLIEARESINTE Y (Beamish ef al. 1975; Farmer et al. 1980; Jensen and Snek-
vik 1972), EEMBESAEORECAR ARICRITTEECETAHRE LSV HPEIIBY
Td, SRR CEEEOREIHKRE, RN LHBOBMELAETT 2ENDH D &
FEIS ATV AL, BERESAEIIEOBLEEY 52 20 L) BRI R v, Rk
B 2 BRI K O L 12, EER (Weiner ef al. 1986) 2B E B (Packer and Dunson 1969; & H
51990) ko B A HE L, MARLEEREOETFUIRELERERIITLELALONLY,
ABIRIHTHSHIMELOBELHBL, WEE VL TH2OIE, TTEREOLONPFLEDEE
DML - TV A EHEL AT L, BEAYE L TR T2 2 P LETH D, 72, P
SOl - WIRO LD LERYCEEEES TS CERERET TR, TV VELE L, o8
ThHNZFTREEL VO, BT oEEEDLECEEbN S, IR OW RS
EDOBAED L D B EFBEEET CRMEROPBRBEEI LD EEILND, £IT, RFAT
R G AKIRAE B T & b4 7 BHUE O IHET 12 317 % 24BER 1 JB0E pH (LCso) %, FEHR
99, BHLREm, 3 RHA, EHEAOSFEERERO6EoMETHRE - KEL, 47 - < ZHOH
I RITTHMEREORE L ER L/

AT T THEREM AR SRR, (2L - TiTbhi/s

* FFERFICHT H L% (Nikko Branch, National Research Institute of Aquaculture, Nikko, Tochigi 321-16, Japan)
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ME & A&

M@ AREER T, FEMERMELEMICBWTER L-BSA0 080 - B384 2<%
(Peff <X =+ %) Oncorhynchus nerka, = < 2 (HEEMEY T < 2) 0. rhodurus, =< 2 O.
mykiss, 777 » b7 7+ Salmo trutta, 1 7 F Salvelinus pluvius, 71 7 < A Salvelinus fontinalis %
Jii ARV A

EBAE bATATHCT, IR, SRR, F LA, SR E A O24RMEHEGE pH
(LCsp) ZTHlllE L, MADIFIZL DL HIWMEMEOTILETHRAR, T/, tATA, FrvA, =
VA, TITTN, AT, AT AORAHA R LEAD LG, A H#EL, RFEMT
MM % b U7z BEHROR & A\ ik e B (1000) WO TIINEL, BREKE VT
KEE L, pH ##ERE (AMHE{L NPH-680 D) 2 X - T pH #5% L7, pH AR, SEKIC
RLCHIAEMIZEY) pHEE=FY— L, REDPH L)@ ko758, EhHLIR)RAyHY
TOEEE AN, 10%HEEZERSISHET L THEKR pH 2% L7, FEH K pH 12 +£0. 1048
WTEELT B{EEANIET ARSI BT 2L 27 -2 s v 2wl 1EDOERLD,
HMAESOE R (URADHEII20ME) ZERL, % pH TORCEAER L EEF/MIZEHIL, [k
M#t & D 2% pH 1287 H50%BFEREH (Tse) T HE L7 BIRMOE T O E &, EREMEIC X
LANEREIZ L 5 TiTo 7z, EKRKFEAF VBE L Ty OHME % M HEGE—KOETHE
L, SAEERCERBERBE TOUER LGy 2HH L7,

BEKNDKE fEKOKRKE pH I3, EEHHE 2 BL ZhEN 9.420.4°C, 7.2+0.2 &1
3T, BHEBRIEELETCOERTHAMBDONRBLLETH 7, MEAKFIZEINLIEE 4~
WL A R ROE SRR (B 7180-50) Tl L7-45%, Ca5.12 ppm, Mg 2. 06 ppm, Na 11. 14
ppm, K 2.61ppm TH o7, T/, FEKDE 7L A JEIL 53 CaCOzppm ThH 720 6 DHE
X, BEROREFMEIOFRSME (RERKLEHEE, HEEERLD) L~ Na, K 870 H
VEPETEOTH 72,

#5 ®

BE (D MBRMEOEL b AT AORRMY] (SH5£4~750 ; BFRICIEERATHB L THh oMt
LEC), BbfEmE (L% 0 ~22H  IIHBE LRSS, BKENIERRELZOEELTND),
FREAN L2~ T78H s BIE AT L A LTIV L, ERBEUEEYEGTS), SEAY B
b#10%4 A FHEERUEEREA 20 7+3.7g n=10) OKEHIZBITS pH & Tso & O %
Fig. 1 IR L7 TOBFIIBVWTHEBCHEIZEDOLN, T0OF 57 L 0248/ LCyp R
BREERR + Ko7z (Fig. 2), HIEIPT3.8240.17, W LHEA T 07+0.03, FFfEAET
4.2340.11, HEMTL0620.07& %0, FLHSF EBICHIT THADT B ASSZEIZET L,

ARBICLATEMDLEE v ATA, kv R, ZJ<R, 75905k, ATTR, 47
FORALHES BELHEO0~03H) RUEES (L XA ZBRVWTHILEI Y A) 128155 pH &
Tso OB %, N FN Fig 3 RO Fig. 4 (IR L 72, FEFEADIVEROEIGERE N OIEEEE S,
VAT RREEO@Y, RrwATE6.7240.76g, =¥ ~vAT15.520.76g, 79,55 T
4.04+0.90g, # 7 <A T 40.843.39g, {1 7+ T10.5+1.87g Th-7. ETOBEREIIBVTH
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Fig. 1 Regression lines of corelation between time to 50% mortality and ambient pH for eyed embryos (—@—; p<
0.01), hatched alevins (—O—; p<0.05), emerged fry (—l—; p<0.01), and 07 age fingerlings (—[J—; p
<0.01), of hime salmon.

4.5
-
o ¢ {,
o 40
I
9
L
<
N
3.5 | 1 1 1
EYED HATCHED EMERGED 0+AGE
EMBRYOS ALEVINS FRY FINGERLINGS

Fig.2 24h LCs, pH for eyed embryos, hatched alevins, emerged fry, and 0" age fingerlings, of hime salmon.
Vertical lines indicate 95% confidence limits.
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Fig. 3 Regression lines of corelation between time to 50% mortality and ambient pH for hatched alevins of hime
salmon (—@—; p<(0.01), honmasu salmon (—O—; p<0.05), rainbow trout (—&—; p<<0.05), brown trout
(—[O0—; p<0.05), brook trout (—Ml—; p<0.01), and Japanese char (—A—; p<0.05).

100 -
— B
0
T
3
£ 1or
e 5
- A

° L
-4 -
h =

1 'l . Il n .\4

4.2 4.0 3.8 3.6 3.4 3.2

AMBIENT pH

Fig. 4 Regression lines of corelation between time to 50% mortality and ambient pH for 0™ age fingerlings of hime
salmon (—@—; p<0.01), honmasu salmon (—C—; p<0.05), rainbow trout (—a&—; p<0.01), brown trout
(—[O0—; p<0.01), brook trout (—m—; p<0.01), and Japanese char (—A—; p<0.05).
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Fig.5 24h LCs pH for hatched alevins of hime salmon, honmasu salmon, rainbow trout, brown trout, brook trout,
and Japanese char. Vertical lines indicate 95% confidence limits.
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Fig. 6 24h LCs, pH for 0% age fingerlings of hime salmon, honmasu salmon, rainbow trout, brown trout, brook
trout, and Japanese char. Vertical lines indicate 95% confidence limits.
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BICHBEAED SN, DY T 7 &1 248 LCs RUB%IEHEMA % R 465K, BILHmTIZ
(Fig. 5), ¥ X7 R T407+0.03, A< AT3.98+0.17, =72 T3.83+0.09, 79> }5
7 FC3.63£0.08, H T v AT3.6720.06, 17+ T3702£0.10THh-7, T/, HEEATIE
(Fig. 6), ¥ A ¥ A T4.06+0.07, k<A T3.99£0.17, =Y vXT402+0.11, 73> 5
7 bT3.73£0.04, AT RAT3.66%£0.05, A 7FT402£0.15TH -7,

% =

AT ZAOMBEERKICB T AREEORIE, BIERTRLE L, BIEh 3 EEIIZ»ATT
SEIETL, FEMETRIBCLOIFERIIL o/, F0OH%, 107 AR L EEADRRIL,
BALREB OB R LTI LA LEN L, AR TLRBOEMSRONL -0, FEOBINCE - T
WEEME S ET LI i i Bb NS, Rombough (1983) WA EEY 7B OAE CHARIN, M7
LB R 7 EREB O EEM # B LT\ 5%, 2T OHME TR L~ S O
OTHY, PR F A TIARIIL - TESPRELLIEPHRE LTS, ZOHT, b
AT ADBERTH DX H 7 OMEEMOEE, e x v X LABELHICRLEVERESIAT
WAZ ERG, EREANIZE XA LR r OB ORBEHERFLEZL 6N,

DL RFEEREICE AMBMALOEHEREICEL T, FlL®ERL0vwn, £10
NABHO—DIIFRBFEDOEENEZL LN A, BH (1990) 13, EEtEILIIEO i FEics
B BRI, ROMWR EEOBEES AR L, BRASICELZ L EHE LTV 5, RIR
BliZiBnTid, WREIEEBL bR TE Y, BEHAOMPR S, JIEER EIZH S hepato-
vitelline respiratoryvessels & F-iE L MR E I L 5 I EIFE AL T, FO®EEFHIZHITT
TRA CHIPE 2S5 E LT B L& 2 5 b (Balon 1975) . MBLD 5 F L2 TORBERE O T I,
BRI L AL LR OIBEOREL, BORKEL L LIHEFIIRLILIZLIAbDERAbRS, T/,
BRI BT A ERERBZMAEL, AANAF VEEORTE5IERECTIESASNTSE
" (Packer and Dunson 1969), BEOM BN & MBE OS5 2 P HE SN T 2 (Freda and
McDonald 1988), =H & (1990) &, WEEBRMT7 HESAEF L7247+ OREIHCIIIIE S EE
BT e d o 7228, BEHEA TRIIEREEOAELZETHAEROALEBELTWAE, Thed
ZE &, BORFEINS R K OIEFRASHEEOELAS, WHREIIB T AMEEME 0K T IS
L Tv 5 0] Bt ATE Vo

Curry ef al. (1991) 13, 8% BUBRTHLERUSLEORMMIZ LT —BHITIAD
pH DEHELETAF SR SN, F0L5 HAINIERT 55 7 2HA0OF Fid > OB L
BBt THERINLEBEL T b, ZOHEFEE, ¥4 v 2AFHOMAILFE LTS L Bt
55 B V), FEHRLEBENIIENTILLDOTH L, KAPEIIB VTS, BEPCHBY
RTYREFRESNIBEEVBAEINTEY, MEHERPRIY Y - v 2AMAEOFLIICEL S
726, HWFERRKFNINZBWTS, mWIIKEFE LB EERS BT, BEmEKIZLS
WEFETLIAREIGVEEbNS,

BAEIZ X DUTEREO B T, BLRERO LCs iz 2 <2 (4.07) >k v R (3.98)>=
<A (3.8)>4T7F BI)>HTIZA B61)>7Fm T+ (3.63) OMEMTH o770 I
DFERPL, EATRA, FV7R, ZVTREVSTRKFES Y BIIWEEEIMEL, KEEY 7B
A 7T ETHBEESSVENS S S 2 EAHE L. Ziud, KFEES 7 BIRBEESE , i
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275wy 5y bR A T FBIGIAEEES TRV & EBRANEV I S ICE bR D, KPET T
BOHRTYL, WEEEE Oy 0. keta, 7757 b= A 0. gorbuscha, X =%/ O. nerka, ¥ A / A
Q. tshawytsha, ¥ > ¥4 O. kisutch ONEIZ, FIEFHORVLORE % - TW { EHIIHH 5
EAHEENTED (Rombough 1983), WA FEomwWAIZE, pH ZEOKEOELL 2T
Wl JIBRBIZEIC L CWA EEZ LN D,

PEoZ &b, 47 - v 2BETHFELICHEBENET L, Filex<vX, Frvkns
ROV TEET BT, BEORTEHNINLIMKOBELE THS pH 4 REOHMIR
EICBEWT Y, AREMICKESITERZ A2 EFHO NIk ol 4, BEKEBR~OBEMR
CEABESZFRL, FOMELVCLHIE, SHICHAYTH LKERRLEEEWOHEE
PERE L, EPEHASRICRITTRMEOEELHLIMET L2LEI DL,

X 73
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