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M RERE T, ERBENZFRENSE, KB E% (Micropterus salmoides) B, 76 35 4 #h a5 7K 35 7= 78 ik
o, BHMAHEMNENEENAELE, AXHARTBERAET A BHEAKEE, WET AR
4 48 h B EWME LR MKE, HFEHAKUASW, HEH 7.50£0.07, 8 EBE A (1.81+
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A 0.13+0.01, B B 258 F 4(1.82+0.11) mmol/L], X HAF % A O B &5 K 1 b ad hae T 4 K 3547
MR A ERAR . AR Ar. R BT, KO EH 48 h BB WL F BRI IKE 4 (29.92+
3.90) mmol/L, #4947 2hE 10 LT KIRE F L 2FE; £t 105d FAELE, FW. SW MK AW
PEEEFAREKELEENZ 73 A4 % £ KF(SGR)F I N % 20 A HLEE, 15~45 d, 60~75d
i, SGR FFLLMEMK, 45~60d. 75~90d f, SGR ¥ & #w; L L FW 4k, SW 41K, AW 4
B, B30T 3; ARE A 10 mmol/L By AKFIFEF, 24h WAL WEHAN LT EEEK, REHZ
THRE, EREAH T HAIIE S, B EEFAE(319.53+£29.51) mOsm/kg, 3% AKFIE T 055 E 4+
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KEPIA T Z AR, mAGE 9.9x107 hm?
(BTG, 2003), 4 RZHAE THRISREEH RS, 2010;
T EAE, 2003), EhHOK A KL R 2R | KIS
PhRETI 25 . W pH(H . miRRFRERGLIE | = B RO
F T R AT SRR A, R R 2 BOK A A W HE L
MR, K FRE P RN R OE (BRIE F 5, 2000; T A,
2006), AR A TF K& ER R IR A S, AR BE
FrilbAs T REMFERER, KT TRl & Eh ok 7=
FEIMAT=XTSE, A3 FLAREXTER(Litopenaeus vannamei) |
¥ 2 T (Exopal aemon carinicauda) . 5 & 4Rl Carassius
auratus) . %6 (Luciobarbus capito). J& % % qf
(Oreochromis niloticus) fl 7 I (Cyclina sinensis) %, H.
HEAT T KRB SR8 (5 L 45, 2018; 22 MR 4SS,
2021; MRWTWTSE, 2012; Phor 5, 2014; T 5%,
2021; RFIEAE, 2021) HBEF Ehm K™ S5 77l
W R, BUH FRPAXT R ANRENE B & X ok, W2
WRERW 2 RIS

K 1 E &% (Micropterus salmoides) s £ M 45, J&
#5)¥ H (Perciformes) . #93V H (Porcoidei) . K FHfiF}
(Cehtrachidae), P& (Micropterus), J&— Mt
Woktas, BAENMRE ., ARKW. 5. FREE
WAL, N2 BT EESEA b, TCHILEIR, AME SR
W, Z 2T S5HEHE N, B 20 2 80 4EXT]
G, © R R E IR K SR G Y — i 3 B 0 A0 2
(XU Z B 1990; 18 Y HE4:, 2005), KRG EH
IR R AR Ay AR K S8 SR TR B R 4, 20215 ok
B 754, 2021), AH X ER A% A% 3 107 0 v AN T 4

AR K = FREE ) 3 4 BRI P AL 4E pH .
£R B R FR SR | Y XK A AR S R K
B R o Fh B S R A R K A AR ) 8 0 R

I 52 e i A (B A E 55, 20065 F 44,
2002), KIREEER B 77 A (B % R 5 N IR 1835 Al
VLI, AKAEAY T3S R R R T FERAIC, BEE
FEEKA AR, R ARK, #5F
BB AR BB IE R T UK TR B E T, K
A A W) T 3 IO R R AR AR R ) N IR B R R Ak,
FEG HRAE A A 25 W25 T BRI A, 20215 KR4S,
2012),

WRTRER O E 5 pH XF T7K A A= 1) 3 17 Eh i #1155 1)
BEEAVE R PRI, =38 =2 e K AR A ) ) IR B %
W 55 AR (Wilkie et al, 1994, 1996). i 24558 i fifl
HAUHIT RS, AW IERNZ R CO, HEH A
Gh, BRI Oy AR o /K FREE iR E:
BB pH FHEsE, (AR LN ANFI ) pH A 2
K, HAMRISEZ, CO,#d Z iy thafgigl,

KK pH T, &R PET T EE(Yao et al, 2016;
Wright et al, 1993), A # 2R Py 1) 8 A A=K
ZRE, WIS TRAME TR, Wi 582 %)
H' 8554 5 W T KRB 2, I S5 2 209 ) 255
LR EHE RSN . MK IR R kIR ER IS S pH
U110 e AN SR R 7 3 v A N = X e
SR M S B, I R B T, X
MU= E VR R A (KR IR REE, 2017),

AR S 2K T S M WU R A L RELBE AT
FER 53 K 43 S5 R 8 B (BB ZR 58, 2008), fifLfh
(Cyprinus carpio L.)EER 2 10 197K B85 o JIL A A 15
i AL, RIRE D SR AT, WA 4R 3T
A Sy Basm (= NEVAE, 2007), BEBSRE TR, 268
(Channa argus) LA i RELE-PE | s B RS B M3 1
THR R, K FRFE A 1 18 L PR IEL - R R 2
TXFRELH (ZE/ NS, 2008), DB ER B AT DU T 41 28
I LP A AR AE o 8 OB KRS SR B, e P AR
(Oreochromis niloticus) 1% AL A 5 26 1 T | RE I 14
B W T GR RS, 2014).

SR I SRR BT R K 1 B 4 £ A K AR N
ERRE ST, ARWFIEIE T RO RE L 48 h BRiRE:
B 2 BB R, 1% B R K AL [SW, $h R 7.50+0.07,
Bl B A (1.81£0.12) mmol/L]. Bl/KZH[AW, hE K
0.35+0.02, BB 4(9.96+0.03) mmol/L]FIIR /K % iR 40
[FW, £h/ 4 0.13£0.01, H%JE ~(1.82+0.11) mmol/L],
X HCAIF 9 R 1 PR f )y £ 4 A FE Sh Bl a8 T 19 AR K AR
Fr. MRER . MBEE . PR FREFR R, L
WA R AR R T PR S 3 O A SR A AR S

1 MR57EE
11 SBAB5EREH

S AT K 0 SRR (VLI Rl BB Y, kN
(15.10£2.82) g. (9.02+0.13) cm 4o T 4B K52
Ky, (1.84£0.70) g. (2.34+0.11) cm B4 10 T 21k
PESCES, BN 1000 L RLMKED, HEHN
500 ind./m’, Hf/KE N 50%, FRFEHK RS 24 h
(3 8 kK OFBE AC/KDF150-1-300), 37K iR N
(22+1)°C, ¥ K (7.0£0.5) mg/L, % A M (0.16+
0.02) mg/L, WAYZAE N(0.03+0.01) mg/L., %KM
1, M e SRER 1%, HRSY R
GEBICR#F), BFF 15 d IR SEE .

1.2 L&t

121 HERBBREBAS K Zorag Zhan R
PR s R, EREER R E 10, 12, 14 fil 16,
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S R K TR /K S (Bluesea W4 16, 5 &), fli
FHTTEES 24 h, RAKAVERXTIR, BAIANEE, &
AER 16 B, SLIR A AR A/K S 10 L W SC KT,
BT PR TR AT AT 720, SE0 K A g
24 h it UE FoROK, KR RM(23.241.2)C, HRA
49(7.0+0.5) mg/L, SEH AR5 WS, 45 BR 24 h 47K 80%,
R R K AR . AR, & 24 h Gt —
YRR 11 BB B0 TR, 5 8 h LB 1 SR TR R L
L IsE R 8 5

FRAE TS B0 e 25 8, WUEBREE S 0. 30
(CA30). 35 (CA35). 40 (CA40)F145 mmo/L (CA45)
S, He 0 mmol/L AIRKNFFRAL(FW), B4l 3 4>
FE, BAEESN 20 BM., 528 KR
Na,CO;. NaHCO; # i b 10 16.1 BLifil, AR ikik
KR 2 mL S50 KN E R AR, HAb S i 4%
PR A vk f g,
122 HERBBREBESNS K LA KGR

HR I S o M S0 50 5 AR B H ULk e K R
(BILLIREE, 2021), DIRKAL(EW)TE IR, &£
BER 7 (SW), BRERERAIE K 10 mmol/L (AW)IF S5
KRFEAT 105 d ERKSLE, AL AR E 3 MER,
BAHEEHE 30 Bfi, LR NKE 100 LRL
WKL, B K GL R A SRR AR BT s <, S2 50 K
RS 24 h WYt UE A okoK . SEERTFARRT, KRR
EEEATER BRI, R B 5. BRIR L
5 mmol/L BY/KMAH, 4F 24 h EREEIRT 1, REAE:
BRUEARTE 2 mmol/L, B 28 IR /K IRER B 55k R EL 7
BE IR B SR B R . SR AR K R 7K i (Bluesea
W, TS BECH, SC KK R A Nay,COs. NaHCO;
PR L 10 16,1 BCd], (A ATERR 24 ho KIEH
(23.2+1.2)°C, RS N(7.0£0.5) mg/L, %k 24 h #K
80%, 4 HIME KRG | pH. 1, #Hokni5Hok
J&, WedE 2 mLKEE, FH TR AR A . ik bR
FAKE PRI, (SR 15 mm AR
HEATHLIG , K ST S B 2805 /N0, B SRR T
P4 20 LK, FIZKEERBET 24 h 5250 FH /K 248 1 fin
ASEERT IR, H IR 5256 0 R S oR S, B
K2 100 L ZIEELk, e i il o il e g £ . SR )
WA 7K 3 T B S a2 S G £ i B S, AT k6 S
Y. WoKE 1 h B BRE W 1% A
TPkl B 15 d SIS A H BRI MS-222 JRRIE 5 I £ 4
AR 5, S0 HRRERN Dy MS-222 ¥
(200 mg/L), f#il NaHCO; 53256 F/K ¥ FREER pH
553 B R 2] 5 S0 K R A R K S o TE AR T R
(survival rate, SR). FfE A=K K (specific growth rate,

SGR)FIAE i B (condition factor, CF), Jf-4& A K AR
PLAMmL, HEARWF .
SR(%) =100 x 7735 EE %k / 30
SGR(%/d) =100x (InW, —InW) /t
CF=100xW, /
L, tONFRFHETE], Wo S oK H SR 1 4 0] i P 34 1k
H(g), W R P REFAATP R E, L RO R
FKF K (cm)
123 #HER R BB K 2 28 dh A 38 AR 0 %
") SCEPEATR] 105 d I, RS SLER 2H Bl AIL R H
5 BT MBS, fdi ] MS-222 o FRRI S RRBG S , 7E
JFE i g IOk ol D P 2 S0 00 30 100 A S A B 20 L I3
37 BI B0 (4500 r/min, 4°C), FEATB BRI ; 5 H
30 BRI B A (15.10+£2.82) g, AT 24 h 80,
SRS 1.2.2 FREUK AR, X IR 415 iR oK 41 A
], Madbie s, 4 6 h BEHLIME 5 R pREE, fliE
M, S7RPES.Cy, B VSR T I 2 I o i 2R
et T i e A Bl 23R 65 (A086-1-1), Il 3K 235
i FH #% 15,95 1% A (Vapor Pressure Osmometer-5520,
22 )
124 HERHBRLBESK D L6 HRIARH
CECLR AT SCHHEATR] 105 d B, SR 4k
HLIEHC 5 R R, ffi T MS-222 1 FH R 571 JRR e
Ja . AN T 5 8 ) BUEE R — LA (3.01+
0.14) g, BY R NLA SNz, BURE LA B s AT (2.04=+
0.12) em’, HUREZSHS, f#iH] TMS-Pro Fi#4{X (Food
Technology Corporation, 3 [¥)iE47 L PR 44 4 P 0
A, MEREAC TPA B, #2247 30 mm/min,
AR # N 50%, IR EN 30 mm,
1.3 HEHW

4B 2R T Y E PR ME 25 (Mean+SD) . i
AEARTE BRI BRI 250 07 22 55 e
B, BEMKT P>0.05, KMBKNET =S
(one-way ANOVA) TR | TR £ 53 X735 2 LA
KRR AR IBWEEE | TR RS2, {f ] LSD
R T2 E e, BEEYEKE R P<0.05, GEit ot
J SPSS 25.0 #f, K REEBICHLM ] Proc
probit (SAS University Edition)#F 174511 #1315 .

2 HR

21 KOEHHBLHEREESMSMH
WE 1R, #F 48 h, 0~45 mmol/L B B a7,
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B Bl R A R A T, R BB B R SE T R 0B i T
B, AFREZHBETSR A 0%, CA45. CA40 LbFRALAIFE 100 -
e X
T2 513K 5] (90.00+£10.00) % F1(86.67+10.40)% , ik E}
B CA30 41(46.67+15.27)%., 111 B 48 h fRfREE £
U - BRI FE (29.92+3.90) mmol/L. SZE AN, 2
TR K 20 0B K 20 1 oK AR R 4 R TE (42.69+7.03)~ 1}%‘ b
(14.71£10.01) pmol/L JEFE N . ol _a a a ’—]_‘
100 - . 0 10 12 14 16
_bIc_ 3 R Salinity
°<: 80 - »
3 ab 2 RN 96 h KT RERSET R
= — . .
s 60 Fig.2 Mortality of largemouth bass exposed to
s a salinity stress for 96 h
Mo40r
ﬁ{{l O Bokglaw HoKHSW YOKHFW
20 bb bp bap bap 2
100 al al a a
4 TN o8 o ap e o
i X
0 1 1 1 1 1 IC; 80 I l ;|; ‘|t
FwW CA30 CA35 CA40 CA45 =
BRI R
Carbonate alkalinity/(mmol/L) § 0
W L
1 BRERERBREE NN 48 h K T REAET R %
Fig.1 Mortality of largemouth bass exposed to e 201
carbonate alkalinity stress for 48 h ol
FW. CA30. CA35. CA40 Fll CA45 535l /R IR 7K 4L 0 1§Em 0 7 910
" & R%L Measuring time points/d
BRERBRE A 30, 35, 40 F1 45 mmol/L iy SE 50 4H ;
R FR 2 5 5 (P<0.05), FIA. K3 HhBEUK IR R H RS 105 d 4715 % (n=3)
FW, CA30, CA35, CA40, and CA45 represent fresh water Fig.3 Su.rvival rate of largemouth bass exposed to
group and carbonate alkalinity group of 30, 35, 40, and saline-alkaline water for 105 d (n=3)
45 mmol/L; Different lowercase letters indicate significant B
differences among each group (P<0.05), the same as below. 222 FHHKRE N 1 pras, £ 105 d SR fsK

e 2 fis, 7896 h iy, FEEERBEMN BT, K
FR B FET A B TS . RTIRZHZET %R 0, 1
BETFZE 14 BF, KIORETFIET- K (14.58+3.60)%,
T IR 4L(P<0.05), EhE ETFE 16 B, FET-F
KF] 100%, HALEEKHFETH R 0,

2.2 EHWEMEX K OE854E KRNI

221 HKiEE WE 3 s, 45 105 d iRk
FEIELE, K OTEET AW Z1F 7706 R N (73.33+
14.52)%, SW 41 F-EIfFE %8 (90.00£5.77) %, FW 41
PIHETE % 4(65.00422.19)%, 3 AR ATE B E L .

FREE SR, K E R R S R A, B
KA, ERKA X R Rk, LRIREIRKL>
K ZH>ER7K 40, HA 22 A3 TSR
KA UK AR K I IR E AR B E 25
223 HEEKE WA 4 R, R A KRR
Jyik shaX A B, 15~45 d F1 60~75 d BB, SGR
FIUNFFEERE, 15 d i, SW 20 SGR (1.68+0.05)%/d
WEET AW 41(1.23+0.25)%/d (P<0.05), {H5 FW 41
(1.48+0.03)%/d NFFE M E 255 45 dBF, FW 41 SGR
(0.810.10)%/d B3EF T AW £H(0.53£0.13)%/d, 5 SW
ZH(0.66+0.11)%/d Jo it & 1 25 555 45~60 d Fl1 75~105 d

F1 KROBHHEAKFAEAIRFHEE

Tab.1 Average body weight of largemouth bass exposed to saline-alkaline water for 105 d (g)
20 5] W B [A] Measuring time
Groups 0d 15d 30d 45d 60d 75d 90d 105d
BR/KZH AW 15.52+£0.35  19.00£0.63  23.20+0.98 25.70+1.39  29.35£2.25 31.65+2.26 36.88+2.48 44.48+2.38
KA SW 15.12+0.10  19.47+£0.26  23.29+£0.28 25.73+0.76  29.49+0.75 31.43+£1.03 36.46+0.42 43.50+0.85
RKH FW  15.16£0.28  18.93+£0.36 22.27+0.83  25.13+0.82 30.62+0.47 31.76£0.95 39.05+2.38 47.10+3.34
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BrBt, SGR & %, 60d i, FW 4] SGR (1.32+
0.13)%/d 2. =T AW £H(0.87+0.13)%/d Fi1 SW (0.91+
0.03)%/d, SW 45 AW 4 Z [H A FAE R E 25, 90d
f, FW 20 SGR (1.37£0.21)%/d B & & T AW (0.91+
0.21)%/d 5 SW 2H(0.99+0.14%)/d, SW 4H 5 AW 4H=Z
B ANAEAE i 2 5, HAET 0] 45 41 2 [0 AR A7 e 3
Z5o

224 HRRKAEZIMESBL s foR, IR KA E
HUA Mk afd AW Z<FW 4 <SW 41 ,b {H SW 4 <AW
H<FW 4l Hrp AW 4 b {28 3, K IEEEILS
B, FW 5 AW BRET 3, (AR HE S H K,
225 Jei#kE WE 6 Frs, K 2 ER Al /K 725
S AT FE AR A i H 5 R AR R AL, TEBUE 2
Mk a8 105 d SLIRLEHET, AW IR B
2.28+0.07, SW 41/ 2.17+0.03, FW 41} 2.41+0.08,
FWARERT SWA, 5 AW HEA B EERF, AW
M5 SWHANFARE R SEEIEE, KK
B2l A R R 0 AR B v, EROKREE TR R H
B IS g R A AR

—— UK AW

—* k4 sw
20 A WKHFW

1.5
1.0 +

05

BEERKE
Specific growth rate/(%/d)

15 30 45 60 75 90 105
At A] Time/d
SENVNISEES SENT P E 3 M NGRS Jicta o8 S
Fig.4 Specific growth rate of body weight of largemouth
bass exposed to saline-alkaline water for 105 d

30T
Lo
% 25t
]
S
>
8 201 e
® - WRIKZHFW W=0.013L32' R>=0.985
15} K SW W=0.032L2% R*=0.984
— BRZK AW W=0.023L2% R>=0.993
9 10 11
A& Body length/cm

K5 R RS R Bk 77 58 2 3 A AR ER 5 il 26
Fig.5 Fitting curve between weight and length of
largemouth bass exposed to saline-alkaline water for 105 d

2.3  EEEHME XA O R84 32 5% E 0 I S A 00
231 #HAMExt Ko 2o Rk EG YR n

K7 FR, FR5H 105 d AR A6 SW 4 I K2 3
9 (319.53+29.51) mOsm/kg , FW 41 & (300.00+
16.44) mOsm/kg, AW #1°4(302.00+£26.21) mOsm/kg,
SW A MK B 5B E ST FW 4, 5 AW 412 A
N E LS FWH S AW 42 M ARFIE R EE R,
232 24 h wmokaAk o ZeF g AERA T W
8 Fin, 7E 24 h N, TERRMRERTIEE A 10 mmol/L
AR FREE R 1T R Sk S B S T v i R A
JERAERIRAHY, 78 18 h A I 22Uk ik 2 % 5 (387.79+
140.21) pmol/L. IRIKARFFRALAKT, HAH 6 h B}
(128.16+45.28) pmol/L, =>4 18 h i 198.82 umol/L,
BR/K A M 2R BETE 6. 12, 18 F1 24 h B 5 & s Tt

HR2H
24 HHERHREREEEEX KO ERSEARALA R
el

Wk 2 Fras, SW AHFERILIA G B i 25 = T FW

—=— KA AW

25510  —e— KM AW
250F  —— MRKATFW

5 245f
g 240
“é 235}
= 230}
B 225}
3 220F
i 2.15F
3£ 2.10}
2205}
2.00}
1.95F

30 45 60 75 90 105

fsfa] Time/d
Bl 6 I B EER G K F7 5 52 50 NE 1l 12
Fig.6 Condition factor of largemouth bass exposed to
saline-alkaline water for 105 d

0 15

S

(=3

S
1

[

HHo!

300

——8

200 |

MBEE

Plasma osmolality pressure/(mOsm/kg)

100 |

Hhokdsw BKHAW
2051 Groups
K7 RS BRI ER BRE 0 DR 10 PR 0 1 95 375 s ) 52 Wi
Fig.7 Plasma osmolality of largemouth bass exposed to
saline-alkaline water for 105 d
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ssof L . FEREARE, K PR B e 1 5 B0 S R
gl ¥ K T A T 5 R S R, (i gk

2 a0 o a FI 8 5 0 R 0 R B R T 5k oF
e Sl T SEHIL, 05T F1 T K BB REI A . K ANk i
5§§ﬁ“ ; ] e A R e FE 1K M e S T A K 32 SR B
2800l 5 ] ¢ H A1 RKE 5% £ (Perca fluviatilis L) LAZESRFE 0~4 f1)

8 10047 IKFRHE b A B 0 KA I8 2, S SRR B

"ol BEREITE 4 DUR , 2o BRI 10 A A SRR 357

© O T SR, AKIRBEARE A 10 B, B 666 1 77 7 5

B8 BREEIAA R R 1 MR A 24 ho i vk R AL
Fig.8 Variation of blood ammonia concentration of
largemouth bass exposed to alkaline water for 24 h

M5 AW 4 (P<0.05), FW 415 SW 4115 %R JIL P 26 b
PERE R T AW 41(P<0.05). SW £ 5 WL A 5 B
KEREST FW 45 AW 4H(P<0.05), SW 45
WLA # BE KT FW 415 AW 41(P<0.05), SW &
TR AL B Bl 2 T AW(P<0.05) FW 353 LA IH
IEE T SW 41(P<0.05).

3 it
31 HEMHENAORSERKERENRIN

ABFFE K H SR ETTERR TR LA 10 mmol/L
ERBEN T WK IR FRAE LS Ak B 73%~90%, &
EI KT GWRKARPERE A 2R, RET
RESRAKARNGFERELS, BB
e, [HYE 15~45d. 60~75 d HWila] B0 E AR KRR T
TR B G | 1X5 3 B RN AR 6 Bl B 52 o 47 S AR i

He KRR 50% (Overton et al, 2008); b 7E 0.3~3
ZIHRT;, ] 4 v £ 4 £ R0 R A TG SRR A K
AFEERBE 14 1w, BRfaghfa B BUBIE R TR, AKE
FARG B 1% B0 (Lam et al, 1985) . sl F £ 20 5 %
PR FR 00 S RGNS, L K 4 £ 4y
E A KR 5 OB AR R TE Bk R AR B S T
25.10 mmol/L Ay /K PR 5% Iid 25 T B, B EE s &
39.80 mmol/L i, XKLL A K Z 2 M (5F = &
4, 2013); JE IRk $i A i (Chalcalburnus chalcoides
aralensis) 3 # R AE ik IR ER B3 4 32.20 mmol/L (¥
IKIAEEZBME], 60 d JFAET-FEH] 5%, E LTt
% 44.98 mmol/L, 12 d FET-#35 100%(# EHESE, 2004);
Zu 2z fid(Huso dauricus @ x Acipenser schrenckiid)7E7K
BT AL TR S5 SR A5G, KIS e B I
AL T HMAIG, BRE TR 2 16.67 mmol/L 1,
FETRIE ] 87.4% (L& RAE, 2022), ARSI T
RO RETMNIKBE R, HEKAEE 5IRK AT
NGy B E , R ORI A A KR RE . AR
S S B Eh BB K IR K T B sha A KR fE, N
FRIH AR I SR TR

*2 HEMRBHFENXOZEE MR REHFEN T
Tab.2 The texture characteristics of the back muscles of largemouth bass exposed to saline-alkaline water for 105 d
S h iz R e RN ES o B s i e MEL g1
(;rou Hardness Adhesiveness Stringiness Cohes/iveness Springiness Gumminess  Chewiness
P /N /(N/mm) length/mm /mm /N /mJ
/K4l AW 17.90+5.56" 0.06+0.01° 0.51£0.01°  0.24+0.02 1.06£0.10°  4.74+1.75"  5.12+2.22%
K SW  34.70+4.86" 0.34+0.01* 0.84+0.19% 0.20+0.00 0.62+0.10° 7.18+1.53% 4.44+0.91°
RIK4L FW  24.87+4.09 0.30+0.02° 0.52+0.04°  0.22+0.05 1.19£0.16*  5.83+0.55"  6.98+1.28"

W FFVEEREE bR BN [R] 22 7 41 1R) 22 53 38 3% (P<0.05) .

Note: Different superscripts letters in each column indicate significant difference among each group (P<0.05).

3.2 #mEAMEX KO R EEBIEIRAI R

283 105 d WS . KA M, KO s
FEH A B R A2 M, EhK 4L B E R S ikok
MM A BEW T, 4(319.53+29.51) mOsm/kg,

A ETHIEEER N, SUMIR KAL) 6.3%; BH/KALTE 24 h
Y B Il 2 A AL R R ST R BRI, e T RE,
HEFIRKA, SEAERAEREBERIORE, KO
PR ETE Y T X S AR AL, R B T R A B TR
BB VT 5B R A, YR K A 2 Y E A el
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AR I AR5 15 R S AR R A o K AR FE 1 7 55 (Bvans,
2010), 7E 96 h, #hBEEK 10 BikMra g, P %
A0 1177 15 5 R F2ETE 380 mOsm/kg BT, TRk
ZH1Y 312 mOsm/kg (AT EE 5%, 2014); 76 14 d. $hEH
10 FYEREE A sLEe d,  H AEgfi(Anguilla japonica)
M55 F ARG ETE 340 mOsm/kg M, 54598 5185
JE 329.1 mOsm/kg #:i (G AR%5E, 2016); S [GHE}
(Acipenser schrenckii)7EERJE 10 /KA sE, BB
FETE 290 mOsm/kg ZE 47, = TIR/AK ALY 262 mOsm/kg
(X145, 2006).

B TR 58 6l P85 ) T v s A () pHL (LT v 2 0 i) 410 28
1 R B 8 5 AT 2 A& HE M (Randall et al, 1989;
Whittamore, 2012); 2 &UCHE 32 S0P IR, 230 1M
REFLTEE, BRI PG 2% A=A 7 i 1 B
Y (Michael et al, 1996), b ff S GEAL I 2 HE
W EAE LW 7R &N A0 R 7 ) AR
(Gymnocypris przewalskii) 2 2 HE it % & 4 32 2] 10
il , fA7E 96 h P Z4eid 8 E 2o e Bk 5 ) 2 i) HE
Mt (KB REE, 2017), FEABFGEH, R H 65 i 35 21
R AR AL UL B i R B8 5 pH AR fksE i T oK 1
PR IR ACHE S R, AR SR TR, (R
ZURBETE 24 h WK, T —2 & HEMEEERE T

M35 35 5 i R AR, AR S50
VEE SRR 38 T, R 1 B 0] 3 B R 4 R
SRR, SRS NSRRI . X 2 A Il AR B A
ShyH VB £ 26T BRI A5 1 3 AR O R 1 el
AL ATE

3.3  EhmEME XK O R &7 A FHE B =20

FEATIFGE Y, 5 55 e 6 B %o K 11 SR LA
JORE) B ) R B R R K AL R E | R L PR T
R, SR #E S TR KA . SRk T2 5.
JOAR S FE FR A A 20 RN A 445 A PR S B HILAR 2 B
ARPEVET, SRR . RERE . N ERYE . g 5
PE, RV TR B 55 BRI G B A 0 T B
Z52020), Z/NENEEQOOSIFFE K BE, IR 0 &
A FFHE 10 B, AL A REERE . BRI T
MeJm ETRRgaS, EhEEN 10 BF, LA AY IE 2
T B2 3 AR KRR B, e R AR T
O D AR AT LTk R R R s Rl A R
FERY TR EE, AbFRA ] REG AR R T
(GRIR%EE, 2014), BET5%F ¥R (Penaeus monodon) i AIL A
B EL PG i 7 R /K BB A 6 B b T S 3 4 e
B, Tl R R LD A A A ) 3k B A R 25 S OK P
EH5E, 2018), AWFIELS R UL, Ehiduk IR Ak 0

PR B B B O ARAE T B e A B
NV ER IR SRIE N G b TR IS %

4 ZEig

22520 105 d M ERBEK S50 S8, K H SR 7E £ i
KR B AF AR RE, TRKAL L K LR K
HEEERL R ELES SHARFRE LR E LS,
PR A K RAE 105 d PRI sh A8k, AR IR
KR, Shokdimdk, wUkARES, HE/MT 3,

KRR o B B i BRI A2 M, FEBOK A5
H1, 24 h Iz BRI R e m G REAR, &G ET
FasE s TEERKIREE Y, BRI A/MERE I, &
AHEFFTE(319.53+£29.51) mOsm/kg,

ERBHK IR FH R R G 5 A SRR AR, 7EER
KA F B B LA BE 32 (34.7044.86) N, BBIZK 2H 5%
B g LA 534 (1.06£0.10) mm,

Z % X W
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Growth Performance, Blood Parameters, and Texture
Characteristics of Juvenile Largemouth Bass (Micropterus salmoides)
Exposed to Highly Saline-Alkaline Water

LU Guanzheng', YAO Zongli*”, LAI Qifang?, GAO Pengcheng?, ZHOU Kai?,

ZHU Haoyong®, LIU Yimeng”, SUN Zhen®

(1. Jiangsu Ocean University, Jiangsu Provincial Key Laboratory of Marine Biotechnology, Lianyungang, Jiangsu 222052,
China; 2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Saline-Alkaline
Aquaculture, Ministry of Agriculture and Rural Affairs, Saline-Alkaline Water Fisheries Engineering Technology Research Center
(Shanghai), Shanghai 200090, China; 3. Jiangsu Zhongyang Group Co., Ltd, Nantong, Jiangsu 226000, China)

Abstract The total saline-alkaline land area in China is approximately 99.1 million hectares,
distributed throughout northern China, coastal areas, and areas along the bank of the Yellow River. About
45.9 million hectares of saline-alkaline water areas are distributed around these lands, most of which are
athalassic saline water characterized by high pH and high carbonate alkalinity concentrations with various
types of ion imbalances. The co-effect of high pH and high carbonate alkalinity would directly lead to the
respiratory alkalosis of aquatic organisms. High pH affects the excretion of ammonia, resulting in
increased blood ammonia and acid-base imbalance. High ionic coefficient affects the osmotic regulation
and breaks the ion balance in aquatic organisms. Thus, saline-alkaline water has not been fully used
because of its stressful environmental characteristic. Currently, the lack of suitable objects for the
saline-alkaline aquaculture restricts the development of the aquaculture industry on saline-alkaline land.
Largemouth bass (Micropterus salmoides) is a potential economic target that has been successfully farmed
in some saline-alkaline waters. However, largemouth bass's tolerance range and response mechanism to
saline-alkaline water are still unclear. This study evaluated the growth performance of juvenile largemouth
bass in a saline-alkaline environment to propose excellent farming species for saline-alkaline aquaculture.
First, the juvenile largemouth bass response to 48 h carbonate alkalinity and 96 h semi-lethal salinity was
determined. Hereafter, the saltwater group [SW, salinity of 7.50£0.07, and carbonate alkalinity of
(1.81£0.12) mmol/L], alkaline water group [AW, salinity of 0.35+0.02, and carbonate alkalinity of
(9.96+0.03) mmol/L], and freshwater control group [FW, salinity of 0.13+0.01, and carbonate alkalinity of
(1.82+0.11) mmol/L] were set to comparatively study the growth parameters, physiology parameters, and
muscle texture characteristic indexes of largemouth bass under long-term saline-alkaline stress. For the
growth experiment, largemouth basses were acclimated to and reared in FW, SW, and AW conditions for
105 days. Triplicate of 30 individuals each were set for each condition using an experimental plastic tank
with 100 L of water. Each fish's body length and weight were measured every 15 days after being
anesthetized with MS-222. For the physiology parameters study, five largemouth basses were randomly
selected from each group at the end of the growth experiment. The fish were anesthetized with MS-222 to
draw 20 pL of blood from the tail vein using a syringe moistened with lithium heparin, which was
immediately centrifugated to measure osmolality. Another 30 largemouth basses were taken and subjected
to 24 h carbonate alkalinity stress. The experimental conditions were the same as AW group, and the
control group was the same as FW group. During the stress period, feeding was stopped, and blood was
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drawn from five randomly selected fish every 6 h and centrifuged immediately to determine blood
ammonia (blood ammonia kit A086-1-1 by Nanjing Jiancheng). Plasma osmolality was measured using an
osmometer (Wescor Vapro 5520 Vapor Pressure Osmometer, USA). For the muscle texture characteristic
index study, five largemouth basses were randomly selected from each group at the end of the growth
experiment. After being anesthetized with MS-222, the muscles on the fish's backside (3.01+£0.14) g were
taken by using a surgical scalpel and scissors, the muscles' outer skin was cut off, and the sampled muscle
sizes were standardized to (2.04+0.12) cm’. After sampling, the TMS-Pro texture analyzer (Food
Technology Corporation, USA) was used to measure the muscle texture characteristics, employing the
TPA mode, test speed of 30 mm/min, deformation amount of 50%, and return distance of 30 mm. The
results showed that in the 48 h carbonate alkalinity group, the semi-lethal concentration was (29.92+
3.90) mmol/L, while the fish could survive safely in water with salinity below 10 mmol/L. After 105 days
of farming, there are no significant differences in the survival rate and final weight among different
groups, in which the specific growth rate (SGR) showed a regular variation. During 15~45 days and
60~75 days, SGR decreased continuously, while it increased during 45~60 days and 75~90 days. The
condition factors of the largemouth bass were less than 3 in all groups, with an increase from FW to AW
and from AW to SW groups. In the AW group, the blood ammonia within 24 h showed an increase, then a
decreased, and finally stabilized. In the SW group, the osmolality was (319.53£29.51) mOsm/kg, lower
than the (300.00+£16.44) mOsm/kg observed for the FW group. Largemouth bass raised in saline-alkaline
water had better texture characteristics. Largemouth bass raised in SW group had a higher muscle
hardness of (34.70+4.86) N, while a higher springiness of (1.06+0.10) mm was observed in the AW group.
In summary, the largemouth bass could adapt to the relatively high saline-alkaline environment and be
cultured in typical saline-alkaline water with pH from 8.84 to 8.89, carbonate alkalinity from 9.89 to
10.31 mmol/L, salinity from 6.68 to 7.21, showing good muscle quality characteristics with high muscle
hardness and springiness. The success of largemouth bass in saline-alkaline water aquaculture has
provided an opportunity to promote the aquaculture of this fish in a saline-alkaline stressful environment,
providing the theoretical basis for the mechanisms involved in this adaptation process. Our study will
broaden the scope of aquaculture in saline-alkaline water, improving the economic benefits and providing
the basic parameters for the quality evaluation of fish in saline-alkaline fisheries.

Key words Carbonate alkalinity; Salinity; Largemouth bass; Growth index; Blood ammonia; Texture
characteristics



