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1. LWl Rk = 54 A 2B, RV RATERIR KK =Rl B 2 IR B 5208 ==, LW 201306;
2. BRSO TE S ARG, KPR RRIR &SR A E W E S LR E, EiF 201306

WE: MR AR R T 08 B W 30 X 2 IR 8 B (Macrobrachium  rosenbergii) A= 15 B 5 F By 18 i BE A0 52 M, LA
(2.85+0.12) g F [RIAAFLNEF PSS L, AT ORIRER AL 2P E M 9256, 751 96 h 2L ALK BE (LCso), TEILHE
fifi BB 15 WAL 3. 6 Fl 9 mmol/L 4 NBRIRERGREEALBRAL, s»Hlar 45 C1. C3, Co Fl C9 41, #4743
56 d A B IR ER B RIS M0 SR . 5 OR, B ICTHERGURER IR EL 08 96 h LCso BN 17.955 mmol/L, &4V H
5.118 mmol/L, #SC5a 2 RINURALIE R | WA | RE AR OR Bk R Eh v B 19 TH =g T RRAIR, Y7 C9 4l W &K T
bS50 20 (P<0.05); {HI2 CO 4Limlk R B2 i T HAD 3 D SEE41(P<0.05) 5 X HRZLAH 1L, C3 4LBR BRER T B2 XS i AR
A4t B B R0 AL 3R 52 R 1 2 (P>0.05), {H C6 55 C9 41 B4 fi 1 W Bl b 40 i (P<0.05) o 35 ST AR R N 45 Sk ], &
[T MR 20 W i T T ko 225 Tt v R i e 2 6 0 Pl R B P T s TN, ELAE CO P it i R o I T80
RGBT, SCUC A B [CVB R &)y U g 8 PR £ RS 45 A IR e T8 60 0 Tl a0 8 88 1) v 7 & ZE i, 990 96 P 45 vl U 25 81
TR R ER AP TR 1 C9 205 [CVH AR B & AL BRI R 3B XT & [QVR AR R 1B R A Alpha ZREPE TR, &4
Ii) P 3R B B R MEFR RS R AN B 2 (P>0.05) . AETTKF b, & 2R G v 4 08 i 3 1 0L 345 TR A L 22 LB TR TR T
(Proteobacteria) . L #T 1# '] (Bacteroidetes) . ¥ % B | ] (Plantomycetes) . # 4l I# ['] (Cyanobacteria) . i 2k & I']
(Actinobacteria) fllJEEE [ [ ] (Firmicutes) N o 7€ SRR ELHRE B8 T, CO 412 FCIR R I8 P84 B0 T (A0 28 4 1
J& (Flavobacterium) FE 5. 1 J& (Pseudomonas) |7 & B i 5 F X BREH o WF R 45 48 7R, & QTR SR iR oA — a2 i ik
TR LR T 37 1, (L s B TR s 32 1 1k 3 25 B [ R MR 1 A A B8 L 4 01 SR AR AL %6 A2 B 3 Pk, 18 0
FL B 2540 32 40 F0 [ T8 DA R S A ORI 0 S B K SR8 2 [C TR MR 4 R0 22 R KUK -

XKBER: TR, mmREbm,; A B B wa, ook
FESZES: S917 XEERERD: A XEHE: 1005-8737—(2024)08—0926—14

LK — M B 1L EE S 1000~50000 mg/L 11
—FRRIR KR, R K FIR K, B R
MUBRTRER R, HE TR E 42 EMERE, HT
ANB LB, £l Tk HEMM, fRk2804t
FREREN, REEHRBA R KR, a4
6.9 ACHTHYARTEER BB, Bt 25 R ) 4 P i 7k
BEVRASWTIR L, ey & R A 30 PR ) R K
Bl U TG B 1Ry R K 7 R S [ AR i . R

s B EI: 2024-07-04; 1&iTHER: 2024-08-01.

SRIKIR P B R EE i CO3 FI HCO3HI Ak,
IR 6 i 3 2 A e K ARl 1 — > T B4 ARD)
JRIBLAE R AERT 0 SEOT  l
JE B3 K 7= Sl A AT R AEARE, 1 D i
Z el B R B BE 1) 7K 7 Bl 40 TG B S v AR P R
K FRFEAE BT PR 2020 AEAR AR K TR S
TR R o felt R SR A < K AT B T R, R
il LR e SR K = R AR R, S AR Bk A

EETR: BEFEE SR LR G135 & /5% (2023 YFE0205100); _F T #0245 )7 24 38 15 I 2 0 H (TP2022078);

THE W AE XA &R H (2022ZDYF0569); b iR Q18047 2RI H (23XD1421600, 22015820700).
EE'IAT: BRIKIE(2000-), %, WIHAF5AE, W95 10 H 5E sl 3 B3 AR 3 5 403 & Fh. E-mail: 3011656306@qq.com
BEEE: VW, B%, WA, 587 o8 52 s i85 4 B, E-mail: smsun@shou.edu.cn
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bl ) & R T BOR AR R, ARk
Sl ER T8 AR S AL D6 T T & R R ok
Wl B IR A BT

AR, OC T Eh Bk F7 50 & T K 7 s W Y
MR e A KeEiE, e P Ak (Oreochromis
niloticus)®’. 7 IE4R8(Carassius auratus)'™.
T3R5 (Gymnocypris przewalskin)'" . FL G HES
ffi(Leuciscus waleckii)'™ . JLENIENTIF (Litopenaeus
vannamei)? . A ATHEN Macrobrachium nipponense)™
LR B (Scylla paramamosa)t V4, (HXET % IK
R ER(Macrobrachium rosenbergii)Eh il lfri0 A=
NEAFGE G R WL AGE . 2 IR R 2 28 B N (B AL
e IR K IR R 22—, H AR B BefE oK b B i,
AT A% — 5 Y B A BR8N, e T AR
ER KR M 2 B R O A T aE T
TE R AR R CE SR B £ 223 P, Wil
il A B R S E AR K B i E N K PO,
HYS 4Rk, X ik 2 R el Joir 28 X5 R 2K fizp 18 {git
SR B 5 R R B =

AT FE T ST 73 B AS ) e B ik PR 56 2 ) 257 [
TBARLIAR A FEPEVE FH, I LIRS a2 41 0 9 ik 1R 32
BB RE 2 BOPE U L, B S WL i TR i 5 48 1 i 3E
T REER R AR S BRSO, L A
SEA R TR R A TR R 2 A AR A s, A
T fifp e 2 6 5 12 A Jfp 30 6 25 TG VR MR A 4 R i
R R SE R, 5 A Bk R ER A ER K B R 2 G
TR AR PR AT

1 HRE R

1.1 EIe

S T 2 R VR &)y B SR I 165 1 Y1 25 1
BB F], Phk MAs —B ., fdEEE K SR 1E R
SCEGHE, SRR (2.8540.12) g, IERSLEHTSEAE
= N IRAIEER K IRFE BEFEHEL (80 cmx60 cm=50 cm)
BFE 14 do BRI VR R4 IR AR R T 3%~5%4%
T AT P M, L AR B 5 1 1O O AR R
B KA M T A5 T (B 1 BT % i ~ 40%) 2 1K
(7:30 F118:30), IFZERE 1 h g W s AR L, [H]
B SR H 2 58 YR B, DA IR G T AR )
HERHLAR S50 K Rl BRI Rk, A

IR ERIC LA Ph S 3G A A, B AR I A PR R K A i
fift 48(6.3£0.2) mg/L, KRR (27+1) C, Kik
pH7.6~7.8, kFRELHE N 1.5 mmol/L, KIKZ A
W <0.3 mg/L, /KR AHERER IR % <0.02 mg/L.
1.2 2B LIS

W 248 5 B b 9 ok IR R RS Y Y (ELTE 1.94~
3.32 mmol/L Z[A], i P4t PN Fifi 54 ER A 7K S b A 1
il 1.7~20.0 mmol/LP), S AHEFE FHK it %
HeAK AN AFIR & (1) Na,CO3 . NaHCO; HEATHRBRE T
FEAS, F 0.1 mol/L Y HCI 1 0.1 mol/L NaOH f#
A, R0 24 h J5 T SE . ASHFIT B B RIREL
SR 1.5, 5. 10, 15, 20 Fi1 30 mmol/L, % /H
P Bl % VA D) 52 3 7K A e T S B, 3R Ao T
AE IV B ) B K AR SR DR R i R £ Bl R, 4558
B2 A R R SR A RE SIS 4 (1.520.04) mmol/L
(5.05+0.06) mmol/L . (10.45+0.11) mmol/L . (15.78+
0.15) mmol/L . (20.95+0.22) mmol/L F1(31.06+
0.28) mmol/L . B IR R R 16 5 & 3 AT,
BN E AR EE TP 10 RBEF, S2I8 R4 iR
AR RL  SEE R e B SR AR A TS Bl 1,
LRI 5 SO Uk 2 TR B S R R Dy B i
%ot SR 9 G P S JS2 N £ A DU gl MR kg ST, 43 1
7 12 h.24 h .48 h Fl1 96 h iC sEAHIET-AMASK, T
T2Ja B S5 o AH TR A R R

PO (LCso)=1g7'[X,, —iO_ p—0.5)]
A, X R IR AR RIAEL; ¢ R AH A I 2 % 4
R ZAE; p AT IRIFIFIAET R,

s 48 h LCs)x 0.3
LAY (SC) = 0~ .
(24h LCy, +48 h LCy)

1.3 2{ERME LIS

1.3.1  AEKUMEEE  7Ehae P TR R HR kR £R
JE AP BOUIR BE () SERE T, K 1 B R 3 1 e
P P8 1 A A S U A B, LR 1.5 3.
6 F19 mmol/L #£ 4 PS2ub 4, J3ilan 4l C1 (%t
M), C3. C6 Ml C9 41, fa £k ik 3 I 15 77 ik (R
1.2, PR MRS — B0, (R I M gh R [P 4 ik
(2.86:0.11) glBEALECA 12 ANTC A 15 48015 45 19 3 38
TP, BE4L 20 EAF, RRHBEE 3 ERE ., HRARE
P b BE AR RE R TS i =~ 40%) 3 ¥R(7:30, 11:30,
18:30), M EEITT, M 1 h J5 85 R A HoRR
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%31 %

T Phaa BRI 56 d, — K PSR FH BB e XS
50 AR AR B T 6 B2 1A T 22 R 2, g R A /K O
LA IS Y NayCOs. NaHCO; R AR-AFFIRIR LAk
FERRE, SO (A 43 3R (1.5340.03) mmol/L .
(3.05+0.05) mmol/L, (6.16+0.08) mmol/L., (9.22+
0.11) mmol/L, HRiICRILT B, KHHEFRF
ISR SRS 2 QTR IR Y] I R B 2R iR, LA
T TR IR HE A9 B I5 2K (survival rate, SR) ., 14
% (weight gain rate, WGR) ., $# 1€ 4 £ K (specific
growth rate, SGR) 1A #} R £ (feed coefficient rate,
FCR), #RITHEAXT:
ST o SEEGRUT AL
mé%ﬁ&“‘i@%ﬁ%ﬁ
AR E - YRR E
WIIEA =
KR KA (SGR, %/d) =
In(ZRNREE) — In(HILH TR EE)
SEHREY
SFERHE

RARECR) = s B
1.3.2 IEOPEZEAPIU RGN BEREME A IR,
VEBEFRAE A LM SE — 20 i KOG o BRI K L
VEPRONH A B 2 I MR, BE£RAR v A 7E Sk g
F A AT AL S 2 5 (S Ah s 1.5, 3,
6 19 mmol/L It 4 ANk FRELIE LI 4, A~
SR 10 BMEIRFN 5 RBHERF, BEHLA 12 4
Bl 3 A 5 B B T N, i 3 B, 5K
WA 35 d, U316 R R R 5 R Y
i b B R Ao B (R K R, SRR EE R, At
U5 T R B M R R DRI A B L R
WRAEL B KR . A AR B o 2 X A0 B 3 i
IR RN AR N e SR (oA S = oS 7 i e
A0 DR ARGHA

e py e - PS8

BINEE
1.4 HEmRESLE
LR FRIE LR A R, B EE RN 3 B
IR IE BT 4% R R, HT a8
A EWEE . BAEERILIR 3 BIF, BTk
T b, RS AR BR AR R AT R, I A

x100%

S A(WGR, %) = x100%

x100%

6 R iy 38 2 5% R 1L %) B 7 RN 3% B A B BE, FH
¥ 10 K AR R K SR B 5 S B 2 mL W
A PR AE R, FEHR-80 CrkFs h IR A2 H
T8 ERESSH 0T o
1.41 BEARESFENE BUHGHiEHLE
fi, AERER K M UEE FH 10% FP v 22 phokE SR Ak [
FE, CEERREENK, ZHIRIE, AbERAT 48
TR RAT WAL R A 20 1 A AR AT R A, K
4 um (A7 D) P X RS B T e
(1) 3 MR Tk Yt {4, (periodic  Acid-Schiff stain,
PAS), HAKT B U R s | K, 2l R
AN Schiff [CYREGYY @, i IR AR 44 41 i
¥, VIR, S, BEEELE MR
TAREE, A A% E S, T A BERY BTOLT AR
WS8R 2T {5 (2) 85 9¢ )% H 28 Y {4 (calcofluor
white; CFW), BAK 30, ¥00 7 Wil oK, £
FHASHE G 28 6 YL (00K (Sigma-Aldrich) YL €, 5 &
5 min J5, VIR H4miK. &, #HE, FHZOL
BB, BRI 355 nm, R IEK 440 nm,
JUT B R s B s A58 o
142 EHBEEREIESH  EHR C1. C3.
C6 Ml C9 W [RIHIFANIREE 2 H, 16 A 1 B
i, ALUR/N 1~2 mm®, BT 1.5 mL .08+
T 2.5% M I VA W T 0 o W IR 22 R ER R 3 IR
o, 1%MEIR IS e 2 h, RERR K,
AP ALEE 20 min, Epon 812 M5t . ZHZA
i fE LEICA EM UC7 HUH Y] R AL LU EE N
70~90 nm ATV R, Y) R ZeH7 6 B B 5 Y P e T
XU 50% BRI R WA YL 8 5~10 min, B 4T
H1, % (JEM-1400F lash) WLE<HA A .
143 PAEBEEREESH LI AR
C9 1% QB IRAIR4S 2 H, S B 5 4%
i, FERAL B (SMZ-201) T K g A 18 V1 T,
WL 300 87 s S T R 0, 285 1 ) JOURYL 179 5 3% ] 1 B
EHR/NDE T 1.5 mL B ODE T 2.5%0)8
W, [ 5, HEFERR R Sl oK, JF S
iR S B A o SR 5 XA S EA TG B A T AR A
WS, B4, JFHBR BB SM-840) 1T L
1.4.4 MEBBEWNE D5I¥)r5) 338F (5-
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ACTCCTACGGGAGGCAGCAG-3') fl 806R (5'-
GGACTACHVGGG TWTCTAAT-3") 178 kA
I ERFEL DNA | 16S tDNA ) V3-V4 5728 XY
PCR §"3), PCR P #i{k& 20 pL: 5xFast Pf
buffer 15 pL, b F#F5IY(5 pmol/L)£¢ 0.2 pL,
BSA 0.2 uL, Model #4z DNA 2 pL, 2.5 mmol/L
dNTPs 2 pL; FastPfu DNA Polymerase 0.4 pL;
ddH,0 %2R ZR . PCR SV Z51F: 94 C il As bk
5 min; 94 ‘CZZ4 30 s, 55 ‘CiBk 30s, 72 C4E
i 1 min, 40 PMEIR; 4 CHEFF, PCR 4505, H
2% BE AR E e v Uk R I B S AE AR PCR 779
P34 5 A ATE Tllumina-Mi Seq V-5 b 58 i 57 8
griglll )5 o
1.5 XYEERESH

X0 A5 1 XL 7 4 B A T AR A 3
4l PE reads Z[E ) Overlap K&, FlH
FLASH(V1.2.7)¥B:AHF 1Y reads PF42 AU 4G
Tags %4l . KA Trimmomatic (v0.33)5f4, XJJH
Uy Tags #4113 9845 L BT 91 o il 1F UCHIME
(v4.2) LT L BRIFHN i A AR LRI A RS 2 T
QIIME (v18.0)4kf4, FIFH UCLUST X}/F5AH L
=97%Hy 4K tags 1T RIIE K OTUs (operational
taxonomic units), Fr A 8 ELPEE Silva

(https://www. arb-silva.de/)H X HE 1743 28241 FE,
AN R A2 4 53 S KT L 1% g 8 T R T = B R
RO, FIF Mother (v.1.30)8 /43T OTUS
4T Alpha ZFEPESHT, 145 Observed-OTUs |
Chaol, Shannon Fil Simpson Z55%%, f#iF] QIIME %X
47 Beta ZFEM5HT, FERH weighted  unifrac
F1 unweighted unifrac 31T NMDS 234738 XF EE
FEARIAIN2E 5. feJm, {0 PICRUSE 341l 2 (G
THUR A (6]l 18 T R Th BET
1.6 FHESZITEHWH

SCEREAE LA 3 A H AL BT A E AR
HEIR 22 (X £SE)RR . K SPSS 26.0 X &udl it 47
geitordr, Sexh s AT 5 R U7 22 3 (one-
way ANOVA), 5] Duncan [QiEiE T 28 HLE .
BFEMIKF BN 0.05,

2 HBRESH

2.1 SMREREREEN T KBRS HEER

Wi 25 B B B T R T, B IRTR AR 4
IRBET SR A RGN 1), SXIRAM, 1§
W B ORFRER ST R Al v, AMURBENS IE WIS, &
P IR R R A S I A P, O kR P
TR, GBS I BIE T S, TR 30
ST A O R, AR IR R A TR,

®1 FRAVYTADHETHRTE, FHABERRERE
Tab.1 Mortality, half lethal alkalinity and safe concentration of juvenile Macrobrachium
rosenbergii under different concentration of carbonate alkalinity

n=3; x+SE
12h 24 h 48 h 96 h
U e s O R S TR
Zﬁgﬁﬁ; the number FEE}%/% the number %Eﬁ_/% the number FEE}%/% the number mortality
of deaths mortality of deaths mortality of deaths mortality of deaths rate
5 0,0,0 0 0,0,1 1.67 1,0,2 5.00 2,0,2 6.67
10 1,0,0 1.67 1,0,1 3.33 1,0,3 6.67 2,0,5 11.67
15 1,0,1 3.33 1,2,2 8.33 1,4,2 11.67 2,6,4 20.00
20 0,0,3 5.00 0,2,4 10.00 2,5,6 21.67 6,11,12 48.33
30 11, 14, 12 61.67 18, 18, 17 88.33 20, 19, 20 98.33 20, 20, 20 100.00
1.5 (X IE4H control) 0,0,0 0 0,0,0 0 0,0,0 0 1,2,0 5.00
LCs¢/(mmol/L) LCso of 28.686 24.152 21.516 17.955

carbonate alkalinity
95% {5 XA 95%
confidence interval

T

safe concentration

23.734-37.394

19.993-31.297

17.913-127.122 14.520-23.185

5.118
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AARIE A p=(p'—c)/(1—c) i3 % 4H K F )5 I FE
T-H B, H, p AKIEJEWIET- A 5348, p'h
S 2 AR T AR AET A 8L, ¢ IR IRAL A SE T
TR, R X R TR A 0 0 A 1
Mral 40, 4hFAE 12, 24, 48 F1 96 h 4 LCso B &
I35 28.69. 24.15., 21.52 F1 17.86 mmol/L, %
4 E S 5.118 mmol/L,
22 REBHFEEEMEMBEXT KBHRHIREK
T4 B8 B 22 i)

ARV FR EL 0 W38, % [RTR AR L MR i A
KPEREGNZR 2 B, SXIRAAAM L, 4% SC8 2 1a)
VU 1 T 1 T AR S50 R A EE, C3 4R R £
Tl 8 X MR A K M BB R e A 35 R 1 (P>0.05); €6

F1 CO A SLIR ARG EE A | R A KBTI R 2
i E T RE(P<0.05), 76 C9 4 W B ML T HAL LK
ZH(P<0.05), Trpkl 2 5 b I h Bl B2 vk B2 11
FHE, 78 C9 4103 m T HAN L0 2H (P<0.05)
23 FREREWEEEMERIEX T KB IREIPED
2 VA

T 2 0 A 3 et 2 R Y R 3 B0 5 A g b %
N 3 i, 550504 mIMERR Y aedon, H
0 1 58 U Ak 258 157 I sk 1 5 3 ¥ 4 1) - o 1
. SXTHRLAAIEL, C3 AR IR BB XF & [ 7R i
A ZBE M BE B2 AN (B 35 (P>0.05); C6 ZH M R4 o
RN AL AR B AR T X A C3 2H(P<0.05),
C9 ZH ME W 4 B9 28 FBF Ak 232 0] Jod 25408 T o Ath 3 21 52
5541 (P<0.05).

R 2 ERERELTLE XS B RIB MR 4 AR £ K RE RIS

Tab. 2 Effects of carbonate alkalinity on the growth performance of juvenile Macrobrachium rosenbergii

n=3; x+SE
S item A3 group
Cl C3 C6 C9
W4 /& i /g initial body weight 2.87+0.09 2.88+0.11 2.86+0.18 2.84+0.14
A K HE /g final body weight 7.02£0.31° 6.68+0.41° 5.40+0.47° 4.26+0.16¢
1 E R /% WGR 144.45+16.18" 131.55+14.81° 89.98+25.67° 50.17+8.98°
e LK & /(%/d) SGR 2.55+0.19° 2.40+0.16° 1.82+0.37° 0.160.11°
ikl 2% FCR 1.65+0.15° 1.80+0.14% 2.75+0.53 4.86+0.78°
IS /% SR 93.33+2.89° 91.67+2.89* 63.33+10.41° 28.33+5.77°

T [l —A7 A A AR B3 7s 4L A7 235 22 5% (P<0.05).

Note: Different superscript letters in the same row indicate significant differences between groups (P<0.05).

x3 RERELTE X T KB HR4h ERHE IR R AL R R0

Tab.3 Effects of carbonate alkalinity on the spawning rate and egg incubation rate of juvenile Macrobrachium rosenbergii

n=3; x+SE
15| group
WiH item
Cl C3 Co6 Cc9
HUUP % /% spawning rate 71.61£5.51° 65.67+4.04" 40.33+4.51° 22.66+7.64°
24k % /% rate of eggs incubation 45.26+6.31° 42.68+5.41° 35.4143.47° 18.3343.16°

T [l —A7 A A AR5 B3 7s 4L A A7 235 22 5% (P<0.05).

Note: Different superscript letters in the same row indicate significant differences between groups (P<0.05).

2.4 ERERELEEIR B X F KA IR 4) B iz iE
S AlEA

TEAN [a] B PR 6 BB 12 PE By 18 T 2 ER 9 R i i
BB 1 Fs . B RAES R WK,
Xof R ZH B T IR ) 0 i 1 A L S5 B 52 8, T

EMAEHSEE A& 1a), BEORIRELTRE

W BT, % QTR MR 40T g 3 ok B i 7% 2 B

Jil, A AR i EE R a3 1b~1d). 55X

MAH L, RRIRELARE C9 4P 4hIFigiE o
i HEFN ZE AL 1d).



5 8 1]

&

AR 4 558 i R L A3 Xk 2 G M A K 0 M e 14 522 1 931

Bl 2 IRIR R4 3 T B 02 O e B

a. X HRZH; b, BRFRERTIE 3 mmol/L 4H; c. BRERERHE 6 mmol/L 4H; d. BRFRELTE 9 mmol/L 4. MV: 4L TE.
Fig. 1 Representative transmission electron microscopy images of the intestinal microvilli of juvenile Macrobrachium rosenbergii
a. Control group; b. Carbonate alkalinity 3 mmol/L ; c. Carbonate alkalinity 6 mmol/L;
d. Carbonate alkalinity 9 mmol/L. MV: microvilli.

2.5 WRERELEEE BB X B KB IR 4) R AF B
ERRLEHFm

PAS YLtz J R, X HR 4 4y 05 g s v 7 ik
YR, SYIIREINUE RN
B, Wi E Y ik, LR, HE A
FF (] 2a); C3 41 s e s 300 2 4 JBE 7 1141 iz 4
(& 2b); C6 411 s v v B0 K 1 IO v 1 b 1z 4
fite, FRlE (& 2¢); CO 4l B A 1
T b K A, R RS AL B A ™ R, b R A
Ao, AEHES B ELE 2d).

HE—F ] CFW Y o W H B 2540, 45
RWoR, X R L i s b B 2 4 2 R, W
fFS0R, BE, IFRHEQEEYIRE (K 3a); C3
Al i b BBl I ES R B e B, ORE TR, O,
I RFELHNEY(KE 3b); C6 4L s Bl i
LR, EHICREEERNEY L, YOUES
55, FHFHMETEIE 3c); C9 4l Rl
B AYOR, 2655 RIFEEAR, RHFE R
SER L Z A (B 3d)o 10 A R R B e X
% TCVH U 18 Rl sl — o PR FE L3

HAE PAS Al CFW JL i 45 R, Bk [ £ i

SERI LA B R CO 45 0 R HE T
BEorAT, WE 4 s, BRERER GG T 2 R TE HR
Ji7 3 Bl £ B o B I T AR L 7E <5000 F5 5T, X HR
M i BB REDEH . A6, Bk N T
(& 4a), C9 41 Il Bl & MR T A M MRS | IR, 3
EEPIRIE, fFTE2 D908 (& 4d); 7Ex10000 £5
BN, X HE 2 gy LA R T U B0 (K 4b),
C9 271 [l & R TR A, S5 MR (K 4e);
x100000 55T, XF 08 41 f i el £ A 465 4 5 %
JUT )28 o, FBIERALBRE/INE 4c); C9
21 i 18 PRI R AS A b, LT B2 3R EDRLRE,
ML AR (E 400
2.6 WRERELTRE MR BT T KT R4 iR A iE
B & Alpha SIS

TE 0.97 MYFRRURE TS, 2% S256 41 4 U iz 38 A
10 3 e 3 e D R A A AL 3R AR 3131 4~ OTUs
(448654 A~ reads), 5 BIE 2B 1 AR OTU
ik, Hih C1. €3, C6 Fil CO AHRES R RY
OTU B M 1310, 1174, 1140, 13224, 4b4
i) OTU %k 512 A~ 5), M5 BRI E I vT 0t
A1 OTU W Ll 23 —2F:, U B A5 4% WAH [R] i
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50 um 50 ym

K2 T ERIBEFLERAIE 42 PAS Y oA
a. XTHEZH; b, BRERELHAEE 3 mmol/L; c. FRFRERHHEL 6 mmol/L; d. BRFRFERIHEE 9 mmol/L.
RAFLON B, oSk BT I R .
Fig. 2 PAS staining histology of intestinal tissues of juvenile Macrobrachium rosenbergii

a. Control group; b. Carbonate alkalinity 3 mmol/L; c. Carbonate alkalinity 6 mmol/L; d. Carbonate alkalinity
9 mmol/L. The black arrowheads are peritrophic matrices; the white arrowheads are the shed epithelial cells.

K3 X RIH AR HE 8 4 2155 5O 1 2Ot B (4, (CFW) S (4]
a. XL b, BRIRERIESE 3 mmol/L; c. BKIRERIEE 6 mmol/L; d. BRFERFRGHEE 9 mmol/L. [ {3k 48 7% Bl & B
Fig. 3 Calcofluor white (CFW) staining histology of intestinal tissues of juvenile Macrobrachium rosenbergii
a. Control group; b. Carbonate alkalinity 3 mmol/L; c. Carbonate alkalinity 6 mmol/L; d. Carbonate alkalinity
9 mmol/L. The white arrowheads point to peritrophic matrices.
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Fig.4 Representative scanning electron microscope images of the intestinal peritrophic matrix of juvenile Macrobrachium rosenbergii
a. Control group at x5000 times; b. Control group at x10000 times; c. Control group at x100000 times;
d. Group C9 (carbonate alkalinity 9 mmol/L) at x5000 times; e. Group C9 at x10000 times; f. Group C9 at
x100000 times. The white arrowheads are peritrophic matrix pores.
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271

PIELLRIET NMDS SPHE R R B, Sapeairg, 5 BRIREBULILG FY RIRARBITE AR Venn
. o b . Ny Fig. 5 Venn diagram of intestinal microbiota in
A S0 21 1 W T i 2 ) ﬁj(, KT Macrobrachium rosenbergii with carbonate alkalinity
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Tab. 4 Effect of carbonate alkalinity on the Alpha diversity index of intestinal microbiota in Macrobrachium rosenbergii

n=3; x+SE
mH 25 group
item Cl1 C3 C6 C9
AR SO0 OTUS 979+153* 768+65" 86282 103166
Chaol #§%{ Chapl index 1193.89+155.56" 832.89+86.55¢ 981.43+118.62" 1312.43+54.54*
FA+5 %0 Shannon index 4.79+0.54* 4.36+0.16* 4.83+0.09° 5.00+0.28"
¥ FHEIEE Simpson index 0.03+0.02° 0.04+0.01° 0.020.00" 0.03+0.01°

T [l —A7 A A AR5 B3 7m 4L A A7 235 22 5% (P<0.05).

Note: Different superscripts in the same row indicate significant differences between groups (P<0.05).
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Fig. 7 Cluster analysis of intestinal microbiota from Macrobrachium rosembergii exposed to
different carbonate alkalinity at the level of phylum
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Tab.S Effect of carbonate alkalinity on the relative community abundance on genus levels
of different intestinal microbiota in Macrobrachium rosenbergii

n=3; x+SE
Wi H item AL group
Cl C3 C6 9
W RJE  Flavobacterium 0.82+0.38" 0.24+0.05° 0.38+0.09" 7.12+1.25°
R PR Pseudomonas 0.200.00° 0.10+0.04° 0.04+0.01° 0.31+0.07*
WiE IR B Desulfovibrio 0.02+0.02° 0.01+0.01° 0.00+0.00° 0.04+0.03*

VE: A — AT ) b R 3R R 4 R A7 AE 3 22 57 (P<0.05).

Notes: Different superscripts in the same row indicate significant differences between groups (P<0.05).
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Effects of carbonate alkalinity on growth and intestinal health of Mac-
robrachium rosenbergii
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Abstract: A large area of China is covered by saline-alkali water with high salinity, high pH, and ion ratio
imbalance. Macrobrachium rosenbergii is an economically important aquaculture species worldwide due to its
rapid growth and low demand for animal feed. Considering the fact that the M. rosenbergii has wide adaptability to
salinity and high resistance to alkalinity stresses, an experiment was conducted to investigate the effects of
carbonate alkalinity stress on the growth, reproduction, and intestinal health of M. rosenbergii to effectively utilize
the abandoned saline-alkali water in China and establish a model of inland saline-alkali water cultured M. rosen-
bergii. Juvenile M. rosenbergii [(2.85+£0.12) g] were subjected to an acute carbonate alkalinity stress experiment to
determine the 96-hour lethal concentration (LCsy). Based on this, four carbonate alkalinity concentrations, i.e.,
1.5 (control group), 3, 6, and 9 mmol/L, designated as control C1, C3, C6, and C9, respectively, were used to
culture triplicate groups for 56 d. The results showed that the 96-hour LCs, value for juvenile M. rosenbergii under
carbonate alkalinity stress was 17.955 mmol/L, with a safe concentration of 5.118 mmol/L. The survival, weight
gain, and specific growth rates of juveniles decreased with increasing alkalinity concentrations, with significant
reductions observed in the C9 group compared with the other experimental groups (P<0.05). The feed conversion
ratio in the C9 group was significantly higher than that in the other experimental groups (P<0.05). Compared with
the control group, carbonate alkalinity in the C6 and C9 groups significantly inhibited the spawning and egg
incubation rates of adult prawns (P<0.05). Transmission electron microscopy revealed that the structural integrity
of the intestinal microvilli in juvenile prawns deteriorated with increasing carbonate alkalinity stress, with the
most severe damage observed in the C9 group. Furthermore, the present study found that the intestinal peritrophic
membrane structure of juvenile prawns was damaged by a higher concentration of carbonate alkalinity; and the
peritrophic matrix structure of prawns in the C9 group using scanning electron microscopy technology showed
increased damage and enlarged pore sizes under carbonate alkalinity stress. Alpha diversity analysis of the
intestinal microbiota of juvenile prawns using Illumina MiSeq high-throughput sequencing showed that the flora
richness index Chaol in the C9 group had no significant diffrence from that of the control group (P>0.05), but was
significantly higher than that of C3 and C6 groups (P<0.05). There was no significant difference in Shannon and
Simpson intestinal flora diversity index among all experimental groups (P>0.05). Proteobacteria, Bacteroidetes,
Planctomycetes, Cyanobacteria, Actinobacteria, and Firmicutes dominated the bacterial communities of juvenile M.
rosenbergii at the phylum level. At the genus level, the abundances of the pathogenic bacteria Flavobacterium and
Pseudomonas in the C9 group were significantly higher than those in the control group (P<0.05), suggesting that
changes in the gut microbiota structure of juvenile M. rosenbergii exhibit an increased risk of disease outbreaks.
These results suggested that chronic higher concentrations of carbonate alkalinity stress significantly affect the
growth performance and reproductive and intestinal histology of juvenile prawns and disrupt the intestinal
microbial community structure. Our study highlights that M. rosenbergii juveniles are suitable for large-scale
saline-alkaline aquaculture in China.

Key words: Macrobrachium rosenbergii; carbonate alkalinity; growth; peritrophic matrix; intestinal microbiota;
saline alkali water
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