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Fig. 1 Effects of different bacterial-algal combinations on survival rate and growth performance of M. rosenbergii larvae

a. ANETE—H A X D B AR LR AT 2 B RGN, b, AR T 520 G X0 2 IIB IR AR AR AL o X EAH R TR I AT TR e 2 1R 22
BRI AR 1R (meantSE); HLIK 3 J7 Z 40 1T (One-way ANOV A 3 4H [ 22 57t i 35 1 5 B o AN ) /N5 7 BE R 7R 4 1) 22 S W5 35 (P<0.05);
NG

a. Effects of different bacterial-algal combinations on larval survival rate; b. variations in body length of larvae under different
bacterial-algal combinations; Error bars indicate mean+SE; One-way ANOVA tests the significance of differences among groups; Different
lowercase letters indicate significant differences in groups (P<0.05); The same applies below

R1 TRERAEN S RIBIME L TN ERERQLSDEIRIT
Tab. 1 Effects of different bacterial-algal combinations on larval stage index (LSI) of M. rosenbergii
X} R H WAE+TRH. pluvialis+ WWAE+FLIRH. pluvialis+ Y+ T 0. borgei+ YIHE+FLIRO. borgei+

?;’Zfl?(‘(li? Control group C. butyricum Lactobacillus C. butyricum Lactobacillus P
(n=3) (n=3) (n=3) (n=3) (n=3)
1 1.00+0.00" 1.00+0.00" 1.00+0.00" 1.00+0.00° 1.00+0.00 0416
3 2.95+0.04° 2.92+0.04° 3.08+0.04" 3.11+0.04° 3.00+0.00™ <0.001
5 4.67+0.09" 4.29+0.07° 4.12+0.05° 4.08+0.04° 3.90+0.06° <0.001
7 4.53+0.09" 4.79+0.07" 4.73+0.08" 4.87+0.05" 4.78+0.06" 0.032
9 5.7740.08° 6.24+0.09" 6.47+0.09° 6.50+0.08" 6.14+0.05° <0.001
11 6.40+0.09° 6.67+0.07" 6.77+0.06" 6.67£0.06" 6.53+0.08" 0.009
13 7.73£0.10° 7.7540.13° 8.45+0.09" 8.29+0.07" 8.13+0.11° <0.001
15 8.07+0.05° 9.00+0.16° 9.54+0.13" 10.04+0.10" 9.49+0.14° <0.001
17 8.47+0.09° 10.29+0.12" 10.460.10° 10.76£0.07° 10.1620.14° <0.001
19 10.10£0.11° 10.70£0.11° 10.73£0.15% 11.00+0.05" 10.8440.12° <0.001
2” 10.930.08° 11.320.09" 11.50+0.09® 11.71£0.09" 11.46+0.10™ <0.001

VE: BRI ZR 7 2595 T (One-way ANOV A 56 40 18] 22 57t i 35 15 [RIAT AS[R)/N'S 2 REFR R 28 (8] (1) 42 3 22 53¢ (P<0.05), I F R RoR i
Z M%7 (P<0.05); FIE

Notes: One-way ANOVA tests the significance of differences among groups; Different lowercase letters within a row indicate signifi-
cant differences (P<0.05), and bold values denote significant differences (P<0.05); the same applies below
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ORI ZEH, TN S B3 P 22(1.98+0.12) F1(1.84+
0.13) mg/L, f [ & JSHL % (Total inorganic nitrogen,
TIN)AINH; -N& & 2 3§ F£(P<0.05), W7~ A 40
BRYE R A B RS FAGRE ). ML
T, SRR NN TR IR IR B
R AR K AR TON S &, (HTINAINH] N 5 5 5 %
T T R 2R L0 ERE2H (P<0.05), SO R i AR R R
R LA ER . BRE IR, &5id
TP & & A & iy T4 HEZH(P>0.05), 1H 22 5 3R 30
Ao BEWAE+AIRATPE E(0.99 mg/L)5 5 A
(1.05 mg/L)$zi 4b, KR A A 5 S EUKATP S &
Fhom, PO T AR AR (1.61 mg/L), &
BN ) B — S X B R AR 22 57 . AL A7
ff FE PR o, FH BT B 2H, Op BE SR I OO0 = 2
YU ZE+FLIR) ) COD e, /K- FEAK 17 1.7%—8.5%, 1M1 TN
AR LT EREETAS INAH AR SR BN B S 1 25 R AR, 15 B B
FEEAE A WA 3 -5 7K T A 5 T B A B 5 1 AR
AWEER

NTHREE SRR E. BEEE IR R 0
ACKHE, IRYE AR R K E R, A 0K S50
BRI AR —7d)s I E—14d)F1 5 B (15—
22d) = AP Bt AT 4 A (B 2). B4R E, TN
TINHMINH; -N 7 &8 52 56 TH 5 B sh 2. H
L WALLERES TRR AR EH A ESET B
BRI AL R B R £ R J1(P<0.05). ML
N, GBI N R A — E AR T FEAKTN, (H[F
I FETINFINH; -NF & 5. NO;-N. NO3-NAI
COD ¥ 5 I i 7 iy 32k 12 11 32 20 T vy, bRl — 8 Ak 2
X6 3% R ol AT 80 ) R 4 B R ARG A B, T O R i
T 4H 7 T BB B CODG 6 B HE B S5 1) 25 1k 4%
R TP B S EE AL, FFE 2T R
(LA, EE 4y R s 4 A UL O e+ T 4R 78

Ja A B mAR #E 7 TPRIAA 2 .
23 FRIE-RAE N T KIBIM ARG R0
AN TR TR — R 2H A AR B B TGV MR 4 R A AR AL
Febrre B T R, BRI PUAE L ER R S
AR RO A TS 1 1 P ARk (B 3). BRI
T ARAN, R B A CATIE M35 B KT X
HEZH (P<0.05), [£1EIA73.8%—87.5%. MDA & Al
GSH-Px i M 7E T A B — 7 Ab B 20 v 3 5 3% 1 (<
0.05), HH MDA ZK - 45 %F FE 2 4115 68.3%—87.3%,
GSH-Px &1 1£78.3%—90.2%, & I B —FE s A5 %%
WL T AR AL R . B ARSODFIT-AOCH T
7E 5520 1) 22 AN . 25 (P>0.05), (H R A2+ T MRALAEIX
2T e by LRI =i v . [FRE, 2 AL B BR
{5 | AKPFIACPYE P, 3% 5 e 4 I A0 S By 1 25 ¥
LB ThRe, 1B AR SR AU R A 4 R A B AR
S EA BERE.
24 FiEER. MBEREFMEIRISIR BRI XM
AR A BT 27, RS R R 8 IR sh 2 R AF
TEIEM KK R COD, 5 FRTONAMY 2R RE
FE & BB UM 9% (p<-0.44, P<0.05), 1fi TP
TIN (p=0.43)FINH} -N (p=0.38) £ 1EM>. pHSTON
BEAM R (p=-0.53, P<0.05, K] 4a). [RGSH-PxAIl
T-AOCHF, KB AE A8 br 2 [ A7 1E 5 35 1E A7 K
(p<<0.76, P<0.05, & 4b). A IEH 754 FIEFR A
AHIME M B R (K 4¢): ACPHIIR i B (Lipase) & P4
BE TP & 7t & 10 = pHA T = W01 T AKPYE
PEAMIMDAKF. CAT. MDA GSH-Px/K F 3% ik
ETNFITONE IE#15%; T-AOCIE 4 5 TN, TINFI
NO;-NEBERFFE MM KK R . N T AT
TR, AT AR R A A B R bR . FAEEEA
FZ A ZPERL S 23 1 (] 4d), RT3 5 oL
A E(NH;-N. NO;-N. NO;-N. TIN) 3% IEAH %

®2 TRIE-RAGWEBKRNZEEITESRER)

Tab. 2 Effects of different bacterial-microalgal combinations on water quality (mean+SE)

ot a2 MAE+T WA+ LR IFE+T AR U+ 7L IR
¥ e H. pluvialis+ H. pluvialis+ 0. borgei+ 0. borgei+
% P P g g
HiAe 2 H(Parameter Cont(rnozl?’g)roup C. butyricum Lactobacillus C. butyricum Lactobacillus P
(n=3) (n=3) (n=3) (n=3)
FETN (mg/L) 3.1640.17° 1.98+0.12° 1.84+0.13° 2.81%0.17° 2.80£0.18"  <0.001
BAHLETON (mg/L) 1.32+0.08" 0.43+0.05" 0.32+0.04" 0.41%0.04" 0.40£0.05°  <0.001
BEHETIN (mg/L) 1.84+0.10™ 1.55+0.10° 1.5240.11° 2.39+0.14° 2.40+0.16"  <0.001
% %NH] -N (mg/L) 1.05+0.10% 0.82+0.10° 0.85+0.10° 1.55+0.16" 1.53£0.16"  <0.001
TAHAZNO; -N (mg/L) 0.05+0.01° 0.06+0.01° 0.06+0.01°" 0.08+0.02" 0.10+0.02"  0.220
A ENO; -N (mg/L) 0.74+0.06" 0.67+0.05" 0.61+0.04° 0.76+0.06" 0.77£0.06°  0.190
SABETP (mg/L) 1.05+0.06° 1.310.08" 0.99+0.07° 1.6120.10° 1.18£0.09°  <0.001
HEEFREEIRECOD,, (mg/L 194.85£16.35"  245.76£17.52°  218.18+13.42°  191.52£16.12°  178.1849.32°  0.014
cr (Mg
LT 2 pH 8.10+0.01° 8.12:0.02° 8.13+0.02° 8.12+0.01° 8.130.02"  0.599
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Fig.2 Effects of different bacterial-algal combinations on water quality in larval nursery systems
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Fig. 3 Effects of different bacterial-algal combinations on physiological and biochemical parameters of M. rosenbergii larvae
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a. correlation heatmap of environmental parameters; b. correlation heatmap of enzyme activity indicators; c. correlation heatmap between
environmental parameters and enzyme activities; d. scatter plots showing correlations between larval survival rate and key environmental
factors/enzyme activities. Spearman’s rank correlation coefficient (p) were used for correlations analysis, Blank cells, blue, and red in
heatmaps indicate no significant correlation, negative correlation, and positive correlation, respectively (P<0.05), with color intensity repre-
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Tab.3 Stepwise regression analysis between larval survival rate and physiological as well as environmental factors

B (briE L 2 %0 Standardized coefficient adj. R’ F P
171 % Survival rate= —0.52xMDA 0.215 4.831 0.047
175 % Survival rate=0.708<TIN 0.463 11.952 0.001
1735 # Survival rate=0.668xTIN-0.407xMDA 0.610 11.952 0.001
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BACTERIA-MICROALGAE CONSORTIA FOR REARING WATER REGULA-
TION ON GROWTH PERFORMANCE AND WATER QUALITY OF
MACROBRACHIUM ROSENBERGII LARVAE

WANG Rui-Chen', ZOU Song-Bao’, DENG Ming-Feng', NI Meng’, YU Heng’, ZHOU Dan’, LIU Mei’,
GAO Wei-Hua' and YUAN Ju-Lin’

(1. College of Animal Science and Technology, Yangtze University, Jingzhou 434020, China; 2. Key Laboratory of Healthy Freshwa-
ter Aquaculture, Ministry of Agriculture and Rural Affairs, Huzhou Key Laboratory of Aquatic Product Quality Improvement and
Processing Technology, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: To investigate the synergistic effects of probiotics and microalgae on larval rearing performance of giant
freshwater prawn (Macrobrachium rosenbergii), this study selected Haematococcus pluvialis and QOocystis borgei,
which were respectively combined with Clostridium butyricum and Lactobacillus for treatment. The impacts of diffe-
rent probiotic-microalgal combinations on larval survival, growth, development, water quality, and physiological
parameters were systematically evaluated. The results showed that the O. borgei+Lactobacillus treatment achieved the
highest survival rate (85.80%), significantly higher than that of the control group (50.2%, P<0.05), while the O.
borgei+C. butyricum combination exhibited optimal performance in promoting larval growth and development. The
two microalgae species demonstrated functional differentiation in water quality regulation: H. pluvialis showed signifi-
cant advantages in nitrogen removal, whereas O. borgei was most effective in reducing organic matter load (COD,,).
Physiological analysis showed that probiotic-microalgal combinations could effectively alleviate oxidative stress in
larvae, with malondialdehyde (MDA) content reduced by 68.3%—87.3% compared to the control (P<0.05), among
which the H. pluvialis+C. butyricum combination demonstrated the strongest overall performance in antioxidant,
immune, and digestive functions. Stepwise regression analysis revealed that total inorganic nitrogen (TIN) concentra-
tion and MDA were the key driving factors affecting larval survival rate, jointly explaining 61.0% of the variation. This
study elucidates the mechanism by which probiotic-microalgal synergy enhances larval rearing efficiency through nut-
rient cycling and physiological regulation, providing theoretical basis and technical reference for microecological inter-
vention in crustacean larviculture.

Key words: Probiotics; Microalgae; Antioxidant capacity; Water quality regulation; Macrobrachium rosenbergii
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