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151, HDAH .2 5 T LDZH(P<0.05) . 7K F2 € 5 &% 5 2H 2 W o i 3 22 7 (P>0.05) . LD AIMDZH #EHF 146
5[ 2 8 3 K T -HDZH (P<0.05), LD FAIMDA TC & % 7 57 (P>0.05). 171 26 B 56 JiF7 % 2 1 38 n 18 58 P& IR
(P<0.05). JHFF% FE 35 5200 %7 IRUR MR B RS, /N KRS IR 1) LU A5 B A T80 % B 0 v X0 35 189 0 (P<0.05) . 7K
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Ju KIEH(Scophthalmus maximus)” -« B AEf(Oreoch-
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TR B AR TR AR K s, 25 AR, %
FEANE IR AE K AAH O, A ERP IR T () R 2%
FE }940.8 g/m’ B, A KRR, SiddiquiZs”bA1.8 gff
T IRVBER AR B S R, 0L 168d I FRAH, K I
B AR A AR A B b, TR A R e, T LR
SRR, B EQVB IR AR R, R R 11 b A7) ek
P ORI B TG VR U R A E LA A
KHI YR AT SO 5, Fge 7258 IRA FR5E
SR R T E TR B IR AT, (H X B R
LIV S CINE =5 N & 1= IE Sl o WA L
PRI RE B % — AR =20, &8 makm
R A KR, B A ARORR R PR A — . AR
bt X (SpSEZANTE LNV i SRR G VN M S g =
TH R, TR Bt AW 53 DL E A R R SR e e Xt
R, @A BRI A P2 0, IR T B IR R AR
EH BB R, NE IR BRI A R R A B
WERMEHRESE,

1 #MR5REE

1.1 SEWEI

SIS AR W VLA ¥R AK K P2 5 T 47 A 1 36 32 3
AR R E 5 AT . 3R P K VB I AL 18 m®, K
R0.75 m, FEHKM13.5 m’, FEAN /K IR it i B 2
BRI, K VR b v it 7 R DL B L 9 A
B SRR T2 m’ 54 e A 555
MR IG5 15 B 3N % 1.0 (LD).
1.5 (MD)F12.0 kg/m’ (HD), 54> %5 i 1% & 34~ 4T,
IR E R HINLDA13.50 kg, MD#H20.25 kg, HD
#H27.0 kg. SLIOXTGONARA HEHEME KE
U Ferli, E AR B 46 R B R (17.951.11) g, BEITR 1
IR R (21.3941.63) g, MEMELLA] A2 1,
12 FEERE

AR5 202310 H SHIF 46, 220241 H 15H
i, S RIS B B, B — B BN Bl o Ak 3
(20234E10 HSH & 12 H27H), 5@tk 3], Mk 5y T,
KIE24°C, B RN FPUF IR 54K 10 em, &K F
5 VR 2 TV AR AR R TRl 20, 43 MR B D M A B
I 1%70 A7, 1 F F5 TC 5% PR £ RN 8 1S 2% 10,
AR N 3%, THE SRR 6%, BN
THC (12 A 280 £ 1A 15H), ¥ 8) AK R T+ & &
28°C, FRAEE FEAN SR AR ] o BRI0 B VA R A
FAE7.0 mg/LLL_E, pH 7.3—7.8. R4 45 AR K A7
B 2215 em, LIt dF s BRI R AR £
1.3 HmXEX&E

53 B AR SR HE 7 B 1 1R ZKRE, 0 2 2 R0 I
BRMIKE, HE R BN ES RS R B R

Fag o MRHEIE 45 R, 7 ) RS K A b S R AE R
(Od). WA A B IEAE 2 (17d)s KBRS E 5 (41d)1K)
IKFE, BRAZTE T R /K 8, £280.22 pum 1) 76 B JiE
I E, SEBRIR A {E-80°C VKA, H T o S E M B TE
IMT . BENLREMFIOA. 17dF141d1 T KIBEF, %
I HEE, TG B 7 U TE R AR, S R M i BE LY
10 R AR s A AR N 1, fRAFAETCEEPE T, A
T B REIE . ESRIREEHE, St &4
AR OP R FNAEIE 2 . (EPREHION IR 5, &N ith 7B
MLk EE R AR 2 FCVR AR 25100 L, o7 R P FR 4
#H G ARSI EE . SR A

1 2 (%)= P iR £ 2/ HEATR A 2100

T2 2R (%)= 50 R % IRVB IR I B /A1 46 2 I
TR H £ B <100

AN TR KA R £ A8 (o) =36 IS HAL A S FB] P A £
SR ) S 2100
1.4 HESH

IKBIEARNE KR, B AREAIpHK
A 2 2 HOK BUINE SO 5E (HQ40d), 2 A K F 41 K
IR 43 6 6 FE VI 5 (HI535—2009), Pl 25 &K
F 2 6 BEE I 8 (GB 7493 —87).

MEEES SRR 4 DNAFEHGR ]
B J7 V24 BIURE & 25 (R 2H DNA(OMEGA Biotech,
), F FH 45 A barcode 147 5% 5 #1341F (5'-CCTA
CGGGNGGCWGCAG-3")F1806R (5-GGACTACHV
GGGTWTCTAAT-3")¥ 4 16S rDNAK V3FI V4[X ,
W alidh 5 M P-4 el i e Sk, Mg ST,
Nluminaill /7, W5 Z3 46 M 5 idt B8 A= M) LB A R
AN FE AT
1.5 HEHHh

K F Origin202 13 {4 330 AT B4 B2 #8117k ot
AR B o Excel 3 il /E 40 1 3 7 2H AR 1,
LEFse/r#T. PCoA K H it B AE W) RHE A IR 2
H HITE 2k = °F & 58 li(www. omicsmart.com). K
SPSS27.04¢ i+ iR 34T B 2 1 o i, R AR
7= 7 H1(One-way ANOVA)H Duncan% 5 Lt 35 K6 56
BFENE, P<0.05SHEREE.

2 R

2.1 WFZHEKRAFN

AN TR) 35 P 2H K R A R TR P S T R PRI
I Ja T Roe, &AL R 5 9diA B (Y, Rk 5
5—17d, /KA E R B R A TR 3G b
TF 7, HDA B 2 & T LDZH (P<0.05). 7E21d)5, &
BIREEPE 203 mg/LA A4, BORFf e, FH 2R
BEZERP>0.05; 8 1), A B A AS1b 5 A
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TR, & AR S 17K 0E B AH, #£9—33d,
STVl A5 819 B i A S 5 R ) 3 T =, HD
4 55 5 T LD (P<0.05). 37d)5, WA EE T
Fase, %2 mJEEE %5 (P>0.05; K 2).
22 MFEBEND RBIMEIIERMNFERNEN
TCFE R LM I 25 1.5 kg/m’, MEWF (41 5 22
M49.03%38 N 42 51.97%, Wi¢H 2 18] JC & 3% 7 = (P>
0.05), HE— 35 B 1 55 %5 B Z22.0 kg/m’, 151 % &
HFER(P<0.05; B 3A). 1715 2 bl 35 TR 5 1) 4
I3 FR(P<0.05), LDALIIAEIE K fe i, N81.85%,
HDZH 5K, 69.88% (] 3B).
23 WMFEBEND RIBIAEHFNT
3F AN [F) RS () EAR 7E LD ZH ATMDZH 1) Le A5 e
3 72 5 (P>0.05), PR E 7E20—25 gty MEUF7E 2% 41
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Fig. 2 Nitrite concentration in different density groups
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0.05; & 4A). FERERRH, AR H K T35 gl HERR ) EE
151 Wi A5 T30 5 FEE ) 39 I if 98/, HDZH & 35 Ik T
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Fig. 3 Ovigerous and survival rate of M. rosenbergii in different
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30 gy e B B A ) i A 87 2 R PR B D 3 T v
(P<0.05; 5] 4B).
24 WFFEHE X FRIEK AT E 4R A R H Y
220
TEITIKF, %% B A K AR R AR 3 AR ), 32
T, HE AT 1 [ (Bacteroidota) #1148 /% B | ] (Proteo-
bacteria), Xt 3= B 2 FI7E60% LA L (K 5A). 1EJ&
K, F-FH9d, LDZL. MDZHATHDAL /K& i E 4
=1 #J#F | ]Bacteroidota
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A 100
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™ HAthOther

T Ve 2 AR AL, 22 B B AT 1R (Flavobacterium) . A
T B8 & (Acinetobacter). /NELTE 1 J& (Pirellula).
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UK, B RN N39.75% 38.56%4137.54%;
PRAN17d, 7K A 0 20 8 o A B 40, AN B 1 A
T 040 B 8 (Aurantimicrobium) W) A X = B A5 By 18
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SRR NAANAE
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Fig. 5 Community composition of microbes in different density groups of M. rosenbergii
AFR IR BRERKTE:; WO W17, WAIFR{EFod. 14d141df7KFE; LD, MD. HD#E/R1.0. 1.5f12.0 kg/m’4H; T

A represents phylum level, B represents genus level; W9, W17, and W41 mean water samples of the 9th, 14th, and 41st days of preservation;
LD, MD, and HD indicate the 1.0, 1.5 and 2.0 kg/m3 group respectively; the same applies below
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K, SRR R HEAT B E . AR E M/
T & 4R 5B).
25 ATEHFEEAFEKFMBERESE ST
LEFseZ #1 0 LA %6 Hy 48 1] (1) 32 22 22 57 181 3
(Kl 6A). ¥4 1%k th ¥ 2 7 & B 8 A LDA (Linear
Discriminant Analysis)f% i ) 45 SR AT HE P, W&
I IHEE K 2.0 (B 6B). LEFsesr #4530, 7R 44
9d, LDZHLDATS 73 HE 44 i1 344 B FE = Y0 Fh 2 5l N
L M W J& (Flectobacillus) Flectobacillus _roseus
J& A1 3C 15 1 B (Rikenellaceae), MDZH [ 45 = 0 F Ay
21 BR 1 #} (Puniceicoccaceae) FIF [ AT & (Paja-
roellobacter), Cytophaga_sp VMITF, 1M fid 14 18 g
B & (Nitrospira) e HDZH B EL 18R

B
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n
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I Wo-HD [ wo-LD [ W9-MD
| ] | | | |
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=)

RO, MR 738 H B 340 R AT AR BR AT R
(Citrobacter) F FLEK i J& (Lactococcus) N F., FiXTF
2 F 5 60% LA -, Frg AT B 11 o L B 5 TR %
3G G BT e ORAN17d, HESE g TE H A A
S TR AT OdAH [F], A7 A5 R AT B 1 =F FE RO T BRI
TRFh41d, HESR T8 00 35 B A R AR O, B TR
B RGN, AT B AT B RN FLEK B A T 3 2
M LD [ 57.13%i% ¥ i /> 2= MDA 1 20.97%7F1
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X P MLDZH 1115.84%3% 14 N &MDZH 1127.24%
FTHDZH [1)25.66% . HER P 11 T8 1l A= 49 7 %
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Fig. 6 Analysis of different bacterial genera identified among different density groups of M. rosenbergii
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A represents LEFSe analysis; B represents Linear discriminant analysis (LDA)
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AEAL(EL 7)o
2,7 FTRBMFEMEDoZHF M ST

P IR E M AE Y a2 FEVEFR B LR 1. 9d
FU17d, M B AR i 18 B A2 0 BEVR 9 OTUs. Acedl
% . Chaol#5# M PDIE £ % = A 2. 3 (P>0.05), &
LR AT A 22 rh 3, R 5 B B BV AR ) 18 v
FraZ FEME TSRS . PRFR41d, BERR Y o2 £ 1
T B bt A6 TR % RS B 3 g =, HDZH B 3% = T
LD (P<0.05), KR [ o2 £ 24 35 F0U 75 MDA £
&, Hrh MDZH ) OTUs A Chao 1 45 3 2 25 75 T-LD4L
(P<0.05).
2.8 FTEKBMFEMEYIBZ ST

T B PV A i 0 o A 0 V% AT PCo A PR 3 B
(Kl 8A), 75 AH [F) P SR AE I 1) i, A ) 8 B2 2H I 1l 2B
VIR BE B BT, R WITIE MR VR A AI L, o,
PCol FlIPCo2X} 7= S5 1l A= W W0 J7 22 ff R i 2 RNy
58.69%. MEPEZ [ THUT 738 Tl B V& PCoA B 7R
(&l 8B), 41dfIMDZH FTHDZH A1 HoAth 20 73 IF, i
FEAHABZH A B 22 5, H AP PCol MIPCo25% 2 57 ik
AN T 22 R 22 RN DN62.79%

# Fweighted-unifracif 5, 7 OTU/K V- X} FEAS
HE4T Adonisk 36 (8] 9). MDA HE T 1) 7 38 B BEAE
AR R B 8] s R B 2 35 M 22 5%, BPM9-MD,

M17-MD#FIM40-MDZH [H] 2 57 & % (K] 9A). X4
() 22 S BEAT R g, AIVEERE 28481, MDZE MERT Fr 48 B B
P AE AN [ 1) SR I ) 2 T O 35 1k 22 (1 9B), Ik
A1, FER [F IR 18] 2, HDZL R MERR 7 40 s i
HR(F9-HD. F17-HDAIF40-HD)Z 53 % 2% (K 9C).
3 Tig
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Fig. 7 Community composition of intestine microbes in different density groups of M. rosenbergii on genus level
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Tab. 1 The a diversity indices of intestinal microbial of M. rosenbergii
FeA-4H OTUs Acefg % Chaol$5 % PDF& %L
Index-Group OTU number Ace index Chao index PD index
F9-LD 368.67+153.96" 453.85+122.55% 446.26+129.97"° 76.45+27.66"
F9-MD 459.00+110.57° 561.45+100.92" 569.25+86.70" 77.78+5.78™
F9-HD 414.00+190.49" 512.304196.26™ 502.71+198.44™ 64.21+22.75"
F17-LD 308.33£39.27" 380.91449.97" 379.37+57.21° 61.43£17.61°
F17-MD 463.00£111.64° 572.12+142.93" 575.42+150.66™ 88.71+18.33"
F17-HD 416.33+52.27" 501.06+78.10" 500.37+61.86" 82.29422.19™
F41-LD 698.00+167.68°“ 829.47+154.82° 825.67+179.17% 122.33+18.13°
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MI17-HD 435.67+34.79" 510.36+29.06™ 514.13+20.32" 72.84+11.97"°
M41-LD 556.67+87.13" 712.98+58.34% 688.98+71.86" 91.02+12.32™
M41-MD 799.33+132.76" 917.02+167.07" 917.18+141.86 106.47+16.34°
M41-HD 731.00+103.87* 834.31+110.76" 842.62+108.03% 101.00+13.58™*

T FISEEE B AR [F)/NG T REROR 2 AN 3 (P>0.05), ARG FREROR 72 57t i 3 (P<0.05)

Note: In the same column, values with the same lowercase letter mean no significant difference (P>0.05), while with different lower-

case superscript mean significant difference (£<0.05)
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DENSITY ON THE SURVIVAL RATE, OVULATION RATE, WATER QUALITY,
WATER, AND INTESTINAL MICROBIAL COMMUNITY OF BROODSTOCK
MACROBRACHIUM ROSENBERGII

LI Qian, SUN Li-Hui, ZHANG Hai-Qi, JIANG Jian-Hu, CHEN Jian-Ming, PENG Jun,
YANG Bi-Cheng, GAO Ling-Mei and GUO Jian-Lin

(Key Laboratory of Freshwater Fisheries and Healthy Aquaculture, Ministry of Agriculture and Rural Areas, Zhejiang Key Labora-
tory of Fish Health and Nutrition, Zhejiang Institute of Freshwater Fisheries, Huzhou 313000, China)

Abstract: This study aims to investigate the appropriate stocking density for broodstock Macrobrachium rosenbergii.
The experiment was conducted in a greenhouse setting, using M. rosenbergii broodstock with a sex ratio of 2:1
(females to males). The initial weight of the female shrimps was (17.95£1.11) g, and the male shrimp weighed (21.39+
1.63) g. Three stocking densities were tested: LD (1.0 kg/m3), MD (1.5 kg/mg), and HD (2.0 kg/mS). The effects of these
stocking densities on brooding rate, survival rate, water quality, and microbial communities in both water and the
shrimp gut were analyzed. The results showed that before water quality stabilized, ammonia nitrogen and nitrite nitro-
gen levels increased with higher stocking density, with the HD group exhibiting significantly higher levels than the LD
group (P<0.05). After stabilizing the water quality, no significant differences were observed among the density groups
(P>0.05). The ovulation rate of female shrimp in the LD and MD groups was significantly higher than that in the HD
group (P<0.05), while there was no significant difference between the LD and MD groups (P>0.05). Survival rate
decreased significantly as stocking density increased (P<0.05). Meanwhile, stocking density had a notable effect on the
size distribution of broodstock M. rosenbergii, with a significantly higher proportion of smaller shrimp in the higher
density groups (P<0.05). Gut microflora results showed that stocking density had no significant effect on bacterial
community composition at any sampling time. However, at the peak of ammonia nitrogen content, the proportion of
potentially pathogenic Citrobacter increased in both MD and HD groups, indicating that water quality changes caused
by higher density significantly influenced the gut microbiota composition in these groups. In conclusion, a stocking
density of 1.0 kg/m3 was suggested as the most suitable for broodstock M. rosenbergii. The results of this study provide
a valuable reference for determining the appropriate stocking density for M. rosenbergii.

Key words: Stocking density; Water quality; High-throughput sequencing; Water bacterial community; Gut microflora;
Broodstock; Macrobrachium rosenbergii



	1 材料与方法
	1.1 实验设计
	1.2 养殖管理
	1.3 样品采集
	1.4 样品分析
	1.5 数据分析

	2 结果
	2.1 放养密度对水质的影响
	2.2 放养密度对罗氏沼虾抱卵率和存活率的影响
	2.3 放养密度对罗氏沼虾规格的影响
	2.4 放养密度对养殖水体和肠道细菌群落组成的影响
	2.5 不同密度组养殖水体细菌群落差异物种分析
	2.6 放养密度对罗氏沼虾肠道细菌群落组成的影响
	2.7 罗氏沼虾肠道微生物α多样性分析
	2.8 罗氏沼虾肠道微生物β多样性分析

	3 讨论
	3.1 密度对罗氏沼虾种虾养殖水质和水体微生物群落的影响
	3.2 密度对罗氏沼虾种虾存活率和抱卵率的影响
	3.3 密度对罗氏沼虾肠道微生物菌群结构的影响
	3.4 不同性别的罗氏沼虾肠道微生物菌群结构差异

	4 结论
	参考文献

