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BWE  AERIREME A R A T (Exopalaemon carinicauda) 4 4L 45 4 B i AN Bom, B
A £ T(25£0.2) mo/L [REFHE W 24 h, W A4 % AR E K (7.2¢0.2) mg/lL, 771 &k B KA
YRR B S AR R IR R 1 4R, xR R AR R AR AL R AT i B, FE AR 16SrRNA
HEMFEAMREMBEFEEBHN TN, ERE R, KREM B E I ERA R EHHE
RARRENRG, REAREEAERATNFATHZRRA, L HH T (Protecbacteria) . &
BET IT(Firmicutes) 78 % £ 414 & & BT 738 op o 46 s eh 4, K 2040 8T 7 38 vF 34T 1 7] (Bacteroidota) £
7K %W 7] (Actinobacteriota) By # & & % 7+ 5 (P<0.05), & HH | 1H & T ¥ [4{%(P<0.05), % £ K&F t,
& X 18 #+ (Prevotellaceae) 7 £ #2 T F+ (Lachnospiracese) £ IR A 41 ST 7 PN R E B ¥ & T % A4
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RETHROTGEEREN, SRE 0 AR EH N REDE B, 8T INER A E S EERR
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W R ALE, FERBIEERERESE,
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St R SR AR R LR W — R N AR AR AT BEE L R A B A
ZURARE, WVEA R RS AR R A 2 —(ERSE, 2021), /KR fFE & 54 0 mg/L
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5 45 3%

AR KR TC A, Y& <2 mg/L i, sipol kA ak
RIS (B2 3% 45, 2009) ., 7K A= gl 4% i S A 2
PR & AR B9 4T R A BB (Wannamaker et al, 2000;
Zhang et al, 2006; Dong et al, 2019) . 4 i 75 fift 4 e J —
MEASBEAL T 3 mo/L (%355, 2009), ¥ fift AUk i i
RSBIRAR N B, SRR, A K
KA (EBRE, 2021), LA™ HA 5] Rk 2 55
FET- . FREHMALIY K . S & IR . il DL RS
AR AR S SR R R B 5 SR b BG4 O

L RCAFETIFLKT DO XH s
M A SE , EESEPAEAT RN . RIENE . BEETH
FE. PRI AR B PR e R4 5 T (Cheng et al, 2002;
Li et al, 2009; 7 3CASE, 2014; # W, 2019; H/Ng
4, 2022; WG PRHE, 2023) . H 52 30 W (1) B8 e FE BT I A
B, HAMFRE S ERGEEZDRE, HHEEA
e . THAL . WAFRE R A S E B TIRE . WiE AN TR
BRSO TG B BEAE T, SR e S 4
KRG AR AR B UIAOC, WiE A0 T
AR 4 78 A T RE 235 i B B A R R IR B . A 2
BRI, FEAHFEFRIAEE T, ok B [ —Fh i i B 5o
I (Penaeus monodon) i = 14 5 41 [ - 34 14 5 (36.82+
0.41) o] 38 fl A PR W W0 2, i A 34 o o 2
£ b 75 JE BE B[] (Firmicutes) F1 L 4T & ]
(Bacteroidota) (Uengwetwanit et al, 2020), 5 1F % 4=
KAHAH L, K fh(Pseudosciaena crocea) 2% & 4= K- 4H
) B A i B T ) OTU %l . Chaol {EAN
ek IR AR (B9 4E, 2017),

AR, AT R TV 2 E KA SR AN A
PIRIFSE , BRI, A7 AR S0 X R AR 20 2R 45 4 K
o T AR ) P B0F 9 B A G o ASF ST LUB R IR
TN G, FFRAR AN 30 5L 50 IS R IR 212
FATEAR S0 T A 515 0, A3 TR B0 8 B A
W Ji 3 TR R ) S5 R 2E I B 25 S AR AL, TR B R A
UV B2 8 %) A B 1o it AR, DAY R S PR A P RS
R PRI I AR A (RS HE SR AT ST DO

1 MRS
1.1 SCIgHH

LT3 1 25 s A K™= A BR 28 /I 75—t F- 34
K 4 (4.3£0.5) cm, R A (1.47+0.24) g {# R H B
HIER, FEFRFH KA R 5 1 JF KR 24~25 C |
B 25, pH 7.9£0.5, AL, BRHFK LIR(E
AT 30%), 07:00 F1 18:00 43 5| 4% M — Yk (1K 5 1)
5%), M EFIEEARIE, SCHHT 1d R,

1.2 FLIEFAIESCELE

FEIE LI Z R AT T S0, MEA 5 IR K
F(70L, 0.8 mx0.5 mx0.5 mAEA /KA, 7E55 1 >R
KA R AN JE K P B R B (NapSOs) , i 7K 1A 75 fie 48U e
K% (2.520.2) mg/L, Bl Hrek 7o SR AR A SR e
THR ZE(7.240.2) mg/L, # 30 BH FE H I A KA
F%4H 48 h (Ki 24~25 °C . ¥ 25, pH 7.9+0.5, H
SRIGIR), 07:00 A 18:00 43145 M — Yk (1K (1) 5%),
Fe sty BRAR A, (HANBK, 48 h 5 IfR & BSEER, |
UEUE R, f ] NapSOs BEAR/K M i i Uik B 1 22 e
S 2 DTEFEFXF R KFE AN NapSOs, 7K ik
VAR AR AT 2 (2.520.2) mg/L, XHZKFEAHEITKIATE
A, BFRE 20 min fi S A AU (AR, )
o 7K F R AR fif S B, 7E 12 h e R R BiZoK
MK IR A kR EA, MILiER, A
NaSO; FEAIR A AR i A o i RsuE M . BRI 3 1%
BOKAAAS A 30 BH R HIF, M E)R, 32K
S, WRARE A)ER R ESEME, i
Fo S ARV i SR B AR P TR (7.240.2) mg/L , 7E 4%
FARH 12 hAERE 20 min, 5 R HE USRI K
FE R AT o SR T, R BN Vs i Sk P 0
A AR, BUETSE R T RIS , TR

EA SR AR IR 24~25 °C | R ¥ 25 &4 ik AT,
BB IR E 5 1Y 180 IR 1 3 L 1) 6 IR FE /KA
(70L, 0.8 mx0.5mx0.6 m), f4/KAG 30 RBIF, H %
R A 34 /KAE, For, B S A K A fie ALk
JEBRE M (7.240.2) mg/L, R4 45 (0~24 h)—~ 4k
BB, SR AN NapSOs (AR S 4 1 7K 1A 75 fie S vk
JEAE 40 min NIE{KE (2.5£0.2) mo/L B S7 ZITF 8RS
55, 24 h I AERE 30 min {5 4 #5207k
Wi A, i A A NapSOs shA4ERF K
AV fiff SE R
13 HARE

LETFhG 24 h 5, S H A RIE A L AL
FH 5 B RAFGEAATRARAL, BT 4%2H
HEER R A TR, IR g%, TR, a4
LA 445 L 5 28 R IR B 2, M4 3 8
BREANBIE, WEARS 258 WTL, WT2,
WT3., WT4 #l WT5, R84 %5 515108 HYPOL,
HYPO2, HYPO3. HYPO4 FI HYPOS5, £k % %k
iR £-80 CUKFETIRAE, FTIHi BREESH /34T
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1.4 HARAZ=HI

K Z R E 24 h ARG R A48
FE FTIREE . TR ZH U AR h BEAT BB RE I K, 1l
FH = AR 28 W R TR A B PP AT A R A0 L
A BE DO AR R X R LA T T R, by U SRR 2
5um, FEHEATZEBNEMEAK, FHTAR AL
WA BKEY, SR P R E R,
P WA BT I

1.5 EF4H DNA {ZEUEH 1B 7= ¥ Y 3R EX

AL B HEFTE(2.520.2) mo/L BBRASME T
e rie 24 h, A3l UK 41 (HYPO1, HYPO2,
HYPO3, HYPO4, HYPOS)HI# A4 (WT1, WT2,
WT3, WT4, WT5)4% 5 i, B4aHh 34
RHERAMMEERE, (fH CTAB fZ2HEULA A
(HYPO) R S 41 (WT)H R T FE &b 5. DNA, fifi
FHBRIR B EE IS (1%) 46T DNA 4l B Fk i, oK
Fi Bt 2 1 ng/uL . F 341F #1 806R 54)(Thijs et al, 2017)
PR B 16S rRNA JE K (V3-V4), 519 751k 341F
(CCTAY GGGRBGCASCAG)HI 806R (GGACTACNN
GGGTATCTAAT)., PCR £ 15 pL Phusion®High-
Fidelity PCR Master Mix, 5|4 0.2 umol/L, 10 ng %
K41 DNA, PCRIFEANT . 2% 1 KRR35 98 C,
AgpE 1 min, SRJ5, 78 98 CiRE FHF4: 10 s, 50 C
T 4542 30s, 72 CHRUE FH#4E 30s, 30 MG,
72 °CPJE 5 min, SR FHBUIRHEERE VKA R PCR
7R, Ad SR B AR £ (TianGen, {8 ) [T,

1.6 XEHE EHMF

ffiff] NEB Next® Ultra™ 1l FS DNA PCR-free
Library Prep Kit (New England Biolabs /A #], 3¢ H)ik
FESCER A, M i SCE 2T Qubit F1 Q-PCR &
W, WEAIE, i NovaSeq 6000 #1T PE250 |-
HLIF o

17 EWMERFSFRITSH

R 8 FLRE (1) S5 T A A i 2R 47 P X AR o 12 L
i FLASH (Version1.2.11, http://ccb.jhu.edu/software/
FLASH/)& Jf X%} 3 reads (Magoc et al, 2011), fdiff]
fastp (Version 0.20.0)4k -9 4% . U reads, 1535 5T
5 IR Tags %4 (raw tags)(Bokulich et al, 2012), 4t
HEEE . [ QIIME2 (Version QIIME2-202006)4%k
fEr i) DADA2 FEHEATIEME , AR ASVs
(amplicon sequence variants)(Wang et al, 2021), f# f
QIME2 4315 Alpha Z#EM:, i@ 1t wilcox FLFIAS:

5500 Alpha ZREMEREUE B AR 2E R FET 24 F5
51T (PCoAti it Beta ZHE1: . i LEfSe F {453 #r
BHEAKECT. N, B, BE JE HE Fl) LAAEREE
SEIRE, A R AT T R, HRB& 020K
S ) B B 2 SRR, K P<0.05,

2 RS9

21 REMENEEBMFARLERH M

2.1.1 AREMGEE T AR G SF AT AR 41 40 4 M6 AL

AR BR300 XoF 5 2 1 R i iR 4 40 B S 1
HAEAL(K 1a)F 2 R AT AR A0 i i e %, TR AR Sh
FIEH, FTRAEZEMIEE] B, R4IL, H B. R4
MIHES L 55, Fhs iy K/MNE® , & 2R . (KA
1 24 h 5 (K 1b), FFBEAR P — e gl 2122704k | §5i8
SRR R, REHRBH TN S, B, R
I HESIZEAL, S . MEY K, BRI,

3 I (1507 B ER O £ 9SA S L O B N AT O AT
Fig.1 Effects of hypoxic stress on gill and
hepatopancreatic tissues of E. carinicauda

a. b A AR AU IR AR H 40 HE e ) Jr T el i
5 c. d o E AR A BH L HE B D) h il i
B, TV: #iaifl; L. &; AL: HERT; B: /LM
Me; R: fE/F4IME; BM: 2%, CC. W& 4IMl; REC: L
e, SL: WR%ZH; PLC: M 4Ne=H0; HL: K%
FERHLK; ECAD: I Z4nfuzsil.
aand b are microstructures of HE-stained sections of
hepatopancreatic tissues in the normoxic and hypoxic groups;
¢ and d are microstructures of HE-stained sections of gill
tissues in the normoxic and hypoxic groups. TV: Transport
vacuole; L: Lumen; AL: Abnormal lumen; B: Secretory cells;
R: Storage cells; BM: Basement membrane; CC: Chloride
cells; REC: Epithelial cells; SL: Secondary lamellae; PLC:
Pillar cells arranged disorder; HL: Hypertrophy of secondary
lamellae; ECAD: Epithelial cells arranged disorder.
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212 AREMET AR GIFERER LM T

GRS AV SR WD &2/ (35 200/ SRS s E=T = |
UFEB A ZVE LLE W W B . WAL (] 1o R FL T
B SV IR, ARSI R, SRR A b
B MHESNIE ®, KPR R R/MNEF o FEMR A G
24h 5 (I 1d), WAEANMEEH W, I AN
AHL ) i AL AR, RGZE R AERINEE, #8453 5C
MM R A HES L, WZ R IR R i
FWT U0 X SR LB A G EH]

22 REPENEEENFEARFZSHEREY
S

XoF B B A B S P B0 A 7 4o 0 R R M, 75 0
HEFS) ASVs, AHFFEAd ] Venn K53 A ) 2 22 ] 4t
B ASVS BH , 2 AREAIEA 1) ASVs L
41000 4>, RALLEEA 1 ASVS MK 4 664 14,
WEYLEEA I ASVs MU 2 013 4 (K 2).

Alpha ZFE MR FE 5 G DTS 3 & 2
PERYFERR, R Alpha ZEEH XA AL (HY PO)FIE
AAL(WT)H R IR A Y B V5 2 60 vE 3R 17 4%
#r, WK 3 FrR, K% 4 Chaol. Observed-features.

Chao 1
*
r 1
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*
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4 i 1 1
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1% 4H HYPO HEHAWT

Kl 2 ASVs4rii Veen
Fig.2 ASVsVenn analysis

Shannon #1 Simpson 4 > Alpha ZFEPEFE 504 = T %
A HA 2% 5 (P<0.05), (K42 2 iR i i
AR Z R A 2 S B ey o

i F AR BR A AT (PCOA) , AT L LWL HE b s B A
EY R B AL 22 5 . EARRE R Y, BRT
DO ZMEARRILISL, HAbZFAFOKIE . KiR . pH B
TRt ) AT BEAR 4 — 2, AR EE S0 B A
WF R B TR . S50 NIE] 4 Frs, (R REAS 7R 41
FREE LB T m pg A E, BRI, ASRIAREAR
PR B AL, AR

Observed-features

*
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1
HEAWT
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ﬂiﬁéﬁl HYPO
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Fig.3 Alpha-diversity indices of the gut bacterial community (Chaol, Observed, Shannon, and Simpson)

* R B E MK P<0.05, FfA], * indicates P<0.05. The same below.
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Fig.4 Principal coordinate analysis (PCoA) of the gut
bacterial community
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1007,
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w JAHHI] Crenarchaeota
w HJE ] Gemmatimonadota
JEFL T ] Desulfobacterota
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W MEFFHI] Acidobacteriota
* 1 Ji#E 1] Actinobacteriota
* m $L4F1] Bacteroidota
+ W JEREH ] Firmicutes
* W S H ] Proteobacteria
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HIXFHE
Relative abundance
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z

JELEE G 1A H AL R A8 R T, AR
FTHE S B BUE R 81.42%L) . (RALHREALM
EHRERTE T TR AR TR JEREE T, AH T A
4, AR TR 1 AE I LA R v 7 B B 2 R (1R (P<0.05)
T AELAT 1 ] AR 28 1 1] (Actinobacteriota) (19 50 & 2
Tt 755 (P<0.05).,

TERFKSF- F (8 Bb), HAHE R AIFgE A
ANRABBFE, 47 BN Z0FF R Rhodobacteraceae) |
5% Bt 1 ) (Pseudomonadaceae) . 9 i £ (Vibrionacese)
FIMF 52 [C# B (Burkhol deriaceae) . 1l A Z1% B H IR
EH 6 MR BEFL A [CEFH(Prevotellaceae) . i
Ji§ *. B 7 F} (Sphingomonadaceae) . #if & W B
(Thiotrichaceae) . IR FF . 12 FFH(Lachnospiraceae)
FH 1k 4% 2K T4 Bl (Streptococcaceae) . 3 [T 7 R 12
PARHEAR U 4 3 T A4 (P<0.05), i
s B TR R R LA TR R AR AU b i B B T
W 4H 41 (P<0.05)

1.001p
HAtk Others
* @ BIREP Lachnospiraceae
i % Bl Thiotrichaceae
m SEERIEF} Streptococcaceae
1 $UFFEF Bacteroidaceae
{F5E G} Burkholderiaceae
*m % BB} Prevotellaceae
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Fig.5 Structural composition of gut bacterial communities at phylum and family level

a: M HEE LR DKPARXT B s b AR AERACH A R

a Relative abundance of gut bacterial communities at phylum level; b: Relative abundance of gut bacterial communities at family level.

FEIRAKE B (R 1), IRALE R IR e s
A A 7 R (Pseudomonas) (17 14.15%) . #5152 i b
J& (Sphingomonas) (i 7.24%) F1 3% [X. i J& (Prevotella) (i
5.24%) . A UL R 0 R O R S R
(i 26.70%) . WA AR ERFT 14 JE (Sulfitobacter) (5 23.96%)
F% R 4 1 & (Ralstonia) (15 3.44%) (% 1), (KA 4+
R . % W I E (Rothia) 19 8 2 B 3% TR
(P<0.05), 15 BA A BT Ja A0S0 A 5 b T v s 10 500
& %% (P<0.05),
24 LEfSe=&R4o#h

ABFGELL LDA>A J BI{E 4T LEfSe /007, S
i8N 35 R A R A I R S R 22 R
WRE(E 6). HLLHE A, IREMHE AR A 1328
FEREES, QR EIEHETT . RERETT. LU RE.

®1 REANEREBEKTELHEFEE
Tab.1 Bacterial abundance at genus level in
hypoxic and normoxic groups

F [ Abundance/%
RE4 HYPO & H WT

432 Taxonomy

¥ 14 JE Pseudomonas* 14.15 26.70
WAL ERE AT H 8 Sulfitobacter* 311 23.96
i 15 P J® Sphingomonas 7.24 0.37
% J&FF#i )& Photobacterium 2.45 3.72
% IR i@ JE Ralstonia 1.59 3.44
K 8 Prevotella* 5.24 0.10
4T % )& Bacteroides 2.01 0.78
#5 PR JR Sreptococcus 4.26 1.00
% i G 8 Rothia* 3.03 0.01
5L R HR Leucothrix 2.64 0.85
HAth Others 54.27 39.07
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mm b:c JlZ Actinobacteria
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I  fHEREFE Micrococcaceae %
D s BRI Prevotella_melaninogenica e
I = %GR Prevotella
I - (4R Actinobacteria
I 2 /2% 4 Actinobacteria
I i (G R} Prevotellaceae
I MU 4] Bacteroidia 57 o _
I P_{I\T 4] Bacteroidota 5 Ti’f“eii‘\@ X
[ | 1 I | [ | | I [ I Jif Q;‘uﬂ"""‘\’\;\-\\\}\.@‘"‘\\\‘.
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Fig.6 Differencesin the gut bacterial communities between normoxic and hypoxic group analyzed by LEfSe

a: ZRPEHIHI 5 HT(LDA); b: dEABHT .
a Linear discriminant analysis Effect Size(LDA); b: Cadogram.

21 FF # H (Rhodobacterales) . V. ik £h AT 12 & A1 2B 4,
223 [C 4 (Prevotella_melaninogenica) . #IFTFE1] . 3
K G B} (Prevotel laceae) % .

3 i

BT, FF XK A SR AU E A 5T i B © A 1R
%, W% AR (Macrobrachium rosenbergii) (/)N Jg
%, 2022) . 43k (Sparus aurata) (Pérez-Jiménez et al,
2012) . A8 Y #5 B (Eriocheir sinensis)( %1 £ #E 45,
2022) . JeHi(Tegillarcagranosa) (5K FH%%, 2023)F1 FL44
1 X} #F (Litopenaeus vannamei) (Liu et al, 2015;
Parrilla-Taylor et al, 2011)% . AHF 5% i3 A 4 B AR K
R A B, PRI AEUIE X IR i 2H 2L 454
KB R RS, e AR AU E TR S R IR 2L
P IR, Wi TR REAS F  A UEE

31 {REMEXEEBFEEHRALEME R0

KPR SRR EESRE, 5
IKEREE B i, MK A S W) 52 B e i e o 52 B4
B, BT L LA PR . AR SR i R Y A
IjfE(Bechmann et al, 2019), 7EABFFEH, A M
O e AR S5 R A AR R , AR E 24 h
Jo, WA L E A L TR A R, SR A
FH AN BN %) ot T 725 A B0 T LA BG R H fi i AL, 3593 S A

YL bR AR HES ZE AL, IRYZ IR K, X RPIK
A ia xR A B A GERN, X5 H AR
(Marsupenaeus japonicus) il H 74 i i (Macrobrachium
ni pponense) 7E AL il T BELH GRS 2R, A 24
BE G PUAALEEIG 1 LB, SR L] LIRS T
AR TE AR S5 R Sk G A AU T, (B LA AL 48U AN TAT LA
(AT A, 2023; 4%, 2019), 7E#X BT 4 (2023)
X HAFEXTARSEA TR R | e, i T 24 h %
AN Z 54T 12 h B8, HARFEXT IR SZ 45 Y R 2
LSRG FITIR I, W AH G BTG 1 35 ek &2 . 7
AWFFE R, IREMNE 24 h 5, HFERAHITESR, 1F
HEM B, CaiihiE B AIragH g5 R 5 af
JRAE, AR — 20 SRR

32 {REMEX & E B URATIE IR H R SR 00

FFBEAR S e s E TR e, BAME.
M. WAFRE R M pe S EEAE N, R T B HEsh )
(R IR | R AE (9 D) RE (B B 4%, 2019; [R5 45, 2016) .
T I B A R, AN E A H 2l T G5 R RE RO
), s A 07 38 S oy B R TR G o AR SR R, FEAIRR
Jipitt 24 h J5AE R IR B B — Se 2 41 AR
MBS AR B E R S B TR MBS, B,
RYNMHEFI AL, FESE . DNEY Ik, REEEHN
e o AR A IR A R B EARE, HUA SR A
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S AR AT I T8 B4 P B SR o AR E L
PRARI, iz 25 W i3S A T8 324 o i) W W 1
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Abstract

Exopalaemon carinicauda has the highest production in the Yellow Sea and Bohai Sea of

China. Compared with those of other shrimp species, E. carinicauda has a short reproductive cycle, fast
growth, and adaptability. The pond mono-culture and mixed culture mode is more common in small
economic shrimp and can be used as an excellent biological material for crustacean biology research.
Dissolved oxygen, an important environmental factor for aguatic animal survival, affects the growth,
behavior, reproduction, immunity, and metabolism of aquatic animals and is highly susceptible to hypoxia
due to high temperatures, flushing, water pollution, the expansion of the scale of aquaculture, high-density

@ Corresponding author: WANG Panpan, Email: panw90@126.com



e JELO A ARSI A T RS 1 MR ZH 2455 g T R T 5 i 177

aquaculture, high temperatures, and climate change. Recently, studies have been conducted on the effects
of hypoxia on aquatic animals, mainly focusing on immune response, energy consumption, respiration, and
antioxidant character. Gill and hepatopancreas tissue are mgjor organs in crustaceans and increasing
evidence reveal that gut bacterial community are involved in host immune defense, nutrient absorption,
and antioxidant processes. Therefore, investigating the effects of hypoxic stress on the tissue structure and
gut bacterial community of E. carinicauda will help to elucidate the mechanism of the response of E.
carinicauda to hypoxic environments, which will be useful for its healthy aquaculture. In this study, we
collected gill, hepatopancreas, and gut tissues from experimental and control groups after 24 h of hypoxic
stress (2.5+0.2) mg/L. The gills and hepatopancreas were sectioned and observed and the changes in gut
bacterial community before and after hypoxic stress were analyzed using 16S rRNA gene sequencing. The
experimental results showed that gill and hepatopancreas tissues underwent different degrees of damage
after hypoxic stress; the gut bacterial community changed, some pillar and epithelia cells of gill tissues
were disordered, the number of chloride cells was significantly reduced, chloride cells were changed from
irregularly flattened to rounded, the secondary lamellae was aggravated, and the gill tissues changed their
morphology and structure to alleviate the hypoxic stress. The number of storage cells in hepatopancreas
tissues did not change significantly compared with that of the control group, the lumen contracted
significantly, the morphology and structure of the entire hepatic tubule contracted, the volume of transport
vacuole increased significantly and even ruptured, and the number of secretory cells decreased
significantly. Although shrimp gut bacteria are numerous and diverse the vast majority of gut bacteria are
reported to be concentrated in a few dominant bacteria phyla, such as Proteobacteria, Bacteroidetes,
Actinobacteria, and Firmicutes. The richness and diversity of gut bacterial community of individualsin the
experimental group changed significantly after hypoxic stress and Proteobacteria and Firmicutes were the
dominant bacterial phylum in the guts of the control group, accounting for 81.42% and 11.18% of the total
amount, respectively. The amounts of Bacteroidota and Actinobacteriota were significantly higher
(P<0.05), and that of Proteobacteria were significantly lower (P<0.05) in the experimental group. At the
family level, the numbers of Prevotellaceae and Lachnospiraceae were significantly higher (P<0.05) in the
experimental group than those in the control group. Rhodobacteraceae bacteria had a relative high
abundance in the gut of healthy E. carinicauda and their amounts were significantly reduced after hypoxic
stress. In addition, the numbers of some potential pathogenic bacteria were significantly higher (P<0.05) in
the experimental group. At present, multiple studies are being conducted on aguatic animals under hypoxic
stress; however, the effects of hypoxic stress on the tissue structure and intestinal flora of E. carinicauda
remains unexplored. In this study, we observed the damage of tissue structure and simultaneously analyzed
the changes in intestinal flora of E. carinicauda under hypoxic stress, to deeply study the physiological
response to stress under hypoxic conditions of E. carinicauda and provide basic scientific research on the
actual production and cultivation of a novel species of E. carinicauda that is resistant to hypoxic
conditions. This will provide basic scientific research information for the actual production and cultivation
of novel hypoxia-tolerant varieties of E. carinicauda.
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