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a2 — (EAEK, 20200 P, 7RI B N T3 GH T,
e B KR (8 7K BT A L OC 2R T T 1 A R M e,
8 Fy T SR G K AT A A 2R A A B A K
AL R B T S (22 5, 2015) 1, 45
1l B 1 S B K B85 B A T T AT SR B AR A S T Y
ME L2 —, Horp e Eh BRI S Y K 52 Al O & 2
T T By B AR R TG A T R o R SR K BT
VERIAZO 51 B, £ A T A A7 A8 ATl R SR A A
Vi R R AL 5 B3R B (B A, 2003) 1
AW R, WA LUE G K o3 743 i R
A TR, TR T A Ak, R AR 4R K
RV fife S B v 5 43 H 22 194 (Kapdan K 1,
Kargi F, 2005) "1, Bt 22 &1, 86 2 ] 34 5 £a 0K G2 % 17
P& THBT A AT TG P | Rl A (R Bl KT DK HE e
PRI 1 B (SRR 2155, 2016) 1),

H |, 28098 T ( Hippocampus erectus) N T.3% 5l
ZARM B A KR R GE, AL 456 B0 K T3 A AR R i 25
FrFHAL A, FRAE K T Y AR SRV A AR K BT A <R
SRV, i 5 SRR B R | P AE ) 45 AR Pl
PRI IR, e 43 A RRE 7 59 1 G B AR 25 A 7o
bR Y A PR PR (TR L T Rk i sh 4k 4577 ) 5
PR A PE O R 25 L 3 1 v B SRR, (8 XS R 5
K BRI P S O BURE, JEH R K S B (= A
T IR £k R VA iR R0 ) IO R E TR 5 TR W R 5 A 1) -
i, e P IR R RS AR KRR (PO K S,
2020)1", FELR SR B 1 SR GE B T RS O\l
S5 T A T S 1) A S B MR DKV O ) 2 DG B
A ZSF AT B o THRHE B NI 1 B B ik 1) A TG PR S
HEAREE A, DK RBRIR 28 1 B B AR 1k ELR DO AR, 2
T T BB 3 W M 22, R s B S R AU W O A e A

T BEAER, T iE Ry HoR 5 2 TG i M Y
J&, AT I 2 R R G P WUE Y RIS Sh S SRR
T CHR AR A A A ST U BT 4
A (BRI BRI 2K T ) S HR ORI (3R vk o
BEHR ) B £ 203 B SR 5RO BIF SRR B2, AR KA TR Y
A=), i 5 16S rRNA F1 18S rRNA H [H] 17 3 i /5
AR TR A V3-VA X EL AR Y V4 X HETT
PG, b FERE 7 4540 F0 T BERRAIE 5 ) IRF 000 5 5C
B K 5T 2 B, SE A R S 2 A 4 s K S BRI E W)
TR (A AN ) Z A B R, 5 7 1) W) i )i 2
S0 T SR G KA 8 7K S5 A R A B X T T 2R K
RERSZ R, JF 0t BLAT SC B T RE 1 1 4 v AT 2, Ry
2 S TR B K B 45 T S PR O A R

B A, B T TRl (T 4
2 MESTE

2.1 LIewE

SR BE M7 T A A T T TR B (239367 ~
24°21" N, 117°24'~ 118°01' E), J& M. $H7 I 7 1 2 K
S, AR R K B 1600 mm, 4FF 2SR 21.3 <,
K RS g i B SRR AR AL T R AP B AR IRER

TR0 K B T S SR A 3 N W) e K AR [ 4H Ab T
PSR A K B B 1 2R B0 H w8 A FR 4 (n=3) 1B
SRFEXT S o SRFERT ] 4 A 4y, 53 R G 3 A0 i A4 30
P, Hod, DA 1 3 A a8, = ikl
] — it B 7 101 S, i B Bl o i R AR, R LIk
R RE 3 R4 — UK BRI 2w — 4 12
1y BEF WD, TR 52 B &Iy 7 51 380 B A4 19 7 PR
R A, AT F AR UK URBR AR, = O W) 4R RS A
6.50+0.50 cm, B 5 K4 — R K o R BF DA 57 56 b 1
VU £ 43 S BE BT B Z B0 5 10 ], B D R A
40 BB FRAE MK S5 5 N 5 mx4 mx1.5 m, K 1 m, 4
BT T 10 000 2/, 7751 %5 B o4 500 J&/m’s B A
155 5000 B/, FRFE % B 250 B /m’,
2.2 FEKEHERRE

21 1 0 Ve Ey = FR A 4 AR E o AL B AL C
i, 4 5 DPA1, DPA2 Il DPA3 U 3 B Sl WU RE A,
DPB1, DPB2 il DPB3 Yt & 4t Bl A% 4 iU A4 30 it 1 =
[ FRFE 5 A AR IC A D, E A F i, 455 MSA1, MSA2
FIMSA3 UR A A YA, MSBL, MSB2, MSB3
AR FEA . R F A MLBE I R K 8%, FE R
F5GH L 4 A ARG Gl 1 K R AE A D L KT
PLT 50 em ¥R BEAR 45 R4 1 LKEE, SRIGH 5 K BE
TR, R A3 G DRk 4 B B A W 5 4
B ST 5 um LR B IR BE AT RIUE, DU BRI K
(1) LA B 0, 9008 I 7K BE B3 93 0.45 um FL A%
14 D8 RE A B AR B/ N LR AR ), 022 um £L AR
(4 8 RS A BR A R, BN REAR S — kB 1 L KR, T
it ¥ SRR R T IR R AR SR AR S5 1 RV
AR P PGS R, b5 2% 2 A6 m R YR
BRLZA w1 447 5 38 £ 0 4340
2.3 KESHENE

>k H1 ProQuatro 7K 5 73 M AL (35 [F YSI A W)
SR K AR R R BE L W AR R SR R R
pH, feff 5 485 2 = 2021 5 PR A i 48 (Q-3N, TR M i
T B HERH A B2 R ) 303 46 I 7K e 22 20 R0 I il g

e
A
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2.4 DNA REENF

$ U DNA Bt ] R AR A AL B (st A R #
i) Magnetic Soil/Stool DNA Kit i 7 £ ( DP812), il| &
DNA i B i i FH i A5 A (3% XA R 28\, synergy-
HTX), Jf-#i 4f5 DNA ¥ BRI 25 5%, 6 Ui & DNA £
M, 7EH 2 1000 H 3hik TAE R, G 7l A= 4 Be 2= A B
] L AT 16S rRNA FEH T 18S rRNA JE A R 1]
AF X ) PCRY™ 1, 40 16 i V& 7 38 H A5 X By 16S
tRNA JE K (1) V3-V4 5748 X, fifi FH 38 FH 514 338F(5'-
ACTCCTACGGGAGGCAGCA-3") F1 806R( 5-GGAC-
TACHVGGGTWTCTAAT-3"); HAZ W E Y #EESY 1 H
b X384 18S rRNA FE K (1 V4 5 48 X, ff F i F 51
¥) TAReuk454FWDI1( 5'-CCAGCA( G/C) C( C/T) GCG-
GTAATTCC-3") fl TAReukREV3( 5-ACTTTCGTTCT-
TGAT(C/T)(A/G) A-3'), ¥ 14 J5 PCR 7™ ¥ {iff ] ¥ B2
1.8% 114 B BE M 647 f vk R DU (b s i 56 ' R R A
FRAHED,

[B1§ PCR 749 - 1 0 ) SC P, i 1) SC R Sl ik
A7 SCHE ks, Bk A 4% 19 3C % H Tllumina NovaSeq 6 000
AT o o 3 e I A5 3 04 D s G B s S, &8
s & K 51 ( Base Calling) 43 #7 %% 46 Jhy Jit 1y 0 1 7 47
(Sequenced Reads), 4% 5 UL FASTQ( i #% fy fq) SCH4-4%
K A7, Hob A& 007 7 511 (Reads) 14 77 31 45 B DA &
ST 7 B I Y B a1 R
2.5 HiEAbIE

5 F Trimmomatic v0.33 %K 44 X i /5 £5- 31 1) IR 4R
B ¥ (Raw Reads) #E47 33 U8, X F 40 g %48, H cutad-
apt 1.9.1 B HEAT 5190 7 5 (U0 5 2 B, 15 8R4
81 F 5 Clean Reads; 31 5% JH QIIME2 2 020.6 1

() DADA2 J7 i b 47 2 M, XU e 5 9F % 01 L Brite &
751, 45 3] 5 244 508E (Non-chimeric Reads), )5
fdi ]l QIIME2 2 020.6 3£ F SILVA 138 K45 %2 4R §i5 43 2%
TERRSE SR BRI SR AA . SRR S BRI A W 7 95 X
T EL AR R, TOAE b Bt 2o 8 5 >R ] Usearch
v10 A4, 3833 overlap XF 44~ 5 A9 Clean Reads #E4T
Pz, MR AS ] DX 38k 1 4 B 5 FRLx Bf 2 s B it A7 1
JiF 35 38, {f J] UCHIME v4.2 80, %58 3F 2 it 4 1k
FF 3, 15 31 5 2 308 s (Effective Reads), i 1
QIIME2 2 020.6 T SILVA 138 4 JE M4 73 28 0E B
45 TR 2 bR A B N A R W A

K F R(v3.1.1) #4T Venn & 43 #7 . Mothur(1.34.4)
AT o Z KM 5 B, R A QIIME( 1.8.0) , Python2
LEfSe(1.1.1) | Vegan(2.3-0) 45|47 PCoA Kl 7 #T .
YiRh or AR 18], 22 5 P50 H7, db-RDA 737 o #)1R 4L
Y5 excel #E4740) 235 B, 38 i IBM SPSS Statistics X
R AT S 56 B0 0 25 S0 A BT, AR PR B0
mean + SD /R .

3 %%

3.1 KRS AERMER

I A6 1137 B ) SR AR B (L3R 1), 25 %
Bl A B. C i 2R K AREHREAREZES
(P<0.05), MK AT BME R C MifRm, Ak
2, B MR AIK, 25 W C Mt il PR 555 AT R B S B AN 4k
Sl AR K &K HsDUE, F =2 A K (RS
HHEA B E X R (P<0.05), KK, KE ¥ ELE K
F i fie 55, Dbk 2, B R AIK, 228 F it () 20 555 v g
A AR S SRR E .

Fz 1 ZRFDHERKER
Table 1 Growth traits of H. erectus

Ei=21 Al Bith Cith Dit Eitt Fih
K /em 2.64+0.11° 2.37+0.10° 3.30£0.14 8.97+0.61° 7.93+0.86° 10.39£0.63"
hHE/g 0.04+0.003 7° 0.03+0.002 5° 0.06:£0.006 3° 3.05+0.61° 2.19+0.66° 5.10+0.75°

e F—17 8/ NG R R R A 3% 25 57 (P<0.05), Different lowercase letters within the same row indicate significant differences (P < 0.05).

3.2 4B FHEKERIKBRIRR
4V LR B0 T FR B AL B C 1K 2 50
AE L5 P UL AR 2, = FV SR GH WA K UL . pH (E . U 4
HLS R ST B EME2E R (P>0.05); AL B A 2 A
e B B 2E KT C H(P<0.05); At () IV i B2 46 20k B
W E KT B, C Mt (P<0.05).
AN LR S0t TS5 D, EL F A /K TS 800

RN FEI, ZHFHMMKE. pH LR R
(P>0.05); DM fiF A & & & T E. Fith(P<
0.05); D, Eth Ay ML R M2 AWk FE B 18 T F i
(P<0.05); D. E. Fith iy £h & A7 7 18 3 25 5% (P<0.05),
H Fith>D it >E #h; D it 3 A R £ 0k B B E KT
E. F Pt (P<0.05).

X LU > 77 5 B Be 45 7K 5 2 800 - 4 1E, 4
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Table 2 Water quality parameters of three culture ponds for juvenile-stage H. erectus

IKBRSHL At Bitl Cith M
7K/ °C 23.03+0.06 23.40+0.10 23.60+0.10 23.43+0.29
pH 8.00:£0.02 7.99+0.01 7.98+0.01 7.99+0.01
W /mg L™ 5.43+0.28 5.07+0.25 5.03+0.40 5.17+0.22
L 5%/mS-cm™! 51.93+0.08 52.50+0.00 52.20+0.00 52.21+0.29
by 35.76+0.04 35.86+0.01 35.43+0.01 35.68+0.23
H A /mgL™! 0.27+0.06" 0.27+0.08" 0.66+0.32" 0.40+0.23
W AR A /mg L™ 0.04+0.00° 0.17+0.00° 0.12+0.01° 0.1120.07

e F—A 78N R R R 35 25 57 (P<0.05), Different lowercase letters within the same row indicate significant differences (P < 0.05).

Table 3 Water quality parameters of three cultureponds for adult-stage H. erectus

®3 BMEHLLED I OFRERHKRSH

KIS Dl Eith Fith FHE
K/ 22.60+0.06 22.50+0.10 22.60+0.06 22.54+0.04
pH 7.46+0.04 7.76+0.02 7.57+0.03 7.60+0.15
WA /mg L 4.49+0.11° 5.09+0.13° 4.33+0.32° 4.64+0.40
L3R /mS-cm™! 45.38+0.04° 45.39+0.01° 51.53+0.04° 47.43+3.54
EiNE S 30.97+0.03° 31.07+0.01° 35.74+0.01° 32.59+2.73
A /mgL" 2.26+0.07° 2.09+0.03° 3.36£0.24° 2.57+0.69
AR R A /mg L™ 1.260.10° 0.210.00° 1.19+0.02° 0.89+0.59

e 1780 NS PSR R B35 22 5+ (P<0.05). Different lowercase letters within the same row indicate significant differences (P < 0.05).

BRI pH. HL S ER B 3 T A, A
i 2 Ak VR B S I T LAY (P<0.05); WA
0 3% 22 7 (P>0.05),
33 FEKEMESEEZEN OTU BE LM

W5 B A5 31 22 SILVA 138 B85 122 E A7 He X, £
Usearch %4 % Reads 7F 97.0% B9 45 BLE /K ST #k 47
R R OTU. 6 11 £ Beify S FR 5 it 1) LA AR
¥ OTU R Kk 840 />, 4l i OTU B 10756 14~ .
Venn B (& 1) 7R 6 HAf By ALY OTU
TUAS, FEAHE WA RE OTU hy 66 4> oA 1 B A

OTU M4 OTU 433 5 Ajth . Bt . Cith . Db, E
L F iy 41.76% F12.41%. 66.36% F1 3.60%. 34.30%
1 3.91%. 38.80% Fil 3.55%. 20.23% Fil 3.63%. 40.11%
F15.76%.
34 FEAKGERESHEHREHES N

R B0ME S 6 1 57 5 1 04 T A 20 Vi R it 4k
(B 2) 85 o, BT P % R0 240 1 7% 1 7
P 7 4 357 Bt 00 540 £ 388 o 28 s T 22, 2R
EE I8 2 50 000 B 487 5 1A, 22 B 7 R EE 2 L

AR YR 2R

DPA2 7\ DPA3 DPB2 _TDPB3
36 /136 1771 /1623
/ y Y
DPA1( 99 7 112 ) MSAI DPBI (2672 66 1794 ) MSB1
106 280 1079 1751
MSA3 MSA2 MSB3 MSB2

Bl it 6 O SR A S HEVE 4R Venn [

Fig. 1 Venn diagram of the microbial community composition in six culture ponds of H. erectus
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Multi samples rarefaction curves

400

300

200

Feature numbers

100

0 20 000 40 000 60 000

Number of sequences sampled

Multi samples rarefaction curves

1750
1500
E 1250
£ —
21000
5 —
3 750
5 —
=500
—MSB1 —DPBI
250 MSB2 — DPB2
— MSB3 —DPB3
0
0 20 000 40000 60000

Number of sequences sampled

P2 Zegcis th 6 1 FRAH M A AR AR TS A Rk ot £k

Fig. 2 Rarefaction curves of the microbial community composition in six culture ponds of H. erectus

3.5 FREKEMESH o ZHEESF
6 1 3% FH 3t i ELAZ A W BE TR o Z2 REPE 4y B L
F4, WA B, Cith) 5K (D, E. Fith) iy

ACE, Chaol. Simpson. Shannon 1§ 0 3F ¥ {E ) Je 8 2
225 (P>0.05), WA~ F525H B Be 1) B UEY) o 2
FEMERARTC B 2257

*4 ZREBDANFEME 6 OFEMEZMEDN o S

Table 4 Alpha diversity of eukaryotic microorganisms in six culture ponds of H. erectus at two cultivation stages

FRIHR B s ACE Chaol Simpson Shannon
A 387.12+38.58" 388.294+40.75" 0.83+0.07° 4.08+0.50"
B 227.40+6.71° 232.15+13.10° 0.69+0.06° 3.09+0.27°
]
C 445.27+56.67° 450.14+62.55 0.94+0.02° 5.37+0.29°
T-H1H 353.26£103.59 356.86+104.41 0.82+0.12 4.18+1.04
D 280.15+74.50 279.09+69.58 0.830.00° 3.62+0.13°
E 372.43+52.42 373.82+48.97 0.96+0.01° 5.87+0.55
TR
F 339.77447.97 342.75+45.43 0.92+0.01° 4.85+0.31°
FHEIE 330.78+65.51 331.89+63.84 0.91+0.06 4.78+1.03

TE: [l 35N TR AR R R R — IR B BOR R FRAAT 13522 5 (P<0.05), [6)— S8 RS F-REARRURR M IR BOF- (A % 25 =
(P<0.05); ACE, Chaol SZWedyfh == s BE ({RUBR 25, AR ECE B ); Simpsondif B We b = 52 B (TEBIE, D381 2 ); ShannonfE ¥R & 5
S5, IR M ([ERGR, R EllaE ). Different lowercase letters within the same column indicate significant differences among culture tanks

at the same rearing stage (P < 0.05), while different uppercase letters indicate significant differences between mean values of two culture stages (P < 0.05);

ACE and Chaol reflect species richness (higher values indicate a greater number of species); the Simpson index reflects the degree of dominance by dominant

species (lower values indicate more pronounced dominance); the Shannon index integrates richness and evenness to reflect community stability (higher values

indicate stronger stability).

6 11 % 58 A 40 T8 BE TS o ZREVE ST WL 5. 4
i (A, B, Cit) 5 iU (DL E, F ) 77 5 1t 19
Simpson, Shannon $f £ °F- ¥ {H JC W % 2% 5 (P>0.05),
W T A R 5 B0 B 5 A S 1) 40 R TR A R A S Rl
SRREMBE R EN T —3 {H ACE. Chaol #§
A7 .35 22 57 (P<0.05), 32 W 4 301 28 80 o 52 5
b 41 B R VR 1) P R R R AR
3.6 FEIEKEMESN B SHMESH

FLAZ AR W) B A TN 20 D BE AR ) PERMANOVA 5y

My 45 5 o R?=0.904 (P<0.01) Il R*=0.835 (P<0.01), 3
AH o34 DR 28 0 BE VR 4540 25 S5 AR SR I i R ), Lk s
G320 Z R A RIS AR A AN TR . SR R Ak
43 ¥t (Principal Coordinates Analysis, PCoA) [t # 4l Th
15 A 1) R W BE VR 45 80 25 ) BT Binary-Jac-
card B ), Z5 R AN & 3. ARl R AR [R] 114 B 5 e B R AR
(7 E, BB, BEVE AU . 7E BRI A
7 1) PCoA v, PC1 R T 19.21% MR 2 5,
PC2 i B T 12.15% MY HETE 45 5 . MSAL, MSA3 5
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Table 5 Alpha diversity of bacteria in six culture ponds of H. erectus at two cultivation stages
A Bt 5 ACE Chaol Simpson Shannon
A 1332.16+485.18 1 324.84+487.39 0.95+0.04 6.99+1.41
1 083.64+215.10 1 080.31+214.10 0.95+£0.04 7.08+0.84
4
C 1024.31+47.96 1 018.02+48.65 0.99+0.00 7.35+0.12
F1H 1 146.71£301.66* 1 141.06+£301.94* 0.96+0.03 7.14+0.84
D 975.40£92.42% 966.59+93.62" 0.96+0.01" 6.34+0.32°
E 989.95+133.90* 985.56+136.30" 0.98+0.00" 7.36+0.54*
A
F 690.49:£44.76" 685.31+44.55 0.94+0.02° 5.69£0.31°
FHIE 885.28+168.82° 879.15+168.92° 0.96+0.02 6.47+0.81

TE: 3B /ING FRER R R A — 35 B BOR ISR A AT B35 25 53 (P<0.05), Al — BBl RS FRERRUCE AR BOE B A BE LS
(P<0.05); ACE. Chaol [z WHfh == &t B (EBE =1, YRV ECRBR 2 ); Simpsond& 4R B pk ) h 3= AL ((E BRI, PR 3AEEW] 2 ); Shannont& 825 & F & £
SR, I MR AR M (B, e ME#AR; . Different lowercase letters within the same column indicate significant differences among culture tanks

at the same rearing stage (P < 0.05), while different uppercase letters indicate significant differences between mean values of two culture stages (P < 0.05);

ACE and Chaol reflect species richness (higher values indicate a greater number of species); the Simpson index reflects the degree of dominance by dominant

species (lower values indicate more pronounced dominance); the Shannon index integrates richness and evenness to reflect community stability (higher values

indicate stronger stability).
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Fig. 3 Beta diversity of microbial community composition‘in each culture pond of H. erectus at two cultivation stages

DPA2. DPA3 £ 43 e /e . Aif X, HAE PC1 il iR
BRI, R WA B AL A DR AR A 2 R
MSA1 5 MSA3., DPA2 5 DPA3 £ PC2 il I 31 K R
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Fig. 4 Bar chart of microbial community composition at the phylum level in each culture pond of H. erectus at two cultivation stages
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Bar chart of microbial community composition at the genus level in each culture pond of H. erectus at two cultivation stages
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Fig. 6 Cladogram of Eukaryotic Microorganisms differences at two cultivation stages on Cladogram
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SRVERE (2, 2022) 1%, [ B ) W A4 45 (2024) 1 11y
TIF 9% 22 W, 43 MR AR 4 i vt 25 4 v R AR TR A A1 4
4 A K BRI TG 56 F St 40 B BE R 0 B A AR
MSB3, RS R LA AR 1B FF B JE L SUFF R T,
B RN ENER . A ER . aATERR
o-7F 7 T 24X ( Alphaproteobacteria) T ) — K28 HE 22 [X B
PETR, 2 R IRPEE IR, |2 400 T K ROK KR
TIREE R, R K= FR 5 R G SR KR Y S B T RE T
ez —, HLA TS e, 245 K 1A 25 7 45 19 7
(2 WS, 2019) PO SUFF T 171 22 20 7™ s DR AR sl e ik
DRI , S 0 R 45 572 58 2h 1) i 1 TR R I < DR 3 2 2
—, Ho3 0 i AT B Bl A B ke e L E S AR
19 )% 53 (Bilal et al,2019) "% 214 B B} (o-25 JE TR 49 ) &6
SrZHEEAT AL T A8, RN AT B 0 A R AR UL Tl
JCHE RS IR Eh AL, REAR A R 18 AT I s Sy Al
FEE IR -TH = SR T vk, RO A A HLRE i 2 K R
B Ik, A G0 A T HE B | A 99 U BR % 2E (Hahnke et al,
2024) 2 Cao %5 (2022) 1) AfF 5% 1 2 B 7 4 AL s Jin
CLFF TR AT 42 T v A G0 B B 1 A KRR L A
W, F gt 17 2 0 R 0 2 ek Rk B v (P S G ) Vi T A
A B R E R AT R R bR R S B R AR 2%
B A A IR Y 3 B b K R B AR R R TR W B R A
¥ T HEGE T FRE A

E M XJ N B A A A A MSA2, LEfSe 43 #7 i
/N, MSA2 I 2w L TG s 1) ML AR M2 72
FEFEIE AU o BARAIE R O B A 0 S A AR
(9251 (Chiu et al, 2022) 4, {HH & 5% & 4576 E b,
R RERH G T T 22 R ML, IR b R A R o A
P, 5 BT 0 T RE R B R R PR BE 1 U5
MG S e, WA E R, MSA2IEE £ FHEHHN,
R AR AR, OB R AR Ty, Wl 4y
Wh N A T R A K PR AT BIL S 4K B 5% (Ahadi et al,
2024) %, 5540 CANLFF B 1T ) 56 4 BRI A 7= 1, S
HOOR B TR, AL RS 5 &K Rtk
5 Y, A1 5 R i B 2R AE SRR o E Tt X L 4 B AR AR
MSB2, MSB2 HH AT ] R 117K F B #26F, 9K
R B KT LR (B E &S T Db, Fi),
TR ERE SR WA T T 43 s L S

K S Tl 5 i 532 A, TSI AT i RT3 A PR Y B
B 7 R GO, T BT R IR R R A . AR
Ak B DI BEBY B, Tk 3 2k 20 A R VR L A o o
8 il T2 280, i AL oI A i ™ AR A i i v )
Yo SNEE JE Hh R A b 2 Cln g v i v IR L i 4 EG
W) 5 5 R 1 T SR AR M K IR BE Th AR TS I AR R 1 — R
VRN, AT K R 9 . RE L A L M I AR
AR, SR B YRS BN IR B, BB AR R
IR (B, 2019; T FEAE, 2017; X SC 4%,
2022) PO gL Ah, A E R RS62 MR ISR E A
WA (0 K TR T ae, A 5 s R AR S, #F—
A 5 W AR A ]

D Jth X 0 ELAZ AR AR AR MSAL, J& K F- IR
FEBNTEENMRERIE. REERBNVHET], &
RE T 52 = R PR 45, (H 20 Al 2 A 7= A e 5 2% (A pR
PEDLRE ), 27K 7= 3h W) A= Wy IR B F A= 2 —
( Nilajkar et al, 2025; Sim6 et al, 2009; Hantzsche & Bo-
ersma, 2010) ", S5 D 1 A9 92 2 8 8 F B (25.94%)
ARG A EEE . RENNRRLEER, U
AN N, A B A A (i i ) 4
FRfE I 1M, R JCOG A ETHRE 01, T4 I A
(Rekik et al; 2025) 3, D Jtb % )i 40 18 £ A< MSBI, J&
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FAUAF B T BORF AR AT LA R A A AL, Gl B AT
1T M5 7K i ( Wang et al, 2025) B3AH 40 4% FF 5 & &5
Gy RN R SR BOW IR, P BETE S Ey s ) R R 51k
P o Luis 55 (2014) 764 W) I By 43 85— MR BT 73 kL
FERRR, B 2 Bk R 3 s, 7™ E A T W R
A3t D W 4 (4.49+0.11 mg/L) b A B8 B 5, 9
R4 (2017) B9 5% 2 B 38 5% [+ COD/NO5™, COD X
K OBE R AN B RE TR R B K H O OE AH 6 B
COD F B K I 75 20 #6101 2 1 S, K 9 DO #25
AR, 2, v Vs A 8 )R] AT s K A R 8 R 22 B
DAY B[] B ] 3 5 0 T 9 S ), A A BT B
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A S 78 7K T 2 BRI Bl A 25 8 4 O T S B 25
X 25 S BT 2R B0 T O[] A K B B Y A 5 T SR
LA VRS . BAASHTan T

ARBTAR T LU A B, 40 I K IR 4 R A 23.43+
0.29 °C, 5 iR (22.54+0.04 C) fEA1E B HEME R 4)
P pH {E R B P (7.99+0.01), Zalizniak %5 (2024) P9 f)
R UIZ pH A R TO66 A FREE AR, Fn
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Y RN o0 40 B CAn 20 AF B R L 4OUFF B T ) B il A L
P 0 A SEME AR R, 7558 1 N TR TS A 4
B R A A, R0 ER B T DA ) S 5 A0 R o
B, WA TR AR R, AR R BT, AT
T 5% 58 b VR 0 5 A 25 B 9 CAnAS n B S I e NH, L 7
INELAT BT AEALAVE ) 64T R Ak, bt oo 75 1
)R

TR S VR S5 10 b, AR A W HE 7 &) i 01 26
POGA A FR B 3 (I B R 23 B, £ PRI AN
F AR, B RS A Y - TR TR A s AR e 4
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B AR ) T 5 R 35 A BT, D X A 1 4K
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Stage-Dependent Variation and Association of Microecological Diversity
and Water Quality in Static Culture Systems of Hippocampus erectus

Zou Wenzheng"?, Meng Chunlin-?, Huang Wenshu"?, Li Zhongqin"?, Yang Qiuhua’

(1. College of Fisheries, Jimei University, Xiamen, Fujian 361021, China; 2. Key Laboratory of Healthy Mariculture in the East China Sea,
Ministry of Agriculture and Rural Affairs, Xiamen, Fujian 361000, China; 3. Fujian Fisheries Research Institute, 361000, China)

Abstract: Hippocampus erectus is one of the major seahorse species cultured in China. However, high mortality
frequently occurs during the feeding transition period, largely driven by fluctuations in water environmental
factors. To date, the microecological diversity and water quality characteristics of its culture system remain poorly
understood. In this study, cultivation water from H. erectus was investigated across two developmental stages sur-
rounding the feeding transition period, namely the larval stage and adult stage. Growth performance parameters of
seahorses and key physicochemical indices of water quality were systematically measured. High-throughput sequen-
cing based on 16S rRNA and 18S rRNA genes was employed to comparatively characterize the community struc-
ture and diversity of bacterial and eukaryotic microorganisms, respectively. Furthermore, multivariate statistical
analyses were conducted to elucidate the relationships between water quality parameters and microecological com-

munities (represented by bacterial and eukaryotic microbial assemblages). The results showed that ammonia nitro-
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gen (NH;—N) and nitrite nitrogen (NO,—N) concentrations were significantly higher in the adult-stage cultivation
water than in the larval stage. Microecological analysis revealed that photosynthetic autotrophic algae (unclassi-
fied Eustigmatales) and oligotrophic-adapted bacteria (unclassified Cyanobacteriia) dominated during the larval
stage. Following the feeding transition, the eukaryotic microbial community shifted toward stress-tolerant taxa
(Oxyrrhis), while the bacterial community transitioned to nitrogen-tolerant and heterotrophic degrading groups (un-
classified Rhodobacteraceae, Lentibacter). These findings demonstrate a clear succession of microbial communit-
ies in response to water quality changes during the feeding transition period. This study reveals the changes in the
microbial community structure of aquaculture water during the feed transition in the Hippocampus erectus and their
correlations with water quality factors. The findings provide a theoretical basis and practical pathways for develop-
ing microecological regulation strategies during this period, and contribute to the sustainable development of

seahorse aquaculture.

Key words: Hippocampus erectus; feeding transition period; water quality parameters; microecological community struc-

ture
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