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M, AR SR B WA R EER, #
¥ B4 1] (Bacteroidetes) 1 J5 BE [ | ] (Firmicutes) [
FE A9 AT fil 2 5 i A O SR SR I R P R
[ii] A K 3 R K £ (Pseudosciaena crocea) BE1A L
B KB, I H ] (Proteobacteria) 5 K % £
AR BB YIM G, SEHLICH FH(Moraxellaceae)
AEF = B B A8 Ak AT fig g o | R R i AR K AR g Y 32
TN SR, R S RS e R a2k
AMERA R 22 R Z R R M I A HGE . it
B E A P FHOR BT L R SRR A TG
S (BT DL HERR AP . IR AR SRR T
P, R 7 3 1 I AR AN (] A K Gl AR B A
Jor 1 T R AT LE R BE Y, RS B TR S R
J& . AERKBRZEIYER, BN PRRE
W iE R REDIRE, LA SOE ) 45 B 1 T A AT A A
IV i A TR R B SR AS TR

1 #MHERE

1.1 LRI SHERE

SEHG 4 ik FC A G 6340k [ b E K
FERE ST BE R e VLK AT 22 R0 . 1R
B R AT | AR TC B B AMG HAM AL
ik R Rt [ B 4h fa g% 60 B, FIIRE K
(23.1242.48) g, NG —FRFH A, HERRIFBEFITK
AR R T, kB2 0] 5250 % 5 TR AR
T A — 4 H 30 IR #5806 2R K 3% 5 & 58 (240 cmx
40 cmx50 cm)H, FRFEHIEDERE LA 12 h 12 h,
JK#(19.0+£0.5) °C, pH 6.9, A% =6 mg/L,
H 7:00 Fl 19:00 LB MR IEA TR, H 8 E
YR Y 3% (LLIAR 2R AU A o UKL e R

EH =40, MW =10%, ML 48 <6%, HLIK7>
< 18%, /K4r<12%). J (B4 MEFTHEFT I I5 Fil e
K, HiKE 20%. F258 2 I H Rk L KR
ZRRKFEE S0%MMETEG 6 h FEFTHUE,
v 3 IG5 2 B4y Oy AR DR (LH) A A K8
(SH)PIANTEAAR, il FG &7 3 2200 S A= K Pl (LAY FI
A K (MA) RS BEAR, BORE fa iR 8 L3 1,
FFAAHLS B, 4 MS-222 (40 mg/L)FEEY )5 768
GG T HEAT UK AR HORE . L JC B T A aE Y
259 e i 1) B /N0, RE ST ISR R S L
FRAIE3EA 1.5 mL W B LE T, HMTRA
WG A-80 CUKARIRATE
1.2 DNA 2EUF 16SrRNA EE I F

% H HiPure Stool DNA Kit (Magen, H[E)ix
F &P E S DNA, /] NanoDrop™
2000 43¢t EE T (NanoDrop Technologies, USA)ill]
i DNA WREM &, FrAmB3IfT&E%E PCR
Pk, 54 338F (5-ACTCCTACGGGA
GGCAGCA-3")F1 806R (5-GGACTACHVGGGTW
TCTAAT-3")§ "4 16S rRNA H:[H ) V3V4 [X ,PCR
ROWAE 30 pL BURW HiEAT, HoE&A 15 pl /1
2xGflex ZZ ¥ . 2 pL ANTPs (2.5 mmol/L), 1 pL
EE 5195 umol/L). 1 uL JZ A5 4#)(5 pmol/L) .
0.6 uL Tks Gflex™ DNA R4 (1.25 U/uL)Fl 50
ng B DNA, PCR KM GeneAmp® 9700
(ABL, USAELL T &F Fit47: 94 °C, 5 min; 2R
J594 °C 30s. 56 C 30s., 72 C 20s, fH¥H 26
W FJE 72 CHEMH 5 min, XFEREMIELT 34
PCR H & . PCR =Wy fifi I ykAS N, A5 D0 5 fiff 1
Wik AifL, 4ifb)E ey % PCR Bif, JEiuEfT

* 1 SEBERREKER

Tab.1 Groupinginformation and growth indexes

n=5; xtSD

5| group

fobi index DA CBERER(LH) AR IB A R BEREAR(SH) A K MU HE IS RE R (LA)

Az U FRET R (MA)

fast-growing population of slow-growing population of fast-growing population of medium-growing population of

Huso dauricus

Huso dauricus

Acipenser schrencki Acipenser schrencki

85.91+8.89°
29.76+1.19*

1R /g weight
4+ /cm total length

24.41+3.28°
19.26+1.24°

41.97+3.61°
24.16+1.13°

86.37+15.85%
29.46+5.35"

T P RATECT AR F/NG SR 3R AN R RE R ] 22 55 12 35 (P<0.05).

Note: Different lowercase letters in the same line indicate significant differences (P<0.05).
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TR PCR Y, 255 PCR IV BRTE R 2 7
YA, HA S 55— AH R . Pl T vk
W, RIS A REBRZEAE, JH Qubit 2.0 ZEEIEREE
i1 (Life technologies, USA)# 17 % i o # & PCR j=
Yk Bt AT S IR AE, 7F NovaSeq 6000 “F- 15
(Ilumina, USA) b A7 5 o g R0 o 4 o 1
W oy A W =~ R A R 2 ) 58
1.3 Illumina il 7 £ H8 9 A 22

JFEIREE TALE, EOe A cutadapt BY P
SIYFS . SRJE M QIIME 2 (2020. 11)F4 i
DADA2 A7 BTit il ik . FEME | DF4 S LB IR %
AT, BEARRLTE 100% 1 77 51 I3 S 3 3 -
¥ ZZ /& (amplicon sequence variants, ASV), 5%/
B TR RRAE SRR 3 BE %) A% R T G R 7 91
SO A Silval38 Hodfi X FR M P A AT 1T
R e YA 205 B NS s 4 v i B
R KR MERIRTIR RN E TAE) .
meJa, IRAT 1485529 J% i o & 40 A ¥ 51 (=20,
BAFERL 7427643230 55) A T AIEAF PR
BEAT R MM 2E, ASV FBAREAL S fe /NI 3 TR B
(FAFEEL 60965 25T 58250 H7
14 FitHH

i QIIME iy 4 summarize taxa through
plots.py A B 53 FE KT 14 4 TRV 4l £ 8. .
iJ QIIME 14 alpha_diversity.py £l collate_alpha.py
THE AT o- 2 FEPE (AR Z 54548 Shannon A1)
£ = 4550 Richness), ifid QIIME fiy4 beta
diversity through plots.py 11758 41 B8 #E V& 19 B-Z HE1E,
FIH 2T Bray-Curtis FF 2§ 19 3 A8 5 73 BT (principal
coordinates analysis, PCoA)Z% ik A [F] 20 [6) iz 18 B B
LM 2E S, i RIE T “aov” PREGHEAT LN R
#41HT1(one way ANOVA), i1t R 1575 “t.test” PRELE
17 t Ki5R(Student’s t test), i1 R 155 “vegan F2 /¥4,
HEAT B e £ 90 )5 % 43 M (permutational multivariate
analysis of variance, PERMANOVA/adonis)Fl & 2
JT 43 8143 M (permutational analysis of multivariate
dispersion, PERMDISP/dispersion), {#f] STAMP %X
4 (https://beikolab.cs.dal.ca/software/STAMP) i 17
R Z 0T BRER LR AR, A5 b B
T R 1 “ggplot2 FIFALF Visio 2016 231

2 BRESMH
21 ARERKERZRENERGFERHS
M3

AN T) A A 3Rk G LR i FC B 17 18 B o-22
FEMEFS A B 22 SRR AR 22 S (E 1a),
LH 41738 # AE Shannon 501 Richness 5%
=T HAB A4, Hob Richness 88 % & T LA
20 (P<0.05),

LH
LA SH
300 L
5 B MA &5 MA
g ) E é 200
< ’ = =
ZIPal &
100 |
1L
c adonis R?>=0.39 LH
adonis P=0.003167 SH
dispersion P=0.103
<05} LA
% -»- MA
S oL
et o M
S of as
1 e 0o
_0.5 1 1 1 1 1
-1.0 -0.5 0 0.5 1.0

PCoAl (52.3%)

BT AN AR A 38 gk PG BEURI it [ 65 /7 8 T R o- 2 R
F5H(a) B T2 AR AR 53T (b)

* IR 4 1] 2% 5 1 2 (one-way ANOVA, P<0.05). LH: A K pid
BRI (n=5), SH: AR KR UK R IA (n=5), LA: 4K
e H i G AR (n=5), MA: 2E K Ui FC 85 BEAR (n=5), L: 4=
KRB (=10), M: A2 KB (n=5), St A2 K12 7 (n=5).
Fig. 1 a-diversity indexes (a) and PCoA (b) of gut microbiota in HUso
dauricus and Acipenser schrencki with different growth rates

* indicate significant differences between groups. (one-way ANOVA,
P<0.05). LH: fast-growing population of Huso dauricus (n=5), SH:
slow-growing population of Huso dauricus (n=5), LA:
fast-growing population of Acipenser schrencki (n=5), MA:
medium-growing population of Acipenser schrencki (n=5), L:
fast-growing sturgeon (n=10), M: medium-growing sturgeon (n=5), S:
slow-growing sturgeon (N=5).

AN T A K 3 23R 3k G 5 RT i E #55 f  T E 45
[ REAEAE RN 22 S AR 22 S e (B 10, 3% 2),
HrplR LA 1 MA P4 TG g P2 ok, Hdgy
2 411 BLAT 3 25 5 (P<0.05) MR AE KR
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W35k 3 41, Horp A R PG (L) 5 A4 K18 s 67
(S) 7 18 T A 435 Hh) A7 A i 35 22 57 (P<0.05), A= Krh
A (M) 5 A= K 18 3 65 (S) i 3 B BE S M A7 B
25 5(P<0.05), TiA < PRt (L) 5 A= 4 sk i (M)

T8 TR RS A TG B 3 25 57 (P>0.05) . [RI, AN [R] Fif
BFGACHEL H G AT A LS A7 AE B
7 5(P<0.05),

*2 ETFBrayCurtislEEHEBRETHES
(PERMANOVA)#1 & # % JT. 43 81 5 #T (PERM DI SP) #&: 16
ARERKERKRENERGHERENZEZR
Tab.2 Permutation multivariate analysisof variance
(PERMANOVA) and permutation multivariate digperson analyss
(PERMDI SP) based on Bray-Curtisdistanceto test the differences

of gut microbiotain Huso dauricus and Acipenser schrencki
with different growth rates

Wk LRSS L E WG]
PERMANOVA PERMDISP
compare
R P P adj
H A 0.173 0.014 0.405
L M 0.063 0.366 0.891
L S 0.241 0.008" 0.716
M S 0.285 0.038" 0.957
LH SH 0.534 0.007" 0.810
LA 0.330 0.008" 0.079
MA 0.360 0.007" 0.577
SH LA 0.303 0.017° 0.341
MA 0.285 0.040 0.976
LA MA 0.058 0.573 0.562

T * R 410 22 5 L 3 (one-way ANOVA, P<0.05). H: ik [&f#
(n=15), A: KR (N=15), L AR iFn=10), M: 4K i oifg
(n=5), S: A KAGHE (n=5), LH: AR KPR 3 [C 8R4 (n=5), SH:
A K% T B (n=5), LA: AR K P it FC BRI (n=5), MA:
Az K i [ B AR (n=5).

Note: * Indicate significant differences between groups (one-way ANOVA,
P<0.05). H: Huso dauricus (n=15), A: Acipenser schrencki (n=15), L:
fast-growing sturgeon (N=10), M: medium-growing sturgeon (N=5), S
slow-growing sturgeon (N=5), LH: fast-growing population of Huso

dauricus (n=5), SH: slow-growing population of Huso dauricus (n=5),

LA: fast-growing population of Acipenser schrencki (n=5), MA:
medium-growing population of Acipenser schrencki (n=5).

22 AEEKEFRAKREMEREFHEREFA
%

AN TR) A K R Tk K A it X 5 T B A A A
FEFERN IR 22 AR 22 R (B 2). TR L
(Kl 2a), LH APLHAEET TR AETEHT1(90.4%), SH 4H
PR T TR AL i 11(35.6%) FEREE1(61.7%),
M LA Fl MA PR B AL, PLRBETTH AR TR

T T(38.8%F1 45.2%) . JEEER[1(22.9%F1 21.6%)
FI#RFT B [ ] (Fusobacteriota, 38.1%7#1 33.0%).

JE K- (& 2b), LH 23R & by i (i o
JU i J& (Sphingomonas, 67.0%), SH ZH 1% H#i & Jy
B A T (29.5%) AITp SURR T & 1 (Clostridium
sensu stricto 1, 54.2%), LA ZHH0HE & o il 22
PR (33.5%) AT i (Cetobacterium, 38.1%),
MA AP35 by i 2 B PR T (42.6%) . B L
RHER 1 (14.3%) M5 HE (33.0%).

2 1001 puw po
75— II

50+

[l =901 Bdellovibrionota

[ #BRE ] Myxococcota
W5¥%[] Cyanobacteria

[ PE%HEI] Verrucomicrobiota
2B Gemmatimonadota
JBUBRAF ] Desulfobacterota
SEHERE ] Deinococcota
423517 Chloroflexi

AEXTFEBE/% relative abundance

B BB Patescibacteria
TR ] Actinobacteriota

[ #UFFH I Bacteroidota

25¢ [0 #AT 1] Fusobacteriota

JERETH|"] Firmicutes

I 59 H1] Proteobacteria

[ HAth other

Ok

LA MA

b 100
l-

B EGHER Achromobacter

B G NEIR Brevundimonas
AEIFFHEJR Acinetobacter

W #4%BEATH 8 Sphingobacterium
ﬁﬂ‘ﬁECaulobacter

Allorhizobiwm-Neorhizobium Pararhizobium-Rhizobi

I fRRKAEHR Delftia

FEFF BT JR Stenotrophomonas

W BIRE)R Sphingobium
0 A 2REIR Candidatus_Arthromitus
W4 352 Je T-HEAT 5 J8 Hafnia-Obesumbacterium
. SR M B Plesiomonas
I 0 AT 5 & Cetobacterium
[ BXAREIRL Clostridium sensu stricto 1
B Y& EAHURR Sphingomonas
I Ffth other
O L

LH SH LA MA

P2 AN [ AR K 3 A ik T A5 R it PG 655 7 18 T
PEFER T () L TR (b) 4L AL
LH: A KR Ik R EHER (n=5), SH: A= 1K ik [ 62
REMR(n=5), LA: 2R K P FC A A (n=5),
MA: AR K HR G G B (AR (n=5).

Fig.2 Composition of the dominant bacterial phyla (a) and
genus (b) of gut microbiota in Huso dauricus and Acipenser
schrencki with different growth rates
LH: fast-growing population of Huso dauricus (n=5), SH:
slow-growing population of Huso dauricus (n=5), LA:
fast-growing population of Acipenser schrencki (n=5), MA:
medium-growing population of Acipenser schrencki (n=5).
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AN TR A A Rk EC AL i FC B i B RE ASV
B I H A 84 A ASV i A Ff A (1 3).LH
20 ASV $fe £, ik 870, SH. LA Fl MA 3 4%k
HEONHIL, 43910 596, 585 Fl 623, AJRlA: Kk
IR BRI [RE G AW AL ASV Bl 52,
HAOR R A KRR UL ASV BURIUH 14,

800 -
716

600 -

400 -

287 257 257

200

ASV3& number of ASVs

750 500 250 0
ASV#{& number of ASVs

A 3

115

|

AN KR AT ASV By 78, AR AR Kk
RIA ERGE EIEE ASV BUR Ul 15, AFEE
e B R GR PO B A T8 B RFRR A ASV B
%, Hoh LHAA ASV AR %, i ASV HiiE
) 82.3%,. SH. LA Hl MA 3 H45A ASV Stk
FERL, 39l 7 ASV BRI 45.2% . 43.9%F1 41.3%

78

53 52
B 27 21 20 15 14 s

SRR

T AR A 3k G BRI G 65 T8 R R ASV R0 (REAR I8T) S AT AT ASV it (Upset [4])

LH: AR R PR IR OB AR (n=5), SH: AR RIS IA FRBRRE (A (n=5), LA: Az AR it G B3R (n=5),
MA: Az K R PR AR A 1A (n=5).
Fig. 3 Number of ASVs in gut microbiota of Huso dauricus and Acipenser schrencki with different growth rates (bar graph)
and their common or unique ASVs (upset graph)
LH: fast-growing population of Huso dauricus (n=5), SH: slow-growing population of Huso dauricus (n=5), LA: fast-growing
population of Acipenser schrencki (n=5), MA: medium-growing population of Acipenser schrencki (n=5).

23 AEEKERILKENERESZEEREE

STAMP S #4553 R, AN[A] A 1 R K [ 6
i T8 25 5 B AR R B 659 i 3 25 S i RER BT AS )
(F 4) o ASTRI AR K o ik PG 17 1 2 53 TR A M i 4
Fis PR TR JE 11 ASVL FIl ASV4 DL R s YR & 1
#) ASV3 Fl1 ASV7, Hir ASV1 1 ASV4 7 LH 4
WEEE, ASV3 M ASVI/ESHA B EFE, A
I7] A K 3 % it FC 65 1 3 2 S 1 Sy i e P i
JB I ASVI1, R EFH Clostridiaceae) LR H & 1
) ASV3 Fl ASV7, DL Kt & FL k72538 1Y
ASV5, Hi ASV5 78 LA AR EFLE, ASVIL,
ASV3 1 ASV7 7£ MA 4 B & &

itip

31 HFEERFSEMEZEBXR
1A DR 2R R I Bl 1 i TR R SO e

3

B EE N R, MR IE RS Z e N R
gRh 1M IR, A0 AR G A AR EL Ak
AL, BUREE P IREE 451, WRRHLE A&
HAE, DXUA AT T RE Azt AL R, AT 7E
— BRI HOE T I R R A A A
W5 38 3 bL B AH ] AR R 23k [ B it [ 655 17
VARERRIE & B0, A 6 i 308 7 11%) 22 1 1 AR A
PIfFAE 22 5, X AT BB TN A fE X0 g 1A
Y A AR R S Rawls 25 5m
1 F BE D fi(Danio rerio) /N B i B RESS LS
A B TC T BE S AN, RIS B 1E
TE RS AN E S AR, EB T A 0
ERY RN o X 4 AN [H] & FR 27 JE f (Oreochromis
mossambi cus) i L A 58 & B, A R Fh %7 9E
TR 45 R A AE I 2 U)X 2 48 (Hucho
taimen). ZH#%ff (Qinling |enok) 12 5t 4 £ (Esox
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. [OLH [EOsH
ASV1

Sl
ASV7 1 F

95% & {Z X [A] 95% confidence intervals

| o022
}_o_{ 0.0822

ASVT | F

' o
H: 0.0822
I | | |
ASV3 _] | | 0.0822
0e+00 let06  2¢+06 —2500000 0 2500000
447 b 4l/% mean proportion A4 4|22 /% difference in mean proportions
b [CJLA [l MA 95%E{F X ] 95% confidence intervals
ASV5 | b | e | 09170
H 0.0889
; N
- | 09170

AW“F......F. |

ASV3 b F

}—-—{ 0.0889

0 500000 1000000 1500000
P34 L. 45/% mean proportion

—2et06 —let06  0et+00 1e+06
SEA4 51| 25 572/% difference in mean proportions

B4 AR AR B 32 5k [ a) R [C6R(b) 1 B TR R 25 55 ASV
(B/DIE—HE AT 3 >1%, P<0.05, Post-hoc test=0.95)
LH: AP h [ A (n=5), SH: A K12 58 ik [UEERE IR (n=5), LA: AR K Pkt QB REA4 (n=5),
MA: A K i IR B3 R EA (n=5).
Fig. 4 Discriminatory ASVs of gut microbiota in Huso dauricus (a) and Acipenser schrencki (b)with different
growth rates (relative abundance >1% in at least one sample, P<0.05, Post-hoc test=0.95)

LH: fast-growing population of Huso dauricus (n=5), SH: slow-growing population of Huso dauricus (rn=5), LA: fast-growing
population of Acipenser schrencki (n=5), MA: medium-growing population of Acipenser schrencki (n=5).

reicherti) i LA ST [RIRE 2 B, [RIFPREAS Y 3 Ff
YK £ Ji7 T8 DA RE Y 2 REPE A B I B 2
1 figs 2 1 B A £ S L A D A SRR TR ] RN AR
JEHI], W% ol ib 3w oh R 10,
VR AV K s, Hg iR TR AR AR B
WITFEREE ], IR E T THIEREE e a2
TEAZ LR, XA R A A R L
TN R, A DR i TR A A L
PRSZIRA A Ry it — 25T .
32 HHFERMSEAKEREZEANXER

i B S e K 2 S R D), HonT
IS5 A Y, B
[F1) 122 b 5 0 25 £ 20 1) 2 K o 1052021 AR g A
HEbR THABE AR ESE R R 52 T, il A
[N . AN AE R S SRR 6 i 3 TR R AIE 2 B,

TEIE A K PR il FQ 8, AR [m] AR K i S ik
TF1) B 105 TR AR O 2 PR VR AL B AR — R 22 5 . T
FEEREY, BRI RE S 6E KR xR
(9 B2 VAR 56 o o6 T K B 40 U0 R R 4
(Ctenopharyngodon idella)* iy i 5 i 2 R Ak & 3R,
AN TR A AR R 8 K £ TR R £ ) g TR A G R A A
Wt 22 5% . eAb, TEMEFLEN Y AR DS Pl R
T AR LA, SR, A6 0T 4 (Oncorhynchus
mykiss)! > F1 - % b il 2.(Symphysodon  haraldi)™*!
(TG ITURIE 5% 40 2 R, A PRGH S 2k K RS AR ]
WAiE G RE LR B 2T 3 25 5, (ML B
FEG=E B A BT DX, A A P A A i v B AT R
THAL T BE R A 2 1A LA T g, T AR K A8 B IR
T He SRR LB . IS RRE R R, AN TR A
KRG R AR 22 5 R, M TERE
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HEER(SH Al MA), Az K s ik FC BRI (LH) AY
Jo B AR T TR ASTEBR ], 1 AR K P it £ 3 7
LA BRI, ZIRF5EE
52, A KR S A B T AR AT B TR A
X B B IEAE G . AnXER B A IS IESE, IR TS
I A K E e il P Y s T e )
Xof B i B IR S, AT B 1S B 4 3 it B
A g A KA R RO, e ah, ARSI iR & 1
N ) A K 3 e 0 iy T o i L R R TR
DA P AR R 2 S R, X2 BB R g 2
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Abstract: In sturgeon aquaculture, abnormal growth variations among fish in the same pond frequently result in
decreased yields. The gut microbiota, a crucial component of the digestive system, plays a pivotal role in growth
performance of these fish. Currently, there is limited research on the relationship between gut microbiota and
individual growth differences in sturgeon. The objective of this study was to examine the characteristics of the gut
microbiota in populations of Huso dauricus and Acipenser schrencki in which growth rate differences exceeded
50% of body weight. The fish were bred at the same time and under identical conditions. The aim was to uncover
the relationship between sturgeon growth rate and the composition of the gut microbiota. The results revealed
notable differences in gut microbiota diversity and composition between H. dauricus and A. schrencki, as well as
among different populations in both species. In the fast-growing population of H. dauricus (LH), the dominant
genus in the gut was Sphingomonas (67.0%), whereas in the slow-growing population of the same species (SH),
the dominant taxa were Sphingomonas (29.5%) and Clostridium sensu stricto 1 (54.2%). In the fast-growing
population of A. schrencki (LA), the dominant genera in the gut were Sphingomonas (33.5%) and Cetobacterium
(38.1%), whereas in the medium-growing population of the same species (MA), the dominant taxa were
Sphingomonas (42.6%), Clostridium sensu stricto 1 (14.3%), and Cetobacterium (33.0%). Sphingomonas and
Clostridiaceae were the primary discriminatory taxa in the gut microbiota of sturgeon exhibiting varying growth
rates. In conclusion, species-specific variations were evident in the diversity and composition of the gut
microbiota in sturgeon. Genetic factors play a crucial role in shaping and selectively altering the gut microbiota in
animals, including fish. Moreover, each individual fish harbors a distinctive ecosystem within its gut, which is
influenced by genetic factors and contributes, to some extent, to the determination of the types and quantities of
gut microbiota. There is evidently a close relationship between the gut microbiota and fish growth, as the gut
microbiota directly or indirectly impacts the growth rate of the fish through its involvement in digestion, immunity,
and metabolism. In particular, Sphingomonas and Clostridiaceaec may exert a pivotal influence on sturgeon growth
rates. These findings provide initial insights into the link between the gut microbiota of sturgeon and growth rates,
offering a theoretical foundation for the precise modulation of the intestinal microbiota to attain rapid growth of
sturgeon in aquaculture.
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