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Fus . TSRS RAA RS, AW
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5

ARICLL 1998—2008 AR5 H Y F— 1R o A i
RWFFERA AL, WFFE T N T FRGE h AR 6 1 25 A )
SEREAE, JFXF e e N T R AR ETT T A4
R, VIR A T v e S AR Lk B T Rk A
Fh B (L BRI G SR K

1 #R5EFZE

1.1 ELWa&RR

S T H AR 7 E K R S B
YLK P50 i 3k B AR R AR N T2 1+ — 1K,
U9t A4 SR 1998—2008 4F(2002 4EBR AN, SEIHT,
EFENTIRM A T4t 10~20 FMEH, 00
T TR R A e . fE T3 . FEBH 3L AL
FURPEVESE 4 AN JEHLY 6 FhAS [T AR RS 1Y 35
IERA IS
1.2 FRERE

AR TR SRR 1 s, RIS
ASEF IR T DX\ 0 LB S T, 7 B Tt R A
H(12~16) mx1.8 m (HAZxH)HREITEBF 36 mx
12 mx3.5 m (KxFE= )R, >R A 17K A
MR K FRFE; 1E TS A7 TR TR X NG
A1 IR, FRFEMRLAS K 38 mx3.5 m (EAAXIK)
MBI L, SR P K 08, FEBH B A T FE B T
BB RTHKET 7, SRR 25 mx2 m

(ERXE) W EFE B 20 mx13 mx3.5 m (K x5ix
TOBIMGBRDE L, SR HIK B R B R Z R A KSR 5
AUV PRI FRAE AL 4 29 mx 11 mx4.4 m (fx
TexENI M, R AEIRIEFR KRR 1), %
MR BB RRE, BB RN 0.4%~0.6%, 45
M KRR AR AR AR DL 1,
1.3 &Fi&
2012—20184F, FERHAERY 4—5 A 9—10 H,
XN () 57 B 56 - — % R AR 3 R A T O AR A,
BRE , RKSIA Y 2EH IR, KA Du &M
B, A Terason2000 515 2% #A H) %E M
ol B i R, X — A AR B R R S
LI,
1.4 ANIfEF=, BHEEFL
2012—2018 4F, e 10—11 H, /Kiik
17.5~20.5 C, XML B AR F— e
SCE N TA#E S, 7725008 LRHA-2 (T35 =l
2], MEfCRI—EHES, &N 4~5 pg/ke,
W £ SR IO T S (A SR B = B R A, SR
FIHN 0.5~1.0 pg/kg, o5 —4HHIHEZ 9 pg/kg,
[ IEIRR 12~14 h, 78SCFRE ™= i R AR I 5% fa
J R A B T Y AR R i AN R, R R R
BRI R R TN+, HF R 2 h RE—IX,
HoRAE 4~5 1k, HREELE ST AR AT 0~4 CUKH,
RIS Alavi U875 B Ge RS TR 2058 S ] |
P Iz B s (B FORS 7 5 f, PR IR TG ) S s
T NT R, 07— 1 RS, DIl REE 2
W (P EERE 1~2 h)o R TEHAT N T, %
Kona e KB A IEE Y 45 min, FHCRE

F1 PEBREREMNFERY

Tab.1 Breeding conditions at different farms for Acipenser Sinensis

A WS IR HHLAE/m FrHH % /(kg/m) K/ C
place tank number tank shape tank size stocking density water temperature
jt”f’j.‘.ﬁﬁ . BJ F7 I rectangle 29x11x4.4 2-3 19-22
Beijing Aquarium
[ B Hhy XY-1 [#JE roundness 25%2 3-4 7 s
Xiangyang Farm XY-2 WY oval 20x13x3.5 2-3
PNUE ST TH-1 [RI¥ roundness (12~16)x1.8 7-9 8-29
Taihu Farm TH-2 WIFTE oval 36x12x3.5 4-5 13-23
tE Tt A HS 7% roundness 3835 34 831

Hengsheng Farm
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Fig. 1 Annual variation of water temperatures
at different tanks

AR BB AL AE R L, Efb/KIR R 18.0~20.0 C,
1.5 BIBESEITaH

¥ Excel 2010 1 SPSS 19.0 #4758 5811
AT, $HRLLUR 220

K 5 R e Rl w=al®

56 E =(WIL?) < 100%

7 28 = 7 B O ) 236 £ 550/ () 256 A S B8
100%

A R =2 K O/ P B X 100%

TR AL R = 1 B S2 R IR B < 100%
Horp, WA (kg), L 2K (cm), a fl b %L,
Wtk & 2RI IR G52k 2%

2 HRESH

2.1 ANIFEEPEEEEYFIFE
211 EKE5®EE RS T 492 B 10~20 21

— R AR R W2 B, IR 30~169 kg, AK
140~258 cm, AEWHEE 0.77~1.26 (1.01+0.10), BEH
ARSI BE R,  rh AR EA AR S RAR E A ORI R G
19 #F 20 %Y AR BHA R FIIR B YRR 7E 10 2
Z5(P>0.05), MR 2w LIpead, ME
AR 3 2 L R 2 25 5 (P<0.05)(% 2). 1R
(L5 A E W) 8] B RN W=lx107°L7%
(R=0.9076, n=492), X b<3, UWLHIANTLFRFET
TG 2 TR R (E 2).

B0 1xqgrspases .
:Zg' R2=0.9076 e
T n=492 PR
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Fig. 2 Relationships between body length and body weight of
cultured Acipenser sinensis of the first generation

2.1.2 MR 492 U AeiEg T, 74
PERR BB A, A HIE 15.04%, Hrhffn
19 &, Mifh 55 R, Mkl e MER A 10 #,
TR (14.96+1.93) 1%, M £8P B B /NG
12 1%, ¥ (17.84+1.80) % o AS ] AE W% By BE 1 A%,
LB UL 3, H B AT AN [R] A 0% B e £ i 2

x2 AIFETF—HRKPEGREFEMREKINEE

Tab. 2 Body length and weight of cultured Acipenser sinensis of the first generation at different ages

n=492
A a ?fﬁ'ﬁiﬁ/ind &K /em body length 1R Hi /kg body weight AE# & condition factor
years of age rit:;,lnslttlgzi X £SD JHl range X +SD 75l range X +SD Ju.Hl range
10 79 165.35+12.53" 141-191 44.77+10.24" 30-68 0.98+0.10° 0.80-1.11
11 72 167.78+9.93" 150-191 46.70+7.58" 32-69 0.98+0.08" 0.81-1.18
12 66 169.52+11.14° 152-207 48.46+10.02° 33-87 0.99+0.11° 0.77-1.22
13 68 176.32+14.32° 152-211 56.04+13.24° 35-93 1.01£0.10% 0.78-1.22
14 36 181.69+12.01% 155-225 60.31£10.38% 44-96 1.00£0.10* 0.87-1.25
15 47 185.34+12.45¢ 161-221 65.47+13.20° 41-99 1.02+0.10° 0.83-1.18
17 69 190.83+15.38° 161-230 73.05£16.31° 47-117 1.04+0.10° 0.90-1.26
18 21 197.65+21.28° 170-258 86.61+27.34° 54-158 1.05+0.10° 0.89-1.23
19 16 211.63+13.84° 189-235 112.56£26.99" 77-167 1.07+0.06° 0.95-1.18
20 18 221.61+16.80* 201-248 115.06+24.98° 85-169 1.05+0.07° 0.90-1.12

T A1 _EFRAS [ Bl R S Rl 45 % 18] 22 57 . 25 (P<0.05).

Note: Different superscript letters in the same colum represent significant differences among different age groups (P<0.05).
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FE BN, B 45.45%, HELHE 20 i, 1
AR 18 W LU M e 3w, s 71.43%, AN
[vi) A 1% 7 Bt ) e e s 220 091 14 2 1 1 £ (15T 3
% 3),

M £ K T (88.39+29.14) kg, A1 (193.37+
18.90) cm, X5 T Vi £ /K (60.73+14.53) kg
AR (172.27+13.46) em(F 3), WEMAMIAK
(L) FAR E (W) Z Tl i 56 R 20k :

E£8: W=1x107°L>%0 (Re=0.9031, n=19),

Mfa: W=2x10"L*'"* (R==0.8975, n=55).
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Fig. 3 Sexual maturity proportion of cultured Acipenser
sinensis of the first generation at different ages
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Tab.3 Body weight, body length, and age of cultured mature Acipenser sinensis for the first generation

n=74
PRI HOEr /ind {&K:/em body length 1A /kg body weight 4% /a years of age
gender number X +SD J il range X £SD JuHl range X £SD 75l range
It £ female 19 193.37+18.90 160-240 88.39+29.14 50-166 17.84+1.80 12-20
It male 55 172.27+13.46 145-201 60.73+£14.53 35-97 14.96+1.93 10-20

22 HEHEATEEYR

TE 2012—2018 4F, Xf 74 EHCARF—1CH
EEFSCHE T N T, FEKIR 17.5~20.5 °C, i
TSRS RE A = BT o T R P IR R 76.36%,
Forfr 10.91% A AR FE R 28 N T A ™ 11 &0 T B
BRI CRG T E ), M7 80N I [A) Dl 8.5~
17.0 h, V344 (12.72+2.08) h, X5 7 RIZiz 3wt
6] . PRidtiz gl i (] R A3 4 23 51004 (49.11+ 13.38) s
(87.47£20.01) s £1(220.75+56.47) s (3 4). MEFa A=
WIS 57.89%, AHIIIF<H IS, f#
PR B[] 24~41 h, F444(30.91+ 5.80) h, B}
1£(3.97+0.15) mm, BIEE(0.046+0.013) g, AS[A]MA
ZIAEER L . SRR . MR R B R AR 2R AR,
FEEN /MY 5 JTRL, FeRik 25 JTkE, FEk
(13.43+6.79) J1 ki, SZHEH /ML 6.25%, K]
ik 80.03%, F-1(42.72427.82)%, LR /MY
9.3%, KAk 89.1%, V¥ H(51.61+ 32.41)%,
R/ MU0 TR, BKIK17.5 TR, F¥h
(4.44+5.67) 7 B (3 5), 2012—2018 4341 H 1 40
TR

R4 20122018 FF— R85 A FEYR
Tab. 4 Result of male cultured Acipenser sinensis of the
first generation for artificial propagation in 2012—2018

n=55

i H item X +SD JuH range
TEFEA.(‘{E[/C / 17.5-20.5
inducting water temperature
0N Fif [B] /h response time 12.72+2.08 8.5-17
fir=3% /% [ 77 self-spawning 10.91 /
in?ucting fitt7= success to induce 65.45 /
rate

A 77 fail to induce 23.64 /
Wi A SLE S
Wil ifs RLE ST 49.11£1338  35-90
sperm swirling moving time
motility ey 32 = i

Pedics St ] 87.47420.01  59-150

fast moving time

54 life time 220.75+£56.47 120-360

3 itig

3 AIFEPESESHFEREEEFEEYF
2%

3.1 AMEKRAN IR ACT ST T4
MBS, HdeT 7T 8 et b esd, (K&
wARAE BT, e A R SCHkicEk, 1983—
1991 4EEF PN v A fi 17 SR BETE A I 0 R hy
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Tab.5 Result of female cultured Acipenser sinensis of the
first generation for artificial propagation in 2012—2018

n=19
i H item X +SD JE [l range
o

f::cijjrjﬂ;/wcater temperature / 175205
SNV I [E] /h response time 30.91£5.80 24-41

FI 7= self-spawning 0 /
Tﬁf:%/% {# 7= success to induce 57.89 /
inducting rate

7= fail to induce 42.11 /
P2 B E/(x10% ind) egg quantity 13.43+6.79 5-25
PP4%/mm egg diameter 3.97+0.15 3.75-4.20
Bl H /g egg weight 0.046+0.013  0.033-0.058
ZHE R % fertility rate 42.72+27.82  6.25-80.03
4L /% hatching rate 51.61+32.41 9.3-89.1
it ft/% 4.44+5.67 0.1-17.5

quantity of hatching-out larvae

42.5~167.5 kg (P34 84.5 kg), WEA{KTE Jy 104.5~
420 kg (P4 217.3 kg)'l, 1998—2004 4 MM fh
70~244 kg (‘F¥J 134 kg), Hifh 140~432 kg (F2
234 kg)®®, AW, AT HRMRT— e
R EF LR 30~169 kg, M ug i m i 14wy
35~97 kg (F-3 60.73 kg), P2 ny M ta ik N
50~166 kg (‘F-¥ 88.39 kg), HJimfk T B4 MA,
HAr A TFAA 1 BIRE R K F—CHh 6347
FACR R, 8 169 kg, H HPAE K 2%
Mo AR B S RKR RS, PR R K,
xSRBS B T ok O, B N T 3R A I e A A
RN, Hhok i, N T 3R T AR A AL T 25 1)
RS, R K2R, AR RN R
il B R

3.1.2 MERBMESH  Doroshov ZEUHANE B
Fr B PG R T R I SR N AR AR A A N TSR BE
£8P AR IS SR A, XS A A b o R,
I & 1 67 (A. transmontanus)!'” . B #7 65 (A.
guel denstaedti)! *F1jiti [G #7.(A. schrencki)!'*2,
AEAEVE IRBE I G, 1983—1991 4E B HLT sk
i} F IR BRI B AR IS Ry I 8~27 Y (P
14 %), Mt 13~34 @ (7% 207 @)
1998—2004 4F JHfEfh 12~26 #(CF34 20.6 #), M
i1 15~30 (P4 22.3 S FEARBFFE o, B
A rp ARG AR N 10~20 WECFYY 14.96

1), BEfh 12~20 W CF-1 17.84 #), i fa 1 i 2
ARG T 1983—1991 4F [ AR A REIR, i IA &
PEHTT 1998—2004 4F H SR BEALREIAR, M fa 1 1l
RIS A SR B IR B B AT, T HRIA T3
B B H AR B A R Ok B L B R B (Rl 2 L ] 4Y
15.04%), F, A T IR Ae g i s aE it 2 &
B HE AR T H ATIAASRE S 2 W E o
313 EENMEENRE HEUEMHR T, B
G = C R W e T Nl N P S
1973—1976 4F-HF A= v A2 M6 ) 4 XA B 54 30.6
J1~130.3 JIHRi(*F-34 64.5 JT kL), BR12H 4.4~4.6 mm,
HEEAE TR 53 shit 1]y 248 s i 1998—2004
AR ST ) 45 X5 PR B R 20 JT~59 JTRL(CEH) 35.8
Jikr), B4 4.0~4.2 mm, HESDRE T RIZE St
] R 2 103 s, ABFFE T, BET {0
MEESFIRON Ry 5 J5~25 JTkL(CF-4 13.43 JikL), T
TP LE A, P42 3.75~4.20 mm (F-2J 3.97 mm),
L /NTF B A AR 21 et 7 532 Sl e
34~90 s (CE44 49.11 ), Witk TEAEME, AT
TR v At I 2 B34 7 B TR 4 0l 57.89%
F176.36%, AL TE A h4E61(94.7%), T-3I52HK;
RN 42.72%, WART B AL Ae7(63.7%)1), {HIE
L2 & THF AR MR (R 6) Bk PE, S84
HEETAH L, N T3R5 1) v A 6 B0 ) RN s R
NG ER N
3.2 HeEtge A TEEF AR

Xof P A R AT M B, R P AR AR A A
TR AR ) S, P AREANRR, R A S
PR N SR N, R R R A, R AR R &
BYIRF X i P R AR S, eI R
BT ARIF (K 2~4 em)i =, (HxX b5
i Gy s, X RE G FEER, JEkE SR E
R I, HFERITEREBIF—/N (K 6~
8 mm), F 20048 o ok BUvE iR g%, ity kA
FUN, X EEG 2 /N, 812 W i
N T 258, ARk, B AR N —Fh it iy AR 47
AR, BN T a2 PR IR B F 2, Du 25
K B MRS R KA LS A AR, X rh s
T 3091 B 2 S ME A R AE 90.4% L) |, TV I3k
100%, X Fh 5 it 563 B Tt/ R esd iy
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Tab. 6 Difference of fecundity and reproductive performance between cultured and wild Acipenser sinensis

T A MA wild fish e

AU item 1973—197?51 = 1998—2004*1 ﬁjljf fllsﬁk
TRAHE/(x10% ind) egg quantity 30.6-130.3 (F- 64.5) 20-59 (714 35.8) 5-25 (F14 13.43)
Y[ 4% /mm egg diameter 4.4-4.6 4.0-4.2 3.75-4.2 (V¥ 3.97)
15 F 5038 B ] /s swirling moving time of the sperm 248 103 34-90 (F- 49.11)
i 7= 3R /% inducting rate 94.7 Q:57.89%; 3 76.36%
ZHE R 1% fertility rate 63.7 42.72
§¥% 1k %/% hatching rate 48.1 51.61

N TR T MR L, AR,
AT R BFRr h A B IR & B LRI A,
AR R A i R AR R F & I, e R
AEFLRAG A AR AL E 11 1), X v B (ARG A vk i
ZH—ERR, WMENEKES T IEEHE.
AR, FmsgmEREE, BRI
KA it AR B R R & BN, DU ATR N 1
W/AE, TERH4E 9—10 A T8 A .

T B 5 i A1 2 A K R R R B R G TR T
Z—, MR A SR 0 PE IR B I A E
KB — AR AR h, AR R 4R
AIRASALCH SROKIR L HE . IRFREAMT,
AEEIE R e kB, JF R A, (BAE
SFAL BT PRI IR (20~21 C)FRFESMT 1 Bk
R 0% T R A v A S N T AR, B
Yir=R2y 10 Jrki, %A RS ZR, Xl ks
X AR B 4 AR TR A O . TEE K
A FIF R e A, TP AR ST A A T
AR TN TR 0%

HAR AR | P R R, T R rp AR 6
PR AR OC TAEXEE R . R, 7 ERrL iy
ANTRY I HA . BB B, HAesd N TRAR
WIS, AN T b e s s, HHAT
PRFP TAER SR G PR AR, E 2 ARBIYE: BUA e
B SR AE M RLAE /DN, MoK IR, FRIEE T, hAEs
AR ZS TR R AR B ;. RER o N T3R5 rh 4
35 AR OK FRAH, R A PTIRK B, A R
SEHE XL R T A 5 LA ) B R A G
FEA G B TAEH, RN KX Jr T A 9% B

Bigt: P EKSE R K ITK TR TG

BRRBEAKRBER O LA EGR A,
FIM KA KEGAKR AL T AR A, &
AR 245 b T AR B e B A 5 e A PR AR 8]
FHSGARZELARETHRGAIBERE I A
IHAB R PHME T ak, — IR TR
AR PN S N i = AN . SN
+ X AR AT,
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Reproductive biology of an artificial population of endangered Chi-
nese sturgeon (Acipenser sinensis)

LUO Jiang, DU Hao, WEI Qiwei, ZHANG Hui, QIAO Xinmei, XIONG Wei, LIU Zhigang, LENG Xiaoqian,
WU Jingping, SHEN Li, WANG Chengyou, WU Jinming, ZHANG Shuhuan, ZHOU Qiong, LIU Yuan, WANG Kebing

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: The natural population of the endangered Chinese sturgeon (Acipenser sinensis), a first-class protected
aquatic fish in China, declined sharply recently in the Yangtze River, because of human activities such as dam
construction, overfishing, and pollution. The wild breeding groups consisted of less than 100 individuals, and the
natural reproductive behavior became irregular under the Gezhou Dam, the only discovered spawning site. Since
the ecological environment of the Yangtze River cannot be restored in a short time, the best way to recover the
natural population is to build artificial breeding groups and release cultured fish. The Chinese sturgeon is a typical
anadromous fish with large body size, a long lifespan, and a high sexual maturity age; thus, it is challenging to
cultivate this fish under artificial conditions, which requires time, investment, and material resources. Since the
1970s, many conservation studies on Chinese sturgeons have been conducted. The wild Chinese sturgeon was in-
duced successfully for the first time in 1976 in the Jinsha River, a tributary of the upper Yangtze River, by the
Fisheries Investigation Team of Sichuan. In 1983, the first year after the cutoff of the river by the Gezhou Dam,
the wild fish was induced successfully under the Gezhou Dam by the Yangtze River Fisheries Research Institute
(YFI). In 1997, with the advent of the technology of large-scale juvenile fish cultivation, large-scale artificial
breeding groups (the first generation, F;) gradually established. In 2012, the artificial propagation of the F; gen-
eration was successfully conducted by YFI, and a second generation (F,) was acquired for the first time. The arti-
ficial breeding groups of Chinese sturgeon have been established following more than 30 years of efforts and sys-
tematic studies and comprise individuals belonging to a certain age echelon. Previous studies indicated that the
reproductive capacity of the wild Chinese sturgeon has been in decline over the past 30 years. In this study, the
reproductive biology characteristics of cultured F; A. sinensis, which hatched between 1998 to 2008, were ana-
lyzed. A total of 492 fish, between the ages of 10 and 20 years, were counted. The body weight was 30 to 169 kg,
the body length 140 to 258 cm, and the condition factor was 0.77 to 1.26. The relationship between body length
and weight was determined as W=1x107L*?*® (R&=0.9076, n=492). In total, 74 fish were almost reaching gonadal
maturation; the mature proportion was 15.04%. The body weight and body length of the mature male fish were
(60.73+14.53) kg and (172.27+£13.46) cm, respectively, and were significantly lower than the female fish with
(88.39+29.14) kg and (193.37+18.90) cm, respectively. The minimum age of sexual maturation for the male fish
was 10 years, with an average of (14.96+1.93) years, while the minimum age for the female was 12 years, with an
average of (17.84+1.80) years. Both mature male and female fish were induced successfully every October to No-
vember from 2012 to 2018 when the water temperature was between 17.5 C and 20.5 °C. The success rate of
inducing the mature male fish was 76.36%, the swirling movement time of the sperm was (49.11+13.38) s, and the
sperm life was (220.75+£56.47) s. The success rate of inducing the female fish was 57.89%, the egg quantity, egg
diameter, and egg weight were (13.43+6.79)x10* ind, (3.974£0.15) mm, and (0.046+0.013) g, respectively. The
fertility rate, hatching rate, and quantity of hatched-out larvae were (42.72+27.82)%, (51.61£32.41)%, and
(4.44+5.67)x10% ind, respectively. Compared with wild A. sinensis, the cultured A. sinensis has a smaller body size
and decreased fecundity, indicating that its preservation will be faced with challenges. The fundamental data in
this study will contribute to further large-scale artificial propagation of the Chinese sturgeon.
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