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Fig. 1 Annual price fluctuation of largemouth bass prices in
central China

H IR R 9400 g DAL A R 0, 08 SRR T K
A ¥ (http://www.fishfirst.cn/) F17K 7= 7258 ¥ (http://www.shuichan.
cc/)

Price data (pond-side price or purchasing price, the price that
dealer offers to fish farmer) were obtained from the China
Fisheries Channel website (http://www.fishfirst.cn/) and China
Aquaculture website (http://www.shuichan.cc/), with size over 400
gram (general minimum market size for largemouth bass)
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Fig. 2 Changes annual gonadosomatic index in largemouth bass
AN FFRER IR 22 7 i 25 (P<0.05)
Different letters indicate significant difference (P<0.05)
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BB 2 R e R, v e i X B2 6 H
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ZHARTIA: KR E A2 15.1°C 5, onEEEA
PR B BB, DR REAE K AR R R, M3 H 19H
ZA419H, GSIH4.37%38 K 2 5 KAH7.95%, 7257
B35 (P<0.05). DLEMEXLAIVIADE A 3, Bk (a,
JUT- 783 B B i (1 3B), 4224 82 m] I, 5R BE4H
6 P 70 3 B S RO, G R) A 9 R, A TR — D
B R FREOR I ER (] 4B) o IV I AH B9 BE4H %4
L 15%3 2£31%, Vi AH 07 BE 40 % b i
8% 237%( 5).

LA S W 3 K 11 A 6 G HA M4 H
19 FF46, SH23 H = S0iE 3045 0, LI 5 8 20 (A
R, BRLIZE B (K] 3C), GRS ORI K &1 F B3, KH
BB R Rl A, T R A, TERAR R, AT F g2
R DL 5y A VR IAFAE (K] 4C) . GSIHT.64%
F%224.60%, FJ5 Z 57 10 3 (P<0.05), (AR ER I E,

I NEE S RUNE S
Fig. 3 Ovary anatomy of largemouth bass
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C. 15 HI10HFE, 7= VBRI, D. 41T 6 H 13 HFE, 7R VIIEH
B E AT 10H 18HFE, 7= IHWENEL; Fo T 12 H10H #, 7R
JUEILTES

Picture A was taken on 6" March, with ovary at stage [I[; Picture
B was taken on 1" April, with ovary at stage IV; Picture C was
taken on 10" May, with ovary at stage V ; Picture D was taken on
13" June, with ovary at stage VI; Picture E was taken on 18"
October, with ovary at stage II; Picture F was taken on 10"
December, with ovary at stage [11
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TERF IR AT W (9 H29H), ¥ i 241 M
GSIH%0.83%, % HRZH I 220.79%, fiE S 2 16 %
0.67%, —4H (] 2 7 A B3 (P>0.05, ¥ 8A). Hfifh
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Fig. 4 Histological observation of ovarian development in largemouth bass

A 3HOHTAEHAGRSL; B.4H1H VEAOPSL; C. SH10H VI, D. 6 H 13 H VI E. 107 18 H 1T #ER L F. 12 7 10 H ARG HA
B 555 002, 11T HHER BEAHAE; Oo3. TITH HH BR REANAL; Ood. IV 41 BR BN AL; OoS. VI AH B RE4HAL; Oo06. VIIAH IR RF4H; n. 404,

nu. AZA7; yv. BISEIL; ye. GRBERIUKL; ft. JEIEIE; ob. Bk

A shows the late stage Il ovaries on 6" March; B shows the stage V ovaries on 1" April; C shows the stage V ovaries on 10" May; D
shows the stage VI ovaries on 13" June; E shows the stage Il ovaries on 18" October; F shows the early stage ovaries on 10" December.
002. phase Il oocytes; Oo03. phase Il oocytes; Oo4. phase IV oocytes; O05. phase V oocytes; O06. phase VI oocytes cells; n. nucleus; nu.
nucleolus; yv. yolk vesicles; yg. yolk granules; ft. follicle theca; ob. oil balls
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Fig. 5 The number ratio of oocytes in the ovary of largemouth
bass at different sampling time points

s e Y5 R ] DL L 1 R VR AR BB LA, R TR
TERAUEE N R A, ¥ 83l Z . B
GSIHN0.58%, Xt HRH.GSIN0.36%, e GSTHN
0.34%, 2 IR ZH AN B2 A7 2. 2 22 7:(P<0.05, 14 8B),
T AR A IR 2H 22 AN 35 (P>0.05, ] 8B).

TETOH 29 H B, i By 4 3 41 R0 %) e 20 e £
GSITHR A7 1E i % 2 5 (P<0.05, & 8A), # iR 4
GSIHE 5 1.97%, SR GSIN1.36%, TAE 2L A %F
HEZH 22 AT AN B35 (P>0.05, 6] 8A).

TE11H 26 H &5 RIS, 45 i 241 A0 F HE 20 e 2
GSIHFAE B35 75 5(P<0.05, 18 8A), 1L A AN} R 4H.
ZRRNEZFP>0.05, K 8A), I RIRAHINE K FH
ZIVHE W OFME 10F), X BANE R T &
[HE 9OGHIE 10G), 2 4 0N Sk & 21T S
(K OHANE 10H). $2 3 2H AT IR 2H 2 £ GSITAFAE i
2 5(P<0.05, Kl 8B), (HF ARSI KB RIVH
A, /N P FRi KR R (B 9B B 9C. &1 10B
A 100), (e A BAE NI HISHN ZR AR
2 (P>0.05), {HdE S 2 23] o WL g2 e ARG B4 K
B 21, DGO B8 3 (K 10D).

TEIRR ) R S SR AN KGR R B, M KO LA 4
FFIE B K O B R 8 7 B A KL, S0 a4
W, AR DL b SRR B A S8 5 VA e TR H
B EIKE .

3 iTig
3.1 AMNBEETIEMAE, HBAFKTHHES
XEME

mRITERR A B EER IR E . ER

HRS AT IR, T il T A R X — el R ) G, o
NN, W JE AR AL 5 B o I - A - 1 el 1 A
BT RER BRI IS, 1 R
1, 2 3RS Gt X ) K 1 BE i 4y £ M Tl Uk B R
R AR RYS e X P, RIREE S E fti(Branchios-
toma belcher)[ 9 F W (Paralichthys olzvaceus)[ ]
AR B THE BE e BEVE IR A B A . R,
AL P IR, MR R E, X SR AT R
1R AT AR AR B, KR T 35116°C, Refdiof ™
ORI A $E IR B 6—9 F iy, 1w B AL (P 2K TR
23°C)ASRIE LT S A WIME I 46 50 It wET
T E AR iR A B B8 R B T AT B T

VR A B AR B, X R A s e T B
0, 1 g1 |
—A—HSI | 5.
8 L
S 30 @
<8
& 24 3
= 4 #®
Z 4l
= =
) 1.8
2 | —}
‘i/. {112
0 I 1
09/25 1128 01/31 04/05 06/08 08/11 10/14
H # Date
B 425

—=— GSI

10
—A— MFI
4120
SR

17 W Al

b — §/ 0:5
P

0 L 0
09/25 11/28 01/31 04/()5 06/08 08/11 10/14
H # Date

PHEREE GSI (%)
11 2 NERE I 2 8 MFI (%)

Bl 6 KBS HSI. MFIFIGSIH % &
Fig. 6 Relationship between HSI, MFI and GSI in largemouth
bass
A. K RGSISHSIT A EAE AL, B. K H B GSIS MFI JE 4R
A AL; GSI. Y RR4E$Gonadosomatic index; HSI. {4 [t Hepato-
somatic index; MFI. i R BRI & £Mesenteric fat index
A shows the annual changes of GSI and HS! of largemouth bass; B
shows the annual changes of GSI and MFI of largemouth bass.
GSI. Gonadosomatic index; HSI. Hepatosomatic index; MFI. Mesen-

teric fat index
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Fig. 7 Relative fecundity statistics of pond-raised largemouth bass
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A shows the fitting curve of the relative weight fecundity of largemouth bass; B shows the fitting curve of the relative body length fecundity
of largemouth bass; C shows the absolute fecundity distribution of largemouth bass; D shows the number of spawning nets for largemouth

bass in ponds
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Fig. 8 Gonadosomatic index (GSI) changes of largemouth bass in off-season spawning
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A shows gonadosomatic index (GSI) changes of ovaries in three groups; B shows GS/ changes of testes in three groups; C shows changes in

water temperature and GSI in the control group; D shows changes in water temperature and GS! in the control group. No male samples were

collected from the maturation-promoting group on 18" September and 26" November
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Fig. 9 Comparison of gonad development in different groups during the off-season spawning in largemouth bass
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A shows the stage 11 testis at the beginning of the experiment on 31" August; B shows the stage IV testis in the temperature-manipulation
group on 26" November; C shows the control group stage III testis on 26" November; D shows the stage III testis of the maturation-
promoting group on 15" November; E shows stage 11 ovaries at the beginning of the experiment on 31" August; F shows stage IV ovaries in
the temperature-manipulation group on 26" November; G shows stage III ovaries in the control group on 26" November; H shows the stage
[1I ovary in the maturation-promoting group on 26" November

-
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Fig. 10 Gonadal histological observation of largemouth bass in off-season spawning
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A shows the testis at stage Il at the beginning of the experiment; B shows the testis at the end of stage [V on the temperature-manipulation

group on 26" November; C shows the testes at the end of stage [V on 26" November in the control group; D shows the stage III testis of the
maturation-promoting group on 15" November; E shows the stage II ovary at the beginning of the experiment; F shows the end of stage [V
ovary in the temperature-manipulation group on 26" November; G shows the stage III ovary in the control group on 26" November; H shows
the stage III ovary in the temperature-manipulation group on 26" November. O02. phase II oocytes; O03. phase III oocytes; Oo4. phase [V
oocytes; n. nucleus; yv. yolk vesicles; yg. yolk granules; SP. sperm; L. Lboule lumne; SC, spermatocyte
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STUDY ON THE ANNUAL DEVELOPMENT OF OVARY AND OUT-OF-SEASON
SPAWNING IN LARGEMOUTH BASS MICROPTERUS SALMOIDES

CUI Qing-Kui, SHEN Zhi-Gang, TIAN Yu, QI Piao-Piao, HUANG Hong-Hong, LIU Yang,
CHEN Ming, YU Yue and FAN Qi-Xue

(Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs; Engineering Research Center of Green
Development for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education; Hubei
Provincial Engineering Laboratory for Pond Aquaculture, College of Fisheries, Huazhong Agricultural University,

Wuhan 430070, China)

Abstract: In recent years, largemouth bass (Micropterus salmoides) aquaculture industry has developed rapidly and it
has become an important aquaculture species in China. Due to the influence of climatic conditions and other factors,
aquaculture development of the largemouth bass in central China is not as fast as other areas, accompanied by large
price fluctuation, shortage of seedling and early sexual maturity, etc. These problems have seriously hindered the deve-
lopment of the largemouth bass industry in the central China region. To solve these problems to some extent, we stu-
died annual changes in the ovarian development of largemouth bass. We analyzed the effects of water temperature and
photoperiod change to ovarian development and explored the method of out-of-season spawning of largemouth bass. In
the experiment, we used morphology and histology to compare the ovarian development characteristics of largemouth
bass. We explored the effects of temperature and sex hormones on the development of gonads in largemouth bass
through temperature-manipulation and maturation-promoting.

In the present work, we found that the annual change of female GSI in the central China region was between
0.63% and 7.95%. During the period from mid-October to early December, when the water temperature dropped from
20.6°C to 11.0°C, the ovaries began to develop to the stage Il and overwintered with stage III. Largemouth bass initia-
ted spawning in the middle of April and ended at the end of May. The absolute fecundity of about 80% of the female
fish before spawning was between 45,000 and 65,000 eggs, but it was significantly affected by the increase of water
temperature. About 15% of the mature eggs in the ovaries fail to spawn and degenerate and more than half eggs were
not spawned with 4.6% GSI after the end of spawning. There was a significant negative correlation between GSI and
MFT or HSI in the female largemouth bass from October to April of the following year, indicating that during this pe-
riod, the energy stored by the body was transferred to the gonads. In the out-of-season spawning experiment of large-
mouth bass, we used well water to adjust the water temperature to promote the initiation and development of the go-
nads of largemouth bass. After 3 months of treatment, the ovaries of the temperature-manipulation group developed to
the end of stage IV, with GSI of 4.06% for females and 0.89% for males, while the ovaries of the control group were in
stage III, with GSI of 2.52% for females 0.73% for males. Results showed that the gonadal development of largemouth
bass can be regulated by temperature manipulation. Finally, we summarized the culture methods and treatment details
in out-of-season spawning, to guide large-scale out-of-season spawning of largemouth bass.

Key words: Largemouth bass; Annual ovarian development; Out-of-season spawning; Spawning duration; Water
temperature; Photoperiod



