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2017 4F 5 H & 2019 4F 10 H, 7EMER R B
T % W (115°37'E, 32°24'N) . ¥k ] (115°11'E,
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Percentage of the gravid mussel Solenaia oleivora from Huaihe River in different months

Tab. 1
RN RIS RIEH A5
month of collection date of collection site of collection
1 A January 2018/01/31 WIJB
2 H February 2018/02/27 WJB
3 1 March 2019/03/24 HH
2018/03/28 WIB
4 A April 2018/04/11 WIJB
2018/04/15 HQ
2019/04/19 HQ
5 H May 2017/05/15 WIJB
2017/05/23 WJB
6 J1 June 2017/06/03 WIJB
2017/06/03 HH
2018/06/03 WIJB
2017/06/20 WJB
8 H August 2018/08/08 WIJB
9 H September 2018/09/28 WIB
10 H October 2019/10/16 WIB
11 H November 2018/11/25 WJB
12 H December 2018/12/17 WJB

A1t total - -

o L WEE/ %
total number of gravid percentage of
female mussel gravid mussel
33 0 0
62 0 0
182 47 25.8
34 20 58.8
120 38 31.7
201 8 4.0
326 67 20.6
40 6 15.0
60 15 25.0
128 6 4.7
61 0 0
30 0 0
70 0 0
30 0 0
32 0 0
30 0 0
13 0 0
30 0 0
1482 207 /

{E: WIB-E 0, HQ-: I ; HH-ULHT.
Note: WIB-Wang Jia Ba ; HQ-Huo Qiu; HH-Hong He.
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LTIV A SN ROIF G L2019 4F 3
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FERMbRIC; 97k 25 BN B A — % 55 TR
TKFRF R G, BER 2 YR I 43 M v 4 33 /)
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5x10°~6x 10° AN/mL; 4 5 d K45 Fr Ay M PR 401
O, PSR A 3 H, HE201946 H 24 HE5 R,
FJEARTEN G & & B Beid s ke A (m) b, geit
— HUBEE IR B
1.4 HRRARVIFH&

R H REERE S BEALUME 4 3 1, B
BHERRH 2y 1.5 ecmx3 cm, 4%22 3 B A VR &
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B ST R B
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Ve B B S0 fl O e R P i ) 0 HL
HOWEAL XNBNE T, WAL R L2
Bz K50, 29 2.5%089 5% (0.1 mol/L PBS
ZEvhil pH 7.2 BL )R 24 h [E5%E . HEBTRE S
K B HET R &S5 %5 TS % Wen 250,

7£ HITACHI S-3000N 4794 B8 b W41 1R
1.6 HELEBESHH

K SPSS 20 Ge 344 43 #r 5 i B s o ok H
/N B 35 22 50K (LSD k) iE A7 5L R 2 07 22 50 it
ML E L8, 15 Word 2007 1 Excel 2007 £l
EE

2 HRESH

2.1 R[G5 e ek A B SHE FE AE 4K

ASTR) A 53 B ARSI e A5 B A ] 1 B TE
W 8 A M, FHIEHEE 23.47%~
29.17%z[a); Mo 6 Ao U B B ik, AR T 2
H.3 H.8H. 11 HH 12 H(P<0.05), 1fi5 1
A9 A2RAEFEP>0.05); 12 AT &,
51—3 H. 8 HM 11 A5 A B3 P>0.05), 1
BEET 6 A9 H(P<0.05),

40 ¢ n=24; x+SD
c
35 bc bc be be
abc ab

ng ano @‘b‘ %\\‘? o"ﬂ %q’,Q ,%o <

ad
Ny Ny e S N
R4 A 1 sampling month
1 AR i i AE s A2 Ak
FRTEAN A BRI & H 1) 22 5 18 35 (P<0.05).
Fig. 1 Variation of fatness index of Solenaia oleivora
in different months

Different letters indicates significant difference between
different months (P<0.05).
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FENH 2.5 AF R SEge DT B PH B 3 1R
FE R R M IR I FEAS 18 b, i 1482 H,
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XF 207 SRS deE R bR AR 80 5 R
W, LM AE A B 27 ~6 I 2 1), R LAY i
ANPRGIIMERE Ry 27, PR 31.25 g, 721K 10.54 em;
RIM B KAFIE N 67y, AE 152.63 g, 5%
K 18.45 cm, WEL K IR, 85% M4 MEIEAE N A1 2 %F
8 22 Y45 A Wy, Hofl 15%0E kAN A MR 22 |-
Bl TR — Lk B L3 b G £ 4
R & B RAF L o X KA EE ILLE R
FHMIEZE (Exobranchidae) ™ 19 PO A 7 (Tetragenae)
Gt aE IR, M — R ML EAE 1349 Ji~
402.1 3, HMEHML R SRR | 52K LAF
I AAAE W A IEAR DG OC R, BIMR 4 i Bl & SR
FNFIAFE IS TG N (3 2) o

XFREHCHY 24 HUMESER IR B G T 45 R R,
M3 ATEZE 6 Ara—A-ZFEE N, HER
PRI Ik E SR (R PR 2 BN 1~4 Uk, Hop gl 1 ik
WEEBCR LA 16.7%, 2 RN 45.8%, 3 KA

25.0%, FxmE AR, 5 12.5% HfEbk s 2~3
W25 70%.

Fz 2 EMEHIREME—RRNE
Tab. 2 Total number of glochidia in marsupia of female
Solenaia oleivora from Huaihe River

S5 e Fliem  fhlyg AP0
number age of years shell length body weight total nutr.lb.e rof
glochidia
HI1 2" 11.18 27.1 134.9
H90 3" 14.75 49.5 242.8
H96 4" 15.05 47.7 238.1
H94 5 16.16 75.2 402.1
H95 5" 15.02 53.4 242.6
H93 6 15.18 55.4 377.2

24 HIESHEEEKESR

X 6 A~ AN ) H A3 BEOE e def ) 268 e 2 SR 2R A
MRMEREYE L 1.14 0 1, 2R GRS 1)K
BAFE 11 HRTE ., THRIRY, B2 A
BEA R ST RAERRAL, MR8 AT K Y ARAE
e E% 5(P>0.05, 3£ 3),

F3 EAEEEEESKERMIELL

Tab.3 The growth difference of male and female and sex ratio in Solenaia oleivora from Huaihe River

WEwE female mussel

JfEE male mussel

SRR H SR P L
date of collection  total number g FeR/em /g g FEK/em /g sex ratio
number shell length body weight number shell length body weight

2018/01/31 30 17 13.6+1.0° 38.1+13.8* 13 13.5+1.2° 40.0+12.2% 1.31
2018/02/27 30 11 13.51.4° 41.1+14.6" 19 15.0£1.0° 49.4+12.2* 0.58
2018/03/28 30 19 13.6+1.5° 40.6+22.3* 11 14.0+1.2° 42.7+14.1* 1.73
2018/06/03 30 18 14.0£1.6° 39.5+14.0* 12 13.9+1.6" 39.2+13.8* 1.50
2018/11/25 13 6 13.7+0.5° 43.4+4 .24 7 14.3+1.5° 47.2+16.0 0.86
2018/12/17 30 16 13.8+1.0° 48.5+10.9* 14 14.2+1.2° 49.5+13.5% 1.14

it 163 87 13.7+£1.3° 41.6+14.6* 76 14.1£1.3° 44.1+13.8* 1.14

T FFTARIRENG FRS T B 53 0 2R 7E 5T A5 TR PobR_E A ) 22 52 (2. 3% (P<0.05).

Note: Different lower and upper case letters in the same row indicated significant difference between female and male mussels at shell length

and body weight, respectively (P>0.05).

2.5 MERAENE

RSB e A R IR, T 57 A T, R R
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HMERIABLSR

251 BREABERSH

(1) H5EH8: N7 HZE 9 Hva], MEIRAIZUR
K, JoliFes O BE40 i, Jouk YRR AL 80k B ik
S0 A o DU IR RN, TSR], AH 4
BN Z SN B B, JH A B 2 45 4 A 2R s
05 53 A DR BRSO B, I8N AT
JRAE 7 7 ORL 43 0 AT (B 2A1); BN S SR
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Wi Z, KAINA—, HR/NT 3 um, LT
ANVEIL; JRUR A A0 T U R 3 R 8 B R 4
M, EL4E 3~10 pm, J5UA A 5 20 i 0 O 5 20 it e
YR E FRWORL . BLAh, AT R ) R O
Y, HAR 10~20 pm, Jeta L BRI AR (A 2A2),

) KW N9 ATaZE 12 A L4, Wi
B REWW . £ 10 Ha), AL ECE
W AT ] M e T . A RSB B, BB R
B, B RN ) PR RESE T, BT 538 F
DRI RE DU JE (] 2B1); 47 2% 51 BE 20 A R I ik 3
K, HAE 40~50 pum, 00 A NIER, %
AN A TR SR, R n] LA ) B I, A%
W (E 2B2). ZJFMBE, UEIAE AR, AT
2~5 JEEFRORL; DRI A P O R A S P
T, AR R AR S 1 K A, EAR 50~70 pm;
YR WoR, U8 Sk 0 U0 RE 20 i i B AR S

TEMLREERE, DA EARZ) 5 um (K 2B3, B4),

(3) meAdW: M 12 Ry E 3 H i Ag, YRR
WA G, AR AT LA S U S BRI . b
BV Z AR B R, HES R, TRAR BN, 1§
YRR P IR ERE A B 20 R B B, U S TR
JEN, 2 2 FDE, £ — =0 50 o
JIE, PR B B AURL BB T ¥ AT DR A M A B
B A Zs i, A IR, AT 1~3 %,
2 3~5 pm, Hr 1 ADRIRYE, HABY AR 1)
AT UL ASE T U8 5 Gty A O %) A 52 B B 4
(Kl 2C1, Kl 2C2).

(4) He: A3 A TR ZE 6 %I, MR E
TR, PR MR T D P Sl O S B RR AR B, 5 R
SRR, ZERTIIBY B, 8Lz (4T 9R HES K %,
TSR 8 N AL 5 A8 22 1) L B B 240 i
RE LR R Y RS R (SRS R NTT= =5 1

RS IR A B 88 % 7 2H 00 R

A1-A2: B4FEH); B1-B4: A KM; C1-C2: si#U; D1-D2: HEiUY; E1-E2: Rk
Pgc: JRIRAEFHANM; At: JRAFZ1ZY; Bf: 25 UEML; Ep: URAA; Fec: JBIN R ANMI; Mooc: MAIREEANM; Ng: & 7= Wiki; Poc: #)
YRR ; Oog: URIEANMY; Nuo: BRHEANAEAE; Rooc: 5% FH URHEANAE; Ym: BRBEHE.
Fig. 2 Histological section of the ovary development of Solenaia oleivora
A1-A2: proliferating stage; B1-B4: growing stage; C1-C2: maturing stage; D1-D2: spawning stage; E1-E2: recovering stage.
Pgc: primordial germ cell; At: adipose tissue; Ct: connective tissue; Ef: empty follicle; Ep: egg pedicle; Fec: follicular epidermal cell;
Mooc: mature oocyte; Ng: nutrition granules; Poc: primary oocyte; Oog: oogonia; Nuo: nucleus of oocyte;
Rooc: residual oocyte; Ym: york membrane.
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3 A 4 F g N SL2H 0] s AR, TR
PG TIE], 86 AT A 22 1 A A B 240 L RN
I A ) B A, 2 ARS8 e A Ot 30 1) 434t
ZUHEBP .

(5) PR1EWI: M6 AwIE 7 A%, MEIREL 3=
iR Ak o BT AR B v B B R, B iR A] 4
SRS I B AE I UE Y N O R4 A K i
W, Hoh—EB o N A HE S, A —EB A
A% BE 20 AR R B N B A i, A5 IR
AR, B3 28 R UKL L HE O B D,
JUF AR IS TEUE I 2% 10 3% K 4 B I 1R K o
U5, R AR YL U8V W) 45 45 0 SUR AR D
B2 (K 2E1, K 2E2),

252 HBELXBEERSH
(1) 35 N 7—8 H MKE S py e aa i . 1t

G

BRI ARTRBN, A, PR, U8
Z R AFAE B8 22 (0 45 4 Al RN BB s D 60 1 70
W08 105 ROk, AT I B R D s 7R uE v
W, BEAL A TR 550 0 R R AR T A, AN B 0 24
TE BN D A B, G o 20 stk — 2D 3G il 43 24, WO
W E N FER A%, R 8~12 um
(K 3A1, K 3A2),

) &KW N9 AZE 10 Apa), A
AE B3 MR BR A 200k B vk B et . B v IR By
K, UEALZ AT NS, e U b e X e
A UE TR, 75 SRR B s D A5 BDRG B): 40 i A
WA, ZE DAL I X, 29 5 38 5
AR 50%(& 3B1, & 3B2).

(3) HEEIW: M 10 H TFAJBIEE A4 3 v,
FHPERRA L0 7 AR B S e . AEDR I rp
X, TGRS, MERTEWAT W, miugifisk
AT LIS R AR T4t (& 3C1, Bl 3C2),

Pl 3 I B MR R S A 7 LB L

A1-A2: 4G B1-B2: A KM C1-C4: B l; D1-D2: HEBU; E1-E2: fR 1R
Ct: 5804140, F: JE; Ng: B IEW0RL; Rsp: 5 BUKS T Spe: KGHE4UMI; Spg: KR 4NN, Spt: A5 F4IM; Spz: K F.
Fig. 3 Histological section of the testis development of Solenaia oleivora
A1-A2: proliferating stage; B1-B2: growing stage; C1-C4: maturing stage; D1-D2: spawning stage; E1-E2: recovering stage
Ct: connective tissue; F: follicle; Ng: nutrition granules; Rsp: residual spermatozoa; Spc: spermatocytes;
Spg: spermatogonia; Spt: spermatids; Spz: spermatozoa.
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e 10 A FAMUA D E AR T, AR
10%~30%, T J5 108 10 8 35 0K AH I 982, A
KT Lz AL 3E I, I ) v e OB b6 R HES,
A DR IR (B 3C3, C4)

4) HEAW: 3 ATFHIZE 6 AW, g
SR Y, E IR PURL LR Al T, UE
P o A R T, DU R A K IR R
R A 4008 3D1, D2); &, BEEK
TR, DR S BT

(5) KiE: 6 AWIE 7 H. g AR
a5, TIEERGIN, — &5 U8 oy IS s (HUE
1545 AHEH BAE 7 | AE BRI SRS T A AE e ni
5 AT, 3 SR A 50 S A e g
W, BATLEL P EWIL, IR RIGE, B
WORLA BT, Huki 8o 2 20 (El 3E1, E2).

2.6 MIRALRMBAKSEINE

B WoR, B R oA, 4
K2 44 pum; WA TSk R E F ook, %
FHRK LT 4 pm, FVEL0 2 pm, SLETE RN T HER;
MK 2 40 pm, HRAN(K 4A, B, C), X BP 4041
WL 7, AT BT 20 e A R 1 R R
Zh, HEBNT 17 pm, IR ATCH 24l
JHOfEE, R A BN R A B (&) 4D); B
UIELARWT L, 5NN AR R, Y
TR 40 pm BB, 42 AT H 0 EH I A% 240 i gL (14
4E), X 5EEALD R (K] 2C2) M L5 R —5, 1t

A, TE 2K O 2 T 58 B — AN B 2 1) (B I B AL,
RS2 AE AL o 72519 -FL Y JE] TR 1 B 8 4 [ B T 4 X
AL 7 pm, SIRFLIDGA — B AR, SME
3.2 um, WARRIBIIEFL EAE, 29 1 um(& 4F).

P4 MR IR ARG 15 O RR 20 MR 25 2 g
A, B, C: flicll; D: B KW B nlesd; Fr IR & F I
Eo: FHARIZONELANfE; Fe: SZH500; Lo: J5 BARIZL ORI LEAN MY ; Mp: BPAREFL; Sh: #5F3K3#K;
Spz: K51 St KGTHEE.
Fig. 4 Morphological observation of sperm and oocyte in Solenaia oleivora
A, B, C: spawning stage; D: growing stage; E: mature stage; F: embryo developmental stage.
Eo: early primary oocyte; Fe: fertilized egg; Lo: later primary oocyte; Mp: micropyle; Sh: spermatozoa head;
Spz: spermatozoa; Sf: spermatozoa flagellum.
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oA OV s MG e e A it 3 — 4 PP AL B — A
W, 0 Ll —AF 7 g — ik a2k gl
Xof K1 ROAYE 0 B B 200 LA 0 R 43 A 5
B, BR S H . 6 H BN i SR A RFE, H
b 5 173 359 g AL AR, S T ARSS 0 e Ay — vk HE
B I IR AR 2T ek A R E 4
B3 BRI LAY 456, X285 A 58 15 H A MRS g
WEZ AR A S5 IR A TR o 5 AR 98 W2 5|
ARGURSS g e e AR 20y 1) o e i) S HE TSR A, 2 3 4
T EFIE T30 B0 40 i A 380 i 2 T 380 i 0
JH, Hl TR MARK, BRI s i
TEZTH A H R4 ) 5P B 40 i AR FF AN Fe 30 B
B EAE .

P AR T 2 1 2 9 T AGOAYE 00 A 30 L 300 3—6
H, SWAERT TR AR R R 2—5 !
KT, WEAA 225, X T REE TR Y
WA, A5 AL &R A 2 L)
FA BRI B R R 0 25 RS 1T AR
AP R BoR, TEEAIA, U8 Op E R A
PR D, BEM AT Bk, Hig
b, Bl ST DU HE D RN HEAS S R R S RRAL,
FIVKHFER RN EFRYRHTHEREE, B
FE RS T RS ARG 56 T 0 T R AR Ak
025 5 5 B AR U T 4 SRR, T S5 45/
MAEUOZE R AR sE BRI E T 8 A~ H 4
MRE R, HBR 6 HIRAL, X-5HisHEmE—
|, HARCIEBE R 6% /A4, B /N TR
TEAFT 19%~66% 12 IR E o R FAN R0 ik
A, AR 2 53 1 SR R A R

CEA AR IE 45 AT, MO e e 5 2 24 i
(Lamprotula scripta)?®! | = ffj Wl & (Hyriopsis
cumingin!'”, ELA: I (Lanceolaria eucylindrica)
TSR (L. gladiola) B A7 AR LAY ZE a8 257,

¥R — A — AN e e, B R, TEHE
I O 200 Pl B 2 R HE B TR 4 . S E
T PP B A NI R = A 2l U R A
FJLA, TR T8 R ) A A7 AT
3.2 ETEMIREEE A MGE =

[ Y W e SN IE ARV NN IR I 2
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Reproductive type and gonad development in the threatened freshwater
mussel Solenaia oleivora (Heude) from the Huaihe River
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Abstract: We systematically studied the reproductive characteristics and gonadal development of the threatened
freshwater mussel Solenaia oleivora from the Huaihe River. This species is not only threatened, but it also holds
important economic value in China. The results indicate that this mussel has a short-term incubation and spawns
from March to early June, peaking from March to May. The youngest gravid female investigated was 2 years old.
During the reproductive period, the female oocytes mature rapidly and release several times in one reproductive
cycle. The inner and outer gills of the female could be utilized as the marsupia for fertilized egg incubation, which
belongs to Tetragenae in Exobrandae. The total number of glochidia in the gravid female mussel is estimated to be
1.349 to 4.021 million for a single egg release event. Based on female gravidity and the ovary tissue sections, we
confirmed that S. oleivora could release eggs several times in one reproductive cycle. There were no significant
differences in the growth of males and females. The development of the ovary and spermary were synchronous and
can be divided into the proliferating, growing, maturing, releasing, and recovering stages. Histological sectioning
and scanning electron microscopy (SEM) showed that the oocytes are linked to the follicular wall through a stalk
approximately 5 pm in diameter. There was no cell membrane on the surface of early oocytes < 20 pm in diameter,
but a yolk-membrane was observed on the surface of late oocytes when the diameter was > 40 pm. SEM showed
that the sperm had a long flagella (~40 um long) and a bullet head and neck with a maximum width of ~2 um.
There was a round micropyle (I um in diameter) on the surface of the fertilized egg, suggesting that sperm cannot
completely enter the oocyte for fertilization. The results of this study provide a foundation for the artificial breed-
ing of this mussel species in China and serve as an important reference for the breeding and conservation of other
threatened or endangered freshwater mussels.
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