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Crude Lipid Transition in Tissues during Ovary Development of
Coilia mystus Living in the Estuary of Yangtze River

YU Xiao TANG Wen-Qiao™ WANG Lei

Laboratory of Ichthyology, Shanghai Ocean University, Key Laboratory of Exploration and Utilization of
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Abstract: Osbeck’s grenadier anchovy ( Coilia mystus) is an important economic fish with a habit of short
distance migration between river and sea, distributing in the western Pacific Ocean. In order to understand the
energy transition during ovary development, this study analyzed the ovary development, feeding status, and
crude fat contents in hepatopancreas, muscle and ovary of spawning C. mysius in the estuary of Yangtze River.
The results showed that: (1) oogenesis of C. mystus was not synchronous. In the early period of reproduction
in late May, 87% of female individuals were in phases [l and IV. Then the number of mature female

individuals became larger gradually. By the end of spawning in August, the individuals in phase V accounted
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for 44.27% ; (2) 77% individuals in phase Il , 90% individuals in phase IV, and all individuals in phases
V, VI had no food in the stomach and gut. In contrast, 93% individuals in phase Il showed stomach fullness
of classes 1 and 2, suggesting that C. mystus fed nothing during spawning period and began to take food soon
after spawning; (3) the muscle fat content of female individuals in phase Il was only 1.92% (wet weight,
chloroform-methanol extraction) , however, ovary gathered 61.88% of the total crude fat of the whole body.
This phenomenon allocating most energy to propagative organ was possibly one of the main reasons explaining
the difficulty for the small fish to go long distance anadromous migration; (4 ) fat content in muscle and
hepatopancreas decreased by 12. 5% and 14.35% respectively from phase Il to phase VI. The fat content in
muscle and hepatopancreas decreased by 7.29% and 3.65% respectively from phase Il to phase IV, in
comparison with decrease of 4.49% and 8. 63% respectively from phase IV to phase V. This result suggested
that the nutrition stored in the muscle mainly supplied energy for migration and metabolism during the early
period of reproductive activity, while nutrition in hepatopancreas might be a booster for completing the final
spawning process.

Key words: Osbeck’s grenadier anchovy ( Coilia mystus) ; Spawning group; Crude lipid transition; Energy

allocation; Estuary of Yangtze River

VIV I 9% £ 2% ( diadromous fishes ) ¥F 7= )Y
i 3 A v 10 B R A AE IH AR RN R TS, — HL 2
MR P FRTEME LR, HAr, S
2 ftE ( Salvelinus alpinus ) ( Josrgensen et al.
1997, Jobling et al. 1998 ). 4 K & 4 f1
( Oncorhynchus nerka ) ( Maximenkov et al.
2000, Crossin et al. 2004, Kiessling et al.
2004) | 5wy i (0.
2002) | H SRR s (0. keta) (Meveigh et
al. 2007) “FEAFR e )RR h, A2 0F
FEAE o X RV ¥ b ( Salmo salar) B BF 5T 3R
B, 7 DI 0 400 1Y) B S i A 0 iR A B S 1Y 1
W& H A EESL W, B AR AN 2 TS B R
ABEIEH K H o X ECREEL A A7 AN 2 1Y >4 J fife
BN 7O, WA EE 58 BT O I 3l (Jonsson et
al. 1991, 1997, Arndt 2000, Jonsson et al.
2003, Hendry et al. 2004) . X} ER I 68 (Anguilla
anguilla) fl H A< 8% (A. japonica) W W 5% # 17,
JUL PR ) i J7 R 2R A R e e s HG o A AT A
TER) G4 K 2 ( Larsson et al. 1990, Tsukamoto
1992) , i A U5 AR A2 A= A i i o AR VAR A
BEAAR S DL K3 BT T BE f A 32 2R IR (van
den Thillart et al. 2004, van Ginneken et al.
2004) ,
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MELF R ZE LT a2z — (REFES 1990)
A R RS B AL (AL 225 1980, XIHL4%
2004) FEE MK SFESE 2011, 2012) Afk
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I S99 04 5 AR 100 DA BT IR R L UL 1A 0 B 5 g I
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AN FE LU R 7 & A2 Ak, LU D RV E )UsE
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PRUERY 1 52 B B B, SR Y R A XU
GEKAGER (WK 8m, FIHE4m, MK 15m,
RISl 1 em) , FERVL R 75 /110 /K FE 9 b
M7k (31°27'N, 121°44'E), fE4 H 1 1 f
FRAILL 10 km/h A2 45 R, 3 YR 466 I Bt i)
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23 2 h, BEHLUWCE RBTAEA  FEARZ KR4
W, AR E, AT -40°C KA

1.2 7%

L2.1 PERATMSE MRRGREA, FE
B HOMEPE S A, B4R AR oK 43, D 4
HoMR KA (R 43504 0. 1 em 10.01 g)
FTFRE I , D0 E B B R R e (R
ZFK1993) : M, BREIRE O B0, ST
RULERBN B IV, OS5 4 0 0 iR, o
KR ORI 8, 7 B SR K B T 2 A B
s VI, DBk B BB, i e e Op S,
£ S YA T R 2 S AT TR N N
VI, R 7 HlR iy, A E R R, AR A
R FETE A W), B A B B A /D R O
T I, PERRGE], BLUER, Ak, PR
DL 5 I

1.2.2 PRI E( G, ) M IRIE 80 (Hy ) 1
138 %0 ( gonadosomatic index, GSI) J&— Fft i &
PERRAR XS RN B 6 bR, AT PR B Rk
i 2 R £ K il e A P R R K AR 22 ) 4 T B 481 Y
febr (B A4 FK 1993) o JT 445 £ (hepatosomatic
index, HST) W] FI oA i i BT 15 Bt 64 40 X R/ o
BEDLIBOMEPE AR A, A ) S5 ] B 3% B 22 A O
SRR, BT CE A B0 AR (B0
HHKEHE N 0.01 g AT BRARRG 4 0.000 1 g) , Jf:
PR S IIEARE (W, , A58 0.01 g) o PEIATR
ORI 38 B i A KXF A MK R R
(Gy, %) =90 L/ K N NEAAE, IF1ATR %
(Hg, %) = HFIBeMR /2 N IEAR o

1.2.3 @Y EEEMTERL(K) BY
FFETE (fillness) F1 75 2€ 38 81 (fillness index, K)
e AR R R M HE AR . KU AT
e, WOhiHALIE, MM g s i &
T, HEE R EY RN O, 0 R
BAEHAHARE, SROEERETY) (RS
Fr1993) Wy &) o3 75 ik, K BEW SEZEE 0 N 6
%o 090 HALE P EASACA R D EEY; 1
G AR HACE R A EEY, SEY SN
RIERY 1745 2 2 i fEfa ey, o
Ty EHAERN 12, 3% gz, TEE

R Y EER 3/4; 4% BEME,
FERTIHAE; 5% BYkE, HILER K.

THACIE 2 10% W [ 2, 25 18 7K b ik
HbmagywzacEEmE .08, KHE .0
(500 r/min ) fif H T ARAE B0 8 KA. T UE 4R
W KKKy, B RPL) K MR -F6 4
ZALES (L) A RAF, a5 IB/T 5374-
1991 | PR e (W,) (K5 0.0001 g), #%
MTEARIE, REBEB(K, %) =W/W,,
RWOREWE, W, RN IEAE,
1.2.4 MW ®EANE 1A RUERHEAR
1.0 g ZEAT LA L0 5 g 2245 PR I DL KM I i (g
), R - LD E HEL AR T A i (£
M2 1993) o BEHE G (mg) T 15 ml 125
DT, A 10 ml & 05 5 FEE 6k 2:1 1
REW, FEAEE T 4CUKHH 24 h, w2 ~3
h £ 20 B 20 B A G i 08 2] 25 ml #EE i
(m,), JFH 0.5 ml G 05 H B2 TR 5 VRIS 16 5 0
BB RS AIEARAYER B Y, VR 2 K.
eI ANA 2 ml 4% 1) MgCl, %Wk, #5) 5
HO5h, Lk LW, IO GANTEER
HT80OCHES TP REE (m,), HHHE
AR &5 (% ) = (my =m, ) /my

JHF IR FA O S5 f R A s 2 B o LA L3R Y
fif o, B AT 75 3 K [\ A& & 00 R A L B R Y
MR . RIEHEcE , DU EHLIE DT & =8 %
DAL A i e oREL i I Y - X e, TR A R o ) T
BEK TR AR . =& Z M, AliE A 1R
A1 K HL B 5 5 & (Jobling et al. 1998)

FFA B3 4 H SPSS Statistics 21. 0 4¢3} 3F
VERPR R J5 22534 o
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2.1 MBREBRR WTSHTALUGA
WA R BNV EIHREAR, UL AHT T 5 H
THIZE 8 A FAREN 810 BMTEREA . T A
BEA MK TEE N 7.3 ~20. 1 em, SE(11.98
+1.49)em; MREJEE K 1.72 ~33.63 g, F1
(7.52+£3.29) g, PIfAK 10.0 ~13.0 em K
4.0 ~10.0 g MAE Z, di AR W 65518
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77.41% F179.51% .

F1HIH T 810 B MEMEREA M M IR & B R
Bl o W ULZE R O KUY A R AR, 5 A TR A
LT AN IV 8 8 32, Wi A0t b &R A 1Y
87% ; V&V, 15 13% , %4 & B VI P
Ho 6 A LA, ANV IR H 5] % 8
A VIIRIVI W e Bl i £, 8 A LA)
Ay ik 44.27% F125.95% , &8 A T4, 1
IV IRV IAER S K, BR T A ECh VIA),
TR BB, =BT S5 O 245

=L =H (¢}

2.2 MEEH(G,) M EIEH(H,) TX

BEHLMHT T 6 A (I V.V VIS F18 A (I
W) REM 5 AR H WL 223 MM RE A 1 1
AR BRI R FE 5 (3= 2) o PEIRTE BN T Y
16.22% +2.49% , Z¥iHm=] V H i 22. 90%
+2.87% , M. IVIIANV #2819 25 5540
FH(P<0.01), 1 VI3 A0 69 P A 8 BB 2
R/Ne AR, BFARFEECN W 1.35% =
0.16% , ZHEMEZE VI 1.02% £0.19% ,
VI Wk /ME, T 8 CE ek . T IV

F1 KIODRSEAEBEEENTHERLZETRR
Table 1 Gonad development of female spawning Coilia mystus in the estuary of Yangtze River
HHHLR B WA LA
7 N % K: Body length Bod: ight
RIS ] RS #AK Body length (cm) PR Body weight (g) Oogenesis stage in total samples (%)
Collection ~ Samples . ” . . = .
e gy WE O PME X OWE O PEEeREE 0 o vy
Range Mean + SD Range Mean + SD
SATA 138 9.0~20.1 12.86 +2.34 3.06~33.63 9.94 +£5.86 3136 55.80 13.04 0.00 0.00
Late May
6 BLA 117 92~145  1111£1.06  3.62~1414  634+198 3248 4615 1624 513 000
Early June
6 A4l 112 9.7~134 1172081  3.32-9.93 671157 3214 3661 2411 714 000
Late June
THALR 102 10.0~14.8 12.40 +0.80 3.87~12.10 7.89 +1.64 28.43 3137 2843 11.76 0.00
Early July
TATA 142 10.2~13.7 12.10 £ 0.85 3.17~12.60 7.96 £1.83 21.83 2746 26.76 23.94 0.00
Late July
8 AtA 131 9.7~14.3 11.79 £0.90 2.47~12.36 6.72+£2.22 534 20.61 4427 2595 382
Early August
8 AT 68 7.3~16.1 11.68 £2.25 1.72~15.97 5.99 £3.08 0.00 0.00 0.00 10.29 89.71
Late August
x2 AEAXEHNEEES G, M FIEH H,
Table 2 G and H, of female spawning Coilia mystus at different oogenesis stages
; o .. - ..
SR B BEAR P44 F5 %0 Gonadosomatic index Gy (%) JHFA$5 % Hepatosomatic index Hs; (%)
it s T = bR s T = HRAE%
stage (ind) Range Mean + SD Range Mean + SD
111 43 10.42~21.25 16.22 +2.49 1.02~1.55 1.35+0.16
vV 77 12.99~26.55 20.86 +2.47 0.84~1.46 1.23+0.19
\Y% 43 17.50~30.66 22.90 +2.87 0.49~1.33 1.02+0.19
VI 30 1.01~2.70 1.72+0.45 0.74~1.10 0.94+0.12
I 30 0.33~0.94 0.65+0.14 0.76~1.14 1.04+£0.10
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WIFV W Zm, RS ERNEE(P<
0.01); VIS5 VI VIS D8, ke
2SR (P<0.05),

23 EYREENMFTERE(K) TN MK
o, T~ VI A 1 R A M 58 Wi i A2 L 2
B, BAWEAENRD LA ZENED
W%, T D BRI e RE R B A
HEY B EE., R3HHT 6 (I,
V.V V) f 8 3 () REM S L F
B AL 185 2 Ml A A 1) £ W) 70 2 3 R 5 2E R 4K
Ko VIIRVIE AR P T2 B AR N 0 2%, (LA
o ARV B4R b F 1 9 HA# 2 1T #
MEMBENEYRZ, SV REEZ N 1 YA
2 9, A BAETEAR I 70 JE 48 B K ARAR MG, H
HI ~ VI 5t 26 48 B8 ME AE 2%0 ~ 3% Z 1],
MK 5. 94%0 = 2. 12%0., P K )T 200 &
w, TSIV, V VI 6 R 75 %8 15 $
SR (P <0.01),

2.4 LA FFERER . OPEMHEEHRSETK

MET S DRE D 150 BEEA M LA AT B
i 0 B S A 4 (fef ) AUMLAR W A R (R 4)
AR 200 RN, ATHE VI, LA
JF IR R B4 R B D7 R R L BEAIR (P <
0.01), 177 bPHLHLAR I & 2 W Ak 3 Tt 5 (P
<0.01) . M VIIAZ I, HILP AT AT B R A9 A
B & mEmg A W, AT R IEARE (P >

0.05), &M 25 EE(P<0.05),

MOHLBE WG & A sh # R FE, A EV
W1, DA R LRGN & &R T 7.29% , 1
BRAUTFBET 3.65% ., BNV ZEVHNEASE
R, NIRRT S AT T 4.49%
T JFF I B R R 0I5 8. 63% . O S 4 kLA 7 &
HAMMENYIE T 1.65% , VHZE VL
THE T 0.67% . dsbnl W, P EE F B i 6e
i, RN ~ VI & & R R p 22 i L
PRVHREAE R JBE e D0 7 P R Y e 3, BT R o
THEZMEER(E4),

SVARSKYE, AR AT )T T %
SRR VI, WUR R R s D7 & 3 TR T
12.5% , T JIF J9E B i L B W7 & & F B i
14.35% (F 4) . AR NHLEE D7 55 0 4 A1 ok
B, Il ~ VI EZEPEIRR, &SN
61.88% ~ 72.31%, H& + K 25.99% -~
35.19% , TR L5 1.69% ~2.93% (£ 5) .

3 i i

3.1 ASEEEFAENEERRE CAK
SR BT, HA K R B VLI ) 1 ) R AL £
A AR BRI 3 ) 1E) — A O AN B, AT e
(Salvelinus) (Josrgensen et al. 1997, Jobling et
al. 1998 ). K o 5 # J& ( Oncorhynchus )
(Maximenkov et al. 2000, Crossin et al. 2004,

R3 FRAXEHRVAEEMAERY K

Table 3 Fillness and fillness index ( K) of female spawning Coilia mystus at different oogenesis stages

Bty (0,
78 £ Fillness ISR AL (oo)
Fillness index K
gﬂt%;i B % 0 %% Class 0 1 2% Class 1 2 %% Class 2
EE;
Sampl » ” %
Oogenesis o THM K MK i Ay ebRiE
stage (%) EeI(%0) (%) tE(%) () EeH (%) Range Mean + SD
Number Percentage Number Percentage Number Percentage
(ind) (ind) (ind)
I 43 33 77 10 23 0 0 0.79~6.73 294+ 1.84
\Y 39 30 90 9 10 0 0 0.78~6.67 272 +1.45
\4 43 43 100 0 0 0 0 0.81~3.46 2.01+0.62
VI 30 30 100 0 0 0 0 0.84~3.28 2.05+0.63
I 30 2 7 19 63 9 30 1.64~11.81 594+2.12
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Table 4 Crude fat content ( wet weight) and fluctuation ratio in different tissues of female spawning

Coilia mystus at different oogenesis stages

JULEA R 17 JH BRI AT s G SRR
E Y et i FEASL Crude fat in muscle Crude fat in hepatopancreas Crude fat in ovary
Oogenesis Samples SRS A EAR T L S EAS T H
stge N T R C Gl My gy RS
Content Fluctuate Content Fluctuate Content Fluctuate
¢ ratio (%) ratio (%) ¢ ratio (%)
[ 30 1.92+0.05 — 11.78 £ 0.09 — 20.55 +0.08 —
\Y 30 1.78 £0.06 -7.29 11.35+0.17 -3.65 20.89 + 0.06 +1.65
A% 30 1.70 £ 0.04 -4.49 10.37 £ 0.06 -8.63 21.03 +0.08 +0.67
VI 30 1.68 +£0.04 -1.18 10.09 £ 0.07 -2.70 — —
I 30 1.71 £0.04 -1.79 10.15+0.10 -0.59 e .

CEREYL R -HLE - RF W SE— K F WIIR
— KB WIWE, He— AL U NG 07 5 e Tk D R LA O

HHZEZESW K E W SR A, -7 R RTE I HE

LT EITH,

Fluctuate ratio of crude fat content, means the deviation of crude fat content in one tissue from the previous phase to the latter phase

divides crude fat content of the previous phase. Horizontal line means in one oogenesis stage, content of crude fat in one tissue can’t be

determined or its fluctuate ratio can’t be calculated.

RS ARAXEHENEENENSTRESSHERBHERNES

Table 5 Crude fat distribution in different tissues and its proportion in total body crude fat

at different oogenesis stages

SXAFH AR 17 JHFJE BRI B FRL IR 17
LBy gl FEAHL RHE(g) Crude fat in trunk Crude fat in hepatopancreas Crude fat in ovary
Oogenesis Samples Body
stages (ind) weight Hh(g) EL B (%) Hh(g) EL B (%) Hi(g) EL B (%)

Weight Proportion Weight Proportion Weight Proportion
I 30 726+1.16 0.12+0.02 35.19+3.85 0.01+£0.00 293+038 0.21+0.05 61.88+4.08
v 30 871+133 0.13+£0.02 28.69+1.31 0.01 +0.00 228+039 030+0.04 69.03+1.48
\Y 30 821+1.10 0.11+£0.02 2599+1.88  0.01+0.00 1.69+029 0.30+0.04 72.31+£2.03
VI 30 6.96+0.80 0.11+0.01 0.01 £ 0.00

ML W5 LB B — L SURLAR s h o e (AORLAR 7 B 4k 1) EE 491

Crude fat proportion means the percentage that crude fat in one tissue accounts for crude fat in total body.

Kiessling et al. 2004 ) F1 4 J& ( Salmo) ( Jonsson
et al. 1991, 1997, 2003, Hendry et al. 2004) ,
AT RN SCHRIC % (5K EAE 5 1990) 3k 1,
R EFRAA S A T REBRKIIA, 6 1]
AR FEAR VL B SO B AR, &
8 AT R A A5 H . I\ 5T 2E I AT 2E 4R A
A, RUETTEHE ARG 09 B A B (1 ~ VII)
AT, X —45 R AH 0555 (1980) il 55
S5 (1999) A4 45 (2009 ) FXI<F i3 55 (2012) 1Y
WFFELE RILAAN[F] . (EARM AR BRI, #
a7 I8 2 MErE AR, HEAEYINZ

HimE 2R, M IAASIThike., K,
RS 7 Ay 9 9T 9l g R 2, {HH— Az rhon] g B AT
ZU IR RE 1, JFABRK g s S F Ay
1t ( Plecoglossus altivelis ) %5 75 1% 7K H & K 7= B
JE BRZET 0 1 Rk IR fa. 2

3.2 RStEEEFEHERERNRENER
B 2 R A7 RE i Y R AR, R AE
WU P JUE i | 5 2H R e, A T
10 2 BAE o R i 2 S EE A AE  (Jonsson et
al. 2003) . B T VLV 0 i A A 2K AE A BE O I
W —BOFARRE, RERNRAREFRY)
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J53 56 G T I 4 3 gl A R AR A A e AR
PRI I 7 A= B 0 i T G i AR AR R I T o
K R 9 T 9 7 O A RN 48, A ZE LA i
Wi & Bk F) 28% (15 ) e A I A BE T U6 A AE
WM ¥%E ( Larsson et al. 1990) . & B5 B iyl 7= G 7
i (R BE R 5 41 (0. tshawytsha ) , LAY
HLAE W7 & EE W ER 2 7. 5% (& 50) 72 47 i A TF
U6 AR SR 9 (Mann et al. 2011) o AILPA A9 Jlig 17
O R VE 2 R TT IR A A Y
2 A ¥ (inducing factor) 22 — ( Larsson et al.
1990) .

SRS B SR A, S — ol ) YT B A % ] O £ 2K
EARBFFEERWY, HAERR L BRI ( ]]IEE)EI’JHJW‘]
FLAR G & 54 1. 92% (&f ), MO0 A & T
FLIE 17 4 1) 61, 88% i [ 7 4 YT 7 A
Yﬁﬁ‘(ﬂféfﬁﬁ@’l‘%iﬁ?ﬁ%ﬁ%ﬁﬂ@ﬁ(c.
RIEAEDR S A BRI (V) , H
PR B 7 2 38 R 3 6. 78 % (i ) (xﬂaﬂi§
2009a) o Hy AT UL, RV R AR SR I i 40 1R)R AT
FREVAE R P fE T 25 & T, Xl g X3/
A 28 ME T AE K BB B VL i 2 AE I O 0 5
Z—s

ABESER s, JRUEEFE W T B Y o AR
N EL O W R OR, MR IR K 6 B I
16.22% , Z s mE] VIHY 22.90% 5 A5t
[l 54 T 00 8L, & o B R R IR T Y
61.88% , B Fi® 72.31% . A, BikH
b FR AL 4 B 105 25 B A0 AE BT T R, KT R D
H 7 B A R IG  HEAY 35, 19% R R 3 25.99% .
JHF IR R AN AR RS/, I A6 % H, i T30 7
1.35% FRAR 2 VIR 1.02% 5 g5t iy 5 5
IR T Y 2.93% Z W PR 1.69% . {H
AT B R AN E R, 7R DR EF R R
W, KT ARAR D R BRI, MR TR EE
(I SHT, DU T AR AR D T R, X R 4
T, JILPA A7 10 Al B FT RE 2 B AR 4 T A N
ifiz 3l AR A AR R R, TR
At A7 B4 7 % U ] R S 5 i e I 7 BN O R )
BHEREAS o DL, TEDE O A0 Bk il £ 28 Y S
A, ANAEZE LA B AR D5 R, IR R A

nasus) ,

2 B A AG I 5 A o
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