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Fig. 1 Sampling sites of C. mystus and C. nasus
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Fig.2 The frequency of body length (a) and body
weight (b) in C. mystus and C. nasus
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Fig. 5 Lipid content in musle of C. mystus individuals
in phase I1I, [V and V
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Tab.1 GSI and HSI of C. mystus and C. nasus at different oogenesis stages
, KA ¥ IR HU%  GSI JHAA$5%U%  HSI
Fi ovariaf civilf ment HALUR it T
species P samples s SR EhRAE 2 i SR bR 2
stage range mean+SD range mean+SD
R C.omystus 11 30 0.18~4.17 0.75£0.74 0.1~2.26 0.95+0.24
I 30 0.29~10.05 3.06£2.04 0.11~2.89 1.48+0.44
v 30 1.77~25.18 14.15+7.50 0.11~3.17 1.57+0.78
\% 30 5.40~39.59 17.96+6.93 0.19~3.01 1.42+0.69
VI 30 0.16~3.34 1.2440.85 0.09~2.57 0.87+0.54
% C nasus I 20 0.21~0.41 0.30+0.09 0.53~1.24 0.84+0.30
I 20 0.37~0.96 0.64+0.19 0.75~1.23 0.90+0.17
v 6 2.25~3.13 2.694+0.62 0.86~1.10 0.98+0.16
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Tab. 2 Lipid content and fluctuation in different tissues of C. mystus and C. nasus
ey 4= ] IR G/ % JEE R 97 /% JULPA 9T /%
2k ovarian FEA%U R lipid content in ovary lipid content in liver lipid content in muscle
species development samples s TEEN s TEEYL T TR
stage content fluctuation ratio content fluctuation ratio content fluctuation ratio

A% C. mystus I 30 28435715 - 9.66£2.45  — 336£0.53 -

I 30 18.43+3.27 -35.17 10.62+0.36 +9.94 3.78+0.83 +12.5

v 30 28.70+0.73 +55.72 9.33+0.59 -12.15 3.52+0.43 —6.88

\% 30 33.68+2.08 +17.35 7.98+0.60 —22.75 3.23+0.61 -8.24
T C. nasus I 20 20.68+4.24 - 19.09+6.44 - 10.59+1.99 -

I 20 14.10+4.51 -31.82 19.96+4.66 +4.56 11.30+4.18 +6.70

v 6 26.99+£3.06 +91.42 15.6243.59 -21.74 9.13£1.02 -19.20

T “H AR W W - HYUS R TS R H IR S R ZE SR R A IR A R LB . < RS TE NS R

W, RGP B i JCVE D E « e i A s e VR T8

Notes: fluctuation ratio of lipid content, means the deviation of lipid content in one tissue between the previous phase and the next phase divides the lipid
content of the previous phase. Horizontal line means that lipid content in one phase of one tissue can’t be determined and fluctuation ratio can’t be

calculated
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Fig. 6 Lipid allocation in different tissues of C. mystus (a) and C. nasus (b)

http://www.scxuebao.cn



23 RANLL, S5 DA PR IR IS ) A% 3ok BRI RS R 7T 855 393 100 7 0l 3 B 8 114 22 S 1 217

3 e
3.1 KAEERESLEEEHNXR

R & —Fh /NS S A ™ B g O 7 v
JEATEE, RPN RE it A A A5 0 A B Tl e S B
WAl HAEZEEH ., APREW, NpEAK
WIRR TR, AN G EE N A, S H
MRS T6. 7. 84y, WHELE MK
BORM IR P A T RILAO M™Y. X
ATREH T EA AT, RAMARACE B R T
Z R EAEE, LA R AT A FE i A A

X ] — 1 B & I R o B B, BR8 A 4y
ZA, RUEWLA BRI & S A fem, 7H
B AR (E5) ot 7 i3 30 36 77 B 3 1) AR A
RAES K, BRI HAE WA X 8, X —450 5
AendersonZE VG ¢ B4 (Salvelinus namaycush)ify
S5 AT . VLBA R D7 & S B T R B R/
255, AT e 5 e B S 0 KA O, L R
1 1) 3k 7= B9 3 0 XU A R 0T BE Rk AE 7 5P 3 B Ol
Wi o M8 gl & i FH i, W REHUR & 58
B J B B O R B R A R W LI B
H, HIXRh R IR T BE R IR T AR PN R B DR
J A A AL BT AL
3.2 RE5 78RR R SR e

B £ 6 B BRI BAE AT A S0, —F A
PR R o JFF MO JE B3 1 A7 ol 1 4k 55 AR08 Zh g
W AE A7 RIS RE R B, PRI HURE A B i A Y
JFFRE D e S 480 0 W E N LA o A AIE A 2
JI 5 3z i B MR L, i 3 AT S 23 B 7 T E A
WFIE, 25 A S R A7 o A7 B 1A i
WS os ik BATHE, SRS R0 5
BEAH L, XUBE I HSTAH X 5K, 3% B 78 B4 H 2
T, R 2 R AR TR R A S B R
RE N o RUBE V-2 GSIE W 2 L [ — & B B
W 1B AR 2 A, R W XUBERE B 22 i 1R N RE
RAELETIEN

Bt — A MR W & e i s, RUBE G AL A
JiE s & AR, 292 T B AR R S & B Bl W
A 1/3. RUSEITFAE G985 W5 & B L LA &, (Hd
20 T8 AR [R) % 75 B BOIR W & 0 172 JRUBE
BI85 A 5 5 5 LG B R E RUL AR e AR
Z, WIS R A T B Bl & R A
W LUHLIG 7 9 AR B R N e LR, KU B

2 Mo RUR A OB SR, 85 ) 3= 52 BUR 7 1L
P ot RIVRUEE RS B 22 i) fE B AR A AR S AR
118 EZ R B S E o X WHRHE AR
B, B Y B A T 1 1T A% 42 B RE
Ji, [V A R i B XU LE 0 5% B AT B e A9 A X
FECTH 7 (R T 85% 9 A A8 AR X R B9 53331
HOTIH229KE /g )" S Bloks A7 FRAE &
AR E LA, R] AR /N R L
P B B i ) 32 IR 2 1

3.3 R, JIHNEREEERBTIE

AR PN B 7 00 oy AR L, AR R B W
W), R R D85 9 K T ER R T 91%
DL b B RS 7 o (B RUBE K T35 g 15 L ) 7 4
— R H T AR B A R 2 (P<0.01), BV
AR 34.69%(1516) T I 5% 5K T35 14 i i 7% 2742
FRAR/IN, N TTHARY97.73%A0 T B 28 IV #1191.02%,
SRS 1 7785 %) JiF Ok i 7 7 o AR G RS E L B AR
RHABAA K 0 RUET ) OF 55 i L B
M 1T, ATV D65 % P LTS A R
STE T 2 17.50%, 1 RT3 A RUBT A1 5534 51.74%
RSB R, XU AN T 5% %) AR B 3 48 T AR
JF B Hp PR R RS A MR D s AR B A /N 1 X
5% 6 W0 YT BT 90 380 A VT 1 B R AR P R
Worae s THERAR, KT & &R/
JEAT 1 2938% ;1T L IR T 85 34 £ B8 92% LA 1 Y K
FRE WG, T B0 3 & F A AL AR N R s D
f)7.50%. ASBIFFEALT-FT LB, X Aol A oy K
WA RE W TR KB, KT IR AR AR
FIIL G, AT RE A /N Y PR T 7 B 0 i £ 2
FEA A RRAE o i R R K B 9 Y 7 i 2
WAL AT D R IR T TR AR ., KT
WAL b, T AERAR % .

P

(1] B35, £z, ¥ 5. VL E RS L AR ) 2R
PE[IN. S EKREE, 1999, 6(5): 69-71.
Ni Y, Wang Y L, Jiang M, et al. Biological
characteristics of Coilia mystus in the Yangtze River
estuary[J]. Journal of Fishery Sciences of China, 1999,
6(5): 69-71(in Chinese).

[2] SRR, Baf, M, 55 ST RITH T & AT
VR4 A5 J A0 AR 2 AR [I]. B R 27
WEREIERR), 1980(3): 67-82.

http://www.scxuebao.cn



218

Ko AR

4%

[10]

Yuan C M, Qin A L, Liu R H, et al. On the classification
of the anchovies, coilia, from the lower Yangtze River
and the Southeast coast of China[J]. Journal of Nanjing
University (Natural Sciences), 1980(3): 67-82(in
Chinese).

WAL VAT sk T 85 5 YR A WA 4 VLR ) 5 e U
EARE[R]. BT FITKE, 1976.

Collaborative Group of Resource Investigation in the
Yangtze River Basin. The investigation of Coilia nasus
resource in Yangtze River basin[R]. Nanjing: Nanjing
University, 1976(in Chinese).

PR RIL TR KRR B 5 I kB WE[I]. K
FERHBE IR, 1992, 19(2): 49-51.

Li D L. Observation of natural reproduction and
embryonic development of Coilia ectences in Yangtze
River[J]. Fisheries Science & Technology Information,
1992, 19(2): 49-51(in Chinese).

XS, ARIEAL, AR KU 1 R B K e R B 4k
SIVER AT (3], BiEEE R A= 4R, 2012, 21(4): 589-
597.

Liu S H, Xu Z L, Tian F G. Study on feeding habit of
Coilia mystus in Yangtze River estuary[J]. Journal of
Shanghai Ocean University, 2012, 21(4): 589-597(in
Chinese).

Henderson B A, Morgan G E. Maturation of walleye by
age, size and surplus energy[J]. Journal of Fish Biology,
2002, 61(4): 999-1011.

Mourente G, Megina C, Diaz-Salvago E. Lipids in
female northern bluefin tuna (Thunnus thynnus L.)
during sexual maturation[J]. Fish Physiology and
Biochemistry, 2001, 24(4): 351-363.

Zaboukas N, Miliou H, Megalofonou P, et al.
Biochemical composition of the Atlantic bonito Sarda
sarda from the Aegean Sea (eastern Mediterranean Sea)
in different stages of sexual maturity[J]. Journal of Fish
Biology, 2006, 69(2): 347-362.

Penney Z L, Moffitt C M. Proximate composition and
energy density of stream-maturing adult steelhead during
upstream migration, sexual maturity, and kelt
emigration[J]. Transactions of the American Fisheries
Society, 2014, 143(2): 399-413.

Finstad B, Heggberget T G. Migration, growth and
survival of wild and hatchery-reared anadromous Arctic

charr (Salvelinus alpinus) in Finnmark, northern

http://www.scxuebao.cn

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Norway[J]. Journal of Fish Biology, 1993, 43(2): 303-
312.

Crossin G T, Hinch S G, Farrell A P, ef al. Energetics
and morphology of sockeye salmon: effects of upriver
migratory distance and elevation[J]. Journal of Fish
Biology, 2004, 65(3): 788-810.

Magnoni L J, Patterson D A, Farrell A P, et al. Effects of
long-distance migration on circulating lipids of sockeye
salmon (Oncorhynchus nerka)[J]. Canadian Journal of
Fisheries and Aquatic Sciences, 2006, 63(8): 1822-1829.
Jobling M, Johansen S J S, Foshaug H, ef a/. Lipid
dynamics in anadromous Arctic charr, Salvelinus alpinus
(L.): seasonal variations in lipid storage depots and lipid
class composition[J]. Fish Physiology and Biochemistry,
1998, 18(3): 225-240.

PRI, KU, TR, A5 I TIE - SRS
FERAT 43 HTI]. 2 B ALK 22254, 2009, 24(6): 850-
855.

XuD P, LiuK, Zhang M Y, ef al. Analysis of the muscle
nutritive composition of Coilia ectenes spawning stock
in Yangtze River[J]. Journal of Yunnan Agricultural
University, 2009, 24(6): 850-855(in Chinese).

XYL, B4 o, MR, 55, KL T W= SR Rt J)
5% R0 5 JUL PR 2 A il o3 B2 R o 8 BE [T, B2 e,
2009, 44(4): 118-124.

Liu K, Duan J R, Xu D P, et al. Biochemical components
and energy density in muscles of Coilia mystus, C.
ectenes and C. ectenes taihuensis in spawning season in
the lower reaches of Yangtze River[J]. Chinese Journal
of Zoology, 2009, 44(4): 118-124(in Chinese).

UL, BRI, BrdroR, &5, KIL 0 R IR LA
G0 SR A ZH ORI e b B (D], LM VR R A 2 AR,
2009, 18(3): 302-307.

Liu K, Xu D P, Duan J R, et al. Biochemical components
and energy density of muscle and ovary of Coilia mystus
in the estuary of Yangtze River[J]. Journal of Shanghai
Ocean University, 2009, 18(3): 302-307(in Chinese).
T8, [HCTr, L. KILH RS B BEA N SR il
R IR N IR A2 (D], s 224, 2014, 49(6):
867-874.

Yu X, Tang W Q, Wang L. Crude lipid transition in
tissues during ovary development of Coilia mystus living
in the estuary of Yangtze River[J]. Chinese Journal of

Zoology, 2014, 49(6): 867-874(in Chinese).



2 H

RANLL, S5 DA PR IR IS ) A% 3ok BRI RS R 7T 855 393 100 7 0l 3 B 8 114 22 S 1 219

(18]

[19]

[20]

(21]

[22]

FRAGRR. 2R ZEIMY. Abat: AR B AR, 1995:
268-269.

Yin M C. Fish Ecology[M]. Beijing: China Agriculture
Press, 1995: 268-269(in Chinese).

WRENAR, T 0, O, A5 W TR TE 6 O R E
MBS S AR A 5E[T). h B R4, 2011, 18(3):
537-546.

Xu G C, Wan J J, Gu R B, et al. Morphological and
histological studies on ovary development of Coilia
nasus under artificial farming conditions[J]. Journal of
Fishery Sciences of China, 2011, 18(3): 537-546(in
Chinese).

SERNLL. AL R SR T A 1 5 4 B A0 170 7Y
HIGHFFU[D]. Fifg: IR, 2016.

Wu L H. The study on age structure and biochemical
composition of Coilia mystus breeding population from
Yangtze River estuary[D]. Shanghai: Shanghai Ocean
University, 2016(in Chinese).

LS, ST, KL I8 ) o 5 AR IR (K
A AR B 52 P AR I (9], K57 2441, 2006,
30(3): 347-352.

Guo HY, Tang W Q. The relationship between sagittal
otolith weight-age and its use in age determination in
Coilia nasus from the estuary of Yangtze River[J].
Journal of Fisheries of China, 2006, 30(3): 347-352(in
Chinese).

F M, BT, 2280 FSU0)- P B il BRA 0 2 fa
g Wi & & T[], KA AW, 1993, 17(2): 193-
196.

Wang S M, Chen S L, Cui Y B. On the procedures of

[23]

[24]

[25]

[26]

[27]

[28]

chloroform-methanol extraction for the determination of
lipid content of fish samples[J]. Acta Hydrobiologica
Sinica, 1993, 17(2): 193-196(in Chinese).

Aenderson B A, Wong J L. Control of lake trout
reproduction: role of lipids[J]. Journal of Fish Biology,
1998, 52(5): 1078-1082.

FRIGSR. AR AZIMI. 0 vl R A7 iR AL, 2011,
Lin H R. Fish Physiology[M]. Guangzhou: Sun Yat-Sen
University Press, 2011(in Chinese).

Akiyoshi H, Inoue A. Comparative histological study of
teleost livers in relation to phylogeny[J]. Zoological
Science, 2004, 21(8): 841-850.

Rinchard J, Kestemont P. Liver changes related to
oocyte growth in roach, a single spawner fish, and in
bleak and white bream, two multiple spawner fish[J].
International Review of Hydrobiology, 2003, 88(1): 68-
76.

TRECRE, ARARYE, XL, S5 AL 16 R B e
RFFgE = @[], KL B 530 8¢, 2005,
14(6): 694-698.

Zhang M Y, Xu D P, Liu K, et al. Studies on biological
characteristics and change of resource of Coilia nasus
schlegel in the lower reaches of the Yangtze River[J].
Resources and Environment in the Yangtze Basin, 2005,
14(6): 694-698(in Chinese).

YRR, TR, T, AR KT O RS AR AR 1
BT[], ek, 2015, 37(3): 223-232.

Bi X J, Zhang T, Feng G P, et al. Individual fecundity of
Coilia mystus in the Yangtze Estuary[J]. Marine
Fisheries, 2015, 37(3): 223-232(in Chinese).

http://www.scxuebao.cn



220 Ko %R 4%

Research on the differences of anadromous migratory distance between
Coilia mystus and Coilia nasus based on the transfer process of body lipid

WU Lihong "?, TANG Wengiao ">,  ZHANG Ya "’

(1. Laboratory of Ichthyology, Shanghai Ocean University, Shanghai 201306, China;
2. Marine Animal Taxonomy and Evolution Key Laboratory of
Shanghai Municipal Education Commission, Shanghai 201306, China)

Abstract: In order to figure out the possible reasons of the different migratory distances between Coilia mystus
and C. nasus, we investigated the relationships between migration distance of the two sibling species and lipid
reserves and transfer in this paper. Study of C. mystus showed that individuals arriving at spawning ground in May
were significantly greater in body length than those in June, July and August. In particular, those larger-sized
females with higher somatic lipid content arrived at spawning ground and spawned earlier than others. The average
hepatosomatic index of C. mystus was relatively higher than that of C. nasus during the same development period,
and the gonadosomatic index of C. mystus at stages III and IV was about five times higher than that of C. nasus,
indicating more energy centralized in ovary and easy-transferred organs of C. mystus during the spawning season.
Although lipid content in muscle and liver of C. mystus was about one-third and half of that in C. nasus
respectively during the same development period, C. mystus accumulated more lipid in ovary, a reproductive
organ. Total trunk lipid in C. nasus decreased from 97.73% at phase II to 91.02% at phase IV, compared to rapid
decrease from 91.02% at phase II to 34.69% at phase V in C. mystus. The amount of lipid in hepatopancreas was
relatively stable in both species, whereas the lipid proportion in ovary of C. mystus was obviously higher than that
of C. nasus. The finding that C. mystus allocated most of the body lipid for gonadal development and rapidly
consumed trunk lipid may represent the common characteristic of short-distance migratory fish.

Key words: Coilia mystus; Coilia nasus; anadromous migration; habitual difference; ovary development; lipid
content and allocation; Yangtze River
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