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®1 I HSEELNERREER

Tab.1 The information of samples examined in this study (x +SD)

g KA SRR ] HEAK MERE L A&/ mm T/ g

species sampling site sampling date N R:4 body length body weight
JI5% C. ectenes VT Jingjiang 2013.03 5 4:1 31.6 £2.76 144.90 +46.84
WY taihuensis KW Taihu Lake 2013.06 4 4:0 12.86 +3.12 18.12 £4.12
JEF C. mystus FF1l1 Zhoushan 2014.05 11 9:2 16.99 +1.16 21.34 £5.68
48 C. grayii ik Shantou 2014.06 10 6:4 16.44 +1.58 18.62 +6.52

1.2 SLWHE

YRR ARAR IS B TR K ) PR CRE 1 2
0.1 ¢) I EAAK CHEHHE 0.1 em) , KERIKER
I 5 e (/)N B5 TS 8 28 8 5 v BT S B0 1R
22) ORIGHERE R TR, R T BRI IE . Al &
W4 HRE DRI E R BRIV A VI, X
FUIREAI AL T B AT, A 23 H O ER A S2 0 4L
PR s, B AKIEE 6 i, )/,
WIHRTHE R (24 h) o &R 4 @4 400t
VRO VS S AR IE 780 IR ), BT T g b
-20 CRRAFRH.

HERRFREL 0. 500 +0.005 g THEE T 50 mL
TWE BT, A 10 mL fil B8 (1 2% 4, 7l
Merck A ) , A AEA th iR 36 & B i, AR
T, A 2 mL i R , & — 305 HL AR
PEAT I8 A, SR JE BB 207K 2 25 2 100 mLL fig il
JHHHL 1CAP6300 B L B & 45 5 11K K 3 i
A0 5E 23 FOTER Y & i, 45 AlLLB . Cd Co Ca,
Cr.Cu.Fe K .Li Mg . Mn Mo Na Ni P Pb .S Se,
Sn . Sr.Ti #1 Zn,

1.3 #HE\EFEIt5HH

KM SPSS 19. 0 4t it 43 B B A (35
Statistical Product and Service Solutions 23 &) ) , Xf
S AR AR & BRI T 00T, Se R LA
R0 HT A 4 AR T R & 1 25 57, 7
R 0B VB2 0 e R o A 22 oe e it
DT AR 22 SRR IE B 5 o A B S T T A
ITCR & AR LT EMIE R

2 BRI

2.1 BEEEFERPTYTRIENERIW

A F B.Cd.Co.Cr.Li Mo .Pb.Se.Sn i Ti &
10 FhICRTE 2/3 RS & R R TR R
HWAHATE T X T ihie . T B 34 13 Fp
TG MY & 1 i AR A U B, T A okl o

FES T IT R B i 0T 08 R AR o 22 43 )
W2 fiis o X4 BB EE ZET (168 a2 5
JCR G RIT 00, 851 8R4 U85 p R
AJA] Ca K Mg Mn P 1 S & A7 (M B 35 25 5%
(P<0.01) ,Hrh, JI8H Ca Mg Mn P.S JLEK
AT A 3 4, W8T Y K oo R ik B e T
Hifth 3 41, L2265 S JT R I 2% Hb sy F HiAh 3
2H;Al .Cu.Fe Na Ni Sr fll Zn S EAELEET
(P<0.05) , HrAr, KEFLLRT Al F1 Fe TR & #E R
i T H AR AR AL, U 5 - 2265 i Na ot
ELBEES, HIIETA A Na U R & B
T HoAh 3 41
2.2 EWHHH

XF 4 ARG IHEAT F AT 4B, A5 R R WA =
AT BT 2 TTHREN 86. 245% , b4
— BT = A TTER R O S1.167%
23.559% F111.520% , 45— 55— F50 5 T %
KA HCEE, BT AR AR — 5 — F o i R 115
S (L) o 78 A P RHIE ) i, 5 —
Wy BB T B faREH Ca P Zn Mg K Mn
S TEESRER, B -l ETEGS TR
o Cu Ni Al Sroe RS G B, 8 = B R 8L
A THRES T Fe ALFI Na TR SREE. WAL
AT LA A [F) 4 B 5% £ B i AT 4 - i 01X 4o
PR R S 1 20 A XS S T R R 2 T R
A JIEFREAREA 1A Ca Fe (K Mg Mn,
Na Ni P .S Sr #l Zn JC T3 & 2 5K, B F A%
FHA 3 41, 3X B0 FELER S — F A E
B TR — 2 U AR 4y AR, A B 22 X
o WIBTRHAREA ) Cu K Mn 1 Ni JTE -3
SR, B T A 3 4, X s r R E L
B FRAME B, TR 2 o 15
P A 3 S Sy P A NN 953 s v B
RS 2 ROT R & E s 2R A i O
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x2 BREAEEHARTESE
Tab.2 The element concentrations (X +SD; mg/kg) of genus Coilia samples
JLE T T Rt 2265t
element C. ectenes C. ectenes tathuensis C. mystus C. grayii
Al 43.33 £14.36ab 29.00 £12.19a 114.50 +12.18°* 49.40 +8.38b
Ca 12342.50 £1150.23** 34267.50 £2331.59"* 22491.11 £951.77°¢* 36700.00 +818.86"*
Cu 13.17 £1.83* 28.75 £8.99* 3.67 +0.78" 2.89 +0.78"
Fe 40.80 £8.93* 101.25 +34.03" 152.00 £32.47¢* 91.44 £25.00"
K 5218.33 +221.85"" 11242.50 £195. 17" * 6986. 88 +507.37°" 9992. 00 +447.054~
Mg 542.50 £29.44* 1371.50 +48.99"* 1207. 82 +120.36°* 1523.78 +55.39¢~
Mn 3.83 +0.75%" 15.00 £2.94"* 8.83 +1.19°" 11.11 £1.179"
Na 1293.33 +72.67*" 2567.75 +128.68"" 3788.57 £363.57°¢ 3807.75 £377.42°¢
Ni 1.83 £0.98? 7.00 +1.00"* 3.25+1.14% 2.67 +0.87*
P 8427.00 +£422.40*" 21920.00 +1306.93"* 16287.14 £495.37°* 26146.00 £821.94%*
S 3996.50 +371.61*F 9195.00 +456.47"* 7716.86 +195.34¢" 10543.75 +544.98*
Sr 38.00 +£1.83" 40.50 +3.42° 106.00 +18.19" 121.86 £5.37"*
Zn 24,25 +2.06** 81.75 £8.77"* 58.55 +£7.95° 85.83 +4.45"

- 2B P AT R AR A R _EAR TR FOR 22 5 B35 (P <0.05) , + FIR 2R (P <0.01)

Note: In the same row, different small letter superscripts donate significant difference ( P <0.05) , * donates extremely significant difference

(P<0.01).

3[ oIk C.ectenes

O C.ectenes taihuensis
a Rt C. mystus

Otk C. grayii °
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FERSr2 PC2
&
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FERA PCL

| BERSTRSRN2AENSESE
Fig.1 Scatter plot of the first 2 PC scores of

element contents in genus Coilia samples

2.3 Hs(%lé/\*ﬁ

RKR 7]
X4 ZHAF D 13 BT 2R T foc i A0 S U5 14 E
FTRGERIE T, 4 R A& 2 v, F0 32 o 7y
Praf AR, 4 ARG M0 4 28,
A LA A5 — 22 T 5 A XU B ST e e X
o3 T R 22 5%, 5 0 T IX 4 T RV
B X o> T-E 2208t
2.4 ELHARGH

HIAN R AR i 2 D0 & 7 2200 &
o o3 A RS A BT A R AT, A T R A8 B0y
PrEoR N B B R AT AT 00, T iE—22 T
A5 U AR 5 B AR b WS 5% £0 R S A R AR XA
21 [ A 35 22 5 AU R HEAT 8 A H 3 G0 A, B 32 ¢
XA RO AL, S BR AN e BB TP, A
SEFUGRRERY e 28 0 it 4 A E) Ca, Cu Mg
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A SERERRER AR Dendrogram using complete linkage
EHTRE IR B RIS A I Rescaled distance cluster combination

0 5 10 15 2 25
r 1 r 1

2 BEERTERSENREMKE
Fig.2 HCA dendrogram of element
contents in genus Coilia samples
JT. FRTTI6% s DYS. SHLDGHRUET s TH. AT ;ST ilisk-E2285%,
JJ. C. ectenes samples from Jingjiang; DYS. C. mystus samples
from Dayangshan in Zhoushan; TH. C. ectenes taihuensis samples
from Taihui Lake; ST. C. grayii samples from Shantou.

I Sro Ji ST A B -

JI8%(C. ectenes) :F, =0.001Ca + 1.399Cu +
0.074Mg —0.131Sr —34.563

8% (C. ectenes taihuensis) : ¥, = 0. 004Ca +
3.272Cu +0. 180Mg — 0. 674Sr —223. 549

R (C. mystus) :F, =0.001Ca +0. 656Cu +
0. 133Mg +0.057Sr —90. 204

L2245 (C. grayii) :F, =0.003Ca +0. 845Cu
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+0.161Mg —0. 107Sr — 174. 685

I i g2 57 1) ) 551 R H50O0T g R A AR 1R A T
FPUN (£ 3) , R IAE 4 30 A, 150 A%
TR K 100% , 38 B 3G 1% 540 W 1) 45 S8 5 040 1) &5
SR WA, FIE T3 100% , MK N Y B
FIR AT E AT B B (B 3) , TSR ARLE TR AE

PR L BB | R 2 A IE LXK, I A AR B
TERRE L2 A IE(E DXI, UBTAE A 32 224 P 76 e
Bl 2 o E X, E 22 B R AR S PR 1 /Y
TEAA BRI 2 U X, 4 HREAS Al X I ]

IrE.

R3 BEHEIERSHMNER

Tab.3 Results of discriminant analysis of genus Coilia samples

Wi 432 predicted group

LT SRR T o T T
methoc origin groups . . . accuracy rate
C. ectenes C. ectenes taihuensis C. mystus C. grayii
. JI#% C. ectenes 5 0 0 0 100
A %ﬁlli W8T C. ectenes taihuensis 0 4 0 0 100
‘:;:;g;:fim R C. mystus 0 0 1 0 100
o L2485 C. grayii 0 0 0 10 100
e s JI8% C. ectenes 5 0 0 0 100
ES XQ\ME W% C. ectenes taihuensis 0 4 0 0 100
Ver;‘;zim R C. mystus 0 0 1 0 100
o L2285 C. grayii 0 0 0 10 100
1070 7J8E C. ectenes . Mg >Ca >Zn > Sr > As > Al > Ba > Mo, f=: &7
O Wi C.ectenes taihuensis o s o .
L sf2RE Casas TN IR T 5 B B 0 ), A
é 5| X AL group centrold FEHINE X G Ry A foR T AR (BB G LA,
o —
q% &n ° AT HEAF L) 1 SR P AUBOUL A AT I E
) 3 MAETINEZ-VALVERDE 25032 TP 95 3 #h
E 0 . . bt A TP TR & i, 45 R WoR 3 A
3 e ¥, 0, A EA KA Ca F1 P, HAH ) 22 59 .3, JF
oo * HAEFT A FEA R K Fe Zn Cu Na F1 K, #AJ
-l -5 0 5 10 UL, B T ER B U AR S R A RRALE , PRIt

%1 functionl

3 HaFRTRSEHRSTESE
Fig.3 Canonical plot scores from discriminant

analysis of the element contents in genus Coilia samples
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EERFI Y, LR SN I E KA
NE B BEAE NI , AR 2 28 RAf 28 48 I A5 TR Ui
Sk EEEY), B/R B/ R gt 3T
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HEWMEREE NERADNAFA —E 2R, 1 1
DA AN E B iRl s M2 ™ 95 2o
WF5E R BRI B A A b K5 B 7Rk (6 262
1 856)mg/kg, Mn & 1k (31. 41 £25.91) mg/
kg, Zn & A (23.72 £2.03) mg/kg, Ni & &N
(17.56 + 1. 34) mg/kg, B LLE W) AL ER G 0] AE X
WIEYTCR S 1 T —E B, R Fe &
T T A 3 A, X SRR Fe 1Y B 4R
AE 715 T D65 AT, S FIXBILAE BT 45 R —
B, AL R R T A 3 A, X AT RERIC L
UNGIRP=SUL L Rn ¥ PO TR P S 7S
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TEHEZK H Na &8 HEIRK A K,

S 3k
(1] Skt sREZYRE: Maad. SER, R, b
H, BUEHIM]. Jext: Blezdifiit, 2001 148 - 156.
ZHANG S Y. Fauna Sinica Osteichthyes: Acipenseriformes,
Elopiformes,  Clupeiformes,  Gonorhynchiformes | M ].
Beijing: Science Press, 2001: 148 —156.

[2]  =fx, /%, XA, & LTRITP R MR e

A BT E AR R SRR L] MR RS EIR (A
SABIER) , 1980(3) : 67 -82.
YUAN CM, 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.

(3] BRI, BUE. RIETBOIS SR &S ()], K
FEFERE, 2012, 33(7) : 10 -12.

CHEN W J, GU S X. The Yangtze River in Jingjiang section
of Coilia nasus resources investigation report[ J]. Journal of
Aquaculture, 2012, 33(7) . 10 - 12.

[4] FEBE, k. JISTRIIBFEERIESFBILI]. W
Blaf, 2004, 28(11) : 39 —43.

CHENG Q Q, LI S F. Morphological discrimination between

two populations of Coilia ectenes [ J ]. Marine Sciences,

2004, 28(11) : 39 —43.



14

A LAY R 2 e TR A R IERT S 49

(5]

(7]

(9]

[10]

[11]

[12]

[13]

FEAHE, B s SR PR IE S8 R LR A F 5
[J]. AR, 2004, 16(4) : 356 —364.

CHENG Q Q, HAN J D. Morphological variations and
discriminant analysis of two populations of Coilia ectenes[ J].
Journal of Lake Sciences, 2004, 16(4) : 356 —364.

T F, ST KL IS A ] A A5 A0 ] o s 25 22
S [J]. Sifaeak, 2011, 46(5) ; 33 -40.

CHENG W X, TANG W Q. Some phenotypic varieties
between different ecotypes of Coilia nasus in Yangize River
[J]. Chinese Journal of Zoology, 2011, 46(5) : 33 —40.
XSO, P YR 4 Fh i AL AR S LR O R e
FIOELI]. B SHIE, 1995, 26(5) @ 558 -564.
LIU W B. Biochemical and morphological comparison and
interspecific relationships of four species of the genus Coilia
in China[J].
(5):558 -564.

FEACHE, Rk, Exde, . JIBS5HI6TZon 4 dn i
R b IR B EMEMORERR[T]. WHARLE, 2006,
18(4) : 425 -430.

CHENG Q Q, WEN J E, WANG Y L, et al.

Oceanologia et Limnologia Sinica, 1995, 26

Genetic
diversity and genetic differentiation between Coilia ectenes
and Coilia ectenes tathuensis inferred from cytochrome b gene
segment sequence of mitochondrial DNA[J]. Journal of Lake
Sciences, 2006, 18(4) : 425 —430.

RSy, S, HaAl GO FE ] X 47 5128 S
B RO RIS P A LT ). 2R, 2007,
15(3): 224 -231.

TANG W Q, HU X L, YANG J Q. Species validities of
Coilia brachygnathus and C. nasus tathuensis based on
sequence variations of complete mtDNA control region[ J].
Biodiversity Science, 2007, 15(3) : 224 -231.

FRI7. JIEE RN RS g Z AR LR [ D). B
IR, 2012,

CHEN F. Genetic Diversity of Coilia ectenes and Coilia
mystus Revealed by Microsatellite Markers [ D]. Shanghai .
Shanghai Ocean University, 2012.

FahZs, BEl, JEOR, . BT RBEATESRAER T E
R MR HI[T]. sh¥or2E-a4lk, 2010, 35(1):
127 - 134.

GUO H Y, WEI K, TANG W Q, et al. Sibling species
discrimination for Chinese genus of coilia fishes based on
sagittal otolith morphology [ J]. Acta Zootaxonomica Sinica,
2010, 35(1): 127 - 134.

WY, A fd, XUBERE. AT A IR UM E RO OCR AR
gr AT (1], E O RN S, 2009, 11(4) .
34 -40.

YE S S, YANG J, LIU H B. Progress in elemental fingerprint
analysis to identify the origin of agricultural products|[ J].
Journal of Agricultural Science and Technology, 2009, 11
(4): 34 -40.

FHE, XIBL, TRARHL, S5 RS, WAETRI T 6 60 51 a2k
B2, NRWTR e M oe R A (] )7 AR R 24 244,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2009, 29(3) : 86 -89.
WANG G X, LIU K, XU D P, et al. A comparative study on
the contents of amino acid, fatty acid and mineral elements in
the ovaries of Coilia mystus, Coilia ectenes taihuensis and
Coilia ectenes[ ]J]. Journal of Guangdong Ocean University,
2009, 29(3) . 86 —89.
MUY, REFFL, T, % T 20 LA-ICPMS [
HA X TCRIG BT H AR B A 2R R (AU v 1 52
WERFSE[T]. W S5WITE, 2012, 42(6) ; 771 -778.
DOU S Z, AMANO H, YU X, et al. Multple laser ablations
on otolith nuclei for icpms to elementally fingerprint fish
stocks: a case study[J]. Oceanologia et Limnologia Sinica,
2012, 42(6) . 771 -778.
EHE, g, 2%, & ASRUKBIISOE S R8T
[J]. k724, 2012, 36(1) : 78 -90.
WANG D T, YANG J, JIANG T, et al. A comparative study
of the morphology of different geographical populations of
Coilia nasus [ J]. Journal of Fisheries of China, 2012, 36
(1): 78 -=90.

MARTINEZ-VALVERDE 1, PERIAGO M J, SANTAELLA
M, et al. The content and nutritional significance of minerals
on fish flesh in the presence and absence of bone[ J]. Food
Chemistry, 2000, 71(4) : 503 —-509.
WSO, HEF, XUk, % KRR 3 WA AR5
RS BOG R FHEC BHEL ] KRR, 2012, 19
(1):84-93.
YANG W B, SU Y P, LIU H B, et al. A comparative study
of morphological characteristics and elemental fingerprints of
Chinese mitten crab Eriocheir sinensis from three lakes|[ ] ].
Journal of Fishery Sciences of China, 2012, 19(1) . 84 -
93.

BROWN R J, SEVERIN K P. Otolith chemistry analyses
indicate that water Sr; Ca is the primary factor influencing
otolith Sr: Ca for freshwater and diadromous fish but not for
marine fish[ J]. Canadian Journal of Fisheries and Aquatic
Sciences, 2009, 66(10) : 1790 —1808.

XL, Beask, RN, A5 RKIL TR = oy T | T i%
ST LA A AL o KRB R RE LT ], 3 2 20k,
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 Rive [ J]. Chinese Journal of Zoology,
2009, 44(4): 118 - 124.
madt, g, BEE, % AR TR A SLE
FREBFFELI]. KA, 1994, 18(4) : 309 -315.
LEI Z H, XU X Q, HUI J Y, et al. Studies on the
characteristics of ecological chemistry of microelements in fish
[J]. Acta Hydrobiologica Sinica, 1994, 18(4) : 309 -315.
XBE, XUIESC, #IfEH, 4. W6t fmmn e 6 A i
WA TR T LT ], BAAE, 2007, 19(4) .
451 - 456.

http: //www. shhydxxb. com



50 oW oW WOk ¥ ¥l 24 %

LIUE S, LIUZ W, BAO C H, et al. Food content and the [24] XIEvl, 2k, BGEZE, & RILOPRS4ETG 1Y)

mutual effects between hypophthalmichthys molitrix ( Cuvier et W2 A A AT LT ). AR B RL 2%, 2009, 28(3)

Valenciennes ) and Aristichthys nobilos ( Richardson ) and 251 -256.

Coilia ectenes tathuensis Yen et Lin in Lake Taihu [ J]. LIUQ Z, LI J F, DAL Z J, et al. Spatial and temporal

Journal of Lake Sciences, 2007, 19(4) : 451 —456. distribution of particulate metal pollutants in Changjiang
[22] FEEW, o220, WK, 5 b 9 U5 Bk (2009 Estuary[ J]. Marine Environmental Science, 2009, 28(3) :

-2010 4F) R SRR ERMCR BN [T]. BhARE, 251 -256.

2011, 23(6): 967 —-973. [25] AUSTRENG E, STOREBAKKEN T, ASGARD T. Growth

MAO Z G, GU X H, ZENG Q F, et al. Status and changes rate estimates for cultured Atlantic salmon and rainbow trout

of fishery resources (2009 —2010) in Lake Taihu and their [J]. Aquaculture, 1987, 60(2) : 157 - 160.

responses lo water eutrophication [ J ]. Journal of Lake [26] ELSER J J, DOBBERFUHL D R, MACKAY N A, et al.

Sciences, 2011, 23(6) : 967 —973. Organism size, life history, and N; P stoichiometry [ J].
(23] RV, wotik, BREAie, 45 RIKAE RS T TR N 4R BioScience, 1996, 46(9) : 674 —684.

NMERIEE XT]. A S5RMNTEE, 2010, 26(6) - [27] TOPPE J, ALBREKTSEN S, HOPE B, et al. Chemical

558 —563. composition, mineral content and amino acid and lipid

SUY P, YANG J, CHEN X B, et al. Study on element profiles in bones from various fish species[ J]. Comparative

bioaccumulation in cyanobacteria in the Taihu Lake and its Biochemistry and Physiology Part B: Biochemistry and

environmental significance[ J]. Journal of Ecology and Rural Molecular Biology, 2007, 146(3) : 395 —401.

Environment, 2010, 26(6) : 558 —563.

A comparative study on whole-body elemental concentrations of Coilia
ectenes , Coilia ectenes taihuensis , Coilia mystus and Coilia grayii

LAI Jing, ZHAO Liangjie, LIU Qigen
(Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China)

Abstract : Elemental concentrations were compared in Coilia ectenes, C. ectenes tathuensis, C. mystus and C.
grayii. An Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES, iCAP6300) was used to
measure the concentrations of 23 chemical elements( Al, B, Cd, Co, Ca, Cr, Cu, Fe, K, Li, Mg, Mn,
Mo, Na, Ni, P, Pb, S, Se, Sn, Sr, Ti and Zn). The concentrations of 10 chemical elements (B, Cd, Co,
Cr, Li, Mo, Pb, Se, Sn and Ti ) were below the detection limit. All samples were analyzed by One-Way
ANOVA analysis, principal components analysis ( PCA), hierarchical cluster analysis (HCA) and linear
discriminant analysis (LDA). Results indicated that significant difference was observed among the elements
concentrations of four groups. The groups of fish could be distinguished by both PCA and HCA. Discriminant
function analysis allowed correct classification rate of 100% for all 30 individuals. The analysis results of
elemental concentrations features indicated that the species of genus Coilia could be distinguished effectively.
Key words: Coilia ectenes; Coilia ectenes tathuensis; Coilia mystus; Coilia grayii; elemental concentrations;

multivariate statistical analysis
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