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W E: 4R 2011 4F 6 -8 H REE MM 1% B R AR I RS 46 B4
/N T 1 ( Sardinella aurita) #1 53 B )T £ ( Sardina pilchardus) W) B+
A, F A G AT B L FESL o Mk 23 34T 04T, AR R BATE S
HATHIG . RSN EENET 6 MEATESSE A ¢ K5
FMY TaEARSESR  BARE S BRI 5 R F 387 6 A i R
2 ARAS (EFDs) , 5 43 3k A 6 NE-ATE S S AR 1 77 4
L REGHAT ERG AR i . SRR, PMY T aBEAES
2K (TL) (LR (TW) (K 58 (DW) IR (VL) FHFEEREEF (P <
0.01) , %K (DL) FIFE M (WL) REFEZEF-(P >0.05) s ERA 535K,
EGE N BRI R R TTRRERIE 77. 0% , 56— — F M &=
A8 435 R4 (TL/FL) #1735 95 ( DW/FL) , ZEBUR B 2R TR EF 9 X
o3V WAL M o AT s b, BT 16 S R B TTIR R N 82.8% , R+
BB FEBRRWES, XM EE, FBISIERIAN, 5
EHRE 3 NS EUEHA T ZELHR 2, SAIER A 83.76% ; fF57
MR 7T MESL R R, E 9 DN REGEA T BB A R, B
FIEBEN 92.02% . SAEKE MGG &S, M ke Ak
W P Ib b e Sl SRS

MRTR: AUREIE
WREHRND TEMEE
MOT AR MHEA
HEHERHEGT . F
of i R A S S X
YR H AT ST A
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BEM S, % s LR
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R IE B AR R 2 10% ,
4 J5 B0 5 PRI
] .
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MATZHMFHLEETH . HEESKIEEN
BIESZBBRB NI, EGEHE B —E
RARET SR . RIB 7RI B, — AR R
] B R, — S BN AR (I HA ) EREE
SO AR AT 1 T BT T B 0 500 b A B, ekt
T3 E M — E W 2. 20 ti4 90 A4
BOOKSTEIN'® F1 ROHLF® "% & DI ¥ 2T 25 2
Fehlh, QL TIILRE S &, Z T ERF T
PEAS RIE A LA B2 K /N TR AR T 5 73 FF 1 1 5k
R, EESITEREER EMER . KPR
JER i AR SE I 3 A S B, 3@ R R B AL R
A L PR T 1 L, P R AT I S it
SMHT, %05 1 B R AEBY B ( Coilia sp. )" FE#5
( Lateolabrax sp. )", K # 4 ( Apogonichthys
sp. )Vt K B AT ARG A BN 9 B
BUST e g il & B X RCR. B4
SCHHE 2011 48 6 -8 F [ 470 446 ) e 5 7 2 %
HAERBAT KBHREND T EMEA/NT
B H AR, B IS G I B 2 R AN B 5 BR v 231
BEATRR SRR, o BB A o X R 2 H A T
SEHNRBESFWYE

U RPR

1.1 #FRkiR

FEAR B L3 K LA R A R &
HUYUSSS #afi, M4k 39.20 m., iy 413 t,
FHTRNy 1492 kW, FEML AR ZHM,
YRV a3 A B AR, 46 B B [ 47 v 3 f B v
EYBETNE, BHE A E, AT M 30 min & 2 h A~
. AHETE S 2011 42 6 -8 A, {E L EE N
21°00'N ~26°00'N.15°30"W ~20°00'W &% B %&
BAV XIS, #HATREVLIBURE , L RIYE VR Ja i 6]
L EHTH L. HARABRILE L,

x1 FAHDOTEERERER
Tab.1 Sample information of S. aurita and

S. pilchardus
Rk XEKFEE B MEMAME R
BENOTE 0 3 mm 46 35 1
S. aurita
VT
5. pilchardus 185 ~240 mm 53 24 29

1.2 £YFNE
MR SN ERTE 25 B9 A [A], 3 e AR BEAT 2026, AR
JEX KRG REART EY AR, TR EH

TREI K (fork length, FL) A58 2 1 mm ; FIHiE
S, F 5 HIE R LR o PR BB s R
FXFPERRAITEAR (SR K G540 B 43 B o AR IR 250
K PRSI Bk G B €O K 7 R R A 1)
(1981) KRR B BE R 432 1 -V, 354
ARBEACT - PR (IV-V ) (EFE)E (M
PERHERS S METE D P00 G, VI 3 M55, Pl
JE ¥ B NPT N ECH I KB R R B R |
HIZRBT o T AR (M SRS ¢ K ) R,
MO TENALGHEANESHYAREZR
(P>0.05) , Rt ARG EEL B ARH#TE
ZEWTH

1.3 EAWE

1.3.1 {542 &

BHEHAEAET Olympus St BAMEE x 10
£ CCD #1188, 2R )5 1 F§ WT-Tiger3000 &4
SRR, B K IR E 2 A5 BT R U,
ZIEAAELT 6 MNEARSSHEE: 2K
(total length, TL) , & & (total width, TW) , F K
(dorsal length, DL) , 35 %& ( dorsal width, DW) , i§
B2 (ventral length, VL), E M K (wing length,
WL) , LB 1, MEZEFERHZE 0.01 mm, JUl & H
2 NISTHAT P B R 2T 5% , &
B, BB AT E

s

E1 P TEEHAUERERE
Fig.1 Schematic of measurement of otolith for
S. aurita and S. pilchardus
0 S#% s AB 421K ;CD S FEJE EF 54K ;DO 558 ;GO
RS s HO R F K,

1.3.2 MBI ERIRE

K F TpsDig2. 16 B {4 40 BE B AR LT, B
3% — A R B , A e B A
71500 ANESEM AR (x,y) , BEJE 2 FIRAE R
TPS %4 304 . #2% #| F TPSTOEFA 4 {46 TPS
SO EFAWin fRifEfb AR 7 R 52U DTA
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SCFEAY, A EFAWin 32HC DTA SO, & 2 3%
EEA FHEEAMER T, P T A H A 5
B EL" HARS K d . CAMPANA 1A
20 HIEE REEUF R B AR B, i, A
SCHL 20 S HHEE, B — I E R 4 MESR
1 (coefficients, C) , 435§ A.B.C.D F/i, B4
ANH AR BARAE i 80 D REA M, Ed
EFAWin 5} B A g {E K OUT Ui, &5

R
X Z_,_)
A-1 A-2

T

——

A-3 A-4

F1 TOMINT 3 {7 S AR B9 SCA SR (- tet) , A
EXCEL SCH 175 S200#T o

TS R SRR AL E X B AL A B
PR ERAEMLE R/NFITT 1 %5 75 18 ) , R B
5 B (R R AR AL AL 2R, T BB L TR
HRAE T . i ARERAL B, F 3 N REL
NEH(AL=1,B1 =Cl =0), HABIHAH
FREEER 77 DR, T B HR AT

O 2 D
;:> 5

B2 EFEIHSTENTERHDTaERRSENE
Fig.2 Reconstruction of morphology of otolith for S. aurita and S. pilchardus based on Fourier analysis
A-1~A-4 3R R4E/N>T45.10,15.20 4IFEEAEHE; a-1 ~a-4 3580 T £5.10,15 .20 AR EEAERE, LH

SO M R, AL A FLSC B

1.4 HiEsE

(HXFFY T BH A #TIHES T, FIH
YE 22 A (P SIAEA ¢ K 5) , FH Levene's ¥4
BT 7 22T MR I , AN R 5 1 T 22 I X HCHE
T RIESR B E T 7 iR AL B, [A] i 4T IE SR 5,
XFAS R 28 - A 1 4% T B 48 b AT 22 e
#ro

Q)NERREERMNEAEESSHNZE
e , K 6 A B 2 B B LA SUAR fbm v A b 2
¥ebn HE AL J5 B9 2 BOH AT £ L3 43 7 (principal
component analysis, PCA) , e BUH P FER T,
Fag TR RO A

(3) R 2 25 #5143 1 ¥ (stepwise diseri-
minant analysis, SDA) , X} AR KV T A #FT
FIBN 43 A, 2 SL ) R, I 15 R B IE A
HRETES IR [15],

(4) R AL 4347, B 56 B A 58 B R X
77 NE R BT Levene's ¥ 3147 5 22 5714
R, BB AW R 7 255 S, R AT IE
AL, BE S K R AR B S Bk AT B 28 H 5 4 B
(SDA) ,fJa I 2 25 #1501 43, Pk e B 3&E 1
BT, J# A R, IR IR R
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DL EFrE Gt k¥ SPSS 17. 0V #1471
& {5 F§ MS Excel 2010 #:4E,

2 4

2.1 AWML TaBER#EEESH%IT

PR TEEAESIE 3, &6/ NPT
HASMERERE R, KRR, BARE
BRZMEE, ZOMABREY MG, HAaH O
W BRI , A KBS (E 3a) ;1T
HHAREER BB R, REEHE, & O
FRECER , B A TF OB, B KA, A K sk
AR IL(E 3b) . MR RE , BRIV T f)
HAESHFE—ERNER,

MGEHEERAE (R 1), FERFAE KR/
LIRIER T , &6/ DT A H A & TR 1
BHEXNTF U T M, @i S ER R (MR o
Kge) kM, 2K JEE VR JEBERKIX 4 Uit
WERMPTaHEARSHHFEREZF (P <
0.01) MEKMEMKNAFEZR (P>
0.05), &6/ NPT AKX NSERKEM
B/MEWEKFY T AKNFRZRME, 5 HMSHE
AR (£ 2) .
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2.3 fRERSNESH
2.3.1 FEsratr

ERA G R BN, AR TEAEAS
BUHEIAET 2 D FE R R E X 77. 0%
HoA 8 — TR AR AEAE A 2. 686, ff B T AL
FH44.77% o NERI IR RE, F—F
BATEE KL R BRI, T2 — o fix
RN 5E, R LB PR YD T e 2 KA
TR MESSH R THERIMME(E3) .

o PR T S H AT AR A —  — R
‘ ‘ FHREILE 4. BB 4 A4 AR

3 gBApTal) SHTAM)FAR I — WA T BV K 60N T P
BT ASHHAE

THHETEERX . NEHPATLIEH,F—F
Y FER — R TEW AU T 2 8] M BH K
BHES, BN THREFK X0,

Fig.3 Morphological characters of otolith for
S. aurita (a) and S. pilchardus (b)

F2 BHIPTEEANESHILE
Tab.2 Comparison of otolith morphology of S. aurita and S. pilchardus

28 /mm SE/NPTH S, aurita YWT f S. pilchardus »
~ FEoNI: /ME ¥ifE + baif FEoNI: f/ME ¥ifE + baifiz

4K TL 4.38 2.93 3.56 +£0.35 4.46 3.03 3.85+0.31 <0.01
FEBE TW 2.01 1.15 1.38 £0.17 2.03 1.26 1.71 £0.13 <0.01
FK DL 3.63 2.17 2.61 +£0.30 3.19 2.06 2.70 £0.27 >0.05
F 9 DW 1.04 0.54 0.71 £0.11 1.26 0.68 0.96 +0.11 <0.01
FHK WL 1.50 0.75 1.02 £0.16 1.40 0.54 1.05 £0.19 >0.05
g VL 2.33 1.60 1.94 £0.19 2.97 1.75 2.15+0.25 <0.01

{E:P>0.05 LI B2 P<0.01 HEFWEE,

4
*3 RGUEENEHDTEERTSHERS 3 o
Tab.3 Principal analysis of otolith morphology for - 2 oo g
S. aurita and S. pilchardus based on = 1 o B 8 0,0 o ;g;
traditional measurement ) . e 'ﬂ: 3
] ERA 8 Ry TR
BASH N 2 -9 .
4K/ K TL/FL 0.848 -0.126 BT s o 1 o 1 2 35 4
FEBE/ X TW/FL 0.592 0.709 B—RT
HFK/ XK DL/FL 0.626 -0.655
9%/ XK DW/FL 0.471 0.79 B4 ETHEGEESVUEERFHDOTE
FH-K/ X WL/FL 0.584 -0.588 FTRSEFSHE
JEWE A/ UK VI/FL 0.814 0.081 Fig.4 Scatter plot of scores on the 1st and 2nd
. *i{ﬂi{ﬁ 2.686 1.934 principal components of S. aurita and S. pilchardus
IR % sl .0 SU W& E/ANDT 6,2 BT,
2.3.2 Ao RYGRIIN =T A BE TR (P <0.01) .
FAZHH B340 v T AT 4328, Wilks” X =TGR EE ST A A R g, BAA AR
Lambda ¥XF 6 NSHUEHTHIE, BELEHETH /NS T .Y = 14384. 599 x DW/FL +

%% (DW/FL) 7%+ (DL/FL) I35 & (TW/FL)3 3  13663. 674 x DL/FL + 460. 083 x TW/FL -
SHCRX PR T #7028, Hr 20 iriss 145.322
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T fa. Y = 16414. 184 x DW/FL + B0/ N T RABIERE N 84.78% , 70T

12376.650 x DL/FL + 3016. 542 x TW/FL -
154.398

KPIFh D T A Bk i th 9 B A R 2548
P A BRI B WHZAE A T A BTG Y {E
BR ) BR B LB o o R 2 o DA 3 45 5 ok

7 88.68% , EARIERHEZHy 86.73% . L HIGIEH
ERGUEAINERLEM, £ QNPT AMPT
4y J| g 82. 61% Fl 84. 92% , i 14 IE 7 % Hy
83.76% (% 4) .

x4 ETEREVBZFHREMDTEAANITER
Tab.4 Result of classification between S. aurita and S. pilchardus based on traditional measurement by SDA

ES

AV UES &6/NPT 4 S. aurita YWT 4 S. pilchardus it EHR/%
%E;/J\@Tﬁ 39 7 46 84.78
P e
TR 6 47 53 88.68
S. pilchardus
b
ﬁ%d Z;T@ 38 8 46 82.61
AHRE iy
TR 8 45 53 84.92
S. pilchardus
2.4 M PR T AT SERE — ZFERrH
2.4.1  FRIToHT THURE A 5. HRYE B S0 w LUR R,

ERA TR R, DT AR AS
BUEHIHET 16 A F R RiT TR 1k 82.82%
APl 4 4> E R R T BAE SR 50. 52% , iy
OAEﬁEﬁ%?‘TMEEE’ﬂZ 02% (3 5) . M
ERS WG R B 16 A F B H R
B HAE B R BS \B2,A14,D1,D15,C17 ,A19
C12.C11,A18 ,A20,A17 ,C14,D16 D9 D3,

x5 FHuMowmENEHLSTEERESH
ER S
Tab.5 Principal analysis of otolith morphology for

S. auwrita and S. pilchardus based on Fourier analysis

ERGr RHEE TR/ % R TR %
1 17.983 23.354 23.355
2 8.968 11. 646 35.001
3 6.482 8.418 43.420
4 5.468 7.101 50.521
5 3.774 4.901 55.422
6 3.666 4.761 60. 183
7 2.766 3.592 63.776
8 2.353 3.056 66.832
9 2.122 2.756 69.588

10 1.870 2.429 72.017
11 1.704 2.213 74.230
12 1.585 2.058 76.288
13 1.419 1.843 78.130
14 1.298 1.686 79.816
15 1.164 1.511 81.328
16 1.151 1.495 82.823
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PR T AR — T B 07 i B A —E X5,

HEXHNAK. NEHFLIEH, 5 —F WM

B_EMAEPRY T B2 AR ERZ K
&, KPR B

eS1
0S2

-2 -1 0 1 2 3
BT

BS5 ETFEIHATERHDTEERSEFIHE
Fig.5 Scatter plot of scores on the 1st and 2nd
principal components of S. aurita and S. pilchardus

S1 A& /NPT 6,82 YT,

2.4.2  FF5HT
FAZB A FIRN AT T 474024, @8 IE

BRI 2R, R R AENETFH
Wilks’'Lambda £ #4756, s & %8 7 D1.C4.,
D4 .C5.C7.A8 B8 . B10.C18 JLIi 5 ¥ 3k % Wi fif
DT 7028, oy 20 g R 3R 9 W
e E BETTER(P <0.01) . RAX 9 TifshniE
SEHV R, BAR AR
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Sa/ND T .Y =719.934 x D1 - 259. 608
x C4 — 1318. 700 x D4 +713.761 x C5 - 426. 194
x C7 +910. 845 x A8 +893. 113 x B8 +70. 565 x
B10 +107.253 x C18 — 173.679

YT #a.Y = 803.321 x D1 - 95. 896 x C4 —
978.469 x D4 + 944. 333 C5 - 56. 804 x C7 +
181. 156 x A8 +555.752 x B8 —490. 393 x B10 —
395.211 x C18 —201. 110

RemiFh D T A BT B itk A9 3 S i

A LR FI B R, M AEARIT A TR Y EHi
KRB FT X BRI NFIBILE R KE,
IER SR AR GE I B ik 3 M4 R A K KR
Fto &N TRAFEFHERR 95.65% , 7T
#1494.34% , BAKIERF N 95.00% . 3ZHFIE
MR SMIRA DGR LM, &6/ NPT B
T 55 93. 48% F1 90. 57% , BARIE# N
92.02% (% 6) .

F6 ETHIMHIWHRMDTEAANITER
Tab.6 Result of classification between S. aurita and S. pilchardus based on Fourier analysis by SDA

S

BALH T LES &B/NDT 4 S. aurita YWT 4 S. pilchardus Bit B/ %
ﬁ%/]\‘?’/’:;l‘ﬁ 44 2 46 95.65
. aurita
BIHH5 W
. pilchardus 3 50 53 94.34
ﬁé’]‘i’/l\j—ﬁ 43 3 46 93.48
S E S. aurita
T
. pilchardus 5 48 53 90.57

3 atrSihe

RERSNES
Bffe— st H R, 3 2o o ik R 45
(CaCO,) B RICR ", B A 1k Bl fa ) K 5
HIY A — & WA A", R 5 B ol B 4
SEHRRE , R — AN I BT B AR
AV EE 0w v B2 s T i I g R v
& WL SS AT 730, BESE 4 0 AT B 28
PERYHSAE , I BXT AT 02K, XTI E &)
ERATREBEARSHFRH S AP
HORAFFINE THAY TEEAK 6 MESS
BE B RS EESHNEL 2K
(TL) \JEBE(TW) i 58 (DW) \JEHR K (VL) puf>
SREVMRDTEFHFEREEES (P <
0.01) , EWRATER NN, FIF DT 2
ERME TN SEEER ERET e XA
FrRERIRE A B AP BT 2B (E 3) .
B FURN AT IER R 155 80% LA L, HHE
GFRRIBIRCR o X TF PR B SER UL, 1R
BAaRSERrRERNIERBZBRERR, ZEH
FORIR A HIE R T 56 R Rl B S ARE ™
7T 38 3 A G A2 1 0 BBk , T A 4 3t 23 9 HH O

3.1

AR ZE 250, X FEH A K H AT A 3
AR R
3.2 HEiMaH

AR FATESHARN, FEDZFEER
ZHREMEIE, BIE% 0T AN &% TE
LI 2 3 B4/ N B 2R Ak, T R 2080/ B 22 A T B
SXHRN R . AP, R 10 4
WHOCEEAT UMY Ta EaER,
1M 10 - 20 MEEN BEE fF s 2 R A TE A
4135 (& 2), CAMPANA Xt Kk 7§ ¥ #% ( Gadus
morhua) B 56 B 4T S i B S5 &2 B, B 10
U B REM R 99. 9% ME RSN, ERI
212 3 LRI 42 2% £ ( Nemiptemy sp. ) HIHFTE
SR BEIAT R RE, ERT ISR
BR, ®F 20 4 E P, B 10 48 (E A &
31.25% i 15 HIEME & 62. 5% ; HUs Bl 45 2R
WHERZWES,F—F RS MEZFRSHA
RETRITHLIX 43 B RR YD T 2, CAMPANA £ 73+ H7 K
VOSSR A RS TP R EE 2
2 -5 HiEMH, 5 8 MERZEHIBECEILTEA
REEBARE Y X SARAR AN ZER], FE
A BB R L5 B P 25 2 X A 9 | 0 1
AR ZE X AR FE, BEA A FTY
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E® B ¥ K ¥

|

23 %

BRE—E 2P B T 7E 2 5 20 Hr B 25 5%
o AR AT IE R RS T 90% , LT &
GRS E B HIA IER R T 10% . Ui
ST B AR S MR AR — 2 ML %,
AR B I P A TR, FETE
#9 MSHCF A 7 BURFERT 8 HIREAH), b T
77.8% , FH R R 7 BT A BER 22 5
X AT RERE I O A T R — R AR AR T i,
R T5 1k A R AR T T R B B R UL, T A
BT R—Fh LI RAET7 v, B TR B A 66 B2 5 B
FAAER) T2 SE PR B R, 32 B3 20 i AT 8 2 %o
i — S IR 7 3 AR, AT R IR B 45 2R, TR G
HIF T 25 R AT A 5

A 3O EE ¥ mE AR I A K R A D T
BATR AT B, AR G0 245 I & vk Al Sr
ST 2 AT R A AT, BRP HbEAT T A2
FUF , [RY R P 7 7 5 AT LA, 3R T AR R
NSRRI . BESCAT LR B, iR 2R
AR EERBON IS, RS TS & vk
WA B H B ER R, (B i T HAB/N, E1E
B P A7 7E— RE B TR 22 5 R P S 3 b
IEFRRT T 10% , 207 R R Z 8/, 7T LAFE
SIEHIPTE R o R4S KB, Bl
W2 BB T AR/ e 2 A g R
AR [ ERER 5 £ T X A A e > R
PR ICER 7 A ik X 2 B A 7E A R B B A AR 9
TEOLHEAT IR T, 456 b RS T EE X B Y
TS AT B AL TR, R I RE B TR A I
RO LSRR o

S E 3K
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Using otolith morphology to identify Sardinella aurita and Sardina pilchardus
in south coastal waters of Morocco

FANG Zhou'?, YE Xu-chang'****, LI Feng-ying', CHEN Xin-jun"***
(1. College of Marine Sciences , Shanghai Ocean University ,Shanghai 201306, China; 2. Collaborative Innovation Center for
Distant-water Fisheries, Shanghai 201306, China; 3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries
Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China ; 4. National Distant-water Fisheries
Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on the 46 samples of Sardinella aurita and 53 samples of Sardina pilchardus taken from the
Chinese trawling vessel working in the Morocco coastal waters from June to August in 2011, their otolith
morphology was analyzed based on traditional measurement and Fourier analysis. Six of variables were
measured on the otolith and differences were compared by i-test; digitalized photographs of otolith were
transformed to Ellipse Fourier descriptors ( EFDs). Finally, six variables and 77 standardized EFDs were
analyzed by principal component analysis (PCA) and stepwise discriminant analysis (SDA). The results
showed that the total length (TL), total width (TW), dorsal width (DW), and ventral length ( VL) had
significant differences between two species (P <0.01), whereas dorsal length (DL) and wing length ( WL)
had no difference (P >0.05). Result of PCA showed that the first and second components made total
contribution of mutation for 77.0% by traditional measurement, and the highest variables were total length/
fork length ( TL/FL) and dorsal width/fork length ( DW/FL) respectively, the scatter-plot reveal a good
dispersion ; there were 16 principal components with 82.8% cumulative contribution by Fourier analysis, but
the first two components had too much overlap with a bad separation. SDA showed that three variables of
traditional measurement entered in the SDA , total correct classification was 83.76% ; 9 harmonics of 77 EFDs
entered in SDA with Fourier analysis, and the total correct classification was 92. 02% . Overall, Fourier
analysis is more effective than traditional measurement in the fish otolith morphology classification.

Key words: otolith morphology; Sardinella aurita; Sardina pilchardus; Fourier analysis; discriminant

analysis
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