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Fig. 1 Stations of L. polyactis sampling from the

Yangtze River Estuary(within black solid line)
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Table 1 Distribution of sample composition

FEAREL Size(n)

KA I [H] KA A5 & R
Sampling time  Body length/mm Body weight/g PRI Age/a HE e M b A ik
Female Male Unidentified

2009. 11 111~165 23.0~82.0 0 ~2" 36 48 0
2010. 05 122~190 24.0~104.0 17 ~3*F 32 20 0
2011.05 96~163 16.0~68.0 0F~2" 31 94 0
2011.11 85~158 10.0~70.7 0F~2* 30 17 37
2012.05 103~162 16.4~72.0 0F ~2% 25 19 5
2012.11 107~170 22.0~95.0 0F~2% 14 17 67
2013.05 95~160 12.9~63.6 0t ~2" 18 25 34
2013.11 93~160 15.4~59.3 0 ~2+ 7 5 50
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Fig. 2 Otolith sampling for L. polyactis
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Fig. 3 Otolith thickness measurement for L. polyactis
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Fig. 4 Otolith measurement indexes of L. polyactis
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Table 2 Otolith measurement indexes and shape

indexes of L. polyactis

JE B AR bR HARSHbs
Measurement Shape indexes

S -HA F Y (OW)

S, -HA RS (OT)

S; HA 15 LY (OA)

S, -HA K OP)
S; H K EAEC (OR )

I 3R (OP? /OA)

LA B (40A /=OL?)
LARE#I R OA/(OLX OH)
L 5 % (OL—OH) / (OL+OH)
I -H-17 % B (100 X OW/0A)

Ss e /NFEAEC (ORiw)
S;-HAK?OL)

Is B A F R /NCL 000X OA/L?)
I, JE A H T (4r0A/OP?)

Ss-H-11 569 (OW) I -I& I Lk (OW/OL)
Sy e K Feret 2K © (F,.0) Io-F H (Frue/ Fuin)

Sio /) Feret KT (Fi) Lo 2E 4 6 (OR i / OR i)

Note: D Otolith weight; @ Otolith thickness; @ Otolith area; @ Otolith
perimeter; ® Otolith maximum radius; @ Otolith minimum radius; @ Oto-
lith length; ® Otolith width; @ Otolith maximum feret radius; (0 Otolith

minimum feret radius

AR IRTEDT T B A7 45 %7 RF FLE A A% RF 5
fl A K C R Ho B 40 R 2 48 B 1 A b
RUBE & 19 B A 8 b o B A A RS =100 %6 X A7 48 %6
RoF /R &
1.3 $\H

JIE AT B 53 A R 2 A B shape spss20. 0, sig-
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maplotl2. 5.Image-Pro Plus 6.0 & excel 2010 5& %

FIH Image-pro plus6. O FIZAb 3R 415 31 /N 8 £
10 T0 A7 B A8 A e ) FH 2R R B30 T R B0OR 35 550 0R
BRI 5 IR R BT 5 0GR O 43 B B e xRS
FVE A AE X R B R AR K AR e R

FIF SPSS20. 0 X 10 Wi B4 JE 25 48 b5 AT 3 W43
G3HT (PCA) 45 81 B BAR M 19 B A 8 8 46 45 0 F T4
WNE 0 I B TSR A S AR AR R e R,

FIFH shape FA4x /N 85 54T B A7 A48 6 1 4 L i
A3 TR ET 3 AN EE R (@ =1.60 =, =0) HlIBx .
R TT A REUAH T H AN E N E M. w5
FIFH SPSS20. 0 Hr i) Fisher 32 25 A0 /Iy 1 A [] A= 25

FEATERT 0 500, 75 200 3 B T 32, R A0 31 R D) 2R 06 =
CH S TE 8 MAZ FER A ARED X100 %0,

TER B0 285 20 47 00 A0 391 1 Sk T B A4 G R
AP X H A A K A 5 e AR SO R /N B R AR R A
KR 130 ~140 mm ) 1 MK (c=—1 221, P=
0.223), H T a3 & BEA [F] M0 6] (1) 10 T H- A4 JE 385 458
PR B EEF(P=0 150~0. 912), [FIHF, % 5Bk P =
BER 23 B HEAT 45 4F 43 () B X AR AR T K 56, & R[] — B
IRTEN R AF 4y 18] 9F TG b 25 7k 22 55, HE B RLAF 4 AS [6] 17
WORMIBRFRZE R (W 3D, ME A N EAESE
PR tE AT X8 [log (X1 1) % . DU &5 50408 43 Fr i) e
W™,

®3 MNEEEVUASTHEABERIEAESERERERRUARK LA 130~140 mm,1 )

Table 3 Comparison of otolith shape indexes of L. polyactisbetween different groups

(Body length range from 130 mm to 140 mm,1 year)

P {H P value I, I, 1, 1, I5
BEREG DO 0.662~0.877 0.174~0.773 0.165~0. 909 0.180~0. 885 0.260~0. 397
ERAAR AL A1) 0.140~0. 749 0.197~0. 900 0.661~0.999 0.394~0. 461 0.257~0. 606

P18 I, I I I, I
HBEREG DO 0.114~0.768 0.680~0. 938 0. 600~0. 782 0.257~0.714 0.073~0. 933
BRI AH® 0.260~0. 809 0.140~0. 783 0.595~0. 939 0.298~0. 927 0.079~0. 921

Note: D Spring group(May) ;@ Autumn group(Nov. )

2GR

2.l BAEEERSFR FREXR
TEHEAT H A7 JE B8 An 5 M AR R IR B B G R R

AN Z T ST X RO HEAT R (R 5 L 0 BR S R (L
AMIFFE 0 550 1) T 2 e R 5L o B B A8 B R R 3 A BRi
BB R H A B2 R R bR 5 A PR (] YOG 2R L A5
FIMRARBR (LR D,

x4 HOEEERSEK.GREAXESFT

Table 4 Correlation analysis between otolith measurement indexes and body length.body weight respectively

. . LRPERREL RRREL  FRER L . . LRVEREL REREL  FEEREL
; . Linear Power Exponential . . Linear Power Exponential
Relation ship . . . Relation ship . . .

function funtion function function funtion function
K (D) -HA R (OW) 0.783  0.825 0. 823 IRJFR W) -HA R (OW) 0.779  0.801 0.758
MR (DB RS (0D 0.045  0.266 0.033 PR (WD B LT (O 0.026  0.149 0.013
K (L) -BA TR (OA) 0.779  0.782 0.771 R W) -H S (OA) 0.679  0.677 0. 664
K (L) -HA4 K.Y (OP) 0.753  0.754 0.75 IR W) -HA4 I HK® (OP) 0.672  0.676 0.672
K (L) B K22 (OR ) 0.827  0.833 0. 823 P (W) e K242 (OR ) 0.756  0.781 0. 770
PR (L) e /N2E429 (ORw) 0.707  0.709 0. 704 IR W) /NS (OR) 0.576  0.618 0. 610
KD -BAK? (OL) 0.828  0.830 0. 822 W) -HA4 K% (OL) 0.731  0.758 0.751
(D) -H A4 535S (OW) 0.742  0.756 0. 750 R W) -H A7 5% (OW) 0.674  0.709 0. 704
PR (L) K Feret 12 K9 (F,.0) 0.761  0.762 0.757 IR (W) - K Feret 12K P (F,..)  0.654  0.655 0. 649
A (L) F /I Feret KC (Fu) 0.641  0.639 0.577 R T W) /) Feret £ K% (Fy)  0.479  0.555 0. 400

Note: D Body length(L)-Otolith weight(OW) ; @ Body length(L)-Otolith thickness(OT) ; ®Body length(L-Otolith area(OA) ; D Body length(L-Otolith
perimeter(OP) ; ®Body length (L)-Otolith maximum radius (OR,.x) ; © Body length (L)-Otolith minimum radius (OR,) ; @ Body Length (L)-Otolith
length(OL) ; ® Body length(L)-Otolith width(OW) ; @Body length(L)-Otolith maximum feret radius(F ) ;@ Body length(L)-Otolith minimum feret
radius(F i) ; @Body weight(W)-Otolith weight(OW) ; @ Body weight(W)-Otolith thickness(OT) ; @Body weight(W)-Otolith area(OA) ; @ Body weight
(W)-Otolith perimeter(OP) ; ®Body wieght(W)-Otolith maximum radius(OR .y ) ; @®Body weight (W)-Otolith minimum radius(OR,) ; @ Body weight
(W)-Otolith length(OL) ; @ Body weight(W)-Otolith width(OW) ;@@ Body weight(W)-Otolith maximum feret radius( Fp,,) ; 2 Body weight(W)-Otolith

minimum feret radius(Fy,)
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2.3 HERARE(L).BEA Feret tb (L, ) EEKHXZE

2.3.1 £ &4 4 # (PCA) Sp/NEEA 10 DN H AR S
FePRIEAT E AT 0T R BLHT 3 A LA CRAAE(E > 1)
ERTTER AL 80, 414 % (WLFE 5) . AR¥E F 8 m &
B3 6) &, B R (1) JF He (L) 55— F s
WX RECHBEY . FERRTHAMK EhER, i
AW R B A 18 (1) JF B (1) R A0 10 T H:

AT SEON T/ /N a0 B4 B SR 0 17
HEMEAERKPLR,
RS EHAAWMERER
Table 5 Accumulation results of PCA
A
. FHAEAE TR HTTTHR
Principal
Eigenvalue Proportion/ % Camulative/ %
component
1 4.913 49.125 49.125
2 2.037 20. 37 69. 495
3 1.092 10.919 80. 414

*6 BHRAESERERSSH
Table 6 PCA results of otolith shape indexes

HARE F i)y Principal component
EEE 7D

Shape indexes 1 2 3
I, 0.594 —0.708 0.236
I, —0.945 —0. 066 0. 108
I; —0.103 0.729 0. 341
1, 0.902 0.414 0. 055
I; 0.233 —0.136 —0.578
I —0.268 —0.054 0.713
I; —0.603 0.703 —0.234
I —0.899 —0.418 —0.056
I, 0.917 0. 315 0.043
I 0. 839 —0.196 0.05

2.3.2 FaHE()EHhKe X % HoA R (L) Rl

R A I I 80N R 80~110 mm i, H-
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Fig. 6 Relationship between otolith roundness(I;)

and body length of L. polyactis
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Fig. 7 Relationship between otolith Feret ratio(I,)
and body length of L. polyactis
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2.4.1 o &SArik FIH 10 T00Hf 25 46 A i

TP/NE AR 2 A A B TR R, B T-test 23 #7
EBR 2 AR AR B 22 5 IR E (L) (=
0. 51,P=0. 608) Fl H- 47 % £ (I;) (t = —0. 399, P =
0. 690) , HAR B HAh 8 11 H- 4 I8 A 48 b5 E 47 A ) 2R 28
BER ] A 0500 3 B A5 B 2L 6 DS H A B S8R (L I,
I I I L) oy B 0y H 50 5 & BB 2 M AESHE
A B 0 590 B B 43 1) Sk 85. A %6 N 81 700

Y HZEREAR =42 783 165 I, +450. 512 I; + 807
511 473 I, +46 415. 586 I;+22 840, 093 I, +932. 460
I, —693 903. 941,

Y FKBEREAR =42 770, 327 I, + 444, 129 I + 807
241. 230 I, 446 566. 987 I,+22 864. 692 I, +951. 066
I,,—693 642 020,

2.4.2 A5 2 eb AT ik I FH A8 B g3 Bk R AT N
R A S AR 5 S8R shape 344 42
Hoa b LB 8) . 15 B4 iR B A e i 77 4
BB A BT T-test 4307 25 B% 2 DA B BEAA P AL
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The Application of Otolith Morphology in Life History and Group Recognition of
Small Yellow Croaker (Larimichthys polyactis) in the Yangtze River Estuary

FANG Cong'*"', GUO Zhi-Ming', XIAN Wei-Wei**, CHEN Ming-Ru', YANG Sheng-Yun'
(1. College of Ocean &. Earth Sciences,Xiamen University, Xiamen 361102, China; 2. Key Laboratory of Marine Ecology &-
Environmental Sciences, CAS, Qingdao 266072 ,China; 3. Laboratory of Marine Ecology and Environmental Science, Qing-
dao National Laboratory for Marine Science and Technology. Qingdao 266071, China; 4. Zhejiang Huanke Environment
Consultancy Co. ,Ltd. , Hangzhou 311121, China)

Abstract: This research took the otoliths of small yellow croaker (Larimichthys polyactis) sampling
from the Yangtze River Estuary at two seasons (spring and autumn) as the object. We proceeded the
correlation analysis between ten otolith measurement indexes and standard length.body weight respec-
tively and analyzed the relationship between otolith relative size,absolute size and standard length re-
spectively. Meanwhile, we selected the roundness (I;) and the Feret ratio (I;) of otoliths which repre-
sent ten otolith shape indexes by the Principal Component Analysis (PCA) to analyze the characteristics
of otoliths, and then discussed the relationship between otolith shape and special life history of small
yellow croaker combining with the absolute size and the relative size of the otoliths;On an another side,
we utilized the shape indexes and Fourier analysis to study the role of otoliths in group identifying. The
result showed that the power functional equation was the most suitable one to describe the relationship
between the otolith measurement indexes and standard length,body weight respectively. Because the fit-
ting effect of the length axis data of otolith (maximum radius, length, maximum Feret) is better than
the height axis data of otolith (minimum radius, height, minimum Feret) and the variation trend of the
height axis data of otolith relative size is more stable, it is reasonable to infer the growth conditions by
using height axis data in the following fisheries resource study. At the same time, The roundness(I;)of
otoliths appeared two inflection points of droping and Feret ration(I,)of otoliths appeared two inflection
points of rising when the body length was 110 mm and 160 mm,and the relative thickness and absolute
thickness of otoliths changed substantially between 110 mm and 170 mm, which was corresponding to
the first maturity size(108 mm)and the inflection point of slow growth rate(169. 2 mm) , respectively.
Therefore,otoliths may record the phase of sexual maturity and the growth change at every life stage of
small yellow croaker. The results of discriminant analysis showed that the correct classification ratio in
two groups were 85. 4% and 81. 7% by using shape indexes which the proportion of effective information
was 60. 0% ,and were 84. 8% and 85. 2% by using the Fourier coefficients which the proportion of effec-
tive information was 36, 4%. When both kinds of variables were combined, the correct classification ra-
tio reached up to 92 7% and 91 3%. It indicated that multiple otolith morphology indexes could im-
prove the ability of otolith morphology analysis obviously and the shape indexes could pick out the valu-
able information more effectively; Besides, we thought the high correct classification ratio between the
two season groups which showed the difference of otolith morphology was attribute to environmental
change in each season.

Key words: small yellow croaker(Larimichthys polyactis); Yangtze River Estuary;otolith morpholo-

gy; life history; group recognitio
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