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A R 2Z (B O R . WESE B 7E W -
A7 AR AR A A KRR R S O Y G
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WK 6 m, ZER K H A 20 mm, FE LT A 2 kn,
BEA sl 5 AR ML B[] 29 28 30 mine FEFEAS R AE
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Fig. 1 Distribution of fishery resources survey stations in the Yangtze River Estuary
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W, A o 2 ol FDRS FE 0.01 g Y HL 7 P FR i
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HIR I 24 h G BE TG O H RO R
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122 HARENE

XoP Sk Mg £ HA R AT UG AR, B e
AT ) _E TR B (Olympus CX23) T,
SR J5 0 ) 5 B9 FCSnap Sk i3 1245 00 4% 4 ot B
AMIESSEGHATIE . 7RIS 5T, HK-F e
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F1 WABEGERAESER
Tab.1 Morphological parameters of otolith of

Collichthys lucidus
e b W
Number Index Measurement standards
1 HAOkL, A B ) i i Y B S
2 HAO%L, EoA A S I E Y 5T
3 IR FAr ebt 21300 2 Y i 1 B S
4 RN oy v B30 2 00 dec B B
5 HARK P, HATAFIN 1 G0 T2 PR i
6 HAE A, HoA (1 R — Y 1R
7 FuNMMEFEMRS,  HA R ER/NMERE m
8 KL, A K 590
9 HAERIL, HE%k$ﬁ§%$$@%
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A - D

B C
AD. HfK (L) ; AB. HA19i(L,) ; OF. H-A7 /142 (r) ; OE.
HARICPEQR) AR (P) s AT (A4,) s e/ NIMER Y
MRS s KFE (L) s HAER (L) .
AD. Otolith length (L) ; AB. Otolith width (Z,) ; OF. Minimum
radius of otolith (#) ; OE. Maximum radius of otolith (R) ; Otolith
perimeter (P,) ; Otolith area (4,) ; Area of the minimum bounding
rectangle (S,) ; Length-to-width ratio (L,) ; Otolith radius ratio
(L,).
2 MEBEAEAESERTEER

Fig. 2 Diagram of otolith morphologic indexes of

Collichthys lucidus

123 BdlaAbB51%

BT AR ESZR AT E
Je Al ] Excel BT K iy 2 10 7e 47 B A7 (9 9 30
TS FEARPEAT RS FEA (K6, i o HAEA [)JE
ASHEIE b A 22 5 0 5 SR SR LA e R A
(4 9 T 45 2 B EA T R A b B, 2 B BB T Ik

HARSN E S50 8 o 458 B0k 50 7 R
B X ERR BT SR R RO 22 355X R A
MRS H A EERESEEG K AR
KA, AR R {5 BN (Akaike information
criterion, AIC)""* B HE I AU & PR AL

2 ZER

2.1 WkBEGHERAMESH

FER A A 49~187 mm A4 K VT 1183k A 26 £
FEAR 2 A HANSTIESSBARZE T A
WE, EHANEARE ST KRR R
tr AR CER R /NMERE A K S &
7 Ly ¥ {E 43 3 R (5.18+0.96) mm, (3.91+
0.70) mm. (2.91£0.51) mm. (1.50£0.29) mm.
(14.58+2.70) mm. (14.89+5.44) mm?, (20.91+
7.64)mm?, 1.33£0.04,1.96+0.18, A H-A ) ik
2B 43 9 R (5.19£0.96) mm . (3.90+0.70)
mm. (2.9240.52) mm. (1.48+0.28) mm. (14.63+
2.70) mm. (14.91+5.47) mm?. (20.94+7.65) mm?,
1.33+0.04,1.99+0.19, £ T $5 bR i 1 40 £k (i 0 3=
2,

K2 BMABESRSHEHER

Tab.2 Numerical table of Collichthys lucidus morphological characteristics

fx KA Maximum #%/ME Minimum SFEHI{E Average
o
Tt AR g JeHAT HEA JeHAT HEA
otolith Right otolith Left otolith Right otolith Left otolith Right otolith

HAK L /mm 8.51 8.37 2.83 2.90 5.18 5.19
HA1 58 Ly/mm 6.32 6.22 221 2.20 3.91 3.90
I K A% R/imm 4.48 4.34 1.53 1.62 291 2.92
He/NFEAE r/mm 2.50 2.39 0.88 0.83 1.50 1.48
HAK P/mm 23.52 23.18 7.99 7.94 14.58 14.63
HAHM A, /mm? 36.99 36.37 4.49 4.46 14.89 14.91
F/MMEE RS /mm?  53.72 52.13 6.27 6.38 2091 20.94
KIEHL, 1.45 1.44 1.22 1.22 1.33 1.33
HAPRIL, 2.66 2.59 1.49 1.57 1.96 1.99

22 ERERERSH

W FX AR e K I 25 R Won , A8 A HAAFE
HA 5 L, K48 R VHA TR A, Ffe/ NMIMER
TE R L 22 7 A8 183 (P>0.05) , 1 7F B A K
L KSEW L, B/ r SRR L AR P, A
TER#EEH(P<0.05), K3,
2.3 BEARIFERER

X 72 B A 9 T 2 S B8O R AT 844
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Br(F4). R 8mR,H—F o e — E s
3R TR S HUR 76.795% 1 12.616% )
SRR, B TTR N 89.411%., HH— F 5
HoaK B A% /NMERIE R B A K
VA 1 B S A KO A G, B K Rl /o 2
JE Y 18RRI 7 R B K (>0.99) , BRI, 55— 3=
B AT AR 2 B A R AR A R AR 5 5 Ay
5P LA R IE AR G R A LR AR
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AR 2 8T, B A R/ NIME SR T AR A
AR H A 3 AN A S RO A R A 2 H A i R
PRIE BRI

®3 EABEAESERRBER
Tab.3 Results of #test of left and right otolith

morphological indexes

R, B BT R K 89.976%, HF— EM S H A
K HATE B R B i B /N IMEREIE
TR AR IE AR 5C , B A7 K AR /INME AR TE T AR
18 3 fif 2R A K (>0.99) L BRI, 55— FE 43 AT AR
T HAT RV B IIE SRHIE 2 — E o SR A
BORIEA O ACREA B UK . MR 325y

HAR Gl HbEy Hfr , HATR o/ NMEFE B4R H A 34
Parameter of otolith Statistic# ~ Freedom df ﬁﬁ?&%ﬁﬂﬁ%{ﬁﬁjﬁﬁa EI/‘J %’Mﬁ%?& %?E )

A L SRR M 4wk EeHRIERSERSHEK
HA % Ly/mm 0.851 408 0.395 .
Koi L, -2.769 408 0.006 K&
AR Rimm -0.263 408 0.793 WF5E K B, Wk A B £ 70 47 B A I B A IR
/N r/mm 6.477 408 <0.05" (L) R/ NMEREIR TR (S) SR K Z A1 B9 ¢ &
HApRL L, 3.090 408 0.002" S B R I SRR R 1 B AR (L)
A P/mm 485 408 <008 SR 6 RN i a4 HR R B R
FAER A mm? -189% 408 0.059 B 30 R KR T e ORI Uk 22 T Ok S I A
?/ﬁiﬁﬁﬁ%ﬁ 2 ~1.209 408 0.227 HEATILA 0T, G5 R TR L, S, SR 0 2 R

TE % 225 B3 (P<0.05) , BB /NI <0.05" 8%
Notes: *. Significant difference (P<0.05) , values less than the
detection threshold are represented as <0.05".

XA HAT 9 OB S S BB BEAT L5353
(F4), ZERER,HE— T M E W5
SR T IS BN 76.521% F1113.455% (1) 5Tk

F(R>ryo) AL S SRR KR IR Z I
P SE BT 5 PO [R] 2D A R Y, B 9K
Z I RS HOR AL T HAl i B L, SRR
(5 R AL E (R<ry,) , IR Z T B E R AL
5 A [ pRECU G R 9, IR IR L
LA BRI (K 5) o

R4 MIBEEHEARFESEREIRS S

Tab. 4 Principal component of morphological index of Collichthys lucidus

Ze M AT By

A WS

Morphoal% ﬁ:ﬁ?iﬁrameter Principal component of the left otolith Principal component of the right otolith
1 2 1 2
HAK L/mm 0.998 0.032 0.998 0.021
HA5E L,/mm 0.989 -0.041 0.989 -0.071
Kot L, 0.312 0.443 0.299 0.576
K4S R/imm 0.957 0.243 0.962 0.216
fe/NEAE r/mm 0.973 -0.199 0.971 -0.194
BRI L, -0.154 0.914 -0.056 0.886
HAJEHK P/mm 0.991 0.023 0.990 -0.007
HAER A, /mm? 0.992 -0.020 0.992 -0.036
e/ NMEFIE R S, /mm? 0.994 -0.031 0.994 -0.050
AL
f;)}:i(‘tr]ii;;i?;ite of each component/% 76.795 12616 76.521 13455
AR 76.795 89.411 76.521 89.976

Cumulative contribution rate/%
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*5 BMIMEEHEAFIESHEFKUEGHE
Tab.5 Fitting equations for the relationship between otolith main parameters and body length of Collichthys lucidus

AR KR PREE Y AT s R
Growth relationship Function Equation

TERR AL L,=2509.6¢""7 3 07973  0.8929

’ ’ HE& L,=38.316L+1471.8 0.841 1 09171
Egﬁhf)tt‘h(illtﬁtt‘:ﬁ body length X e K L=3814.2InL-12 156 0.8544 09243
ZIRZ I L,=-0.170 12*+74.108L-309.6 0.858 9 0.926 7"

AL L,=175.44 L7 0.8490  0.9214

R TR L,=2.028 2¢73 1 0.0053  0.0728

e ’ EE23 L,=-0.000 6L+2.040 9 0.005 4 0.073 5
Eiﬁiﬁ%ﬁﬁ: Jj:? ;rfd) body length XA AL L,=-0.031InL+2.124 7 0.001 6 0.040 0
ZIRZ I L=4x107 [+0.008 8L+1.574 8 0.0412 0.203 0

PR L,=2.092 5070 0.0016  0.0400

HRR L L,=2 499.9¢"°7 3¢ 0.799 7 0.894 3

’ ; H L,=38.307L+1 462.5 0.8433 09183
igfﬁ;ﬁ&ﬁf&fgo dy length PORA L L,=3 813.5InL-12 163 08567 09256
TR Z I L,=—0.168 1.+73.692L-298.65 0.860 7 0.9277°

i PR R L,=173.32L07%2 0.851 1 0.9226

CRICER L,=2.067 3¢ 1" 0.0228  0.1510

F— 3 HZ L,=-0.001 2L+2.076 4 0.023 2 0.023 2
Leﬁfj;ﬁi EE&;;@T&;O dy length bR Cid L,=-0.097InL+2.403 6 00159  0.1261
/& 2B L,=-3x107°L*+0.006L+1.718 6 0.043 7 0.209 0

i PR K L,=2.418 3L7°% 0.0156  0.1249

TRAPR B §,=5%10%"013¢ 0.773 9 0.8397

A R MMEE I LS, ) - (L) Hk $,=304 609L-9x10° 0.8486 09212
Area  of minimum circumscribed DORA RS §,=3x10"InL-10* 0.8320 0.912 1
rectangle and body length TREIR 5,=-336.89L7+375 509L-107 08497 09218
e PREL §,=26 710L'4"* 0.8408 09170

Y FORIIG R
Notes: * means maxium degree of fitting .

HAFERESH SRR, k%
ﬁ@ﬁﬂ%&@ﬂ@%%ﬁ%@ﬂ%%mﬁ@]
3), H.S, LI LS KZ PR B3 (P<0.05),
25 BIEEEAHEATERSKERSHEERE
X7

WAL R Bk A B AR L, .S,
SRR 2 0] 5 &R i i R R AR R L LS
R R AR . IR R 5L EL
22 I ORI e PR O B i A T L5 o A R WL L, LS,
SR 2 A 26 R (R>rg,) L (H LS
AT 1 1Y) PR AR TR R BB S RO [R] eR A0S
rh R R ), B R AL T LA R B R L, S K
Jo 1 0K 2R 3K AH G R BOCRR R 1K 21 4 . 2 K-
(R<ryy) , IR ZI P E RECH S TR TR R L
PG s 1, 22 B Rk 20 X R LA BSCR A
XA (F6) . LASERFTENILA LR S HR K
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AL, AR BN HAR

HoA LS, 56 T B AR Rl
TR (K 4), H L, LS, SRR 2 6] ¢ 2 i
#(P<0.05).

3 ihe

30 EAEAESHENNRESERYE

A G UL Sk Mg 2 0 22 A B R
SFRAEHAT T R 00r. 450K, HAamK
R RRCER RN ER K AR LK
Y LT A S EU - 4 5 bR v 22 AR B o 2
I, RO SR BRI a4y
Br(PCA) i —48 N, A EE (L)) R/ NIMER
TE RS, FIREAR (L) SESEOT A SRR A
Y RERTE S FRAE , DU R A B K R/ N M
FEOC AR, A2 A A Z E 258N,

E
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Fig.3 Relationship between primary morphological parameters of otolith and body length of Collichthys lucidus

SRM , PR FEAS ¢ K B 25 R WoR , 224 BoA
FES /AR AR LR RN T AR AR o S
TE7E i 2 22 53 (P<0.05) , 3% AT fig 5 S A 2 10 4>
PR AR B T R TIOA BE 22 AR B 8 5%
AN RM G, CAMREL, alXHEA0E
B RS HAERK L% UM C , VIGNON
IS R IR, B R T A R) S T R
SIEFAEESHE (MR BB E 2R,
HUSSY 4520 W35 K IR B I sh & BB A 4K
R R AT FR R e LT R . T
U S N ] BT ) 2 SO 2 o A W B I N i
PIORTY N e 7 N S R (O RUE f O EW S | 7S
KB AR

32 BERFERSSHEEKKHXER

W5 R, B K (L) SR K Z a7k 2
F TR LW R (R?>0.85) , T AMEFRIE 1 FL
(S) HIHAK A& R BRI LA RO (R2=
0.849 7) , X BiHA — 1k 270 X pR AL BE U8 A U b A iR
RSk A 2 A0 AR S S 2 [ A AR Lt A
3, ATRB S T A 2 E K R rh B U R AR
o SR AFIWFIOS AT S SR K LR INLE S
FEAEZE S URRAK 2= 52X B M T 12 Rl il 1 2
HASERKSERIFFFTIEN, BATES SR K Z 0
P LM OE R i AR K BUH A R
JE SR S AR AR OGP . X s 22 R nfg
VTR b A KB B sl R P R 5
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Tab. 6 Fitting equations for the relationship between otolith main parameters and body mass of Collichthys lucidus

ERKHR PRECE AL a7 s R
Growth relationship Function Equation
TREPR AL L,=4152.8¢123" 0.7085  0.8417
HL& L,=66.9567+4 072.9 0.8033  0.8963
AHARKL)ARBE () T
SRV = 2w+ . . .
Right otolith length and body mass XTI PR AL L,=1306.2In/7+1 836.2 0.9056 09516
/€ 2UEN L=-0.853 1W*+117.02+3 615.8 0.8771 09365
TERREL L,=2 660.7W"%33 09104 09541
TR R L,=2.002 4¢777 107V 0.0119  0.109 1
" g EE27 L,=-0.001 5W+2.011 1 0.0121  0.1100
AHATER (L) R BT (W) — B
Right otolith radius ratio and body mass RECE L=-0.004In/7+1.995 7 00002 0.0141
/& 275 L=—6x107+0.002 17+1.978 5 0.0231  0.1520°
ELTE L,=1.983 370 0.0002  0.014 1
ERIETEEA L,=4 142,614 0.7128  0.8443
Bk L,=66.994W+4 062 0.8067  0.8982
FEHAR (L) BT () I
e L,=1306.1InW+1 826. 9082 0.
Left otolith length and body mass * @Z@ﬁ( =1 306.1In/¥+1 826.3 0.908 09530
/& 2UEN L,=-0.838 7TW*116.22W+3 612.6 0.8783 09372
TERRAL L=2 651°%4! 09130 09555
ERIQTER L,=1.994 6™ 0.0323  0.1797
Bk L,=—0.002 5/7+2.003 0.0327  0.1808
LeHATAR (L) - B () P
FHER L,=—0.027InW+2. 0111 105 4
Left otolith radius ratio and body mass RS 4=70.027In/¥+2.030 3 0-0 0.105
/€ 2 E. L=-5x10"7+0.000 3+1.977 3 0.0394  0.198 5
R RER L;=2.017 8001 0.0109  0.104 4
TRERR AL §,=107"042% 0.6559  0.8099
= A a F2H — 7
AT /NN SE I TS, ) it (W) A 5,=551 829/+10 08710 09333
Area of minimum circumscribed rectangle and PR §,=10"InW - 5%10° 0.8849  0.9407
body mass TR E T S,=—4 780.877+832 421 W+9x10° 09080  0.9529
R REL S, =5x 104 09204  0.9594°

VE* R R
Notes: * means maxium degree of fitting .

S AR, B2 AR e (L) SR K A LA RO
B, IR T R B PLE BEAUR 0.04, 53X —45
R T AR SRR Z M S R R 4,
AT B2 B A LB SRR AL AR 22 F ¢
Wi, 2R AE B AR L AR I SR K
[ ARG MRS X R H A AR L 2 b S i T
HAT R UREIE , mARAR K 0 B 0
33 HRATERDSSHSERENXER

H5HAIEESMEK N R ML, Ba K
(L,) A/ NIME TR TR (S, ) 5 4% 0 1 22 ) 71 56
RARI B E MR REOCR (RP>091) . X —45
REW, AR E SR & Z R 8RB %
YI, B R RBP4 ORI e, CRF T B A E R R
W f0 2 A KRS A R A . X 5 7 BRAEPY Y
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WFFE 4 R — 50, B BB 252800 AR S S ik
i R AR AR JE R AR T i 3 R B TR A By
Beo SR, R 200 B AR (L) SR
IS B R AR A i e, (R R A B A
K (R2<0.04) o X —&5RBE— LS5 T L3 E
J W B B8 JLART R UK AR A 4o A A A Bt
X EE T H AR IS Z 2R R,
LB IR AL AL Pl 8] 1) 22 57 DA K #8261 5 IR AR
AL RXERE LSRRI R R BN E % R
HEE S ] 2 R B A BEA T 0T . NI
JE (L) At/ NIMERETE THIRR (S, ) 2 S Rk A 2
R ORI A BOE 1605, 1 B A (L)
SRR B C R, R n %S BOEE ]
TR AT B LT AR AR A K A
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Otolith morphological characteristics of Collichthys lucidus in the Yangtze
River Estuary

YANG Chen', ZHANG Chenggong', WANG Ting **, LI Jianhua'*, ZHAO Jing'*, CHEN Jinhui**

(1.8chool of Marine Biological Resources and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. Shanghai Research Center for Aquatic Wildlife Conservation, Shanghai 200125, China; 3. Joint Laboratory for
Monitoring and Protection of Aquatic Organisms in the Estuary of the Yangtze River, Shanghai 201306, China)

Abstract: To investigate the otolith morphological characteristics of Collichthys lucidus in the Yangtze
River estuary and their relationships with individual growth traits (body length and body mass) , a total of
409 specimens were collected from June 2022 to May 2023. Nine otolith morphometric parameters,
including length, width, perimeter, area, maximum radius, minimum radius, minimum bounding
rectangle area, aspect ratio and radius ratio were systematically measured on both left and right otoliths.
Principal component analysis (PCA) was used to extract the key variables representing otolith shape
variation. Subsequently, the relationships between otolith morphological indicators and body length/weight
were analyzed and fitted using exponential, linear, logarithmic, power, and polynomial functions. The
results indicated high consistency in major morphological parameters between left and right otoliths.
However, significant differences (P<0.05) were observed in specific parameters: otolith length (L,) ,
length-to-width ratio (L,) , minimum radius (), radius ratio (L,), and perimeter (P,). PCA revealed that
otolith length, minimum bounding rectangle area, and radius ratio were the most influential variables in
shape variation. Among them, minimum bounding rectangle area showed no significant difference between
sides (P>0.05) , and thus data were pooled for further analysis. Polynomial models best described the
relationships between otolith length and rectangle area with body length (R>>0.85, P<0.05) , whereas
power function models performed best in fitting their relationships with body weight (R>>0.91). The radius
ratio showed poor correlation with both growth indices. This study demonstrates that otolith length and
minimum bounding rectangle area can serve as effective predictors of individual growth in C. lucidus. These
findings provide a theoretical basis for understanding the linkage between otolith morphology and fish
growth, and offer practical insights for fisheries resource assessment and species management.

Key words: Collichthys lucidus; otolith; morphological characteristics; growth relationship
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