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Abstract
Coilia is an important economic fish. Due to the influence of different geographical environments,
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the economic value of different species of Coilia. The otoliths of fish are located in the auditory ves-
icle and play an important role in fish classification and age determination. In this study, the mor-
phological differences of otoliths among Coilia nasus taihuensis, Coilia brachygnathus, and three dif-
ferent groups of Coilia (Liaohe Coilia ectenes, Dayanghe Coilia ectenes, and Yalu River Coilia ectenes)
were analyzed using the otolith morphology measurement method, and the relationship between
fish body length and otolith morphology was also analyzed. The results showed that there were sig-
nificant differences in otolith morphology among the three groups of Coilia and lake herring, short-
snouted herring, and among the three knife herring groups themselves; and there were also differ-
ences between lake herring and short-snouted herring. In addition, through otolith morphology dis-
criminant analysis, the discrimination accuracy rates of Liaohe Coilia ectenes, Dayanghe Coilia ec-
tenes, and Yalu River Coilia ectenes, Coilia nasus taihuensis, and Coilia brachygnathus were 89.5%,
86.7%, 84.8%, 90.0%, and 93.3%, respectively. Thus, it was concluded that the body length of the
tested fish was positively correlated with the otolith morphology.
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B5rHT[11]. Kimberly Smith [FIFEFIH OPRS X HoAr . M, Mlm58. DA B 23T 1 E,
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Table 1. Basic information of Coilia ectenes, Coilia nasus taihuensis and Coilia brachygnat

= 1. )8 HETREMESTIREERER

Fhzk PRSI KA AEAH(RE) AT mm A 148 /mm = FH){H/mg
Species Sampling sites Time Tails Body length range ~ Mean body length Body length range

L]yt

. o L] 2014.07 19 193.06~372.03 252.82 71.59
Liaohe Coilia ectenes
j(yizﬁj{tl@f pNE) 2015.06 30 169.00~280.00 229.08 49.77
Dayanghe Coilia ectenes
3 25k N
W%/%/I?]'@?f LES SN 2015.08 32 190.80~254.37 217.90 34.76
Dayanghe Coilia ectenes
biLE 8
o et . . KA 2015.08 30 145.51~256.11 221.34 41.70
Coilia nasus taihuensis
oA .
il HBFHW 2015.09 30 193.97~274.21 234.47 51.00

Coilia brachygnathus
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Table 2. Morphological parameters of otoliths in fish
2. BXEAESHNESH

M E 2 H Measured parameter 18 Description
HF K (Otolith length, H) B AT 2 5 5 R
H 7 % (Otolith width, W) HoA WHE 2K EE
f#(Area, A) HA B P
Ji K (Perimeter, P) BR AN HN 100 25 1 S B
Hf7 5 (Otolith Weight, OW) HAM LR EE
R #43l % (Rectangularity, R) EAT AR S ot/ N AN DR T T AR 9 BG4
F85LJE (Circularity, C) HoA R B 5 S5 H HeE
% % (Density, D) HAHEE SR HE
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Figure 1. The lateral (left) and mesial (right) surface of left otolith of Coilia ectenes
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Figure 2. The graphic of left otolith of Coilia ectenes, Coilia nasus taihuensis and Coilia brachygnathus
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Figure 3. Relationship between body length and otolith area, otolith weight, otolith length, otolith width, otolith circumference
and density of Liaohe Coilia ectenes
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Figure 4. Relationship between body length and otolith area, otolith weight, otolith length, otolith width, otolith circumference
and density of Dayanghe Coilia ectenes
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Figure 5. Relationship between body length and otolith area, otolith weight, otolith length, otolith width, otolith circumference
and density of Yalu River Coilia ectenes
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3.3. HARSHEFRERS 2
X BA S B AT oy i, SR ILAE 3 AiA 8.

Table 3. First three principal components and cumulative rate of correlated matrix for eight characters

3. BIZADERSHITIEREM 8 METSIERN A ETE

AR TR 1 AT TSy 2 Ff F s 3 Fife i
Character Magnitude of load on Magnitude of load on Magnitude of load on
principal component 1 principal component 2 principal component 3
EENETIEALS S B
Otolith area/body length 0919 0.167 0106
HAa#E/MgK
Otolith weight/body length 0-830 0.530 0.128
Bk ik B B
Otolith length/body length 0.937 0.218 0.180
A Bk K B B
Otolith width/body length 0-919 0.184 0.261
A K B
Otolith circumference/body length 0915 0.333 0.028
Fe PRI —0.678 0.306 —0.230
Rectangular approach rate
F}Elifs 0.079 ~0.410 0.877
D””:;’;%y 0.400 0.810 0.372
Ei?eilﬁvgﬁlue 4.718 1.420 1.090
TR ZE (0
TR (%) 58.976 17.746 13.623

Contribution rate

FBTTHRER (%)

. L 58.976 76.722 90.346
Cumulative contribution rate

fH7E 3 AT, X EA RS B TTRERRIE R T 90.35%, HA TR —MTTE RS, N 58.98%,
TR E R I TTRR R BN 17.75%F0 13.62%. fEFERS—, HAmRAAK. BaEAsK. A
KAaK. HoA SR KA E A AR K e & 39805, 73008 0.919, 0.830. 0.937. 0.919 #10.915. i%
WFRRY, X—Fln FEMARH AR T, FEMDERER RN EFms —h, HaE/
AR RN B ) g B R, 058 0.810 A10.530, 1 BHIX — = Al sr £ B 2 o B By fEE
BOr = WS R R A B KN 0.877, HARIIIIEUN, UBH R o 3 B R R BoA S K BT S
AL . Bk rr s, XAMABEARESNZR FEZmA, =i, BRI R,

3.4. JISFFGHEFEMSEMAXRA
S AT 954 5 BT 25 5 RIS KT S T 5 W 2 [ E 36 R, 4550 R 4 4.
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Table 4. Coefficients of Coilia nasus and Coilia nasus taihuensis

F 4. NS EHNER RBIRE

S ) E K
ijgffnjfsfnd HATHR HAE Hhk HA% OtoliHmEci}r—chle?nfer-
o . . Otolith area Otolith weight ~ Otolith length ~ Otolith width
Coilia nasus taihuensis ence
N
ERAY 0.55 0.53 0.43 0.58 0.41
Coefficients

3.5. HARSHIR 4T
JEt SPSS19.0 X FLFF LA rp REANAMA R T oA TS F A 0 M H 257 Fisher FIAI A%, 45 R UK 5.

Table 5. The morphology discrimination analysis results of otolith

= 5. BAMSHIRSHRER

J) 5 Fh 2% Discriminant species

PHUNIES it

Actual type Total L‘mﬂﬂ @:j KPR T b el l\«iﬁﬂ Tt ' il Fsiw jerios
iaohe Coilia Dayanghe Yalu River Coilia nasus tai-  Coilia brachyg-
ectenes Coilia ectenes Coilia ectenes huensis nathus
SURTIDAL TS 19 17 1 1 0 0
pERTIPAL 30 0 26 4 0 0
[LESAwa) 32 0 5 27 0 0
i 5 30 0 0 2 27 1
VIEHI AR (R) % TR0 8 6 30 0 0 0 2 28
Initial discriminant result
(tail) % pURTIDAL 100 89.5 53 53 0 0
PGPl 100 0 86.7 13.3 0 0
LEEr sl 100 0 15.6 84.4 0 0
IR 57 100 0 0 6.7 90.0 3.3
TR0 BT 90 5 100 0 0 0 6.7 93.3
SURCIDAL T 19 16 2 1 0 0
K T8 30 0 26 4 0 0
TS LRI T 5% 32 0 7 25 0 0
NGRS 30 0 0 2 27 1
IR R () % TS8R A e 30 0 0 0 2 28
Cross validation result
(tail) % LI T fi 100 84.2 10.5 5.3 0 0
KPR J1 ik 100 0 86.7 13.3 0 0
WY SRIT Tt 100 0 21.9 78.1 0 0
IR 5 100 0 0 6.7 90.0 3.3
0 B3 B 100 0 0 0 6.7 93.3

142 5 LRI T 19 ANAMAA 2 A0 A KR T 5 RS 23T T )8, FA 5 v R 30
89.5%; KPEI JIHE (1 30 NMAHAT 4 DMYPCARINMERIT I, HFIBIER R 86.7%; MYLRIT I
32 MAMEA 5 AR REER T, FA R AER Y 84.4%; AWIEIGTI) 30 NMARA 2 M)
NIRRT I, 1 AN BB R s, R HET 20 90.0%, BSFHIIARE AT 1) 30 M MAHhA 2
ARG, IR HER 20 93.3%.
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Figure 8. Cluster analysis results of otolith morphology of Coilia nasus, Coilia nasus taihuensis and Coilia brachygnathus
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TET MR, 22 S A0 T IS R A (R P b ) 52 =R, iR, AR B ok
R, JEUEA . WEIT L5 SRR I T BE A 2 e 0, HE AR AAEAEN T 3 Z I8 R A 51 [20]. &%
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