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Fig. 1 Sampling sites of Larimichthys polyactis
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Tab.1l Larimichthys polyactis population morphological measurement sample

AN 5 LA i . N " | > 2 2. S 7. A .
K#iﬂ;,m ,Iﬁfﬁzlllil BB TR PR EE Y /mm P44 /mm
sampling latitude and L gonadal body length  average body

. . stage sampling time umber .
location longitude range maturity range length

S 32°00'N-32°30'N, IFZEFHNT non-reproductive period  2019.10.11 41 -1 95-158 129.29+15.64
Lvsi  121°30'E-122°00'E /L7580 reproductive period 2020.4.12 60 -V 96-170 128.02+16.68
T 26°00'N-26°30'N, F/EFEI] non-reproductive period  2019.10.15 38 I-11 136-169 151.24+12.82
Ningde 120°30 'E-121°00'E /5487 reproductive period 2020.1.14 58 -V 133-178  155.60+10.05
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Fig.2 Schematic diagram of morphological
measurement of Larimichthys polyactis

1: total length; 2: full length; 3: body depth; 4: head length; 5:
head height; 6: postorbital head length; 7: trunk length; 8: tail
length; 9: snout length; 10: eye diameter; 11: caudal peduncle
depth; 12: caudal peduncle width.
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Fig.3 Schematic diagram of frame measurement

of Larimichthys polyactis

1-9 are the anchor poins. 1: the beginning of the pectoral fin; 2:
the snout end; 3: the beginning of the pelvic fin; 4: the dorsal
end of the operculum; 5: the beginning of the anal fin; 6: the
beginning of the dorsal fin; 7: the end of the anal fin; 8: the end
of the first dorsal fin; 9: the end of the second dorsal fin.
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Tab.2 Morphological indexes of Larimichthys polyactis
A W R G B SN
code measurement trait code measurement trait
L R (W 3 55 — BORME M KT B ) 17 24 (Wi 42 68 35 75 ¥ A it ) B )
total length [horizontal rectilinear distance (hor. rd) between 2—4 (rd between the snout & the end of operculum dorsal)
the end of the snout & the end of the caudal vertebrae]
2 R (W E) R K I 2 ) (KT E) 18 34 (5 B o5 20 0 35 5 340 R o 19 HE )
full length (hor. rd between the end of the snout & the end of 3—4 (rd between the the beginning of pelvic fin & the dorsal
caudal fin) end of the operculum)
3 R (AR R R ) 19 3-5 (EEER S 2R SN E)
body depth [vertical (ver.) rd at the highest part of the body] 3-5 (rd between the the beginning of pelvic fin & the be-
ginning of the anal fin)
4 SR (W B8 R 5 S Z KT R ES) 20 3-6 (EEEHS M BT EER SN E)
head length (hor. rd between the end of the snout & the back 3-6 (rd between the the beginning of pelvic fin & the be-
edge of an operculum) ginning of the dorsal fin)
50 KB CkHEREmRTEED) 21 3-8 (SR A F 5 — 3 R I I )
head height (ver. rd at the highest part of the head) 3-8 (rd between the the beginning of pelvic fin & the end of
the first dorsal fin)
6 HRJE LA (IRIE S5 20 3080 25 15 S Z A1 (W HE ) 22 A5 (HEEE T R K O R G A A )
postorbital head length (hor. rd between the back edge of an 4-5 (rd between the end of operculum dorsal & the begin-
orbit & the back edge of an operculum) ning of the anal fin)
T PR E I R DT B B ) 23 4-6 (HRZETT ARAR G W B R AP )
trunk length (ver. rd between the back edge of an operculum 4-6 (rd between the end of operculum dorsal & the begin-
& the upper part of the hilum) ning of the dorsal fin)
8 R (BT E 8 K i = A (Y K OFHE ) 24 56 (BEER S ETEERSNEE)
tail length (hor. rd between the base of the tail fin & the end 5—6 (rd between the beginning of the anal fin & the begin-
of the tail fin) ning of the dorsal fin)
9O Wk (Vs W4 K T B D) 25 5.7 (R M AR B )
snout length (hor. rd between the end of the snout & the front 5-7 (rd between the beginning of the anal fin & the end of
edge of an orbit) the anal fin)
10 HR A2 (MR HIE 1 5 % 22 R) /K V- E B8) 26 5-8 (MR E A — T EE AR ik 1Y E )
eye diameter (hor. rd between the front & the back edges of 5-8 (rd between the beginning of the anal fin & the end of
the orbit) the first dorsal fin)
1 R RN ) 27 5.0 (B S EH I AR )
caudal peduncle depth (caudal peduncle depth) 5-9 (rd between the beginning of the anal fin & the end of
the second dorsal fin)
12 A 5 (78 6 2 AR ity 28 2 6 35 22 ) 1) 7K - ) 28 6-8 (MR i 25— A i 1 I )
caudal peduncle width (hor. rd between the end of the anal fin 6—8 x (rd between the beginning of the dorsal fin & the end
base & the caudal fin base ) of the first dorsal fin)
13 12 (g s EW o I ) 29 7-8 (i A bty 28 BF — T B A ity 1) P )
1-2 (rd between the beginning of pectoral fin & the end of 7-8 (rd between the end of the anal fin & the end of the first
snout) dorsal fin)
14 1-3 (Jihfig e A 2 M S A 1) HE ) 30 7-9 (R dity 25 B Y 0 R o (4 BE ES)
1-3 (rd between the beginning of pectoral fin & the beginning 7-9 (rd between the end of the anal fin & the end of the
of the pelvic fin) second dorsal fin)
1S 14 (HBHE A R B ) S . o = L)
1-4 (rd between the beginning of pectoral fin & the dorsal 8-9 (rd between the end of the first dorsal fin & the end of
end of the operculum) the second dorsal fin)
16 2-3 (W ity 25 5 fig e o5 A )
2-3 (rd between the snout & the beginning of the pelvic fin)
) EBENE PR RAE AR AN 10 8 22 7, RIUDEASTER
=A — M Ve
TERMVIE RIS E TR 22, FATEET 2 78S, EH
21 MEERFE 1, 15 AHRARTFAE 102 2257 (P<0.05), AT HRe

t KRR R GR 3), N AL SIS FIAE

BEMIIRE . 1-3. 2-3. 46, 5-7. 5-9 il 6-8 &
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FERTREWERE, HRAE, 12, 14, 24, 3-5,
5-8 W /NI I AR AN, 16 MERAAAE
2 25 5 (P<0.05), ARG RIAEEAR . R
1-4,2-3, 34,45, 46, 7-8
AR T B0, ke, TR, 24, 3-5

Bk, ¥, 1-3,
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Tab.3 Morphological indexes of two Larimichthys polyactis populations

/N TR R . P M R R A AR A A
AFEINIEA 7 APERIRAE B B 0 B A AR S e 2
S, T Lk e bR 25 S5 BB AE FR R P AR AR R AR X
o, mulEARK . Bim . 1-3. 2-3, 24, 34
F4-6,

H: 5 reproductive period

EA4: 54 non-reproductive period

T2 S AT [EYIIFETVN TR [ERIIFETVN TR A
morphological ~ Lvsi population Ningde population Lvsi population Ningde population
index A 2 P hR 2 ov P P E+hRifE 2 P E bR 2 oV i
X +SD X +SD X +SD X +SD

1 128.02+16.68 13.03 155.60£10.05 6.46 Lysi<Ningde™ 129.39£15.64 12.09 151.24+12.82 8.48  Lvsi < Ningde™
2 1.274£0.02 1.73  1.28+0.02 1.89 1.26£0.03  2.36  1.26+0.03  2.05
3 0.28+0.01 4.26  0.28+0.01 4.98 0.28+0.02 5.81  0.30+£0.01 6.12  Lysi< Ningde™
4 0.28+0.01 4.27  0.29£0.01 3.93 0.29+0.02  6.52  0.30£0.01  4.85
5 0.26£0.02 6.43  0.26£0.01 5.02 0.27£0.02  6.76  0.24+0.01 549  Lvsi> Ningde”
6 0.17£0.03 15.62  0.17£0.01  6.42 0.17+0.02 13.24  0.17£0.01  8.00
7 0.38+0.03  7.42  0.38+0.02  4.06 0.38£0.02 572  0.37£0.03  8.14  Lvsi> Ningde™
8 0.25+0.02 8.62  0.25£0.02  9.46 0.23£0.02 10.13  0.24£0.02  9.08  Luvsi < Ningde’
9 0.05+0.01 13.20  0.05£0.01 12.16 0.05£0.01 15.97  0.06£0.01 14.40  Lysi < Ningde™
10 0.08+0.01 1290 0.07£0.01 7.48 Lvsi>Ningde™  0.08+0.01 13.39  0.07£0.01  9.36
11 0.08+0.01 8.71  0.08+0.01 7.33 Lvsi<Ningde™  0.08+0.01 9.37 0.08+0.01  8.44  Lvsi < Ningde"
12 0.22+0.02 936  0.22+0.01 6.73 0.21+0.02 7.24  0.21x0.01  6.81
13 0.31£0.01  4.05 0.30£0.01 3.89 Lvsi>Ningde"  0.30£0.02 592 0.31£0.01  3.79
14 0.10£0.01  8.44  0.1120.01 9.35 Lvsi<Ningde"  0.12£0.01 7.80  0.13%0.01 10.34  Lvsi < Ningde"
15 0.20£0.01  6.32  0.19+0.01 545 Lvsi>Ningde"  0.19£0.02 9.79  0.20£0.02  8.72  Lvsi < Ningde"
16 0.34£0.01  3.34  0.36£0.01 4.06 Lvsi<Ningde” 0.34£0.01 3.58 0.35%0.02 4.81  Lvsi < Ningde"
17 0.24+0.03 10.73  0.21£0.02 10.84 Lvsi>Ningde™  0.21+0.03 14.35 0.18£0.01  7.91  Lvsi > Ningde"
18 0.29+0.01  3.61  0.29£0.01 4.64 Lvsi<Ningde"  0.29£0.01 494 0.30+£0.02 541  Lyvsi< Ningde™
19 0.40+0.02  5.06 0.37£0.02  6.05 0.40£0.02  4.62  0.39+£0.02 552  Lvsi> Ningde™
20 0.28+0.01 4.33  0.28+0.01 5.15 0.29+0.03 10.95  0.29+0.02  6.05
21 0.31+0.01 4.48 0.31x0.02 5.54 0.33+0.02 5.38  0.33£0.02  6.02
22 0.55+0.03  4.63  0.56x0.03  4.80 0.56£0.04 6.43  0.58+0.03 4.86  Lvsi<Ningde
23 0.11£0.02 22.39  0.13£0.02 17.56 Lvsi <Ningde™  0.13+0.03 22.41  0.16£0.02  9.86  Lvsi < Ningde"
24 0.46+0.02 3.34  0.46£0.02 3.51 Lvsi>Ningde"  0.47£0.02 3.99  0.47+0.02  4.37
25 0.09£0.01 12.68  0.11£0.01 11.23 Lvsi<Ningde™  0.10£0.01 14.96  0.10£0.02 16.89
26 0.34+0.02  5.51  0.33£0.02 5.19 Lvsi>Ningde™  0.33+0.02 6.04 0.34£0.02  5.48
27 0.25£0.02 622 0.26£0.01 4.66 Lvsi<Ningde™ 0.25+0.02 6.93 0.25£0.02 6.50
28 0.15+0.02 10.49  0.16£0.01 7.00 Lvsi<Ningde™  0.16£0.02 10.39  0.16£0.02 10.17
29 0.39£0.02  5.13  0.39£0.02  4.29 0.38+0.02 6.02  0.39+0.02 4.54  Lvsi< Ningde
30 0.16£0.02 939  0.16£0.01  7.06 0.16£0.01 811  0.16£0.01  8.38
31 0.46+0.02  5.19  0.45+0.02 4.80 0.45+0.03  6.98  0.45+0.02  4.18

T PRI 2. EART R PIRER DX — MR AR 20 35 22 57 (P<0.01), *FIRAFAE 83 22 5 (P<0.05).

Note: The explanation for the morphological index codes are shown in Tab. 2. The superscript *~ indicates that the difference in this trait

between the two groups is extremely significant (P<0.01), and * indicates that the difference is significant (P<0.05).
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PC4 B T EBRAR . B35 AR K AR SC MBS
Ak, HA RS SR A ARG, SR IEAE G

M 20 PC2. PC3 [T fif (18] 5)
FIPC 15343 (B (B 6a), &f 52 B A~ o B AR e 52
AR IS 5 5 R B A LE DO an
T R R AR L AR, T EE R R K,
HARRIUE LT IEF NS PC2 (R k
R R T A R i K 2% ) IE (R A
SR bR R s, BARR A IE HAE o1

R4 NEEESHFENEIRSANHLEE. FEESILTMERFZESL
Tab. 4 Eigen values, percentage of variance and percentage of cumulative variance for
principal components analysis for morphological traits of Larimichthys polyactis

H B BEIR reproductive period group

EA T WK non-reproductive period group

M T wipg RS BEOPEEAWYN . FWEES%  REOEES L%
factor . percentage of cumulative variance . percentage of cumulative variance
eigen-value . eigen-value -
variance percentage variance percentage
PCI 4.69 16.18 16.18 6.09 21.02 21.02
PC2 3.65 12.58 28.77 2.70 9.32 30.33
PC3 2.93 10.10 38.86 2.61 8.99 39.33
PC4 2.65 9.13 48.00 2.11 7.29 46.61
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Fig.4 Distribution of PCI-PC2 and PC3—PC4 in the reproductive and non-reproductive stages of Larimichthys polyactis

a & c. Reproductive period; b & d. Non-reproductive period.
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Fig. 5 Morphometric variables with important loadings (+0.5) on PC1-PC4 diagrammed on

the fish outlines in reproductive period of Larimichthys polyactis
Positive correlations are indicated with solid lines, and negative correlations are indicated with dashed lines on the fish outlines.
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Fig. 6

Mean PC scores for Larimichthys polyactis from the two geographic location for PC1, PC2, PC3 and PC4

a. Reproductive period, b. Non-reproductive period.
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H7.29%), FEAEM A 6.09. 2,70, 2.61 Fl
2,11 4)o MRIEF R HUS B = (& 4b), P4
HERFNHEE PCL 4553 /0 WA IE (A AU E R, F77E
AT AT B, R 2 (1=3.95, P<0.01); P4
HuPEANHEAE PC2 FAAESS I BRI, ik s 3 2
SR (t=—4.96, P<0.01), B~ B EEAE PC3 FI
PC4 JCHH &5 (K 4d), t K56 25 - AE 0.01 ZKFA
IKF 2 H(PC3: t=—1.7, P=0.09; PC4: t=—1.37,
P=0.17).
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Fig. 7 Morphometric variables with important loadings (£0.5) on PC1-PC4 diagrammed on the
fish outlines in non-reproductive period of Larimichthys polyactis
Positive correlations are indicated with solid lines, and negative correlations are indicated with dashed lines on the fishs outlines.
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Tab.5 Difference coefficients of Larimichthys polyactis
from the two geographic locationsin reproductive period
(RP) and non-reproductive period (NRP)

(= K o5
élgﬁﬁiyﬁi/{)\ co%fgci\ni&of ﬂFﬁz?ﬁﬁ;‘if@E/{}\ co%fii\r?of
trait in RP difference trait in NRP difference

16 0.90 3 0.50
17 0.61 4 0.12
18 0.22 7 0.36
19 0.52 15 0.39
22 0.14 17 0.84
23 0.40 18 0.30
25 0.63 19 0.40
26 0.41 22 0.27
28 0.51 23 0.67

24 0.03

26 0.21

3 itig
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Abstract: Small yellow croaker, Larimichthys polyactis is one of the most important fishery resources in China.
The phenotypes of different geographical groups are influenced by their migration patterns and may exhibit adap-
tive changes. To explore the morphological differentiation of small yellow croaker in different geographic popula-
tions, the reproductive and non-reproductive populations in the south Yellow Sea and the south-central East China
Sea were used as the research objects. The analysis methods t-test, principal component analysis and the difference
coefficient were used to systematically analyze 31 phenotypic traits of the small yellow croaker populations. The
results indicated that the phenotypic traits of the south Yellow Sea population and the south- central East China
Sea population vary widely. The average coefficients of variation during the reproductive period were 7.77% and
6.48%, respectively, and the coefficients of variation during the non-reproductive period were 8.65% and 7.62%,
respectively. The variation intensity of the south Yellow Sea population was higher than that of the south-central
East China Sea population, and the difference coefficient was primarily measured on the horizontal axis. Signifi-
cant differences were detected between 15 traits in the reproductive periods and 16 traits in the non-reproductive
periods (P<0.05). There were significant differences among 7 traits in both periods, while the differences of these
traits remained relatively stable within the population. The results of principal component analysis indicated that
the cumulative contribution rate of the four principal component variances during the reproductive period was
48%, and the scores of PC2 and PC3 reached extremely significant levels (P<0.01) when detecting population
difference, and the traits with higher factor loading were primarily head, dorsal fin, anal fin, and abdomen. The
cumulative contribution rate of the four principal component variances in the non-reproductive period was 46.61%,
and the scores of PC1 and PC2 reached extremely significant levels (P<0.01) when detecting population difference.
The traits with higher factor loading were primarily head, body height, dorsal/pelvic fins, and anal fin length. The
head and trunk traits of the two populations could be differentiated, as the dorsal and anal fins were longer and the
upper margin and abdomen were shorter in the south-central East China Sea group than in the Yellow Sea group.
This morphological variation may be attributed to the specialization of phenotypic traits induced by migratory life
history strategies. The results of this study support the theory that migration behavior and complex habitats im-
prove environmental adaptability, and aid in improving our understanding of the ecological characteristics and
evolutionary trends of species.

Key words: Larimichthys polyactis; reproductive population; morphological difference; frame method; principal
component analysis
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