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1.1 H&ERE
RIFFET RIS aEARS IR E 7B 4E

BRGERHE . B8, B, WME. B2 . KiE.

FHARYH LA F5 58 BE R (U TR BRI, faiREEARTE

R1 KEARLBRRFEER

) H@ART/CLE

S E MR G AT AR W 0, I R K O A )
1 mm), FEEGEFHD 0.01 g), HMEE . A
SRS . BEARKEFELE 1. AlgdKE
PeHA, BREHE AN SUMB W, TR A H BT
K- (3 HEAR 0.01 me)FEATFRTE, JAA 0.001 5 L &
DG TR

Tab.1 Sample information of Hexagrammos otakii
- Kol A K /mm ‘ /g
7 il x+SD 10 [l x+SD
B HE(LYG) 58 100~169 137.14+14.34 17.55~94.14 47.95+16.52
#5(QD) 15 200~360 281.87+38.98 134.2~790 484.74+170.30
B (WH) 26 122~188 154.23+16.59 41.9~134.7 86.79+27.98
WA (YT) 21 85~224 131.10+41.92 11.81~210.2 54.60+55.81
Z 2 4 (QHD) 26 160~190 176.12+6.88 90.28~145.4 115.01+13.78
K i (DL) 8 133~150 140.50+6.02 41.68~64.96 53.05+8.85
J14:(DD) 17 189~217 196.12+7.16 128~177.3 151.08+14.42
B FRFE(WHYZ) 12 214~241 225.50+9.02 220.5~354.4 278.76+40.68
Z.

12 FaHEFHAE

KRB ELGRHAEEZR AL, Hik
Gt — W ORI 7S Lt 2o =k B AR A F SR 4, A
e B A S B A B . BB rh
kM OLYMPUS SZ61 AL s xt H-A7 2E 4740 1
JERERG (K 1), i HAEYERA I A; Image-
proplus6.0 Xf oA TR A 2= 8 hn e A Tl it . S50 v fiff
HITE 24 B85 HoA7 K (otolith length) ., F- A7 5%
(otolith width) . J&{< (perimeter). Tif(area). Fx K2
1% (radius max) , fix/F:4% (radius min) . 4% H (radius
radio) . “F3J H 1% (diameter mean), H-f1/MIIHHIE K
(size length) . AMIIEEIE FE (size width) 10 MBS &
febR, 3 ANTEARSE B Y M43 % (area/box) . i [A] 2%
(aspect) . [ % J& (surface density) & H-f7 T (otolith
weight)3t 14 NS5 B GBS EH 53 W B AnifE
N EEE 2 FiR o

H A K (otolith length), H-f % (otolith width)s3
e B B 5w R AR R E A R

JE 4 (perimeter) i B —4E 58 BRIE AR B9 B A B

T (area) i HoA ) 4R AR,

e K242 (radius max), H/h24% (radius min) /&
538 o B Ul o i B KR AR K i i B AR K
B, A2 (radius radio)/& B4 fi KR FliR /N AR

1 EH 4% (diameter mean) &35 i BA JLAA] Ao
AR R

HSMFEIEAK (size length) . SMIIHIE 9 (size width)
a3 B8 U H A Kl Y B K 2 R R (feret) ELAR A IR /)N
B R (feret) A%

HE a3l % (area/box )& 48 H- A T AL H AN AR
EHRZ .

1 158 3 (aspect) & 5 H- A1 A1 Fil 1 [ (A% 5 A A%
Z .

f %% & (surface density) {08 B0 BB, &)
B B iR R DA E A A

Wr RS

HE

K1 RS2 e ok HoAq N T 7 3 5
Diagram of the inner side of the left sagittal otolith
of Hexagrammos otakii
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Fig. 2 Schematic diagram of measurement of otolith
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1.3 4§ 2ot H7

8 B o3 A 0 H A ) A ARG AT IR By ?F?Tﬁ%
TAEAL . TH MR AL, SRER MG AR A (D 3). iE
b oA B YA R B Rk R XULE;E
%6 et & AT 9T . ] SHAPEL.3 R F A xf H-
A1 R HEA T B B 4, o o 0 B R it 2k i
B n A B 0F & S (elliptic Fourier descriptors,
EFDs)!"™, 15 31 (9 22 50k 22 #2250 B SR AR 8 6

— BN, BT 20 A FR B (hi—hoo) FT LA Al R H-
A MR RS B

4 AR

B3 B B s R A Fe B s T K

Fig. 3 Schematic diagram of Fourier analysis to read the outline of otolith

1.4 3EHIH
B A 2 I B 505 5 B B A AT 20 4108 B - E(E

S G HATEAR T o AR AR G A S I A 1Y
AR, K HEA K (otolith length) H-1 % (otolith
width), i (perimeter) . T (area). fx K42 (radius
max), F/NFA4% (radius min), 4% H(radius radio) .
ANIIHTE K (size length), AMIISETE 98 (size width)5
-1 H 4% (diameter mean) FLE F F 8088 041, LUK
KA, X 7 ASRFAERHAR 1 A SRR AL
RHATH 13 AR EZSHOM 20 A8 B 405
T2 W R, AT IEREM T 255, X
AFFE T 2257 M A & (P<0.05) AT 5IB%, K5 &7
2550 AR B TN A8, R S AR R T
BT RIS Mo FUI 53 B ok FH ML) 1 7 (CDA),
RAE TR BRICEE 2 R G R 2K, Eds s AL
SPSS23.0 Fll Excel2016 A4 5% A

2 ER52M
21 BEEFESH

ZINE T ZEE R BoR, B K (otolith length) |
H. 47 9% (otolith width) ., J& K (perimeter) . #x K4
(radius max). /P42 (radius min), f4% H(radius
radio) . ZMUJHTE K (size length) . #MIAETE 5% (size
width) . % JE {41 2K (area/box) . i [ 2% (aspect) . A

% Jif (surface density). H-f1 T (otolith weight) g7~ H
FER ] 22 5(P<0.05), T8I (area) 76 FF AR ] o 14 30 1
ZE5to hy. hes ho hiy. hao TERREIRIIR R I 22
S, ho hs. hs. higy his. hie TEASFEIRIA] 22 57 b 3
(P<0.05)(% 2).

2.2 FA S5

X B8 2 H s AT SR 5] 3 ﬁ/J:L
FrRAfEAL R 28 5 A 0T DA TR0 50 8. BEA TEAS
BAUH 8 MEMEAK . HA%., miPiR. }_HK\

SNIIEIE R . AMIRETE 9 . 1 R SR g A K
BT, MM REA 12 DN ERR(. by, s hs.
hes hs ho. hias his higy hig. hao)BEAAAS 5317
BRI IR Sy 79.2%, T Hh 54 G 25
HEIE BT 65.0% F1AH 5L 4347 9 240 51 % T
R 51.4%(K 3)o Hor g IR FE A i T 5
N 91.7%; Z 5 B R I R R E AR, A 69.2%,
WS TR B 22 1R 03 2 R HE TR A 5 R BT
PRZ I (% 3).

I3 53 BT HB0 e T 2% AR 9 2L 50 7T I, R
MEFRFEREAR A AL 7 DR AR IR, % s
BERFIEE SRR Z RIAAFRENIRES, 55
B KiE. FHRBERZE X W, & 5AKER
BRI A, 8 . RiE . PHRBHRIR R R
HA . (151 4) .
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Tab.3 Results of discriminant analysis for 8 populations of Hexagrammos otakii

st _ T 432 Fi 51 it
ExW HE O B WG RBER OKE FHER O BUBIRE O WERER% FIRIER%
LYG 44 0 6 6 1 0 1 0 75.9
QD 0 13 0 0 1 1 0 0 86.7
BEIESE wWH 1 1 20 2 0 0 2 0 76.9
WEEYS  vr 2 0 0 18 1 0 0 0 85.7 0.2
M4 QHD 0 1 3 1 18 3 0 0 69.2 '
g4 DL 0 2 0 0 0 6 0 0 75.0
DD 1 0 0 0 1 0 15 0 88.2
WHYZ 0 0 0 1 0 0 0 11 91.7
LYG 40 2 5 9 1 0 1 0 69.0
QD 1 9 0 0 1 2 2 0 60.0
WH 2 0 17 2 2 0 2 1 65.4
RHEIEE YT 4 0 1 14 1 0 1 0 66.7
N 65.0
W% QHD 0 0 3 2 13 3 4 1 50.0
DL 0 1 0 0 0 5 2 0 62.5
DD 0 1 2 0 3 1 10 0 58.8
WHYZ 0 0 0 1 0 0 0 11 91.7
LYG 31 3 4 6 4 3 5 2 53.4
QD 0 11 3 0 0 0 1 0 733
WH 4 4 8 3 1 3 3 0 30.8
{8 L YT 4 1 1 6 4 4 0 1 28.6 514
A QHD 2 2 2 5 9 4 2 0 34.6 '
DL 0 0 1 0 2 4 1 0 50.0
DD 3 0 0 0 0 0 14 0 82.4
WHYZ 0 0 0 1 0 0 0 11 91.7
Lz ) 23 RELSH
DL & i{fé?’j XF 7 ASEFA AR 1 AN FRBE R R 7S 2 fa H-
RE gy A SR T AT RGRLIT. BRI
25| ¢ Tk beaom o SR, % 5 A BRI B, B A —
;%%?%00M4° s N, RIE SMGHHARG, BREE /IS, Bk
~ ) ngywﬁﬂ"h' MBI AEREGE &, 5% -/ DEREIBEE =
g oor S e AN, FRARER . 15 5 REK . BN T A
YD TR A —K(H 5),
23 O 3 3tk
M 3.0 FEHESKE R ARBTG5
B AEESERET UL R KNS & FAS R AR
io 7* 05 g 55 2 8. RUNE R AT S MR R AR AR AR HoA Y
Eaiql FRIEHESHAE AWK, 5. K. %), 56

Kl 4 R/t 8 ADRER MDA O Hr U 4]
Fig. 4 Scatter plot of canonical discriminant scores for 8
populations of Hexagrammos otakii
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8 PRI 4 (411 B3 R A

0 5 10 15 20 25
QHD 5 T T T T T

DL 6

YT 4

LYG 1

WH 3

DD 7

QD2

WHYZ 8

Bls  RikSgmpiikRAL R
Fig. 5 Clustering dendroram of Hexagrammos otakii popu-
lations

VR L 23 A R 445 5 00 S TR R AR R Ul 7S 2k
Frm, AL G S I L T IR AR S
WA SRS kb, BRaK. B
KOCHATTE HA AR 8 A& 28O0 T 50 0 A
e LI A 0 T B R 8 AR B TR 20 A
(hy—hao) T 1 2R H A7 SRS B AR AE U™, O R 2 3k
BT 12 ARBORT RN — Bk, (RIR{EM
A LI R BCRAE DA B — OB AR, o i (L A e B
FHOT LLRAE S B 25 P A0S B W 4 BT 2
AR HEARF T, Sl i AT A SIS A
53 R R 65.0%, 1 T FM A F A8 L i 23 A ) 4
AR 51.4%(FR 3)o DMARARE N hAZ X A3 2
KO 20 MEE M R BT ZE IR, AR 8
FEA ] A2 7 B EAF 7RO 28 5, T A L v R K
sy he oy Iz hoo TEASHEURIAIRAGIN S 25 52, S8
P07 R FEL o A 6 A S S B A AR T A B A
Wk MAE PRI A4 5 2R AT VR A ) bE Bl (i
JHFG A AT AT — ol 340 531 g B AR R 28w, WAt IR
A R LI A7 45 5 9 D7 YR AT RO 5 B9
AIEETE o ARSCHIESE Pt e AT P Rl AR B 45 5 ok 3R
AE A1 T8 25 AN PRI 5 2224, Sy A 45 o8 1 )
BRI

32 FEHAEFLES KBRS

R H AT BRBUMEIE S B2 R, Bl
G B VPIRSCA RN SR, 2 e T8 250 4k X L fige
XSEA AR . FIBI SR R, il 7 SRR

) H@ART/CLE

TR 1 A FRFEBER R U /S 4R 0 A AR 5 22 R #R
Wi, ZRG FIR SR8, A 79.2%, T RUBY
(70.4%) . JI5%(68.3%) i alifT (54.3%) %5 5 & 1 25 H-
A 50 B 2l R 5200 T R AR TR U N R A H A A
HeR, FEnt | FEN XA, iR a2k HA £ R
B, JfHEEm . B XA TRk gk, 5
RS Lt A AR AR F A g

T BTG 7 B BV TN A AR AL SR 25 2 B 1
b, A 1A B A AR B FR A,
R 97.4%. fHE M HTAR BRI O, 5T
HH 100%. PR IEES G, W R0 B A BRI R
TR BB 0 B3R 100% o 78 F1 50 43 A7 5 o
PREL 2 W] LA A SR A AR R A BT AR B A . A BT
& B[R] — b R 1) 5 AN B AR AR R IR IR B N & 3%
B AN ] B B TR 728 AR 9t U 52 [R] — g ol
F14) 5 B R AR A R AR I B IR A A 22000 . R,
1 G I 25 I i 32 A AR L o o B &5 1 B T 8 0 i
T3 5 AT A O X 53 SRR AR T AR R AA

EAFIBN AT BN, B R B A A 1 0 S s T
Rk, N9LT%. FHR . H . WA B AR AR A
SRR EI KT 80%, i PR 7R B i 4] 1] 232 5k 2]
88.2%, T SR N 86.7%, MHEBEA N 85.7%, ¥I#K
e ZHED . ORI EE . iE 2 U TR RO R
K 70%~80%, FIULPHAR . . ME GRS H AT
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Abstract: In order to identify Hexagrammos otakii stocks in adjacent waters, a total of 183 Hexagrammos otakii
individuals are investigated from 7 wild populations (Lianyungang, Qingdao, Weihai, Yantai, Qinhuangdao, Dalian,
Dandong) and 1 reared population (Weihai) in the coastal waters of the Yellow and Bohai Seas of China, multivari-
ate statistical analysis of otolith morphology in different groups using traditional morphometry and Fourier analysis.
Canonical discriminant analysis results show that 8 variables of traditional measurement entered in the CDA, 9
harmonics EFDs entered in CDA with Fourier analysis, and the total correct classification is 79.2%. Phylogenetic
analysis shows that the Weihai cultured population cluster in the outermost layer, and has the greatest difference
with the wild populations, consistent with the discriminant scatter plot results. The Qingdao and Dandong wild
populations are self-contained, distance from other groups and can be regarded as independent ecological commu-
nities. It is speculated that environmental factors are the main reasons for the differences in otolith among different

populations.
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