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Fig.1 Sampling station of fishery resources survey in the Northwest Pacific
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Tab.1 Sample information of economically important fish samples in Northwest Pacific Ocean

H Order/F} Family/J& Genus Fh Species FEA R Samples/F&
filiZz 4 H Aulopiformes
Kk £ B Notosudidae
553857 6.8 Scopelosaurus B [C55 Wi €8 Scopelosaurus hoedti 23
(iU 10 R} Paralepididae
AR EPES & Arctozenus UHRAPES Arctozenus risso 1
AR Wi 61 & Magnisudis KGR 16 Magnisudis atlantica 10
L4408 Stemonosudis 2F A Stemonosudis sp. 1
W4 H Beloniformes
771418} Scomberesocidae
Fk It Cololabis Fk T4 Cololabis saira 29
fif:}2 H Clupeiformes
R} Alosidae
UV T fa )& Sardinops LARPVD T 4 Sardinops sagax 62
#28} Engraulidae
i & Engraulis H A fit Engraulis japonicus 68
H £ H Lampriformes
M6 £ F} Trachipteridae
ML 48 Trachipterus N KLEE 10 Trachipterus ishikawae 3
;T 746 H Myctophiformes
JT 5840 B} Myctophidae
HEXT 01 J& Diaphus HEXT 61 Diaphus sp. 21
ST 98 £ J& Myctophum HHEEKT 5 8 Myctophum asperum 35
LT £ & Notoscopelus [N LT £ Notoscopelus resplendens 18
FrAT # )@ Symbolophorus JInANAE JE W ART €11 Symbolophorus californiensis 38
ZE k] )& Tarletonbeania ZE W] £0 Tarletonbeania taylori 4
fIE H Scombriformes
L7} Bramidae
5,6 J& Brama H R 2 4j Brama japonica 2
5 {5 )& Brama M 2 8j Brama myersi 10
Wi )& Taractes 21138 Taractes rubescens 10
Igf5F}F Gemphilidae
FrIEIE 8 Nealotus = M Nealotus tripes 27
%R} Scombridae
SPIEERE Rastrelliger 1 BOPIAG Rastrelliger faughni 29
§i5 J& Scomber I Scomber australasicus 6
1% )& Scomber H A1 Scomber japonicus 70
5 0B} Trichiuridae
S J1 5 R Assurger KA TJa £ Assurger anzac 2
VR T 48 Benthodesmus N BRI A0 Benthodesmus tenuis 2
F 1144 H Stomiiformes
[ENNE WKy Phosichthyidae
R Ichthyococcus WA Ichthyococcus sp. 1
4 W 168} Sternoptychidae
AR 7 0 JE Argyropelecus AR 75 £ Argyropelecus aculeatus 3
TG A Polyipnus A O£ Polyipnus matsubarai 4
385 H Zeiformes
B Zeidae
VY6577 )& Zenopsis RN ED V3 75 Zenopsis nebulosa 6

http://www.shhydxxb.com



13 BN I YT | N O S R PP S i QUSRS E /L e S A 167

1.4 MiRSBIEI SR

WRIEHT AFZE 2 A 15 4> M s AL proke
SR A ARIE B S b A 45 94 1 B b AR SR
6 1~ I b o, (161 2, 32 2) , ffi HH tps R 91 4 {44
UHE A5 5 AL AR AR o S i tpsUtil & 37 £
A7 B AG A6 b B 4 19 TPS 4% =0 SO, 2R )5 i
tpsDig B HiAR o o T I/ NECTH AR B AR Y
W MG ELZ BT 2K, Gt R BRm
UGS R Z 0] 0 22 55 /N T 5% . Rt , 16
P2 )5 BB A AR AR B FH T — B By 40 #r -
1.5 HFESHF

JITAT ) f AR JUART TR 2500 527 53 7 2476 R4.0.5
“geomorph” £ AT =1, A T 4 B fa AR [R] S
5 BT A X6 43 R 52 ) g £ AR 5 1 Ak b
AR5 R 4 H 4G SR (Body : Hibs £ 1~15) |
3 (Head : A7 45 1~2,10~15) K T3 (Torso:
HOBR 52 2~4 . 7~10,15) Fl & & ( Tail : Hibp 52 5~7) o
TG, [l “gpagen” sREHEA T S B v SE T oy
#r1 (General procrustes analysis, GPA ) *f {2
Ak b B UE AT ) — Ak A BRI R4S G S B A
(Procrustes superimposition, PS), LH R 77 .
K/NFARTE AR A AL K R 77 R 52 ma > . GPA
gy B AR B AR ffE A 19 3 IS AR BR (Procrustes
coordinates ) Fll 57> K /)N (Centroid size) ] F & £k
ZIuge it e B0 K/ BRI i A b b A3
YA A BE B 0S5 FD S I 7 A I AE AT

PIRIR R AE R ZE R (R R/ o R, 43 il it
“procD” Fl“gm.prcomp” bR FU X 7 FG A AR 1 173
X J7 22 43 B (Procrustes analysis of variance,
PANOVA) Fil 3 A 43 43 ¥ (Principal component
analysis, PCA) , DAREARE [CA BRI 4E B, i fbAS
[F] 5 A fh g AR 8 22 550, [RIE, BT AR
ARAFTEA R AR KN, B IS T Z It H 2 B
(Multiple regression analysis, MRA ) £ Jll £ /A& JE
RIS B AR A KIS SR 5
“plotRef ToTarget” PR % A= 1%, 2k HE €] (Wireframe
graphic) DL ] AL AN [6] B (8] 4T &
fifi FH R4.0.5 ggplot” £ 22 fill {4 1 J5z 0 /N A 74
B ARl A iR KON 2 o B R N TR
AR AR 0T B A ) 4 2EROCR  {f ] SPSS
BAE 317 & A A 51 53 B (Stepwise discriminant
analysis, SDA)", Horp H R AR R oy A8 i,
F 4431543 (Principal components score, PCs){E
S H AR R CADI A ) o

EL[18,25])
It o

B AR bR R G o
Numbers represent the landmarks.
2 safEsMitiRR TR E (UESITE & A F))
Fig.2 Fish body morphology and landmarks
(Myctophum asperum as a case)

xR2 BHEESHMRRERTE X
Tab.2 Type and definition of landmarks for body morphology of fish

AR 55 Landmarks ZH Type

i3 Description

1

I,

© ® 9 L B W
& I IR I

HEEEEH -~ - H H — — H

AT T Most anterior of upper jaw

R J5 AU Distal tip of occiput

P A5 Origin of dorsal fin

T 8 FL I A i Posterior end of dorsal fin base
FEHEFLTS -3 Upper insertion of caudal fin base
FEAEHLER T Uit Lower insertion of caudal fin base

15 H A Vi Posterior end of anal fin base

fi&3E 55 Origin of anal fin

S 1 iy R R A FLAL ) Origin of pelvic fin (The Trichiuridae is the cloaca)
88 55 IR ML A5 Origin of the preopercle on the ventral
MR Hi1Z% The anterior margin of the eye

H =% The upper margin of the eye

HR J5 %% The posterior margin of the eye

HE "~ 2 The lower margin of the eye

iffl 35 J55 2% The posterior margin of the operculum
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2.1 fFRNER
T 2250 Hr 4 2R W AN ] H A 2SR R A

(Beloniformes) X 2 , H 4% 7 5 b 1 ff H
(Zeiformes) . i J& H (Scombriformes) . fif J& H

(Clupeiformes) ill % £ H (Aulopiformes) . AT %€
1fi H (Myctophiformes) , F. [1 £ H (Stomiiformes )

B R/ANEAE L35 22 57 (P<0.01) , a0 k), WK 313,
(Lampriformes) 1 & & K , il 4 fa H
800 F
& 4K Body length 1200
= B 5.0 K/)s Centroid size
g 600F 1150 8
= ©
B J2
= 5
% 400 + 4100 @]
Q <
m N
; %; - _ =
’ > o T T
@ & \?&,\ &f\\’ & V?S} ‘XV&} & ’\5\’\’) & & &
\&X%@ e c\o‘ Y& % & /\jg\o‘& Vé’?@‘& Qj_j\i@*& ‘%&o&\
S & Q Q N O
Y*Q Q’b O\)’ \)'Q %\‘0 %QQ %\’O

H Order
3 AEEMEaEEKMaEROKRNES

Fig. 3 Variation of the body length and centroid size of fishes among different orders

*3 ARBHNEERFKINAKESHETRTEZSHT
Tab.3 Procrustes analysis of variance (PANOVA) of body length and morphology among different orders

i H Item df SS MS F P
K Body length 7 2 070 082 295 726 159.300 0.001
0> K/ Centroid size 7 62 633 8947.5 75.538 0.001
ARSI AR Body shape 7 7.923 4 1.13191 85.797 0.001

2.2 &BEFEMRKER

2 JC [l VA 43 A A6 D 2] 38 43 9 R [ Bk D fa
(C. saira) GEARID T (S, sagax) FBELT (M.
asperum) JINFIAE JESEARKT £0.(S. californiensis) HE
§T £ (Diaphus sp.) . H A6 (S. japonicus) £11%
(T. rubescens) ] T N 950 (1 R /NFIIE IR 2Z2 [A] 477
B2 5 (P<0.01), BIfF7E S i AR KA . K
R AR R 55 (P>0.01) . G722
3BT AN ) ) e AT R A A 2 22 5 (3R
3), )7 SCE R T B B R 1 AT 2R AR
8 3 A ORT B RS- B AR (18T 4) |, BT A ) f4 44
FR Sk AR FRIE AR N GE— , 58 o0 Wy AR T
b s B IR B B IR 25 UK

Fig. 4 Digltlzed landmarks (grey dots) and mean
shapes (black dots) of Procrustes superimposition
for fish body
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FT IS 323 (PC1FI PC2) 23 Sl e e 1 fa ik
TEARAR L BT 220 41.6% F127.8% (& 5) , iy
A2 R R BRES T H AN AR AR H 2 (a7
W E . H E85Y HIEAZS B & ik, B
H5EnaH HaE Al S8R
HAEfE—EES, W HMGEa B IS K
AN HLBE B , 43 A T PC A7 il AN A i
PC2 il 5 1E 4k R TESIE H B RINIIRZE S

LRAE R T IAL T ORIR] H R TR 25 5, AR TR

B AR S (AR A 1~2 . 10~15) K35 (g s
2~4 . 7~10 . 15) Fl B &R (HuAR 15, 5~7 ) PRI 3 A [1]
FEEEIE R 22 5 (B 6) o AT P00k 5
il o B B\ B A {0 5 8RSk AR IS 40
N KRR BB T A I A, BO £ H AN H )
TP 25 B8 R Sk AT e T R A K 1o bAh
Erfa H A fa H AT fa B ) i R AT 2
At B ESIE ORI S E AW o i R R
G

[5] Ailitcfa H Aulopiformes
(A Wit H Beloniformes
(m| fJZ H Clupeiformes

[A] H 1 H Lampriformes
&£ H Myctophiformes
£ H Scombriformes
14 H Stomiiformes
i H Zeiformes

[o] 4T
(o] %
o] F

S
(o)
o~
a
(9]
o ot 7N
-02 F
203 202 0.1 0 0.1 02 03

PC1 (41.6%)

E5 ARBHMEEHBREENERS TN

Fig. 5 Principal component analysis of fish body shape variables of the different orders

{ili% 4. H Aulopiformes %1 H Beloniformes

i/ H Clupeiformes H £ H Lampriformes

KT % 40 H Myctophiformes #%9% H Scombriformes

W7 H Zeiformes

F 4t H Stomiiformes

SRR B R[] B TSR I s SRR T A REAR AR
The black points and outlines are the mean shapes of different orders, the grey points and outlines are the mean shapes of all specimen.
6 AEEMEaKERERE

Fig. 6 Body shape variation of fishes among different orders
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2.3 AE&EFBLFKESRREAR S

W [ M R (e 4) WoR AR H A
B Sk KT R I AR 1 35 25 5 (P<0.01) .
K 3 B A A1 SR 3% A5 ) 5 A3 A 1 ) S R
T, 43 M AS TR B AR ER A7 H AP g0 1) 43 3%
o B HR AT A R B B RO TR LG N EE
SRS SR S TR GO (RS FFE6) .
XFF B RN R B2, AR BRI AR ) 5 4G
FNAE SCERAIE 73 2 IE A 3 e 1 (97.4%, 97.4%) ,

=4

KA FTEAR (96.2%, 93.3%) FISKIEAR (87.6%,
87.5%) , FEIZAR ¥ JEUG 1238 SR UE 43 28 1E A % i
fi£(34.9%, 32.3%) . X TYFGU, SR BB IR
TE AR 9 T 4 R 58 S I 43 2 1 1 2R ) B d v
(97.0%, 82.9%) , H &K o 4K T 2 IRk (96.2%,
80.2%) AR (89.8%, 69.4%) , EIEAK 19 )5 iy
A28 I Ik 53 28 1E Ay R A5 1K (24.7%, 22.6%) o
PRI ) (4 T B 432 IE B AR T, A8 SURIE 43
RIEFRIET B0

AE B EEREF AR R E RTESH

Tab.4 Procrustes analysis of variance (PANOVA) of different body part shapes of

fish of different orders and species

4125 Classification #RAZ Body parts df SS MS F A P
Bpif 7 7.887 1.127 84.912 15.453 0.001
% 7 11.504 1.644 58.105 11.614 0.001
H Order
T 7 19.587 2.798 93.863 17.175 0.001
2 7 3.512 0.502 36.179 12.804 0.001
Bk 25 13.128 0.525 221.470 16.538 0.001
% 25 21.628 0.865 117.920 13.411 0.001
WFh Species
K+ 25 31.529 1.261 254.170 21.226 0.001
e 25 8.452 0.338 92.637 14.121 0.001
x5 ETERBRELREERSBAINAEBHZRSHAANSHER
Tab.5 Stepwise discriminant analysis (SDA) results for different orders based on principal
components score (PCs) of Procrustes shape coordinates %
B 1K Body 3k Head ARF Torso & Tail
Original validation Original validation Original validation Original validation
filiZ £ H Aulopiformes 100.0 100.0 82.9 82.9 100.0 100.0 0 0
W% 1 H Beloniformes 100.0 100.0 100.0 100.0 100.0 100.0 0 0
fif:JZ H Clupeiformes 100.0 100.0 86.9 86.9 100.0 100.0 72.3 71.5
H 1 H Lampriformes 100.0 100.0 100.0 100.0 100.0 100.0 0 0
+T %€ fi H Myctophiformes 100.0 100.0 84.1 83.2 95.6 93.8 33.6 33.6
%1% H Scombriformes 99.4 99.4 86.8 86.8 94.3 92.5 86.2 86.2
F 111 H Stomiiformes 80.0 80.0 60.0 60.0 80.0 60.0 20.0 0
85 B Zeiformes 100.0 100.0 100.0 100.0 100.0 100.0 66.7 66.7
A Total 97.4 97.4 87.6 87.5 96.2 93.3 34.9 323
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F6 ETERBERUIRERSEINTRMENZSH R SER

Tab. 6 Stepwise discriminant analysis (SDA ) results for different species based on principal

components score (PCs) of Procrustes shape coordinates %
B 1K Body 3 Head AKT Torso J& Tail
rFh gy RRRIE . SOURIE L OURIE . RURIE
Species ()r/i\gisal Cross= ()r/i\gizal Cross= ();i\gi:al Cross= ();igizal Cross=
validation validation validation validation
B LCHS W 1 Scopelosaurus hoedti 100.0 100.0 91.3 82.6 100.0 100.0 21.7 21.7
AR EF I Arctozenus risso 100.0 0 100.0 0 100.0 0 0 0
KPG8 Magnisudis atlantica 100.0 100.0 70.0 70.0 100.0 100.0 10.0 10.0
A0 & Stemonosudis sp. 100.0 0 100.0 0 100.0 0 0 0
Fk 144 Cololabis saira 100.0 100.0 100.0 100.0 100.0 100.0 0 0
AR T 44 Sardinops sagax 100.0 100.0 100.0 100.0 100.0 100.0 74.2 726
H 28 Engraulis japonicus 100.0 100.0 100.0 100.0 100.0 100.0 86.8 85.3
A1)\ HLEE 111 Trachipterus ishikawae 100.0 100.0 100.0 100.0 100.0 100.0 0 0
NEAT 171 )& Diaphus sp. 100.0 100.0 90.5 85.7 95.2 95.2 0 0
HEEKT 58 10 Myctophum asperum 100.0 100.0 90.6 81.3 93.8 90.6 0 0
INIETF AT f8 Notoscopelus resplendens 100.0 100.0 94.4 94.4 94.4 94.4 27.8 27.8
ff;gfjeﬁjk FRATHL Symbolophorus o 4 97.4 92.1 92.1 94.7 36.8 36.8 342
&I i1 Tarletonbeania taylori 100.0 100.0 100.0 75.0 100.0 100.0 0 0
H 7% 2 Brama japonica 100.0 100.0 100.0 100.0 100.0 100.0 0 0
13 G 555 Brama myersi 100.0 87.5 100.0 100.0 100.0 100.0 75.0 62.5
L1485 Taractes rubescens 100.0 100.0 100.0 100.0 100.0 100.0 70.0 50.0
RS Nealotus tripes 100.0 100.0 100.0 100.0 96.3 92.6 40.7 40.7
1 BRI 886G Rastrelliger faughni 75.9 72.4 6.9 0 79.3 75.9 0 0
UG Scomber australasicus 100.0 100.0 0 0 100.0 100.0 0 0
H 715 Scomber japonicus 98.6 97.1 100.0 97.1 98.6 98.6 100.0 100.0
KA JJ 7 £ Assurger anzac 100.0 100.0 100.0 100.0 100.0 50.0 0 0
SRR A1 Benthodesmus tenuis 50.0 0 100.0 0 50.0 0 0 0
G Ichthyococcus sp. 100.0 0 100.0 0 100.0 0 0 0
AR 7 11 Argyropelecus aculeatus 100.0 100.0 100.0 100.0 100.0 100.0 0 0
A JF DG Polyipnus matsubarai 100.0 100.0 100.0 25.0 100.0 100.0 0 0
T B[S #3655 Zenopsis nebulosa 100.0 100.0 100.0 100.0 100.0 100.0 100.0 83.3
SR Total 97.0 82.9 89.8 69.4 96.2 80.2 24.7 22.6

3 Hie ] fa AT 5 R I 35 1 25 55, R AR T 9 e B
) H b A REAT RIS 7 A ] 0 A8 25 19 AR B .

3.1 &XEGHBERSIEERE Hi bR 25 2 i BOOKSTEIN' #1 ROHLF 25 17
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Abstract: Fish body morphology contains important ecological information and is a valuable feature for
species identification and population classification. There are many kinds of fish in Northwest Pacific
Ocean, making the study of fish biodiversity a significant challenge in the study of fish morphology. At
present, the study of fish species identification by using fish body geometric morphometrics is relatively
lacking, and the classification effect of different fish body parts morphology is necessary to be discussed.

In order to understand the morphological structural diversity of important fish species in Northwest Pacific
Ocean, and effectively improve the efficiency of fish species identification in this area. In this study, the
morphologies variation of 485 tails of 26 species from 24 genera, 14 families and 8 orders in Northwest
Pacific Ocean were constructed based on landmarks data and geometric morphometrics, and the taxonomic
effects of different body morphological parameters on species recognition were evaluated. The results
showed that there were significant differences in fish body morphology among different orders and species.

In addition, Multiple regression analysis (MRA) detected allometry in some species. In terms of
classification, and the body and torso shape could be better distinguished from different species. Studies
have shown that fish species in Northwest Pacific Ocean have a variety of body shape structures, and the
heterogeneity of the life history of different species and genetic factors may be the reasons for the body
diversity. This study can improve the fish taxonomy in Northwest Pacific Ocean and provide a scientific
basis for the sustainable development and effective resource management of fish species in Northwest
Pacific Ocean. Future studies can add more species and numbers in order to explore more universal
morphological differences and taxonomic effects.

Key words: fish; body shape; species identification; geometric morphometrics; landmarks; Northwest

Pacific Ocean
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