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WA TEZRER ., K, W — MY 1A R
1 A= B B B W) B P ) s A S (R Y OE 2S A
Mo KE M5t ( Oncorhynchus keta) T8 4= 5H By B
PR B W38 25 B AR, B 7 68 )& ( Congridae ) (1) Bt —
ol [ A 0% 1 fE 00 0 T W GR B 45 kg, 1R £ A
1.5 kg ™', AR S HiR 7644 % B (ontogeny )
TR GE 4 427 ( phylogenetics ) H LA 75 H 8 %2
8

HEPIRITE ] 43 R KN (size, 2R K A
M) JE AR (shape, F 2 SNBSS ) 7 i
(orientation, & — ¢ fiE fr &b ) 5 [a] ) F1 4y B4 fiE
(physical property , HAR I RE M H]) #4180 20 i
LW TE— SR A S O BT A AR S
BRI R AE, JF R AT TP B 0E 0 A R AL B
BT TRT BB R R A N T A T
JE 4r BT, W 8 & 8 HE 7 ((quantification
revolution) ™', i 7 48 11 7 1 1 K &, A 0% 4y
B2 220 A B A A B Y S s
FHE € & gy & pr b 20 b4l 30 4RAQ, B
ZIougeit o b H O e, 6845 23 Fr i 4 2R 5 A v
WIS o AEE B TR AP B T A B v i 32 3
HAEVE AW RRE , R I — 26 22 25 5 05 X A W 1
RARTE B BEAT RS, A B AR HOW ML F B A YR P
SRR S HMA RN ES, TSR X
A1) d5c L BRAE 1960 AR, (HJ2 X T8 A8 I &
TG A A, R ALE 20 HiE 22 80 AFAKR A
R, AR T #8/K (David Kendall) Ry 31—
WGt KR T — B IE S i g it i
W, R Z 08 1 o A A AE MR 25 1 3 T A AL
HREE G TR o 3 4 M B 25 4 A 5 T4
(Bookstein ) ¥ H Fx i “JE B W & 5 WAL
( morphometric synthesis) > i 4 75 2 % % 74 3
(Rohlf) t A Ry g 3 7 “ T8 AW & 24 0§ a7

( morphometric revolution) "',
2 JUIB SN T ik

2.1 5MEEER% (outline method)

S5 BN T 5 v B AR e R s, AR Dy
JERER s dEH SR A R Y5 Y (homologous) 2H 21
SEA B 1 G FAT TR PR A A 2 JROH: 30 2 il 2%
— BB R AL TS SR RS
1 ER 7 R, (R 258 i B ok e it 4k
M2 5o 18 4l iy vk [ %% % Joseph Fourier A

S AT AT ] S0 o BCHT AT LA T 95 R 1Y) = AR R BOR R
NI 31 ol AR L VAL 5 o Ve O (1 V1 R Sty o
#r: (Ellipse Fourier analysis) & H /) —Fp 5 &
WY o 51 E B A AN B R 38 S
7% 4 ( Fourier transform ) f%) 75 2%, %5 it £k 43 % 1y
FH 1E 5% Rl 4% 5% 41 B A9 R P ok 850, DA T 75 A1 §6
5 45 ¥4 8 57 - 3¢ 3% ( Fourier spectrum ) , 95 )5 K i8¢
Wl 22 AT HOR A TR B R WHE
A B R R i A, B A%y 2T 32 i
FHA KB,

I X H A S5 48 B A A AE 5T S R B, A Y
NG R M2, TR A AE A R AN AE Y /)
R, Rz R ar i (singularity ) o & 42 Y43 a1
AT XA R SUTF AN PRI R I A R Y
S IR o B S A AT R X AR B AR
R L HEAT IR RS [R] Y AT S AR E 6 R X
STRESIA R o I JLAF B — S 55 Ak B AR )
AE A 200 b ik T 3ok — [] T, G op D /IN 30 9 46 03 A
(wavelet transform ) A1 fij &R K B 25 [4] 4 #r
(curvature scale space) NI, /0t AR BT,
Tl 77 v %of il 2 58 B 1) R AN 23 Bl B R ) R
A, T e R A AR e A AR UF i AR E
PE R L) o P BE ST R A 2 B2 U D
3l (ICM-CSIC) [ #IF58 N B, e 8 1 K a1 ¥ 7
2 X B AT TR R H A
W 3 ( Analisi de formes d’ otdlits, AFORO) ',
WA — A 2 B B, OF HOX B — b -
A AT R R A ST AR R N A A R R
BE S [0 3, P AT DLl o AR 2 B B ok
YL AR R
2.2 RS % (landmark)

Mo R D44 S SOt S A A W AR AE B S
PR s Fl TR R BT R MR R AN R —
0, X AT Rl 8 1 2%, B I B — 2B 5
BRI 5 bR ok FA TR 25, mT LUMRAS B4 19 2%
Ko BHET,TEAED 5o bR S 2 F 3
Ze:1) 1 BUMh AR i . F2 202 46 A A 24 2L 1R 1) 58
KU AIUIA 5 Y A AR g A 0 4 fil
Fs2) T B R . 48 450 vh i TR B8 58 kS A
TR Sk B 5 L H- A i R E i H A 25 4 58 AT LA
WIBEN I o 3) WAL bR £ o 5 45 40 M AR A,
R K8 BT (E2)
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cartesian co-ordinates
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Fig.1 Procedures of outline method analysis

2 =WRBMAARTEE
Fig.2 Schematic of three types of landmarks

H 270 0T AR A5 38 RO, G 2 A AR A X
] F LG A2 AL, ik Se R AR AR . HABR
EX LTI, A BEWE LA Ry AR e AT e 221 2 A o
% [ ('superimposition ) nJ 1R & My 5 2| B 2R
B B R B SR o b B A i s B, AR
LS LR B AR, R I 2R GE 1 o3 B ik 2 o
ROR JF e LUEMG Aok B R R BLAE R . H AT
BRI AR A o ) O A S R T 4
#r5 ( general procrusters analysis, GPA ) &2 H Fij v/
R 2 0, 3% 5 1 Je kT di/ Iy 3 i i
(least-squares criterion ) , $& H £ 7% Ak FR & 2Z [A] B
I /NEEE AR S HEAT - B I b B B A A R Gk
BB ED YRR o L TR AR 1 ARG M AR A D
I, GPA ¥k i Z 0] BT 7 AR 1 22 5 0 31 &% A

MBS TR E T2 . 1E R GPA 1Y
A7, ) St 3% 38 B s ((general resistant fit, GRF)
I3 A B S B A AR AR 58 ( median value ) Ok i
FTXFEE , 3% 4% T DA 08k S GPA 32 BT 7 A 1) i
2 EEEEE, WA A B A 2 R
KA R RS Y 8501 BR 9 BB 45 (mean
shape) , K5 T 5F i & R A B F 28 35 /Y R
HLRBMRIEES EAE R (K 3) .

AR 45 FF 3 (thin-plate spline) /23 T D. Arcy
Thompson [ #} 4% %% 1k B i , Bookstein' ' 7 1989
AR B AR R 0y U7 s X BIB E—
AT S AT B A 1 T 2K i 2 REAS AR A gk
A3, 33 b P s A2 TR 1) 22 S B0 A ) 5 2Z TR 285 )
ZeSt o ITIENG R (materialogy ) H 28 i 4 4
fihi i€ # 4L (bending energy matrix) 5| A FJL{a[ 73
Br e, T80 B 350 E SR AR X6 B S — WA 5 AR T
A ity W RE & B O i RE R %07 5 H AT LA
AW E 2 FEM R TR — it dR ,
W K B R or o B FRE AL (B 23 B (eigen
analysis ) SF 40 11 7 ¥, Ho Ay — 26 8 S 1] A, 40
F: % # ll (principal warp) '™, J& # 1 i ( partial
warp) ' FH 4L (relative warp ) ) 4 iy A
VE R B GE it 7 ok AT 22 S LU #K
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B3 iR AEMRESRDY
(a) K im LA 1 &6 (RO I B 8L ) 5 (b) RBRAETE S48
SRR (412 DR AE GPA AbBHT S A9 L 42) 5 (o) e il 4
Br (CVA) Fi 25 S iy BG4k [ X Z2 0 21 61 U5 T £ ( Spathodus
erythrodon ) F1 A7 ) W5 47 3% Wi £ ( Eretmodus cyanostictus ) it #%
fLA2TE ]
Fig.3 Procedures of landmark method"*!

(a) Quantify raw data ( landmarks recorded on body of cichlid
fish) ; ( b) Remove non-shape variation ( landmarks of 412
specimens before and after GPA) ; ( c) statistical analysis( CVA)
and graphical presentation of results. Deformation grids for mean

specimen for(right) E. cyanostictus and( left) S. erythrodon
3 JLAnfIE 250 Ak N R R

AN TF) 5 AL G 250 ks, LA IE 25 D0 4 2
Je iy LA S a IR, LLIEMG O SRRl 2R AT o0 A, H Al
JUARTHE 2850 kv 8 b 3R PF F2 2803 g RS - 5
— 2R 25 & B Y (comprehensive software ) , R
FH — LR T L) 58 iF 2 A0 45 2R i B B 1
il 25 o B 20 B i 2R 32 B4 Klingenberg [# -
WF % % Morph™"' | @yvind Hammer Hf % 1
PAST'™ % 45 = 2% Jy & 51 4 % #F ( series
software ) , Bl Z2 > J57 43 3] 4 380 53 7 AN (7] 1) 28
TR PR BRI, 2H A — > RPN R B B %
B AT James Rohlf BF % 9 TPS 51 4 ¢k ;
David Sheets fff % 1) IMP Z& 51 8 {00 %4 A v
(Iwata Hiroyoshi) BF % ) SHAPE %k {1 43" 45,
TEE P, A Al R 2 B B AR 2 BOR B SE 3 &
(TPMist ) P A/ B B0 B b F & s ] 7 B HUE 25
S 0/ TV« 0 R = G R R 7 o T N v
(Bugshape) , 2[5 A /Y B OB 382 0158 TF 8 1 5%
WL R X TPS & A 4K SHAPE K {F
FLH PAST 255 B AF AT ] B 40
3.1 TPS %% (TPS series of software)

G120 R 2 BRSSO B
James Rohlf Z#Z T 20 tit 22 80 4 A A It X JL A
AW & 22 JEAT A5, IR & T TPS & 41 4K
o B AR R B B B R TE R A% 23 b

B 53 43 B R LA 43 B 4 1] SR S8 3 o A o —
T, AT LK 2D 1 [ 15 AT JLARD T 25 0 4k A A 5%
M. B AL F By tpsUtil, tpsDig, tpsPLS,
tpsRegr, tpsRelw %5 7 J¥ 41 i, L tpsDig J& %k
PR PR 2, 3 R I IR R B ST R 4
090 e Rl S DL L W R Y 7 X A v I R A
WABCTA I S BEVE T (I8 4) , 88 )5 I oAb 2
Fh > e B P I & 52 AT

B4 XEBEEREGREEMARS (tpsDig V2.16 FrE)
Fig.4 Schematic of cephalopod statolith and
its landmark ( by tpsDig version 2.16)

TPS A A 45 A 1) 58, A 4, BE PR
AR EE A . A H AT EZALGE A T 2D BHRIE
Aoy, I B TPS B2 1 Bt 2g 90 47 A B T
R, R 28y © o i (f 288 )7 (U RE
DOS 855 T 1817 ) o M N0 2 Y tpsDig LI
R € W AT , A 0 80 058, ®F 2 0F 58 N 03 T 4
5%, 9 HLW FHAE & U FE J3 A v o
3.2 SHAPE

AR AR 45 B AL (Hiroyoshi Iwata ) Bl #(
BRI FRWIE &2 07 M5, JF B £ R
th T SHAPE #Rf1, 32 %K i B <7 v 53 47 i
THEWILEO 5. SHAPE 2 6 4> )i ] 2
Fp R 2 A S R4 B, chain coder” F ¥ J2 i
17 8K JE Ak B ( gray scale) | ®2 & T {H b
(binarize image ) . B # 4% 7% £% ( chain coding ) ;
“Chc2Nef ” £ # {# 37 M % (& ( harmonic ) ;
“PrinComp” # 47 3 i, 43 73 #7 ( principal component
analysis) ; “ chcviwer” 8% “ nefviwer” , 1] DL WL £ i
Sk BRIl & AR AR (ES) .
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Ui SHAPE 1.3 — ChcViewer

File Confiz Help File Confic Kelp

i SHAPE 1.3 — ChcViewer

45 SHAPE 1.3 - CheViewer FEX

BS5 TREXFEFREXEREESEE(SHAPE Fr)

(a)ZFfh, (b) M, (o) FIARIEH

Fig.5 Statolith outline of pelagic squid of Ommastrephidae(by SHAPE)

(a) Ommastrephes bartramii, (b) Dosidicus gigas, (c) Illex argentinus

SHAPE J& T Z 515, v i) 25 190 1) R frj
G, F R E R R A5 20 A R A 25 R O B s i
RIS G ) A AR O o AH b 1 AR 47 A 15 4
SE SRR T LA SE X AN O B — i R il
k1 2D B, AT 7R AT 4 b, A A
IhBE AN XA PR o
3.3 PAST

Bl B AR Y1 Qyvind Hammer #F 5% 51 K
WG A W 8 SR SE TAE AT 1999 4 T
it & PAST, iz 31 B A &l 7 8ol & =0
('spreadsheet) (1% ] F* $L T, 57 412 W] LAAR J5 fiE 1)
ORI A, 0 S HE SCA SR F Excel A& 1 &
A [V S R 500 5 e 0 22 bV 1 Dy 2t el A
TGt (B 6) o KRk, PAST #4 iF
Zo5iH TR T R R Z 8 fe, & T
T A Xt JUART TR 25 000 6 325 9T 1o FH 1 3k, b
T A BT, WA 5 R A3 B, A TR L e A3 T, RRALE
B HT S . ST DL B WA DI RE AN &l 15 5 1)
FUrRE , #RE A AR 09 52 A IR S
Sy MR A R AR, A SR TE AT Al
LK B AS O Tz

Wi 3D B BYAS W & S , AT - 18 1 77 v
Ko BT — 2 B =2 RIIE A Hfe T e 3t
— AT R 2 A TG T L A T 1 45 4 4
15007 WA 250005 3D iR 51 A
JUfaITE 25 I £ o, 40 TMP F11 Morph) 4§ |, = 2 43 7
DAL U R o B R P ROR e 5 T AR Z K
TEo GEitor Bk R, U UEACHS TF kL 4 3% DL &

RAFRY A St , B iz B T A g e . A
T JUAT I 5 2 25 F 58 19 R #2 )¥ 40 Geomorph
AN R R AIHT M A T, L AR R A 1R
95 e R, Jm 2 R HEAT SO Al AT A8 R
FHFHAB A A , A7 AR S A TRV . A 2T Y
Je L 7EJH R I3 Z i, 75 2 A B0 A 1R 2 R
Ry ik (digitalization) J5 A4 BE#EFT 7047

B 6 PAST HREREMEMAEEN
Fit A E
Fig.6 Operation interface and statistical

analysis of PAST

4 JUATIE 25 0 95 e K AL sh i vh i v

4.1 TEWSHY
20 22 70 AEACTHF 4R, FE LA IR 250 5 ik iR
RIER BN Z B/, 5 E A 24 XN 5E 99 8 9 114 4h
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TR AIEAT T . Gevirtz ™' %) 14 FhILSE 4 3 1)
mah 5t I8 & WF 58 & B, A5 ie DL 2K ( venerid
bivalves ) i 1 2575l (8] (14 28 Ak BT 3 % 1 15 g
(Macoma balthica) , [F] isf 5, & B, Fb 572 8K 1 Fh
25, BT Tl ] 22 SR TN o R AS [ B 4
XML A4 o g B, EwE
( Macropthalmus  japonicus )'**' | % AR
(Homarus americanus) "' %5 | SF AR R F £ %
HEHHRXOWMAERIEES S HEMBE BN RR,
Zimmermann "' %] 3 J& B JE NE JA 21 6 A B RE B IR
WE EF ( Macrobrachium australe ) 3k g 1 75 3t
15 750 Hr , 4 2R O BRAE S0 R A 3 B A A Sk g R
B, HAHA /) o g i) AR T AR TR ZE R OK TR Y
A e Y ke, B A, ) SR . iR AE
AN TR BT vp B B 25 22 5 ) DA R Dy 6 B ] 98
( phenotypic plasticity ) [ i& i . Idaszkin'*"' 2 %}
B #2 4 4% /5 9] (] 417 (intertidal habitat) rfr — Fr 22 /)
KM IE S IEAT T /00, 45 50k BLAE 16 A6 A TR
TR AR Sk B HY BL R VE T L A AR S A K
AT DN G e SR S O e B B T AW
SERBE I A A w2, DA 55 G Al A S B 5 A A 1A
AT SR

JE 2 N Bl ) — R B A R A Y b e, oAb
WA KR R IRETE | JF HOAR b A b 3, i 42 e
AN L Ry T A5 R KRB AL Y 2 2% i (reference
point) , T #h 78 B X B 7% 0 4= ¢ (accretionary
erowth) T B8 {158 BEATHE T M 16 2 2 o 52
B e Ackerly ™ L T B K 7
( geometric growth function ) 44 8 /& 49 sl ¥ 7b
FER A KA WA W T RS AR A R e o
i A A T FE XUIR B K i 3R B . Guralnick
2t 01 k22 W ( Littorina Saxatilis) {9 A1 A4 K ik £F
TWFF, RN A K BB S ) AR AL 2 X Ah o
P R T AN [R) B P 55 5 e 35 A [ Sh 55 45 7 1Y
JEU B . Hollander 25" {15 15 Bk I & 2= U2 ( Lirtorina
littorea) WIS ( L. Saxatilis) ¥ H. 0] A8 ¥ | #ff 58 45
RA KW 53 2, 31X 3R W R A AR 5 Y
PRBEIE R M, Teso %51 %of B 79 g 4 VY 12 S [ g
T AE B2 B 54 B 2% Olivancillaria carcellesi 112 25
AT BT A AT AR T R T
MR 22 5, 3l g J& i T CaCO, & B 4 46 2
B 1 o T T o, RO A R A R S AR X AN, A
i T 2 5. Cruz 55 FI#RE T 9 22 A Ak AR

KU, X IRFE (Conus) 19 5 Al 28 51 56 1Y B 25 3
1T T HESE 45 D\ oy B8 AL AR IS T X 43 i ] 22
S B ARG RCR .

H A LA 25 000 o 32 %0 3k 2 28 i 8 28
T A Z, EEE B T X H A LR
Dommergues % iz FI AR AR B 25 1 207 T 124 I B
( Sepiidae ) Fi1 ZZ 1 B} ( Ommastrephidae ) 1t 12 F sk
R AL, Neige %7 % 16 Fl sk 22K #Y
A 0 A o 2R AT 8 28 S F 5, AR JLARD IR 285
AW ST T H A R A BT AR (LT
8) A E S H A MBS Xt 5 A R i & Z [\
95 ML, Lombarte % i il JL A JE 25 % %
FE T b v i g 3 B} (Octopodiidae ) | & R} AR
5k BL ( Loliginidae ) | £ 1 B 2 4% 5 W #l
(Enoploteuthidae ) %% 5 Bl 3k £ 2K H A, 45 £
TR Ah At il 28 ) B %5 530 B B % 43k 100%
Crespi-abril &7 xf (4 38 B J2 9% 1 WA~ K ) B
A ] R 4 94 5% £ (Mllex argentinus ) 4 JI7 14 1 £ ot

18 WK
dorsal

<

rostrum

B7 REERMGASGREESY
AT BEZEE AT B g S A7 AL
Fig.7 Distribution of landmark for
cephalopod statolith***"!

A. lateral view for Decapoda statolith; B. lateral view for

Octopoda statolith

B8 kREMARF/LAMSUEMTR"
Fig.8 Landmark of geometrics morphometric

measurement for cephalopod beak'™!
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S, A LA T 200 6 325, R A7 B im0 H0 1 25
R, U B IE S LA [R] R e AN ) 2 5] A (]
P LA BE A R T] 4 AN A7 7 22 5 5 IR AR AE A [m) >
AR R INFUAS [] b A i) 2 S B R, R A 1 ) A A
B, HL6E A I A T AR AR .
4.2 BHEIW

20 tHhad 90 ARARTF 4 , b A3k B N 7 f 2%
B2 2 A 1 o 2 88K, AN g 65 ( Dicentrarchus
labrax) "' | &4 ( Diplodus vulgaris )™ I #
( Callichthys spp.)' 4 fu % i 4> 1k & &
(ontogenetic changes) [ 75 4k, L I fifff 1 ( Mugil
cephalus)'®"  Jif fa ( Gasterosteus aculeatus) ' %
FRS B b B AR 22 5 o HEA 21 HEZ2LUJS , M bR A3
VDL Ko Loy 48 A I Hubr 4535 R ST
B JFE 1 X R W) 2 i ( Diplodus puntazzo) (i SME i
TR, SRR I, 1A Bl A AF W% 10 1 I, IR 8 i
TS A K TE , J 0 I AR 5 Mo B A% . Trapani ®
WL T W BRI 4 £ ( Cichlasoma minckleyi) A~ [F] 4
PRI JER AN S 7 A KA 20 L S W ( pharyngeal
bones ) #14 JE (dentitions ) [ JE 5481k 22 57 45 R
K, F kA (papilliform ) A5 AMAAE b — 2, B
#; A ( molariform ) > {4 W] A fF A [6] . Rodriguez-
Mendoza 2" i} & TG #E iy ( Helicolenus
dactylopterus ) 5t A KAF BLOF TR R B T S 1R A
KB 25 AR T S 28 A o FhRE 22 5 19 20 A s
T %05 1 o Silva® X K 7Y P S A 7] A
RERYD T £ (Sardina pilchardus) W3S 34T T 7347 o
JUAn IR 285 v B AR g b DX 43l A0, ) J31) 1 4 238 3K )
87% . Verhaegen 2" ©f 5% T 4 3k 0§ ( Sparus
aurata) {1068 35 & 0 W JE B A8 04T T 8 PR &
HIBESE . XIS 65 d % IE 5 A U R T A 1K 1
ATXF e 8, RIS 2 5 B E  HIE®E
AR T A ) S 3 A A5 AR SR ARARL, 0531 5 #
A LA AR B 3 AIE B A AR R XA R A A
Maderbacher %' Addis 47" fl Zischke 457" /3
TR A [R) DX 33k ) 451 W £ )& ( Tropheus moorii) | i &
4t 1 ( Thunnus thynnus ) F1 ¥ K H] 8k
(Acanthocybium solandri) TS L WAEAH T
%6 Bl B 4% 38, Frédérich 7™ BF 58 T 46 68 R
(Pomacentridae ) 74 [A] (% A K i Be e Sk BIE & 1Y
A I U 2570 A e B, e 4l 1A ) 30 Y Sk
TS AEACA 2, AR Sk B 1Y S A K R 3 X
KB B 2E S TR ol T AR T FR R Y R A

G RIAT g B A BT B

PR T fARAS B 1 AR A AN B AR O e
A A1 21, DLLRRE 09 45 70 RO 28 4 55 19 e A1
B 7 AESFFERNZ T . H A R R
T G (N7 N T | Nl {0 N A B <
Campana %" 52 5 1 K5 H A7 B 25 51 A 2 025 Flb
FER) o3 A S b o BB R R AL EOR 1
R VE 222835 T 6 % IRR 45 B AH S B 027 7 vk
BRI H A TE A M9 254 o ICM-CSIC {1y
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Review and application of geometric morphometrics in aquatic animals
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Abstract: Geometric morphometrics ( GM ) originated from late 1980s to early 1990s in last century. It
differed from the traditional measurement, mainly focusing on the variability of shape. With relative theory
foundation, we were separating shape from size, explaining the intrinsic results using multivariate analysis.
This new method was meaningful to the organism with fixed and stable shape,and also widely used in many
fields. Generally, aquatic animals were surrounded by hard structures with relatively invariable shape.
Meanwhile , they played different important roles in diversified waters. This paper reviewed the shape analysis
of aquatic animals with geometric morphometrics in the recent decades, briefly described the developing
process of this new method, explained the principles of outline and landmark method, and introduced
methodology and some relevant software. Then we retrospected the application of invertebrate and vertebrate
morphological shape in aquatic area. The result showed that this new approach was accepted by many
researchers at home and abroad,but had a limitation in species identification and population division,so we
should use the hard structures to analyze the morphological variation, consider the implication of
environmental change with the morphology of organism,and try to print out the original appearance in 3D
and describe the shape variation with theoretical studies.
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