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A JBUSUE 25 28 57 00 05 5 IR 3 BEAR R HEAT R 03, (HR
FAREE R o TR 1) K-means 325 R 2675 1%
7R, G, ARBIFTE I AZIAE X & 5 A T
ML SRR IET , T Sk 2R AR R
et —MoE T ik

1 MR57EE
11 HmREXRE

FEAS T 2014—20194F 8] 73 51| vy b [ KT ' il 9 1
P L BILE A ) AR B T VU L VR (59°~64°F,
13°~20°N) . #i5 7R AP (110°~119°E, 5°S~1°N) Al
[ B IfF (110°~118°W, 9°~21°N) (1),

FEATE LI = M VR 5, I 4 H I S (mantl e length,

ML, K65 1 mm)AI{AkF i (body weight, BW, 7
F 19g). MBTSFERBUS, A 75%P R IR AT -
43PNV AU B R TR IX 356 B 5 R RO | A R K
P R B v [ e T R R (O 4O ) 1Y £ B
PRI KL E g 80~500 mm 1) 150 X £ %5, i ]
K B2 47 0.01 mm A3 AR = ROGE LS FTT 545 5N R1E
HEATINE:, 45 |3k 35 K (upper hood length, UHL) . &
&4 (upper crest length, UCL). Wk (upper rostrum
length, URL) . _F-fMjEEK: (upper lateral wall length, ULWL)
3K (upper wing length, UWL)., T3k K (lower hood
length, LHL) . F#&% K (lower crest length, LCL), Rk
(lower rostrum length, LRL). Tll&# K (Iower lateral wall
length, LLWL) I F 3 (lower wing length, LWL), /il 5
HESIRSCER (5 445, 2014)(1#] 1)

1 REER
Tab.1 Sampling information
X Ui KA H 1 A i AR
Sea area Latitude and longitude  Sampling date ~ Sample number/ind. Mantle length/mm  Weight/g
[LE[q421)i 222 59°~64°E
o oMo 2019.06 50 120~443 105~5564
Northwest Indian Ocean 13°~20°N
JH 7 A o__ o
mﬁ% AT . 11?, 1109 E 2014.04—2014.05 50 119~-351 45~1975
Tropical eastern Pacific 5°S~1°N
] e 110°~118°W
o 10 2017.01—2017.05 50 80~213 16~460
South China Sea 9°~21°N
UHL OCL
_E57 Upper beak T%i Lower beak

F1 BN A I R B 1A

Fig.1 Scheme of morphometric measurement for beak

UHL: E3k#K; UCL: EHZRK; URL: EBK; ULWL: EMIEEK; UWL: EFEK; LHL: FkiEk;
LCL: FH%K; LRL: FrK; LLWL: FMEEK; LWL: FHEEK
UHL: Upper hood length; UCL: Upper crest length; URL: Upper rostrum length; ULWL: Upper lateral wall length;

UWL: Upper wing length; LHL: Lower hood length; LCL: Lower crest length; LRL: Lower rostrum length;
LLWL: Lower lateral wall length; LWL: Ower wing length

12 ARSEHEREN
0 HEBR AR R/ X A BSOS B R e, R

z-score FRifiE ALK I ik £ T SURRCHE (S5 3100, 1] =2 1]
AR T R B T ORI P AP AE R R R, TR R
FECE BEE R e, HAT R AR
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FrUEAk a1 A ot SRR - Ny s
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A FARBEUABIE TR RER 0, HEANR
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o RS T FESRAE (R XORU 0o 33%, B K=3, 4
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Tab.2 Morphologic indices of primitive S. oualaniensis/mm

A Sk Eitﬂlf?‘# #hﬁ’%%fit%i B EPI?IT‘%(’@
Morlpha ogic Northwest Indian Ocean Tropical eastern Pacific South China Sea
indices /ME RKME F¥ERMEZE R/ME RORE PHEREE RME R EIEbR 2
Min Max Mean+SD Min Max MeantSD Min Max MeantSD
%K UHL  13.0 17.2 14.1+0.9 9.2 13.0 11.6+0.8 8.3 10.9 9.8+0.6
E#HFEKUCL 159 206 17.5+0.9 12.9 19.0 15.2+¢1.2 10.3 13.7 12.3+0.8
K URL 3.8 6.6 5.0£0.7 31 4.9 3.8+0.5 2.2 4.3 3.4+0.4
FlEERK ULWL  10.0 14.6 12.3+1.1 8.7 12.3 11.0£0.8 7.9 11.0 9.7+0.7
FERK UWL 3.2 5.3 4.5%0.5 4.0 5.7 4.7+0.6 2.4 38 3.3+0.4
Tk K LHL 3.4 5.4 4.2+0.4 3.0 4.2 3.6+0.3 2.6 4.0 3.3x0.3
TH K LCL 6.8 10.3 8.6+0.8 5.6 8.0 6.9+0.6 2.6 6.5 5.8+0.6
T LRL 3.7 5.7 4.6+0.5 2.6 45 3.520.4 1.6 3.6 2.9+0.4
FEERK LLWL 111 15.7 12.7+1.1 7.8 11.8 13.4+1.4 7.2 9.9 8.7+0.6
TEEK LWL 3.7 8.8 7.4+1.1 4.2 6.6 5.4+0.5 4.0 6.2 5.0+0.5
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Fig.2 Clustering effect of S. oualaniensis based on Manhattan
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Fig.3 Clustering effect of S. oualaniensis based on Euclidean
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PO R . PRGBS L. TRk
A 439k (1.12, 0.83). (0.18, 0.21) Fi1(~1.00,
-0.82), k. FHRKERP.LIN.06, 1.26),
(0.38, 0.02). (-1.03, -0.85), . FHBKMELEF L

43 5°4(1.32, 1.13) . (-0.08, 0.03). (-0.81,-0.84), I-.
A RE G Y S B S vt 43 51 (1,03, 1.01) . (0.26,
0.26). (-0.92,-0.93), . FHKNEIKH.LH1H
(0.60, 1.34), (0.18,-0.14). (-0.80, -0.79)(%3).

*3 BEHLHFHEULE
Tab.3 Storage locations for cluster centers
Wi 5K kRS J:%"?%f:/ RS A EE K/ REKS
Didtance Cluster cemers FkiEk  FHRK TRk DEAS FHREK
UHL/LHL UCL/LCL URL/LRL ULWL/LLWL UWL/LWL
S i R B PHAL TR 1.12/0.83 1.06/1.26 1.32/1.13 1.03/1.01 0.60/1.34
Manhattan Northwest Indian Ocean
7 ey AN 5 0.18/0.21 0.38/0.02 —-0.08/0.03 0.26/0.26 0.18/-0.14
Tropical eastern Pacific
v B -1.00/-0.82  -1.03/-0.85 -0.81/-0.84 —0.92/-0.93 -0.80/-0.79
South China Sea
Rk B B PE L B v 1.21/0.99 1.09/1.21 1.23/1.24 1.09/1.14 0.53/1.33
Euclidean Northwest Indian Ocean
PO RV 0.16/0.10 0.35/0.07 -0.11/-0.01 0.18/0.18 0.60/-0.27
Tropical eastern Pacific
[ B 1 -0.99/-0.79  -1.05/-0.92 -0.79/-0.88 —0.92/-0.96 —0.85/-0.74

South China Sea

MRS AL AT R) 20 A5, AN TR] A R R 5k
HI B REAS A PO A, P2 RIS e —E
R o

2.3 FRIRIhZER

PERE 1041 b TARSIEASASE PR 241,
Bl b, FkEK, L. PARKSE, RELEXHER
R ESHIRN AR, HRZSRIZERAE

BT M s, PILENE S 2 43 B
BRG], 7 Bl o I R AT, U AR
h 86.0%; AR K-S S 37 AR,
13 Bls Eh E M, RN R 74.0%; FE R
155 55 50 B HE il , R TI %R 100%:;
BRI IR N 86.7% (% 4. % 5).

KR ECHEES b s, PHILENBEVETSS S, 43 R
RG], 7 Bl o P R RSP, U PR N 86.0%;
PR AFES 2, 40 By Iing], 10 BlssasEd
FERgHE, BRI N 80.0%; HrlE Fg i &5 1205 50 B 1Y
BRI, AT 100%; AARBI R K
88.7% (¥ 4. # 5).

N =R DX 55 ) B AR X R, S T
SR 253 z-score BRifEfk, SR ER QI B iR T R 3
SAHTHY EIER X /0%l 88.7%, WAL T A i #E 5
(D)o ARWFFZHIAAF Y, 2 05T R 25 AN KK EG 2 4408

P75 5 W s i AR, PG BB R
] P YA ) 25 5 R U 45 R — 2, TSI R DL
L IR I L R W £ B R A 2R S RN AL A T
X [ e T 5 ) RO B A, TR A 2R
TR 155 1% ) T 43R LA B H ] e 98 5 ) 4 4
R ey, E e R PG B 8 R A 2R D B 7 2 2
SR RERR, DX %N 80.0%(F 4. £ 5).

3 it
31 RSk R R M IR R A A5

KRR A TRV . KVH . BN
WA, TP R ENEY IR —, T H A
TP SN B0 AT R 53 T 2 0 B o A AR A, B
U T R VE I R, S EIRTEAL DL A BT K
P LR (FUVIVESE, 2015), B LR
FAINE K FERHIE | T2 RIS, SEk BRI
FE SR AR S 7, T Sk F 28 A 1 21 022 EL e 40
IS T A S A G S U (KR AR, 2017,
B 84, 2017), b, B2 S 5 B R A S Y
ALPE AR SRNRP RS A i KR, (A5 H A,
£ U Sy B, A SO B ULER | T ol L R AR
FE, HTTZAAAE T S E IR0 T E N (AR
4, 2009), M HRETEGE R FHA
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R4 ZKRERELEWEMERESEITER/ind
Tab.4 Cluster result statistics of S. oualaniensis/ind.

i S IER 2 POALEN R P AR R [ g S
Distance M easured/Cluster Northwest Indian Ocean Tropical eastern Pacific South China Sea Measured
I PEILEN BT 43 7 0 50
Manhattan Northwest Indian Ocean
P AR 0 37 13 50
Tropical eastern Pacific
r [ g 0 0 50 50
South China Sea
A B 43 44 63 150
Sum of clusters
W [G B PHALEN BT 43 7 0 50
Euclidean Northwest Indian Ocean
P R 0 40 10 50
Tropical eastern Pacific
i [ Fi 1 0 0 50 50
South China Sea
B2 43 47 60 150

Sum of clusters

x5 AEAETHEU=ZXAEBEXESSKMEMHBEX SRR
Tab.5 Digtinction effect of different algorithms on Soualaniensis

WA R IR
Leakage/ Error X &
% rate/% Accuracy/%

SRR R PEALED R 14.0 0
Manhattan Northwest
Indian Ocean

P ROV 26.0 15.9
Tropical

eastern Pacific

v [ 7 i 0 20.6
South China Sea

PHALED v 14.0 0
Northwest

Indian Ocean

PR 140 0
Tropical eastern

Pacific

rp [ R 20.0 14.9
South China Sea

e g X
Distance Sea area

86.7

R G S
Euclidean

88.7

32 BEMARIARTER

WEFE R, &S M A e,
W AR R e A A R O (KA RS, 2009), B 5
WY A R SR | R R R R | RN SR AR R
23t ORI R ) A KB AL YA TR OF #4455, 2014) £
BSHRE RN 32 B B PR AR T S5 AN [ A 52 00 i

BT S (RRIRS, 2018), IR 7EE £ it
ERIARTE, UM AN IR R 5 A K g i 22 5%
(M 5154, 2016),

ARHFFE T, B A I SR A5 S B B v Ak
Je g R R, PEACED BRI IX 5 S A R,
PO IR AR 2, TN R TV X ) T S A /S, o —
UL, AR AR KNS B IR TG,
Jo 25 B bR X 35 2 S TR O 22 S B0 AT
REVEAK, SXLMAE(2019)4518—2 . PHILEDEE
FEZ R NG R _E TR, 5 SN L
FEBMRZKMERZ, WRKRBOVIHRETT,
7 AR AR K 3 3 B A2 5 Wz R T 536 I AN 404 P A G
TR, R = Ak, B, B v P L
5 1) 25 5 T Lb PG AR RV 1 55 2 i EL A T K A
J5 R SF(Burkill et al, 1993; Flifb A%, 2014), #vifs
A B BE 1) 71 J53 SR /N AR S R 5 AR 98 Hopth 2 4>
AR 2 E S, SO e 3R RS A N 5 o
W2, i X S a7 B S . S
S, g KRR, HoA R B/ NME (Hu
et al, 2000; V3%, 2014; Liu et al, 2019, IL4h, ZHF
FEARE 1 A3 25 5 I ol A PR R TR, ME SR
TE R — R N A TR AR AR AR, J30, B kR AR Y
BAREAS , ANAFFEA R & E WIS [R] 10 52 £ 53 0%
2, bRUEAL AL FR A £ SRR HERR T HL e PR X A
J SR /N R 5 el (2 B 52 48, 2010)

F ST B, T — Tl e (ot o e 285 1 WA A o S 265
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% A42%

SR AR R (CRYLE, 2016, 2020; Z1R4E,
2018), AWz, MEVEM R SOE S F SN EE K
FHEME, =R XA RNES A SHES B E
(P<0.05), JELkss| A5 bl bl 2 S5 it — 2 43t o

3.3 K-means &ix i Hi

K-means 5k )8 TAE B /325, THR B4R M
WIGREESE . ikt . THa bk | b B R 4
SRR G L I FE S QP s By 8 8 o T [ 0K R
— (PR SE, 2019), HHT, A 5 B R 2SS AR
BER T IEA R Z, Hip, X AK% (2019) 7 AF 55 £
A s BRAE S PR T AL U AT, A5 B Y I
WU 63.5%, TEVLVH45(2015) % T 5 g 15 2 ik
PERI, HE ST A TSR A R, IE A ) Rk B 65%1
o Thi 45 (2019) 32 A HL Ik 35 o S5 A
B IERR N 83.3%, MiHAE(2015)45 A 3 o 4 bt
FIRN R R Ky 76.9%, 1 A BF 57 3 T4 280 1Y
K-means 275 FE 24 136 T 1R 25 12 RN B ek A 4,
SOEHf X 5335 88.7%.

4 RE

TG IE A7 B ik A T SOE S 505 ke 1 2R,
B IS O SR AR 2, IR R 823 T S AL
U H BRI TSR A 2 KB, K RO e i
TR SIE S S BIRCR . K-means 3 45 B35k R H %
RT5d, 19 20 25 338 B ARy B me g . Gk
X F BB R, & S BRI L — 2
(MR 3%, 2019), BLAL, XFF 1855 AR A [ 1 4u )
ANV AE R B B T AR A A P R & R B ARE A
FATE2E 5%, X 2625 55 25 33 K-means 45 5 9
T2 .

BEXE ERAS A, B8 5 22 R nT REAE [A] — i [R] BE Y
RHFE, MR DL R Z T 22 75, 2 Y
A LEEXT K-means -k #7815 F 59 A S i B0
86, JF R Jmy 0 TE R R O Rk A B R A
(VPHa#AE, 2019), SR AT 2 B 1 0 BT 1 R 2
HUD S (S %, 2020), F#IK K-means 835X 2 1
SRR, SETFREAR Ty 2456 HAb Sk, fln, 5
PRI N T IR AR I A LA S R P R 42 JRy 48 R g
T, B K-means 8k LG A 4 R A it
(F 224255, 2018), JoZeik iy ol KA v 53 15 T
U 51 DX 05 5 Y B0, R L AR X [ — Vg S e
B WA AS AR, Wi — 20 R Sk RSB PEAL £
HERF2E AR

Z £ X #
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Abstract Cluster analysis has been widely used for pattern recognition, machine learning, and in
other fields. The K-means dynamic clustering algorithm is simple and efficient, which is why it is one of
the most commonly used methods of cluster analysis. The beak of cephalopods, comprising hard tissue,
has been widely used to determine species and identify populations owing to its stable structure, corrosion
resistance, easily observed growth lines, and abundant characteristic information, causing it to have great
application prospects. In this study, the K-means dynamic clustering algorithm was used on 150 pairs of
Shenoteuthis oualaniensis beaks within the mantle length range of 120~200 mm. Samples were collected
from the northwest Indian Ocean, the tropical eastern Pacific Ocean and the South China Sea from 2014
to 2019. The results showed that S. oualaniensis from the northwest Indian Ocean had the largest beaks,
followed by the tropical eastern Pacific Ocean, and those in the South China Sea. The K-means dynamic
clustering algorithm showed that S. oualaniensis from the three areas can be well distinguished. We used
z-scores to normalize the data the created a 2D beak morphological parameter matrix to randomize the
data before we conducted a K-means dynamic clustering analysis with Manhattan distance and Euclidean
distance. The total correct discrimination rate was 86.7% and 88.7%, respectively. This study also
identified that the geographic regional differences in beak morphology are unlikely to be due to sampling
bias. From the location of the clustering center, we concluded that the Manhattan and Euclidean distance
algorithms and outlying points will generate deviations from the clustering center. The K-means dynamic
clustering agorithm for beaks of the S oualaniensis has great reference value. We identified
improvements that optimize the K-means agorithm to expand capability for universa use. These
improvements and aretrieval system will improve our capabilitiesto identify S. oualaniensis species.

Key words Shenoteuthis oualaniensis; Beak; Pattern of recognition; Manhattan distance; Euclidean
distance
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