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RCAIE D BT Y EkEE?2 x| Ak 180
(1. BRI R0 B 2013065 2. B RF(SE¥E B 201306;
3. ERmERNL TR AR PO Rl R A ER ST & S SR =
KEEHO TR AT 2T R B E W ESLRE i 201306)

WE A THRRAEFREEEXFTEPF AT RBR, T 2017 4 10 A, 2018 4 3,
S5A11 A, RETHAEF., FARAKTFEMENZFERN AR GEREMEE LN 36 AN E o4
HAGARTOLA, SXENARTLANNEAFTNESTHLLEE, BLh R, REWHE
BE ik FEFDS) R BHATREM N, ERET, BAXNEEWARALSHATHELEE, £X
ALRE2HEH L1017 #, REARIVES,ERRSN, 1T HLEEARTHVSHEZZFHE,
7 H (Teuthoidea) #y 13 # 3k 2 X A KRB ES A A ZAWMEBE=ZAT, MWERTNED,
BRI, /\Ji B (Octopoda)hy 4 Fk R X A A%RIAE, WEANKNALY, HEHLE,
AMBTHAGREREAONMEHRINREAPBREE, BAXNEEWARIALSHATLEART, FTRHT
FAEE &ML REWRA, MEFETHEEWEARLENERNE, W AXABFREEEXT Y
KRB RERKRREE A,

XA KRE; ARSTH,; KBEEEHEAERE; §44; 2E8%; REHN
FE4SHES Q958.8;S917.4 XHEIFRIZFS A XEHS  2095-9869(2022)04-0105-11

FH SR LT BRAH 4, i L5 (upper beak) F1°F 5
(lower beak)ZH J& (X 24 #R45, 2009), £ 5T 5k 2K
PR EEE, Ak BB A A G B R BB 4 2
(XU ARAE, 2009), HA TR 19 254 FIHT R Il 38 45
FEME(Clarke, 1962), L, fBSEA 0 Z A0t
FE I SR {8 o A o 50 = 22 By A Sk SR R A e
A K pkEE, 2010, 2014), 4765 B T (X bk
8¢, 2018) . (R ILAE LA (MRFHIZSE, 2020a) FIAILAR R

JE (PRERIE S, 2020D)SE 05T . HEAh, ff BT5iid I B
S HA R A H AR SR M (BROR E A
2019a, 2020), 7EFNEEEE T W] TARGAINH,
W F GRS M RN 5 Fpm ik 22 A ik
PRI SE, HF TR 2 (X K55, 2015);
i AR R S0 I EX 2 Fh R M
(Ommastrephes bartramii) /i 57 5 11715 51 48 (TR AT
85, 2016) 0 TEAS A 1 Sk S RE AU N 5 T, R
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FH 1 J53 550FN H A 5% BT AR 22 7 22 4 (11lex argentinus)
2 ADFERHEAT T AT, TEREARRI i fE, FAHEAS
e bR A7 A6 22 5 (O fH 55, 2012) 5 1 AR [a] IAF ok S Y
(Amphioctopus fangsiao) ) f i 5 S0 75 - Hr ek
ANFE B RS AT T, 200 A T S0OE SAFAE R
2 5% (7 fH4%, 2018).

3k & 28 2 figif1 (Clarke, 1998) . i K (Cremer et al,
2012) 1% fa(Smale et al, 1998)% KUV VEH & 11
FEEYPREZ —, WL, kEREYREEE Y6
() E B L AR A1, TR KR B 1 B St
HAA T EENE S AR S R AN EE N E
YRR, T AR EA A S B RTE A
FESE PRI R S, Sk R A TN B S AR e —
AEEARE . BHEA G I S A T HOR A, 6 A
EHEMATE SW T, Qa4 A 3 A 5 (Physeter
macrocephalus) & & ¥4 i & 3L, Sk 2R DL
iR %, Evans 45(2004) W58 2, IRAH) I
R i E LA R AW & FEE L R
A N T AN S AR BRI AR ST A 2 | T AE
KA BBk £ 28 B B A S 4 28 1 5 v
R W HE . KWk, A5 LA 66 G

(Tetrapturus albidus) . KHR 446 fé (Thunnus obesus) .
€ 4> M f4 (Thunnus albacares) . #1 fi (Xiphias
gladius) . ¥ [CHfilfik (Acanthocybium solandri) . /NYj Py
fi& i £4 (Tetrapturus angustirostris)3t 6 i AU 1 i
PR E WA B L), BT A RESIES
RS EPUNLE S bk B 2EM s, dar M B
BT RRTE, IR B A SR AT RO ) 2R
AT, BTE R AN R E S W T AR
TR OB RN R ot Sk R R E IR R B E
FEAit

1 #MRERE
1.1 ##

AHFFE R4 T 670336 8 KAV FE i T a2k
e AU EgiE | KIR S S g it | Gl fh
VO B )N W DU B T £ R R AR S R
M XA (fork length, FLYKE 2L cm., K FE bz o]
S E MRS AT T, IR TR A B R AR
) FA G VR, AT T5% L BRI TP R A . 3k
A EST7IA . R 821N (5R1).

x1 XREBFHFERUBEEREER
Tab.1 The sampling information of large marine predatory fishes

N o ey N iR EE L ok - Wi E1 o Tk
ﬁg@ ﬁé*—f‘(ﬁb}i %#HF}H Xk{&%‘ é%ﬁﬂﬂﬁ J_"i) #HD%& Tﬁﬂtﬁr‘ﬂuﬁ
Species sampling location sampling date Fork length Sample number Sample number Sample number
/em of fish stomach of upper beak  of lower beak
P16, U g £ , \ 2017-10
T. albidus 07245, 1999W october 2017 163~163 1 6 8
St 1015’ ~ 3022'S -03: .

KR &Ae 2018-03; 2018-04 86-162 9 18 ”7

T. obesus 11429'~117<83'W  March and April 2018

KARAAE A 0099’ ~ 1014'N

T. obesus 0009’ ~ 0829'S i/(l)alsa?; Ni?/t?néir so1g 151190 7 13 14
4598’ ~ 68 A4E y

Ty e il 10915’ ~ 3022'S 2018-03

T albacares  11429'~11733W  March 2018 88~112 ! 16 8

GG 0009’ ~ 1014'N ) ,

Talbacares  0000-08295 (L g 197152 ‘ 4
458’ ~ 68A4E y

el 0099’ ~ 1014'N
4598’ ~ 68 A4E y

VO I 1015"~ 3022'S 2018-03; 2018-04 120154 6 6 9

A. solandri 11429'~117<83'W  March and April 2018

/N figmitn 1015 ~3022'S 2018-03

v ?ﬁﬁ : , 148~148 1 1 2

T.angustirostris ~ 11429'~117<33'W  March 2018
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1.2 fARSEESSH
i~ %3821,

121 HARERSEEER il
8 FHOlympus SZX16 I i (H AR) X /N Jo 5 T
S T4, W, H{EREEOS 6D Mark 11 £ j i
FHBL(H A) X8 K0 B S AT+ I, o3 R4 f Jo
ST SN AR LR TR P A R MG o R R
E 2 % Xavier %5 (2009) . Smale %5 (2010) . I Hr 745 4%
(2019) . Takashi(2015) F X1 25 #k 55 (2017) 9 B 53 J5 1%
(£2); fTRSIEB LRI LIE B RIES XL E
(2009 2017) . Clarke(1962) #1775 J+(2016) ) AH KA 5%
FEEE BT B ARE R A TS S5 50k,
Imaged 115 A B A 4 0 St A JoT 50008 25 50 AR 1) 1538
H#E iﬁx(E&%ﬁaﬁEowﬁﬁﬁjﬁ%%ﬁ;* E¥sEiR:dea

KR TS A TE: G il 11 S0 545 B B &R &
122 WHERENH Xt 2 H 10 B} 17 Fh A S
il TR A5 lEl@%ngWﬁl@EﬂH‘*L?(Elhptlc Fourier

Descriptors, EFDs)IH—{b &%k, Jf X B i &5 B
FBAERON 1T B 250 HT (Cluster Analysis CA),

KRG R A TRSE 05 B XA TR SE A0
BARELY) EFDs R4S 2% WOH [ (2019b) W58 5 1
e, 217 ChainCoder & 418 o] i 12 2 &l % o
PEBCHAARIE R, HATAEREND (5 B s SRI5187T Che2Nef

AR, Wa, KRR FIES
BN B 25
e

m B0 — b R AT
HE R RE, IR T RES
ST 1 2R FH 0L ) 3Rz 1k ARG LG B 2 A T 40 #T o
DL b A B i 0 B kb B SPSS 20.0 #F A
Excel 2016 3452 % -

2 #R
3 3 KR P A S M R e
£ RS 2 B 10 B 17 f, Hh, BIER

(Teuthoidea) 13 Ff, /\J#ii H (Octopoda) 4 Ff .
21 (EBREARTMEE

3k J2 44 (Cephalopoda) P 3k f& 28 25 W 1) £ I 5
WL K, MEEREILEE . *&ﬁﬁﬁaﬁﬁ‘f?
SN TE A G & B, HHESEL =M,
MEE SR DU, SERIZETE, M3 &k, A\BiH
£ BT ST S A G, MBE & B R ol
KUy, HAMEEGES Loy g Sk sz b, LM
HEEE 1A 2),

211 A p kW ZE & (N. hawaiiensis)  H IR
@ eIE H . Z2 R (Ommastrephidae) . XL R
(Nototodarus) (RILA) o B8R DU A o s I sl e

FEIFAL A B R AR SR B e e il EFDs . S H HBIR R AFEE = A, KAk F KK EEAR
*2 THHEREE
Tab.2 Identification of sample of lower beak
£ 7 ® Fi ki
Order Family Genus Species Sample number
of lower beak
WIKH Zfu R} Ommastrephidae W8 Nototodarus S F M4 Nototodarus hawaiiensis 15
Teuthoidea 52241 ] Ornithoteuthis 59,2240 Ornithoteuthis volatilis 1
B )R Sthenoteuthis B, Sthenoteuthis oualaniensis 13
BEHE s Hyaloteuthis BEHE 5, Hyaloteuthis pelagica 2
Kt fa)E Eucleoteuthis &2t Eucleoteuthis luminosa
/ML R} Cranciidae Y5k %% Liocranchia Y%k S0 Liocranchia reinhardti 14
MRS S Teuthowenia B HIRRSC S, Teuthowenia pellucida 12
7,12 R} Histioteuthidae 0,12, J  Histioteuthis FERIIRL IS, Histioteuthis cerasina 2
FOFFEMLI I Histioteuthis pacifica 1
KWL, Histioteuthis macrohista 3
2 AL Enoploteuthidae X250 Enoploteuthis Wik 508 Enoploteuthis reticulata 2
JREIEA}L Onychoteuthidae B3 JN /% Notonykia nesis BTV, Notonykia africanae 4
1084 5 R Ancistrocheiridae 144 )8 Ancistrocheirus fa 44 5, Ancistrocheirus lesueurii 2
S\ B HI8 R Bolitaenidae "EBIEIE Japetella /Bl Japetella diaphana 1
Octopoda e Bl Ocythoidae Ui JE Ocythoe R Ocythoe tuberculata 1
AL Argonautidae Ak J® Argonauta Jm iy Argonauta argo 7
KFLEEE} Tremoctopodidae  7KfLUHJ& Tremoctopus LK FLIE Tremoctopus gracilis 1




108 ook B

43 %

2mm

Bl 1 KRB PRI R TR 0 2 WSk I A S (D)

Fig.1 Cephalopod beaks from stomachs of large marine predatory fishes (side view)

A: BEFWEM; B: FIE; C: ZiEESM; D: PRI, E: S3M; P MO S
G: XTVEMSW: H: BINSIMG 1 MBS, I P, K. S5; L 38 S0,
M: AR Ne EBIRCCE I O WK SLES; P RIS Q: RotFfi. TIH
A: N. hawaiiensis; B: J. diaphana; C: L. reinhardti; D: H. cerasina; E: O. volatilis; F: E. reticulata; G: H. pacifica;

H: N. africanae; I: A. lesueurii; J: O. tuberculata; K: S. oualaniensis; L: H. pelagica; M: A. argo; N: T. pellucida;
O: T. gracilis; P: H. macrohista; Q: E. luminosa. The same as below.

S, U AR MIBE S HR 2 i 1) T, A7 M AE
B H, OIEE A B R fZR, MEE
DAk 507 [ WOAR o B Ak, I A B K T (18] 2A).

VB, MRS B AR A A A K2 1209,
2.1.2  /F % ¥ (J. diaphana) EVR I SRR\
MR} (Bolitaenidae) . /F ik 1 J& (Japetella) (£11B).
JE I O T S T A R A NN, I
HGRTUS s MRE L ARG HEK, MIBES R & A
Wik, MUBEJS &R by g sk, B AT, T
ViR E . MTTHT S AL 2 4 iR (B12B)

213 L4k (L. reinhardti)  Z7HES R BARIE
H ./N3k S E (Cranciidae) . 254 & & (Liocranchia)

(1 1C) . 25 1 A Jo 0T 504000 TR D 285 R W S A 5
S, MRSk B IR B AR Y, TS S
AR o MBE J5HR25 1) T, JCMRE S K F H A RE 3T
M, B AL, AEEKF(E 2C). MBS FHH%
STEW TR R AL RS, HAR A FHRF B, B 55
FR AL AL S Af £ FE R 2R 110,

214 RIEMW LM (H. cerasina)  FEPLHTIL LI
KB H . W2 R (Histioteuthidae) . 1L 2 i &
(Histioteuthis) (&I 1D) ., F& 47 3T A, 2% Ik A 5 550 T S0 1
EARHGEE =M, KK TR MRS
REWS, A ORE A, AR g 00 R R R 4
B, OREJSEB Ak 25y R AR B . BRI,

TE K K H (512D).
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Fig.2 Cephalopod beaks from stomachs of large marine predatory fishes (Top view)

TGS G T b N, ORI, K
PR R AT AL S A 1 BE 2R 130

215 B Z &(0. volatilis) BRuaEERIEH .
Z 1t B} (Ommastrephidae) . & ¢ ff1 J& (Ornithoteuthis)
(1 1E) . 5 2% £ ff Jo S0 1 S0 i B2 285 L i 22 A6 =
FAIE | A Ik o R A BE A A 2, R T S AR
B F= AR R e N, MVRES AR, I O 0 RE AR A
LRE , MIRESSHEB L1 Sk 36 7 i e W o 7 3
wBEIE, ARG AT (KB 2E). MBS T S AL
il S E ARSI S A 1204 5 .
216 ML K ELK(E. reticulata) o 23
WSRJEMIE H . K3 5 R (Enoploteuthidae) . 2%
531 J& (Enoploteuthis) (K 1F) . 40 a2 12 Ik £ Jifi 5
TN AT R =AY, R KTk, M

BEJS MR T, MIRESER T, I 25 00 BE R0 2k
KB, DPRE 5 &8 L Ty 133k 36 7 1) e B 3 o 380 K% 58
TeEKLE (E 2F). MBS Sk m NS i i
B, WS BRI AN A A 120,

217 X-FHFEMLm(H. pacifica) KAV EIN 2 T
SEIEMIEH SR LS E (B 1G). P
Ly B s T SN TP A S S AR =, K
Sk T B BE B ACHE Y, R IO SR AR A BE S
(TR O S o S 11 3 =l A T R 1 v o 1
XA T, MEES 51k 55 05 e 4 . 32
Kik, Bk ABAWE(E 2G), ST 554
FEWK T A SRS i, R R BT B, B 5
AL S AR ff 20 120,

2.1.8 &N K (N. africanae) BT R i A
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& H . JK 50 & (Onychoteuthidae) . &5 JK 2 i &
(Notonykia nesis)(l 1H). F5JTCE, I A o 50 50l i
TE A TS 2 SR = A8, R Rk 35 K R B AR
12 e T 1 = 8 1 A 1 S o T 1l = O R 174
A8 s 25 NV E U F R, MIRE JS R 05 Ak w5 5 Inl
Wi, FEAR A TR, JoEN A& E (8 2H). B S
G H, WS B AT AL S AR A B2 100,
219 #4151 (A lesueurii) 055 5 SR R A TR
H . 184 3 1 FF (Ancistrocheiridae) . 11 % % I} J&
(Ancistrocheirus) (&l 1), 44 5 0 5T S0 e
AR =AY, B AL 35 K K B S A A
M, BT MBE SR i T, MBES L R
IO 25 O BEBEXF A2 LR, MRE 53 5 1 3k 55 77 )
Wi . FEERAGR, ARINKE, (E K HHTA FIAIE K
(1# 21), BTSN F SUREAL e T A SRS iy, gy
REBVH, HgSHEAICALSMA AL, 1102,
2.1.10 (0. tuberculata) UNER N SN
PRigFH(Ocythoidae) . Tl J& (Ocythoe) (&11J) . HRil
JoT S SN T TR A5 I M A /I R HL T AR
eE % B ARG HACK, JoMIBESE &, MBESH L o7
RSk, BAERE, KREKE. AW
W T A A /NAR I, Sk Al S AR IR (1811 2T)
2.1.11 & % % (S. oualaniensis) R R AR
H. Zmfl. 3508 (Sthenoteuthis)(F 1K), =1
0T SN T A L S S = A, R Rk
R B FEREAAR Y, BRI SR AR R 5 o s
mF, JCMIBES L E HABERCEIH, Ak, 3
KA (FI2K). AT ST s 2R i, I
REBBVE, W53 A5 A 2 120,
2.1.12 33 5 (H. pelagica) B 5 SR JE e
EH. Zfafh, B SHE (Hyaloteuthis)(&l 1L). 3%
T 5 k£ Jo TS S TR S i S A = A
RNk B PR B AR Y, RIS AR R 5
o 1 R o S 1 v = R = 1 0 2 =
XFALLE , MBEEER bk 5y s . 388 &
ik, B EE AL (E 2L) . A SR S0 AL 1 N
R, GRS ARSI AL A AR B2k 120,
2.1.13  RAAE¥E(A. argo) i P SR N E L
IR} (Argonautidae) . #i & (Argonauta) (F11M) . Jii it
M o J5 S SN IR R 2SI U NNk, I Hovk
T kel MRE & BARAF K, ToMEES: &5, M
BEJGH b esskin . WA F RS, LEIELF.
O TR A0 L S Y S 5 3] Wk T AR % ) (1812M)

2.1.14 E WKL LK (T. pellucida)  BERARKC Y

WSREARIE B /N BIEAE . B W (Teuthowenia)
(1 IN) . 37 WY IR ST L A BT S5 T A e 2
MG, BRRTLBRGKE, MBS T,
IAMEES R E , MBESIMEERIS AL LT, MIEES
B Sk 35y AR SR & AR, TR & E (B 2N),
PO G AL ] N, AR S SR AT AL A £
FEZR 120,

2.1.15 WL ILE (T, gracilis) ALK LI SR R
N B . 7Kk L W #} (Tremoctopodidae) . 7K L 1 J&@
(Tremoctopus) (&l 10). LKL ff BT Sl
TEAFLG R H oA NI, M BE & & AR 45 H 3
K, TSR, MBEEHR Ermes ki, Bk
BWE, THEGEE . IS F T L 3] e T
5% H (181 20).

2.1.16 KM% m% (H. macrohista) IR IS E A
JEH ISR IR R (B11P) o MR T f Joit 55
TSN Y AT R AT, KR Tk M
e S 1 (S A N S B 1 = W = X 1 R
R ET , MEEJE Ry A Sk 35 07 Ml e . 3258
Kik, KRG EE(K2P). AT T HHLA N
M, WS 3R s Ah A AR R 2 110,
2117 AR KX F&(E. luminosa)  KICFHMFIFEHLIE
H. Fmaplh, ZNFMMJE (Eucleoteuthis) (K11Q) ., &)
FAa A A T ST S L 2 AR, K RT
Skap . MIBEJSHE M T, JCMIRESE & B H LM RE
BOPH ., B ER, ARIGEE (K2Q). MW T
SUAE G R L1240 ] N T ., R 5 35Sl AL
S AR A BE24°R105<

22 EEEBESEREZE

221 ARBHELGESEER SNV RRE S
FaEEaIE T E Y ke A BT SR 2R
A2 H 10817 By Hrep, AJEH 13 %, /JBiH 4 F
(B 1 Al 2), ARk R A BT SOE SR T RS 5 AA
FOLAARE, gatfil /B S08 805 B KR EGER 3).
222 ARAMESEERESN i 2k £ o SR
AR BAEL REBINHAT R A R, HEHR 2
HZ RO 0 3 TSR RIE SR B LR
W, 10 NRHR Sk BRI EEY A 2 4, ol
I BRI H o e B Z TR RS, i
T B Y AR RO 4 IR RS R TS, R
AN 2 R RN ke 5 R 43 ) Je Ry — 2, R RR
Br500 0.1, 0.251. 0.165; /\Jbi H Y 525 s B} R
IR R —d, HEGEUIEE Y 0.117(14 3).



£

DRI [ 26 6 TR BUE el M 2R B

W B 2R AT 111

R3 ARENESHERER

Tab.3 Classification retrieval of beak morphology
Fes A BSOE SRR

Number Feature of beak morphology

1(26) sy DU L ABIETE , MRE L 05 1 3k 58 7 1)
W4

2(11) HEE A, BRRTABRIRKE

3(4) HGAFNEI . KOGZE 44 (E. luminosa)

43) AL EIN

5(8) Mk IUmiARHL

6(7) DUEESSESMAIEL ... KL (H. macrohista)

7(6)  MEESS EBAIASH B 3% BRI (T pellucida)
8(5) Mk DUmIAHRIR

9(10) ifafaE N 1304 ... FBRFE T2 I (H. cerasina)
10(9) HAMEE R 120% 4 ... S E 4 (E. reticulata)
11(2) WEP RS =T, ARk 15 4 1K BE B A AR >

12(13) MU TEHPIR ... N (N. africanae)
13(12) BRI SR AR

14(15) W U S AARRBE ... Y4 5% (L. reinhardti)
15(14) G Ik 52 SAPIR IR 2R

16(19) T4 & FH W

17(18) FHFE ML =ML ... B FIGF A (N. hawaiiensis)
18(17) BEFEMIBIE ... 9 32441 (0. volatilis)
19(16) F A K H AW

20(21) FGHHTAILNE ... i1 44 5 I (A. lesueurii)
21(20) A K o F

22(23) MEEBRE ..o # 13J§(S. oualaniensis)
23(22) AMIEES &

24(25) MBS X ALK E ... KPS I (H. pacifica)
25(24) M EESE A S0 IR E ... L35 13 1§ (H. pelagica)
26(1) MURE R UL, O0RE S8 T i 25 3k 55 4k

27(28) AR ... HEWLK LIS (T gracilis)
28(27) G ERA

29(30) MBI A HARLR ... Ll (O. tuberculata)
30(29) MR AN K H gl

31(32) MG EMLIR ... /B (3. diaphana)
32(31) MG LM UAR BV it FH 55 (A argo)

T A BUHOR A B X0 YRR AR [ P 5 oR . H
TS S LIRS EATR AR X BOARAE
Note: The distinct features of the beaks morphology are

represented by different serial numbers, with brackets added
to indicate that they are relative features.

0 5 10 15 20 25

FA1F Ommastrephidae
4 5% 0RL Ancistrocheiridae :|

N2 Al Histioteuthidae

TS # Onychoteuthidae 4

L EEAL Cranciidae
2 AL Enoploteuthidae :’
H&IHRL Bolitaenidae
iRl Argonautidae :l
K FLIEAl Tremoctopodidae
HuiiF} Ocythoidae
B3 FETFMETIEAERMk BIERE S

Fig.3 Clustering analysis of Cephalopod based on
morphological information of beaks

3 it
31 ETHARMSHTESWHRITHE

£ TSR BT I B b b RN 25 F AR . KR
TR A E SR ER MBS, T
B H) 7 L2 2 B B R, AR SO S R A 2
Z B W, PRI SR S AR
AT LT AL L (A MR A, 2017), AR Y
MU SR 5 HAL 2 20 #H 56 (Miserez et al, 2008), 7E
BUBBHERBAS f b, s EL A AR e Y LB B (AR iz
45, 2020a. by, M EELHSE|MFHLRGER I ZEAR K, T
FE AR USSR o v, R A2 2 B OY AR A fe
ASHIE 5T Y S AR AR 5T E R R B o T AR
FH o BRI, 7 43 2 2o R vl 05 00 T 285 0 Sk Wi
MBE . SEER 3 AEBS

A B ENIE AR S, I B R L =
Yo ) S AR 5SS 0 2 HA (ORI [ 45, 20194
2020)TEIE A AT, EARER LA R R Sk, (HE,
HoA T AR S W S AN P9 R A, 7 AR SR
B AN A I o LA PN A R O S A A A R
S P HAAIEZS A L, T Z 00 5 B S ST AR S R
P o T8 T D A A S8, TR T A
J SO A4 B (BEAR BR 4, 2018), DL K A FH £ Joit i 4]
T A AT MR s bR i (O #F, 2016), 32F i £ UM ¢
GBS W, ABFEXTE &Y M B SOY 21T
bR, AT T IR S TR . 8 )
£ SR A T 2 R AT, 1 S o R 4 i
FErp, REMERR SR B AT Z ] A 22 5%

BEAk, AR R e e 2 S i
H, ELEERI Sk R SR AR A T R 28 4 A AE — S T )R
BELPE . % Sk 28N R0 i SR AR A TLA AR
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FRESATRN RS S, SRS LG LT, KAV
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Systematic Classification of Cephalopod Beaks from Stomach
Contents of Six Large Marine Predatory Fishes
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Abstract With extensive utilization of fishery resources, it is important to understand the related feeding
habits of large marine predatory fish. In traditional studies on stomach contents, cephalopod organisms in the
stomach of fish are identified mainly on the basis of cephalopod body characteristics. However, because the
physical characteristics of cephalopods are affected by digestive juices in fish stomachs, the appearance of
cephalopods are easily destroyed. Therefore, there are some limitations in the identification of cephalopods
based on these characteristics. Cephalopod beaks have morphological characteristics that can be used for
species identification and classification, but the classification of cephalopod beaks from stomach contents of
large marine predatory fish has not yet been conducted. Thus, in order to investigate the possibility of
classifying cephalopod beaks from stomach contents of six large marine predatory fishes, we examined a total
of 36 fish stomachs from the South Atlantic, Middle East Pacific, and Western Indian Oceans in October 2017,
March~May 2018, and November 2018, and analyzed cephalopod beak morphology. In this study,
two-dimensional digital images of beak morphology were collected. The side and top morphologies of each
lower beak were collected for species identification. Based on the morphological characteristics of the beak and
the terminology related to beak morphology, a classification retrieval table for beak morphology was developed.
The morphology coefficients were analyzed by clustering at the family level by extracting the elliptic Fourier
descriptor coefficients of beak morphology. Results showed that a total of 17 species of cephalopods were found
in two orders and ten families through species identification using beak morphology. Analysis of the beak
morphology from stomach contents revealed that the morphological characteristics of the beaks of 17 species of
cephalopods are clearly different among species. According to the classification retrieval of beak morphology,
the lower beak of the rostrum of 13 species of Teuthoidea was triangular and isosceles triangle, and the lateral
wall was approximately rhomboid. The wings were well-developed. The lower beak of the rostrum of four
species of Octopoda was developed, and the lateral wall was approximately a long quadrangle. Wing
development occurred. The morphology of beaks in different cephalopods has unique characteristics, and the
characteristics of each species are very different, as indicated during the analysis. Cluster analysis of
morphological information from beaks was effective for distinguishing cephalopods at the order level. In the
cluster analysis, beak morphology was divided into two main parts: one mainly corresponded to Teuthoidea and
the other corresponded to Octopoda. The identification and classification of beak morphology from stomach
contents can be used as a marker for the biological identification of cephalopods. This not only can support the
recognition of cephalopods from stomach contents, but also enrich the identification content of cephalopods
from stomach contents. This study lays the foundation for the classification and identification of cephalopods in
the stomachs of large marine predatory fish.

Key words Cephalopod; Lower beak; Large marine predatory fishes; Stomach contents; Classification search;
Cluster analysis
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