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Tab.1 Sampling information of cephalopods

i KA i)
Species Sampling date

RERITI

Sampling area

ZLhpE LGRS Rt R

Location Mantle length/mm  Sample size/J&

103°09'W ~104°14"W

2L D. gigas 2020. 05. 25—2020. 05. 26 AR 01°49'S~02°19'S 239~378 30
- o 155°47'E~155°55'E

5 - _ MZ R ~

FAt1 0. bartrami 2017.10. 14—2017. 11. 12 PEAERFHE es7/N~43026'N 258~365 30
FARFE A 0. preropus 2018. 08. 23—2018. 09. 13 HR K - 203 ~289 30
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1. Original image of cephalopod beak; 2. Filter smoothing and

image greyscaling; 3. Image binarisation and custom denoising;
4. Select a connectivity domain.

B 1 fERFURALRE

Plate I Cephalopod beak identification process
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L ROEIR; 2. KERE; 3. AR 5E .
1. Color image; 2. Grayscale images; 3. Segmentation of
pigmentation.

BRI fERFEERSIRATRLIRE

Plate I Process of segmentation and visualization of

pigmentation of the cephalopod beak
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Fig.1 Part diagram of cephalopod beak
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Tab.2 Percentage of each pigmentation class of

beaks of three different cephalopods %

Sk - XA R ARG L

- BE X A% (8 AL L

Fhk pyg gl Percentage of each pigmentation Percentage of each pigmentation class
Species Data type class in the hood-wing region in the crest-lateral wall region
I Jii v I I I v

e JWH Range 1.08~51.71  0~26.32 2.92~53.03 19.77~67.33 0.31~18.47 0~50.07 8.12~61.89 23.87~60.69

Déij:%s J{E Average value 22.38 10. 10 13.09 54.43 2.96 23.39 36. 69 36.96
FrvfE#% Standard deviation 10. 63 6.07 8.83 9.68 3.31 15 11.6 10.38

_ J [l Range 8.38~39.81 8.63~28.76 0.20~44.09 13.35~37.04 4.59~36.05 17.68~57.78 8.80~46.00 17.75~43.86

(;fﬁ;mrtmmi J{E Average value 26.20 17.76 17.73 38.31 20. 35 29.34 21.45 28. 86
b2 Standard deviation 9.24 9.21 5.76 10.39 11.9 9.24 5.39 5.60

L JWH Range 0.94~48.31 0.19~35.13 6.29~30.70 16.66~53.83 2.22~49.42 9.47~40.09 7.57~26.77 16.62~54.46

()j p;;;us YJ{E Average value 27.28 16.21 18.77 37.74 27.23 23.48 16. 15 33.14
bz Standard deviation 12.12 8.76 5.75 10. 58 12. 65 9.37 4.36 9.01

L2 iie; 2. 2R MmO RFRIE; 3. MK, 4. £
BRI 5. TR MIGIA; 6. FARE MO RFRNA.

1. Original image of D. gigas;2. Pigmentation grade chart of D.
gigas; 3. Original image of O. bartrami; 4. Pigmentation grade
chart of O. bartrami; 5. Original image of O. pteropus;

6. Pigmentation grade chart of O. pteropus.

BRI 3fARSREEREGRERE
Plate Il Original image and pigmentation

grade chart of cephalopod beak
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Tab.3 Results of analysis of three cephalopods beaks
\ \ I Species " )
5 HIBI ST Fik e el N BIET%
SDA Species SRR A= SOES Total Accuracy/%  Total accuracy/ %
D. gigas 0. bartrami 0. pteropus
) L0 D. gigas 25 4 1 30 83.3
BRI 5) .
o Ffh 0. bartrami 2 21 7 30 70.0 74. 4
Original
B 0. preropus 0 9 21 30 70.0
A2 W IE 2L D. gigas 25 4 1 30 83.3
Cross- Feth 0. bartrami 2 21 7 30 70.0 74. 4
validation FAHZTA0 0. preropus 2 21 7 30 70.0

R fn Rt BN A 3 R BTG 6
FUUB R B TR T 4y, 2 3 1) K o B A L
BEURL, 9F B R TIRLEH AR . 2R R
TERVRAE A XKEHEHLINV> 1 >11> 1 m1FE
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SRR R T WA T 1 i AR Ak D K A o
H B o A o AR Y KBS R
A TS C/N PG 2 3 2 0 T g, R AE
S ) 36 £, 38 B 4 48 e s GUERRA 4512 i
FER I, 2L 0 T I B g I AR R, 78 4 i
PAFRSEZE g £, PRI A Jo 50 I 0 €6 3R DU AR TR
AR T DA RSk /R 2 B, HL A B S BE A
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WFFENN Sk A B 40 2R DT S
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mexicanus ) , ¢ H A0 I 25 58 40 4 S 2 28 LA
R SR AR B ORE, OF B, B K
R ZEF a5 B R RN SR W Sk 23
FKT 6 A0 PERE LU A5 38 0, 48 B 8 570K T A B 42
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wo [RINS, BARR ML e ke KN
B SR IR B R S A A Y
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Visualization of cephalopod beak pigmentation and its application to the
classification of cephalopods

LIU Bilin"***, GU Xinyu', WANG Bingyan’, CHU Moxian'

(1. College of Marine Sciences ,Shanghai Ocean University , Shanghai 201306, China; 2. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education , Shanghai 201306 , China; 3. National Distant-water
Fisheries Engineering Research Center, Shanghai ~ 201306, China; 4. Key Laboratory of Sustainable Exploitation Oceanic
Fisheries, Ministry of Agriculture and Rural Affairs,Shanghai 201306, China; 5. College of Information Technology, Shanghai
Ocean University ,Shanghai 201306, China)

Abstract; Cephalopod beaks are important tissues for the study of cephalopod organisms. In order to achieve
the accurate measurement of pigmentation of cephalopod beaks and to investigate the role of pigmentation in
the discriminative classification of cephalopod beaks, this study selected the beaks of three cephalopods, the
Middle East Pacific Dosidicus gigas, the northwest Pacific Ommastrephes bartrami and the Middle East
Atlantic Ommastrephes pteropus. The pigmentation is visualised on the basis of its lateral view image according
to four classes: class | (black), class Il (grey), class Ill (light grey) and class IV (transparent). The ratio
of the area of pigmentation to the area of the hood-wing region and the area of the crest-lateral wall region was
calculated for the four classes of Dosidicus gigas, Ommastrephes bartrami and Ommastrephes pteropus,
respectively. The difference in pigmentation between the three cephalopods was analysed using stepwise
discriminant analysis, and the correct rate of discrimination was 74. 4%. It is suggested that there are some
differences in the pigmentation of the beak of the three cephalopods, and that these differences may be due to
the different life characteristics and feeding habits of the three cephalopods. The study achieves numerical and
precise classification of pigmentation classes in cephalopod beak, which is a new quantitative measurement
method and provides new ideas for the study of pigmentation in cephalopod beak.

Key words: cephalopod beak ; visualization of pigmentation; machine vision
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