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neural networks, ANN) B L R i & 451k . Fi74ak
HE B AR, w0 H PR a0,
YT, SCR AR TR E S T AE H A R AR 1Y
FQ DT S REAS SR N T 4 25 ) 5% A 0 X L A ol
ARV ERKRNFRCRIT TR, DR
TS A A A PR 487 G DL 5 £ o 5 €8 2R DAR Y
S, oA I SR g A TG DL ) £ il A S
FHRALRL 2R

1 MRS

1.1 HEARRE

SIS FEACRAE T 2018 4F 12 H, RARECN
35°00'N—39°00'N ., 130°35'E—134°00'E, Lg%
A L0 303 4.

1.2 MRFE

ENER VLS S SV A IR A 22
BRI M S E ARSI = T X AR AR AT R
3 ek A RO 5L 38 00 2 G DL % R A 1) ]
£ (mantle length, ML) Fl{K [ifi & (body weight,
BW), HIASEMS, PEIRBEARE (sexual maturity
stage, SMS) %% (stomach stage, SS)Z:% ik [21].
P AN A B s O £ D R 2 5
' . ORAE, JPXRTHEAMERER I TINE (B 1), =
HEBRF BRSOy i, S g OIS A 30U ot i
A 285%F o W P R E RS B 2 1 mm, RS

UHE

ot
upper beak

Kt 1 g, MBRWAMERTHZE 0.01 mm,

AR EERBFLEX S 2% Hernandez-
Garcia™ X6 0 (43 v, 4h A 4 TG D5
AT AR R, R S R TR
0~7 %%, I8 %4 (K 2).

ALAPE WNEGAEAR R Z)Z B
Do) 286 B AR v (1) Sz [l A 4R R, IR E T 2 2R
BRECHI R R, B2 ) FIAT itk KB A X e g 56
RPN R AR M S AR L BROEUZE Fika
W2, AR R ERREVE .
JESRANTIE A S B S 5 8 Tk AR+, Hi
2R B R DU SRS
1.3 #HIELIE

s T 225507, N EETTRREH S K
R INTIEESE. TERRE B R ES L
A4 G 2R [) 2 A5 A e P i) ) g 38 Pk 22 5 U1 AR
P45 5% ) EXCEL 2010 #4581, PIA 0%
OB 5% 1 S E PR R P,

SC v B 4 4k B {5 F] OFFICE 2010 1 SPSS
23.0 Bk

2 4

21 MR, KREHEK

Zer, 45 I DL 2 A AR S 3 B A 94~148
mm, RN 36~116 g, V1K Fik &

T
lower beak

E1 SKISHARTFIIMNMESHENERER
UHL. I3k K; UCL. F %K, URL. R URW. B 5E; ULWL. EMBEK; UWL. E®R K LHL. Fk#K; LCL. N E R K; LRL. FHK;

LRW. R %; LLWL. FUEEK; LWL, F3RK

Fig.1 Scheme of morphometric measurements for B. magister shevtsovi beaks

UHL. upper hood length; UCL. upper crest length; URL. upper rostrum length; URW. upper rostrum width; ULWL. upper lateral wall length; UWL.

upper wing length; LHL. lower hood length; LCL. lower crest length; LRL. lower rostrum length; LRW. lower rostrum width; LLWL. lower lateral wall

length; LWL. lower wing length
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(5| B Hernandez-Garcia)
Fig. 2 Pigmentation process in beaks for T. eblanae

(Cited from Hernandez-Garcia!'"")
A5 (115.3048.86) mm Fl (62.27+13.65) g.
22 ANTHEMEIRE S

SER R, PR LI Y SR AR R A
8:5:4(%3). MARSRTEZE. B&ZESHm
EZHMREIER . RAASHEAR, K, PR
ZIEL O SR IR N IE, HESR R,
FOHOR o AR R DU A SRR ok, B i [t
#1749 22.90%, HUO T ki . PERRBEAEE | IR
B RRORTR RS, TR U RE S 9 BT

N Z = =
input layer hidden layer output layer

B3 #EMEEREE

Fig. 3 Neural interpretation diagram
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BRR AT LA Y 6.30% AT 4.70% (6 1),
23 BRAMSHEK. ARENXAE

P 250 BT R, A IR DL 0k A o 5 6. 3R L
A9 5 K (F=0.26, P=0.611). K& (F=
0.074, P=0.786) )& Z YA AFAE P 71 6] S 28 1 2%
5, HUEAR X oS T . FEARE & 2 9.
390, A S AL 4 AN BN EEDR, LB
MroJHl, RUIBSER N 290, 3%, 4 90/ 5%
S =2 N s DT O R NS R NI Rl e VA R 1] )
113.0 mm, 58.0 g; 1185 mm, 65.5g; 125.0 mm,
78.0 g Ml 134.0 mm, 106.5 g; X 1 A4 Al < PO 237
JEFE3 514 108.00~118.00 mm . 114.75~123.25 mm.,
122.50~132.50 mm HI 129.50~137.50 mm, A5+
Ay ] BE I L2390 A 51.25~66.00 g 59.00~71.00 g,
71.50~82.00 g F1 96.00~111.50 g (/& 4).

ZRMERS, ARIIBERSIK . kR
AR R

ML=6.95x + 105.25 (R>=0.9870, n=285)

BW=15.8x + 37.5 (R*=0.914 8, n=285)

24 BRERARSUERBEAENXR

T 25T iR, FEARRENE, &KLY
LA o 50 €5, 3R TR A5 05 P M LA BE 1 26 RN
e EMEER (F=2.291, P=0.132), RILAXoE
SHEATHEGE . RN, FEAREZH T, T
AR B, o, SRR T AT,
FEA S IS A R DU R LL 2 o, i L
h 83.65%, HURh 3K, Frdi B 14.52%; 4
PERR S EE A T IBIEE B AS A ot 5 68 R TR A5 )
L2489k 3, Frdi lehilh 61.82%, HIR K 34,
JIT i B9 34.55% 5 TP B G O TIHHA iR 445

R1 MENFERHEEEEEN
Tab.1 Importance of independent variables in

neural network models

At HIRPETTIRE /%

variable contribution of relevance
fAt ML 22.90
i BW 11.90
PEIRRAE  SMS 14.40
BY SS 4.70
Tki#EK LHL 16.50
N LRL 11.70
TuEEK  LLWL 6.30
TEEK LWL 11.60
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4 ERNEHARMERTREFR () SEKIERE b) WXR
Fig. 4 Relationships between beak pigmentation stage(a) and mantle length and

body weight(b) of B. magister shevtsovi
HAPUREARTIBRERL 3G E, i ph  33.33% Fl 16.67%. ASEH AR M IR A
50.00%, UKy SR 24, Brdi thdil o mlce VIIEANMA (36 2).
#2 ERNISHARTDERTRFEASEEHNSHRRAERXR
Tab.2 Relationship between percentage of pigmentation stage and sexual maturity stage for B. magister shevtsovi

AN EI DI EEFA AT o5 L%

I RS 5 percentage of different pigmentation stage
sexual maturity stage
1 2 3 4 5 6 7

I 00.00 83.65 14.52 0.81 1.61 00.00 00.00

I 00.00 61.82 34.55 3.64 00.00 00.00 00.00
il 00.00 16.67 50.00 00.00 33.33 00.00 00.00

v 00.00 00.00 00.00 00.00 00.00 00.00 00.00

25 BERARSARTIFTSHXR FRAES 18 G0 OC R AAATE M0 ) 14 25 2 S

Wb A . R EERIEL . 4 G 0 (F=0.425, P=0.515), LA X557 05T
RO R IBE R S IR S e R ey, SRR -4 500 S SO0 R 2
AR5 (F-16.871, P=0.000), BUCspEmesy 1 GR3). BORELR, GRVIBEION 2500, 1
oY, WRSTLE RN, U g S rre  AERL 2 B L Bl h 36.96%, HUCH
RN ASHO R R R 1 ST A G, AEEERTIBFSN 2 9,

KF, HMERH R ¥IKT 0.6877 (K 5). HRHN 0 RIIMHEA; CRIIRER N 3 R0, +
ZRE, OEWRSRSMARSIEEN R AEHRAE 0~49, Ho, D1 290751
R XRA: o) B 5, 4 9 A 30.00% F130.00%, Lk
WEPE LHL=0.288x+2.917 5 (R*=0.9082, n=158) 390, A0 9, BRDIRE 4 9, (LEE 2
LRL=0.194x+2.4875 (R*=0.876 8, n=158) RANHEEWE, Frb sl 100.00%; AR
LLWL=0.854x+7.57 (R*=0.8329, n=158) DURUR S ), FEASE L 3 BT 7 ool i ey
LWL=0.1655x+4.405 (R*=0.7807, n=158) 9 75%, HIRR G, B B 25% (3% 3).
HEPE LHL=0.314x+2.902 5 (R*=0.893 8, n=127)
: 3 it
LRL=0.229x+2.37 (R>=0.687 7, n=127)
LLWL=0.32x+7.9875 (R*=0.7474, n=127) 31 AENBHEEKETFSESIHNMNLES
LWL=0.278x+3.94 (R*=0.7787, n=127)
0 i e g e PZE LA TR, AR BSANTRIE S
26 BRANSBRAOXE Sk 02 K (8 TR SRR s BT

r 2 pr s, FRNSWARMORIT AWK b, R @R IO SRR R,
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Fig. 5 Relatioship between pigmentation stage of lower beak and morphological indices for B. magister shevtsovi

a, b, c and d are female; e, f, g and h are male
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*3 ERNEHARINERNRFRSBERNXER
Tab.3 Relationship between percentage of pigmentation

stage and stomach stage of B. magister shevtsovi

ANIE] AT & B/ %

percentage of different stomach stage

0 1 2 3 4

R ER

pigmentation stage

00.00 27.54 36.96  20.29 15.22
2.50 30.00 30.00 2250 15.00
00.00 00.00  100.00  00.00 00.00

LV I S B S

00.00 25.00 00.00  75.00 00.00

JIT o5 EeAE R 22.90% , FLUR R P g s B A T 6
AR S R R IR UM OE, b
A TG DL IR R B, DA B I A o i 1 34
hn, A DL O 8 K 2R B, Hs A
PN Dl e SRl | AP o o 1 I £ 051 i 7 O
ORVIFERAL, Haea/ MRy ™, Bk
BHARER, MATAE IR, MERe i,
REREH R . AR A, B AR Xt
& HNEEZE F 0 (Dosidicus gigas) FIBFFE Z B, I
W . NI HER L RBT R FIME RR SR Y BT
BRRECR, SRR RA M, XA
PR SR AN [ A e ) H A A R AN ]

32 ERNISHAEK. FRESERTANXER

ZEREW, TEAR MR AR DI SEH S
KRBT 19 6 R 2 7, RSB
P ALEB R IER R R, HMHCRE R YR T
0.9, IAREEERLS, BIFEA f5H 6 R B W,
A TG LB I FIAR T i B 3, 7R3k R
WrgErh, A" PR LN ZE A (llex argen-
tinus)'™ . FBE AN 2R R A oh E RS
(Sthenoteuthis oualaniensis)'” F1#8 Z& f4. (Todarodes
sagittatus)?* 1) £ T 4 R DO 5 I 1 2 1E A G
KAR, WAL, PR M S22 )
R e ] v 1 WY £ B R TR S (R B
WRIEMKLKR, X GARIEET AL

33 ERISHMRRAESBRARANXR

SERFW], AR5 6] (4 ZR DU ARG S5 1
RIS BE ) R RAAFAE B 22 57, X5 BTAR AL
ZeAn v ] v AT R SR AR RGBT 4G
RAFEZES . B EE, HAHES IG5 A 5
EORTOBG MRS E R IEMICE R, AIFEE
AMAPERRA, BT 6 R PR S BTN
PERRSCGAEE T IAN ITIAGS A, A i (0 R
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34 ERNEMARTIIMNIESE BRI
K&

SRR, TEREME R AR DO SRS A
FLANTIE SRR WA R ENER . Sk L
F, M. HEMESFRN WA ARITRERI S A
UL AR IEACKE R, X 5EARN iyt s
HAIMRL, AN, Hernandez-Garcia™™ . J7 FfHEEM F
BB AR AT A ) R BB ARAE T 2R fa . Fb
BHMNBZEF NG R A A RIS A RSES
AERKBIFMRKR, FEASE Y, AN A
KABMHXRE R B/ THiE, X—2R0hHeE
W A 7 TG DL A K 25 5% A G . Katugin S50 &
B, SHEERIEL, BRI HEEA RN B IR,
HAAERARIH, MR AR T, B 5
PEAH LG, P4 AR o s 1 €8 2R DORR AR B T IR
35 ERNSHBRSRRZNRNER

SRR, M E R DI S B¢
AR R B 2R, RIS HN
29, 3. AH S, XN E 90 B L
29 VM2 2HMIGChE; BRIIELY
2, BARE R LM 2 K e, B
CRVIBUN 1V RIWFEAM L, GRTIBN 2 R
BEAT, BH R 3 BIFEA T & LA BT RS
S TRV Sk R 2R A KT B i S ARk
Z—, MRS E T AR (HAEAR S
g, & IR S RIS B R L X
A, X RES A G S S A K
RG] N A2 R TG DL S AT TS, EOG
TR A RORM D DITE H S i
— L R S AR S H R CR.
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Analysis of pigmentation characteristics on beak of Berryteuthis magister
shevtsovi in the Japan Sea based on artificial neural networks
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(1. Zhejiang Marine Fisheries Research Institute, Zhejiang 316021, China,
2. College of Marine Sciences, Shanghai Ocean University Shanghai 201306, China;
3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China,
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Abstract: The beak is the main feeding organ of cephalopods which contains abundant biological information and
is widely used in cephalopod biology research. In this paper, the characteristics of pigmentation stage in the beak
were studied, which provided the basis for the study of fishery ecology of Berryteuthis magister shevtsovi. Based
on the 303 schoolmaster gonate squid samples collected in the Japan Sea, we measured the basic biological data
which included the mantle length (ML), body weight (BW), sexual maturity stage (SMS), the external morpholo-
gical parameters (lower hood length, LHL; lower rostrum length, LRL; lower lateral wall length, LLWL; lower
wing length, LWL) of the beak and stomach stage (SS), divided and determined the beak pigmentation. The rela-
tionships between the beak pigmentation and the ML, BW, SMS, the external morphological parameters of the
beak and SS were analyzed by artificial neural networks, and the median values of the samples were fitted linearly.
The results indicated that the ML contributed the most to beak pigmentation stage, which was 22.90%, followed by
the LHL, SMS, BW, LRL, LWL, which contributed 16.50%, 14.4%, 11.90%, 11.70% and 11.60% respectively,
while the LLWL and SS contributed less to beak pigmentation stage, which were 6.30% and 4.70% respectively.
The analysis of covariance (ANCOVA) results showed that there was no gender difference in the relationship
between the beak pigmentation and ML, BW, sexual maturity stage and stomach stage (P=0.611, P=0.786,
P=0.132, P=0.515). The relationships between beak pigmentation and ML (R*=0.9870), BW (R’=0.9148) and the
externalmorphological parameters ofthe beak (R’=0.908 2, R*=0.876 8, R*=0.832 9, R’=0.780 7,R’=0.893 8, R’=0.687 7,
R’=0.7474, R°=0.778 7) were significantly relevant. The beak pigmentation stage also increased with the increas-
ing of sexual maturity stage, but there was no significant relevance between the beak pigmentation and stomach
stage. This research studied the relationships between various growth factors and beak pigmentation stage, in order
to provide scientific basis for further study on fishery ecology and rational development of Berryteuthis magister
shevtsovi. The relationships between ML, BW, the external morphological parameters and beak pigmentation stage

were significantly relevant, so that we can evaluate the beak pigmentation stage by these growth factors.
Key words: Berryteuthis magister shevtsovi; beak; pigmentation; artificial neural network; Japan Sea
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