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fishery biology and ecology. Based on the 1 009 Purple-back Flying Squid (Shenoteuthis oualaniensis)
samples which collected by Chinese lighting falling-net vessel in the northwest Indian Ocean from March to
May 2019, the beak pigmentation was divided and determined. SPSS was used to conduct the ANCOVA test
to determine whether gender studies were needed. The relationships between the beak pigmentation and the
mantle length (L), body weight (W), sexual maturity and the external morphological parameters of the beak
were analyzed by generating a box graph, the median values of the samples were fitted linearly. The results
showed that the stage 2 was the dominant portion, accounting for 33.87% of the total samples during March to
May, and the level of pigmentation stage increased with the time passed from March to May. There were
significantly sexual differences in the relationships between beak pigmentation and mantle length, body
weight, the external morphological parameters and sexual maturity (P < 0.05). The relationships between beak
pigmentation and mantle length, body weight, the external morphological parameters of the beak (lower hood
length, lower rostrum length, lower lateral wall length, lower wing length) were significantly relevant. The
correlation coefficients (R?) between pigmentation stage and mantle length, body weight were 0.877 8, 0.863 5,
0.730 4 and 0.842 4 (Fig. 4). Under the same pigmentation stage, the range of mantle length and body weight
of the males was smaller than that of females, indicating that females developed pigmentation faster than
males. The minimum correlation coefficients (R?) between pigmentation stage and the external morphological
parameters of the beak was 0.66 (Fig. 5) and his is higher than other cephalopods. The beak pigmentation
stage increased with the increasing of sexual maturity (Table. 1). This study provides a basis for the fishery
ecology research, effective exploitation and scientific management of S oualaniensis resource based on the
beaks.

Key words: Shenoteuthis oualaniensis; Beak; Pigmentation stage; Morphological parameters; Northwest

Indian Ocean
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F 1906 (Shenoteuthis oualaniensis) J&3¢
i F} (Ommastrephidae) &S JE (F M
2005), NRFEMERT, HEET 0~ 1000 m /KR
(Roper etal. 1984) | 320 A T TV EVREE
PRI R AT I3, 78 rp [ mg g A G AL Ep
FEFR R ERR (RHE% 2013), &
BRIAGER R (Bt 2015) o ARTHE
LERNFEFERET (&EF 2014, Bf
TEARE . MR AGEE(E B RIFIRE S, 2
W 90 Sk A2 8 AR ) 2 R0 AR 25 2 (1) B A R
CRYLEE 2017, B 2N TRESE (5
W 2019). FEHEK (Perales-Raya et al.
2010) ZERFFE. MR EES M —RBER
UL (Mangold et al. 1966), ZITF TR
IEE2 3 A E PN L P A=k 3 Al S| DA
FHHAr (Castro etal. 1995, #5525 2017).

AWFFARYE 2019 4F 3 22 5 F FREAT Ot 22 04 iy
E VU A I RE P S U A S B R 1R 5 5
FEAS, X H A i e s TR EEAT BT, DA
WY IR S0 TS SIS AR A L R S A R
BERL AR

1 MRS

1.1 FEARE
FESLREERAIN 2019 £ 3 &5 A, B “ik
W 12237 SATHEMEAERAE, SRAERE N
13°05" ~ 19°45'N. 61°06’ ~ 67°50'E (& 1), 3t
RS LIEFEA 1009 R
1.2 EMESHN N A RTINS HNE
V55 5 IR A A VR S ke SR AT A A 2
&, MEHNAAFERK (mantle length, L),
R E (body weight, W), X451 BA R P iR il 3
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Fig.1 Site of investigations and samples

FEHEAT BN & K5 (Lipinski et al. 1995). ¥
JR M KB 2 I RS, SRS AR T 70%
(1) AR, DA 6 5 7 A R SRR T 11
BRI - 230 SLHAS 620 X5 20 FUREA,
o, WEPE 357 X, HEYE 263 X KA FSAN
G BE TS, bR <R (MNT-150T, {4
EMPRE XA EAEATIE (B2), Hf,

Upper beak
it

MAKAEHE 1 mm, fFSINESEREHE
0.01 mm. HFREFFIEMAE, HHE 1 g.
1.3 BRIRERRS

AW 2% Hernindez-Garcia (2003) X553
41 (Todaropsis eblanae) 127k, 4EE
L A R AR R R, K A S L R TR R
ITNO~T G, 8 AER (K3,
14 BWRITBE

5 F A R 55 5 W ) A o s AT L R PTUAR A%
IR 53 AT, W FOAN[E) H 4 BRI SR A £ T 50
R TIRARLAALR (7 /5 2013),

FIF 7 Z Wi . AR E 5 R PTRRAE
IA) & AR B) 22 e, R AR 45 SR A AN
FIFEAR I, R ES BRI ER IR R,
THESAS A IR KAV E V042 5, IR
F— M 6Pt 7 FEAU A R DT S S FEAR TR
K REFAME KR

FIFR W07 22 53 B 14 st A A 75 A A 12 1) T
Z5t, BTSSR A G R YR, i
WoON—E (FiaBEE 2012), R R
G br Bk EkE AR AR (75
2013),

Lower beak
TR

K2 B9EfARFIMESHENETEE (5 ABTHERE 2019

Fig. 2 Scheme of morphometric measurements for S. oualaniensis beaks(Cited from Chen et al. 2019)

Lun. Upper hood length; Lyc. Upper crest length; Lyg. Upper rostrum length; Wyg. Upper rostrum width; Lypw. Upper lateral wall length; Lyw.

Upper wing length; L. Lower hood length; L;c. Lower crest length; L. Lower rostrum length; Wi r. Lower rostrum width; Ly;w. Lower lateral

wall length; L. Lower wing length.
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B3 aRamRFaiiiiRgE Gle
Hernindez-Garcia 2003)

Fig. 3 Pigmentation process in beaks for Todaropsis
eblanae (Cited from Hernindez-Garcia 2003)
G5 EINAEL GhS R 5 BT

Above the number is lower beak, below the number is upper beak.

LS 5 0T S04 DA A 5 S 20 1 S R Ak i
(Castro et al. 1995), T F S A2 U
F B AAEGER . BB =N
ARSI E (1 12 BB A E ik A T Sk K
T, RS, FEK, 55 ERTTH
HREVTKRN, R ARTES S5 EERD
MUK AR 555 2013),

R AL FE S T EXCEL2010 Al SPSS23
B

2 R

2.1 BRIRERSE S
FEA AR T B R DU S5 G LA 2 G0 o5 LL Al
B, N 33.87%, 3. 4 fl 5 HO RIS
09 2 FHIREA T o5 LU 3 000N 28.40% 36.42%
1 34.40%. KT, BERSESH 1F 2 HFT
eI AE H o G i Bk, 3 2= 5 AArditk
153515 36.69%- 36.42%K11 34.40%; 3 ~7 2%
o5 Lol 2T ke, 3 & 5 H R Lel 4
N 63.31%- 63.58%F1 65.60%.
22 BRIRSRSHEKMEERRXR
S5 2 HT, BERVRER S K (F=

621.123,P < 0.01) fA#E(F = 609.257,P < 0.01)
AR IR RIGTEME . HEE R fAE B E 2 R
WOoy ARV ME L B 1 8 R ORI R A
KR o B PP A el A 4 B3 L 43
117 ~ 325 mm #1209 ~ 1 274 g, “FHIfAKAMA
HPHIN (23277 £ 45.61) mm Al (672.66 +
212.66) g (n=357); HEMEAMA N AN = G
I3AIN 133 ~ 284 mm AT 112 ~ 782 g, “TFHfAK
AUAEE A (186.58 +31.59) mm 1 (391.95 +
119.71) g (n=263). &SR i 51 2 YT S
Pba A A R I 20 (B 4.

BRVIRER (S) S5MRK (L AR (W)
RRARRUT .

MM L =16.625S,+198.57 (R =0.8778),

W=75.893S, +473.79 (R =0.730 4);
HEPE L=16.786S, +110.86 (R=0.8635),
W=49.321S,+ 184.64 (R2=0.842 4,

23 BRIREREERBRAERIRR

E V7 Z o0 Ml n,  PEIR G 5 A
RV SRR ARTEM . MM AR E =
R (F=20.901, P<0.05), #oEalmrsts
DI S MR AR R

TEREVERE A, PERR A 9 T BRI A4,
HAFIORTREROE 1 ~ 69, LL24%
NE, HIRON 3 F, ERAZRIARAT 5 L
Bl A F] 87.00%;  PENRBCEE 9 TTHA R AN,
HAFIORTREROE 2 ~ 6 9, L3
NE, HION 4 F, EHRAZRIARAT 5 L
BRI 72.16%; VERR B FE RTTHHAMAE,
P ERTIREREE 3 ~ 6 4, LLo gl
., HKN 5 H, ZXRATFER AT & LA
LB 78.57%; VERRBLGATE NIVIHANMA, HA
P m TSRS 5~T %, Lhe HAE,
HUN 5 %, EMAFERIART 5 E 1k 2
80.00%. LMATTE, FEEMEVEVERRASR, HEME
FEA S 5T 50 0 2 U S R T - (3R 1)

TEREVERE A, PERR A E R T BRI A4,
HAFE R EROE 1~5%, LL2F13
PN E, XA A B & RS B
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Fig. 4 Relation between beak pigmentation stage and mantle length for sthenoteuthis oualaniens

a. WEPEM; b WEVEARE, o MEMENAK: d HErEAAE.

a. female mantle length; b. female body weight; c. male mantle length; d. male body weight.

2 3
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VU2 Pigmentation stage

x BRI FHRNE AL . < is the median value of the data; The oblique line is a linear trend line.

R1 FILEERES DA RO RTIRERT & 5 1% IR R AR KR R

Table 1 Relationship between percentage of pigmentation stage and sexual

maturity stage for Sthenoteuthis oualaniens

5 P il e 2t AN [E) A 5 S R TR S4BT (5 L A3 Percentage of different pigmentation stage (%)
Sex Sexual maturity stage 0 1 2 3 4 5 6 7
1 0 6.70 72.83 14.17 3.94 1.97 0.39 0
1 II 0 0 12.66 46.84 25.32 8.86 6.33 0
Female il 0 0 0 7.14 14.29 28.57 50.00 0
v 0 0 0 0 0 30.00 50.00 20.00
I 0 15.00 35.00 35.00 10.00 5.00 0 0
ek II 0 0 6.98 4.65 41.86 30.23 16.28 0
Male il 0 0.63 3.16 3.80 22.15 25.95 43.04 1.27
\Y 0 0 0 2.38 16.67 42.86 38.10 0

70.00%; P RR RN A T A ANMA,  H A 5 5
BEFREROE 2 ~ 62, LLagihE, H
WN 5 T, KA ER AP G L)k 2

72.09%; LR B EENTTIRANME,  HA BT
BRIEROT 1 ~ TR, e BhE, H
A5 G XL AT & HL]E 2
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68.99%: PEMRBGEAE N IVIRIAMA, A T 5
ORIEROE3 ~ 654, LLSghE, H
KN 6 B IXPIANEFEGA AT i LAk 3
80.96% (& 1) SRTIE, BEEMENEVE IR A
FE RS, HREPEAEAS AR € SR AR S R 18
.
24 BRIIRELSHRILESZEKRE
I B E, AT RIS
HHAME A Z [BAEE— B MR (B 5).
Tk ai e (Lo B (L) FIEEK (L)
LA T REK (Lw) H5 BRITPAFE R M
Kk, HRAKXSHWTF.
HEVE Ly = 0.5479S, +2.9921 (R*=0.7761),
Lir = 0.5757S, +3.0507 (R*=0.9577),

Liow = 1.3616S, +9.1193 (R*=0.9752),
Low = 0.7584S, + 4.7907 (R*=0.9662);
HEPE Ly =0.6302S,+ 1.8629 (R =10.7127),
Lig =0.703S,+2.785 (R2=0.6601),
Liow = 0.9177S, + 8.2843 (R =10.7255),
Liw = 0.9596S, +3.7879 (R2=0.6433).

3 g

BRIIREHBIIE

AWFFCRE, & AL D R VRS S R A iy
BRI, AR 4K, ARG RD
A T RN i = N NS S ST Ty NI 40 N 1 B e
VG0 ED RV 5 5 AR R i B 3R DUAR S5 2 DA 2 %
RNE, GREEARE 33.87%, HARMKIK N 6 2.
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Fig. 5 Relation between pigmentation stage of low beak and morphological indices for Sthenoteuthis oualaniensi

a~d. MM e~h. HEPE. a- d. Females; e - h. Males.
x B IE; R NERIEEA L.

x is the median value of the data; The oblique line is a linear trend line.
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4K 5P 3G VR TG, P s g3 )
N 17.58%-. 15.16%- 14.84%. 14.52%-+ 3.39%
A0.65%. BERVIRSFR N 1 HAM T ZHIAME
B, WA O RIAME. 3~5 H, ARV
P9 1 F 2 BIARET S FEAR LU & H A7 1
HERMBRAR, T3 ~ 7 A BT b FE AR L A3
BEH 4R 2T . X 5P EE A
(lllex argentinus) (J7 /455 2013). Fh&EFhfE
22t (Dosidicus gigas)  (BFTF4% 2017)
ATV HE S D (FEAGAREE 20200 BT FT45
R—3 XU U R DT S S S A
AR IEA R R
3.2 BRVREXSHKMEERRXR
AT, PEALEDEE 5 5 A
FUTRA 2055 I AR = 1 28 RAFAE M 01 [|) 22
o TEFSEORVTGER T, HEMEAMRIIIR K
PREE 4 o3 (8] BE VS I8 /N T MEPE A, U BH
PEANMA IR BT R A A . IX SRR I
WM (% 2013) MIE KPR A
(Ommastrephes bartramii) (Fang et al. 2016)
P FE g AL, ARV SRS AK. A=
% R EA PRI EEG M, FEHSEE A AR AN
I, H2EIEMERXKR, X58FE
fi ( Todaropsis eblanae ) ( Hernindez-Garcia
2003). BHREEME M (7 455 2013) FIFLE
AR BT 25 2017 A 72 45 AR
AR RFR, PUALED B S5 5 A i St
PEAMRPIPURUE BT 1N, J5 SRR 5 7
2, LRI, R EMGE A RIS,
33 BRIIRSREERBRAERIRR
TR, TR S B R TR S
RAAFAENER A W 22 57, PR AN
SO RTUREHR B B3 A, T
PN U B A AS 235 AH 96 % « Hernandez-Garcla
S (1998) [MAFFE RN, #F M (Todarodes
sagittatus) (1) JiR s 24 B 5 A o 5 ) K DA
SRR ZE R, T5 0 (2013) SRR E
B R AT R . MEEANR I
BOAE S BRI EIIEAE KR, BRRN

NBEE PRI IZ D R, B RIS b2
WK, MEINEZET M GHTTTE 2017) AT
FRER WG FART . BT DR kA
P R T EME CTRIBSE 2015), FrLAfEAH
() (R P R RS BE T, T AR T B8 3R AR S )
T MEENMA . ABFARR, TEMF ARV
SGRAMERCARE AR, MR SREAR S B
BIAFLEE R 2 5 . TEMEVEREAS A, R YT
EW 2 ~ 4 PR BT YERE T
AUITEA, B 5 g9l 2350 9 90.94%F1 84.81%
ANAFAE R YU 2 2 HLE IR R A A T
AIVIIAMAE, (B> EERITISESR 3 &
A1 4 25 B A AT R ANA, BT 7 i) 43
AR 7.14%F0 14.29%, HARAFAE B RITRIE
3 G0N 4 2% HA% RN IV IR AN A . 7R
FEAH, ORISR 2 ~ 4 R EFES
AT HERRAE T AT TTIA, AT el 43 0 80%
H1 53.49% . FELED B O RITRAER 2 FAEVER
A NTTAMAMAE, B LA 3.16%, A4
BRI S 2 g B R NIV A
o FAAEERIIREES 3 20 H PE A NI
AUV AN, BT 5 Le Bl 20 518 3.80% -
22.15%, WAFTEERVIFES 4 9 HYERAE
JIUTAFNIV BN, B o Begl 53 308 2.38%
Il 16.67%. #8ZZf (Hernindez-Garcia et al.
1998). %5zt (Hernindez-Garcia et al. 2003 )
MR, ARVIERIE 2 ~ 4 Mk
Wk E BAMEEERD, EARTRY, R
DUREECN 2 ~ 4 o IMEVEAN A b7 S MEPERE AR
() 84.31%, MMM b7 SEEVERE A 35.36%,
5 FRF ARG RATE M T 5 S0
PEARECGR THEPE (BRIBEE 2015), FrbAAE
PR A FE AR [EIIN, et A I 8 3R AR S )
T e
34 BRIIREXSHRILS AR R
WA R, PUAGEN VRS SR A R St 2%
DU 5HTHIN 4 TILESH R IEM LK
R, XIEHAB R R HEE R 7%
2013, BABTFEE 2017). FEAS A5 S0 5 %
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GG, RSk E . B B SO EE )
IR PTR (RS 2019), BEEMARIZEK,
RV SRR ETIE R, 5 58 Bl
Hn. AR AR R Sk 2 SRR R
T CGBHEFE 2017), EAEKVIHE, kLEFKm
A RZ IR SRR, P, Dia/
FEEI N 2 D s B G ok, L
B8 0 P DA Sl 22 554, AN AT BAA 3R 52
Ky R EY ., AR, ARIHASE
9% 55 F RS S A 23 R IIKT 0.64, 3T
T3 (Hernindez-Garcia et al. 2003) . Fi
BINGZEFT A GHETFE 2017)  PIRRIEE R
i (7% 2013), T E R FAAD R X
WA HOHAT IS, S T RME RS . [E]I
kK, MK PR, FEKSMAR
ARV ER IR REM R, X5
EIF A 7 2013) . LK PR A (Fang
et al. 2016) Fl A K1 ¥ 7 T8 W 350 ) 5 5
(Fang et al. 2015) WA L5 IRAFEZE R X 7]
REAE T (1) AS[EREAG A [R] 1 A ot 5025 44
FEME, SS9, ZEFEM. FRERFMA. LR
SRR A IRV AR TE RIS ) 55 5 R ) A S
SANERHE R 3546 Fr AN R (R 7SS 2019);
(2) BTN GRATELEA R I8, A R
AR, KEREE . RS ZEN,
M0k 2 R B EAE I, (3) ARM
BEEMA R, Ivanovic 28 (1994) T KN,
PR S et AR e o FER B R, I
BN 85.29%; FAMFE IR LLL 2N F B4R
X R, U 75.60% (ZE R 2016).
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Collared Finchbill Spizixos semitorques Found in Xingtai City,

Hebei Province
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