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WE: ARTRIREXEENE AL Z —, ZFUATHARLRENER G EK. HHLE
MFe PRI % o ARAE 2019 4 3—5 F b DA 5 R0 o Al £ 0 s B B3 R 2 A 7 1 18D R B oy 1009
RELBAA, MET 2600 455 WMARTIRBHSSHK, Fo0R, THXGEETE
WA E MR AN B SERFRHAT TR ERET, W EES LKA M
RLETEBEREAARNERY, KEXHERKBA TN HFZ04 KA, fART
WHAESH. MXRTEHEERAGTHFEEMNEEHZ7. Ffs BEN (AIC) 27, K
EkFK (UHL) S, AR ESK S B AKX RAAUEERHX RN RE, W
UHL 5 B % 8 % R N DU #k 8 #k 08 R o BT 4R AE 2 2k ey A48 3 RO F 35 B B oy 38 /m 2 080
NFE R, BB EARME . 6 TN FAE 5 B0 48 34 & K 3 fu Al ad 4 K 3 B R E BN
B, HF, EMEK (ULWL) 2 T 2K (LWL) 8 43¢ & K3 7 181~210 d b3k 5|14 {7
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PPN AT R RTINS, XA 50
Tah b B A KA OB I 1 R WARGE . 28T Ik,
ARSI AR B8 2019 4 3—5 H A E KT O N i
VG EPBE PR IR A ARV RDR S 1 B SRR A,
IEWFEE , WS F IR AR I H I B, PR T
S A A MRS AR K s, BTERNE
SR A SR VO ACEN FEVE S S AR L BRI
AR I S SRR AL R A

1 MESIHE

1.1 HEARKIE

FEASRAR B E] 2 2019 4E 3 3 2 H—5 1 17
H, SREMBECH 16°25'~17°10'N, 63°38'~63°55'E,
T RN g1 i 1) Y R ) o B I A B 1 IR AR
15~20 F&, B R EEREAR 100988, &
TRIR O Bl 52 3 o 4 A s o ft LT 8T T
Ol 23w T T8 BT O B A R 1223 5, A
MSEC K S12m, A9 83 m, HYR 4.1 m,
B 557 ¢, FHLYIER 1155kW, AIFLEIZR 600 kW,
1.2 HMRAE

AMFMNE  RENSLWFEAZTEHE
i % J5 , X E A K (mantle length, ML), 1K &
(body weight, BW) ZEATI 5 , I X644 590 -7 i 1ol
AJEFAT HW A E, Horb, A0 &A1 2
I mm, RENEEHE 1 g

A it SRR IR S ) & FHES TR #1550 5
L3 S F R Y K rh O R IR AT g R
TN 70% £ B W B 048 R AR A, AR IR
S 6 e BN Ty A BT S 990 X (HEE 410 X M
P 580 X)), AR R, A 52 55 A 7K1
ELWA 7 6 Sk T (upper hood length, UHL)
B R K (upper crest length, UCL), MK (upper
rostrum length, URL). B %i (upper rostrum width,
URW), _[MlEEK: (upper lateral wall length, ULWL) .,
3K (upper wing length, UWL), 3k # K (lower
hood length, LHL), F ¥ %&£ (lower crest length,
LCL). I ¥ ¥ (lower rostrum length, LRL), T &
F¢ (lower rostrum width, LRW). T fll] B K (lower
lateral wall length, LLWL) F1 T 3 & (lower wing
length, LWL) 3t 12 WANERIE S S 040 &,
AR 2 0.01 mm,

SR SRR Fm ik 2 A LIS
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1Tk 2R A

J5 SR W R % IR VI (rostrum  sagittal section,
RSS) M AE K B oy g g™, M4 Liu %1 (1907
DA PR L AR B, RIS BT A
VI WAL OG 5 AP BR . K IR LD Y £ B
SV R CE S N A T SR B

B#bag ik SRR (58 7 ik
X B L R H O £ 98 4T 2 . ] Photoshop
2020 FRAF XA IR ARG IO B 7 AT AR, T AR AL
() 2 7 o) SOk w5 XA AE R U, I I i
1 A= K S0 v FE HE R R i 2 25 AR R AE K BU8H .
THECHS, H 2 A S5 B, Y 2E(E/N T 5% B
FATGE, IR YE. ZEHH A,
A 2T o A S I I R AR N 5L ST B
VI SIS AR BRI, i R OC 1 B i B2 PRAT o

1.3 ¥IES

i an 67 BRI, PUALEREEVE S S
ff % /) UCL, UHL, ULWL, LCL., LWL ffI
LLWL AJCHF 12 TSN IE A8 S HOR A A T 5
SMEAK

FI P 7 22 53 ik 43 A AS [P 0 18] 1) £ Joi 5
HMIEASECS HIR RS S AEAE M) i 3 22 =0

G4 AR BSRAR N RT (F B S 32 ZE B S 4L
HESMKZ ) 5HRHERT,

SRS . FREC. T PR BRI B KA
RILG H i 5 A BTSN RSSO A K OCR M,

LM L =a+bt (1)
TEROTFE L = ae” )
FERREOT R L =af® 3)
SHERECHEE L =aln(f) +b “4)

Krf, LAIMNESE, AN mm, ¢ HFERE, 3
ik d. a. b AHEL
K B R AR A A S 50, A

(Akaike’s information criterion, AIC) #E47 4 KA
Y R A

L(LN |LooaKat0a0-2) =

N

1 _[Li_f(LooaKathti)}z}

I smem {5
K, @ HREWr 22, HAREBE N SRR
AR 15%. e RABSRIEHL B SR XU Al
SRS, A KB HUIE Excel 2016 £ 44 A R )
KA G SRAZ S 10 A 1 3 ) R oR IR 0 i
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Ko i XS RN ARG, Ko HAS AN, NAREREE
K H W% BF A5 % 4= K 3 (instantaneous relative

growth rate, IRGR) Fl4 X} 4 £ % (absolute growth

rate, AGR) K531 5 55 W £ it 1) 5 AP A= KUY

In(R;) — In(R)
ty—t

X, Ry K o W I AR BT AME 2 0K (UCL,

UHL., ULWL, LCL, LWL #1 LLWL); R, N, ¢

I £ 525 AP B 2 80K B (UCL. UHL, ULWL,

LCL. LWL 1 LLWL), IRGR NHHX}A K3,

R, —R,

t—t

A, AGR MK, BA R mm/d .

2 4R

IRGR = x 100%

AGR =

21 B, BRMABRIIMNISSH ST

S I BIEE H 260 FE PY b B TR 1 0
A A CErp MEbE 141 B, MEME 119 BB), X
A K R 118~398 mm, - # fil A 219 mm,
P K20 M 151~350 mm, (5 BB 91.2 %; X
R H 90 B 104~291 d, SEX H N 197 d,
P H 2N 151~270 d, 5 EBUK 90.0 %, 454
B B, RO L0 A 3 S B 2018 4F 5 A
—20194F 1 A, ikl 8—11 A, &iEdk
) 84.2 %, FIWIHEA R AR, Zadill i, #
A ff AR OB S S B B, UHL A
7.33~29.83 mm, UCL Jy 9.33~36.20 mm, URL ¥y
2.34~13.61 mm, ULWL 4y 7.38~29.86 mm, URW
4 2.29~11.71 mm, UWL ¥ 1.75~13.39 mm, LHL
M 2.27~12.21 mm, LCL A 4.21~19.78 mm, LRL
4 2.05~12.60 mm, LLWL} 6.58~26.42 mm,
LRW 4 2.59~12.33 mm, LWL ¥ 2.89~16.63 mm.

22 ARG N

WA B, VY A I RE i 5 A o 00 Sk
it DRI A 51X 114 73 5 2 A i — AP 22 3L I
P Bl o A DX AR A < — ] — I ) R 51

Jra, ML CUE MG, LR, ey

B Sk K HERXIERIGHESN T [E 58
JEAEAE2E 5, Sk 5 XY A RSB ST P il ]
DB SE,  ELZ XA K SR R S AT TR IX, 5
PRI R B R IX B A R AUHES B B

R E K7 2: 2 E /) sponsored by China Society of Fisheries

S mih, BESWE™E, LkHmXMH
AR B R X AR BOE 5 4y 3, R AR 5%
FIFH Sk 35 X0 A K S0 H I A (] 1-a). WLER
R, FfBSUE A e He . W H 5 A
Fric#s (K 1-b, d), HWFHEEHERE, S50
B MMCREEK HT, EA SRR, AR
gk, MR A A AR 5 AR S M BOIREE R (A 1-
o), R K LUNE A G, A LR AR 5
TTAFAESE LS (B 1-d), 1k 35 XA 6 R UL
R TR, AR IX A 6 R DU AT %
23 HMBRESESHERREIXR
D7 2 %W, UCL (F=3.517, P=0.897>
0.05). UHL (F=0.525, P=0.469>0.05). ULWL (F=
1.054, P=0.306>0.05). LCL (F=1.996, P=0.159>
0.05). LWL (F=1.569, P=0.212>0.05) fil LLWL (F=
1.132, P=0.288>0.05) 5 H it i 4= K 56 R ¥ ARIFHE
PR B) G2 22 5, WK MEIEREAS B 1 P01 B A KA
B, Zi/ME AIC i % (32 1), UCL. ULWL,
LCL. LWL Ml LLWL 5 H % i 4= 4 56 & f5ids FH 26
PEAE K RBIRIFR T UHL D538 850 K psi
Fn (H 2):
UCL=0.073+2.873¢ (R>=0.6706, n=260)
ULWL=0.062+1.519¢ (R>=0.6983, n=260)
LCL=0.038+0.934¢ (R>=0.6145, n=260)
LWL=0.033+0.592¢ (R>=0.678 5, n=260)
LLWL=0.046+3.715¢ (R*=0.6818, n=260)
UHL=13.1061nt-54.557 (R>=0.6776, n=260)

24 ARIEMRTSBHEEHXR

53T, UCL/ML (F=3.712, P=0.912>
0.05) . UHL/ML(F=5.616, P=0.433>0.05) . ULWL/ML
(F=4.810, P=0.369>0.05). LCL/ML (F=4.171, P=
0.679>0.05). LWL/ML (F=7.459, P=0.499>0.05)
A1 LLWL/ML (F=8.394, P=0.531>0.05) 5 H &1
AR R BB AE PR (8] d 35 22 5, WCHe ol 2
FEARG I, WG A SR RS 5 IR C R

R0, BfE HIBMRN, 5504
TANE FEAE S 805 K W AR AR K, FE
21~150 d A& FFEHaFEY, 150 d JEHIXHPRE., Hip,
UCL/ML., UHL/ML. LCL/ML #l LWL/MLF % H
W4 3G A A/ B B Bl , AR B R S SSE AR
FoFfa, AUAE 121~150 d A48 fik . ULWL/ML Al
LLWL/ML B8R 245 FAa (& 3).
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Fig.1 Upper beak microstructure of S. oualaniensis

(a) the rostrum sagittal sections of S. oualaniensis upper beak, (b) day increments and sub-day increments of upper beak microstructure, (c) the bands

which intersect with growth increments, (d) checks of upper beak microstructure and corroded rostral tip.

25 HKE

ZERL/R, UCL, UHL, ULWL, LCL. LLWL
1 LWL % AGR i [ 43 7 24 0.040~0.083. 0.016~
0.083. 0.042~0.073. 0.021~0.049. 0.016~0.071 Al
0.008~0.044 mm/d, IRGR JZ 551~ 0.246~0.461 .
0.149~0.567 . 0.236~0.669 , 0.179~0.638 , 0.152~0.560
#10.085~0.642 %/d, ULWL. LCL () AGR % %08
ISR RS, 43 AITE 181~210d Fil 211~
240 d 4k 3k B K (43514 0.073 F100.049 mm/d),
SRR TR, HOIRGR 5 30 R (L A9 #
(Kl 4). UCL. UHL. LLWL fJ AGR 5 53 finjm
WD, YITE 211~240 d AbA B ORME (551K
0.083., 0.083 F1 0.071 mm/d), H IRGR 1 5 B AH
WL EaE, FFEI7E 181~210 d AbA B R (551 K
0.461. 0.567 Fil 0.560 %/d). LWL A AGR & Jcif
e > i, AR 181~210 d Abik B i K AE
(0.044 mm/d), KRR TFEHSE, HIRGR A%
LAY 3, 78 181~210 d A4b 35 Bl fr K (Ch 0.641
%/d) (K 4). BEVARRSL, =50 T AGR ¥
TE 211~240 d J5 2 8L F B & %, 1 IRGR¥ 7E
181~210 d J5 B TR H
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3.1 AREMEN

WFFE R, PG AL ENEE V5 5 A o b A
K a5 J5 X5 b [H T AR 5 W (Uroteuthis
chinensis)'™ . P4 4t K °F ¥ F 1 (Ommastrephes
bartramii) "> FIE R SMEEZEZE M4 (Dosidicus gigas)™
ARARL, IS BRI oA LN R, B RS HES Eev
R, 56 S R 2 A T A A TR AR, AR
R, BAREOR DU 55 0 28 IX AR K arfill
TgE, HZXK ARSI REHRZES, &
GRS A S e, R T H 5
BIPLE R TR TR 2k o X AE R EURE . BT
55 I 5 I A o SR B A W AR ok,
DA i A7 I A7 AR — 8 R P B BB, 5 2 % H 32
WU OO 22, 3 T e Ok 5 7 X AR K BRI
B, WIZAL PN, VUIbED R 55 A o N Bl
T AR A R B T, AT Wk RN S FAR S, iX
A B S R R A (] I 30 R AS A o A AR K RN
[, ABFFEIE R, 7S L W5 R
fETEH R . W HRMbRCE, Hb, fridBE
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®1 SERARFIMESHS HREKRENSHELR
Tab.1 Comparison of morphometric parameters of

beak and age growth models of S. oualaniensis

LAY

2

model a b AIC R

EHRK #2484  linear 0073 2873 623469 6.621
UCL

FRE power 0220  0.825 665751 6.597

$8%0  exponential 7.265 0.004 667.719 6.603

X4 logarithm 13.891 —55.908 635.358 6.614

ER#K 4t linear 0067 1211 610.176 6.620
UHL

TEHREL power 0.086 0.097 609.180 6.628

F6%  exponential 5.373 0.005 623.841 6.600

*%40 logarithm  13.106 —54.557 585.101 6.632

LB szt linear 0062 1519 542163 6.630
ULWL

wEHL power 0.136  0.873 572.862 6.603

F8%  exponential 5.504 0.005 574.550 6.611

X4 logarithm 11.825 —-48.489 556.150 6.610

FHERK  «44  linear 0.038 0934 288373 6.628
LCL

FHE power 0.077  0.888 313.694 6.600

$8%0  exponential 3.330 0.005 316.402 6.600

X4 logarithm 7.254 -29.788 298.296 6.613

FIEEK it linear 0046 3715 388388 6.627
LLWL

TEHRAL power 0.327 0.693 478.027 6.609

F6%  exponential 6.209 0.004 479.930 6.611

S logarithm 8.798 —33.550 396.874 6.615

FEK 4t linear 0.033 0592 224975 6.624
LWL

FEHL power 0.052 0932 242986 6.607

B4 exponential 2.727 0.005 248.038 6.598

X# logarithm 6.410 —26.578 246.984 6.616

s ORI,

Notes: * indicate optimal model.

Wi, (H0H Ao i 2e , BT AESETH H RS IR
EEXWHE ., A8, I sghess A
B R PR il BEAR AR 5 USSP S EREE B4 R
o pRIC R, MUbRIC R IE R RE S
LRI 22 B L 5 SR A G AR R
VU -{b B B2 15 b o Jo S0 S TR A AU A
AREr, AP B R SUIRES Y, AT RES A
SRS A R AR AN [R5 1) A TTARAT OGR

32 ARSIMESHEHBRHNXAR
AW, UCL. ULWL, LCL. LWL #l

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

[ o UHL=13.106In—54.557
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Fig. 2 Relationships between morphometric

parameters of beak and age of S. oualaniensis

LLVVL/kjE]ﬁAEﬁﬁ£f<3é%§Ei P A A BB R
7, T UHL AYAE RS R il IR E AR OR
Xf HAAIME S B i AR KO RE, KB ESUE K
T RERREPR IR T T A KOy R AR, i B
AR R ORI, ORI b AT AR 5 £ £ JoT
IAME A KRB AL, ABFSE R, BT
FRES S B8 0944 OC R A AEAE 1 50 18] 2 2%
Ze5t, X IUACT- I 2R AR e 40 ) 74 Fg DR PG A e
MRILIE L £ (Lllex argentinus)P® WTIF 5T 45 W 5E 4 4H
[F] o AHFE 0 Ff B SANE AIE S 8% UHL 4, H:
RSEE H B AR ol I A KABRAIROR
1M UHL W 3 o B ki ks, x5 HoAth 2 5 )
MIRFFESE RA —E M 225, X AT RE S HEACRAETT
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FEfEAs, &
012 « UHLML —— UCL/ML
— —ULWLML ---- LCLML
0.10 s LLWLML -~ LWL/ML
- 0.08 t
= o T s AT T I T e
@2 006 |
PR -
B e e
0.02
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H i
age
B3 SS5WMARTIMNLUSTESHS
Bt EF HR B X R

Fig. 3 Relationship between ratio of morphological
characteristic parameters to mantle length and
age for S. oualaniensis beak

1. 91-120 d, 2. 121-150 d, 3. 151-180 d, 4. 181-210 d, 5. 211-240 d, 6.
241-270d, 7. 271-300 d.

AR, AR REA KT 5 R e itk A7 2R
B, ARI/NATE L MERERE A L 5E TP (2
L 1), el SR Ml T 2OREE /N
A MEREEE B 2B, R RE S S B ST A R
ANTA] s AT RE S REA R T [ B SRR AL AR A G,
JEE AT IRE, TABTTEREA IR TR o

26564 A2 KR (mmy/d)
absolute growth rate

0.09 r ——uLwL
S 2 008 = UCL
g = 0.07 | g UHL
EZ 006t
s 2 005t
WY 0.04 ¢
# S 003}
=73 002}
2 001}
0 n n
1 2 3 4
H#e
age
(a)
o 09 ruLwL
.z 08 r-=-ucL
25 07 = UHL
55 E 00
HE?S 0.3
-y
= g 0.2
= Z 0.1
g 0 . .
1 2 3 4
He
age
©

e A BRI N, Tt R S
IESH05 H IR HE K RIS BUE KR, T
R TG ¥ A5 4 5 10K 2 2 R O£ R A1 0
BEIBUER, ABEMBEIRAIA K, 54
RS Pt A 70 520, M 3 2 2
e KM 5 S B R SR B B, R IR W P SR
AR IR B 2 8 1 34 2 S 070 R UM A [ 22
R A [ K AR [ B O A R A
KABAEAEE 5, R 22 54 A £ 0 T
TS SRR R4 BT A T kA,

33 ARFEMRTSHEHXR

ARSI, A TSR R SE R H #0A4 K
KRB B 25, HHE B
B, AN RRESECS EK  (E 2 NRE EE
HI¥TE 121~150 d J5 A FFie . XATRE2E 5%
WS LW H S AR G, RFHE@ I,
B AR A KRR, A B S T R
TFREE, SRR AR I B A BT B 121~150 d.
XFEEAR R H % B R SR AME S80S K &
W, LSHRTIH, HESERKETHAR
P, FFA 5 A T NP A K AR X H

0.09 | o prwL
0.08 r=-LCL

0.07
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0.02 +
0.01
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H i
age
(b)
o 090 o rwe
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2 806
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Fig. 4 Relationships between growth rate of morphometric parameters of beak and age for S. oualaniensis

1.121-150d, 2. 151-180 d, 3. 181-210 d, 4. 211-240 d, 5.241-270 d, 6. 271-300 d.
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FXF RS, &3 S 28 K 5 I 1 A AR X 4
K, ULHAFEAKSE 7 M) L, B AR, D
6 Ay A £ A AR 5 K B e S N T A
BER 5 I 9 HE (B R XA K, 136 I 55 0 =
BER AR, DMEPE Y, X 52 EME
FCV MR S R — B R R, R XS
RT B H S 38 A7 e /N R e g, (R R Ik
KF, WAL EE, RAS SN
ARG R, A A K K AR R, AR
BT BAME, X5 AER BTSSR Ar
Fr—30, ULMIEANTIIE, &S0 mmiA KA
—SE R, o AR A T R A s N TR
PEARHR AL T — 2 iR S

34 HEKE

AWESE SR, PE AL ED B VE S 5 A BT Y
UCL, UHL, LLWL fil LWL {4 KR8 et s
W RS, HIAE 181~240 d 4b 3k B 5 KA,
X5 b S 7 W S 2 4050 Y g R VG P B AR A
FAO P AR R, BIFEA A IR B B
i A R, 7R B B I i R,
ZIE B B R mA KRB WA N, XA
AR 2, AR AR A, MR
Je AR DR B E Y, 5 181~240 d AT BESEPEIL
BN 27 55 S WA v A H i BE . ULWL., LCL
AERCRE S, X5 PE R A5 A
VG A K P B AR A 1 52 40 7 A K AR A AN 58
AHE, X ATRE S AR MK A G, 5T
FH, BRI A R [R) A i B B AR A [R) A7 5 06 355 1Y)
BN, HAABRAINESEE KR WA TE AR,
AR PR A S B T ) Sk R 28R KRN ) 7 B
WAL . AR 2R KR S R B s m B, R
) Sk f A T A K BORTR] Ry S S A A T
AR 22 PR A TR R S SR A T R AR

(3 7 BA A SUT 52 B s 42 B Al 22 )
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Beak microstructure and growth characteristics of
Sthenoteuthis oualaniensis in the Northwest Indian Ocean

LU Huajie "***, ZHAO Maolin', WU Xiaoci', WANG Honghao', HE Jingru', CHEN Xinjun "***

(1. College of Marine Sciences, Shanghai Ocean University Shanghai 201306, China;
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3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China,
4. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Beak is one of the important hard tissues of Cephalopod, which is widely used for age and growth estim-
ation, population structure analusis and resource assessment of Cephalopod. The microstructure and the morpholo-
gical growth characteristics of beak of Sthenoteuthis oualaniensis were studied with morphometric parameters of
260 pairs of beaks from 1009 samples collected in Northwest Indian Ocean by a Chinese lighted cover net fishing
vessel during survey from March to May 2019 in combination with their ages. The result indicated that there were
obvious growth increments in the upper beak rostrum sagittal section (RSS), and increments in hood region were
more clear. The analysis of covariance indicated that there was no significant difference between sex and age in the
morphological growth characteristics parameters and relative size of beaks. The results of Akakchi Information
Criterion (AIC) showed that the linear functions were found to be the optimal for the relationships between all the
morphological characteristic parameters and age except UHL, and the logarithmic function was the optimal for
UHL growth. The relative size decreased with the increase of age, and the variation trend was basically the same.
The absolute and relative growth rates of the six morphological characteristic parameters showed a decreasing
trend, and the absolute growth rate of ULWL and LWL reached the peak at 181-210 d but the absolute growth
rates of UCL. UHL. LLWL and LCL reached to the peak at 211-240 d, while the instantaneous relative growth
rates of all the parameters peaked at 181-210 d. This study laid a foundation for further study on the age and
growth, population structure and life history of S. oualaniensis based on the microstructure of the beak, and
provided a scientific basis for scientific exploitation of this resource.

Key words: Sthenoteuthis oualaniensis; beak; microstructure; growth rate; Northwest Indian Ocean

Corresponding author: LU Huajie. E-mail: hjlu@shou.edu.cn

Funding projects: National Key R & D Program of China (2019YFD090402); National Natural Science Founda-
tion of China (41506184, 41876141)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

10



	1 材料与方法
	1.1 样本来源
	1.2 研究方法
	生物学测定
	角质颚提取和测量
	角质颚研磨和微结构观察
	日龄的判读

	1.3 数据分析

	2 结果
	2.1 胴长、日龄和角质颚外部形态参数分布
	2.2 角质颚微结构
	2.3 外部形态参数与日龄的关系
	2.4 角质颚相对尺寸与日龄的关系
	2.5 生长率

	3 讨论
	3.1 角质颚微结构
	3.2 角质颚外形参数与日龄的关系
	3.3 角质颚相对尺寸与日龄的关系
	3.4 生长率

	参考文献

