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N PEAE R ( generalized additive models, GAM ) 4 4
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1.1 #EASkR

FEAR SR 7 Ml i 1) 360 97 7 04 ¥ 23860
FE AL ANV 30 18] B3 3540, SRR B[] Sy
2017—2021 4, R FEHE Ik 123.0°E ~ 127.5°E,
27.5°N~31.5°N, FEAMRAF B IR 1, B—Hiik
FESLRAE Y PRI R AR I BE DL . FEAR 298 VR AR
F72 [ LB 2 HEA T AR A

F1 GREESWHEAEMER

Tab.1 Basic information of Uroteuthis edulis sample

[ERS

SEAREI ] RAER Df)rsal %N pigi
Sample ti Number of mantle Body

>ampie time samples/ind.  length/ mass/g

mm
2017 4£ 9 H—2018 4F- 3 H 284 66~256  15~450
2018 429 H—20194E3 A 445 62~223  13~354
2019 49 H—2020 4F3 H 378 68~284  19~625
2020 4F 9 H—2021 4F3 A 369 55~221  12~348

1.2 H{RFAZE
1.2.1  A:Wp2e e

S50 R R B 5 o 2
B -7 A W) A5 ) (GB/T 12763.6—2007) X
R R EAT A2 2, T s AR K ( dorsal
mantle length,L) {£&JF & (body mass, M) 1451 L)
R R LA EE o A P e RO PR AS I 5 0 3
1 mm, B FFEFR SR BT &, K8 2] 0.1 g DU
MACY " "™ fry P i B 3 0] 43 v o Rl 45 811212
e S A AR R EE R 2o T I VI IV AV 38,
IR IV VIR E Rk sl
1.2.2 ¥l ik 3

F SIARAE S 4 4 B REAS o3 i e, I 4 IR
AR BR B AT et M AR S5 £ 21 B
it FHARRE 3 B3k, 20 R 43 53] 15 20 mm T 40 g,

KRR R J5 22 70 B2 CANOVA) |, LA [w] il
PP R A A R ) 2 S R R (I
IV V) A iR A7 ] 25 5

K A 105355, X M | > A g A I -
KR (M-L) FEATAE[E] 534, R IO 7 25 53 ik
(ANCOVA ) BH AT [A] A4 R T -l OC 3R 1) 25
S EART

M=al’ (1)
KM WFEARIRTT &, g5 L HFEAR K, mm; a
FAERFMHE T 0 HEKSE.

LI 25 P RRSE 2R 25 m IRAR K IR T B0 H 2
WEZ M AR, PR R T 25 m TR Ab 7K i 5 2017 —
2020 AF[a] £ H MEAEF- M 25 G IR A ] 1 1)
AN 5 KR B A S

ST SOMAPERE AL (GAM) 4805 A [F] #4531 1Y
B, DA 8 P LS AR KN 25 R 2R 1Y
KR WA FEA b i BI85 Sk K

I IHARERARRAFEA0) , I IV, VIR

BREA (L) o Faemm i A8 i (MR R m)
S iR i (28 B AR AR 46 () MEAFE RS InL 4F
03 ZET 25 m RAL AR Tos ) VAR MR R R, TR
ARSI RO i RS e A R M A 50, TR AL AU S
Hh 2 R A R 1 [A] 1 A8 EAE ) A5E8 i D\ — 30 3
A, Hek =L r .

m=a+ Y fi(x) te (2)

e m AR BBCIR B 5 o S FL5 155780 1 4K
PR o A RRRE B () WA DR R &
BT R e Bk 2E IR IEZS 73 A1

WEATRH A R A s A Bk Rk =015 5]
AT GAM A A, ) FH 285 b 45 8L o ) (akaike’s
information criterion, AIC) "™ ¥ % 'K [f] GAM #
AU L5 RUOR , ATC (B 870N, D) A58 2 400 45 4R
(3

25 m RAE KR ( Ths ) 4 A 5T 55 gV A
KA R (NOAA) Kb (https ;//www. ngde.
noaa.gov/ ) , FIFE B 5 Hrfi FH R 4.0.3 F1 Excel
2013 B 4 52 i, GAM 2 89 7E R O3 53 b al o
“ mgcv”@,iﬂrlm'm o

2 4k

21 KR=ERAKAER
2017—2020 4FEHEPEM AN TE ([ 1a) 4>
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A5 66~256 mm .61 ~223 mm .74 ~ 284 mm .69 ~
221 mm, £ i K 2 53 51 24 80 ~ 160 mm , 60 ~
160 mm ., 80~ 160 mm 100 ~ 180 mm , {f; %4 il K 2H
h AR BE A H 4t 4y Bk 75.50% . 90. 57%
85.88% 70.37% ; HEMEA AR T Rl (] 1h) 4351
F1 69 ~ 234 mm .54 ~ 227 mm .95 ~206 mm 55 ~
220 mm , fEF A K 20 53 53] 4 100 ~ 180 mm 60 ~
180 mm 100 ~ 160 mm .60 ~ 180 mm , {)f; il K 2H
R RE A T 4 Fe 2 )l 80.45% , 81. 60% |
81.52% 93.16% .

2017—2020 47 it A A T v R (& 1e)
A3k 15~ 450 g 13 ~354 g, 19~625 g 24 ~
348 g, A ST i3 )l 10~ 170 .10~ 130 g,
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S 30t
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g 261 g
=) \
8 20 §
;}r 15
i kg
5.
OFEE [L!ﬂnﬂ.nn
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(c) MEMERE-REETTE
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B 1 2017—2020 F&RESMRAKSEREBLAR S

10~130 g, 10~ 170 g, {44 5T i (5 HEARFEA 1Y

SYHCAY K 81.46% 84.12% 82.94% 77.78%
HEPE A AR BT e R (L 1d) 23 5310k 17 ~ 356 g
12~350 g 41~271 .12 ~282 g, {38 A 5 43 51
4 10~170 .10~ 170 .50~ 170 g.10~170 g, {;

HRBTRE b R AR A B 23 LA 84.21%
89.15% 85.87% 93.16%,
WEAE IR 2L A Bk 2L 4 A 8] 2 S A4 7E B

FHEZE S (P>0.05) , BEVE R AL R B i 417 4
ARHIAF AR 0 5 P 22 5 (P<0.05) . 20172018,
2019 A JHH AR 5T it 20 7 o) 1) AN A7 7 (2 35
2E5¢(P>0.05) ,2020 4 fi 1< A4 5 B 41 B S
[AIAF 7 i 3 25 57 (P<0.05) ¢

401 o 2017
=
<
&
<
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3
(5]
&
in
B
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Dorsal mantle length frequency histogram of males
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Fig.1 Distribution of dorsal mantle length and body mass of Uroteuthis edulis from 2017 to 2020
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M- A G R HEAT IS, 45 R R e - 2017
4Fk M =0.000 9L>**° (R*=0.9170, P<0.01,n =
151) ;2018 4k M =0.000 5L>**" (R*=0.953 3, P<
0.01,n =233);2019 4F % M =0.0005L>*7 (R* =
0.9533, P <0.01, n =170); 2020 4F K M =
0.001 91" *(R*=0.827 7,P<0.01,n=135) ; Ifi Pk .

o 500 1
~ 450 o .2
%400 | ° ¥
]
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50 ol
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(c) 2019

{&iF Body mass/g

&R & Body mass/g

2017 4¢3k M=0.001 122" (R*=0.932 3, P<0.01,
n=133) ;2018 4k M=0.001 1.7°*° (R*=0.960 6,
P<0.01,n=212) ;2019 4E}JM=0.000 5SL>***(R* =
0.9615, P <0.01, n = 208); 2020 4F K M =
0.002 9L (R*=0.841 6,P<0.01,n=234), U,
2,

400 1
350 .‘_b'OA
300 A
250 | ik
oL A
200 | S 8% " oMtk Female
150 s KM Male
100 + ... MEP%E Female
50 —THEPE Male
0 LaamOO, . . .
50 100 150 200 250
fA¥ Dorsal mantle length/mm
(b) 2018
400 r
350 o
300 | .
00 _.0A
250 0o & o8
200 | "
150 | o M{#: Female
A HEME Male
100 ¢ _ BEME: Female
50 ¢ ) _HetE Male
oL/ — . . . ,
50 100 150 200 250
B Dorsal mantle length/mm

(d) 2020

B2 SIS MERE-AKXHE

Fig.2 Relationships between dorsal mantle length and body mass of Uroteuthis edulis

2.3 MEBRRN BB AH X

1E 2017—2020 4E[A] | MR ARV BRI K 34
KT 60 mm , HAE 8 24 5 1 i 1 2 B A AE AF
] 22 5 (&1 3) o PR RCGHIMAAE ] 22 S 1 35 (P<
0.05) .

TEMEPEREAS 2017 AR P3P 2l 1 5 Rl
47 140~ 160 mm 1 200 ~ 220 mm ;2018 4FAAAL;
Sk B2 A K 40 K 80 ~ 160 mm, i 100 ~
120 mm £z 22 ; 2019 45 4 5 R4l BV A V
B, DL IR 1 41 ) 100 ~ 140 mm , 7E
KT 180 mm (A 91% M 1 AN 14 5 2020
AR TR RE R BIPE RS Ry VI A A 1 B
S MAATFE AR KT 140 mm B i 21, AR 34
i Sk 100 ~ 200 mm, H i 160 ~ 180 mm i k.

=Ko
TERFENE A A b, 2017 AP0k 120 I K oy
100~ 180 mm, (5 F &k R 120 ~ 140 mm M4, 1
AR B A T, PR E I IV .V
A A H BRI Sk 60 ~ 120 mm [~ 14 5 2018 4R 41
Bupk A K A TP AE 80 ~ 100 mm, 100 ~ 180 mm
U LA B 5 2019 AR HEVEREAS TRk
BB IV, VA, Hg 60~
180 mm Jil 4 ¥ Bl 4, A BG4 5 16.97.9% , 1
1 180 ~ 260 mm JJi 4 3 [ A, A BL A 4 T
58.8% , 2020 4F- PR R EE R V B AGNMABCH 0,
PER B K 5 T 90. 2%, 1 B 4K T
9.8% , FHALIHNE AR 535124 120 ~ 140 mm FiI
200 ~220 mm
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Relationship between dorsal mantle length and Relationship between dorsal mantle length and
gonad maturity of female in 2017 gonad maturity of female in 2018
40 a [V 20 alV
35 | a [II 18 ¢ oIl
= R 16+ s I[
> 30 + I =
5 o4t o
g 25| ol gl
20! &1}
& 151 & g
¥l g # O
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gonad maturity of female in 2019 gonad maturity of female in 2020
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L 30 + 8V 95 t alV
B25t) sl £ e Il
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32 ol 3
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i e
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5f H ®o5;
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FAHK Dorsal mantle length/mm FA: Dorsal mantle length/mm
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Relationship between dorsal mantle length and Relationship between dorsal mantle length and
gonad maturity of male in 2017 gonad maturity of male in 2018
40 1 all 30 ¢ o IV
35 | I o [II
S ol &7 m Il
g o5t g2 ol
=
g 207 \ & 15
= 15t \ EIO
Moo N I
| § K |
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A Dorsal mantle length/mm
(g) 2019FFIEMEIRCE M AR R R
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gonad maturity of male in 2019

&3

A& Dorsal mantle length/mm
(h) 20204FHEPERRK SRR R

Relationship between dorsal mantle length and
gonad maturity of male in 2020

SRIESMIRAK SHBRBAEX R

Fig.3 Relationships between sexual maturity and dorsal mantle length of Uroteuthis edulis
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24 FAK5 25 m R KBHEER

W AT B IR B 25 m TRAR KR (Ts)
S I R A AR BR AR Tk ka3, AT 4 35 31 B T LA
B Ty BT uk T BERT, M A A K 34 3

207 —o— M- Fe-L
230
210 |
190 +
170

150 |

130 |4

FAH Dorsal mantle lenght/mm

110 |

90

oo BT MarL

PR, B TR N R (R =0.38,P<0.01)
J3A1, 2019 A ME | BREASAF- 25 K AB 4 He 2017
20182020 4EAMATT, ELME e~ 22l < 1) e R A
43512k 206.67 mm A1 222.50 mm

NEPR 1 34
—e—25 m BRAKIE T,

®0

1 28

1 22

25 m¥RALKIE T,,/C

1 16

10

70

B4 SIREESMEKEKEHELXR

Fig.4 Variation of dorsal mantle length of Uroteuthis edulis with sea temperature

2.5 GAM =BG

T 0504 GAM TS 8 JAR: B e 2k
SAERNIIRBEE R AR FR (K 2) o AW
A B AE AN L X T HEE A
A, B R BRI (M) 8045 B e IR, A A
JCBVEE VAT W S (¥ AR G (R =0.082) 5 Hy 25
AFHNZE (M;) (25 m FAEKH N (M,) AR
1 PUZR (M) R RL UL T e 5 D5 8 o v A2
K45 25 m GRACKIR #EAT 52 HAE I 51 ARG A
TN T (My) o KB AL B (AR . FE95 .25 m
DRALIKIR ) 23R 51 A BRI (M) #0056 B2 W I
THIA T2 A HE TR (M, ~M;) o YL
A 2 — SR S L, AR R AL i AR R

HriE, 5 25 m ALK (Ths ) S H YRR (M, ) fif
Bk, SN HRBE(M,) BRI,
S AR (M) il BRI

X HEPE AR, S HEE S AL, d ] B AG A5E Y
(M) 055 BE AR (R® = 0.064) , {HAES| AR K
BEAL AT LB S R AR AR O R
o U EPE U SR B B 3R 25 m PRAR UK
T 5 IR B A0 5 B2 e i (M), 55 80 A B, i
B 25 m PRAR KR 51 A R A M B R
EHERGI AR (M) i BERAHZ AR FIA
AP A PR ZR 0 A R i R R Kl 20% , {HMEPE A
AU TR P e o 8 30 /N T P 114 e o e
HK(M,) o
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Tab.2 Binomial generalized additive models applied to Uroteuthis edulis maturity data
R (o e
fom st Mot o) Femi (e 89)
Model Expression
df DE/% AIC df DE/% AIC
M, m~f(L)+e 5.347 7.790 743.512 4.056 5.550 883.964
M, m~f(L) +yearte, 6.338 21.500 638.200 4.070 6.970 872.826
M, m~f(L) +season+eg; 5.449 9.610 731.205 3.767 7.640 866.036
M, m~f(L)+Tys+e, 5.379 18.400 661.338 3.284 24.300 710.783
M; m~f( L) +Tys+season+g; 5.474 19.900 651.774 1.000 25.300 700.474
M m~f( L) +year+season+T,5+g; 6.730 31.900 560.487 1.002 27.400 682.860
M; m~f(L) :year+season+T,s +g; 7.731 31.900 560.468 2.002 27.400 682.870
Mg m~f(L) :season+year+T,s +g, 6.840 30.500 570.122 3.337 26.400 693.929
M, m~f(L) ; Tys+year+season+g; 7.853 32.200 558.114 2.000 28.500 672.287

FE (L) g —A T R A P E s DE SRR O 22 43 1L 5 AIC S AR b BB s m 2 B RE 5 iR 22 UIR A IE & A fi 2, ~ N(0,07)

Notes:f( L) is a smoothing function; df is degrees of freedom; DE is percentage deviance explained; AIC is akaike information criterion; m is the

maturity ; &, ~ N(0,0?) .

3 e

3.1 EmEMFESH

AEEF IR, [ — IS [ i 5 81 A
L5 WA A 2 R A o s 2 H4 AN ), o Vi G
T ACER T S r 5 e A T T R B LUK IR
I 7R ¥ 37 09 P 35 i < 43531 2 40 ~ 130 mm (50~
130 mm ., 40~ 110 mm .81 ~ 120 mm , {f; 4R & 4y
B 4~60g.10~80 g.4~30 g 31~70 g™, A&
W58 AR B, 2017—2020 4F AR G JAE 15 W14 P 3
W AR 5 5 ER A BT AR, T 0L,
TR TE 25 4 18 S B W) i, 3 AT B ph T AN ]
STRE S N s 78S o N TR < §6[ENY
Ly A TR) 9 22 S P . L PT BB R T BE R 32 )
PRI BE 1 S e, A0 35 i < A4 5 2 44 1
LATEA st

AT et - AR K O R AT AR U B A= ) A=
KRB, KT (o) R B A 1) 32 51 L B B
SRS A KR BB (b) W AR RAE W I K
T (b=3 R H R K 6<3 A K;0>3
HIEFBEAR), BN YRGB b /T
3PV A KW, JL K TEAR IR M
( Ommastrephes bartramii) SRR R
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Interannual variability of the swordtip squid ( Urofeuthis edulis) and its
relevant impact factors

XUE Wei', LI Nan', FANG Zhou'***”

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Minisiry of Education, Shanghai 201306, China; 3. National Engineering Research
Center for Oceanic Fisheries, Shanghai 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploitation, Minisiry of
Agriculture and Rural Affairs, Shanghai 201306, China; 5. Scientific Observing and Experimental Station of Oceanic Fishery
Resources, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract; Based on the survey data of swordtip squid ( Uroteuthis edulis) collected by trawlers off the northern
East China Sea from 2017 to 2020, we analyzed the biological characteristics of U.edulis, and studied the
relationship between the growth characteristics of U. edulis and the environment by using generalized additive
models (GAM). The results showed that during the four-year sampling period, the dominant dorsal mantle
length and body weight groups of the U. edulis were 80—160 mm and 10—170 g for females respectively, with
no significant differences (P>0.05) ; while the figures were 60-180 mm and 10-170 g for males respectively,
with significant differences among years ( P<0.01). Covariance analysis showed that there were significant
differences in body weight-dorsal mantle length relationship in 2017 and 2020 (P<0.05), but no significant
differences in 2018 and 2019 (P>0.05). The GAM showed that the My model, in which dorsal mantle length
interacted with sea temperature at 25 m depth and year and seasonal factors were introduced, was the optimal
model. Overall, males were more susceptible than females to external environmental influences on growth. The
year has a greater impact on males, while the sea temperature at 25 m depth has a greater impact on females.
These results indicate that the growth of squid is closely related to environmental variation, with sea
temperature being an important influence factor; and males have a more pronounced group of both sizes than
females at 160 mm dorsal mantle length, as a result of environmental variation and individual survival
mechanisms. The biological characteristics of the squid and the influence of the environment on the squid will
facilitate the management and conservation of fishery resources and provide a basis for the assessment of
fishery resources.

Key words: Uroteuthis edulis; biology; generalized additive models; environmental factors
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