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WE  R4E 2016—2020 F AT p b & KYOR A EHE, A XU inEEARA T HIEHEFET
BARBEETEHETFH X R, HET 2020 FHIEHERT & R TR ZQ0HHME, ERET, &
. BE NEMASTREEA W RZBBEE LT N 47.9%., 68.0%. 56.6%11 45.6%, 2 X ik [
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AT e, AZENE R mERDNNE S, HASE N 315 Wik B & AMH; BAEHN, HM
ZHH R RRE LS 6L RRFEH L EHX(P<0.05), FARELH, 2005 4%F, EF 4L FREFE
AR E, KEMAFGLRREZENHN RK. REL, £F, BN aXRREEERLS
Ta kY, BF, hReagma Lhahas RRRARIEY, TELAE 27.8~284°N,

121.7°~122.9°E DA F 28.9°N, 122°E #F 3 [ 1.
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Ve L BERRT SR, W VTR R TR R
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W F Z X R A 807 (S, 2020), L
W, T XA R (generalized additive model, GAM)
PR 45 0E/ | 2 R, B 1z Tl 22 I8 5
FREE H 110 6 ZWF5T (Piet, 2002), 1245 7 52 s i ]
AR, RECERIAAURE E , AR X 50 i A 1Y
I 7 AT R R BB PR 5T, S — PR R T AR
MY AHERZEERCRWARTH, GAM M A%
Giiinl, BAAREEE S . 38 RN S0 A (CE 1R R4,
2017), CAE PS5 M S RE I 2 PR T (5 A 5,
2019; Ji o4, 2020) . il BEUR 5> 5 B NG R
(M %245, 2007; FI%%, 2008; Li et al, 2015; 4
&5, 2020) % 7 A BN . WF5EE M GAM TEMTL
R TR I B T 8k fi(Harpodon nehereus) (1155,
2018) Ml /N5 1 (Larimichthys polyactis) (35 25 55,
2018) 53 A7 KL B s R A oY, K e Sk f ) 43
1 52K AN pH B YT G, i ZINE f 53 1 5 1)
P AE AR 22 AR AR R R 25 57 o (R DI £ SRR
Ry X GG A 28 BT R 43 A MU 5 PR B D 22 IR A G
RN R — S HRTT .

ol 2RI 25 2 A5 B3R BE N F 1Y 56 R — H R e
AR S 2E BRI A A, AN KR f S i o A AR
KEBHAEZZW (BRI, 2014), HEEGLELY
A B K T A A B A 2 Ak R 1
(EnIgE, 2002), %2 W tuis n T A2 o A i
HURURE S, NI B8 U5 LTI . AP ML AF Y | il S
PR T A E S R IE B S L, MERR
PR A EGEIRAT 2 A B, X TR S AS | il PEUR
WAL SR HA EEE L, 5T 2016—2020
AR BRI ST PR A R, ARG GAM 5 T
WL R BT R IR SRS I F I C R, TRy
AR DL S B sh 2, LAY A 1 VT e 8 30 1 £ 28 U
OB Ak RSEIES A L IDREE /Y e 2

1 #REFE
1.1 #HIREFRIR

BRI T 2016—2020 4F-7E# V1.7 3BT 14 6 A
(F 1), FEAFEKSCATE A ESE, ARy
R 2 H(%Z). 5 H(EZE). 8 H(E )M 11 H (fk
Z), AN WM 10109 57, Az 800t, JiE
Hi (K2 95m, MIO%E 40m, & 7.5m), JEHNH
TETF KN 80 m, MAEX H b 2 cm, #i i ol 2~4 kn,
AR S AR ]y 1 h 22 Ay . RESEOSRAE .
JE RS B 58 g e IR A I Ve AR i 4 )

(GBIT 12763.6-2007) F1 { i 1 Wi I FL1E ) (GB 17378.3-
1998)i#17 .

W T 32 B2 KA B RS EA BT A
R, FRA TR B A A AR REFT R, FR Ik
D[R 7K SCER B A 38 o AR OC R R, 2017 4F 2 H |
5 H M 11 H LK 2018 4 5 H 1 8 H Y pH {E 5 d %K
H T8 11 JE 1 55 J5 I 34 (https://marine.copernicus.eu) ,
R A H R, A5 A HERR Ol 0.25°%0.25° 1
A i 57 1 I S 2R BOHE O 5T 5 I [ A VE AR AU
PR B 5 W3 (https://www.noaa.gov) , %% di k H
YR , 25 18] 73 9K A 0.05°x0.05° . 378 el 8 17 =2 i,
2020 4F 2 H (& ZF) AR ik 4r, 221 R
K BT R G L R TR G ) PR A 5 a2 Y
VR ROEA—2, I, 380 v B 44 (B VA1 AR
(7K SCERBE R 73 PR 5 — Ak 0.25°%0.25°,

29°00'N

>z

28°30' |
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Fig.1 Distribution of sampling stations in offshore
waters south of Zhejiang

1.2 WRFE

121 HEHH PN Fif 5 %% 77 it i 3K 4 (catch
per unit effort, CPUE) R A4 i 1 Jiz i iy ¢ VR o
IR B AT RN, R, ABFSTEH CPUE 1E A
O BE YR = B AH X 48 A5 (Maunder et al, 2004),
CPUE 5 S Ay Jt il i B B 1] PN 345 2t AR i it
HARF RN -

Wk

k

K, CPUE N E kANl 45 1 (a2 8 IR FEFR B (g/h) 5
Wi NE kANl S ik Bt () T WA k Ak
SRS (h) .

122 #HEAwES GAM BEFLL5 M) 1 7% 125 ik A
g Z AR R R, HEREA N
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»
Y=a+2fj(xj)+g 2
j=1

A, o HUEHR R REEE, 7, -0 R E(RE
F-¥ ek loess Vi), X, MHER, KX e=0’ H
E(g)=0,

S5 AR Mg v RS AR A5 I 25 R AT 4y S AN T
AR P Vs 2R B B i o 45 SR (A 2% 1L 48, 2005), #EH
25 NS BEAE R £0 2 B UR 23 (B 0 A i RZ i (R -, S5
025 DL At 7K A A 0 7K L R BE ) 38 1 AN (]
(A 261555, 2007), M2 A £ 25 (9 3 A A AR ) 4
[FIES, SRR pH 7E45 70Kl T M 2SR TE i i) oS
5 (kM Ek, 2012), ML, BEEOKIE. $hAE. rfgg
FOM pH YRR 50 £ 28 53 A0 B FRBE R e - o PR AR a5
(FaR TR ) 4 AR AT M 5, iy 5 A e Ar
HEABERNF)Z B R, HiRZEERE &
I3, R, AHIFSE R % AR R A i 2 M A 28 BAEH o
AR & 5 R ) GAM EAR R AT

IN(CPUE) = s(Lat) + s(Lon) + s(T) + s(Chl-a) +

s(8) + s(pH) + £, family = gaussian 3)
A, s MARFEREN, Lat MEE, Lon N&AJE,
T Rk, Chl-a MnteRZE, S HEREE, pH /KRR
FROE , ¢ MAIXTIRZE, family A X 0F e #5 m
WAt o
123 RAEMASAER o)k FR LI 4 A i
i 75 22 I K T (variance inflation factor, VIF)H i #5i
AR £ [AE BAFFE L . 2 VIFS3 B, DA Z il
7 e 5 4 100 AR 5 AF 7E 3R 2k M (Sagarese et al,
2014); MG LA-FN AR B VIFS3 B, BBRIZH
AR5, X HA B B0 A f T R A 50 2 VIF
¥1<3, WA T AR & [0 A7 AE L2t 5 X 24 F
R VIF>3 B, R — Al A 5 VIF<3
B T AR H PR A T AR R B, A VIF 3<3, TIA
g TR A5 5 [A) AN AEAE M2t o X 2ok i 1 1 A8 5 PR 1
HEATHEFN A &, 4yl ST 5 CPUE Z[H Y GAM,

ARt {7 S ME W] (akaike information criterion, AIC)
AT LA FH O i 1t 22 B AU A S D BE (Benjamin e al,
2007), AIC {E#/N, B A5 FE BB . ARWFSE
WK R S EAEN], XA 7 1 GAM #7158 —
K, EHBORFEZTT T AIC (HE/ MBI R i 2
H AL AR, IAh, ARWFTE L F AR5 AL T
7L b Xof fift e 7L ) S ) i AR

FIIH] 2016—2019 4F (%l 7. GAM, JEXT A~
ZE S U AR A TR 8 ) 64T 28 LR IE . 21 Diego
25(2010) /0 J7 A T S Pr A8 LHIE, JFE A 100 Ik,

30 2 A g A TR U A A S o U0 0 {1 = T ) £ P O 2R
KR T HZRP LR, BEKXWT

InNY=a+bxlny (4
AP,y AR A TR, Y AR ) SEBR A, a
b S BT RN SE BRI IAE 22 [B) A I 22, 24 @=0. b=1
B, TR TN A% 0 028 R S o L 2 38 1 0 %
(B st ) A AR s X, JF oz Bt a5
KB W PR RE (Li et al, 2015).

13 BXFEFTENS BTN

FIIF 2020 AWV REFRAT R 4 205 Bl A
BEJRAT BN , B A X 34 BE L 0.05°%0.05° K /M A%
HEATR 4y, T RS R A M 0 s R AR, I
{68 FH v B A A (R VA B R A WA v a5 7K SCIAR B 5
P o DARREEECE A i, (R 45 2 S A A )
2020 4 4 A4~ Z5 B Wy T g S v fa 0 5 8 B A T T

ARG G T ITE R 15 5 8 (V3.6.0)
AT, GAM @it “mgev” AP, S TE M 1K
TE Arcmap 10.2 A itk A 147 .

2 #R

21 HmMEFHEMERE

ARWFFEREICA 6 A m P, 442 G
SN VIF (>3, 7K $h B SR H A 4 52 R 7
() VIF {HY5<3, 5 BIRSBR 4B FNAR L, X 2R 5% A
T AT IR A I S VIF #1<3(3k 1),

F1 TNEEHLMREER
Tab.1 Collinearity test for predictor variables

T 2K T VIF

-
coson AHE HFE KR 4L UPEE mBE
Lon Lat T S Chl-a pH
K7 995 11.09 1.38 1.65 1.78 1.43
Spring - 1.22 1.38 1.36 151 1.42
1.09 - 1.37 1.31 1.37 1.43
ES 7.88 9.35 1.15 1.70 1.12 1.18
Summer - 1.34 1.15 1.46 1.06 1.18
1.13 - 1.15 1.23 1.08 1.00
TR 12.84 10.92 1.89 2.24 1.53 1.46
Autumn - 1.29 1.80 1.94 1.34 1.94
1.52 - 1.82 2.13 1.25 1.46
L& 18.38 17.47 3.12 1.04 1.82 1.04
Winter - 1.02 231 1.23 1.23 2.43
1.07 - 2.29 2.30 1.24 1.04
B o RRBREET

Note: the “—" denotes the removed factor
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22 EBETREER

A 3 X AN AFFE SR M O R i PR 8 R T 2R AT HE B
HE, Al GAM, 25k 2 iR, 5k
R AR B 2SS Lon+T+S+Chl-a, #5751 AIC {iH
17159, fRER N 47.9%, M-4¢2 K B K1,
HLA B 2 /K- (P<0.01) . B e fe A5 () A8 e 2]
AN Lat+T+S+Chl-a+pH, #5# AIC {H} 182.97, fi#
Fe% Tl 68.0%, MERE . K. SR pH ki
i R F- (P<0.05),  HL/K 5 A1 45 B 1 59 i 3k B0 2 K
F-(P<0.01), FkFHAEMBAI AR R4 AR T+S+Chl-a

+Lon, %l AIC {2y 179.24, fFE#% K 56.6%, 7K
L FR RIS EE O i 25 K (P<0.05),  HKR
IR FE 4 52 e ik B A B 2 UK (P<0.01) . & ZE i fd:
FERI AR B2 50 Lat+S+T, BRI AIC (N 132.59,
ff RN 45.6%, 4R RIERRE N W E R, Hak
P K (P<0.01) . BbAh, XA BL, fEAR
[ BTk R e R I I P A 22 5, $h 1 KR
WM INERES . HE . KBTI b
AR TRk R B K, 20514 64.23% . 46.87% ., 44.63%
1 53.25%.

*2 EFTREMSGEESY
Tab.2 Parameters of the optimal model in each season

27y NI P{a AR A B EN it 22 il T ARXS BTk %
Season Optimal model P vaue AlC Deviance explained /%  Relative contribution rate /%
H HhE S 0.110 171.59 47.9 64.23
Spring Kig T 0.079 18.32
4% Chl-a 0.003 17.00
Z B Lon 0.270 0.45
g K T 0.001 181.97 68.0 46.87
Summer 4% % Chl-a 0.038 26.94
FR BB pH 0.024 14.08
i Lat 0.007 9.68
HhEs 0.320 2.43
®ZE HheE s 1.43x10™° 179.24 56.6 44.63
Autumn K T 3.66x107 41.85
M4EE Chl-a 0.018 8.09
2% Lon 0.222 5.43
&= i) Lat 4.80x107 132.59 45.6 53.25
Winter Kig T 0.076 27.59
HhE s 4.40x107 19.16

23 BEFFRFESHERFZHEPXR

HFE, MR S5O REEERAMCKR, b
B R R BN, AR B R T R
(Bl 2a), E 7, 006 % B 7E Ay I B 26 B 2
BOmAEE(E 2b); 7E/KIE 26.0°C~30.3°CEE N,
£ 28 R R T BE KR P RN 2 TR, KRS T
30.3CJ, IR KK IR A TH R T (B 2¢);
pH 7E 7.9~8.4 Ju[F N AR fL I, 028 B % B 52 S/
JE R AR LAY, 2 pH Oy 8.1 I, KT
KB E AR (BT 2d); 4R A pH AR {3,
TEM-5 2N 2.5 mg/m® i, 25 W8 5 2 1 38 2] F AR
(1K 2e), FkZE, KIRAE 19°C~24°CHT, 02EYEIRR
5K LM UG (I 2) s £REE RIS BT IR N

ZPWEIRAE LT 2R, (HAE IR I W5 U5 25 1 It 1 103
I (& 29) 5 B IR S B 5 gk R B OERE S T
M (I 2h), &2, BT e, 0 IR % b
Z I E (K 20); fEER T 31.5 i, MRS
TREEEE 2).

24 REMREWE

SRS R s (B 3), HFFERYSZ LEE
LLARPRIETE 4 F PR, b 1.02, Bk E:,
2 0.94, TAZE AL RRIELE 4 A F AL,
R 0.74, FZH9 28 XURAIE [0 5 £k i HE Sl AE 4 2
W, =025, HUChEKE, A 057, M4
FHHL I BB 4 N BT RE, N 2.45, FRERHE
RUAE SCIOAIE [T H 2k i RBOIEAE 4 D ZT iRk,
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Fig.2 Relationship between significant environmental factors and resource density of optimal GAM in different seasons
F 25F
B B -1.026-025, P=0.15 & 7 [ y=0.80x+2.17, =036 -
E Q
% 20+ ,TE 20+
>
B 15+ 'q;: 15t
: ;
—OD 10+ '8 10+
g £
= 5k = S5f
= 0 #Z= Spring 3 N . ¥ Z Summer
0 5 10 15 20 25 0 5 10 15 20 25
Tii{E Predicted value/log FRIAE Predicted value/log
25F Z 25F 2
&0 [ y=0.94x+0.57, =037 2“1 3=0.74x+2.45, =02 -
= ’
3 20 3 20}
= s
> >
315 B 15}
2 5
o 17
,_8 10 .8 10
g 5 g 5
= 0 FkK Autumm R olbr . &Z= Winter

0 5 10 15 20 25

FMI{E Predicted value/log

0 5 10 15 20 25
FMI{H Predicted value/log

K3 AR GAM BUN{E -5 52 Br WL 52 56 UEZ 4 191 )7
Fig.3 Crossvalidation linear regression of GAM predicted value and observation value in different seasons

RESEEN BRI 5P IER ALk, BESCLON SRR R0, REEL N 1: 14
The gray solid line was the regression line of 100 times of 5 fold cross validation, the black solid line was
the average effect of cross validation, and the black dotted linewasthe 1 : 1 line
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9 0.37; HkoWEZ, [mIHPE R HIME N 0.36,
T HABZEA R, H 2RI E RECE I ERAL,
{4 0.15,

25 #niEffEEaXRERES %

TEBFE R |, 2020 4, Wiyl pg b i s e
VR FE R A A AEAE ] WA 2 5, BT e

29°00'N

£l
Yushan fishing ground
28°30' °

121°00° 123°00'

29°00'N

28°30’

h N

121°00"  121°30" 122°00" 122°30" 123°00'E

29°00'N

28°30" |

28°00’

27°30' |

29°00'N

28°30' |

28°00" §

27°30’

Tl , TERREMAAFAX LA 4). =5 L,
BRI =5, 0GR B 52 MO ZK S8 K pa 7k
B A ey, BEEMAZX — I I WL (F 4).
WA, FZ, G IR 2R R I e Tl
g B2, EE AL 2R o RS A o 4R
th, FEMGALE 27.8°~28.4°N . 121.7°~122.9°E D)}
28.9°N . 122°E iRF B3 (4] 4).
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BrIRA
Density/(kg/h)
. 0~5
. 57
= 7~10
9 10~15
15~19
19~21
21~25
25~29
29~34
34~39
i 39~47
mm 47~69
mm 69~100
" - . I 100~410
121°30" 122°00" 122°30' 123°00'E

121°00’

121°30’

122°00"  122°30'

121°00’

Kl 4 2020 4F A ) 2= 15 0 S BT T 25 (8] J3 A
Fig.4 Predicted spatial distribution of fish resourcesin different seasonsin 2020

3 ifip
31 HNIEMEERNERFaRXRREEENZM

AT R, 25 21 B AL TSR N 5 4B AT
BORAN), (KB ANER BETE 4 1> F 45 () fp A B rh by
B HHA BRI ERER; R MBS E ., 25
MR 3AF A IR R rh, H 5 e B
FRS NI, ARBFTEIN N, Kl SRS R
CA R RANE R BN R B A AP E R INPS
BRI N T

KRR B I A > VA 3 L ERE N, AU £
BB AR EH AL ST A, R,
Xt ISR oA . SRAEAT O L A A R A S

JeoH s a3 (0 05 B A 35 S AT 2000 B 5 e (B 4 R
1995), AHFIE KB, JKIEAE S Z 00 AR A o Tk R
K, MAEFZERRZ, $6 % sk R K, iIX 5 Gibson
Z5(1994) & B 7K T A2 42 il 0 24 A < TR Y 8 8 e o
(K SCEERAFAE2E 5, HF R AT R R AHIE 5T 4 22717 4%
S AR | U/ T R ) K TR A X £ 2K B R A 5
Wi (Eh 425, 2020). K2, K590 U5 2 B 5 A ¢
P, XTI AR N E K IR AL, VL R R Ve
Z g I K R AN R b 28 (R 55 4%, 2018), 3 i 1Y
AR AF T HAG B (BB 4, 2014), &%, AWM
2T RIS 7= 9 400 U 3] 7R M /K S 8 4 3
AMIU KB AR BT e (MR A5, 2017), R,
KK TR R I KR, B R A R R, DT R
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S FRAE WL R A I 0 S B IR AT A A BRI B LR e P R 7

HK RS 9 IR % R (] A7 7 IE A OGHE, iX 5 Hajisamae
%5 (2010) I FE 25 SR AH— 2K

£ 0 2 A T A A B B AR A B Y S )
(E W%, 2002), 5887 3 B sk J7 1) - A8 4k
AL DL B A 2y . SRR AR (A, 1995), A%
FFE R, B 200 S AN i s 37 ) 2380 32 2 K (1 5%
M), b BE PG ) AR (SR BK AR A, 2007), T AMIUZK 8 f
G LR T NI (AR ss, 2017), ik, 2
HH 0 2 TR A R B AR B RS I s ks, X5
GAM Z5 5 —2.

2 R F IR A A A L BFoY 3R
B, 23R a MRS I S W7 e A ) A ) i 1) T LR A
(kiEk, 2012), FILIARAEMSEE o B&EAGERIHR
A= S (EARIESE, 2004), — ok ik, MR Rk ik
i, KIS RIG A Ty RE T R I f RREAAR
BEMEE, [BARMTE A, FZWT R 5B i ot
RE5aBARERERAMCKR, ERMKFAHIHE
TR 255 i 2 BV B T R ST N RS LT T
PRAESF(2011) AR (2013) A5 L B, TEWTVLSHIL
L 850 5 W 35, AR I R R R I R F VR R UM OG
KF, ARt T IR0 A0 2R e U5 % i 7 HAth 52 i (R 7
FIVEF R, SR SRR AR S-SR Rk K
INAHASE

32 BEFFFEEMZTHHEE

T T Pl IS AT A £ 2K B R A R W A B R
PRHRAE o 7 2 10 £ S 8 R AR X Bk & i, (ELAR
SR ERMK. T % (20200855 R, X5 KL 5
BRI T)W 0, HRZ ahdn, HARR | (R A
FOAG T A AR X RN 6 . B AR 0 S B
BETE AT i, Jefe(2005)fF R R, FE—E
TR, R AR R 2 B K IR T g T bR
H 5—9 AizigZEml], Wik, mRRHAfERA
EE ) . DR X AL B9 A (BROFT 45, 2014),
PR, R B W, SR A R Tk
R AE . BRI TR BEADG T 2= T
XA A AU, PSS R BEAR I, o fa 2k
BRSO AP R o & T MR B IR
T8 AN e/ ME, R A ZR T R K i
1, B2 02 o) ZR O TRIEE A IR A T B ATl iy, 3 i
I A T A0 G IR A T B (MR AR 4%, 2017)0 KA
KA, Tl B PR ST R A T T R S GV £ IS Y
TR B 245 AR A R B D 7 2= 0 28 7 B AT o (45 £
RGE U BEAXT AR, R ol 15 0. S B IRAT LUK
FRHE R, RS BE IR A R iy, ORI 25

SRR AR B 0 BE AR B, A5 2 VR R AR A
T S RRAIG, A 2 2 ) T ) A0 it £ 45 7 YT P 35
T RTIREE N — PRI, ARARBERKET.
IR SCABE AR LA B N R il 195 55 22 o TR 28 10 R) 4
T, WiV A S PR B A B A ARk

251 0 SR 23 (8] A3 AR R A AE P 1 22
S, X S A2 B L B DL AR
FETLAEZ R . KA AL [E] 52 (K Bk AR S5, 2007;
ATAFHREE, 2000) {5 12 15 38 /K SC IR 85 1 I [8) A7 78 5 K
Z5 A%, T2 1 #2040 A S5 . #F 7K
By, AR T S R VR R K SRR A K, FEAK R RN
AL, HA IR SRR, AR
AR Ay AR SR (A % R4, 2005), X i £5 % i B £ 2
X 7 I RN £ B A 7 MR 5 (2= 267, 2005), 43 A i
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Distribution Characteristics and Influencing Factor s of Fish Resources
in the Offshore Waters South of Zhegjiang
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Abstract Based on fishery-independent survey datafrom 2016 to 2020 in the offshore waters south of
Zhegjiang, the relationship between fish resource density and environmental factors was explored using a
generalized additive model, and the spatial and temporal distribution of fish resource density was
predicted using the optimal models and environmental data of 2020. The results showed that the optimal
models had deviances of 47.9%, 68.0%, 56.6% and 45.6% in spring, summer, autumn, and winter,
respectively. The average dope of the cross-validation regression line was 0.74-1.02, and the model had
good fitting and prediction abilities. Water temperature, salinity, and chlorophyll were significant factors
that affected fish resource density in the offshore waters south of Zhejiang, and they had different
influencing mechanisms in different seasons. In general, in summer and autumn, water temperature had a
significant impact on fish resource density (P<0.01). And there is a negative correlation between water
temperature and fish resource density in autumn (= —0.225, P<0.05). In autumn, fish density increased
with an increase in salinity, and in winter, fish density first increased and then decreased, reaching the
maximum value at a salinity of 31.5. In spring, summer and autumn, chlorophyll was significantly
correlated with fish resource density (P<0.05). Overall, the results showed that the fish resource density in
autumn and winter was relatively lower than that in spring and summer in 2020. In spring, the fish
resources in Wentai fishing ground were significantly greater than those in Yushan fishing ground. In
summer, fish resources in Wentai and Yushan fishing grounds were relatively concentrated, primarily
distributed at 27.8°~28.4°N, 121.7°~122.9°E and at 28.9°N, 122°E, respectively.

Key words Generalized additive models; Fishery resources; Resource distribution; Environmental
factor; Offshore south of Zhejiang
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