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Table 1 Loadings on the first and second principal components from the analysis of catch composition

WA E
Pk P T %4
PCI1 PC2
KVGVEAE Clupea harengus -0.733 -0.223
KVG A% Gadus morhua 0.236 0.811
El Mallotus villosus 0.671 -0.123
Wi Micromesistius poutassou -0.537 —0.422
KIGPEEE Scomber scombrus -0.508 0.757
EHfita)E Ammodytes spp 0.713 -0.192
SRS Pollachius virens 0.085 0.121
ES i Sprattus sprattus -0.816 —0.370
SRS Melanogrammus aeglefinus -0.366 0.484
IR Trisopterus esmarkii 0.903 0.144
(e S Trachurus trachurus 0.315 -0.110
R&i) Sebastes spp 0.932 -0.034
WT Sardina pilchardus 0.812 -0.138
TR f Pleuronectes platessa 0.764 0.521
i Merlangius merlangus 0.913 0.181
el 7ilidd Merluccius merluccius -0.173 0.943
Pt )g Trachurus spp 0.173 —0.164
firp i Molva molva 0.634 0.583
iy N AE ) Reinhardtius hippoglossoides 0.316 0.624
R 2t Engraulis encrasicolus —0.225 0.242
KEE et Thunnus alalunga 0.607 0.188
LAl Brosme brosme 0.759 0.333
] Solea solea 0.425 0.020
Rl Rajidae 0.703 -0.593
Atk Boreogadus saida 0.086 -0.433
Bt Squalus acanthias 0.976 0.066
fide e Lophius spp 0.084 0.627
AWV fif Sebastes mentella —0.842 -0.066
4z - By Sebastes marinus -0.881 0.099
fe e Lophius piscatorius -0.698 0.063
KGR Anarhichas lupus 0.054 —0.133
Kef)g Argentina spp —0.749 0.102
[l Scomber colias -0.657 0.666
FRKIENS Trisopterus luscus 0.690 0.093
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ZR1
WA E

i P T2
PCI1 PC2
WG B 5 Limanda limanda 0.301 —0.638
IREJE Anarhichas spp 0.207 —0.780
T )1 B Platichthys flesus —0.842 0.256
iR Scombridae -0.319 -0.586
W fip Molva dypterygia 0.792 0.009
TR BT Lepidorhombus whiffiagonis 0.014 0.798
WG 5 ot 6% Conger conger -0.354 0.066
N Microstomus kitt 0.126 —0.248
T Pollachius pollachius 0.808 0.227
e —0.153 0.281
LNLSN 0.027 0.057
HoAle -0.678 0.263

Wl A S BT W TS, AR L R
BE AN A K23 R AT 80 53 A, S e 3R 2H
FZR AL VG ¥ M B 45 28 Ak B9 32 i oy 22 AL 5 AR (E
( Principal Component Score, PCs), Jf £ 56 ‘& ] & 5 17
FEAR M, FAT 85 R A DG ME 9 32 B o3 AR A (B ol R R
ARG W3R 20 S AL AR
2.2.5 AR ORI AU PR R DY R Z ) 1 6 &

W 224 h 5IREE . SR T E R FRE R A
A v R DG 1 v AR ) 2 1 A T A R AR AR A AR
B, & PR IH 1 RS HE BV R i R A &, RN
AT fin#E % ( Generalized Additive Models, GAM), 43+ #
3R AR A 5 5 B 85 DA AU A5 ) R G
. GAM BRI 280

g =a+sX)+sX)+--+s5(X)+e, 3

A, g IR R, o AT, s AR LR
TR, X X e XIS R, e IRZET

K F 3 F ok it {5 B v ) ( Akaike Information Cri-
terion, AIC) (32 A5 [0l 15 J7 16 K 46 A AU A UL & FR B, —
fi AIC fHBR/IN, G RE B . AIC fHIHR AN

AIC = 2k—2In(L), 4

Ay, kRIS ABEAYNST S8 B LRI B 1 A KA

3 45

3.1 EIRYER . SHEMERRTNHIE
FIET T AT, AR b R PG 3 A 3R ) 22 R Y 45 B (Di-

versity Index, DI) 7£ 1990 4F 22 1ij &2 #5482 I F+ 10 #4 %,
TE 1990 4F 35 £ £ K AH 0.92, 1990-2002 4F [A] JF 4 2% 18
T F%, 2002 4F Z J5 208 T B, JF HAE 2002-2010 4F ]
AL FHARAKF, 2010 FEZ 5 #a TP (1 1), P
H F7 4 /K - ( Mean Trophic Level, MTL) Il 7 2002 4F
ZHIA B KU B, — A T RACK T, S EE R
3.59, 2002 4F J5 I 4 28] T, 2002-2010 4F &) HEE T
5[] Bt 309 DI AH I A AE Ak, 2010 4F Ji5 - ¥4 8 5 9 Hp 2

T (B 1),

0.93 3.80
_ 092 F375 2
g 091 370 5
& 0.00 3.65 X
g 3.60 §&
= 0.89 3.55 M
-y .

& 088 350 F
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8
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Fig. 1 The variations of diversity index and mean trophic level

during 1982 to 2016
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Fig. 2 The variations of the principal component scores for the

catch composition during 1982 to 2016
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A B R B e {E, 5 AR AR AR A DG (A 3,
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559200 0 A5 PR B 3 040 A2 AL RRAE PCLL PCIL 4T
FHOCHER B0 5 & R, M AR W 4 i A8 1k PC1 5 SR R B
A5 4k PCI. PCII #J &2 i 2 #H 3¢ (p<0.05), DI fil MTL
#85 PCTE A W Mo, i PC2 5 S ik 55 A8 1k
PCI, PCII AH G PEIF AN & 35 (3% 3). Xt DI I MTL
55U PR PR R AT B A DG, 5 NAOL AO 5%
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Fig. 3 The variations of the principal component scores for the climatic and environmental factors during 1982 to 2016
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Table 2 Loadings on the first and second principal components

from the analysis of the climatic and environmental factors

#3 SRR FEERRERNTUEZLERY
HRIEREXERY
Table 3 The correlation coefficients of climatic and environ-
mental factors principal component scores and different

kinds of catch composition indexes

AT
SES
pCI pCll
R 0.935 0.284
A 0.610 0.632
TREIH] 3 0.820 —0.086
VK —0.660 —0.437
B | NI RE I —0.580 0.744
RIGHAEARPRIE S T4k 0.863 —0.183
Jeme sl S -0.335 0.833

ZRETERREL TSR PC1 PC2
PCI ~0.609%* 0.623%* —0.783%* 0.396
PCII 0.370 -0.225 0.382% 0.148

i3 GAM A RURT i 3Ry 20 S Ak PCT 55 g3 <
fig . BRI T BEAT L, AR ANER 4 BT R, B AIC

e *F7Rp<0.05 A3, **F7Rp<0.01 F ARG 3 .

(B S5 /N PSSR N S AR, PR I e Z AR AR ] 7R
PC1 ~ s(SST)+ s(SSS) + s(SSH) + s (SIC) + s (NAO) ,
ZRRIRHSMIZH R PCL 1 BRI T 94.3%,
Horh STk S AR KA R T SST, B3N 74.8%, HiAlb
S () PRBE T4 45 SSH., SSS. SIC, K fE K &
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Table 4 GAM models fitted to the first principal component scores of catch composition (PC1) and climatic and environmental factors

R PfH FfE FIHH B2/ % AR 22/ % AICTH

+7K ik 2.12x1072 6.05 74.8 74.8 59.53

b 1.46x107 9.27 81.2 6.4 59.48

-+ I 1o 7.10x107° 22.08 89.2 8.0 42.65
K 1.73x107 19.15 923 3.1 24.20

| NLE BT 3.82x10°" 1.14 94.3 2.0 16.84
+RVGHAEC RS 6.83x10"" 0.17 94.4 0.1 18.82
+LM 3l 4.44x107" 0.60 94.6 0.2 19.31

NAO %} PC1 A 50 .

Y A% . I8 R 5 i AR ) 4 RS AR AR AE PC
Z IR & ([ 4) a5, SST 5 PC1 & B A 5%,
FIKIRAE 5.8~6.2°C Z[AIHF, 03K P 20 B A8 1 W 3 48
Wik ; SSS 5 PC1 JL-F 2 Lk M ARG, SSS Jy 33.55°H

BAF X 0] 5 /1N SSH 7E—0.73~-0.71 m A X 3 4K 49 41
JELRE WA I AN 3, 2 SSH A 3] -0.71 m £ 22 5T /& i ¥
FM G5 45 52 BN 5 K5 SIC AT NAO Xt PC1 Ay 5%
M S AH L, JLF- 0 52 2k 1 TEAH G

24 29~
1 1
= 7
g0 2
-1
_1 .
214414 PEERTRTTINE AT TITRA \1 -L5 Lolw w1y wg
5.6 5.8 6.0 6.2 6.4 -0.73  -0.71 -0.69 —0.67
R/ C I = /m
2
1
%) )
z 0 :
“ “©
-1
-2 ¢ T TN T T R T ‘ A onow o pwewnn 11
28 30 32 34 36 -1.0 0 0.5
HBKEAR /% JbR P SR A

Kl 4 Sfi BREERR N 3R 28 PCT IR

Fig. 4 Effects of climatic and environmental factors on the first principal component scores of catch composition (PC1)
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J&i DI #4 T84, MTL 78 3% i 391 A W 75
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SEE SR 20 4 70 AEAR DIOR R IR B R R
e 3T A A A Al B X R E R Y M [ R
2 #% 31 (Fishing Down Marine Food Webs)” 5=, %<
Jb RV VEMA A MTL 75 1982-2002 4F 6] 435 22 F [ 14
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Abstract: Global climate change has a profound impact on the world fisheries. Recently, the composition of catch

in Northeast Atlantic Ocean has changed significantly. Based on the catch data in the Northeast Atlantic Ocean

from

1982 to 2016 provided by the United Nations Food and Agricuture Organization, the diversity of catch, mean

trophic level and the variation of principal component were analyzed in time series. Finally, combined with climate

and environmental factors (sea surface temperature, SST; sea surface salinity, SSS; sea surface height, SSH; Sea Ice
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Concentration, SIC; North Atlantic Oscillation, NAO; Arctic Oscillation, AO; Atlantic Multidecadal Oscillation,
AMO) in the Northeast Atlantic Ocean, the relationship between catches composition and climate change was ex-
plored by generalized additive model (GAM). The results showed that the diversity generally presented a declining
trend, it was at a relatively low level during 2002 to 2010. The mean trophic level decreased slowly before 2002,
then began to rise sharply. The correlation analysis showed that the changes of these two indicators were related to
the environmental factors. The principal component analysis of catch composition showed that the variance of the
first principal component was 35.3%, and it also has a close relationship with climatic and environmental factors,
which could characterize the change of catch structure under the influence of climate. The results of GAM analysis
showed that the orders of the contribution to structure change of catches were in sequence of SST, SSH, SSS, SIC

and NAO.

Key words: Northeast Atlantic Ocean; climate change; catch composition; diversity of catch; mean trophic level



