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Fig. 1 Survey areas in Haizhou Bay and adjacent waters
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Table 1 Pearson correlation test among the interpreted variables in the Haizhou Bay during spring

A5 254 i JE I JEER KR LG ARIR B R IR ERNGT
2354 - 0.084 0.000" 0.048" 0.000" 0.060 0.853 0.478
HhJlE ~0.175 - 0.005" 0.060 0.000° 0.365 0.934 0.208
R -0.506 -0.281 - 0.003" 0.000" 0.510 0.950 0.886
JEER 0.199 0.190 -0.298 - 0.007° 0.626 0.854 0.901
KB 0.510 0.429 —0.695 0.272 - 0.070 0.435 0.155
HICARAER 0.190 0.092 —0.067 0.050 0.183 - 0.000" 0.680
B IR IR 0.019 0.008 —0.006 0.019 0.079 0.489 - 0.004"
EEN-I -0.072 -0.128 -0.015 0.013 —0.144 —0.042 0.288 -

T AL A HIC AL, DORLEER p i, “Sm BB AE0.05 8 5 KT T B3
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R2 BNERFTEMBTEZ B E/REMEXERT
Table 2 Pearson correlation test among the interpreted variables during autumn in the Haizhou Bay

Ak G 213 JEik JEER KR B IR IF H ARG IR

2R - 0.214 0.164 0.195 0.000° 0.792 0.549

L -0.129 - 0.874 0.185 0.003" 0.007" 0.000"

R —0.145 -0.017 - 0.133 0.042" 0.531 0.592

i 0.135 -0.138 -0.156 - 0.110 0.666 0.870

KB 0.565 0.304 -0.210 0.166 - 0.111 0.120
B IGKEER —0.028 -0.278 —0.065 —0.045 —0.165 - 0.000°

H AR 0.063 -0.363 -0.056 0.017 -0.162 0.648 -

T AR A C R AL, DORLEER (i, " Sm BB AE0.05 8 5K F T B3

®3 BHEEZTNUETEHRRTEZHSELLK LN VIF LK
Table 3 Multi-collinearity VIF test between explanatory variables during spring and autumn in the Haizhou Bay
A E231:8 il JiiR /i KB HARER B IR ER H SR
BE 2.077 1.746 2.230 1.129 2.832 1.464 1.534 1.219
&= 1.741 1.472 1.076 1.096 1.987 - 1.858 1.762
x4 BHNEESTNUETZIBRBTEENIRSHET
Table 4 Main component loads of various explanatory variables during spring and autumn in the Haizhou Bay
G T
A
PC1 PC2 PC3 PC1 PC2 PC3
2 0.655 0.014 —0.642 —0.250 0.766 0.145
2z 0.432 —0.166 0.815 -0.623 —0.248 0.434
SR —0.834 0.135 0.138 0.090 —-0.499 0.004
/i 0.485 -0.074 0.058 —0.081 0.450 —0.758
KR 0.890 —-0.099 0.063 —0.602 0.623 0.273
W ICRIE 0.328 0.687 0.167 - - -
R IR 0.152 0.874 0.133 0.780 0.363 0.212
H AR -0.123 0.480 -0.196 0.765 0.276 0.320

In(y+1)=s(P. gravieri)+s(Lon)+s(Lat)+e, 1 il v 5 [C K
T R Y BTk R A RN 45.039%, R 4 R4
439 10.155% F1 8.062% (3 5). % 2 PCA-GAM #y
I BB N In(y+1)=s(PC2)+e, 1 B b PC2 57 ik K
37.287%(% 5).

k2= ¥ GAM fix i 15 8 In(+1)=s(Lat)+s(P.
gravieri)+s(Lon)+s(SBS)+e, 15 A1 1 &5 B A5 $5 K AY o1 ik
2, O 35.034%, R4 B #h BB G IR, 4
BK 16.395%. 15.170% F1 11.156%(F 5), PCA-GAM
5% 38 B8 K In(p+1)=s(PC1)+s(PC2)+s(PC3)+e, #5511 rh

PC1 f 57 Bk R fe o N 39.252%, H ol PC2 A1 PC3, 43
R 12.585% F 12.449%( £ 5).
A O GAM FE 8 1) e 28 BTl B3 4y
A A 63.256%. 77.755%; PCA-GAM ¥ Bl ) fiz 2 Z it
R 9N 37.287%. 64.286%.
34 EMAERHENTEEESMBETENXER
B2, JW) L1 SR T T U o B 2 A 1 2 R
SCHENN G FEAR 0 a3 (- 2a); Bk 2, FH X 5 B 1 A8
b B B 2 B i B 2 BT KRR A (K 2A). B
Xof % U5 B Bt 28 B () 728 Ak R A 5 R AR AL, Y Bl 25 B 1Y
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Table 5 The fitting results of two GAMs and the importance of each explanatory variable
&t A HF B 22 B2/ % TR/ % AIC
B HGAM +s(P.gravieri) 45.039 45.039 166.936
+s(Lon) 55.194 10.155 165.133
+s(Lat) 63.256 8.062 163.604
B PCA-GAM +s(PC2) 37.287 37.287 173.255
&= HiEHGAM +s(Lat) 35.034 35.034 186.233
+s(P.gravieri) 46.190 11.156 184.821
+s(Lon) 62.585 16.395 174.697
+s(SBS) 71.755 15.170 156.598
T PCA-GAM +s(PC1) 39.252 39.252 182.904
+s(PC2) 51.837 12.585 179.265
+s(PC3) 64.286 12.449 172.370
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JES )2 ke 5 ) oK 2 W) 4 A K R R
A7 1 T PR 2, R K U B R B A 3 S TR S
Fh, FEER BRI E 28 Z J5, AR T (K 20).

PR 7 v, 8 PG IR PR X . BK FRJE ) 41
8 ) ARG B TR A L (] 2), F R, W)
27 5 1) AF X 0 R e i A R A 4 a1 38 n S
TR E SN R B, ZE AR iR B 65 g/km? 2 X
Ak b1 20) Bk, HAR X% 5 4 B 5 [
BRI B TR ROR, R AR Y R F] 10 ghkm® Z 5
AL 2% (] 2D),

35 HEEBMNMRALLE

PIFh GAM #5550 58 SCBIF 9 285 JE 6 B, 45 2 Rk
Z= PCA-GAM F U [ 34 5 AR5 22 43 il R 2.214. 2.216,
/NTF 5 GAM AR AL (2.401 F113.171), Hpb R Kk e
AP ER T AT 1, #REE AT T o(& 3, K 6).
[ A, . Bk 2= PCA-GAM 5 I 58 YUI6 IF A P 58 2R 8K
R 5351 R 0.521 F1 0.634, & T % il GAM #% A1 (0.451
F10.549), [R%5 R BRI, PCA-GAM 57 L 58
GAM AL BA A 1486 2808

PP GAM A5 1 X 2018 4F 75 2 IRk 2 165 1 25
W) 21 B AF X U S B A N 45 SR R 4 R . Bk

b 10 ¢

z 3 3t :

B 2 2l

g 1 . //’

i 1k o

20 0 o

g:\! 7

E - L 1 1 2L ] . L : P T

344°N 35.2°N 119.5°E 120.5°E 0 20 40 60 80 100120
BIR KB IR A /g km
= 3 —\\A 3 B 8 _\\C
W o2k ., 6L " 8
2 - 2L . .
BRI CY 4o
ol e ' N P I N 4
K RN\ - 0 ™ e 0 ' !
jé,l L \ < R g =2 2 !
1k . . -2 L
= 2+ . . e Tael 0
?’? f L B 1 L e L —4 Pt 1 ' r 1 I 1 1
344°N 348°N 352°N 119.5°E 120.5°E 20 25 30 0 10 20 30 4
JREERE KB A& /g km 2

E 2 WS AR AR R

S [T 5 S W) £ SR X B R i 2 [ OC &R (a—c. 5555 A-D. B E)

Fig. 2 Effects of factors on C. joyneri relative abundance in regular GAM in Haizhou Bay (a—c. spring; A—D. autumn)
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Fig. 3 Cross validation between predicted and observed abundance of C. joyneri during spring and autumn in the Haizhou Bay
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The solid line is the mean of cross validation results, the dashed line is the diagonal line

xo6 BMNZEZTMUEMM GAM KB T XEIFLER

Table 6 Cross-validation results of two GAM models during spring and autumn in the Haizhou Bay
=1 Bl EEES R PERBR YRz
w5 HEiEGAM 0.722 0.617 0451 2.401
PCA-GAM 0.900 0.116 0.521 2.214
&2 EiEGAM 0.794 0.662 0.549 3.171
PCA-GAM 0.908 0.360 0.634 2.216
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Fig. 4 Overlapping maps of prediction and observations of relative abundance of C. joyneri in Haizhou Bay based on regular GAM model

and PCA-GAM model during spring and autumn in 2018
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Evaluation of the prediction effect of two GAMs on the distribution of
Cynoglossus joyneri in the Haizhou Bay

Sun Xiao', Zhang Yunlei', Liu Xiaoxiao', Cheng Yuan’, Ji Yupeng'*, Ren Yiping'**, Xue Ying"*

(1. Fisheries College, Ocean University of China, Qingdao 266003, China; 2. Laboratory for Marine Fisheries Science and Food Produc-
tion Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Offshore (Dalian)
Ecological Development Co. Ltd., Dalian 116023, China; 4. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem,
Ministry of Education, Qingdao 266003, China)

Abstract: Based on the bottom trawl surveys in the Haizhou Bay and adjacent waters during spring and autumn of
2011 and 2013-2018, the performance of regular GAM and PCA-GAM was compared, and the distribution of Cyno-
glossus joyneri in this area was predicted. The predictive ability and fitting effect of the two GAMs were evaluated
by cross-validation. The results showed that the goodness of fit and prediction effects of PCA-GAM were better
than those of regular GAM. In spring and autumn, the abundance of C. joyneri in the southern waters was higher
than that in the northern waters, and the abundance in the near-shore shallow waters was larger than that in the deep
waters. The higher water temperature in the coastal waters of the southern Haizhou Bay was conducive to the devel-
opment of gonads for the spawning groups during spring and autumn. The lower salinity was conducive to the
growth and development of fish eggs and larvae. At the same time, the abundant prey resources in the coastal wa-
ters provides a large amount of food for it after spawning period. In this study, two GAMs were used to predict the
resource distribution of C. joyneri in the Haizhou Bay in spring and autumn of 2018. The results showed that the
predicted abundance by PCA-GAM were more consistent with the actual catches, and the performance of PCA-
GAM was better than the regular GAM. This study provides a new method for studying the spatial distribution of

marine organisms in the future.
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