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(Engraulis japonicus) ¥ IR % & o 5 I E F X AWy Eah b, FHEZMATEEFHE GAM
(Generalized additive model)E B #ATE E 0. ZRET, HEEFEFE. THEE, 2E M5 E)
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2004; THLZE 2015; #HTEHE, 2018),

fit (Engraulis japonicus) & — Fli il izt /N 8 o |
JRfaE, MR RIGER RGN )05 TR
EFh(Tang, 2000; Zhao et al, 2003), 7EHEFVEAESRSE
A K BT A E AR BFE R, A s (]
Iy A KR R A (499, 1987; Kim et al, 2005;
2%, 2007; 4B ESE, 2012; Niu et al, 2017), IT4F
K, TR R, SRR LA
B AR AL o A 5% 3 T T3 AL 3 JE B kL it 1 R A 4k
W, AEEPES TR AEES L R GAM BERY, 2 b
T VRV A R T IR R A A SR T IOC R, BTE
SIRBEAR ST Bl A B PR AR

1 #REFE
1.1 B3ESRIE R A8

1.1.1 AZ % WAk A <At A A
2000~2015 (2000, 2002~2006., 2008, 2010~2011,
2015)1 HAEB R #8(121°~125.5°E, 32°~37°N)¥)
JEHER A, <At Sl R A A B S5 WA
M H 836 Hx20 cm, M HJEKHA 167.2 m, MWEEK
JEh 832 m, #EMKH 2.4 cm, SN LIZ . HiJE
0.5°%0.5° 0 —/ NI, &4 [E A E — 2, A AL
W A B T, vt RIHEM 1 h A4, FH
30 mile/h, SR PO I T AR A1 3 2 o 1) ¥ DL B 5
TEYNIC SRRl 7 PR AL . 7 B AR5 B, A
WFFE S AR B K TR T I s (i) AR fiig g 3 o b 3509 o
PR T LA il 457 8% ) a4k i (CPUE, catch per
unit effort)Z i, BRI 4 /0 4 /NS ) 4 4 B 10 [ ¢/ (h-net) ] o
1.1.2 &R KB T A T 0 B B2 A K I (SST, sea
surface temperature) . M4 a(Chl-a)ik FEEHE Ok H 3£
L 25 A0 K JR (NAS A) S5z 1 174 42 3K T3 3 JR = 2 8 HiR
7, AR AR, SEPEEA 9 km
(http://oceancolor.gsfc.nasa.gov). Fl ] IDL {ZHUF IH%L
PR EUIFFT X (118°~128°E, 30°~39°N) /K i . M4
R alpE, B UL (0.5°%0.5°) 0 N A K . i
SR a BT IEAE IR X M. R SST 5
AR AT AH N U XY T 3R U B BE (TGR,  temperature
gradient), THHEAXWT

2
TGR(C)= [T‘” — Tl Jz o T T
2 2
KL, T T RO SRR .
1.2 MRF*

1.2.1  GIS 947 FIFH ArcGIS MG it st , 7

PEATEIE R R A AN |, Kriging {8 2 i SST.Chl-a
F1 TGR B[] R0 A0 [, Iff 0 aL Raster #820; Al
AEL I B o) B ) SR8 5 50 4% B 43 A (RT3 I, 43 B B 4 i %
V5% B 2= (8] 3 A 5 B BE R I OC &R

122 GAM #& AT AN GAM)Z T L&k
PRI GLM) Y i, & —MAES UL ECE S Hiny
(105 53 B 77 v, RRAR AT M ASE 40 g iy A8 et F1— > B 2
AU AR 2 6] ) 5% 28 (Hastie et al, 1990). A58 K% A
GAM BRI 73 B £5 B 25 TR PR 5% fig B 05 28 i iy
LMW o TR A e R AL B, — ROt
CPUE fin E—/~ %, ARWF5E XA CPUE i b
1 JEEOGEL, MR GAM BT .

In(CPUE+1)=s(Year)+s(Hour)+s(Longitude)+s(Lat
itude)+s(SST)+s(Depth)+s(TGR)+s(Chl-a), family=gaussian

K, Year FR4EH, Hour KR MIEE],
Longitude /R A, Latitude R/nEE, SST £nifF
FIRFE, Depth F/R/KIE, TGR FnifE /KR ER R,
Chl-a /R4 R a WREE, BEAIAR  f L TR [
T4 i 1 (P<0.05), AL BE R R FH 25 1th {5 B, 1 v 0
(AIC, Akaike information criterion), Jff B B BEAL
BAIA GAM #ERL 15 240 5 R 6] P - AL A, AIC
(B fe /N R e A5 A (Damalas et al, 2007).

2 FL A R 2R B2, A S X6 0 28 0 AT 5 M AR )
IRBE A f A AT REXT CPUE SEM AN I 35, X IZ AR hE
M8 S PR A L 7 A 2

s /37 F ] ArcGIS 10.2. SPSS 17.0 il S-plus
8.0 BA5E I

2 #R

21 BERRESHEEBFHREEFHXR

HIE 1A TN, BRACBRAT AR IR EEYE R,
2~17TCHEA A, H R IR B X R Z e 7~13°C
M, AR KE RUARR X, & 1B T
TN, BB ARTENTT SRR a RSN, FEERY
0.5~2.5 mg/m’, 2000~2015 4, A L5375 5
JETE RIS A ARk, 2005 AFEIFLG, B XA il
JERREE KA 3R, (BYRBTA 0y, B4 B AR 7E
MR BE RS FEVRER, A3 AR 0.5~4°C (& 1C),

2.2 GAM #&H!

221 EAELE  GAM BEIRER 20 KLIERS
Q-Q #l(Quantile-Quantile) ¥ JH A 6 352 1 73 A B 5 o
2A Won, BIRIERZEIRMIERS M0 B 2B HIES
Q-Q gk /AR W], BRI EE D TR FIF B2tk
oy, BRI T IRMBIME IR IES S =
HYIFW] GAM R 43 A (R F A AE
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Fig.1 Spatial distribution of stock density of wintering anchovy and environmental factors
such as SST, Chl-a and TGR in the Yellow Sea
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Fig.2 Distribution and normal Q-Q plot of residuals in GAM model

222 BAfEFHATFLES UK 25 it T
Eﬁﬁ—MA&ﬂ¢ 7R TIN5 i
AR RHBRI R STk R . R L AT, ARy, T

BFIR] ., 8E . AiRE . IRPEERUKIR g A, X
ﬁ@%%ﬁ%ﬁﬁﬁgmﬁ% KK P<0.05; 1M
B B AR AE S AU R 1 2 [Pr(Chi)>0.05], {H
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TR oM 5 PR N 7 R S R T E 15

IMABRS , F AL P<0.05, H XM i 22 il B %
KT SST, P, Kl B ah B R REAE R R 7
MR a ViR B iR A i T R 2 R A AR R AN L R
IR . F KRS P>0.05, (AR AZEF/E, AIC

{EAFERAE /N, HH ok a W B XhBi A g 4 7 A A7 —
SERIRCME, AUt 2SR OR B R B e R X

CPUE ) SR Z i B 44.76% , Horh | 28158 Fnsh 1 %t
CPUE W52 i 0 1 3, 73 SR RE T 22.76% 1 12.64%
WIRZE s B0y IRERREE . FMIBTE . KR X
CPUE M2k 2, M43 a W BEXT CPUE fY5% 1 iz

N, FRBET 0.51% 2 .

223 ARATHTREEGT R ERISE-S SRR
T A MR R YRR B A AR (A RE I o S (RIS, T, A g %
TR BE AR ) A2 ALK (8 3A), 2000~2015 4F, WPl %
JE MR R RR#H; 2000~2002 4F, B SR RE T
K5 2002~2011 4, BRURSEEAFNA 25, HAIRE
BN 2011~2015 4F, BRUREEE TREIIE . T AT
[i] 55k A% fig 8 % B A OC R T LU (K] 3B), 0:00~
07:00 PEiR% 2 TR, ZIRAEREMERE -
FHOB B, K29 19:00 247, WIRHEFMHHE BT

#1 GAMRBREIUSHERMRESHREEMRFIEEF

Tab.1 Summary analysis of deviance for generalized additive models (GAM) and the obvious factors selection

TR A 5 B I 2 FRR S A 2 AIC 55 FAEK KK

Factors added Residual deviance Cumulative of deviance explained% AIC Pr(F) Pr(Chi)
Null 5641
+AE(Y + Year 5490 2.68 2277 0.001 0.048
+ T WA + Hour 5393 4.40 2272 0.018 0.049
+Z ¥ + Longitude 4109 27.16 2159 0.000 0.000
+45 + Latitude 3396 39.80 2081 0.000 0.000
R + SST 3333 40.92 2075 0.102 0.001
+7K¥E + Depth 3250 42.39 2067 0.037 0.017
HRBEE + TGR 3145 44.25 2055 0.012 0.300
+H4E a W E + Chl-a 3116 44.76 2053 0.463 0.323

{E: Pr(PSBUAAT S E—A707 2270 i) FASS(E,  Pr(Chi)Z B N1 HE 2R 82 i (19 AR 26 1 T ik
Note: Pr(F) is the P-value from an ANOVA F-ratio test between that row and the previous row of the model; Pr(Chi)
indicates the score of the test to assess the non-linear contribution of non-parametric effects

25 [F) B4 0L 7 TR, 0 T 2 R I 2 R 0 6 8 AR Ak Jl

FU, A Mg FAMAAE 122°~124.5°E Z [i], 1£ 124°E
DIVE VI, WEUR S e R I IE AR R
124°E DAARTRRSR, W 0605 B RN 28 B 5 17 AH DG (81 30),
AR AE TR M AR TE 33°~36°N Z JH], 7 34.5°N LIRS 1Y
VI, Bt £ R T, R UR A T T i TE 34.5°N
DI, B 4 R T, eI PG T (] 3D).
IBERN T, ERA R R BT
60~80 m KIRTEHIN, (HAKIEAEI LK) 50 m h
AYFS, TE 50 m DIVRIKIR, & KRG, %
PRSI MAE 50 m LAIRMZKSEE, A8k 35 0 4H
(K 3E), 7E 7~11CH, #RASEN I, AKEAL
T 9.5°CHy, WIS SHEIEMI; KRS T 9.5
CHF, GRS H 2 TG (K] 3F), BRA i 24y
ATEM RS 0.7~2.5°CIN, IR AT FRM B,
BEE IR BRI R, KB 2°Cls, WIRSEH B TR
(I 3G). ZEARFIFEEIP, HLR2E a i B X % R 1)

SR, o Z O R A A, IEAH A A
KA A, (HEARE , B i i fe 4 &
aife)F 1.2~2.3 mg/m’ Z [0 (& 3h),

3 st

3.1 BZEREEE S R EHE

2000~2015 4, MABETEURSE 2 T s, H
Hr, 2002~2011 4EBEUR % BEAR ]I s AN K, {H 2000~
2002 4 H1 2011~2015 4EX B & R % . 20 22 90 44
uW,ﬁﬁﬁﬁﬁﬁﬁﬁ THUSETT &, 25 il

i PR R R, RS LAR R A E T R
‘Rzm3$1ﬂﬁﬁkﬁ,%ﬁ&§ﬁﬂﬁim%
OSR, TR 5t i 2 (B %E 55, 2006) . A WF 58 GAM
RIRIZE LR, B 2000 4FFF4R, 2003 4F5T 5% B Ak
FERARK, 5 LR 45 R —80, SRR E M)
MR AR, (BHliP R R R R R, P it
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FEZAE T (E 3). E 2003 5ETF 4R, P58 Pus R Rk,
2009 EIE AL, 2010 AFFEEAFY, Z/EXHE -
TH(E 4); 2004~2011 47 [1], S5 5925 B A7 74T (]
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and Bohai Sea (Data source: China Fishery Statistics
Yearbook)
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PNEPS: KA AR N A= 1D 4 S N
PR B BT B . X R RO &2 a2 i ZU A KU 5
M, KJZTEHIRAER A R, &K A TR K2
AR, 2001; 55 AIEZE, 2006), HRIE E 4B
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R, FIRBIRE], 20 R K2 B AR Sy
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I R X TRV AR A B A A0 A A EE RS B4
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(RER B, 1997; 2515648 2007), &l 1A R34 5 H
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A Y, ARG LA 34.5°N AR, 34.5°N
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JuiEl, MAEAL, PHREEGRAR, HAZEWIR . &%
5(2006) AHIFFE T, A ST TRIA [R] R /NS A i ) 73
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Fig.5 Map of wintering anchovy stock density and water
depth contour [g/(h-net)]
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The Relationship of Stock Density Distribution of Wintering Anchovy
(Engraulisjaponicus) and Environmental Factors Based on Remote Sensing
in Central and Southern Yellow Sea

NIU Mingxiang', WANG Jun"?", WU Qiang', SUN Jiangiang'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural affairs, Shandong Provincial Key Laboratory of Fishery Resources and
Ecological Environment, Qingdao 266071, 2. Pilot National Laboratory for Marine Science and Technology (Qingdao),
Laboratory for Marine Ecology and Environmental Science, Qingdao  266237)

Abstract Marine environmental factors affect the survival, growth, and reproduction of fish, etc.,
which play an important role in controlling fish population distribution. In addition, variation of marine
environmental factors influences the spatial distribution and aggregation of fish. Based on remote sensing
(RS) technology and geographic information system (GIS), the relationship between the spatial
distribution of wintering anchovy (Engraulis japonicas) and environmental factors are analyzed, and then
generalized additive models (GAMs) were established to quantitatively investigate the effects of
spatio-temporal and environmental factors on stock density, using data collected by bottom trawl surveys
and RS in central and southern Yellow Sea during 2000~2015. The results showed that wintering anchovy
was concentrated in certain ranges of sea surface temperature (SST), chlorophyll a (Chl-a) concentration,
as well as temperature gradient (TGR). The final model accounted for 44.76% of the variance in anchovy
stock density. The spatio-temporal factors (year, hour, longitude, latitude) all had significant effects
(P<0.05) on stock density, and spatial factors had the greatest impacts, accounting for 35.4% of the
variance. Environmental factors such as water depth, SST, and TGR all had significant impacts on stock
density (P<0.05). However, Chl-a concentration did not have a significant effect on anchovy stock density.
The distribution of Chl-a concentration represents certain hydrodynamic characteristics; therefore, Chl-a
concentration was included in the final model. Wintering anchovy was most abundant where the SST was
between 7°C and 11°C. The effect of SST on stock density was positive for temperatures lower than 9.5°C,
and then there was a negative effect at warmer temperatures. Stock density was high where Chl-a
concentration was between 1.2 and 2.3 mg/m3 and where TGR was from about 0.7°C to 2.5°C; however,
there were slight changes between the abundant ranges. The results of this study have important
implications for fisheries management under marine environment dynamic scenarios in the Yellow Sea.
Key words Spatio-temporal distribution; Environmental factors; Generalized additive model; Marine
remote sensing; Engraulis japonicus; Yellow Sea
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