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U5 6 O B84l 0 47 40 R 1 b B0 R BT AT
SR 7 ( Two-stage GAM) J& X} GAM RY ¥ 1, g 8 4
Hfif AR 2 O (H B TE O .

A SCHR A 2016-2017 44 Ll 51 8 408 3 v Sl 3 ol
R e PR 7 R R AT RO, RS T O B U R Y
B2 A S R PR 26, LA S 4 A B 9% U 1 4 BRI
FH 558 S SRS R .
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ey o BT U5 F B M A B R SR IR T 2016 4F 10 H
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Fig. 1 Bottom trawl survey stations of fishery resources in the

adjacent waters of Changshan Islands
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T HYRFR, R E 4 4 (logistic) 55 4% pR 2L, R 1R
22 N Z 30053 Aii 5 45 B B iS5 A GAM2 43 At 76 4 F
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45 (identity ) 5% H2 R 2L, MR 15212 22 I AN 75 37 2345, Two-
stage GAM FiE =10 Ny

GAMI:10git(P)=(x+Zs,-()(,-)+s, (D

i=1

GAM2:Y=a+Zsi(/\/i)+s, 2)

A, a MR X85 0 RS &5 e iR 22 10T
s:(xi) N RE 25 i bR B logit(P)JE X AR logit 75 46, BJ
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AHE T R B 8 AN R 1R S i R &, 45 IR
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K L 21 5 40 3 TAF 38k 4 2F 8 A X 95 U A S B 2
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Fig.2 Spatial distribution of relative abundance of Paralich-

thys olivaceus in the adjacent waters of Changshan Islands
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PR 2R 5 M 56 T 1 6 &R, GAM2 o dE 0 3l 7 (118
T EE AT B R S A DGR T O R, AR AR A R

®1 BIRERNZSHEMEFHREMNE I XA m&Ea
ik 72

Table 1 Forward-selection procedure of two-stage generalized

additive model for affecting factors on spatio-temporal distribu-

tion of resource abundance for Paralichthys olivaceus

GAMI GAM2
Al AIC Al AIC
&S 207.68 = 165.12
JRIR 224.44 JRIR 173.90
IR 220.16 IR 170.71
IR 221.03 IR 161.18
JREKIR 223.26 JREKIR 173.42
INLLE R R 225.24 INLLE R R 179.52
fig 230.09 fit 179.05
(mEIR 233.62 R 176.13
IR 203.58 JREER BT 163.61
KR 198.31 JREER IR T 162.68
ZENHIRER 196.11 JRZEREE KR 160.64
IR 197.90|  JIKEEREHIREKE 167.54
F NIRRT R 208.69| IKZEESZERIFRMA 166.33
ZEy+ig 213.75 IR+ 168.11
Ze AT+ 1R 213.99 JRCJZ R+ R 165.52
ZENHREREIRE 200.32)  REREOKEZET 16125
ZENHREREOKR 198.68) IREREOKIFEHEE  161.64
ZHHREREHREKIE 191.81] IREREOKIEHRZEKE 165.28
ZNHRERR N 25 IRJZER KRS 2B
s 198.18 WF 167.00
IR Z R+ 202.86 )2 K TR 164.20
FNHRZEEE IR 201,49 RZEEEEKE LRSS 164,58
FHK R EHKR
KA 196.43
ZNHRZREIRE 193,71
TR ’
BT R 194.47
IRIBA7S L2 R AT R Al :
FHR R KR 0
KRR 197.57
FHHREREHRE 196.18
TR IR+ ] Rl :
Ko Hh
GAMLI : logit(P) = a+ Z=71 + 5, (X)) + 5,(Xp) + &5 (4)
GAM2: Y=a+5(X)+s;(X;) +e. (5

GAMI K B, 52 Wi 45 °F 7 11 ML R 1 H 7 A 2=
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T LNR)EAKMR L R R, Bt 22 g B R 25.54%,
Horr, STk A BRI R T2 210 (11.40%). JiS 230
(10.69%), %&/INEY R A2 IS )2 7K i (3.45%); GAM2 3
HH, 5% e 2 S A X 9 R Y BRI R K
W, Bt 22 i B R Ny 48.02%, Hih sk R ki
TIENIKJZEE (36.88%), HR AR IK R (11.14%) (55 2).

F2 HANSGERRZEATEERESW

Table 2 Results from models fitting and analysis of important

factors
MRS AR T BIMmEMBER/%  TTE/%  AIC
GAMI F1 11.40 1140  207.68
JEIREEE 22.09 10.69 196.11
JEEK IR 25.54 3.45 191.81
GAM2 B4R 36.88 36.88 161.18
KB 48.02 11.14 160.64
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GAM 7R, 1 4 6 AR R /e . Bk, B
TR H B IR )2 KR B T 2 e P AR R RS BT
B, KR 10~ 15°C i, R FE R, KR e
15~20°C I, 46 2 6 H B0 A HE SR 1 B, /K IRUER &3 20°C,
JICJZ A X 48 2 6 L SHARE 25 EL A B B ) TE N 5 4
S B0 3 B G 2 R R 2 b R, Fh A
30.6~32 B HAT Bt i 1E 00 (1] 3),

oy I B AR 6 BT R S AE R e, HIKEEE

GAM2 7R, 5 7 A G 9% U i Bl IS 2 3 5 b F R0k
LT R R TR, K E R B AE 30.8~32 B
HLA IERLN 5 BEK BRI 5256 T B B THE T R
B KGRAE 33 m b A8 S S A X6 9% U5 A v (& 4),

4 it
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D7 2 25 3K 30 S 1) 48 A R 2 3 e 22 00 2 7
I A . H T RE TR RO, W8 A 0 2 A
B R DX T Bk 2 32 A2 A AE 38°N LLdL, 120.5°E
PLAR 09 DX 3, 43 A5 6 BB 8 2 A Iy G A8 i iy e 35,
HEAF R A IR A e 5 o RKER Bl KL T [, 4
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Fig. 3 Effects of different environmental factors on occurrence probability of Paralichthys olivaceus in the adjacent waters of Changshan

Islands (GAM1)
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The solid lines in the figures represent the effect; the area between dotted lines represent the 95% confidence interval of the effect
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Fig. 4 Effects of different environmental factors on relative abundance of Paralichthys olivaceus in the adjacent waters of Changshan Is-
lands (GAM2)
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The solid lines in the figures represent the effect; the dotted lines represent the 95% confidence interval of the effect
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Spatio-temporal distribution of Paralichthys olivaceus abundance
and its relationship with environmental factors in the
adjacent waters of Changshan Islands

3
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(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. Field Observation and
Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China; 4. Marine Biology Institute of Shan-
dong Province, Qingdao 266104, China)

Abstract: According to the seasonal fishery resource survey data from 2016 to 2017 in the adjacent waters of
Changshan Islands, two-stage generalized additive model is used to examine the spatio-temporal distribution of
Paralichthys olivaceus abundance and its relationships with relevant factors. The results show that the abundance of
P. olivaceus exhibites obvious seasonal variation, and the abundances in spring and autumn is higher than those in
winter and summer. In spring and autumn, it mainly distributes in the waters of 120.5°—122.5°E; and in summer and
winter, it moves to the waters with suitable water temperature. The occurrence probability of P. olivacvacus is
mainly affected by season, bottom salinity and bottom temperature. The probability of occurrence is relatively high
at the salinity of 31. The relative abundance of P. olivaceus are mainly affected by bottom salinity and depth, and
the relative resources is higher at the depth of 33 m. The spatio-temporal heterogeneity of the abundance distribu-

tion of P. olivaceus is affected by multiple factors in the adjacent waters of Changshan Islands.

Key words: Paralichthys olivaceus; two-stage generalized additive model; resources abundance; environmental factors;

prey species
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