2015 7 ,22(4): 812-819
Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2015.140330

L

ZH, B, RES, TOE, NH

, 266003
WE. 2011 3 5 7 9 12
it (Pholis fang) ,
. fit
9 9 9 bl
fist
70 km
LR ; ;
hESES: S931 X kAR SRS A
fit(Pholis fangi) (Osteichthves),
(Perciformes),  ff (Zoarcoidei),  fi
(Pholididae),  ## (Pholis)",
(2] i
(31
(2] i
[3]
fi A
B

[7—9](desjgn-based method)
(11 model-based method)

[12-13]

It HER: 2014-08-06; 1&iT HEA: 2014-10-04.
E&£WmAB:

(1990-), , >
. E-mail: bdxu@ouc.edu.cn

EEEN:
BIEEE:

(GAM)

=0
=

14~36 m i3}

s

XEHS: 1005-8737-(2015)04-0812-08

GAM!Y

GAM
Jjaponicus) ;
(Larimichthys polyactis)

B

2011

(201305030);
(20120132130001).

fit 7
GAM ,
[15]
(Scomber
[16]
1 GAM

(Todarodes pacificus)

3 5 7 9

(201262004, 201022001);

. E-mail: haimi0609@163.com



4 : 3 813

12 N B WV.‘ ) ||A?§
- 1PN AU
) fit ) | Shandong Province ¢ Yellow Sea
i o o o o o
GAM > 3550 5 T8 P
B ’ I Ps % %1
B % 37 % % %0
i e o o o o
35.0° 37 3§ 39 40 41
I o o o o o
1 48 4 3132
e o o o o
58 39 60 41 42
1.1 i o o 0 o o
: 345° 66 67C 68 690
bzt ( ) i H % U %%
LA
2011 3 S 7 9 12 Jiangsu Province o Ui fif stations
. e b e N
119.0° 119.5° 120.0° 120.5° 121.0°E
119°20'E-121°10'E  34°20'N-35°40'N
[18]
1
Fig. 1 Map of bottom trawl survey areas in Haizhou Bay
10" 10" and adjacent waters
76 ; .Y (g/h),
> A B 1 h 2 kn N Xj )
C D E 5 (D, , a
A e  Jix)
3 ,B5.,C3 .,D9 .E 4, 24 , (Spline smoothing)
( , 7 15 ,
) 220 kW , 2~3 kn [21]
1 h, (month)1 ,
25 m, 6 m, (longitude) (latitude) (distance)
17 mm ; s 3 , (depth) (bottom
> water temperature) (bottom salinity)
a (bottom dissolved oxygen) a
19
" (Chlorophyll a)3 .9
[20]
CTD , ,
> 2.0 kn Pearson ,
1.0 h >
1.2 GAM , i3
GAM i
14
, GAM . AIC (Akaike Information Criterion)

Y=ot Zfz (xj) ve (step. wise)
j=1 , AIC



814 22
, AIC 2
’ ' 2.1 fit
AIC ,
22 @};ﬁ
AIC (22]
. 3241 7 ,  3539.4¢/h;5 :
1935.2 g/h; 9 : 1253 g/h( 1)
AIC : .
LN
AIC=2i2In L
k L ; , 3 20 m
R (version: 2.15) ;3 30 m ;7
gam [(25) ArcGIS 9.3 B 35°N ;12
3 20 m ( 2
F1 BMNZARCHTIEFEHATL
Tab.1 Monthly variations in resource abundance of Pholis fangi in Haizhou Bay
X +SD
month 3 March 5  May 7 July 9  September 12 December
/(g'h™") catch per haul 908.2+136.7 1935.2+151.6 3539.4+116.3 125.3426.7 1179.7£104.6
2.2 i x2 BNEARZHFRFESHHEMETH GAM
Y fre \;E \.‘_j. =]
(month) , *E:I: it T 32 ) ‘
Tab.2 Forward-selection procedure of generalized addi-
y tive models (GAM) for affecting factors on spatio-temporal
2 iy distribution of abundance for Pholis fangi in Haizhou Bay
Ly
GAM AIC model residual deviance AIC
s GAM M
lg (Y+1) =g+ Sl(Xl) + SZ(XZ) + Xs+e M+BSS 674.87 472.06
,Y , X1 X (depth) M+BST 773.59 484.89
. M+L 552.03 452.83
(distance), X3 ‘
M+Lo 846.08 493.37
GAM ,
M-+De 404.05 423.84
3t (P<0.05) M+Di 848.36 493.56
( 3 M+De+BSS 396.16 429.98
3 @};—j M+De+BST 378.09 425.59
M+De+La 349.44 418.18
fi
M+De+Lo 380.79 420.26
i M+De+Di 348.81 418.01
0~70 km L M+De+Di+BSS 344.43 424.83
, 70 km M+De+Di+BST 327.58 420.11
M+De+Dit+La 312.92 418.81
b 2
ﬁfj M+De+Dit+Lo 346.48 425.39
L)
M ; BST ; BSS
~ i ; ;
’ 14~36 m '}ﬁ ; De ; Di ;Lo :La
b b
40 m @;ﬂ Note: M means month; BST means the bottom water temperature;

BSS means the bottom salinity; De means depth; Di means distance;
Lo means longitude; La means latitude.
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Fig. 2 Spatial distribution of abundance of Pholis fangi in Haizhou Bay
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Effects of spatiotemporal and environmental factors on the distribu-
tion and abundance of Pholis fangi in Haizhou Bay using a generalized
additive model

LI Min, LI Zengguang, XU Binduo, WANG Xiaohui, SHI Qi
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract: Haizhou Bay is an important spawning, nursery, and feeding ground for many commercially important fish-
ery species. In recent years, many commercial fish populations have declined in abundance because of overfishing, cli-
mate change, environmental pollution, and multiple other factors. Pholis fangi plays an important role in the food web
of the Haizhou Bay ecosystem. Thus, management of a sustainable fishery in Haizhou Bay requires an understanding of
the spatio-temporal distribution and abundance of Pholis fangi and their relationship with relevant environmental fac-
tors. To determine spatio-temporal variation in the distribution and abundance of Pholis fangi, bottom trawl surveys
were conducted in March, May, July, September, and December 2011 in Haizhou Bay. The relationships between pat-
terns of distribution and environmental factors were analyzed using generalized additive models (GAM). Abundance of
Pholis fangi exhibited distinct seasonal and spatial variation, with abundance highest in July and lowest in September.
Pholis fangi was primarily distributed in the northeastern part of Haizhou Bay, which is the cold center of the south-
western Yellow Sea, suggesting a strong influence of the Yellow Sea Cold Water Mass on distribution patterns. GAM
analysis also showed that month, depth, and distance from shore significantly influenced the distribution, where abun-
dance increased with depth and distance from shore. The abundance of Pholis fangi was highest in the waters 14-36 m
deep and roughly 70 km from the coast, which may relate to the reproductive migration of Pholis fangi as well as sea-
sonal environmental variation.
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