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Tab. 2 Scenarios of fishing ground levels based on CPUE
for Illex argentinus
il 1.6
CPUE
serial number CPUE range fishing ground level L.6.1
0 0 poorer (1) BP ,
1 0-10 poor
2 10-20 common (2) BP ,
3 20-30 good . .
[16](average relative variance,
4 >30 excellent
ARV),
#*3 BPRBREHAELR N2
Tab.3 Scenarios of BP neural network sample sets vV Z,‘:l[x(l) —x(9)] 3)
input vector N . — 2
x(i)—x(9
serial *envir- network Zi:l[ () ( )]
number temporal scale spatial scale onmental factor* Structure , N , x(i)
1 weekly  0.25°x0.25° I 4:9:1 _ . ..
2 weekly  0.259%0.25° 1I 5:110 1 » X0 » X(0)
3 weekly  0.25°x0.25° 11 5:11: 1 ARV R
4 weekly 0.25°x0.25° v 6:13:1 ARV=0
5 weekly  0.5°%0.5° I 4:9:1 ’ ’
6 weekly 0.5°%x0.5° 1I S:11:1 ARV=1 ’
7 weekly  0.5°%0.5° I 5:11: 1 1.6.2 BP 17
8 weekly 0.5°%0.5° I\ 6:13: 1 e
(sensitivity analyses)
9 weekly 1.0°x1.0° I 4:9:1
10 weekly 1.0°x1.0° 11 5:11: 1
11 weekly 1.0°x1.0° I 5:11:1
12 weekly 1.0°x1.0° v 6:13: 1
13 monthly  0.25°%0.25° I 4:9:1 ’ '
14 monthly  0.25°x0.25° 11 S:11:1 > 4
15 monthly  0.25°x0.25° I 5:11: 1 s >
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17 monthly 0.5°%x0.5° I 4:9: 1
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20 monthly 0.5°x0.5° v 6:13:1 2.1 BP
21 monthly  1.0°x1.0° I 4:9:1 24 , 2011
22 monthly 1.0°x1.0° 1I S:11:1 s
23 monthly 1.0°x1.0° I 5:11:1 ( 1) 2003—2011
2
24 monthly 1.0°x1.0° v 6:13: 1
- ARV ( 2) 1 2 , 9
: 1.
Note: Scenarios of environmental factor are shown in table 1. > 1.0°x1.0°



1010 22
SST 90% 90% ,
, ARV 02 ( la 2a), ARV 02 ( 1b  2b),
ARV 13 ARV , 9
, 0.25°x0.25° SST
o 0Og[ 8 —=025°%025%-0.5°X0.5° —a=1.0°%1.0° 2.2
: 0o 9 13
22omf o e 3
=2 0wl ——— ’
EZ 086t 9 13
© 0.84r
& 8% C 1 I 1 ] SST ’
’ I I 1I} \Y ( 3
W R ¥
environmental factor « 3), “©o7
> UMb —em0.25°50.25%0-0.5°%0.5° = 1.0°%1.0° ( 3a) , ©7 , 23
S 096 [ 13 bR} 13 kbl
o 3 0941 o - — e , ;
< . r
1 e —— (%) . 6eW elw
S % 0.86 . @ »
L ’
o) L
S 0.
0.80 . L : ) 3c , 46°S : «
I Il | v ) i
I T v ( 3d 13C
environmental factor ( 4)
1 24 2011 «“ oo» ( 4a) 2 3
. ;b' (13 2
. v ‘ 45 6 ;
Fig. 1 The accuracy in fishing ground forecasting of ///ex
argentines in 24 scenarios during 2011 « ” (  4b) , 61°W
a. weekly scale; b. monthdy scale. . « '
0.5 [a —e=0.25°%0.25° 0.5°%0.5° =#=1.0°x1.0° ( 40) 46°S 42°S
> b
04+
24
< ; “SST” ( 4d) ,
gm 0.3+
! : ; + SST  15C
-';? 0.1F
= 3
O 1 1 1 |
I I I I\
R T
environmental factor
0.5 1 ) =0=0.25°%0.25°%-0.5°%0.5° == 1.0°x1.0° [18-19]
Z 04l ,
< ‘\A GQTI2 4 671
@ 03} ; ,
B /
%’( 02r s
=2
= 01
<= s
0 1 1 1 J
I il I v ,
IR
environmental factor
2 24 2003—2011
a. ;b s

Fig. 2 The average relative variance (ARV) values of fishing
ground of Illex argentines in 24 scenarios from 2003 to 2011

a. weekly scale; b. monthdy scale.



5 : 1011

4 4 -
a a
© °
E 34 53+
%2 2
22t L2» o o
N X &
= o0 % on
S oo = 2 \
= 1r % 1F S = >
2 =
0 | 1 1 | | | | | 1 1 | | J O 1 1 1 1 ]
1 3 5 7 9 11 13 15 17 19 21 23 25 27 1 2 3 4 5 6
J& week H month
4y i,
= —
8 3r % 3k
B2 =
;= ﬁ 'g
fﬁ g ol Ny
" &h R E
&l e X &b
£ -]
E 1+ é 14
0‘ | | | | I 1 1 1 | | J
-67 —-65 -63 -61 -59 -57 -55 -53 -51 -49 -67 —66 —65 —64 —63 -62 —-61 —60 —-59 —-58 -57 -56
22 J%/°W longitude ZJ8/°W longitude
4- 4
c c
© o)
z 3k B33F
9 XZ
& 5 8 2
o 2r R 22+
R & pid
oF e
= 14 1
2 \ 2
0 —1—1———4 » () 0000000000000 —— L — 1L 1L 1 I )
—52 =51 =50 —49 —48 —47 —46 —45 —44 —43 —42 —41 —40 —39 —51 —50 —49 —48 —47 —46 —45 —44 —43 —42 —41 —40 -39
/S latitude 25 E/°S latitude
4 _d 4 - d
% 34 % 3L
2 X2
29 g 2
R & K &
s 1r =
= =
O | | | | 1 | | | | 1 | | | J 0 | 1 1 | | 1 1 | I 1 | I 1 »
6 7 8 9 10 11 1213 14 1516 17 18 19 20 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2I
WRILE/C SST W/ C SST
3 ) 4 >
Fig. 3 The relationship between input factors and fishing Fig. 4 The relationship between input factors and fishing
ground levels forecast using sensitivity analyses in week scale ground levels forecast using sensitivity analyses in month scale

; , , 85%



1012

22

[14]

ARV

[2]

[20]

60°W R
[20]

(4] [5]

, SST

[21] (23]

(HSI)

R B e

(1]

(2]

(3]

(4]

Chen X J, Gao F, Guan W J, et al. Review of fishery
forecasting technology and its modes[J]. Journal of Fishery
of China, 2013, 37(8): 1270-1280. [ , , ,
. 3. , 2013,
37(8): 1270-1280.]
Chen X J, Liu B L, Wang Y Z. Study on the distribution of
production of Illex argentinus and its relationship with sea
surface temperature in the Southwest Atlantic Ocean in
2000[J]. Journal of Zhanjiang Ocean University, 2005, 25(1):
29-34. [ R , .2000
1.
, 2005, 25(1): 29-34.]

Liu B L, Chen X J. Preliminary study on the relationship
between the distribution of production of lllex argentinus
and SST in the Southwest Atlantic Ocean in 2001[J]. Marine
Fisheries, 2004, 26(4): 326-330. [ , . 2001

[J]. , 2004, 26(4): 326—330.]
Lu H J, Chen X J. Catch distribution of Ommastrephes

bartramii and its relationship with sea surface temperature in

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

the North Pacific Ocean in 2006[J]. Journal of Guangdong
Ocean University, 2008, 28(1): 93-97. [ R
2006

[J1. , 2008, 28(01): 93-97.]
Zhang H L, Xu H X, Zhu W B, et al. Preliminary study on
the relationship between the Illex argentinus production

distribution and sea surface temperature in the high sea of the

Southwest  Atlantic  Ocean in  2008[J]. Fisheries
Modernization, 2008, 35(6): 56—60. [ s s
, .2008
1. , 2008, 35(6):
56-60.]

Zhang H L, Xu H X, Zhu W B, et al. Preliminary study on
the Spatio-temporal distribution of the Illex argentinus’s
yield in the high sea of the Southwest Atlantic Ocean[J].
Journal of Zhejiang Ocean University: Natural Science, 2008,
27(4): 390-3%4. [ , ) >
[J1.

: , 2008, 27(4): 390—394.]
Zheng L L, Wu Y M, Fan W, et al. The distribution of
chlorophyll-a and its relationship with the lllex argentinus
fishing ground of Southwest Atlantic Ocean[J]. Transactions
of Oceanology and Limnology, 2011(1): 63—-70. [ s
a [J].
63-70.]
Feng B, Tian S Q, Chen X J. The habitat suitability index of

lllex argentinus by using quantile regression method in the

, 2011(1):

Southwest Atlantic[J]. Transactions of Oceanology and
Limnology, 2010(1): 15-22. [ s s

1. ,2010(1): 15-22.]
Gao F, Chen X J, Fan J T, et al. Implementation and
verification of intelligent fishing ground forecasting of /lex
argentinus in the Southwest Atlantic[J]. Jouranl of Shanghai
Ocean University, 2011, 20(5): 754-758. [ R S
[J. , 2011, 20(5): 754-758.]

Hagan M T, Demuth H, Beale M. Neural Network
Design[M]. Boston: Pws Publishing Company, 1996.
Wu F X, Li C H, Dai M. Application of artificial neural
networks ocean sciences[J]. South China Fisheries Science,
2009, 5(1): 75-80. [ , ,

[J. , 2009, 5(1): 75-80.]
Lou W G. Application of artificial neural networks to
sciences[J]. of Shanghai
University, 2001, 10(4): 347-352. [

fisheries Journal Fisheries



5 1013
[J71. , 2001, 10(4): [20] Zhang L, Xu H X, Zhang H L, et al. Study on the distribution
347-352.] of production of lllex argentinus and its relationship with sea

[13] Suryanarayana I, Braibanti A, Sambasiva R R, et al. Neural surface temperature in the Southwest Atlantic Ocean in
networks in fisheries research[J]. Fish Res, 2008, 92(2-3): 2012[J]. Journal of Zhejiang Ocean University: Natural
115-139. Science, 2013, 32(3): 189-193. [ , s s

[14] Wu Y M, Zheng L L, Cui X S, et al. lllex argentinus 2012
resource abundance and its relations to the main [J1. : , 2013, 32(3):
ecological factors in Southwest Atlantic Ocean[J]. 189-193.]

Chinese Journal of Ecology, 2011, 30(6): 1137-1141. [ [21] Chen X J, Tian S Q, Chen Y, et al. A modeling approach to
s s R identify optimal habitat and suitable fishing grounds for neon
[1. flying squid (Ommostrephes bartramii) in the Northwest

,2011, 30(6): 1137-1141.] Pacific Ocean[J]. Fish Bull, 2010, 108(1): 1-14.

[15] Li C. Artificial Neural Network Theory[M]. Xi’an: Xian [22] Tian S Q, Chen X J, Chen Y, et al. Evaluating habitat
Uniersity of Electronic Science and Technology Press, 1990. suitability indices derived from CPUE and fishing effort data
[ . [M]. for Ommatrephes bratramii in the northwestern Pacific

, 1990.] Ocean[J]. Fish Res, 2009, 95(2-3): 181-188.

[16] Cholewo T J, Zurada J M. Sequential network construction [23] Gong C X. Esitimating potential yield for neon flying squid
for time series prediction[C]//Proc of the IEEE Intl Joint (Ommastrephes bartramii) in the Northwest Pacific Ocean
Conf on Neural Networks, Houston, Texas, USA, 1997, based on habitat suitability index model[D]. Shanghai:
2034: 2034-2039. Shanghai Ocean University, 2012. [

[17] Ozesmi S L, Ozesmi U. An artificial neural network [D].
approach to spatial habitat modelling with interspecific ,2012.]
interaction[J]. Ecol Model, 1999, 116(1): 15-31. [24] Yang M X, Chen X J, Feng Y J. Spatial scale analysis of

[18] Legendre P, Fortin M J. Spatial pattern and ecological abundance index of neon flying squid Ommastrephes
analysis[J]. Plant Ecol, 1989, 80(2): 107-138. bartramii in the northwest Pacific Ocean[J]. Journal of

[19] Legendre P, Thrush S F , Cummings V J, et al. Spatial Dalian Ocean University, 2013, 28(2): 206—211. [ S
structure of bivalves in a sandflat: Scale and generating ,
processes[J]. J Exp Mar Biol Ecol, 1997, 216(1-2): 99—128. [J]. , 2013, 28(2): 206—-211.]



1014 22
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Abstract: Fishery forecasting is an important component of fisheries science. It has vital significance for fishery
production and management. [llex argentinus is an important target for Chinese squid jigging fleets in the southwest
Atlantic Ocean. Some previous studies employed various approaches to forecast optimal /. argentinus fishing grounds
based on environmental factors, such as sea surface temperature (SST), sea surface height (SSH), and chlorophyll-a
concentration (Chl-a). These approaches use experiential knowledge obtained from historical fisheries and
environmental data to forecast fishing grounds, but there is no research on how to select the most appropriate spatial
and temporal scales or environmental data to forecast models. In this study, models were constructed based on different
environmental factors with various spatial and temporal scales to better forecast optimal /. argentinus fishing grounds in
the southwest Atlantic Ocean.

In this study, historical fishing data from Chinese mainland squid jigging fleets from 2003 to 2011, sea surface
temperature (SST), sea surface height (SSH), and chlorophyll-a (CHL-a) data were divided into different temporal and
spatial scales. Temporal scales included “weekly” and “monthly, ” spatial scales included “0.25° x 0.25°, ” “0.5°x
0.5°,” and “1.0° x 1.0°, ” environmental factors were divided into four categories, including I (SST), I (SST and SSH),
IIT (SST and Chl-a), and IV (SST, SSH, and Chl-a). A total of 24 models were constructed using error backpropagation
artificial neural network; model training, validating, and testing were completed in Matlab. Mean square error and
average relative variance (ARV) were used to evaluate accuracy, and sensitivity analyses were used to evaluate the
interpretation of models for fishing grounds.

The results indicated that the fishery forecasting model with maximum accuracy and minimum ARV was
constructed by two models, one was with a “weekly” temporal scale, “1.0° x 1.0°” spatial scale, and “SST”
environmental factor, whereas the other was with a “monthly” temporal scale, “0.25° x 0.25°” spatial scale, and “SST”
environmental factor. Sensitivity analyses using those two models showed that models with different temporal and
spatial scales expressed different habitat suitability.

This research revealed that when models had the same temporal scales, there were no proportional or inverse
relationships between spatial scale and model accuracy, when models had same spatial scales, there was no proportional
or inverse relationships between temporal scale and model accuracy. Additionally, more environmental factors were not
always better; sometimes more environmental factors increased the difficulty of model fitting. In summary, considering
the temporal and spatial scale of fishing and environmental data was needed to construct fishing ground forecasting
models for 1. argentinus.

Key words: [llex argentines; fishery forecasting; artificial neural network; temporal and spatial scale; environmental
factor
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