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Fig.2 Suitability index curve of water temperature salinity dissolved oxygen and thermocline depth
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1
Tab.1 Goodness of fit test by different modeling equation

Item RAI

Modeling equation

Continued product CP Minimum Min Arithmetic mean AM Geometric mean GM

 Variable number 4 4 4 4

 Sample size 3 667 3 667 3 667 3 667 3 667

 Mean 0.442 0.334 0.485 0.737 0.679

 STD 0.239 0.266 0.255 0.160 0.233

 Skewness 0.436 0.551 0.165 0.666 1.222

 Minimum 0.003 0 0 0.108 0

 Maximum 1 0.997 0.997 0.999 0.999

95.0%
Confidence interval 0.007 0.009 0.008 0.005 0.008

AIC   AIC value 3 486.13 3 035.73 3 966.68 3 870.95
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3 1975~1997 HSI
a 1~2 b 3~4 c 5~6 d 7~8 e 9~10 f 11~12 .

Fig.3 HSI distribution of Thunnus obesus in the Indian Ocean calculated by equation CP during 1975 1997
a January Feburay b March April c May June d July August e September October f November December.

 

4 1975~1997 HSI
a 1~2 b 3~4 c 5~6 d 7~8 e 9~10 f 11~12 .

Fig.4 HSI distribution of Thunnus obesus in the Indian Ocean calculated by equation Min during 1975 1997
a January Feburay b March April c May June d July August e September October f November December.
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5 1975~1997 HSI
a 1~2 b 3~4 c 5~6 d 7~8 e 9~10 f 11~12 .

Fig.5 HSI distribution of Thunnus obesus in the Indian Ocean calculated by equation AM during 1975 1997
a January Feburay b March April c May June d July August e September October f November December.

 

6 1975~1997 HSI
a 1~2 b 3~4 c 5~6 d 7~8 e 9~10 f 11~12 .

Fig.6 HSI distribution of Thunnus obesus in the Indian Ocean calculated by equation GM during 1975 1997
a January Feburay b March April c May June d July August e September October f November December.
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3 2004 HSI
Tab.3 Longline fishery capture of Thunnus obesus under defferent HSI levels in the Indian Ocean in 2004

HSI

 CP  Min

Fishing
frequency

/%
Percentage of 
fishing time

/ 1 000 1

Average hooking rate
No.per 1 000 hooks

Fishing
frequency

/%
Percentage of 
fishing time

/ 1 000 1

Average hooking rate
No.per 1 000 hooks

   0 0.1 16 20.78 10.87 3 3.90 11.30
0.1 0.2 10 12.99 11.59 8 10.39 10.83
0.2 0.3 15 19.48 11.03 6 7.79 11.18
0.3 0.4 12 15.58 10.63 9 11.69 11.08
0.4 0.5 7 9.09 9.33 13 16.88 12.10
0.5 0.6 3 3.90 6.94 10 12.99 10.12
0.6 0.7 3 3.90 9.16 12 15.58 8.95
0.7 0.8 5 6.49 8.53 6 7.79 8.01
0.8 0.9 5 6.49 10.48 8 10.39 10.09
0.9 1.0 1 1.30 12.61 2 2.60 11.00

HSI

 AM  GM

Fishing 
frequency

/%
Frequency
 percentage

/ 1 000 1

Average hooking rate
No.per 1 000 hooks

Fishing 
frequency

%
Frequency
 percentage

/ 1 000 1

Average hooking rate
No.per 1 000 hooks

   0 0.1
0.1 0.2
0.2 0.3 1 1.30 17.02
0.3 0.4 1 1.30 17.02 3 3.90 11.33
0.4 0.5 2 2.60 12.64 7 9.09 10.78
0.5 0.6 9 11.69 9.33 6 7.79 9.04
0.6 0.7 13 16.88 11.38 19 24.68 11.42
0.7 0.8 25 32.47 11.16 18 23.38 10.60
0.8 0.9 14 18.18 8.80 10 12.99 8.79
0.9 1.0 13 16.88 9.82 13 16.88 9.82

 .
Note representing no data in the statistic analysis.

2 HSI
Tab.2 Average covering percentage of area under different HSI levels calculated by Min and AM equations

HSI
 Min  AM

Mean Std
/%

Precentage Mean Std
/%

Precentage
   0 0.1 0.012 0.026 24.550 0.068 0.022 0.570
0.1 0.2 0.145 0.029 6.493 0.149 0.028 1.665
0.2 0.3 0.250 0.030 9.808 0.252 0.030 2.430
0.3 0.4 0.345 0.029 10.647 0.355 0.030 3.389
0.4 0.5 0.444 0.029 10.738 0.456 0.028 7.618
0.5 0.6 0.545 0.029 8.623 0.554 0.028 15.852
0.6 0.7 0.651 0.029 9.658 0.649 0.029 18.416
0.7 0.8 0.745 0.028 10.048 0.750 0.029 17.367
0.8 0.9 0.843 0.029 6.779 0.850 0.029 17.876
0.9 1.0 0.931 0.025 2.654 0.939 0.024 14.817

2.4
4 HSI 2004

3
HSI<0.5 4

77.92% 50.65% 3.90% 14.28% HSI 0.5
4 22.08%

49.35% 96.10% 85.51% HSI
0.3 77.92%
HSI
HSI 2004

7
HSI 0.5
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Fig.7 Overlays of longline fishery hooking rate of Thunnus obesus against HSI distribution estimated by GM in 2004 

3

3.1
HSI

5°N~5°S
7 HSI

HSI 20

5°S~10°S HSI
14

12 7

Inter-tropic convergence zone
ITCZ 21

HSI

AIC

3.2 HSI

1

22

3.3

HSI

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


2  277

HSI
13

AIC BIC

3.4

HSI

HSI

23

SI

10 11 15 22

HSI

1 Duel H Pedroli B Laane W E M. The habitat evaluation 

procedure in the policy analysis of inland waters in the 

Netherlands towards ecological rehabilitation C //Leclerc M

Carpa H Valentin S Boureault A Cote Y Ecohydraulics 2000. 

2nd International Symposuim on habitat Hydraulics Quebec

1996 619 630.

2 Gore J A Hamilton S W. Comparison of flow-related habitat 

evaluations downstreams Regulated Rivers J . Res Manag

1996 12 459 469.

3 Maddock I. The importance of physical habitat assessment for 

evaluating river health J . Freshw Biol 1999 41 373 391.

4 Li X H Li D M Li Y M et al. Habitat evaluation for crested 

ibis A GIS-based approach J . Ecol Res 2002 17 5

565 573.

5 Nishida T Bigelow K Mohri M et al. Comparative study on 

Japanese tuna longline CPUE standardization of yellowfin tuna 

Thunnus albacares  in the Indian ocean based on two methods

general linear model GLM  and habitat-based model HBM /

GLM combined C . IOTC Proceedings 2003 6 48 69.

6 Lee P F Chen I C Tzeng W N. Spatial and temporal distribution 

patterns of bigeye tuna Thunnus obesus  in the Indian 

Ocean J . Zool Stuy 2005 44 2 260 270. 

7 . D

 2006 1 40.

8 Bayer M Porter W F. Porter evaluation of a guild approach to 

habitat assessment for forest-dwelling birds J . Environ Manag

1988 12 6 797 801.

9 November A R. Factors affecting distribution of adult yellowfin 

tuna Thunnus albacares  and its reproductive ecology in the 

Indian Ocean based on Japanese tuna longline fisheries and 

survey information D .Belgium Vrije Univerisiteit Brussel

2000. 

10 U S F i s h  a nd  Wi ld l i f e  S erv ic e .  H ab i t a t  e va lua t ion 

procedures HEP M //Ecological Service Manual 102. 

Washington D.C. 1980.

11 US Fish and Wildlife Service. Standards for the development of 

habitat suitability index models M //Ecological Service Manual 

103. Washington D.C. 1980.

12 Grebenkov A Lukashevich A Linkov I et al. A habitat 

suitability evaluation technique and its  applica tion to 

environmental risk assessment.Detection and Disposal of 

Improvised Explosives M . Springer Netherlands 2006

191 201. 

13 Van der Lee G E M Van der Molen D T Van den Boogaard H 

F P et al. Uncertainty analysis of a spatial habitat suitability 

model and implications for ecological management of water 

bodies J . Landsc Ecol 2006 21 7 1 019 1 032.

14 Hess G R Bay J M. A regional assessment of windbreak habitat 

suitability J . Environ Monitor Assess  2000 6 12 239 256.

15 Lauver C L Busby W H Whistler J L. Testing a GIS model 

of habitat suitability for a declining grassland bird J . Environ 

Manag 2002 30 1 88 97. 

16 . AIC BIC

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


278 15     

A comparative study on habitat suitability index of bigeye tuna,Thunnus obesus 
in the Indian Ocean

CHEN Xin-jun1 FENG Bo1 2 XU Liu-xiong1

1.Ocean College Shanghai Fisheries Univeristy Shanghai 200090 China 2.Fisheries College Guangdong Ocean Univeristy
Zhanjiang 524088 China

Abstract Suitability index curves about water temperature salinity dissolved oxygen and thermocline depth 
for bigeye tuna Thunnus obesus in the Indian Ocean were drawn based on the commercial tuna longline fishery 
data and environmental data as well as expertise knowledge. Integrated habitat suitability index was computed 
using four conjunction equations i.e. continued product model CP minimum model Min arithmetic mean 
model AM  and geometric mean model GM . Goodness of fit of the four modeling methods was tested by 
Akaike Information Criterion AIC and the results of different modeling methods were compared using spatial 
analysis. The best goodness of fit was given by minimum model which gave rigorous estimation whereas the 
worst was given by arithmetic mean model which gave coarse estimation. Area distribution of habitat suitability 
index HIS  are greatly differently indicated by various methods. Contour of HSI>0.9 concentrated at equatorial 
waters of 55°E~68°E which come from the continued product model. Contour of HSI>0.9 concentrated at 
equatorial waters of 50°E~75°E which resulted from the minimum model. Contour of HSI>0.9 distributed in the 
range of 50°E~85°E and 5°N~5°S throughout the year which was indicated by the arithmetic mean model and the 
geometric mean model. Contour of HSI=0.4 indicated by the minimum model was equivalent to that of HSI=0.7 
by the arithmetic mean model. Contour of HSI=0.6 indicated by the minimum model was equivalent to that of 
HSI=0.8 by the arithmetic mean model. Contour of HSI=0.7 indicated by the minimum model was equivalent to 
that of HSI=0.9 by the arithmetic mean model. An empirical study confirmed that the arithmetic mean model and 
the geometric mean model could give a reliable estimation for fishing area and fishing frequency with the fishing 
frequency percentages reaching 96.10% and 85.51% respectively. It is helpful to develop a real-time habitat 
dynamic model for detection of fishing ground in the future. Journal of Fishery Sciences of China 2008 15 2
269 278
Key words Thunnus Obesus habitat suitability index Indian Ocean empirical study

J . 2005 35 3

397 403.

17 Mohri M. Seasonal change in bigeye tuna fishing areas 

in relation to the oceanographic parameters in the Indian 

Ocean J . J Nat Fish Univ 1999 47 2 43 54.

18 Mohri M. Distribution of bigeye tuna in the Indian Ocean 

based on the Japanese tuna longline fisheries and survey 

information D . Japan National Fisheries University 1998

1 187.

19 . 

D . 2003 1 63.

20 . GIS

J . 2004 24 6

18 23. 

21 . M  

2003 104 106.

22 Wakeley J S. A method to create simplified versions of existing 

habitat suitability index HSI  models J  Environ Manag

1988 1 79 83.

23 Mohri M Nishida T. Distribution of bigeye tuna and its 

relationship to the environmental conditions in the Indian 

Ocean based on the Japanese longline fisheries information C . 

Proceedings of the IOTC/WPTT/99/11. 1999 221 230.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn

