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Abstract; The construction of a habitat suitability index ( HSI) model is a crucial problem in fishing ground forecasts. In
general , the HSI model is established by estimating the relationship between marine environmental factors and fishing
ground probabilities. However, the environmental factors observed by remote sensing technology and commercial fishing
investigations are usually highly correlated, and conventional methods such as the continued product model, minimum
model, maximum model, arithmetic mean model, and geometric mean model cannot eliminate the harmful effects caused by
the correlation of fishing data. As a result, it is difficult for them to capture the complex relations between environmental
factors and fishing ground probabilities. Based on the widely used intelligent optimization method of genetic algorithms
(GAs), this paper presents a general framework called GeneHSI for HSI modeling and intelligent optimization. Most

importantly, the GeneHSI framework can remove the harmful effects of correlation, allowing the automatic retrieval and
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optimization of the HSI parameters. The core of GeneHSI modeling is the construction of a fitness function. This function was
built by projecting the logistic regression-based HSI space to that of a GA, and is used to guide the optimization process of
GeneHSI. Specifically, the fundamental concept of the projection is to minimize accumulative errors between the computed
ground probabilities and the observed probabilities converted from commercial fishing data. The proposed GeneHSI
framework is composed of three elements. These are the construction of the problem to be solved, the initialization of the
GA, and the optimization strategy of the GA. The validation and effectiveness of the GeneHSI framework have been
demonstrated using simulation data, that is, randomly generated normalized marine environmental factors and fishing ground
probabilities range from 0 to 1. Research shows that the GeneHSI framework is effective and efficient in retrieving and
optimizing HSI parameters for fishing ground forecasts. Because of the stochastic characteristics of GAs, however, there is a
high requirement for modelers and scientists to better control the implementation of the GeneHSI framework. The HSI
parameters retrieved by the GeneHSI framework vary under different constraints. Such constraints used in GAs commonly
include linear inequalities and linear equality constraints on the underlying relations between marine environmental factors
and fishing ground probabilities, as well as constraints on the bounds of HSI parameters. Compared with the results under
optimization strategies using these constraints, the results under a general optimization strategy are inferior in that the
GeneHSI framework cannot obtain a good match between the best-fitness and mean-fitness curves. In theory, the fitness
value is the accumulative error of the GeneHSI model; hence, a smaller value indicates a better result. However, a good
convergence process does not necessarily lead to a minimum fitness value amongst fitness functions under different
constraints. In this paper, therefore, an evaluation of the convergence process, instead of a minimum fitness value, is
considered the fundamental standard for the assessment of a good set of HSI parameters. In addition, experience and
professional knowledge are required for an exact assessment of the HSI parameters. Overall, the above constraints,
especially those on the parameter bounds, greatly help the optimization of the GeneHSI framework to retrieve better HSI
parameters. In addition, the implementation of the GeneHSI framework with 100, 1 000, 5 000, and 10 000 samples
demonstrates its strong capability for processing the mass data of fishing grounds. It is expected that the GeneHSI framework
can enrich the modeling methods and theories of fishing grounds, and hence guide the application of intelligent optimization

methods in fishing ground HSI modeling.

Key Words: fishing ground forecasts; habitat suitability index; genetic algorithm; intelligent optimization; simulation data
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Fig.1 A general framework for retrieving and optimizing fishing forecast HSI parameters based on generic algorithm

& 1 %W GeneHSI i 3 N4 : (1) T f# 0]
FORGEE , B HST SR ) 352 4% 380 245 [ i) B S35 2ok ¥
FEE R T B A B 5 DL JE T logistic M1 Y
TSRy R A JE 358 A% B0 38 I B8 PRI (2) GA
WLk, BB GA F=E01 bR HSI S0 J7 S GA
VIR FIHFECEE S 5 (3) GA DAL | BIVAH 165 0 E R
B R B AT 2, A T AT R O ik B
il A AR | 38 SRR S 03 LA R B 1 2 1k )
&, Horp BEPEER P, — Bl o H 4 e 5 R A SR
W A5k B BB, 58 SUHER P — it I 0.4—0.99
Z IR A (E, 1 A8 AR P, — MR EL 0. 0001—0.1 Z
IR ME ) ABERYZE b o A% DL R LA i > s
1) GeneHSI #5 K35 i ] ( 5 3B HLEE {4 ¢ &R 55
K R T A ] A A2 0 5 2) fe Rk AR IR,
IR FNZAEAC Y BE AL 1 ;3 ) 306 17 B PRSI0 BR AL,

R E R FRAFI LAYk 5 4) PTUCHH 5 BT A5 A8 17
BERBE R ZZ 0 CFHROR ), SR 22 (/N T AL B
MR

2 GeneHSI fEZRRIEIUBIE N B 5 547

2.1 bR

WEGUETZ GeneHSI A5 AE S8 (4 TE 8 14 F1A AL
P, B — AL L RN 5 ) O ol AR R 3
HEATINR , FERILEE R 5 i S AE OC Y
AN R AR R R AR R 22D
it v BEFE - BIMEAE .t TA MBI 1
(IR IS — 20, R T REE A A — 4y R b b 47
A B AT I — R Ab B B B8R IR T A (E IS
FIH— e g [0, 1] ZMm, 7ELbri/Ed, fl A
EXCEL (1 FEALECR A& 28 RAND () 77 Az A5 48 50

http ; //www.ecologica.cn



15 4] KR A ST AL R A S IR HST AR S REA 1L 4337

RAND () FEML= A BB I E[0—1 ] Z R (£ 1),
MR 5 B K, 3 B 7= A T 50,100, 1000, 5000 Al

10000 45 5 FREAKIE , FH TS GeneHSI B4
B DA B ARSI AR A £ () )

F1 BA-UBERERTEEHERNELBIE

Table 1 Normalized simulated data for fishing ground probability and corresponding marine environmental factors
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Table 2 HSI parameters retrieved using genetic algorithm under a general optimization strategy
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Fig.2 Fitness track and scores of the corresponding fitness of GeneHSI model under a general optimization strategy
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Table 3 HSI parameters retrieved using genetic algorithm under linear inequalities
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Fig.3 Fitness track and scores of the corresponding fitness of GeneHSI model under linear inequalities
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Table 4 HSI parameters retrieved using genetic algorithm under linear equalities
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Fig.4 Fitness track and scores of the corresponding fitness of GeneHSI model under linear equalities
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Fig.5 Fitness track and scores of the corresponding fitness of GeneHSI model under parameters’ bounds
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Table 5 HSI parameters retrieved using genetic algorithm under parameters’ bounds
W R A B LEES 3 WA 22 VT e JEE - 2 1
Constant SST SS CHA DO D SSHA
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Fig.6 Fitness track and scores of the corresponding fitness of GeneHSI model under comprehensive constraints
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Table 6 HSI parameters retrieved using genetic algorithm under comprehensive constraints
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Fig.7 Fitness tracks and scores of the corresponding fitness of GeneHSI model under different samples
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Table 7 HSI parameters retrieved using genetic algorithm under different samples
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Table 8 A comparison between the GeneHSI model and conventional HSI models
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