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Applications of soft computation to ecological modds
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Abstract :oning to the high conplexity and the nortlinearity of ecosystems and the rapid development of techrology in spatid data
survey , sft conmputation is nmore and nore widely used in ecologca nodds. St computation is a broad fidd which includes
celuar autometa (CA) , individud based modds and box based nmodd with regpects to paradigms, and artificid neurd networks
(ANN) , fuzzy logic (R.) , genetic dgorithm (GA) , cheos theory and rules based method with repects to techniques. This paper
concentrateson the uses of CA paradigm and rule based technique in ecologca nodds. Application cases include population
dynamics nodding, dgd blooms forecaging and habitat S mulation.
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Phaeocystis globosa ( P. globosa)

, HABES , 2002
P. globosa )
, P. globosa , >
100Wh/(nf-d ™) ; , > 0. 0062Mg/L ; 20 3pu 7
22 1 , 1990 2000
, , P. globosa wor 1
1 P. globosa
Table 1 The rule modd
1 Ruel 2 Rue 2 3 Rue 3 4 Rue 4 Default
7> Zy Z< =274 T> =14.64 T>=10.24
S0,>1.17 T<=10.24 PO} < =0.42 S0, >1.17 Not bloom
[0.947] ° FO3 > =0.42 SO, < =1.17 FOi" >0.42
Bloom[ 0. 947] [0.667] [0.650] [0.958]
Rloom 0. 667] Bloom[ 0. 650] Not bloom[ 0. 958]
* the va ue in the bracket means the probahility
z .1 “z, , (1o)
(ks) P. globosa ( Ura) (1 (ke) ( 5) ;90, .
T JFO;’ :
Cl(1 - e k!
f(z) = - (5)
78 % , )
L] [411 L] L]
' [14 42] '
, Ddft3D Delft- Habitat
(D) , .
(2 , ,
;(3)
( 7, Deft 3D :(4) Ddft 3D
; (5) , 8 ; (6) Delft-
Habitat 1 (7) ,
143]
9
10a, ) ;
, 10a (9



2600 26

1.0 1.0 1.0
8
&
3
g
g- 0.5 0.5 +— 0.5
2
E
m
| | | | | | |
0 0 5 10 0 0 0.5 1.0 1.5 2.0 0 0 1.5
R EL Inundations days (d) W Velocities (m/s) KR Water depth (m)
8 (3]
Fig.8 The functiond regponses o water plants on environmental conditions!™!
[44]
3
[45 46]
; , (patidly explicit)
[47] . (1)
\ ¢:(2) GSs (raster formet)
, as
Ref erences:

[1] May RM. Biologca populations obeying difference equations: gable points, gable cyces and cheos. Journd of Theoreticd Biology , 1975, 49:511
524.

[2] Jorgensen S E. Fundamentasof Ecologicd Moddling (2™ Edtion) . Hsvier Sience B.V. , 1994.

[3] Abhott MB, MinnsA W. Gonputationd Hydraulics (2™ Edition) . Ashgate Publishing Gonpary , 1998.

[4] ChenQ. Cdluar Autometa and Artificid Intelligence in BEoohydraulics Modelling, Taylor & Francis Gouwp plc, London UK, 2004.

[5] DeAngdisDL, QossL J. Individud Based Mode's and Approachesin Eoology : Goncepts and Moddls. Routledge , Chapman and Hall , New York , 1992.

[6] Leed HW, Huang Y, Dickman M, Jayanvardena A W. Neurd network nodelling of coaga agd blooms. Eclogicd Modeling, 2003, 159: 179 201.

[ 7] Recknagd F, Petoldt T, Jeeke O, Krusche F. Hybrid exert sysem DH.AQUA-a toolkit for weter quaity control of lakes and resenoirs. Eoologca
Moddling, 1994, 71: 17 36.

[ 8] Recknagd F. ANNA-Artificid neurd network modd for predicting gpecies abundance and successon of blue-green dgee. Hydrobiologa, 1997 , 349:47
57.

[ 9] Abbott M B. Hydrirformetics Informetion Techrology and the Aquatic Environment. Avebury Technica , Aldershot , UK, 1991.

[10] Weiss SM, Indurkhya N. Predictive Data Mining, A Practicd Quide. Morgan Kaufmann Publishers, Inc. 1998.

[11] Witten | H, Frank E. Data Mining: Practicd Machine Learning Tools and Techniques with Java Inplementations. Morgan Kaufmenn Publishers, 2000.

[12] Gonenold A, Snnenschein M. Event-based noddlling of ecologica sygem with asynchrorous cdlular autometa, Ecological Moddling, 1998, 108: 37
52.

[13] Chen Q, Mynett A E, MinnsA W. Application of cellular autometa to modelling conpetitive growth of two underweter ecies C. asperaand P. pectinatus
inLake Veluve. Ecologicd Modeling, 2002, 147: 253  265.

[14] Mordes Chaves Y. Andyssd musse population dynamics in the Missssppi River. Ph.D. Theds, Gvil and Evironmentad Engineering, Universty of
lowa, lowa Gty , 2004.

[15] SAsi A, Serlbaum C. Fuzzy logc goproach to nodeling in ecosygem research, in: Bouchon-Meunier , Yager and Zadeh , eds. Uncertainty in Knowledge
Bases, Joringer LNCS 521, 1991.



2601

[16]
[17]

[18]
[19]

[20]

[21]
[22]

[23]
[24]
[25]

[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]
[40]

[41]
[42]
[43]

[44]
[45]

[46]
[47]

[19]
[20]

[21]
[42]
[44]
[46]
[47]

Chen Q, Mynett A E. Integration of data mining techniqueswith heurigic knrowledge in afuzzy logc moddling of eutrophication in Tahu Lake. Eoologca
Modelling, 2003, 162: 55 67.

Recknagel F, French M, Harkonen P, Yabunaka K. Artificia neura network gpproach for nmodelling and prediction of aga blooms. Eoologicd Modeling,
1995, 96: 11 28.

Baptis M J. Modeling floodplain biogeonorphology. Ph. D. thess, Deft Univerdty of Techrology , 2005.

Yue T, Fan Z. Research and Pergectives on Eoologca Modd Development. Review and Progects of Eoology Research. Beijing, China Meteorological
Press, 2004. 80 88.

Li D, Ma Z. Pergectivesd Numericad Ecology and Eocologica Moddlling. Review and Progpectsof Ecology Research. Beijing, China Meteorologica Press,
2004. 89 99.

Yue T. Handbook of Numerica Modelsin Environment. Beijing: Scentific Press,2003.

Von Neumann J. Theory of sgif-reproducing autometa, Univ. o lllinoi sLectureson the Theory and Organization of Gonrplicated Autormeta. In:Burks, A. W.
ed. , Univ. o lllinois Press, Urbana, 1949.

Wolfram S. Gnputation theory of cellular autometa. Gommunication in Mathemetica Physcs, 1984, 96: 15 57.

Wolfram S. Cdlular autormeta as nodd of conplexity. Naure, 1984, 311: 419 424.

Engden G, White R, Uljee |. Integrating Gondrained Cdlular Automata Models, AS and Decison Support Toolsfor Urban Aanning and Rolicy Making.
In Timmermens, H. eds. , Desgn and Decisgon Support Sysems in Architecture and Urban Hanning, Kluwer Academic Publishers, Dordrecht , 1993.
Wootton J T. Locd Interactions predict large-scae patterns in enpiricaly derived celular autometa. Nature, 2001, 413: 841 844,

Minns A W, Mynett A E, Chen Q, Boogaard H F P van den. A cdlular autometa goproach to ecological noddling. In: Odgeard , A.J. , ed. Proceedings
o Hydroi rformetics Qorference lowa, USA ,2000.

Chen Q, Mynett A E. Hfectsd cell Sze and corfiguration in celluar autometa based prey-predator modelling. Smulation Modell ng Practice and Theory ,
2003, 11: 609 625.

Dud H,Lee GEM van der, Penning W E, & al. Habitat Moddling of Rivers and Lakes in the Netherlands: An Ecosysem Approach , Canadian Water
Resurces Journd , 2002, 28: 231  248.

Azar C, HolmbergJ, Lindgern K. Sahility andyssd harveding in a predator-prey nodd . Journd of Theoretical Biology , 1995, 174: 13 19.

Wu F. A linguigtic cdluar automata Smulaion gpproach for sustanable land development in afag growing regon. Gonputer , Environment , and Urban
Sydems, 1996, 20: 367 387.

Baptis MJ,Lee GEM, van der Kerle F, & a. Modeling of norphodynamics, vegetation development and fish habitat in man-mede secondary channdl's
inthe river Rhine. In: KingJ ed. Prooeedings o the 4th Ecohydraulics Corference and Emvironmental Flons. Cepe Town, Suth Africa, 2002.

Jorde K, Shneider M, Peter A, e al. Fuzzy based nodd sfor the eva ugtion of fish habitat quality and indream flow assessrent. Proceedingsof the 2001
Internationa Symposum on Environmenta  Hydraulics.

Dud H, Beptis MJ, Geerling GJ, & a. Cydic Hoodplain Reuvenation as a srategy for both flood protection and enhancement of the biodiversty of the
river Rhine, In KingJ ed. Proceedings of the 4 th BEoohydraulics Gorference and Erwvironmenta Hows. Cape Town, Suth Africa, 2002.

MacQueen, J. Sme methods for dlassfication and andys's of mutivariable observation. Proceedings of the 5 Berkeley Symposum on Mathemretical
Satigics and Probability , Berkeley : Universty of Cdifornia Press,1967 ,1:281 297.

Boogaard H F P van den, Mynett A E, Ali Md S. SAf organi sation festure mepsfor the andyssof hydrologcd and emlogcad data sets. In: Balovic, V. ,
andLaren, L.C. , eds. Poceedings o Hydroirformetics, 1998.

Chen Q, Mynett A E. A robug fuzzy logic gpproach to modeling algd biomess. Journd of Hydraulic Research, 2004, 42: 303  309.

Krone A, Taeger H. Daterbased fuzzy rule teg for fuzzy moddling. Fuzzy Sts and Sygems, 2001, 123: 343 358.

Peperzak L. The Wax and Wane of  Phaeocystis globosa Blooms. Ph.D. dissertation, Universty of GQoningen, 2002.

Chen Q, Mynett A E. Forecading Phaeocydis gobosa Blooms in the Dutch Goast by an Integrated Numerical and Decison Tree Moddl . Aquatic Boosysem
Hedth and Management (in press) .

Blaww A N. Find Report: Harnful Algal Bloom Bert Sytem. EVK2-2000-22091 , 2004.

Chen Q, Ouyang Z. Watershed Ecology and Moddling Sysem. Acta Ecologica Snica, 2005, 25(5) : 1153 1161.

Lee GEM, AatsH PA , Boogaard, H F P, e a. Andyssd uncertainty in expert rues and input data for habitat suitability nodds. In: KingJ ed.
Proceedings of the 4th BEcohydraulics Gorference and Environmental Hows. Cape Town, South Africa, 2002.

Chen Q, Ouyang Z. Integrated Ecohydraulics Model and the Application. Journd of Hydraulic Engineering, 2005, 36(11) : 1273 1279.

Sheo G, YoundD R, PorterJ H, e a. Anintegration of remote sengng and GISto examine the reponse of shrub thicket digributionsto shoreline changes
on barrier idands. J. o (oatd Research, 1998, 14: 299 307.

Sheo, G. Application of GSto Eologicd Research. Review and Progectsof Eoology Research. Beljing: China Meteorologicd Press, 2004. 100 109.
Xu H, Wang S, Wang W. Theory and Methodblogy of Sahility in Numeric Ecological Model's. Beijing : Sciertific Press, 2004.

s . . . s . . : ,2004. 80 88.
s . . : s . . : , 2004. 89

, . . , 2005, 25(5) : 1184 1190.

, . . , 2005, 36(11) : 1273 1279.

. GS . , . . : , 2004. 100 109.
) ) . . : , 2004.



