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Abstract


Megaputer Intelligence’s software program PolyAnalyst was used for quantification of soil-plant relations in Zvenigorod wildlife sanctuary in Moscow region, Russia.  In accordance with natural concepts the AI research clearly indicated the significance of acidity and exchangeable base cations for species diversity in the studied soils dominated by acid coarse textured podzolic and derno-podzolic types.  This report confirmed a reasonability of use of evolution�ary programming methods for determining hidden depend�encies in environmental data.  Environmental data are characterized by a notable contribution of inherent true and pseudo randomness.  However the deterministic character of hypotheses, formulated within the studied methods, was shown to be the most limiting factor in environmental applications.


Introduction


Artificial intelligence (AI) techniques are known for their capacity to identify and process complex nonlinear rela�tionships.  Their performance has already been demon�strated in various areas, notably in physics and econom�ics.  In biology, AI techniques may be especially helpful in understanding and effective management of natural ecosystems with their complex comprehensive data sets.  Many AI techniques are now used for developing of natu�ral resource expert and decision support systems.  How�ever their use for understanding nature remains question�able.


	In natural ecosystems changes in plant community habitats are of great significance for biological diversity.  The conditions of the ecosystems are influenced by vari�ous natural variations in the environment and by antropo�genic factors.  How they influence ecosystem health and biodiversity is a complex issue that is not well under�stood.  Because traditional inventory and monitoring ap�proaches have often been focused primarily on single me�dia, we can infer little about the linkages between soil and vegetation.  The simultaneous assessment of two natural ecosystem resources or a combination of them within and across ecosystems is necessary for effective, sustainable ecosystem management. 


	This report is devoted to application of knowledge dis�covery in databases methods in environmental research, to a study of advantages and disadvantages of the use of evolutionary programming methods for quantification of natural relations on an example of soil-plant interactions in Zvenigorod wildlife sanctuary in Moscow region, Rus�sia.  Megaputer Intelligence’s software program Poly�Analyst was used in this study.  


	Environmental data, and soil and plant data among them, are characterized, on one side, by the absence of knowledge of fundamental quantitative relations capable for description of observed phenomena on ecosystem scale and, on the other, by a very high “noise” in data.  This “noise” is partly inherent to data due to underlying laws of nature and to experimental observation, that prin�cipally disturbs the studied system, and partly can be at�tributed to extremely high complexity of observed phe�nomena that outwardly appears as (pseudo)randomness.  Both these features of environmental data seem to be a promising ground for applying AI methods for seek of hidden in data dependencies (objective choice of the form of analytical dependence and determination of its pa�rameters) in attempt to understand the background natural relations.


Study area


Zvenigorod wildlife sanctuary is situated in the central part of European Russia, about 70 km west from Moscow.  The sanctuary was characterized by a hummocky moraine relief and covered mainly by fluvioglacial deposits, loam noncarbonate moraine is less common.  Watershed (about 80% of the territory) was covered by forests entirely: taiga was intermittent with the birch forests traditional for the Central Russia plains.  Soil cover was complex and non�uniform.  Most of the area was covered with acid podzolic and derno-podzolic soils developed on the flat surface and gentle slopes of the watershed.  Soils with higher degree of gleyzation were distributed in lowlands.  Depressions were occupied by peat gley and peat soils.  Brown earth evolved under the mixed forest with well developed herb cover on a steep well-drained Moscow river benches, while alluvial soils developed under the grasslands on river shores.  More information on the sanctuary can be found in [1-2].


Methods


We applied the central module of PolyAnalyst, its Find Laws engine [3-4].  The logical structure of PolyAnalyst’s central module is schematically shown in Fig. 1.  The engine, utilizing evolutionary  programming  technology, 
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 	Fig. 1. 	Logical structure of PolyAnalyst’s 


 	Find Laws module. 


automatically builds hypotheses about the dependence of the target variable on other variables as programs ex�pressed in a simple internal functional language and tests them.  Programs written in this language can be consid�ered as consisting of simpler functional programs, or primitives.  The internal programming language in princi�pal has a sufficient power to formalize any relation which can be expressed in an algorithmic form if a necessary set of functional primitives is provided.  PolyAnalyst allows to add a specific user-defined primitives, however this feature was not tested.  Universal primitives express ele�mentary constructions such as relational operators, Boo�lean operators, and calculation of elementary functions.  Models discovered in this approach are presented in an explicit symbolic form.


	The process of production of internal hypotheses is or�ganized as evolution of several possible programs.  Each of the programs is given an equal portion of time of proc�essor.  A hypothesis development process features a com�petition between a low priority completely general search in the space of all possible programs, and high priority generalizing transformations.  When the system finds a hypothesis describing the observed dependence reasona�bly well, it starts to introduce various slight modifications to this program and selects the best daughter programs (this is somewhat reminiscent of genetic algorithms).  In this way the system develops a number of genetic lines of programs that compete with each other in the accuracy of expressing the searched dependence.  Each time a better model is found, the system determines the best regression parameters for that model.  As an output Find Laws en�gine furnishes the most significant and the best found rule in a symbolic form containing conventional mathematical notations.


Data overview


We tried to find dependencies between species diversity and soil properties.  The measurement and quantification of biodiversity is not easy.  Species diversity has been discussed and defined in several ways [5].  As in many studies, we considered diversity as species richness, i.e. the number of species present.  Soils were characterized by their morphological and chemical properties.  Organic (O) and upper mineral (M), A1 or E, horizons were cho�sen for the study as most rapidly evolving under the influ�ence of vegetation cover and, in turn, mostly influencing on vegetation.  Soil variables included thickness (thick), organic matter carbon (C), pHH2O, pHKCl, total acidity (TA), exchangeable base cation content (BC) and pool (BCpool), base saturation (BS), buffer capacity (Buf and Buf�pool) for both organic (O) and mineral horizons.  For organic horizon, we also used organic matter pool (Pool-O).  For mineral horizon, we used exchangeable base cation pool and buffer capacity calculated for both 0.1 and 0.5 m depth layers.  Average data were used for all plots.


	Principal component ordination diagram (see, for ex�ample, [6]) for soil properties of organic and upper mineral horizon is shown in Fig. 2.  Graphical ordination diagram was just such projection of multidimensional matrix with soil properties for different plots that best approximated data in two-dimensional space, it can be treated as a concise visualization of the data set as a whole.  Diagrams are useful for characterization of envi�ronmental data in their inherent uncertainty as they show an approximate patterns of variation of all the studied properties [7].  Solid arrows represent soil properties (properties loadings).  Cosine of angle between two dif�ferent arrows approximated the correlation coefficient between the corresponding properties.  The number of species (dotted arrows) are presented in the diagrams as the directions that have maximal correlations with the studied soil variables and were determined by multiple least-squares regression of the species numbers on the principal component site loadings.
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Fig. 2.  Ordination plots for organic (a) and upper mineral (b) soil horizons.
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	Diagrams clearly indicated, for example, that the total number of species correlated positively with the base saturation and the base cation content in organic layer, and with the base cation pool, the organic matter content in enriched with humus upper mineral layer and its thick�ness.  All these parameters are known to characterize soil fertility.  Growing, whose fine roots distribute mainly within organic horizon, on the opposite were indifferent to the latter parameters for mineral layer and correlated with the total acidity. 


AI Quantification


For quantification of soil-plant relations all the studied properties were complimented by first five properties loadings (as orthogonal eigenvectors of singular value decomposed matrix they represent different patterns in variation of properties).  Different sets of soil variables, considered as independent, were tried to explain number of species.  To simplify the task for “artificial mind”, only three parameters – total acidity, exchangeable base cation pool and buffer capacity were chosen for independent search.  These properties, as can be seen from ordination diagrams, were characterized by quite different patterns of variation and contributed mostly to one of the three first principal components. 


	Quantification had shown that PolyAnalyst’s engine, when not subjected to these external restrictions, related the number of both total species and herbs with the buffer capacity in 0.1 m layer, with the exchangeable base cation pool in 0.5 m layer and with pHH2O; and the number of growing with the buffer capacity in 0.5 and 0.1 m layers and with the organic carbon content of mineral horizons.  For organic horizons, the number of total species was related with the base saturation, with the organic carbon content, with pHH2O; the number of herbs with the ex�changeable base cation pool, with the total acidity; and the number of growing with the buffer capacity and pHKCl.  All the mentioned variables appeared in the best signifi�cant dependencies, in the best found dependencies they might be accompanied by one of the other variables or rarely by one of the principal components.  Hence, natural variables better explained number of species than the principal components.  This was also confirmed by the fact that when the search was restricted to principal com�ponents, the relation between observed and explained values was noticeably worse. 


	The research clearly showed the significance of acidity status and exchangeable base cation content for species diversity in the studied soils dominated by poor acid coarse textured podzolic and derno-podzolic types.  Ob�tained results fit naturally into general concept of the rate-determining factors that restrict soil fertility and thus in�hibit biodiversity.  The results illustrated a close relation�ship between different soils and proper species of plants.  Soils differed greatly in thickness and storage of forest floor, organic matter content, acidity, exchangeable cations, acid-buffering capacity.  Improving of soil prop�erties in a range: peat soil, podzolic soil, derno-podzolic soil, brown earth, alluvial soil led to increased diversity and changes in floristical composition of phytocoenoses, followed by changing of pine and spruce forests to mixed and birch forests and then to grasslands.  The soil proper�ties were in turn affected by the vegetation through root uptake/exudation and litter decomposition/accumulation.  Assessment and conservation of soil quality will enhance the current capabilities to determine the status and the change of ecosystem biodiversity resources and their sus�tainable management.


	Automatically chosen variables did not coincide with those chosen manually.  Typically multivariate ordination did not showed them as having quite different character of variation.  Such behaviour is a consequence of different principles of automatic and manual choices – multivariate analysis finds different patterns in variation of properties while PolyAnalyst’s search engine tries to find laws that explain the target variable starting from simple laws and minimal set of independent variables.  That is why Poly�Analyst’s choice of independent variables looks simpler comparing with principal components.


	The degree of coincidence of explained and observed quantities was reasonably good and did not noticeably depend on whether the search was performed in the space of all possible variables or search was restricted.  Imple�mented significance tests seem to work reasonably good and prevent overfitting.  When restricted to comparable amount of independent variables, multivariate linear re�gression fit was typically several times worse (estimation of coincidence based on square root from mean square errors).  This clearly indicate that nonlinear dependencies better describe soil-plant interactions.  Direct comparing with nonlinear multivariate regression fit is cumbersome due to the absence of quantitative knowledge of depend�encies and thus the arbitrariness of their choice for com�parison.  Basing on fit of data only, no attempts failed.  The level of significance of dependencies found by Poly�ananalyst changed from 2 to 10.


	Fig. 3 illustrates the dependence of the significant ex�plained vs. observed total number of species in case when 
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  Fig. 3.	Dependence of the explained vs. observed total number


 			of species.


search was performed in space of the three manually cho�sen variables.  The fit is five times better than the linear multivariate regression fit, based on the same variables.  This dependence is typical.  In other cases deviations of points from straight lines changed within one order of magnitude and were somewhat lower or higher


	However the main point of interest in the studied tech�nology is not the degree of coincidence between observed and fitted data, but the form of "automatically" chosen dependencies.  What can the explicit analytical symbolic form of determined dependencies really contribute to un�derstanding of soil-plant interactions?  Though in all cases fits seemed reasonably good, their direct natural interpre�tation seemed questionable.  The following simplified equation 
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where


COND=if(0.005 < -235/BCp + 1.34·TA, 1, 1.23)


and all determined parameters are rounded to three digits, represents dependence shown in Fig. 3.  In a way the form of this dependence was characteristic for all studied cases: there was no apparent explanation for threshold values and all best significant dependencies were characterized by at least one, usually by several if�else statements.  The abundance in if�else statements became especially obvi�ous in case of best determined dependencies.  


	The appearance of if�else statements in automatically determined dependencies seem to be connected with the attempt of PolyAnalyst’s engine to explain with simple deterministic rules the inherent uncertainty in analysed data.  This explanation was supported by direct modeling.  While PolyAnalyst easily restored different simple mod�eled nonlinear deterministic analytical dependencies, when noticeable pseudorandom contribution was added to target modeled variable, PolyAnalyst failed to restore en�coded dependencies.  The determined dependencies also became senseless and if�else statements appeared.


Conclusions


Thus we come to the conclusion that it is reasonable to apply evolutionary programming methods for determining hidden dependencies in environmental data.  These meth�ods are really helpful for determination of environmental variables mostly influencing the target variable.  They compliment the “classical” forms of investigation, such as multivariate regression analysis, for example.  Their valu�able feature is that they do not need an explicit formula�tion of hypothesis and consider all possible dependencies, linear and nonlinear, as equal.  PolyAnalyst clearly showed the nonlinear character of soil-plant interactions.  The analytical form of presentation of found hidden de�pendencies is attractive for attempts to understand the nature of relations.  


	On the other hand, the built hypotheses are tested only from the point of view of fitting the data.  These approach might be reasonably good for managing, but for explana�tion purposes it might be viewed only as supplementary.  Suggested by PolyAnalyst dependencies seem to be very far from quantitative explanation of underlying relations.  The most limiting feature of evolutionary programming methods (in the form as they are implemented in Poly�Analyst) in environmental research is the deterministic character of formulated hypotheses, the attempt to explain all the observed variation.
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