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The I-test, used for taxa with overlapping ranges, provides a comparative analysis

of ecological and climatic niches using measures I—the standardized Hellinger dis-

tance and the D—Schöner index [20].

At the same time, as Zink [22] notes, if different populations live in different

climatic conditions, the I-test can have a high value, but this does not yet indicate their

environmental-climatic divergence, since they can exist in different conditions due to

environmental plasticity. In order to identify the ecological factors, and in this case,

ecologo-climatic divergence at the genetic level, it is necessary to use a more complex

B-test, which allows us to detect the presence of a genetically determined discrepancy

for niches. Both tests are recommended to be carried out with all 19 variables in 100-

fold repetition (100 replicates).

Figure 4 shows the result of the test for the identity of niches of two species of

bluegrass—P. palustris and P. nemoralis. As a result of pairwise comparison of eco-

logical and climatic niches constructed on the basis of all 19 biologically significant

climatic variables for these species, the histograms with total information of 100

replicates were obtained. On the graphs (Fig. 4) the arrows indicate the position of the

value, indicating overlapping of ecological-climatic niches between species. The dia-

gram on the right illustrates the distribution of overlapping in replicates. On all graphs,

the arrows stand at a considerable distance from the diagrams. This indicates that the

null hypothesis about the identity of niche models should be rejected (Fig. 5).

The second important component of environmental and climate research is to

obtain a model for the likely distributed of the species in accordance with its climatic

needs. To obtain and evaluate the model, the sample is divided into 2 parts training and

testing samplings. The training sampling serves to identify the ecological and climatic

profile, and the test samplings is for verifying the quality of the obtained model. The

resulting model is then projected onto an electronic map of the region under study.

Fig. 4. Ecologo-climatic “envelope”, obtained for Poa palustris 2 climatic variable.
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It shows the potential distribution of the species and the gradation of colors, from dark

to light, determines the areas where this species can grow, and where it can spread in

the future [3].

A darker tone on the map indicates areas with the most favorable combinations for

each type of climatic characteristics. Since MaxEnt is currently recognized as one of

the best algorithms for modeling the range of species, it is dynamically developing.

Developers are taking into account the new aspects, and new opportunities that sig-

nificantly improve the quality of the model. Such additional features are implemented

in the SDMtoolbox application [23, 24] which is a freely distributed application to the

ArcGIS licensed program [25]. Improvements relate both to training sampling and

climatic characteristics.

In order to improve the quality of the training sampling, this application takes into

account the features of the geographic coordinate system, where the area, enclosed

between segments of parallels and meridians, varies in latitudinal direction due to

convergence of meridians at the poles. The application also takes into account the

uniformity of the selection of the material, since the collection is usually the most

intensive near the settlements, along rivers, and generally in more inhabited areas,

which distorts the picture of the climate preferences of the species. In addition, the

application provides processing, thinning the training sample, depending on the uni-

formity of the geographical distribution of climatic parameters. The special options are

supposed for operation of small samplings [26, 27].

All this allows you to more accurately determine the climate profile of the species

and improves the quality of the model. Another problem is the correlation between

bioclimatic data. As the developers of the program indicate, a high correlation between

bioclimatic characters makes the evaluation of their contribution very difficult, and

sometimes impossible. The SDMtoolbox application reduces the correlation between

climatic characteristics by identifying and removing highly correlated variables.

The program provides an assessment of the predictive capability of the model,

namely, to predict the finding of a species where it is, according to climatic needs,

occurs, and its absence where it can not grow. This is of great importance in studying

the ranges of invasive species and predicting their distribution, as well as in plant

Fig. 5. I-тecт–similarity of ecologo-climatic niches of Poa palustris and P. nemoralis in Asian

Rusia. A – the standardized Hellinger distance. B – the Schöner index.
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introductions. The model is estimated using the Receiver Operating Curve (ROC) and

the area under this curve—Area Under the Curve (AUC). ROC—the graph, which

allows to estimate the quality of binary classification [12, 26, 28].

It reflects the ratio between the total number of characteristic carriers, correctly

classified as carrying characteristics (ordinate axis), and the proportion of objects that

do not carry characteristics, that are erroneously classified as bearing the characteristic

(the abscissa axis). The quantitative interpretation of ROC is given by the AUC

indicator—the area bounded by the ROC and the axis of the fraction of false positive

classifications. AUC is an estimate of the ability of the model to indicate the presence

of a species at the point of the raster where it is most likely to be located.

AUC is a measure of the area under ROC, ranging from 0.5 (random accuracy) to 1

(ideal discrimination). If the AUC is equal to or below 0.5, the model has no predictive

value. A value of 0.8 for AUC means an 80% probability that, where the species is

predicted to be, it will indeed be located [10].

The method also makes it possible to evaluate the contribution of each climatic

variable in the obtained model of the species distribution, therefore we can evaluate the

role of each biologically significant factor, included in the analysis. So, we receive a

valuable environmental information that characterizes the species. The evaluation of

the contribution of each variable in MaxEnt can be made in three independent ways:

direct evaluation of the contribution as a percentage, evaluation after permutation and

using the jackknife option. The most important are the last two. When permutation, the

contribution of each variable is determined by randomly changing the value of this

variable in the analysis, including all the data participating in the “learning” process:

both the real presence points of the species, and the “background” ones. In this case,

the value of each variable is expressed in a change in the evaluation of the obtained

model. The more the estimation decreases, the more the model depends on this vari-

able. In order to express this influence in percent, the values are normalized. The

jackknife option consists of three steps. First, all variables are exclude from the analysis

in turn, and the model is created with the remaining variables. Then the model is

created with only one variable (each in turn). Finally, for comparison, a model is

created with the participation of all variables.

Figure 6 presents a model of the potential distribution of Poa palustris in the

territory of Asian Russia, taking into account the threshold of 10 percentile. The

predictive capability of this model is estimated as good—the values of AUC-training

and testing were 0.887, and 0.871, respectively. Both characteristics exceed 0.8, which

corresponds to a good estimate [10]. The standard deviation was 0.016.

In Fig. 4 a richness of morphotypes of the Stenopoa section in the territory of Asian

Russia is shown [29]. The widespread introduction of molecular methods into practice

led to the development of phylogeographic studies and, as a result, the development of

new GIS programs. At present, the applications for mapping of the spatial distribution

of genetic diversity [10] and reconstruction of the most probable migration routes [23,

24]. have been developed.

In this brief overview not all the possibilities of using modern GIS technologies in

botanical studies are listed, but undoubtedly that their application opens a new page in

ecological and geographical studies of species (Fig. 7).
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Abstract. Article proposes the method based on logic programming image

recognition in order to solve the diatom selection problem. This method is

suitable for diatoms selection, as it allows describing every type of diatoms and

performing the search. This analysis is based on the study of micro algae

organisms, particularly counting the number of diatoms remaining. Counting is

usually performed manually by the microscope operator, so, in this paper, we

suggest using the SOQL interpreter to find objects to help the operator to

estimate the amount of remaining diatom algae.

Keywords: Deformable models � Pattern recognition � Diatoms

1 Introduction

One of the methods of monitoring the ecological state of Lake Baikal is the analysis of

diatom algae. Diatom algae belong to the leading group of phytoplankton participates

in the food chain and reacts to changes in environmental conditions. The process of

estimating the amount of diatom algae in Lake Baikal is performed by the operator and

takes a long time. The amount of diatom algae is taken from a sample obtained with a

microscope. This process consists of a sequential visual analysis of the magnified parts

of the original image. Existing methods and programs implementing them, designed to

process data and structural characteristics of phytoplankton, are mainly oriented to a

certain set of microalgae. They are equipped with various filters to improve the per-

ception of the image. Here are descriptions of some methods and software.

1.1 Methods

In [1], the Center Supported Segmentation (CSS) method is proposed for segmenting

objects on an image by calculating the center of mass of the regions. The method is

more accurate than segmentation by a threshold or a watershed method. The limitation

of the method is the absence of the possibility of classification.

In [2], a method for detecting a set of overlapping objects using a HOG-SVM

detector with modification is presented. The HOG-SVM detector operates on the basis
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