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The purpose of the work was the examination of various databases construction as well as
examination of possible errors. Peculiarities of biological objects which should be taken into account
during databases design were analyzed. The methods for electronic collections with databases of
biological organisms elaboration were studied. The appropriate algorithms for environmental
conservation were analyzed and compared with some foreign analogs in order to study positive and
negative experiences. The requirements for database with information about Noctuidae (Lepidoptera)
and some Araneidae were formulated for the development of electronic information system “EcoIS”.
The description of developed relational database with information about insects with analysis of
selected object area were suggested taking into concideration the characteristics of biological objects
and characteristics of information systems analogues. Conclusions concerning described new means
with bioobjects databases and their application on the example of “EcoIS” system were done as well as
some recommendations for the construction of databases with the information about living organisms
basing on our experience.
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The importance of electronic information
systems (IS) with databases (DB) have uprised
during the last years for biotechnology and
other biological disciplines: systematics,
taxonomy, ecology, nature conservation, for
their application for monitoring of polluted
environment.
Networks with distributed databases for
biotechnology,environmental protection of
bioobjects. Electronic databases with access
to the Internet with information about living
organisms are technical information systems
(ISs) invented during the last decades due to
the progress in information and computer
technologies (ICT). They were designed either
for academic purposes — to maximize the
accumulation of information about the groups
of living organisms, or for the needs of the
economy, in particular for biotechnology,
for monitoring of polluted areas in industrial
centers, and etc. [1–9]. Mathematic methods
as well as models that we described in our
previous articles and those published by other
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authors also may be used for ISs functioning or
to be simulated in result of their functioning
[9–81]. A spectrum of mathematic methods
were used for the newest biomedical ISs
elaboration [1, 11, 75, 77–146, 159]. Content
for the databases described in this article was
obtained usually from the results of biological
and medical observations and experiments
[10, 12–17, 24–44, 47–49, 61, 68, 71–74,
82–90, 94, 104, 106, 109, 111–113, 125–
159]. All such technical information systems
(tIS) are electronic databases (DB) distributed
in networks today [1–11, 25–69, 90–109,
112–120, 159]. Present work was done after
the analyzis of approximately 250 current
publications in fields of biotechnology, other
branches of biology and technology, including
articles with original authors’ works. Priority
of authors’ works was reflected in [160–162].
Development of electronic databases in
biological sciences. Electronic ISs with DB for
biological sciences should contain information
about the diversity of living organisms
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and their evolution — the “Invention of
the Nature”. Another, alternative kind of
diversity that has been invented by human 
diversity of the data that appeared and evolved
as a result of computer networks development,
as well as new computational methods and
methods of electronic information recording.
The last one exists during only the last
20–25 years. However, there is a large chaos
in biological ISs data. For today the most
important is the way of data mining, recording
and obtaining from DB, in which the data are
logically organized and structured. As a result
an alternative type of diversity appeared 
diversity of DB [1, 112, 114, 159]. In this
article we give the examples of how the variety
of information and natural diversity could be
correlated.
Prerequisites for the development of
electronic information systems in Ukraine.
In Ukraine, at the time of former USSR,
numerical groups of scientists-biologists
and other professionals had organized the
network of bio-stations for the environment
ecological state monitoring and environmental
biodiversity protection. These means
were enough perfect for those time. Due
to the works of biologists of previous
generations there were localized and stopped
locusts‘propagations in South Ukraine as
well as some other environmental cataclysms.
As continuation of these works we began to
develop “EcoIS”, a new electronic information
system, which is based on bioorganisms DB
development. As bioindicators we have chosen
insects-moth Noctuidae (Lepidoptera) [152–
159]. We see them as successful bioindicators
for number of reasons, the most important of
which are following: 1) there are more than
700 species in Ukraine; 2) these species are
enough well studied; 3) these species can be
determined enough well; 4) these moth are
well visible during material gathering due to
their morphological qualities; 5) collection
of Noctuidae is carried out at night time and
moth species dominate usually in collected
material; 6) most Noctuidae species are pests in
agriculture that make their studies necessary
for economy [156–159]. Therefore their
studying and use as bioindicators are useful for
the solution of several problems of Ukrainian
economy. Enough important argument is that
during the monitoring of changes in Noctuidae
quantitative and qualitative composition
in industrial areas vicinity it is possible
to make conclusions about environmental
pollution harmful effects on living organisms’
population. For the development of electronic

information system “EcoIS” we used some
results of Prof. Klyuchko Z.F studies of
Noctuidae in Ukraine and at territories of
border countries since 1961 [1, 156–159]
(Fig. 1). Part of these works were carried
out jointly by both authors in the extreme
conditions of Caucasus Mountains at Elbrus
region on 1997–2006 (Cabardin and Balkar
region, Russia), and obtained results could
be applied to high altitudes’ influence studies
А
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Fig. 1. Materials from Prof. Zoya F. Klyuchko
private laboratory:
her preparations and collections that we have used
for databases construction. Her notes about places
where she collected some materials are seen as well
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[1]. It is known that bioorganisms adaptation
to extreme conditions occurs according the two
strategies that are fundamentally different
for organisms like higher mammals (and
humans) and insects. Our developed electronic
information system “EcoIS” is aimed on the
second strategy of insect organism adaptation
studies [1, 159].
Application of some mathematical
methods for the work with bioobjects
databases: methods of cluster analysis,
neural networks and other [1–9, 57, 58, 67,
159]. The application of these methods in
order to distinguish similar bioorganism
characteristics for the development of
biological DB and subsequent modeling
have demonstrated good results [1–9, 159].
The use of methods of cluster analysis and
neural networks for mathematical models
development in ecology was used to study
the distribution of organisms in different
areas, pests penetration and spreading in
bioorganisms’ population, the influence of
environmentally dangerous factors on living
organisms’ population. An important task
is the elaboration of medical and biological
DB, which enable to distinguish reliably the
groups of objects according to their similar
characteristics [1–9, 159].
From the obtained results one could see
how it is possible to apply traditional methods
of clusterization for the practical analysis of
data sets registered on biological samples (for
example, for different types of drawings on
the wings of insects-moth) during databases
construction [1–9, 159]. The similarity of
measure was used in combination with one of
four types of clustering algorithms: 1) method
of agglomeration hierarchical clusterization
with single linkages; 2) method of agglome ration hierarchical clusterization with
complete linkages; 3) Ward method; 4) rough
clustering method [1, 115]. The results
demonstrated that clusters were generated
usually according to two types of attributes
that have a biological meaning; the best match
was achieved using Ward method. During the
elaboration of such DB, the nominal attributes
were not included in the list of meaningful
attributes [1, 115].
During the attributes defining for the
elaboration of insect DB it was necessary to
choose the right attributes [1–9, 159]. Today,
for the development of entomological DB,
the specially developed digital photographic
equipment is used, which makes it possible to
express the categories “more reddish”, “less
gray”, and etc. in digital forms. Consequently,
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one can use the notion of numerical attributes
with appropriate methodological consequences.
Basing on information about butterfly
specimens that were ordered in electronic
DB for museums or collected for species
conservation, the possibility of two
mathematical methods that are valid for actual
number of species in the region was explored.
Some authors suggested following two methods
[1, 83, 88]: 1) phenomenological model based
on the saturation curve of the number of
collected insect specimens; 2) model based
on the concept of species number increasing
which is described by normal logarithmic
law. Using these methods for the analysis of
daytime butterflies for some regions, it was
found that the location of places with large
species diversity (calculated according to the
asymptotic approximation) differs from what
can be expected if to analyze only the raw data
from collection [1, 83, 88]. In addition, it has
been shown that there was a difference in the
results of two different assessment procedures
and these differences become significant for
processing of results obtained for a small
number of individuals. It was proved that the
concept of normal logarithmic distribution
of species should be preferred, since it allows
to analyse much better the state of fauna,
for example, it avoids risky inaccuracies in
the estimations [1, 83, 88]. Finally, basing
on DB data as well on calculated variables
of butterflies’ species diversity, it was
demonstrated an interesting fact: the places
with species-representatives of disappearing
and small species are rarely the same as “hot
spots” or biodiversity centers [1, 83, 88].
Consequently, some regions with species
biodiversity, where the butterflies’ protection
have been already organized, in reality have
not been co-located with those areas where
the rare or disappearing butterflies’ species
have been registered. The Monte Carlo method
was also used to analyze the data for some
environmental conservation problems solution.
Thus, the use of these theoretical methods
have made significant corrections in nature
conservation practice [1, 83, 88, 156–159].
Problems of network databases design
for biotechnology, ecology and systematics.
In biotechnology, systematics, taxonomy,
during the analysis of characteristics of
bioorganisms that need to be ordered in DB,
one can reveal the regularities that determine
the logical structure of these data in DB (or
“data representation model”). According to
their peculiarities, such biological objects form
an ideal hierarchy, therefore, a hierarchical

Reviews

model of DB organization developed for
technical sciences could be applied there
successfully. However, the simple borrowing
of this model was unsuccessfull due to the
great individual bioorganisms’ variability;
so, for the development of such databases the
special techniques invention was necessary.
Let’s analyze the suitability of such methods
on the example of Noctuidae (Lepidoptera)
and other insects, dividing these bioobjects
into two groups respectively: those that do
not contradict to DB construction according
to hierarchical model and those that do not fit
into such a model [1, 159].
Biological objects and their specificity
in DB designing. Designing of the ISs that
include the DB, is performed on the physical
and logical levels. Solution of design problems
at the physical level in many cases depends
on the used DB management system (DBMS),
which is automated and often is hidden from
the user. In some cases, the user can regulate
individual parameters of the system. [1, 159].
During the DB construction for systematics
and taxonomy, the focus should be primarily
on logical construction. In course of logical
construction it was possible to determine the
number and structure of the tables, to form
the DB queries, to define types of accounting
documents, to develop the algorithms of
information processing, to determine forms
for input and editing of DB data and to solve
the number of other tasks.
The nature of biological objects was
those specificity that determine the solution
of problem of logical construction. The
most important problem here was the data
structuring. During the data structures
construction it was necessary to distinguish
three main approaches.
1 — Collection of information about the
objects of solved tasks within the framework
of one table (one relation) and its subsequent
decomposition into several interconnected
tables basing on the procedure of relations
normalization.
2 — Formulation of knowledge about
the system (definition of output data types
and interconnections) and requirements for
data processing, obtaining with the help
of automation system for construction and
development of DB, finished DB schema or
even ready-made IS application.
3 — Information structuring for the use of
IS in process of system analysis basing on a set
of rules and recommendations.
Characterizing bioobjects specificity one
could also emphasize the following. 1 — This

is the complexity of bioobjects by themselves,
in these objects the elements — their
components determine often the properties
of the whole object, but they are not the
arithmetic sum of elements properties. 2 —
Complexity and multiplicity of links between
objects and between elements in objects. 3 —
Hierarchy, which subordinates the largest
majority of objects in nature and hierarchical
connections. 4 — The presence of many weakly
differentiated objects in nature, which,
however, are not identical, but have individual
characteristics, forming a homologous series
of objects. Therefore in process of medical
and biological ISs elaboration the problems of
differentiation become a topical task.
Specificity of biological objects, collection
of information about such objects during
expeditions, field observations and their
primary analysis play a key role in the design
of biological DBs. Respectively, below we
would like to analyse some characteristics of
insects — moths (Noctuidae, Lepidoptera).
According to our plans this information about
Noctuidae systematics and taxonomy has
to be basic in course of the development of
our electronic information system “EcoIS”.
Moths (Noctuidae, Lepidoptera) are night
butterflies, many of which can be seen and
collected at summer nights. Their place in
Linnaeus hierarchy of living organisms [41] is
shown on Fig. 2. The example of hierarchical
position in classification of moth specie Agrotis
segetum and spider specie Argiope lobata are
represented. In fact, this figure demonstrates
the classification data of these two species only
from the level “Type — Arthropoda”, which is
the same to both species. At lower hierarchical
level — at level of classes — the lines of
Noctuidae and Argiope are divergent. Above
the type of “Arthropods” the level “Kingdom
of animals” has to be placed; and above it the
“Domain of eukaryotes” has to be drawn (both
one are not shown on Fig. 2) [1].
Such views about hierarchical classification
of living organisms naturally fit into modern
bioinformatics program methods based on
the hierarchy of classes that have become
widespread in modern ICTs, for example,
in object-oriented programming. It would
be necessary to provide the use of several
languages in biomedical DB, developed for
such industries as ecology, zoology, and etc.
For example, for our purposes in Ukraine,
in biological DB the information was given
in Ukrainian and Latin, since all known
bioorganism species have traditionally Latin
names, and only a part of them also has the
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names at languages of population who lives at
this territory.
Characteristics of bioobjects Noctuidae
corresponding to DB construction according
to hierarchical model. For classification of
organisms in living nature, Carl Linnaeus
proposed his scheme on 1761 [1, 41]. The
information used for the registration of living
organisms in biology (ecology, taxonomy,
and etc.), at first glance, has been structured
quite simply — it is a hierarchical structure of
living organisms classification in systematics
(Fig. 2) [1].

By opening any biological determinant
(for example, for insects) [1], one can find
the following information (our examples were
written for Slavonic-speaking countries; for
other groups of countries the determinant
structure is the same):
– the name of species (Latin, Ukrainian
or Russian); the names of the people who
defined it and the publications in which the
information on the species is given; the data
of collection; the place of collections: parts
of the world, country, region and settlement;
the geographical area of its inhabitance; the

Fig. 2. Scheme for classification of Аrtropods by Linnaeus:
a — the general hierarchy of classification units; b — example of hierarchy classification of insects:
Agrotis segetum Denn & Shiff (Dennis & ShifferMuller); c — example of hierarchy classification of spider
Argiope lobata; d — an example of the table fragment from the database of spiders from the system “EcoIS”
(explanations see in text) [1, 41]
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habitant biocenosis, the plants on which it is
fed (including information whether it is a pest
in agriculture); biological data on the number
of generations during the season, periods of
flight, and etc. Being standardized since the
time of Linnaeus [41], these data could be
structurized in the table easily (researchers —
biologists also have organized these data in
such a way), and it seems to be ideally adapted
for the further transfer to the DB tables [1].
During our DB elaboration the names of species
and other classification terms were written in
Latin, Ukrainian and/or Russian languages
(on Figs. 2–4 we have demonstrated only ones
in Latin).
Characteristics of bioobjects, which
complicate the traditional methods of database
designing. The experience revealed that with
each of these simple elements of the future
DB contents the certain problems may be
associated due to the peculiarities of living
organisms [1]. Many of them have an unstable
name and an unstable taxonomy. Thus,
Noctuidae classification, which seemed to be
established for decades, is being re-examined
now [1]. Consequently, during the hierarchical
model constructing, these facts lead to the
errors as a result of ambiguity of parent and
derivative elements selection. If insects were
collected on certain plants, it is often not
possible to conclude whether these plants
are a source of their nutrition or a place of
residence, or both ones at the same time.
Specialists solve a number of problems
in connection with the species location
registration, for example, during the
development of the first electronic plants
database in Ukraine by collaborators of Botanic
Institute of the National Academy of Sciences
of Ukraine named by Cholodny [1]. For our
objects during DB construction, we had found
the following. The exact location (important
for DBs) may change its name: for example,
the Kyiv region of Southern Borshchahivka
did not exist fifty years ago, as well as the
name of district Vyhurivshchyna in Kyiv
appeared on the maps, and then disappeared
again during XX c. The similar situation
was with other regions of Ukraine — during
different historical periods the administrative
boundaries of individual regions have been
changed. Even the names of countries could
be changed during the different historical
periods. Thus in Europe, some border
territories from time to time were the parts
of different countries (Friuli-Venezia Giulia
province in modern Italy during its history
was the part of Yugoslaviia, and before that —

the part of Austrian Empire, and so on). Data
of observations were considered unchanged
often but… For example, materials from
entomological collections of Russian Empire of
XIX–early XX c, which were dated according
to unformatted calendar require correction
before their ordering in modern electronic
databases. The names of observers could also
be changed (for example, ladies’ names after
marriage). Consequently, even the simple
and factual information that we consider
sufficiently suitable for ordering in biologic
DBs is characterized by instability, and this
instability must necessarily be taken into
account [1].
Difficulties in problems’ solution during
the elaboration of database of insects’
adaptation characteristics in mountainous
regions (one of the tasks discussed below)
could be linked with the fact that during field
observations a large number of heterogeneous
data were recorded, which complicates the
construction of object model. For example,
for a few names of Noctuidae from the list of
a few dozen names it was necessary to take
into account many characteristics, and these
data are difficult to divide into groups for the
selection of objects and attributes [1].
Similar problems appeared also during
the conducting of environmental works in the
United Kingdom, when it became necessary to
analyze the hundreds of thousands of insects’
characteristics for different species and
plants on which they feed. Such large-scale
work was carried out using a large amount of
the data that was pre-recorded in electronic
databases, which were specially designed to
solve this problem, while some data were lost
due to the individual variability of studied
living organisms. Data analysis was based on
the Monte Carlo method [13]. As were noted by
authors, even when trying to analyze a small
number of insects, for example, only a few
Noctuidae names from the list of several dozen,
these data were difficult to subdivide into the
groups for defining of objects and attributes
[1]. Some important characteristics, such as
changing of colors and shades of the wings,
which are of primary importance for biologists,
are difficult to express in the form suitable for
the table (for example in cases when biologists
use usually the expressions like “less dark
olive”, “reddish”, and etc.) Below we will
show that in order to take into account these
peculiarities a number of special techniques
should be used, among which there are the
mathematical methods of cluster analysis (by
means of which it is possible to distinguish
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between objects that differ slightly), the use
of special high-quality digital photographic
equipment, which allowed quantitative
expression of characteristics, which
previously were described only qualitatively
and so on. The description of the behavior of
living organism and its discretization for the
purpose of placement in separate table fields is
extremely difficult also, since behavioral acts
are difficult to formalize.
Development of electronic database
without duplications and ambiguity is still a
prerequisite for a skilled approach to species
conservation [1]. However, the quality of
the most already constructed databases does
not reach the necessary standards’ levels
required by the needs of nature conservation.
This is true even for such regions, for which
numerous records have been done even for
easily identificable butterfly species [14].
Due to the complexity of biological objects
and inaccuracies of many records made
during the field observations, the problem of
duplication appears quite seriously. According
to the theory of databases, the dubbing is
divided into simple (non-excessive) and
excessive duplication. During the construction
of relational tables, it is impossible to avoid
simple (non-excessive) duplication if we
describe, for example, several types of insects
that were registered in one of the regions of
Ukraine (Fig. 3). The presence of this type of
duplication in database is permitted and the
quality of information retrieval is not affected
during the future use [1].

Excessive duplication of the data in
database can lead to problems in data
processing. It appears in situations when an
information about any specie is replaced by
a dash (as it is often done) relatively to the
characteristics of above mentioned species
(Fig. 4). During information retrieval in
this case, the computer automatically begins
to search for information that replaces the
dash, and computer resources are spent
consequently. In addition, computer memory is
still allocated under attributes with dashes, so,
there is no significant optimization for it. And
finally, since the information in attributes
with dashes is linked with pre-specified
species, then its deletion in the future will
result the loss of information for all types
that have been unsuccessfully associated with
it. Consequently, when making of relational
tables in such databases, all episodes of
excessive duplication have to be corrected.
Another problem is typical for all regions
of the planet. This is the “spot-like” of fauna
researches of different territories — in some
regions it has been studied better, other
regions, in fact, are “white spots” on natural
maps. In addition, records for individual
species contain many controversies [1].
However, it was difficult to achieve enough
representative survey of both geographic
and other one subject that reflects fauna
changes during certain time. Such works are
quite expensive and records’ quality varies
even for work performing accuratively.
However, because of constant worsening of

Fig. 3. The example of fragment of the table with simple (non-excessive) duplication
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environmental living conditions, constant
climate changes, the quality and importance
of insect changes studying is increasing
(including moths, butterflies and etc.) It
whould be remembered that in the past the
quality of such research was lower, which may
lead to a non-correct imagination about species
distribution in the nature in past years.
So, during the elaboration of biological
database with information about living
organisms, it is necessary to take into account
the above-mentioned features and factors,
below we give the examples of such databases
implementation.
Databases and electronic collections of
organisms, bioindicators, representation of
data in such databases in form of relational
model. Making of collections of biological
organisms (CBO) has always played a key role
in the construction of monitoring systems
because this is ability to record data sets
about bioorganisms. In the époque of ICT, the
logical development of collecting techniques
was the construction of electronic CBO, when
organisms data began to be organized into the
databases in digital form. In fact, electronic
CBOs are the kind of ISs with databases. On
other hand, a well-done electronic CBO is a DB
that can act by itself as element of IS. Below
we will focus on the construction of such
electronic CBO, especially we will be interested
in what prototype methods could be used in
developing of original database of Noctuidae
for future its introduction into the electronic
information system “EcoIS”.

Construction of electronic collections
of bioorganisms with databases. Some
electronic biological databases have
already been constructed and connected
through the Internet network [1]. Only one
of the largest information sources on the
distribution of species, CBO [113] contains
a unique combination of attributes, which
includes:
– a large array of information resources
about about 2.5 billion specimens of living
organisms, each with information about their
collection — the time and the place where this
sample was collected;
– records that were considered as standard
for a particular sample of specie, according
to which one can identify and update the
information about the identity of a sample if
the nomenclature will be changed;
– records that contain valuable information
about the restrictions that should be imposed
during models construction using the data
from electronic CBOs;
– historical data on the organisms
spreading today and in the past (including
paleontological data), so that it was possible to
restore the dynamics of biodiversity changes
before and after the start of anthropogenic
influence;
– current taxonomy data, because the
scientists who constructed and fill this
database had knowledge in taxonomy,
biodiversity (and, respectively, in phylogeny,
environmental analysis and comparative
genomics) [1].

Fig. 4. The example of fragment of the table with excessive duplication
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Methods of modeling for CBO.
Constructing of electronic CBO is the first
among methods in the collection of the
latest computer techniques in systematics
and taxonomy [1, 113]. If an electronic
CBO was elaborated then the data from its
database can be used for the next solution
of many problems, for example, such actual
for industry task as simulation of species
distribution [1, 113]. Methods of modeling
of species distribution phenomena are very
different; they can be distinguished according
to the type of tasks for which they were
used, to the data used from CBO, and also
according to results of these data statistical
processing. All applied methods of modeling
could be divided into 3 groups: the first group
included modeling methods which necessarily
need to have data-characteristics of actually
collected organisms of different species; in
the second group — there were the methods
used to solve problems of forecastings. In
the third one there were methods used to
solve problems that have the characteristics
of the first two types and require both real
data and solve forecasting problems; for
them such methods as linear and additive
models, ‘trees’ of alternatives in decision
making, Bayes approaches, and etc. The last
ones were filled with new content, since, by
applying them, one can access the occurrence
of differences between organisms, can apply
expert evaluation and other preliminary
information, and basing on all it is possible
to predict changes of variables, in particular
it is possible to predict changes in species
distribution. In [1, 113] was propose the
following software samples that can be applied
for modeling according to these three groups
of methods: for the first one — software
BIOCLIM or DOMAIN; for the second
one — GARP software, for the third one,
respectively, the “mixed type” of software.
Model evaluation. For models evaluation
it was necessary to select methods depending
on the nature of the particular biological task
[1, 113]. Some developers evaluate the models
designed according to the CBO data, depending
on the size of the structural elements that
were put in base of the models. Other studies
estimated the possibility of forecasting using
models based on CBO data. Other ones have
studied the effects of data errors and the
existence of branching processes during the
work with CBO, and if such a branch occurs,
then it is necessary to inform the users who
work with this CBO data. In the last case, some
simulation and evaluation methods could be
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applied only to specific tasks and certain data
sets, or in general, individual data can not be
used for development of forecasting models.
Algorithms for development of biological
databases distributed in networks. During
the construction of biological databases
distributed in networks, it is necessary to do
numbers of analytically determined steps [1].
Below there are some algorithms that should
be followed for the development of medical and
biological databases.
The strategy of mathematical methods use
for the construction of tIS with databases in
medical and biological practice is determined
generally by algorithms for specific tIS
construction. In order to avoid errors, the data
from CBO have to be used in context of the
most comprehensive knowledge of taxonomy
or history of systematics; in the case of the
studied group of organisms it is recommended
to study the insect sample from collection
(Fig. 1). Spatial errors in simulation may be
due to errors in recordings of geographic data
of the place where a sample was collected,
a visual inaccuracy of the placement of the
record by itself, and errors made during the
initial placement of this record [1]. These kinds
of errors could be detected because they belong
to collection samples that spatially droped
out of geographic coordinates or natural
zones or if there was a discrepancy between
the field records of the person who collected
the material and the records in collection.
Spatial errors can be corrected by studying the
collection sample by itself or corresponding
field records, by removing or correcting noncorrect records and performing a geographic
description extremely accurately.
Warnings and limitations for using of the
data from CBO collections. In process of spatial
modeling in biology it is necessary to take into
account three main features of CBO collections:
errors, including taxonomic identification
errors and geographic; data biases — primarily
biases due to the geographic data and the
description of the natural environment in
special collections, the presence in many cases
of the data that look like as “yes” and “no”,
which, in the case of modeling, determines the
type of algorithm in advance.
Representation of the data in bioobjects’
database in the form of relational model.
One of our tasks was development of the
database with information about insects,
first of all Noctuidae (Lepidoptera) [1,
156–159]. Offering our approach to this
problem solution, we based on the following
considerations.
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Elaborated relational database had
to satisfy contemporary standards [1].
Primarily we have spoken about the technical
standards — the database must have typical
and understandable structure, the material
should be accessible and clear, it could be
added to the material from other tables from
World Wide Web, if necessary, not only the
developer, but professional-biologist would be
able to make new records (but not worsening
irreversibly the main content in cases of
incorrect entries!), and etc. At the same time,
it was important to comply existing biological
standards of taxonomy — compliance with the
standards of Latin, Ukrainian and Russian
names of insects (for Slavonic-speaking
countries), the standard division of material,
its completeness for each specie, the compliance
with high scientific criteria, and etc. We
support these standards, comparing our
results with published materials of well-known
determinants in biology, current scientific
publications of high quality [1, 156–159].
The formats in which the data are presented
in scientific publications of various authors,
often differ one from another: calculations
are done according to different methods which
complicates the comparison of these data and
their ordering in one database. Data for such
databases requires standardization, which
does not really exist today in finished form.
Although electronic databases may contain
information of different formats, we must
always keep this in mind using database data
for comparisons [1].
Recommendations for the construction of
DB of evolving organisms. Since database table
contains material about living organisms that
evolving and changing constantly, the prospect
of its further modernization and development
should be laid, if possible, in the possibility of
adding of new fields, tables, and etc., without
deep reorganization of the database by itself.
We considered that it is necessary to make
fields (or even to leave the the possibility
of new tables adding) for the inclusion of
observational materials that do not fit into the
current biological standards of the database,
but may become valuable in the future
(analogous to Linnaeus “Chaos” [41]). In our
case, there may be the fields “Comments” and
“Other”. Actually, the very existence of such
information in additional fields is the source of
further development of the DB. In these fields
you can also record following information. For
example, some types of insects biologist could
collect as unique sample, or he cannot collect
them at all — but they may be collected and/

or determined by other authors. Information
about them is very important for biological
analysis, but in the main fields of database
tables this information will not be included —
it may be recorded in “Comments” or “Other”.
But if to record all single cases the base grows
too much, successful searches in it became
too complicated (because of effects associated
with the complexity of living systems). It
should be noted that, although the main task
of our databases construction was solved
successfully, it set a number of questions,
which will be answered only by further work in
this direction [1].
Relational database on bio-objects of the
highlands of the Ukrainian Carpathians and
the Caucasus (Russia). Below the results
of electronic databases development with
observation materials in zoology, ecology
and adaptation biology of insects living on
highlands were suggested. On the materials of
insects observations and changes of some their
characteristics according to their adaptation
to different altitudes, an electronic relational
database has been developed, which contains
the relevant data. These databases could be
described briefly by following provisions [1].
1. There are two databases were elaborated.
1) One DB for some insect species registered
by the authors at Elbrus region (KabardinoBalkar Autonomous Region, Russia) during
the expeditionary seasons on 2002–2005; and
2) similar DB about some types of insects in the
Ukrainian Carpathians (materials of many years
studyings of Prof. Klyuchko Z. F.) Development
of two databases gives a good opportunity
to compare results to two geographically
remote mountain regions and for appropriate
generalizations.
2. The “core” of database — the main table
with systematic data about insects that were
collected during expeditions. The material
for these table records — the standard data
published in the corresponding academic
determinants of high quality.
3. In the table containing the data about
the adaptation characteristics of some types of
insects, the data of the authors’ observations
were recorded. This material is new, relative
form has no developed standards, so the table
could be modified with time.
4. The author plans the work on supplementing of described DB with other parts
with materials of other (as well as ecologically
different) regions.
5. The table with the data of altitudes could
be supplemented with new records after the
future studies at other altitudes with time.
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6. In developing of this database structure,
the author foresaw the necessity of its
modification over time due to objective reasons
(deepening of scientific knowledge in this
field, and etc.) In the structure of the database
the possibility of its development and further
modification is expected.
Taking into account these problems,
we propose the following approach. An
electronic database with characteristics of
insects first of all has to be based on already
published information according to established
standardized schemes. However, for database
constructing, it is necessary to realize the
possibility of its supplementing by additional
fields for non-standard records that can be
used in the future, or even the development
of additional tables without a substantial
re-design of the entire database. Of course,
it is impossible to predict all future nonstandard situations, but for a sufficiently
high qualification of professionals involved
in this construction, it is possible to minimize
the amount of future corrections. This method
was used in past by Karl Linnaeus [41], who,
by creating of the first classification of living
organisms, added the section “Chaos” for
all organisms that were not included in his
system. This his idea survived during centuries
and, trying to “organize” in our practice our
ever-evolving wildlife, we decided to use such
historically proven techniques at the current
level of our life, at modern ICT level [1].
Object area analysis and biological
material that characterize mechanisms of
insects adaptation to high altitude conditions
[1]. During several years we studied the
problem of living organisms’ adaptation to
different ecological conditions of highlands.
We collected material that characterized
the manifestation of insects’ adaptation
characteristics in the Caucasus Mountains at
the region of Elbrus Mountain (Prielbrussie
Region (Russia), at Elbrus Medical and
Biological Station of the National Academy
of Sciences of Ukraine). Field researches
Dr. Klyuchko O. M. carried out on summer
seasons, 2002–2005; the techniques of
electronic databases construction there
were applied directly. There were no
regular targeted studies on this issue in
the Ukrainian Carpathians, but during few
decades of Carpathian insect studies by Prof.
Klyuchko Z. F. since 1961 [1, 42] there were
gathered enough biological material that we
could choose to compare with the data from
Elbrus [1, 23, 29–37]. Let’s characterize
briefly this material, and then — let’s examine
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in details construction of developed DB. The
object of research were insects with their
variable characteristics (mainly Noctuidae
(Lepidoptera), as well as some other groups
of insects), collected in the zone of mountain
forests (ZMF) of both regions, and at Elbrus
Region — in ZMF and above this band. At
Elbrus Mountain slopes the material was
collected at three altitudes: 2100 m above
sea level (m. s. l., village Terskol, ZMF),
2800 m.s.l. (Cheget mountain, subalpine
meadows), 3100 m.s.l. (peak Terskol, the
upper part of the subalpine meadow, the
boundary of the mountain snow line). In the
Carpathians, the insects of ZMF area were
colected at altitudes of 1500–1600 m.s.l.
(ZMF is located below here), and insects of
subalpine meadows (“polonyny”) — at heights
approximately of 2000 m.s.l. (Chornohirskyi
Range, Hoverla Mountain, Petros Mountain).
From insects’ characteristics that can reflect
their adaptation ability to the highlands, we
studied (for each of determined altitudes in
each region) 1 — insects’ species list; 2 — their
quantitative co-relations; 3 — differences in
insects behavior at different altitudes; 4 —
differences in colors or drawings of insect
wings at different altitudes [1, 35].
Insect species’ composition at Elbrus
Region. It has been found that in ZMF band
at Elbrus Region some forestrial Noctuidae
species are the same in both mountainous
regions, both in the Caucasus and in the
Carpathians; and they were common in most
Palearctic regions: Apamea illyria, Euchalcia
variabilis, Xestia ohreago, Diachrysia chrysitis,
Syngrapha interrogationis, and etc. Some
species we registered only in the Caucasus, but
not in the Carpathians: Cucullia propingua,
Autographa aemula. There was a small
number of steppe species’ representatives —
some species Cucullia, Acronicta euphorbiae.
At these altitudes some Zygaenidae species
(Z. lonicerae, Z. filipendulae, and etc.) were
well represented. Above 2800 m.s.l. there
are only unique samples of Mаcrolepidoptera
samples may be collected. At this attitude
the number of all species significantly
decreased. At the altitude of 3100 m.s.l. only
Muscidae (including M. domestica) and several
Microlepidoptera specimens were collected,
representatives of other insect species
disappeared at all [1, 35].
Insect species’ composition at
Ukrainian Carpathians. According to Prof.
Klyuchko Z. F. data [1, 42], and alternatively
to Elbrus slopes, the forest Noctuidae species
dominated here (such as Euchalcia variabilis,
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Autographa jota, Autographa pulchrina,
Apamea illyria, and etc.). From steppe species
only Hyssia cavernosa, Heliothis maritima
occurred occasionally. The subalpine zone is
less revealed here than in the Caucasus, hence,
the differences in fauna here were less visible.
For example, Noctuidae there were collected
both at the height of the ZMF and in the area of
sub-alpine meadows. But we could be definitely
sure that, like in the Caucasus, certain species
of Microlepidoptera occur here mainly at the
height of the sub-alpine meadows.
Quantitative composition of insects.
Analyzing the total number of insects collected
at different heights in both regions, it was
possible to make preliminary conclusion that
the changes in Noctuidae number with a height
could be described by a curve with a maximum
of about 2100 m.s.l. Above this mark the
number of Noctuidae gradually decreased to
zero at altitude of 3100 m.s.l. The curves of
number decrease for Microlepidoptera and
Muscidae at the right from the maximum (for
the higher altitudes) and these curves were
more lenient. It means that the representatives
of these insect groups were registered at such
altitudes, where Noctuidae were not present
at all. In the Carpathians, various authors
noted the gradual number decrease of insect
species below 500 m.s.l. (in the zone of strong
anthropogenic influence) [1, 42]. These data
are in good correlation with the data of other
authors, for other regions of the planet [88].
Differences in the behavior and colors
(pattern) of insects. For today, we have
registered reliably the behavioral differences
only for insects (Noctuidae, to the less
extent Muscidae) with altitude increase at
Elbrus slopes. Thus, the samples of insect
different species who demonstrated extremely
active behavior at altitude 2100 m.s.l. were
very passive at altitude 2800 m.s.l.; they
stopped their activity even at day time with
temperatures higher than 18 C. (insects look
like as “frozen”, or “paralysed” at plants).
One can assume that oxygen deficiency and
adaptation to this was the reason of such
behavior. In attempts to collect the insects
during the period of activity, they often
“imitated a death”. Such reaction in the Caucasus
above 2800 m.s.l. demonstrated the majority of
insects, whereas with altitude decrease up to
2100 m.s.l. such behavior demonstrated only a
few individual samples. In the Carpathians the
behavior studies in dependence of altitude were
not conducted [1, 35].
Development of relational database
on bioorganisms’ collection materials in

the extreme conditions of the Elbrus and
Ukrainian Carpathians. Starting the design
of relational database, one could see that it
can be logically divided into two parts that
are almost identical in structure: 1 — DB with
materials from the Elbrus and 2 — DB with
materials from the Ukrainian Carpathians.
So, designing an object model, we will do it
initially for one of the mountain regions,
for example, for Elbrus, and then we can use
this experience for a similar database for the
Carpathians insects. Logical DB model was
shown on Fig. 5. We propose to distinguish
the following main objects: “Insect”,
“Adaptation characteristics” and “Altitude”.
On the communication lines between objects
the power relations are indicated. For
example, the power of the relation “Insect” —
“Adaptation characteristics” was 1: 1, since
each type of insect has its own set of adaptive
characteristics (the reaction of organism
is individual). The power of the relation
“Insect” — “Atitude” was “many to many”,
since many different insects are recorded
at one altitude, and each insect specie lives
in a certain band of altitudes. So, for the
prevention of appearance of indefinite relation
“many to many” in data model, we suggested to
inquire a cross-reference table in the database
[1].
Objects in our logical model were
characterized by following attributes:
Object “Insect”
Attributes:
Primary key
The name of the insect (in Latin, Ukrainian
and Russian).
Area of inhabitance.
Biotopes of inhabitance.
Plants of nutrition.
Number of generations during the season.
Periods of fly.
Data of collection.
References to literary sources.
Comments.
Other.
Object “Altitude”
Attributes:
Primary key
Altitudes (meters above sea level).
Natural zone, biotope.
Data of collection.
Comments.
Other.

39

BIOTECHNOLOGIA ACTA, V. 11, No 4, 2018

Object “Adaptation characteristics”
Attributes:
Primary key
Number of insects collected per day.
Number of insects collected per season.
Demonstrates the changes in behavior (if
so, then what).
Demonstrates the changes in color (if so,
then what).
Demonstrates the changes in the pattern of
wings (if so, then what).
Comments.
Other.
Basing on this analysis, we have designed
Tables 1, 2, 3. Examples of tables’ fragments we
presented in our article as Table 1 (“Insects”),
Table 2 (“Altitude”) and Table 3 (“Adaptation
characteristics”). To make tables, we suggested
adding the field “Comments” (the biologist
or amateur could record some comments) and
“Other” (as were noted, the field observations
provide often new material that did not fit into
standard scheme). These two types of fields
were considered as a source of future structural
development and database modification [1].

Using this database in working mode,
professional-biologist could find out easily
what kind of insects live at studied altitude
of each mountain region and which adaptive
characteristics it reveals at each altitude.
Besides of this, he could perform easily all
those operations with data that were previously
impossible for him: sorting, searching of
particular records, data filtering, outputting
the data in necessary format, and etc. These
opportunities are very important in the daily
routine professional work, since the one who
works in this sphere almost every day or adds
new information to the previous material
(recording the data into a table), or makes the
alphabet lists of species (by sorting), or output
all species of one genus (by filtering), and etc.
Thus, according to the purpose of the
work the detailed examination of various
ways of ISs with databases design were done,
as well as appeared errors were examined.
Peculiarities of biological objects which should
be taken into account during database design
were analyzed as well. Also, the methods for
electronic collections with DB of biological

Table 1. Example of fragment of the Table “Insects”

Table 2. Example of fragment of the Table “Altitude”

Table 3. Example of fragment of the Table “Adaptation characteristics”
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organisms’ elaboration were analyzed; as
well as appropriate algorithms (Fig. 6) were
developed. In our studyings the algorithms for
environmental conservation were analyzed and
compared with some foreign analogs in order
to study positive and negative experiences. The
requirements for database with information
about the moths were formulated for the
development of electronic information system
which we called “Ecological Information
System” — “EcoIS”. The description of
the developed relational database with
information about insect with the analysis of
selected object area were suggested, taking
into account the characteristics of biological
objects and characteristics of IS analogues.

Recommendations for the construction of
DBs with information about living organisms
basing on our experience were done as well.
In present article we also wrote briefly
the information about our developed
electronic network system with database
about Noctuidae — “EcoIS”. We reviewed
the theoretical basis of “EcoIS” and did a
brief analysis of the process of this system
development. After the elaboration of
databases with information about Noctuidae
(Lepidoptera), the data from it could be
used for many purposes. One of the most
important, from the point of view of economy,
areas of further application of these data
is the development of a network system

Fig. 5. Logical model of DB about adaptation characteristics of insects in highlands

Fig. 6. Two stages of ecomonitoring data processing using DB construction:
Stage 1 — construction of CBO and electronic DB; Stage 2 — monitoring of populations and areas of the species using the DB based models
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for environmental monitoring of fauna at
industrial regions of Ukraine. “EcoIS” there
makes it possible to monitor harmful effects
of industrial pollution on the population using
Noctuidae (Lepidoptera) as good bioindicator.
Besides of this, there are many pests of forest
and crops among Noctuidae, and the practice
shows that the spreading of such pests has to
be monitored in order to prevent their mass
reproduction and subsequent destruction

of environment. In general, the use of the
developed technical IS with DBs “EcoIS” is
aimed on ecological monitoring of insect fauna
of Ukraine, first of all, on eco-monitoring of
bioindicator fauna (Noctuidae, Lepidoptera)
for the purpose of better nature conservation
and for the prevention of crops losses in
agriculture, well as for minimization of
risks for people health and lives in industrial
polluted areas.
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Метою роботи був аналіз створення різних
інформаційних систем з базами даних, а також
помилок, що при цьому виникають. З’ясовано особливості біологічних об’єктів, які слід
враховувати під час проектування баз даних.
Описано також способи створення електронних
колекцій біологічних організмів для вітчизняних потреб на основі баз даних з відповідними
алгоритмами для природозбереження. Ці дані
зіставлено з деякими зарубіжними аналогами з
метою оцінювання позитивного та негативного
досвіду. Сформульовано вимоги до баз даних
з інформацією щодо нічниць-совок Noctuidae
(Lepidoptera) та деяких павукоподібних
Araneidae для розробленої нами електронної
інформаційної системи «ЕкоІС». Подано опис
створюваної реляційної бази даних з інформацією про комах та аналізом обраної об’єктної
області, з урахуванням особливостей біологічних об’єктів і характеристик аналогів інформаційних систем. Зроблено висновки щодо нових
засобів розроблення баз даних біооб’єктів та
застосування їх на прикладі системи «ЕкоІС»,
а також наведено деякі рекомендації з конструювання баз даних з інформацією про живі
організми.

Целью работы был анализ создания различных информационных систем с базами данных,
а также возникающих при этом ошибок. Описаны особенности биологических объектов, которые следует учитывать при проектировании
баз данных. Изложены также способы создания
электронных коллекций биологических организмов для отечественных потребностей на основе
баз данных с соответствующими алгоритмами
для природосбережения. Эти данные сопоставлены с некоторыми зарубежными аналогами для
оценки положительного и отрицательного опыта.
Сформулированы требования к базам данных с
информацией о бабочках Noctuidae (Lepidoptera)
и некоторых паукоподобных (Araneidae) для разработанной нами электронной информационной
системы «ЭкоИС». Приведено описание создаваемой реляционной базы данных с информацией
о насекомых и анализом выбранной объектной
области, с учетом особенностей биологических
объектов и характеристик аналогов информационных систем. Сделаны выводы о новых средствах
разработки баз данных биообъектов и их применении на примере системы «ЭкоИС», а также даны
некоторые рекомендации по конструированию баз
данных с информацией о живых организмах.

Ключові слова: біоіндикатори, електронні
інформаційні системи, бази даних членистоногих, бази даних комах Noctuidae (Lepidoptera), Araneidae.

Ключевые слова: биоиндикаторы, электронные информационные системы, базы данных
членистоногих, базы данных насекомых
Noctuidae (Lepidoptera), Araneidae.
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