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Purpose. The purpose of the work was to demonstrate the applications of methods of database 
construction on  the example of  information about  rainbow  trout and viral  infections affecting  it.  In 
process of such databases construction for electronic  information systems  it  is necessary to find the 
ways of biological data preparation for each of solved tasks, than to make an adequate processing of 
these  input data. Further  step  is  the use of  the methods of object‐oriented  system analysis  for  the 
aforementioned database construction in optimal way.  

Methodology.  The methods  of  object‐oriented  system  analysis,  ER‐diagram  design,  and  the 
methods of computer databases construction were used in process of present work fulfillment.  

Findings.  At  the  initial  stage  of  the  work  some  fish  databases  known  in  the  world  were 
observed. The peculiarities of biological objects  (fishes)  that have  to be  taken  into account  for  this 
task  fulfillment were analyzed. Further  the approach of object‐oriented analysis  for constructing of 
computer  databases  in  optimal  manner  was  suggested.  The  first  logical  steps  of  algorithm  for 
construction of databases with  relative  information about  fish were described as well  the practical 
recommendations for the development of databases with information concerning domestic biological 
organisms  (on example of rainbow trout,  its viral  infection)  for electronic  information systems were 
done. 

Originality. No large‐scale implementation of contemporary information‐computer technologies 
in  Ukraine  was  done  yet.  The  obtained  results  would  be  contributed  to  further  intensive 
implementation of contemporary  information  technologies  for  the development of domestic  fishery 
industry.  

Practical value. Rainbow trout  is  important specie  for  fishery economy;  its studying as well as 
viral  infections  affecting  it  are  of  great  value  for  food  safety.  Information  computer  technologies 
application suggested in the work would make this branch of economy more effective in Ukraine and 
in the whole world.  

Keywords:  fish,  fishery  economy,  trout,  databases,  electronic  information  systems  object‐
oriented system analysis. 
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Мета.  Мета  роботи  —  продемонструвати  застосування  методів  створення  бази 
даних риб на прикладі інформації про райдужну форель та вірусні інфекції, що її уражують. У 
процесі  конструювання таких баз даних для  електронних  інформаційних  систем необхідно 
визначити  шляхи  підготовки  біологічних  показників  для  кожного  з  вирішуваних  завдань, 
надалі  здійснити  адекватну  обробку  цих  вхідних  даних.  Наступним  кроком  є  застосування 
методів  об'єктно‐орієнтованого  системного  аналізу  для  побудови  біологічної  бази  даних 
оптимальним чином.  

Методика.  У  процесі  виконання  робіт  використано  методи  об'єктно‐орієнтованого 
системного аналізу, проектування ER‐діаграм, методи конструювання комп'ютерних баз даних. 

Результати. На початковому етапі було виконано огляд низки відомих у світі баз даних 
риб.  Проаналізовано  особливості  біологічних  об'єктів  (риб),  які  необхідно  враховувати  при 
конструюванні  баз  даних.  Надалі  запропоновано  підхід  об'єктно‐орієнтованого  аналізу  для 
конструювання комп'ютерних баз даних оптимальним чином. Описано перші логічні етапи 
алгоритму  конструювання  баз  даних  з  відповідною  інформацією,  а  також  практичні 
рекомендації  з  розробки  баз  даних  з  інформацією  про  вітчизняні  біологічні  організми  (на 
прикладі райдужної форелі, її вірусних інфекцій) для електронних інформаційних систем. 

Наукова  новизна.  Масштабне  впровадження  сучасних  інформаційно‐комп'ютерних 
технологій на основі біологічних баз даних в Україні ще не здійснено. Отримані результати 
сприятимуть подальшому інтенсивному впровадженню сучасних  інформаційних технологій 
для розвитку вітчизняної рибної промисловості. 

Практична  значимість.  Райдужна  форель  є  цінним  об’єктом  для  рибного 
господарства;  дослідження  її  особливостей та  вірусних  інфекцій,  що  її  уражують,  мають 
суттєве  значення  для  продовольчої  безпеки.  Застосування  інформаційних  комп'ютерних 
технологій, запропонованих у роботі, зробить цю галузь економіки в Україні та світі більш 
ефективною. 

Ключові слова: риба, рибне господарство, форель, бази даних, електронно‐інформаційні 
системи, об'єктно‐орієнтований системний аналіз. 
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Цель. Цель работы — продемонстрировать применение методов создания базы данных 
рыб  на  примере  информации  о  радужной  форели  и  поражающих  ее  вирусных  инфекциях.  В 
процессе  конструирования  таких  баз  данных  для  электронных  информационных  систем 
необходимо определить пути подготовки биологических показателей для каждого решаемого 
задания,  в  дальнейшем  осуществить  адекватную  обработку  этих  входных  данных. 
Следующий  шаг  —  это  применение  объектно‐ориентированного  системного  анализа  для 
построения биологической базы данных оптимальным образом.  

Методика.  В  процессе  выполнения  работы  использованы  методы  объектно‐
ориентированного  системного  анализа,  проектирование  ER‐диаграмм,  методы 
конструирования компьютерных баз данных. 

Результаты. На начальном этапе был выполнен обзор ряда известных в мире баз данных 
рыб.  Проанализированы  особенности  биологических  объектов  (рыб),  которые  необходимо 
учитывать  при  конструировании  баз  данных.  Далее  предложен  подход  объектно‐



FISH  INFORMATION  DATABASES  CONSTRUCTION:  
DATA  PREPARATION  AND  OBJECT‐ORIENTED  SYSTEM  ANALYSIS 

 

34  
БІОРЕСУРСИ ТА ЕКОЛОГІЯ ВОДОЙМ 

 

ориентированного  анализа  для  конструирования  компьютерных  баз  данных  оптимальным 
образом.  Описаны  первые  логические  этапы  алгоритма  конструирования  баз  данных  с 
соответствующей  информацией,  а  также  практические  рекомендации  по  разработке  баз 
данных  с  информацией  об  отечественных  биологических  объектах  (на  примере  радужной 
форели, ее вирусных инфекций) для электронных информационных систем.  

Научная новизна. Масштабное внедрение современных информационно‐компьютерных 
технологий  на  основании  баз  данных  в  Украине  еще  не  осуществлено.  Полученные 
результаты  будут  способствовать  дальнейшему  интенсивному  внедрению  современных 
информационных технологий для развития отечественной рыбной промышленности.  

Практическое  значение.  Радужная  форель  является  ценным  объектом  для  рыбного 
хозяйства;  исследование  ее  особенностей  и  поражающих  ее  вирусных  инфекций  имеет 
существенное  значение  для  продовольственной  безопасности.  Использование 
информационных  компьютерных технологий,  предложенных  в  работе,  сделает  эту  сферу 
экономики в Украине и мире более эффективной.  

Ключевые  слова:  рыба,  рыбное  хозяйство,  форель,  базы  данных,  электронно‐
информационные системы, объектно‐ориентированный системный анализ. 

 

PROBLEM  STATEMENT  AND  ANALYSIS  OF  THE  LAST  
STUDIES  AND  PUBLICATIONS 

Biodiversity of species is a beautiful treasure that the Nature gave us. However 
during the last two decades, the development of information and computer technology 
(ICT) gives us a possibility not to understand only the beauty and grandeur of 
biodiversity, but also to display them in adequate numerical characteristics, to organize 
vast amounts of information about living organisms in databases that allow this 
information automatic processing. Respectively, the possibility of the new methods of 
science-intensive economy organization, its control, the account of biological organisms 
for the purpose of their protection, and etc. appeared with ICT development. In addition 
to the reports, tables, lists of species in the past, that biologists of previous generations 
prepared carefully that play an important role in conservation measures, pest control, 
increase of productivity and prevent starvation of the population, modern ICTs offer 
new methods and tools. One of the important sets of such ICT methods is the 
development of databases (DB) of living organisms with further their connection to 
electronic information systems (ICs). 

In our previous publications, we have already written about the development of such 
ICs with DB in Ukraine for fishes [1] and arthropods [2, 3, 24]. We set ourselves the goal 
to contribute to the development of living organisms databases in Ukraine (and, first of 
all, fish DB), linked with ISs that visualized DB in the Internet. The development of IS 
with DB of living organisms (including fishes) is becoming more popular and more 
widespread in the world today [4-23]. However, the electronic databases of organisms 
developed by the inhabitants of each country who knows local fauna and the most 
interested in such ISs have the greatest value [24]. Therefore, in our own work we based, 
first of all, on fish research of contemporary scientists of Ukraine [25-41, 52, 58]. In 
previous publications our experience of DBs construction for biology is disclosed [42-51] 
as well as the achievements of other professionals in DBs construction was also studied 
during this work [55-57]. In one of our previous articles the authors have already 
published the results of some theoretical generalizations of the first stages of fishes’ DB 
development [1].  Present work is its continuation with the practical recommendations for 
application of previously described methods of the DB development.  
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An overview of some foreign fish databases. Fishery industry is an important 
component of economies in many countries of the world. That is why successful 
experience on the development of fish databases exists already (industrial DBs and 
high-quality amateur DBs) [4-23]. A brief review of some fish databases we have 
already given [1]. In present work we would like to continue the works in this direction 
on example of rainbow trout, and to add more material about word fish databases. 

“FishTraits Database” is known in the world database [22]. It was written that 
“the need for integrated and widely accessible sources of species traits data to facilitate 
studies of ecology, conservation, and management has motivated development of traits 
databases for various taxa. In spite of the increasing number of traits-based analyses of 
freshwater fishes in the United States, no consolidated database of traits of this group 
exists publicly, and much useful information on these species is documented only in 
obscure sources. The largely inaccessible and unconsolidated traits information makes 
large-scale analysis involving many fishes and/or traits particularly challenging”. 
Characterizing this DB the authors gave the following information: “.FishTraits is a 
database of more than 100 traits for 809 (731 native and 78 exotic) fish species found in 
freshwaters of the conterminous United States, including 37 native families and 145 
native genera. The database contains information concerning four major categories of 
traits: (1) trophic ecology, (2) body size and reproductive ecology (life history), (3) 
habitat associations, and (4) salinity and temperature tolerances. Information on 
geographic distribution and conservation status is also included. Together, we refer to 
the traits, distribution, and conservation status information as attributes. Descriptions of 
attributes are available here. Many sources were consulted to compile attributes, 
including state and regional species accounts and other databases. 

FishTraits provides many opportunities for conducting research on fish species 
traits and constitutes the first step toward establishing a central repository for a 
continually expanding set of traits and species of North” [22]. 

“SalmonDB” is another important new multiorganism database  [23] containing 
the information about fishes’ genome sequences, for example, EST sequences 
from Salmo salar, Oncorhynchus mykiss and the whole genome sequence of Danio 
rerio, Gasterosteus aculeatus, Tetraodon nigroviridis, Oryzias latipes and Takifugu 
rubripes, built with core components from GMOD project, GOPArc system and the 
BioMart project. The information provided by this resource includes Gene Ontology 
terms, metabolic pathways, SNP prediction, CDS prediction, orthologs prediction, 
several precalculated BLAST searches and domains. SalmonDB also provides a 
BLAST server for matching user-provided sequences to any of the databases and an 
advanced query tool (BioMart) that allows easy browsing of EST databases with user-
defined criteria. These tools make SalmonDB database a valuable resource for 
researchers searching for transcripts and genomic information regarding S. salar and 
other salmonid species. The database is expected to grow in the near feature, 
particularly with the S. salar genome sequencing project [23]. 

DEFINING  OF  PARTS  OF  THE  PROBLEM  THAT  WERE   
NOT  SOLVED  BEFORE.  THE  PURPOSE  OF  THE  WORK 

In process of fish computer databases construction for electronic information 
systems it is necessary to find the ways of biological data preparation for each of solved 
tasks, than to make an adequate processing of these input data. Further it is necessary to 
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use the methods of object-oriented system analysis for the successful construction of 
biological database in optimal way and among them – the method of design of ER-
diagram as result of analysis of the future DB content organization. Below the authors 
will demonstrate all of these methods applications on the example of database with the 
data about rainbow trout, its’ viral infections, and virus carrier. 

MATERIALS  AND  METHODS 

The methods of analysis of objects, potentially suitable for ordering in database,  
object-oriented system analysis, ER-diagram design, and the methods of computer 
databases construction were used in process of the work fulfillment. 

RESULTS  OF  THE  STUDIES  AND  THEIR  DISCUSSION 

Features of biological objects that are important for databases construction. Lets 
consider some important features of biological objects that are necessary to take into 
account for databases construction [53]. From the very beginning of the practice of 
biological data processing it was noted that during the application of information 
technologies/computer technologies (IT/CT) in the field of biology it was necessary 
to remember the following features of the objects of nature, which complicate the 
computer processing of data and results. First of all, it was necessary to concentrate 
our attention on the problem of complexity of biological objects, which had several 
reasons. 

1. The first of the reasons - objective - is the complexity of biological organisms by 
itself. After all, there are millions of species on the Earth that are characterized by great 
variability of individual organisms, populations, and so on. The species have complex 
chemistry, physiology, developmental cycles and behavior, which are the result of 
millions of years of evolution. There are hundreds, if not thousands of ecosystems, in 
which many species are inked between themselves with a large number of complex 
relationships. 

2. The second reason of the complexity is a subjective one. Since ecosystems are 
located in different territories of different countries, they often interfere with the 
interests of different groups of people: scientific, economic, commercial, others; and 
this is reflected on the process their data registration for future DB. Observational data 
obtained in different ecosystems often differ in precision and accuracy; they are made in 
different meteorological or geographical conditions. Many of these observations (often 
valuable) were made by amateurs. It is clear that all such field data observations and 
experiments when creating electronic databases should be formalized, unified and 
standardized. 

If to speak about genetic material that characterizes certain types of ecosystems, 
then obtained data are really accurate, meet generally accepted standards and they are 
often the ideal material for development of electronic databases and ISs. The ambiguity 
arises when IT professional during his work must match these exact data, for example, 
with the name of the type. But the fullness of the names of the kinds of humanity still 
does not exist; the systematic of species is constantly revised, the evolutionary changes 
of organisms happen constantly, and many species on the Earth still have no names... 
This situation complicates greatly the use of IT/CT in biology. 

The application of IT/CT in biology is complicated also the fact that most of the 
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existing computer methods were developed for certain conditions, certain tasks, limited 
time periods. In reality, scientists deal with evolution, processes that are developing 
during hundreds and thousands of years, organisms that consist of billions of molecules. 
To solve such problems the standard methods do not exist yet, they need to be invented 
and developed. With simple transfer of the already developed techniques or precise 
discipline methods a large amount of valuable biologic information is lost. 

A particular problem is the digitization of biological data accumulated over the 
centuries; all modern biological knowledge is based on such digitalization. So, even in 
the United States on 2001, where the biological data digitalization was initiated, it was 
necessary to digitize information on more than 750 million biological species [53]. So, 
this task needs to be solved globally, despite the fact that it is extremely labour-
intensive. 

This is only a brief list of biological objects specific characteristics that are need to 
be taken into account during the biological databases development. Addtional list of 
such specific for biological objects characteristics is given in our articles [2, 3, 24]. 

Domain 


  Eukaryota 

Kingdom 


  Metazoa 

Type  


 Chordata 

Subtype 


 Craniata 

Class  


 Actinopterygii 

Sub‐class 


 Neopterygii 

Infraclass 


 Teleostei 

Series 


 Salmoniformes 

Family 


 Salmonidae 

Sub‐family 


 Salmoninae 

Genus 


 Oncorhychus 

Specie   rainbow trout (Oncorhynchus mykiss Walbaum, 1792) 

Fig.  1. Hierarchic classification of Oncorhynchus mykiss (Walbaum, 1792) 

Object-oriented programming and hierarchical model of biological objects. 
Hierarchy of objects is one of cornerstones of object-oriented programming. From the 
other side, hierarchical model is an extremely important model of objects organization 
and classification in living Nature [24, 54]. Similarity of these two ideas is a great 
philosophic problem, but now we are interested in possibility how to use it and other 
object-oriented programming approaches for the construction of databases with 
information about biological objects (Fig. 1).; and such databases have to be as more 
adequate as possible to biological objects hierarchy in the Nature. On Fig. 1 we have 
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represented hierarchical scheme of rainbow trout - Oncorhynchus mykiss 
(Walbaum, 1792) that belongs to the animals from Eukaryota Domain (according to 
Linne classic hierarchical scheme [54]). 

Approach of Object Oriented Analysis (OOA) for analyzing and constructing of 
models. OOA methods enable to construct the DB with optimal characteristics. This is 
really important because 1) numerical recordings of DB need great volumes of 
computer memory and if not to optimize DB structure from the very beginning it cause 
great memory losses with time; 2) some sectors of DB may be accessible ONLY being 
linked through the “keys” after OOA and ER-diagram development. In general, OOA is 
a method, which provides simulation of object model (OM) and formation of 
requirements for subject space (SbS) by means of a notion “entity-relationship ER”, 
specification of data streams and related processes [55-57]. 

Analysis of SbS is carried out using object-oriented methods and corresponding 
standards. The ultimate objective of the object-oriented analysis of SbS is the definition 
of the object model (OM) with the help of selected objects, the relations between them 
and their properties and characteristics. For analytical design of objects, their attributes 
and relations between them the scheme called ER-diagram was developed. On Fig. 2 we 
have depicted ER-diagram for the abstract objects “Fish” , “Virus”, and “Carrier” of 
this virus. 

It means that in our investigation we united in linked databases the information 
about fishes (for example, about the rainbow trout Oncorhynchus mykiss), viruses that 
are the reasons of O.mykiss diseases, and organisms-carriers of these viruses. For 
example, for O.mykiss it is known that they have such virus diseases: viral hemorrhagic 
septicemia, trout infectious anemia, infectious necrosis of salivary hematopoietic tissue, 
herpesvirus disease of salmons, and etc., which are characterized by the high mortality 
of fishes that causes significant economic losses to world aquaculture. 

At the next step we have to describe at one scheme these 3 objects (trout – virus - 
virus carrier) with all their important characteristics and relations between objects. Such 
scheme one could see on Fig. 2, that is “ER-diagram” for the fish “Rainbow trout”. It is 
necessary to mention that these three objects for our database we picked up on the base 
of experimental results. In these experiments two groups of fishes were in the pool: 
salmons and trout [58].  Both species became sick after they had been infected by 
alfavirus; and  Talitrus saltator was the carrier for this alfavirus [58]. 

ER-diagram description. Objects here are the nouns, the main entities, information 
about them have to be included into the DB (rectangles): fish, virus, and virus carrier. 
Attributes there are object characteristics, necessary for object description (ovals): Latin 
name, native name, location of living, and etc. Relations (rhombus) here mean links that 
unite the objects if they are logically linked (for example, “trout” is infected by 
“virus”). Important characteristics of the relations between objects are the “Power of 
relation” (Fig. 3).  If one fish species is infected by one virus strain the “power of 
relation” is 1:1. Similarly, if 1 specie of carrier carries 1 virus strain the “power of 
relation” is 1:1. But if “M species of fishes were infected by N strains of viruses" 
“power of relation” is M:N and so on. More about the art of DB construction one can 
read in [1, 2, 3, 24]. 
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Fig. 3. Power of relations between the 3 objects during the database 
elaboration. 

Above: "M : N" ‐ "many‐to‐many". In this example, this means: 
"M species of fishes were infected by N strains of viruses" [1] 
Below: "1 : 1" ‐ "one‐to‐one". In this example, this means: 
"1 specie of carrier  carries 1 strain of virus" 

CONCLUSIONS  AND  PROSPECTS  OF  FURTHER  DEVELOPMENT 

At the beginning of this article we observed some fish databases known in the 
world. Than the peculiarities of biological objects that have to be taken into account 
during DB construction were analyzed.  Further the approaches of object-oriented 
analysis for DB construction in optimal manner were suggested. The first logical steps 
of algorithm of DB with information about fish (trout) development have been 
described as well.  At this step of DB construction some practical recommendations for 
the development of databases with information about domestic biological organisms for 
electronic information systems may be done: maximal accuracy in data mining, 
standardization of input data about fishes, using of approach of object-oriented system 
analysis with further ER-diagram designing, and so on. 

It is necessary to emphasize the originality of results in the present article. No 
large-scale implementation of contemporary information-computer technologies in 
Ukraine was done yet and our findings described in the article will contribute to further 
intensive development of fishery industry here. 

We would like to hope that practical implementation of our work results will have 
good prospects in Ukraine. Rainbow trout is important specie for fishery economy; it 
and its viral infections affecting it are of great value for food safety. Information 
computer technologies applying suggested in the present article, will make this sphere 
of economy more effective in Ukraine and in the whole world. 
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