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Purpose. Purpose of the work is to create fish databases using rainbow trout data and basing on
new methods of theoretical analysis of fish data and their ordering in hierarchical structures with
elements represented as relation tables linked through a system with primary keys with specific
codes.

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.

Findings. Some well-known fish databases (seafood, aquaculture samples) were reviewed and
some of their peculiarities are analyzed from the point of view of professional construction of
relational databases within modern electronic information systems. The ways of the construction of
such databases for domestic use in connection with the Internet were proposed. A number of
algorithm stages for fish database design was described on the example of the information on
rainbow trout and locations of its occurrence (catches) in Ukraine; ER-diagram, logical diagram of
such database with its elements that can be presented in tables are suggested as well. Such tables
should be unmistakably interconnected through the key system, and this procedure is described in
detail in the article, as well as the creation of specific key codes, their formation and use to form links
between the tables. The implementation of described works can be considered as one of the first
stages in the development of interactive map with information of the fish species distribution (and
locations of their catches) in Ukraine.

Originality. Such important modern project as an interactive map with the information on the
distribution of fish species (and locations of their catches) based on modern information and
computer technologies using biological databases has not been implemented yet in Ukraine. The work
described in this article is the first step in creating of such a map that will facilitate further intensive
introduction of modern information technologies and the development of domestic fishery industry.

Practical value. Rainbow trout is an important object for fishery industry of the country; and
development of interactive electronic map with the information on the spread of the rainbow trout
and other fish species (and places of their catches) in Ukraine is an important step for the
transformation of fishery industry in our country to the contemporary level of the world technologies
and for the provision of food safety. Using of contemporary computer technologies suggested in the
this article, would make this branch more effective in Ukraine and in the whole world.

Keywords: fish, fishery economy, trout, databases, electronic information systems object-
oriented system analysis, key, primary key.
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CTBOPEHHA BA3 OAHUX PUB ONA ENEKTPOHHOI IHTEPAKTUBHOI
KAPTU: TABULI TA K/OMI

0. M. KnouKo, kelenaXX@ukr.net, IHCTUTYT eKcnepuMmeHTanbHOT NAaToNOrii, OHKOAOTIT i
pagiobionorii im. M.B. KaBeubkoro HAH YkpaiHu, m. Knis

. N. ByyaubKuia, iridol@bigmir.net, IHCTUTYT pubHOro rocnoaapctea HAAH YKpaiHu,
m. Knis

0. M. Pyap, rudziknew@ukr.net, IHcTUTYT pubHoro rocnogapctea HAAH Ykpainu, Kuis
O. B. Menexuk, o_melezhyk@ukr.net, Biakputuit mixkHapoaHui yHiBepcuteT
PO3BUTKY NtoAMHN «YKpaiHa», m. Kuis

Mema. BukoHamu po3pobKy 6a3 daHux pub, sukopucmosytoyu 0aHi npo palioyucHy gopeno ma
b6a3yrouuce HA HOBIMHIX MemoOax meopemu4yHo20 QaHAAI3y OaHUX npo pub, a makoxc ix
YropAOKYBAHHI y iEpapXiyHi cmpykmypu, enemeHmu AKUX MOXyms 6ymu npedcmasneHi y suanadi
penauiliHux mabauyb, AKi N08’A3aHI 4Yepe3 cucmemy 3 MEPBUHHUMU KAOYAMU 3i crneyugiyHum
KOOYB8AHHAM.

Memoduka. Y npoueci 8UKOHOHHA pobim suKopucmaHo memoodu 06'eKMHO-opiEHMOBAHO20
cucmemMHo20 aHanisy, npoekmysaHHA ER-Giaepam, memoou KOHCMPYHB8aHHA Kommn'tomepHux 6a3
OaHuUX.

Pesynomamu. Po32nsaHymo Oeski 8ioomi y ceimi 6a3u 0aHux pub (3paskie mopenpodykmis,
06°ekmis aKeakysnbmypu) ma NpoaHani308aHi okpemi ix ocobausocmi 3 mouku 30py npogeciliHo2o
KOHCMPYOBAHHSA peAnsuiliHux 6a3 0aHUX y CKAadi Cy4YacHUX eneKmpPOHHUX iHGpopmayiliHux cucmem.
3anponoHo8aHI WAAXU KOHCMPYHBAHHA Makxux 6a3 OaHuUx 074 8iMYU3HAHO20 30CMOCYBAHHA Y
38’A3Kax i3 8cecsimHbot0 Mepexceto IHmepHem. OnucaHo pAd emarnie an20pUMMY KOHCMPYHOBAHHA
6a3 0aHux npo pub Ha npuknadi iHghopmauii npo palidyxcHy hopene ma micys ii icHy8aHHsA (8usosy)
8 YKpaiHi, HasedeHo ER-Giaepamy ma noziuHy cxemy makxoi 6a3u OaHux, enemeHmu SKoi MOXymeo
b6ymu npedcmasneHi y suenadi mabauye. Taki mabauyi marome 6ymu 6e3rnomusiKoso rnos’a3aHi mixc
coboro Yepes cucmemy Katouie i ya npouyedypa 0emasnbHO po32aaHyma y cmammi, AK i CmeopeHHs
cneyugiyHUX KoOie-Kao4vie, ix (opmMyBaHHA | 3ACMOCY8aHHA 074 YMEBOPEHHA 38°A3Kie MiX
mabauyamu. BUKOHaHHA onucaHux pobim moxce po3znadamucs, AK 00UH 3 Mepwux emarnis npu
po3pobyi iHmepakmueHoi Mmanu 3 iHhopmayiero Npo nowupeHHs sudie pubu (ma nokayil ii susnosy)
8 YKpaiHi.

Haykoea Hoeu3Ha. B YkpaiHi we He peanizoeaHo makuli cyvacHuli eaxcausuli npoekm, [K
iHmepakmusHa mana 3 iHpopmMauieto Npo nowupeHHs sudie pubu (ma nokauil i susosy) 8 KpaiHi Ha
OCHO8I cyyacHux iHghopmauiliHo-komn’rtomepHUX mexHonoeili i3 3acmocysaHHAM 6ioso2iyHuUx 6a3
daHux. BukoHysaHa po3pobka, onucaHa y OaHili cmammi, € nepwum emanom CmMeOopPeHHA MAKoi
manu, wo crpuamume nooanbWomy iHMEHCUBHOMY BMPOBAOIKEHHIO CYYACHUX iH@POpMayiliHux
mexHon0¢2ili ma po38umky 8im4yu3HaHoi pubHoi npomucnosocmi.

MpakmuyHa 3Ha4umicme. PalidyxcHa popesns € yiHHUM 06’ekmom 014 pubHozo 2ocriodapcmea
KpaiHu; po3pobKa iHmepakmusHoi eneKmpoHHOI Mmanu 3 iHOPMauiero Npo MowupeHHs 8Ka3aHO20
ma iHwux sudie pubu (i nokauili it sunosy) 8 YkpaiHi € 8axcausum KpoKom 015 nepegedeHHA pubHo20
eocnodapcmea HAwoi KpaiHU HaA cydyacHuli pigeHb c8imosux mexHoso0eili ma 05 3abe3nevyeHHA
npo008osbYoi besnexku. 3acmocys8aHHA iIHPopMayiliHUX KOMMN OMePHUX mexHon02il, po3aaaHymux y
daHili pobomi, 3pobume pubHy 2any3b 8 YkpaiHi ma cgimi binow eghekmugHo1o.

Knrouoei cnoea: puba, pubHe 2ocnodapcmeo, gpopens, 6a3u OaHUX, e1eKMPOHHO-IHPopmayiliHi
cucmemu, 06’ekmHo-opieHmosaHuli cucmemHull AHANI3, KAKOYi, Nep8UHHUU Krou.
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CO3OAHMUE BA3 [AHHbIX Pbl6 ON1A SNEKTPOHHOW UHTEPAKTUBHOM
KAPTbl: TABJ/IULbI N KNO4YU

E. M. Kntouko, kelenaXX@ukr.net, UHCTUTYT 3KCNepMmMeHTabHOM NAaToN0ruUu,
OHKonNoruun n pagnobuonormum nm. M.B. Kaseukoro HAH YKpauHsl, r. Knes

N. N. byvaukuii, iridol@bigmir.net, UHCTUTYT pblbHOrO X03sicTBa HAAH YKpauHbl,
r. Kues

0. M. Pyap, rudziknew@ukr.net, UHCTUTYT pbibHOro xo3siictea HAAH YKpauHbl,

r. Knes

O. B. Menexuk, o_melezhyk@ukr.net, OTKpbITbIN MeXXAYyHapPOAHbIN YHUBEPCUTET
pa3BUTUA YenoBeKa «YKpauHay, r. Kues

Lens. BoinonHume paspabomky 6a3 0aHHbIx pblb, ucrnonsbdys 0aHHele 0 padyxHol ¢openu u
b6asupyace Ha Hoseliwux memodax meopemu4ecKo20 aHaau3a OaHHbIX O pblbax, a mMakxe ux
yrnopadoYeHuU 8 uepapxudyeckue cmpyKkmypel, 3AeMeHmbl KOmopbix mo2ym 6bime npedcmassneHs! 8
sude penayUOHHbIX Mabauy, Komopbie C8A3aHbI MOCPEICMBOM CUCMEMbI C NePB8UYHLIMU KAOYaMU
€O crieyugu4ecKuUM KOOUPOBAHUEM.

Memoduka. B npouecce ebinosHeHUA pabomesl UCMOAb308AHbI Memodbl 06bEeKMHO-
OpUEHMUPOBAHHO20  CUCMEMHO20  aHAAU3d, NpoekmuposaHue  ER-Ouazpamm,  mMemoosl
KOHCMPYUpOoBaHUS KOMMblomepHbix 603 OaHHbIX.

Pe3yabmamel. PaccmompeHsl HeKomopble uzgecmHsbie 8 Mupe 6a3bl OaHHbIX pblb (06pasyos
mMopenpodyKkmos, 06beKmos aKeakysabmypu) U npoaHaau3upo8aHsl HeKomopeble Ux ocobeHHocmu ¢
MOYKU 3peHUs MpogheccuoHAIbHO20 KOHCMPYUPOBAHUA PenayuoHHbIX 6a3 OaHHbIX 8 cocmase
COBPEMEHHbIX 3/1EKMPOHHBLIX UHMOPMAYUOHHbIX cucmem. [1pedraorceHsbl mymu KOHCMPYyUpoB8aHus
makux 6a3 0aHHbIX 0719 omeYecmeeHHO20 UCMO01b308AHUA 8 CBA3AX C 8CEMUPHOU cembto MIHmepHem.
OnucaHbl HEKomopsle 3marnbsl AaA20pUMMA KOHCMpPYyuposaHus 6a3 OaHHbIX 0 pelbax HA npumepe
UHGopmayuu o padyxcHoli openu u mecm ee obumaHus (evinosa) 8 YkpauHe, npusedeHol ER-
duazpamma U s02u4eckas cxema makoli 6a3bl OGHHbIX, 31emeHmbl Komopol mo2ym 6bime
npedcmaeneHsl 8 sude mabauy. Takue mabauybl 00a#HbI 6bimb 6€30WUBOYHO C8A3AHbI MEMOY
coboli nocpedcmeom cucmemsi Karoded, u 3ma npouedypa 0emarsnbHO PACCMOMPEHA 8 CMAMbe, MaK
e, KaK U co30aHue crneyuguyeckux KoOo8-Kkawvel, ux opmMuposaHUe U UCroab308aHUE O/
obpasosaHua ceaszeli memwdy mabauyamu. BoeinosnHeHue  ONUCAHHLIX pabom  Moxem
paccmampueameca Kak 0OUH U3 Mepebix amanos npu paspabomke UHMepParKmusHoli Kapmel ¢
UHpopmayueli 0 pacnpocmpaHeHuUU 8udo8 pbibbi (U Mecm ee 8bi7108a) 8 YKpauHe.

Hay4yHaa Hoeu3Ha. B YkpauHe ewe He peaau3oeaH makoli eaxcHelli cospemeHHbIl npoekm, KaK
UHMepPaKMuUBHasa Kapma ¢ uHgopmayueli o pacrnpocmpaHeHuu eudos peibbl (U mecm ee 8bia08a) 8
cmpaHe HA@  OCHOBE  COBPEMEHHbLIX  UH(OPMAUUOHHO-KOMAbIOMEPHbIX — mexHonoauli ¢
ucrone3osaHuem buosnozuveckux 6a3 O0aHHbIX. McnonHaemas pa3pabomka, onucaHHAs 8 OaHHOU
cmamee, A6A7emMcA nepsbiM 3manom co30aHuUs makol Kapmel, Ymo 6ydem cnocobcmeosame
daneHeliwemy UHMEHCUBHOMY BHEOPEHUK COBPeMEeHHbIX UHEPOPMAUUOHHbLIX MmexHosno2uli 048
passumus omevyecmeeHHoU pbl6HOU NPoMbluwaeHHOCMU.

Mpakmuyeckoe 3HaveHue. PadyxHasa gopenv A6a9emcsa UeHHbIM 06beKmom 048 pblbHO20
xo3alicmea cmpaHsbl; paspabomka UHMepPaKkmueHol 31eKmpoHHol Kapmsl ¢ uHgopmayueli o
pacnpocmpaHeHuu padyxHol ¢openu u Opyaux 8udos pbibbl (U Mecm ee ebla108a) 8 YkpauHe
A8/19emcA 8AMHCHbIM Wa20M 04 rnepesoda pblbHO20 x03slicmea Haweli cMpPaHbl HA CO8peMeHHbIl
yposeHb Muposbix mexHonozuli u 0na obecnevyeHus npodososbcmeeHHol 6e3onacHocmu.
Ucnonb3oeaHue UHGOPMAYUOHHbIX KOMMIbIOMEPHbIX MexHosA02ul, PAccMompeHHbIx 8 OaHHOU
pabome, cOesiaem pbibHY0 oMpacss 8 YKpauHe u mupe bosee aghgpekmugHol.

Kntoyesble cnoea: poiba, poibHoe xo3alicmeo, ¢opens, 6a3zbl OAHHLIX, 3/1€KMPOHHO-
UHOPMAYUOHHbIE  cucmembl, O0b6bEKMHO-OPUEHMUPOBAHHbIU — CUCMEMHbLIU  aHAAU3, K/,
neps8uYHsIl KoY.
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PROBLEM STATEMENT AND ANALYSIS OF THE LAST
STUDIES AND PUBLICATIONS

During the last decades the people become to understand that the increasing
number of population of the Earth needs more and more food products, including fish
products [1]. The aquaculture is the most rapidly growing product sector of the World
— today it supply approximately one half of all consumed fish, or 17 kg per one
person [1]. The novel methods of biotechnology provide the great impulse to the
development of aquaculture, as well as contemporary information computer
technologies (ICT) [2, 3, 24]. At the same time, the last world experience in studying
and controlling of the situation with biodiversity proves the necessity of intensive use
of ICT in biological industries. Thus, at the beginning of the rapid expansion of
network Internet technologies in biology, on June 2000, the First International
Conference in programming was held, which was devoted to the problems of creation
of information systems (IS) and databases (databases) in biology [24]. The conference
was titled "Very Large DataBase 2000 Conference" (VLDB) and featured a wide
range of top-level specialists: biologists, ICT engineers, administrative staff from
leading countries around the world, and others. A number of topical issues of the
development of IS from the database in biology were observed, a number of
generalizations were done. The decisions were made that determined development of
works in this field; they are relevant today still. Of the final important provisions
adopted at this conference, let us list only two: i) computer science / information
technology (CN / IT) professionals play a fundamental role in the creation of
technological infrastructure, which should also include sciences about environment
and its changes; ii) the next generation of CN / IT software must take into account
complex, hierarchically organized processes in ecosystems and the environment to
address environmental issues.

So, with ICT development appears the possibility of development of new tools,
new methods of science-intensive fishery economy organization, its control, the account
of biological organisms, and etc. In these frameworks the development of databases
(DB) of fishes, other aquaculture organisms with further DB links to electronic
information systems (ICs) become really necessary. In previous publications the authors
have already written about the necessity of such ICs with DB creation in Ukraine [1,
24] for fishes [2, 3], other living organisms [4, 5, 24]. Few foreign IS with DB were
observed in present publication [6-8] that may be taken as prototypes for DB creating
by the authors. Materials about the development of IS with DB of living organisms
(including fishes) were described before by different authors [2-24], and we suppose
that biological DBs and ISs created by citizens of each country who knows local fauna
and the most interested in such ISs have the greatest value [3, 24]. That is why for our
work we used, first of all, the data of fish research of contemporary scientists in Ukraine
[1-3, 25-41, 52]. Our previous publications demonstrate our experience in biological
DBs construction [2-5, 42-51] as well as the achievements of other professionals in DBs
development [55-60].

Foreign fish databases construction experience. Below we would like to suggest
information about some fish databases created in different countries of the World that
may be seen as prototypes to our developed DB.

1) A Map and Database of Westslope Cutthroat Trout Hybridization Throughout
Idaho and Montana Streams (USA). The authors of this publication [6] had written that
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among the many threats posed by invasions of nonnative species is introgressive
hybridization, which can lead to the genomic extinction of native taxa. This
phenomenon is regarded as common and perhaps inevitable among native cutthroat
trout and introduced rainbow trout in western North America, despite that these taxa
have naturally co-occurred for thousands of years in some locations. The scientists have
conducted a synthetic analysis of 13,315 genotyped fish from 558 sites in Idaho and
Montana by building logistic regression models using data from geospatial stream
databases and from 12 published studies of hybridization to assess whether
environmental covariates could explain levels of introgression between westslope
cutthroat trout and rainbow trout. A consensus model performed well (AUC, 0.78-0.86;
classification success, 72—82%; 10-fold cross validation, 70-82%) and predicted that
rainbow trout introgression was positively associated with warmer water temperatures,
larger streams, proximity to warmer habitats, to recent sources of rainbow trout
propagates, and presence within the historical range of rainbow trout. The databases for
the 558 sites, as well as user-friendly digital maps and ArcGIS shapefiles showing
hybridization probabilities for three thresholds (1%, 10%, and 20%) associated with six
climate change and rainbow trout invasion scenarios are available at the project website
to assist managers in conservation planning [6].

2) The CRCT GIS-based database (USA). In other publication [7] was written that
Colorado River Cutthroat Trout (CRCT) conservation team identified a need to further
develop a long-term approach to updating and maintaining the CRCT GIS-based
database that was created using the Inland Cutthroat Trout Protocol (ICP). The
University of Wyoming Geographic Information Science Center was contracted to
develop a multi-state, web-based database and a web-based application for viewing and
editing the data to aid in conservation activities. Previously, Colorado, Utah and
Wyoming all used separate, desktop databases that could not be shared with partnering
agencies nor updated for all users simultaneously. The database and application is for
CRCT as well as other cutthroat species (Greenback cutthroat trout and Rio Grande
cutthroat trout).

The developed web application is composed of a data viewer and a password
protected editor. Base layers include: topographic raster, aerial images and NHD
streams and water bodies. Cutthroat spatial data includes: historic distribution, barriers,
current distribution, and conservation populations. The viewer includes a query tool to
view database attributes associated with barriers, current distribution and conservation
population. The editor has stream reach editing tools that allow addition, deletion and
adjusting of stream reaches and barriers and an online form to add, delete and modify
attributes. Any edits conducted through the web tool will not be permanent until
reviewed and validated by the database manager and Geographical Management Unit
leaders on an annual basis [7].

3) The database “Fischdatenbank” (Austria, Germany). This fish database [8] has
been created since the beginning of the “EU Water Framework Directive” on 2000. The
information about the fish contained there was collected since 1980s. All fish data
collected in this database under the monitoring rules required by EU-WRRI have to be
managed, estimated and evaluated. The original database ATFI-BASE was adapted to
the changed requirements and developed further to the Fischdatenbank Austria (FDA).
The term FDA now contains several specialized scientific databases and comprehensive
software framework. Results from this database were subsequently available in the
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Water Information System Austria (WISA), and they were incorporated in the National
Water Management Plan (NGP). All data collected within the framework of the
program “Fish on running waters” (GZUV (Gewisserzustandsiiberwachungs-
verordnung) for water status monitoring regulation, implementation of the Water
Framework Directive) in Austria are stored and evaluated in the FDA also. The total
number of the data (GZUV data and projects) includes 6755 surveys at more than 5000
water objects throughout Germany until October 2017 [8].

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

This publication is a continuation of previous ones about fish databases (DBs)
construction [2, 3] with demonstration of the next steps of construction algorithm. In
our previous works there were some first parts of this problem; there are the next ones
that were not solved before/ So, there were not revealed some details about the tables
formation from the objects on ER-diagrams, as well as some important details of keys
formation and usage. So, there we would like to demonstrate some engineering and
programming tools that provide through the keys one of the main principles of DBs
construction: the principle of data integrity, that provides the reliability and prevents
data losses during DB functioning. This principle is important indeed because it
prevents losses of great volumes of information from different “sub-elements” of DB,
or different DBs sectors. Sure, the method that will be demonstrated below is usable for
the construction of DBs of living organisms (fishes) in Ukraine, and these DBs are
network based and can be linked with ISs that visualized DB in the Internet. As our
“distant goal” we would like to see further development of interactive electronic map
with the information about the spreading of rainbow trout and/or other fish species
(together with linked necessary information about the each fish specie) in Ukraine. Such
electronic map has to be based on DBs, construction of which we would like to present
in this article. Such works fulfillment we see as important step for the transformation of
fishery industry in our country to the contemporary level of world technologies and for
providing of food safety.

Purpose of this work was to create fish database using the data about rainbow trout,
basing on the new methods of theoretical analysis of the data about fishes and their
ordering in hierarchical structures with elements represented as relation tables linked
through the system of codes-keys with primary keys with specific codes. Detailed
information about such keys role, their formation and functioning will be given below.

MATERIALS AND METHODS

The methods of object-oriented system analysis for databases application, ER-
diagram design, the methods of computer databases construction including the methods
of keys formation and functioning were used in process of the work fulfillment.

RESULTS OF THE STUDIES AND THEIR DISCUSSION

Designing a relational database with fish information is based on the algorithm we
described earlier for different species of living organisms [2-4, 24]. Let us describe
briefly the first stages of this algorithm (since each task is impossible to do without it
realization), and then lets move on to the extended presentation of the essence of this
problem solution within this article. First, for the species of rainbow trout (Fig. 1), we
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create the object model shown at Fig. 2. Logical model of DB for this task is
demonstrated at Fig. 3.

Oncorlyne huis mykiss
Walbaum, 1792

(Specie)

Metzoa | _, | Actinoptenygii |
(Kingdom) (Class)

Teleostei | _,
(Infraclass)

Salmoniformes | _,
(Sertes)

Saimonidae | _,
(Family)

Oncorhyehus | _,
(Gens)

Fig. 1. Hierarchic classification of Oncorhynchus mykiss (Walbaum, 1792) [3].

Fishes' species

Oncorhynchus
mykiss
Dopeth paiityikHa
Code of gene
sequence

Area of

Ukraine

Geographica
latitude

Geographi
longitude

Average
salinity of
water

Data of fishing

— an object (a noun),
— arelation between objects (a verb),

— an attribute.

2.b

Fig. 2. Fragment of ER-diagram «Fishes and Basins of Their Inhabitance» on
example of Rainbow Trout (Oncorhynchus mykiss Walbaum, 1792): 2.a. Fragment
of ER-diagram (explanations see in text), 2.b. Symbolic denotation of objects,
relations and attributes at the scheme [2, 3].

Fishes’ species

Oncorhynchus mykiss
Salmo trutta
Cyprinus carpio
Salmo gairdneri

Basin

River Shipit
River Sula

Fisheries of Kolochava
Trout farm «Stara Vaga»

Fig. 3. Logical model of DB with information about the fishes and locations of
their inhabitance (catching).

ISSN-L 2075-1508 PUBOT OCITOJJAPCHKA HAYKA YKPATHH * Ne 4/2019




CREATION OF FISH DATABASES FOR ELECTRONIC INTERACTIVE MAP: TABLES AND KEYS

The database we are currently developing is planning to be laid in base of creation
of an interactive map of rainbow trout spread across Ukraine (and later for other fishes
species). At the beginning two main objects logically have to be chosen: “Fishes'
species” and “Basin” (explanations to this stage of algorithm see in [2, 3]). Some
attributes to the object “Fishes' species” we left the same as we select them earlier in
[3], but some important attributes we added later. For the second object “Basin”, it
would be logical to choose the following attributes (for natural reservoirs): "Name" (if
any), "Dimentions", "Geographical latitude", "Geographical longitude", "Average
salinity of water", and etc. (see below). Therefore, the objects in the proposed logical
model are characterized by the attributes:

Object "Fish"

Attributes:

Primary key

The name of the fish (in Latin, Ukrainian and Russian).
Class

Subclass

Series

Family

Genus

Species

Area of inhabitance.

Biotopes of inhabitance.

Objects of nutrition.

Data of fishing.

Code of gene sequence (if it is known)
References to literary sources.
Comments.

Other.

Object "Basin"

Attributes:

Primary key

The name of the Basin (in English and in languages of local population).
Dimentions

Geographical latitude

Geographical longitude

Average salinity of water

References to literary sources.

Comments.
Other.
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Example of Fragment of the Table “Fishes’ species”
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Fig. 4. Objects and relative tables

In process of further DB development the Object 1 “Fishes’ species” and Object 2
“Basin” are transformed in tables 1, 2. Attributes of these objects become the columns
of these tables.

Using this database in working mode, a biological scientist can find out easily what
species of fishes live in a particular basin. Using such databases, such specialist can
easily perform all those operations with the data that were impossible for him
previously: sorting, searching for a particular record, data filtering, data outputting in
the desired format, and etc. These opportunities are very important in day-to-day
professional work because the person who works in the field almost every day or adds
to the previous material new information (data input into the table), or lists the species
alphabetically (sorting of the data), or lists all species from one genus (filtration
procedure), or perform other operations like these. ones.

ER-diagram analysis and brief description. ER-diagram is an abstraction that has
to represent in whole all objects from the database with all their relations and with all
characteristics of the objects that are called “attributes”. Those characteristics are
important from the point of view of DB construction. For such DB are too important the
data (attributes) as gene sequences, specie, family, genus and other similar. For the
representation of these 3 main notions of ER-diagram the special symbols are used that
we described in details before [2, 3]. Such diagram helps to analyze better all entities
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that we would like to include into the database and to represent them in their entirety.
Without such analysis the construction of DB of a high quality is not possible.

Development of the database with information about fishes’ on the base of "ER-
diagram”. The scheme "ER-diagram" we need for further development of the database
with information about fishes on its basis. Let’s study the representation of such
database in the form of tables 1, 2. It is easy to see that [3]:

1. Objects of "ER-diagram" were transformed into separate tables;

2. Attributes were transformed into the fields of these tables (in our case - in the
columns);

3. The relations between the objects were transformed into the relations between
separate tables.

At the same time, the power of relations reflects the number of tables that need to
be linked with the object; and the developer decides what number have to be. If the
power of relation is 1, then the link is formed with one table, if "M" — with "M"
numbers of tables [2, 3].

Objects in our model can be characterized by the number of attributes (see above,
also the Tables 1, 2).

“Keys” are the tools for the ensuring of the data integrity. In order not to lose the
information that is ordered into the biological DB, the technique of "keys" is used [2].

"Keys" are necessary “tools” for the relations establishing between the objects
[2]; they guarantee that the information from the database is accessible and it
always may be obtained from there. Indeed, there is no sense to write thousands of
data records into a structure if these data can not be used, if they are not accessible!
Consequently, the "keys" are the elements of each table; they are related to each
other through programmed links. By obtaining the information from one table, it is
possible to obtain the information from another table associated with it through a
link that unites their keys. Usually, as a "key" serves a certain code (numbers or
other symbols), and the links between such codes from individual tables in many
modern software environments, even a young developer can make by themselves

[2].

As one could see from Fig. 5 the “keys” serve to make connections between fields
of the tables that logically have to be linked. For example, the user would like to find
from the database where he can find the fish specie Oncorhynchus mykiss. Programmer
knows that it lives in trout farm «Stara Vaga». So, in program the key “181*” from the
table “Fishes’ species” have to be linked with the key “335”” from the table “Basin”. In
other case, the user would like to find where he can catch the fish Cyprinus carpio L. In
the same way, in program the key “344*” from the table “Fishes’ species” have to be
linked with the key “864” (river Sula) from the table “Basin”. Keys on Fig. 5 may be
coded also in other symbols, their number may differs also. Such key usage permits to
realize the effect of “data integrity” in the database. In table field “Photo” we gave
hyperlinks to the real photos of mentioned fish species in Internet, for Oncorhynchus
mykiss the length of this hyperlink have been cut because of limited table dimensions.
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Table “Fishes’ species”
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Continuation of the Table “Fishes’ species”
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5,a
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Table “Basin”

Region
of Ukraine

Primary key
The name of
the Basin
Dimentions
Geographical
latitude
Geographical
longitude
Average
salinity
of water
pH of Water
Comments
Others

Sources of r.Shipit — several
mountain streams that
originate at the Northeastern
regions of mountain massif
Polonina Rivna and Southern
slopes of Hostry Mountain.
River flows mainly to the South
and Southwest. It flows through
the vil. Turia Polyana. From the
village to the confluence of
r.Uzh the river is called Turya

341
n/d
/d

Shipit river

48°44'03" North latitude
22°29'49" East longitude

Length 20 km, basin square
127 km?

Sula source is on the
Southwestern slopes of the
Middle Russian Highlands, then
flows through Dnieper lowland.
It flows first to the West, then
 |gradually turns to the Southwest
and South. In the interval from
the estuary of Lochwitz to the
town Zavodskoye the river flows
to the East, after which it turns
sharply to the Southwest; in the
lowest part it flows to the South.
It flows into r. Dnieper
(Kremenchuk reservoir)

864

River Sula

estuary: 49°33'19” North latitude

Water mineralization changes
throughout the year: spring flood - 659
Annual average value 7.51

estuary:32°45'16" East longitude

River length 363 km, basin square
19 600 km?
River source: 50°50°49"” North latitude,

mg/dm3; winter limit - 871 mg/dm3.

River source: 34°28'59" East longitude,
mg/dm3; summer-autumn limit - 812

Transcarpathian region,
Mizhhirsky district, vil.
Kolochava, Voloshina str.

121
Kolochava
n/d
North
latitiide
n/d
n/d

Fisheries of
23°43'11.68"

48°27'27.96"
East longitude

Transcarpathian region, Irshava
district, vil. Bronka, tract
"Bronnitska River"

335
n/d
n/d

Trout farm
n/d

«Stara Vaga»
48°24'21.04"
North latitude
23°19'19.77"
East longitude

5,b

Fig. 5. Tables of developed database with information about fishes [2].
(5, a), (5, b) - the attributes became the fields of the tables. "Primary keys" are the
tools for the formation of the relationships between the tables. Cyrilic words are in
tables for domestic use in Ukraine. n/d — means “no data” for today (but these data
may be added in future)
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In addition, it is easy to follow in the diagram whether all entities are linked
together. In this case it makes possible to access all records, so, the information from
the database becomes fully available for everybody (the condition of the data integrity
ensuring). Alternatively, if this condition is violated, the user will not be able to obtain
the information from those parts of the database that are not connected by such links.
However, using the methods described above, the programmer can easily recover
connections based on the ER-diagram and linking the objects using keys. In the
application of the abovedescribed methods, there are no differences between biological
and technical databases and anybody for such purpose can study this technique using
appropriate manual.

CONCLUSIONS AND PROSPECTS OF FURTHER DEVELOPMENT

In present article according to the purpose of the work was demonstrated that the
methods for relation electronic databases construction, that were developed earlier for
physics, engineering, etc. can be applied in biological branches. The following set of
methods was used to develop databases with biological content: 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.

At the beginning of present article, a number of examples of electronic fish
databases that were developed in different countries of the world were given. On the
basis of theoretical generalizations an ER-diagram for two types of objects was
developed: fish species (on the example of rainbow trout) and basin of its inhabitance.
At the end of the publication it was shown how relational tables of biological databases
were formed, and how they are interconnected with the “keys”.

Using above described approach of the biological DB construction it is possible to
develop interactive map with fish species of Ukraine in future. The authors tried to
demonstrate the first results of their works in this direction on the example of rainbow
trout. This specie is an important object for fishery industry of the state; and
development of interactive electronic map with the information about the spreading of
rainbow trout and other fish species (and places of catching) in Ukraine is an important
step for the transformation of fishery industry in our country to the contemporary level
of the world technologies and for the providing of food safety. Using of contemporary
computer technologies suggested in present article, would make this branch more
effective in Ukraine and in the whole world.

JITEPATYPA

1. Cyuachi metoau 6ioTexHojorii B puOHuNTBi / Bywanekuii JI. I1. Ta in. Kuis : [IA,
2018. 121 c.

2. Klyuchko O. M., Buchatsky L. P., Melezhyk O. V. Biological databases
construction using object-oriented system analysis // Biotechnol. Acta. 2019. Vol.
12, Ne 3. P. 5—22.

3. Klyuchko O. M., Buchatsky L. P., Melezhyk O. V. Fish information databases
construction: data preparation and object-oriented system analysis. // Fishery
Science of Ukraine. 2019. Vol. 49, Ne 3. P. 32—47.

4. Klyuchko O. M., Klyuchko Z. F. Electronic databases for Arthropods: methods and
applications // Biotechnol. Acta. 2018. Vol. 11, Ne 4. P. 28—49.
https://doi.org/10.15407/biotech11.04.028.

TEXHOJIOTTi B AKBAKYJIbTYPI




0. KLYUCHKO, L. BUCHATSKY, YU. RUD, O. MELEZHYK

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Klyuchko O. M., Klyuchko Z. F. Electronic information systems for monitoring of
populations and migrations of insects. // Biotechnol. Acta. 2018. Vol. 11, Ne5. P. 5—
25. https://doi.org/10.15407/biotech11.05.005

A Map and Database of Westslope Cutthroat Trout Hybridization Throughout
Idaho and Montana Streams / Young M. et. al. URL:
https://www.fs.fed.us/rm/boise/ AW AE/projects/GIMP/downloads/17 Hybridizatio
nPoster IDAFS.pdf (nara 3Beprenns: 06.10.19).

Inland Cutthroat Trout Protocol (ICP) Web-mapping Application: Native Cutthroat
Trout Data Compilation and Internet Database Development. URL:
https://www.sciencebase.gov/catalog/item/56e9a0b0e4b0f59b85d819¢3 (mata
3BepHeHHs: 06.10.19).

Fischdatenbank. URL : http://www.baw.at/wasser-fische-IGF/Fischdatenbank.html
(mara 3BepHeHHS: 25.08.19).

Using eDNA to biomonitor the fish community in a tropical oligotrophic lake /
Valdez-Moreno M. et al. // PloS One. 2019. Vol. 14, Ne 4. P. €0215505.
Differentiation and Authentication of Fishes at Species Level Through Analysis of
Fish Skin by MALDI TOF MS / Bi H. et al. // Rapid Commun. Mass. Spectrom.
2019. Vol. 33, Ne 16. P. 1336——1343.

User Reference for Fisheries Improvement ProjectsDatabase (FIP-DB) and Query
Viewer. URL : https://ru.scribd.com/document/385739269/Readme-File-for-FIP-
DB#download (nata 3Bepuenss: 06.10.19).

Froese R., Pauli D. FishBase 2000: Concepts, designs and data sources. Los Banos,
Philippines : ICLARM, 2000. 344 p.

Moreau J., Costa-Pierce B. Introduction and present status of exotic carp in Africa
/I Aquacult. Res. 1997. Vol. 28. P. 717—732.

The State of World Fisheries and Aquaculture 2016. Contributing to food security
and nutrition for all. URL: http://www.fao.org/3/a-i5555e.pdf (mata 3BepHEeHHS:
06.10.19).

Effects of Global Climate Change on Marine and Estuarine Fishes and Fisheries /
Roessig J. M. et al. // Fish Biology and Fisheries. 2004. Vol. 14. P. 251—275.

A Global Information System on Fishes. URL : https://www.fishbase.se/home.htm
(mata 3BepHenHs: 06.10.19).

A database of fish biotransformation rates for organic chemicals / Arnot J. A. et al.
/I Environmental Toxicology and Chemistry. 2008. Vol. 27, Ne 11. P. 2263—2270.
URL : https://setac.onlinelibrary.wiley.com/doi/full/10.1897/08-058.1. doi:
10.1897/08-058.1.

A global database on freshwater fish species occurrence in drainage basins /
Tedesco P. A. et al. / Sci. Data. 2017. Vol. 4. P. 170141. doi:
10.1038/sdata.2017.141.

Van der Laan R., Eschmeyer W. N., Fricke R. Family-group names of Recent
fishes // Zootaxa Monograph. 2014. Vol. 3882, Ne 1. P. 1—230.
doi:10.11646/zootaxa.3882.1.1.

Fricke R., Eschmeyer W. N., R. van der Laan. Eschmeyer’s catalog of fishes:
genera, species, references. URL :
http://researcharchive.calacademy.org/research/ichthyology/catalog/
fishcatmain.asp (mara 3Bepaenns: 06.10.19).

Zeldis D., Prescott S. Fish disease diagnosis program — Problems and some
solutions // Aquacultural Engineering. 2000. Vol. 23, Ne 1-3. P. 3—11.

ISSN-L 2075-1508 PUBOT OCITOJJAPCHKA HAYKA YKPATHH * Ne 4/2019




CREATION OF FISH DATABASES FOR ELECTRONIC INTERACTIVE MAP: TABLES AND KEYS

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Frimpong E. A., Paul L. Welcome to the FishTraits Database. URL
http://www fishtraits.info (zata 3Bepaenns: 06.10.19).

SalmonDB: a bioinformatics resource for Salmo salar and Oncorhynchus mykiss /
Di Génova A. D. et al. / Database (Oxford). 2011. bar050. doi:
10.1093/database/bar050. URL :
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3225076 (mata 3BEpHCHHS:
06.10.19).

Kitouko O. M. [H(hopMaIiiitHO-KOMIT IOTepHI TEXHOJIOTIi y 010JI0Tii Ta MeTUINHI
Kwuis : HAY-npyxk, 2008. 252 c.

Maiictpenxko M. 1., Pynp }O. II., byuanpkuit JI. II. Hakonuuyenns IPNV Ha
KyJIBTypax KIiTHH pud // bionoris tBapun. 2014. T. 16, Ne 4. C. 93—99.
Mateuenko H. H., Bygankwuii JI. I1. 3acTocyBaHHS iMyHOMOTyJTIOIOUHX MTPENapariB
y pubHuuTBi // CydyacHi mpoOiieMu TeopeTHYHOi Ta mpakTU4HOi ixTiojorii : VII
MixHap. iXTioJIOTiYHa HAyK.-IPaKT. KoH. : MaTep. XepcoH, 2014. C. 33—35.

Hogi xa3si Bipycy repreca kopona tpersoro tuiry (CyHV-3) / I'aBpunosa 1. I1. Ta
iH. // HaykoBi 3anucku TepHomibchkoro men. yHiBepcurery. 2014, Ne 1 (58). C.
16—20. (Cepist : 6iomoris).

Maiictpenko M. 1., Bywanekuii JI. T1. Bionorist repniecBipyciB pu6 // [Tpobnemu
€KOJIOTIYHOI Ta MEJIMYHOT TeHETUKH 1 KIIIHIYHOT iMyHOouTorii. 2014. Bum. 3 (123). C.
19—35.

ExcnepumenranpHe iHGiIKyBaHHS moBronaynoro paka (Pontastacus leptodactylus)
BipycoM iH(eKIiHHOro MaHKpeaTyHoro Hekpo3y / Pyap 1O. I1. ta in. // BicHuk
npoGiem Oiosorii i Mmenuumau. 2014, Bum. 4, 1. 1(113). C. 70—74.

Matvienko N., Rud Yu., Buchatsky L. Replication of Infectious Pancreatic Necrosis
Virus in different cell lines and organism of rainbow trout (Oncorhynchus mykiss)
fingerlings // Arch. Pol. Fish. 2014. Vol. 22. P. 127—133.

Mareuenko H. H., bywanxuit JI. II. HM3yuenue penpoaykuuu BHpyca
reMopparumdeckor centuieMuu ¢openu // BicHuk mpobieM 0ioJorii i MEIUIIMHY.
2014. Bun. 2, 1. 3. C. 118—121.

Martsieako H. M., byuankuii JI. 1., [depa6in O. M. 3actocyBaHHS 3BOPOTHO-
TPaHCKPUNTA3HO! TIOJIMEpa3HOi JIAHIIOTOBOI peakilii Juii BUSBJICHHA Ta
imeHTr(iKamnii Bipycy iHQEKIIHHOro MaHKPeaTHIHOTO HEKpOo3y paimykHoi dhopeni
(Oncorhynchus mykiss) // Mikpo6ioioris 1 6iotexronoris. 2013. Ne 4 (24). C. 46—
54.

Characteristics of spring viraemia of carp virus strains isolated in different regions
of Ukraine / Matvienko N. et al. / Zoology and Ecology. 2013. Vol. 23, iss. 3. P.
198—202.

Matvienko N., Rud Yu., Buchatsky L. Replication of infectious pancreatic necrosis
virus in different cell lines and organism of rainbow trout (Oncorhynchus mykiss)
fingerlings // Archives of Polish Fisheries. 2014. Vol. 22. P. 127—133.

Pyne 10. IlI., Maiictpeako M. 1., Bywanpkwii JI. I1. Ammidikamis ta aHami3
HyKieotuHO1 mochigoBHocTi TeHiB VP2 TA NS IPNV, Buainenoro B 3aximHii
VYxkpaini // [IpobiaeMu exonoridnoi Ta MEANYHOI TEHETHKHU 1 KJIIHIYHOI iIMyHOJIOTII.
2013. Bum. 4, Ne 118. C. 34—40.

[Itam repnecBipycy koi IMB B-4 11t oTpuMaHHs BaKIIMHU TIPOTH BIpYCY repriecy
Koi : mat. Ne 79945 Vkpaina. Omy6m. 13.05.2013, Bron. Ne 8.

Rud Yu., Maistrenko M., Buchatsky L. Isolation of IPNV from wild-life rainbow
trout (Oncorhynchus mykiss) in Western Ukraine // Biology. 2013. Vol. 3, Ne 65. P.
63—65.

TEXHOJIOTTi B AKBAKYJIbTYPI



0. KLYUCHKO, L. BUCHATSKY, YU. RUD, O. MELEZHYK

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

Inentudikamiss Bipycy CyHV-3 Meromamm enekTpoHHOI MiKpockomii Ta
noJiiMepa3Hol JIaHIIroBoi peakuii / Maiictpenko M. 1. Ta iH. // [lomoBinmi
HarmionanpHoi akagemii Hayk Ykpaian. 2013. Ne 4. C. 139—143.

Results of surveillance studies of infectious fish diseases in freshwater aquaculture
of Ukraine / Matvienko N. M. et al. / Agricultural science and practice. 2015. Vol.
2, Ne2. P.32—38.

Rud Yu. P., Buchatsky L. P. Detection of infectious pancreatic necrosis virus in the
western Ukraine // Virologica sinica. 2015. Vol. 30, Ne 2. P. 1—4.

Movchan Yu. V. Fishes of Ukraine (taxonomy, nomenclature, remarks) //
Collection of works of Zoological Museum. 2009. Vol. 40. P. 47—387.

Duan Y., Fu Z., Li D. Toward Developing and Using Web-based Tele-Diagnosis in
Aquaculture // Expert System ith Applications. 2003. Vol. 25, Ne 2. P. 247—254.
Croci® npoBeaeHHs] MOHITOPUHIY BIUIMBY XIMIYHUX PEHYOBHH Ha O100praHizaMu y
KIJIBKOX 1HTepBajlax dacy : mateHT 134575 Vkpaina. Ne u201812443 ; 3assi.
14.12.2018 ; omy6u. : 27.05.2019, Bron. Ne 10.

Klyuchko O. M. Application of artificial neural networks method in biotechnology
// Biotechnol. Acta. 2017. Vol. 10, Ne 4, P. 5—13.
https://doi.org/10.15407/biotech10.04.005.

Klyuchko O. M. Cluster analysis in biotechnology // Biotechnol. Acta. 2017. Vol.
10, Ne 5. P. 5—18. https://doi.org/10.15407/biotech10.05.005.

Klyuchko O. M., Onopchuk Yu. M. Some trends in mathematical modeling for
biotechnology // Biotechnol. Acta. 2018. Vol. 11, Ne 1. P. 39—57.
https://doi.org/10.15407/biotech11.01.039.

Klyuchko O. M. Electronic information systems in biotechnology // Biotechnol.
Acta. 2018. Vol. 11, Ne 2. P. 5—22. https://doi.org/10.15407/biotech11.02.005.
Klyuchko O. M. Information computer technologies for biotechnology: electronic
medical information systems // Biotechnol. Acta. 2018. Vol. 11, Ne 3. P. 5—26.
https://doi.org/10.15407/biotech11.03.005.

Klyuchko O. M. Expert systems for biology and medicine // Biotechnol. Acta.
2018. Vol. 11, Ne 6. P. 5—28. https://doi.org/10.15407/biotech11.06.005.

Klyuchko O. M. Biotechnical information systems for monitoring of chemicals in
environment: biophysical approach // Biotechnol. Acta. 2019. Vol. 12, Ne 1. P. 5—
28.

Klyuchko O. M. On the mathematical methods in biology and medicine //
Biotechnol. Acta. 2017. Vol. 10, Ne 3. P. 31—40.
https://doi.org/10.15407/biotech10.03.031.

Sachnyuk G. V., Melezhyk O. V. Current state of water resources protection
against pollution // Youth: education, science, spirituality: XV Ukr. Sci. conf. :
theses of reports. Kyiv : University “Ukraine”, 2017. P. 409—410.

Schnase J. L., Cushing J., Frame M. Information technology challenges of
biodiversity and ecosystems informatics // Inform. syst. 2003. Vol. 28, Ne 4. P.
339—345.

Linne C. Fauna Suecica. Stocholmiac, 1761. 578 p.

Microsoft Academy: Methods and means of software engineering. URL:
https://www.intuit.ru/studies/courses/2190/237/lecture/6124  (mata  3BepHEHHS:
16.09.2019).

Xomonenko A. JI., llpirankoB B. M., MaibiieB M. I'. Ba3bl naHHBIX : y4eOHUK LTS
BBICIINX Y49eOHBIX 3aBeneHuit / ped. A. . XomoneHko. 6-¢ m3n., mom. CaHKT-
ITerepOypr : Kopona-Bek, 2009. 736 c.

ISSN-L 2075-1508 PUBOT OCITOJJAPCHKA HAYKA YKPATHH * Ne 4/2019




CREATION OF FISH DATABASES FOR ELECTRONIC INTERACTIVE MAP: TABLES AND KEYS

57.

58.

59.

60.

10.

Harrington Jan L. Object-oriented database design clearly explained. USA :
Academic Press, 2005. 312 p.

FVD: The fish-associated virus database / Chen Y. et al. // Infect Genet. 2018. Vol.
58.P. 23—26. doi: 10.1016/j.meegid.2017.11.004.

Creation of Information retrieval systems on collections of marine animals (fishes
and invertebrates) in the Zoological Institute of RAS / Smirnov 1. S. et al. //
RCDL’2004 : Sixth National Russian Research Conference : proceed. Moscow,
2004. P. 30—33.

Zhang Q., Gui J. F. Virus genomes and virus-host interactions in aquaculture
animals // Sci. China Life Sci. 2015. Vol. 58, Ne 2. P. 156—169. doi:
10.1007/s11427-015-4802-y.

REFERENCES

Buchatsky, L. P., Zaloilo, O. V., Rud, Yu. P.,, & Zaloilo, I. A. (2018).
Contemporary methods of biotechnology in fishery. Kyiv: DIA (In Ukrainian).
Klyuchko, O. M., Buchatsky, L. P., & Melezhyk, O. V. (2019). Biological
databases construction using object-oriented system analysis. Biotechnol. Acta, 12
(3), 5-22.

Klyuchko, O. M., Buchatsky, L. P., & Melezhyk, O. V. (2019). Fish information
databases construction: data preparation and object-oriented system analysis.
Fishery Science of Ukraine, 49 (3), 32-47.

Klyuchko, O. M., & Klyuchko, Z. F. (2018). Electronic databases for Arthropods:
methods and  applications.  Biotechnol.  Acta, 11 (4), 28-49.
https://doi.org/10.15407/biotech11.04.028.

Klyuchko, O. M., & Klyuchko, Z. F. (2018). Electronic information systems for
monitoring of populations and migrations of insects. Biotechnol. Acta, 11 (5), 5-25.
https://doi.org/10.15407/biotech11.05.005.

Young, M., Isaak, D., McKelvey, K., Wilcox, T., Pilgrim, K., Carim, K., Campbell,
M., Corsi, M., Horan, D., Nagel, D., & Schwartz, M. A Map and Database of
Westslope Cutthroat Trout Hybridization Throughout Idaho and Montana Streams.
fs.fed.us. Retrieved from
https://www.fs.fed.us/rm/boise/ AW AE/projects/GIMP/downloads/17 Hybridizatio
nPoster IDAFS.pdf.

Inland Cutthroat Trout Protocol (ICP) Web-mapping Application: Native Cutthroat
Trout Data Compilation and Internet Database Development. sciencebase.gov.
Retrieved from
https://www.sciencebase.gov/catalog/item/56e9a0b0e4b0f59b85d819¢3
Fischdatenbank. baw.at. Retrieved from http://www.baw.at/wasser-fische-
IGF/Fischdatenbank.html.

Valdez-Moreno, M., Ivanova, V., Elias-Gutiérrez, M., Pedersen, L., Bessonov, K.,
& Hebert, N. (2019). Using eDNA to biomonitor the fish community in a tropical
oligotrophic lake. PloS One, 14 (4), €0215505. doi: 10.1371/journal.pone.0215505.
Bi, H., Zhong, C., Shao, M., Wang, C., Yi, J., Qiao, L., & Zhang, J. (2019).
Differentiation and Authentication of Fishes at Species Level Through Analysis of
Fish Skin by MALDI TOF MS. Rapid Commun. Mass. Spectrom., 33 (16), 1336-
1343. doi: 10.1002/rcm.8474.

TEXHOJIOTTi B AKBAKYJIbTYPI



0. KLYUCHKO, L. BUCHATSKY, YU. RUD, O. MELEZHYK

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

User Reference for Fisheries Improvement ProjectsDatabase (FIP-DB) and Query
Viewer. ru.scribd.com. Retrieved from
https://ru.scribd.com/document/385739269/Readme-File-for-FIP-DB#download.
Froese, R., & Pauli, D. (2000). FishBase 2000: Concepts, designs and data sources.
Los Banos, Philippines: ICLARM.

Moreau, J., & Costa-Pierce, B. (1997). Introduction and present status of exotic
carp in Africa. Aquacult. Res., 28, T17-732.

FAO. (2016). The State of World Fisheries and Aquaculture 2016. Contributing to
food security and nutrition for all. Rome. fao.org. Retrieved from
http://www.fao.org/3/a-15555¢e.pdf.

Roessig, J. M., Woodley, Ch. M., Cech, J. J., & Hansen L. J. (2004). Effects of
Global Climate Change on Marine and Estuarine Fishes and Fisheries. Fish Biology
and Fisheries, 14, 251-275.

A Global Information System on Fishes. fishbase.se. Retrieved from
https://www.fishbase.se/home.htm.

Arnot, J. A., Mackay, D., Parkerton, T. F., & Bonnell, M. (2008). A database of
fish biotransformation rates for organic chemicals. Environmental Toxicology and
Chemistry, 27 (11), 2263-2270. setac.onlinelibrary.wiley.com. Retrieved from
https://setac.onlinelibrary.wiley.com /doi/full/10.1897/08-058.1. doi: 10.1897/08-
058.1.

Tedesco, P. A., Beauchard, O., Bigorne, R., Blanchet, S., Buisson, L., Conti, L.,
Cornu, J.-F., Dias, M. S., , Grenouillet, G., Hugueny, B., Jézéquel, C., Leprieur, F.,
Brosse, S., & Oberdorff, T. (2017). A global database on freshwater fish species
occurrence in drainage basins. Sci. Data, 4, 170141. doi: 10.1038/sdata.2017.141.
Van der Laan, R., Eschmeyer, W. N., & Fricke, R. (2014). Family-group names of
Recent fishes. Zootaxa Monograph., 3882 (1), 1-230.
doi:10.11646/zootaxa.3882.1.1.

Fricke, R., Eschmeyer, W. N., & R. van der Laan. Eschmeyer’s catalog of fishes:
genera, species. researcharchive.calacademy.org. Retrieved from
http://researcharchive.calacademy.org/research/ichthyology/catalog.

Zeldis, D., & Prescott, S. (2000). Fish disease diagnosis program — Problems and
some solutions. Aquacultural Engineering, 23 (1-3), 3-11.

Frimpong, E. A., & Paul, L. Welcome to the FishTraits Database. fishtraits.info.
Retrieved from http://www fishtraits.info.

Di Génova, A. D., Aravena, A., Zapata, L., Gonzalez, M., Maass, A., & Iturra, L.
(2011). SalmonDB: a bioinformatics resource for Salmo salar and Oncorhynchus
mykiss. Database (Oxford). ncbi.nlm.nih.gov. doi: 10.1093/database/bar050.
Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3225076.
Klyuchko, O. M. (2008). Information and computer technologies in biology and
medicine. Kyiv: Nat. Acad. Scienc. Ukraine-druk. (In Ukrainian).

Maistrenko, M. 1., Rud, Yu. P., & Buchatsky, L. P. (2014). Accumulation of IPNV
on the culture of fish cells. Animal Biology, 16 (4), 93-99 (In Ukrainian).
Matvienko, N. M., & Buchatsky, L. P. (2014). The use of immunomodulating
preparations in fish farming. Modern problems of theoretical and practical
ichthyology. Mizhnarodna nauk.-praktych. konf. Kharkiv, 33-35 (In Ukrainian).
Gavrilova, 1. P., Maistrenko, M. 1., Rumar, V. L., Buchatsky, L. P., & Rud, Yu. P.
(2014). New hosts of the third-type of carp herpes virus (CyHV-3). Scientific notes
of the Ternopil Ped. University. Series Biology, 58 (1), 16-20 (In Ukrainian).

ISSN-L 2075-1508 PUBOT OCITOJJAPCHKA HAYKA YKPATHH * Ne 4/2019




CREATION OF FISH DATABASES FOR ELECTRONIC INTERACTIVE MAP: TABLES AND KEYS

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Maistrenko, M. 1., & Buchatsky, L. P. (2014). Biology of Herpesvirus Fish.
Problems of ecological and medical genetics and clinical immunology, 3 (123), 19-
35 (In Ukrainian).

Rud, Yu. P., Maistrenko, M. 1., Bezusy, O. L., & Buchatsky, L. P. (2014).
Experimental infection of long-winded cancer (Pontastacus leptodactylus) with
virus of infectious pancreatic necrosis. Bulletin of Biology and Medicine, 4, 1 (113),
70-74 (In Ukrainian).

Matvienko, N., Rud, Yu., & Buchatsky, L. (2014). Replication of infectious
pancreatic necrosis virus in different cell lines and organism of rainbow trout
(Oncorhynchus mykiss) fingerlings. Arch. Pol. Fish., 22, 127-133.

Matvienko, N. M., & Buchatsky, L. P. (2014). Study of reproduction of
hemorrhagic septicemia trout virus. Bulletin of Problems of Biology and Medicine,
2 (3), 118-121 (In Russian).

Matvienko, N. M., Buchatsky, L. P., & Deriabin, O. M. (2013). Application of a
reverse transcriptase polymerase chain reaction for the detection and identification
of the virus of infectious pancreatic necrosis of rainbow trout (Oncorhynchus
mykiss). Microbiology and biotechnology, 4 (24), 46-54 (In Ukrainian).

Matvienko, N., Kharkavlyuk, N., Buchatsky, L., & Didenko, A. (2013).
Characteristics of spring viraemia of carp virus strains isolated in different regions
of Ukraine. Zoology and Ecology, 23 (3), 198-202

Matvienko, N., Rud, Y., & Buchatsky, L. (2013). Replication of infectious
pancreatic necrosis virus in different cell lines and organism of rainbow trout
(Oncorhynchus mykiss) fingerlings. Archives of Polish Fisheries, 4, 127-133.

Rud, Yu. P., Maistrenko, M. 1., & Buchatsky, L. P. (2013). Amplification and
analysis of the nucleotide sequence of VP2 TA NS IPNV genes isolated in Western
Ukraine. Problems of ecological and medical genetics and clinical immunology, 4
(118), 34—40 (In Ukrainian).

Maistrenko, M. 1., Buchatsky, L. P., & Matvienko, N. M. (2013). Strain of
herpesvirus IMB B-4 for the obtaining a vaccine against herpes virus koi. Patent of
Ukraine Ne 79945 (In Ukrainian).

Rud, Yu., Maistrenko, M., & Buchatsky, L. (2013). Isolation of IPNV from wild-life
rainbow trout (Oncorhynchus mykiss) in Western Ukraine. Biology, 3 (65), 63-65.
Maistrenko, M. 1., Rud, Yu. P., Matvienko, N. M., Cholodna, L. S., & Buchatsky,
L. P. (2013). Identification of virus SyNV-3 by the methods of electron microscopy
and polymerase chain reaction. Reports of the National Academy of Sciences of
Ukraine, 4, 139-143 (In Ukrainian).

Matvienko, N. M., Vashchenko, A. V., Tsiganok, 1. O., & Buchatsky, L. P. (2015).
Results of surveillance studies of infectious fish diseases in freshwater aquaculture
of Ukraine. Agricultural science and practice, 2 (2), 32-38.

Rud, Y. P., & Buchatsky, L. P. (2015). Detection of infectious pancreatic necrosis
virus in the western Ukraine. Virologica sinica, 30 (2), 1-4.

Movchan, Yu. V. (2009). Fishes of Ukraine (taxonomy, nomenclature, remarks).
Collection of works of Zoological Museum, 40, 47-87.

Duan, Y., Fu, Z., & Li, D. (2003). Toward Developing and Using Web-based Tele-
Diagnosis in Aquaculture. Expert System ith Applications, 25 (2), 247-254.
Klyuchko, O. M. (2018). Method for monitoring of chemicals influence on
bioorganisms in few time intervals. Patent of Ukraine. No 134575. (In Ukrainian).

TEXHOJIOTTi B AKBAKYJIbTYPI



0. KLYUCHKO, L. BUCHATSKY, YU. RUD, O. MELEZHYK

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

Klyuchko, O. M. (2017). Application of artificial neural networks method in
biotechnology. Biotechnol. acta, 10 (4), 5—-13.
https://doi.org/10.15407/biotech10.04.005.

Klyuchko, O. M. (2017). Cluster analysis in biotechnology. Biotechnol. acta, 10
(5), 5-18. https://doi.org/10.15407/biotech10.05.005.

Klyuchko, O. M., & Onopchuk, Yu. M. (2018). Some trends in mathematical
modeling  for  biotechnology.  Biotechnol.  acta, 11 (1),  39-57.
https://doi.org/10.15407/biotech11.01.039.

Klyuchko, O. M. (2018). Electronic information systems in biotechnology.
Biotechnol. acta, 11 (2), 5-22. https://doi.org/10.15407/biotech11.02.005.
Klyuchko, O. M. (2018). Information computer technologies for biotechnology:
electronic medical information systems. Biotechnol. acta, 11 (3), 5-26.
https://doi.org/10.15407/biotech11.03.005.

Klyuchko, O. M. (2018). Expert systems for biology and medicine. Biotechnol.
acta, 11 (6), 5-28. https://doi.org/10.15407/biotech11.06.005.

Klyuchko, O. M. (2019). Biotechnical information systems for monitoring of
chemicals in environment: biophysical approach. Biotechnol. acta, 12 (1), 5-28.
Klyuchko, O. M. (2017). On the mathematical methods in biology and medicine.
Biotechnol. acta, 10 (3), 31-40. https://doi.org/10.15407/biotech10.03.031.
Sachnyuk, G. V., & Melezhyk, O. V. (2017). Current state of water resources
protection against pollution. Youth: education, science, spirituality: theses of
reports XV Ukr. Sci. conf. Kyiv, 409-410.

Schnase, J. L., Cushing, J., & Frame, M. (2003). Information technology challenges
of biodiversity and ecosystems informatics. Inform. syst., 28 (4), 339-345.

Linne, C. (1761). Fauna Suecica. Stocholmiac.

Microsoft Academy: Methods and means of software engineering. infuit.ru.
Retrieved from https://www.intuit.ru/studies/courses/2190/237/lecture/6124.
Chomonenko, A. D., Tzygankov, V. M., & Maltzev, M. G. (2009). Databases. 6-th
edn. Moskow: Binom Press. (In Russian).

Harrington, Jan L. (2005). Object-oriented database design clearly explained.
USA: Academic Press.

Chen, Y., Shi, M., Cheng, Y., Zhang, W., Tang, Q., & Xia Q. (2018). FVD: The
fish-associated  virus  database.  Infect  Genet., 58,  23-26.  doi:
10.1016/j.meegid.2017.11.004.

Smirnov, 1. S., Voronina, E. P., Lobanov, A. L., Golikov, A. A., & Neyelov, A. V.
(2004). Creation of Information retrieval systems on collections of marine animals
(fishes and invertebrates) in the Zoological Institute of RAS. Proceedings of the
Sixth National Russian Research Conference RCDL 2004. Moscow, 30-33.

Zhang, Q., & Gui, J. F. (2015). Virus genomes and virus-host interactions in
aquaculture animals. Sci. China Life Sci., 58 (2), 156-169. doi: 10.1007/s11427-
015-4802-y.

ISSN-L 2075-1508 PUBOT OCITOJJAPCHKA HAYKA YKPATHH * Ne 4/2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


