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THE RELEVANCE OF PRODUCTION INFORMATION IN ANIMAL BREEDING 
AND RESEARCH 
Creation of herdbooks are often considered the starting point of modern animal breeding. Its - 
at that time - revolutionary aspect is the recording of data on breeding animals. What started as 
identification of breeding animals and their pedigree extended to the collection of production 
records, for instance in milk recording schemes in the early parts of the last century. Since 
then, measurement and recording of production and test data has increased rapidly. Initially, 
data recorded was used in a straight forward and simple way during the selection process of 
individuals, comparing a few animals at a given location which were candidates of selection. 
Accordingly, only a few records from those animals and perhaps then parents were used for the 
selection decision. With the advent of BLUP what can be considered a contemporary 
comparison changed to an across time and locale utilization of performance data. As an added 
dimension inclusion of many different traits in a simultaneous view can be observed. Now, 
BLUP gives the framework for a joint utilization of many sources of information, resulting in 
potentially large number of traits across the whole breeding population and their recent history. 
Thus, modern animal breeding has developed into a large information processing effort. 
Just as freely combinable data is a requirement for routine BLUP genetic evaluation it also is a 
prerequisite to research which usually precedes routine implementation. Also here, we have 
possibly many different sources of data, station and field test, slaughter house data, which 
pertain to one genetically structured population. While persistency of the resulting database is 
not a issue, consistency very much is. 
So far data collection and utilization has been mentioned only in the context of genetic 
evaluation. However, management support and production control as a service to animal 
producers is gaining more emphasis. Also here, a global view on all production data is 
required. 
 
Current Deficiencies. While data collection systems are well developed, integrating databases 
are often lacking. As a result  

• new systems are created at high costs (where money is available) independently from 
each other 

• inflexible and inefficient systems are being used, which severely restricts their utility 
• due to lack of integrated databases modern animal breeding tools cannot be used even if 

data collection is well established. 
Therefore, implementation of modern genetic evaluation procedures is often limited by lack of 
a consistant database that allows free utilization of all data of an organization. Indicative of this 
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situation are standardization attempts as outlined in the ICAR document (Wismans and 
Akkerman, 2001) which describes the data to be collected in great detail but does not provide 
any guidance for data management, an essential for its efficient utilization. 
The current information processing in animal agriculture falls into three parts: 

1. traditional computing centers which originated in the time of mainframe computers with 
high investment in equipment and personnel and a long software history 

2. computing divisions which evolved later with a focus on more recent hardware and 
software and shorter software history but all well developed 

3. low cost computing originating from the personal computing (PC) hardware and 
software with often non professional software development and overall rather little 
investment. This group may range from largely paper based systems with very little 
electronic data processing to those with a substantial amount. 

In the discussion about development of BLUP genetic evaluation the first two groups are 
dominating, while - on a world wide scale - the third group is probably much more numerous. 
Discussion of the merits or deficiencies in those three groups gives the following picture : the 
objective of combining relative consistent data freely for BLUP genetic evaluation can be 
achieved in the first two groups while this is often impossible in the third. Here, modern 
genetic evaluation techniques can simply not be employed because data cannot be put together 
into a sufficiently consistent state to be used in BLUP genetic evaluation. Alternatively, the 
effort of putting data together for this purpose is very high.  
Personal experience with the introduction of BLUP has shown that the major impediment has 
been indeed the availability and correctness of data and not issues relating to the BLUP genetic 
evaluation as such. Thus, easier and cheaper ways of creating integrated database will be a 
direct contribution to genetic improvement of populations. 
With the development of the internet the Open Source movement has gained a tremendous 
momentum. A common strategy at the beginning of a software development project is to 
search the internet for possible building blocks that could be used. This is particularly relevant 
for well defined computational tasks. Examples are large libraries of statistical routines 
(linpack, grams, gnu tools) which have started the process. Recently, the same technique has 
been used in the development of complex systems like Linux and a large number of packages 
that run on it, ranging from type setting (LaTeX, LyX to statistics (R)). While sharing program 
code among scientists has long been practiced on a pragmatic basis the Open Source 
movement (Raymond, 2001) has developed some philosophical aspects. Clearly, the Open 
Source has helped to speed software development. Its basic advantage lies in the fact that by 
using and returning software to a public pool it is possible to create a steadily growing software 
base. With the disconnected database development that we observe no platform exists which 
could serve as basis for growing publicly available software although many problems will be 
very similar among populations. 
Another serious side effect of proprietary software development is the limited knowledge about 
the system: isolated development implies restricted knowledge about the system. As a result 
organizations are very dependent on the developer, a situation that may be considered 
dangerous. 
Integrating different sources of data is often the first step in genetic analysis in research for the 
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same reasons as in routine genetic evaluation. While the resulting databases may not live long, 
data integration often takes up a large proportion of total work. Here, a new strategy can also 
help to increase efficiency of work. 
 
CURRENT SOLUTIONS OR APPROACHES 
With the wide spread introduction of multiple trait BLUP development of information systems 
or integrated databases is under way in a large number of organizations. However, because this 
process is generally considered a within organization technical issue, printed reports are rather 
scarce. Only in pigs four national database integration projects are under way only in Western 
Europe, all four being totally independent. 
Because of their large capacity both in terms of hardware and software resources traditional 
computing centers offer their services for data management also to population beyond their 
original area of interest. With increasing bandwidth of telecommunication connections distance 
becomes less of an issue, so that these services are extended beyond country borders. In this 
way, organizations can obtain rapid access to existing genetic and other evaluation techniques. 
One requirement is however, that the organization to be added to existing data processing 
facilities is sufficiently similar to the existing one both in terms of data structure and output 
requirements. 
Development of adaptable systems for other organizations is another way of solving the 
software crunch. In dairy cattle - and more recently also beef, the Dutch CR-Delta 
Organization is an example (perhaps it is even the only system of this sort). On the basis of a 
license the system is adapted to the new organizations needs. To date installations exist in 
Luxembourg, Poland, Ireland and South Africa (ICBF, 2000). 
In the wake of restructuring the data processing in the mid 1990s the Animal Recording Center 
in Tartu, Estonia, rewrote their system on the basis of a commercial relational database 
(http://www.reg.agri.ee/page.php?page=0282) for an integrated database in dairy cattle 
(Pedastsaar and Murulo, 1999). Meanwhile, their system has also been installed in other 
countries. 
Clearly, there is a large demand for a solid base of data which is up to date, correct and freely 
combinable in every breeding program. As has been seen, research in the area as pertains to 
integrated databases in animal agriculture does not seem to exist. Where it was attempted, its 
impact - for a number of reasons - was rather limited (Groeneveld, 1985 ; Groeneveld and 
Gutzmann, 1990 ; Drobnic, 1991 ; Groeneveld and Lacher, 1992). As a result we still observe 
isolated developments already mentioned above. Creation of proprietary systems may solve 
part of the problem of availability but addresses only the species concerned. 
Therefore, an attempt was made to investigate the possibility of creating a framework and a 
strategy applicable to any species used in animal agriculture by focussing on all target species 
instead of individual solutions as has been done before. Furthermore, it was decided to make 
the software publicly available, i.e. put it into the Open Source. This will create a basis upon 
which interested parties can build there system and at the same time return newly developed 
software to the Open Source pool for the benefit of the community of animal breeders. At the 
same time, this setup creates expertise in software development which goes beyond that of 
proprietary systems. 
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AN ADAPTABLE PLATFORM INDEPENDENT INFORMATION SYSTEM 
It was the objective of this project to investigate the possibility of an across species information 
system which could be used as a framework for creating integrated databases for any animal 
recording system. 
To create a generally useful framework for a adaptable platform independent informations 
system (APIIS) the following areas were addressed : 

1. scope of the system 
2. basic software and hardware  
3. development and migration strategies 
4. development of software tools. 

 
The Scope. An information system in the context of this paper is defined as a software system 
collecting all data relevant to the operation of an organization working in the area of animal 
breeding and production. The focus is on individual animal records while data from the 
organization itself may also - possibly to a lesser degree - be incorporated. For a breeding 
company this would include all performance records collected including the information 
infrastructure to run the breeding program. For herdbook societies operating as breeding 
organizations it includes the traditional "herdbook" plus all records from testing schemes that 
are run by this organization. For individual herds the information system would contain all 
records from animals in the herd, possibly including other information required for herd 
management and production control. Thus, at this point the informations system is always 
considered to comprise all data from the corresponding organization. In other words for 
breeding organization this would amount to what is often termed the "central or integrated 
database". 
The procedures and software are published, i.e. the software is put into the Open Source. This 
allows interested parties to base their own development directly on this program code. In 
accordance with the principles of the Open Source movement, all other software components 
required to build a system can also be obtained free of license charges. This allows to build 
systems for which no licensing fee is required. The system design is such that it covers the 
complete range from small on-farm systems to large national using identical software. 
As seen above, national databases from the dairy industry are usually run in large computing 
centers. This demonstrates that the creation and maintenance of an integrated database is an 
activity which requires substantial resources in particular human resources for software 
development. Accordingly, the APIIS framework is clearly addressing developers, i.e. not end 
users. However, given the strategies and software tools which have evolved from the project, 
implementation of a new system should be much faster. 
 
Basic Software and Hardware. To be able to obtain a system free of software license fees 
also the basic software (operating system, database management system, programming 
languages) needs to be drawn from the Opens Source. A system free of license fees would use 
Linux as the operating system, PostgreSQL as the relational database (RDBMS) and Perl and 
Tk/Perl as application languages. At the same time users can also choose proprietary software 
for which license fees will have to be paid (other Unixes, commercial RDBMS). On the 
hardware side the choice ranges from consumer electronic (PCs) to highend server systems. 
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Decoupling of external from internal codes. One major impediment in using one system for 
different species lies in different identification systems of animals. The problem stems from 
animal identification as used in the field not being unique over time : lifetime numbers as used 
in cattle are rather recent, thus even here in combination with historic data non unique numbers 
cannot be ruled out. In pigs, reusing numbers after some time is common. Also, animals are 
frequently renumbered leading to more than one animal identification referring to the same 
actual individual. This is what a system design needs to accommodate. The solution is a 
decoupling of external animal identification and their internal database representation 
(Groeneveld, 1999). With such a translation table any external animal identification can be 
handled, therefore eliminating one crucial impediment for across species utilization of 
databases. 
This principle is extended to any external code, which may be a score, codes for certain 
diseases, or those for staff working in the system. With this setup, existing codes can be reused 
by 'deactivating' the current and creating the same code with a new meaning. 
 
Development and Migration Strategy. Apart from decisions about hardware and system 
software one big problem in creating a new integrated database resides in how to organize the 
process of development and migration. Here, it is assumed that individual animal recording 
systems exist and are operational. Often the recording systems will be run by different 
organization resulting in different disconnected data pools which are to be integrated into one 
system. Looking at a number of species (e.g. cattle, pigs, sheep) an 11 step procedure was 
developed to facilitate such an integration and migration. The steps are: 

1. list all data streams in the existing data collection system : To obtain all attributes to be 
included in the target information system all data streams are identified and numbered 
like DS01, DS02 etc. A data stream is defined as a group of information items (i.e. the 
attributes of entities in database terminology (Ullman, 1988)) which are collected 
together and transfered for data entry at a given time. It is therefore also the smallest 
unit of information that needs to be processed together. Often we have a paper form 
behind a data stream. In other cases a data stream may be data files of a given format. 
This can be the output file created by the ultrasonic device used for measuring backfat 
thickness in pigs. Another example of the same type would be the datafile created in a 
milk recording laboratory. An example of a data stream is field testing of gilts in pigs, 
where a number of ultrasonic backfat measurements and the liveweight of the animal 
are taken. Further traits in this data stream "field test" are the herd, the recording date 
and the identification of the animal. Another data stream could be selection notification 
of an animal. The attributes of the animal entity would be herd, date, and animal 
identification. 

2. determine all data elements recorded for each data stream : For each data stream an 
exhaustive list of data elements collected is added for that data stream. At the end of 
this step all elements derived from data recording have been collected. 

3. normalize database structure : based on the generic data structure normalize all data 
elements from above. Technically this means modifying  the generic data structure 
model file (Groeneveld, 1999). 

4. define business rules : business rules are of central importance for a consistant database. 
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A strategy was developed to attach them to the definition of the database structure in the 
model file (Groeneveld, 1999). In this way, no checking for data consistence is done in 
the loading programs but done automatically through the model file which acts as a 
middle layer. 

5. write load objects (LO) : each data stream requires a loading process into the database. 
The database operations are listed in a load object. Thus, after having specified them for 
each DS all database actions based on incoming data have been defined. 

6. write batch loading programs : for those DS reaching the central database as files a 
batch load program needs to be written. A high level toolkit has been developed to 
facilitate validity checking which is done automatically. Database modification is done 
through the LO written in step 5. Error handling is generic for all batch DS. Therefore, 
the code for the batch program is very compact.  

7. write interactive loading programs : some DS will reach the computer on paper forms 
and will thus have to be entered interactively. For each such interactive data stream 
write a graphical user interface (GUI) program using the load object written in 5. Also 
here, data validation is done through the business rules (Groeneveld, 1999) 4. A high 
level GUI library is available to support this process. GUI applications follow the client 
server architecture, connecting through TCP/IP with the central database. Therefore the 
GUI programs can be run across the Internet. 

8. load historic data : this step requires the integration of data from different sources with 
less consistency into the new database structure and is therefore a very difficult and 
involved process. Here a strategy has been developed which allows loading of historic 
data in a generic manner, which means that it should be applicable to any situation. It is 
itself a multi step procedure which also addresses the issue of erroneous data and has a 
procedure of how to handle this situation. 

a) list all data files to be integrated 
b) determine all external animal identifications 
c) determine all external identifications belonging to one animal (renumbering) 
d) determine all external codes 
e) load each data file into target structure 
f) run the BR meta layer and flag erroneous records. 

Apart from the strategy a body of adaptable software has been written which is part of 
the reference database. 

9. program outputs : all outputs created in the old system must be available from the new. 
Rewriting these applications tends to be much less complicated on the basis of an 
RDBMS compared to what was used before. Here a report generator developed in the 
project can be used. 

10. perform parallel operation for some time 
11. switch off old system. 

 
The Reference Database. The APIIS software is available from ftp://tzv.fal.de/~eg. At the 
core of the distribution a reference database exists, which is based on a real life pig breeding 
system containing a few hundred thousand records. It contains a full model file to describe the 
database structure with all business rules. The complete process of establishing the running 
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system is available as source code. Its biggest part is the loading of historic data.  
For the creation of a new system, the software from the reference database can be used as a 
starting point. The new system developer will have to make adaptations to each step. 
Therefore, he is given both a strategy and software of how to arrive at a new integrated system. 
 
Use for Research Databases. While the above strategy has been developed for the creation of 
a new information system, it can also be used for the setup of a database used for reseach. This 
will be useful in situations where data on a population from different sources like field and 
station test are to be analyzed. Also here, the loading software from the reference database 
serves as a basis for modification. After definition of the business rules a general program can 
be run, which (without modification) checks the complete database against these business 
rules. Also checks for consistency of pedigrees exist and can thus be readily used. With this 
procedure, the researcher has a mean of creating a consistent well defined database which 
substantially eases future data manipulations as may be required due to different sets of 
structural requirements for data extraction which would then go, as an example, into variance 
component estimation. 
 
Current Implementations. Currently, a number of implementations are under way. The first 
system to become operational was the National South African Pig Breeding System. Others are 
the Saxonian Pig Breeding Program for genetic evaluation, the National Pig Breeding 
Databases from Lithuania and Slovenia. Yet another system is the Dutch-German Cryo 
Information System used for the administration of national genebanks (Groeneveld et al., 
2002). 
 
Available Application Software. One main advantage of Open Source systems is the hope for 
an increasing pool of application software becoming available. Clearly, until now, most effort 
has gone into developing strategies and software for the setup of integrated databases. Thus, 
the current list can only give an idea of how future software on a defined basis may develop. 
Currently a few software applications are available : the data consistency checker to test the 
database against the business rules, a program to check for loops in pedigrees, an inbreeding 
analysis program, a multi environment data extractor for multivariate genetic evaluation with 
pedigree extraction, a population report generator to compute biodiversity relevant figures like 
generation intervals, variances of family size and ZWISSS an Internet publication system for 
BLUPs (www.zwisss.de) which can be hooked up to APIIS. 
 
CONCLUSION 
Information management in animal breeding is the basis for most genetic evaluation programs. 
As such it deserves more attention from the research area to facilitate implementation of 
information systems where high investment would otherwise have precluded it. With the Open 
Source model it should be possible to create a growing pile of software which would benefit 
animal breeding and research in many ways. 
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