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phase, comparable to protein spatial model-
ling or genome mapping. 

The breakthrough moment was the 
launch of the Global Biodiversity Informa-
tion Facility (GBIF)3 system, which revealed 
the potential hidden in so far scattered da-
tabases of the organismal level. The abili-
ty to combine data from different sources, 
regardless of their original type and for-
mat, has proven unprecedented – from 18th 
century collections of specimens, through 
traditional scientific publications, to sys-
tems of data collection, supplied with data 
from mobile phone applications (Fig. 1). The 
achievements in this area, its intensive de-
velopment and data growth were so high 
that it gained the name of „biodiversity in-
formatics”, with its own technologies, tools 
and standards. 

Nevertheless, modern technologies are 
only means, and the usefulness and value 
of a system depends on the scientific val-
ue and quality of the information. From this 
point of view, the most valuable assets are 
data coming from the oldest type of sourc-
es, i.e., collections of specimens. This is an 
obvious fact for specialists on the subject, 
while for those who are keen on develop-
ment of technology and perceive the tradi-
tional “museum science” as a relic – a great 
discovery. This is due to the fact that it is 
the modern techniques, such as DNA analy-
ses, 3D imaging, and mass data processing, 
that have showed the huge value of the tra-
ditional specimen collections. 

3www.gbif.org 

The present issue of KOSMOS is devot-
ed to the Polish resources of information on 
biological diversity, in particular, to source 
materials such as collections of specimens. 
The subject is discussed in articles written 
by custodians of natural collections and 
authors related to the collection and anal-
ysis of natural data, representing institu-
tions collaborating within the Polish Biodi-
versity Information Network (KSIB)1 within 
the project of the Digital Poland Operational 
Programme “Integration and mobilization of 
data on biotic diversity of Eukaryota in re-
sources of Polish scientific institutions” (IM-
BIO)2.

We live in the age of digitization. With 
rapid development of computers, digitization 
of data was initiated, gradually encompass-
ing ever wider areas of human activity. Ap-
pearance of the Internet and rapid develop-
ment of digital communication have further 
intensified this process. This trend also in-
cluded biological data, with the most in-
tensively developing fields utilizing modern 
computational technologies, together with 
progress in biochemistry and genetic re-
search, led to a specific appropriation of the 
term „bioinformatics”, narrowed down to the 
area of molecular biology. 

The data resources of the organismal 
biology were digitized, too, albeit, due to 
their abundance and variety, the process 
occurred at different speeds and did not 
bring spectacular achievements in its initial 

1www.ksib.pl  
2imbio.uw.edu.pl 
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research material may identify the specimen 
incorrectly, or may not identify it at all. In 
the case of museum materials, it is possi-
ble to permanently verify  their taxonomic 
identification, even hundreds of years since 
their acquisition. 

Specimens in collections are therefore an 
illustration, or basically a preserved frag-
ment of the real state of the biosphere, ex-
isting in a given place and time.  Properly 
preserved, they provide material for an ever 
longer list of different types of analyses of 
physical and chemical properties, and, con-
sequently, an increasingly wider range of 
applications, limited only by the current 
state of science (Bakker et al. 2020). DNA 
sequences preserved in specimens may be 
used in taxonomic analyses along with the 
classic morphology-based methods, opening 
the way to phylogenetic analyses, evolution-
ary studies, population and conservation ge-
netics (Wandeler et al. 2007). Classic mor-
phological and anatomic analyses are sup-
plemented by non-invasion technics, such 
as microtomography (WiPfler et al. 2016) or 
non-destructive methods of genetic analyses 
(santos et al. 2018). 

There is a dramatic difference between 
an observation and a specimen in terms of 
how much information is stored in a digi-
tal record. Even a very extensive record of 
all the attributes of a simple observation 
takes up little space compared to specimen 
data, for which there is no upper limit to 

In technical terms, for an information 
unit (an occurrence record) in a simple da-
tabase, the difference between an obser-
vation and a specimen consists merely in 
a different value of the “record type” field 
(specimen/observation). The remaining el-
ements may be identical: both a specimen 
and an observation document occurrence of 
the species in time and space, so identical 
methods of describing these elements can 
be used, so that both types of records can 
be processed together in many applications.

The main difference pertains to the evi-
dence material. For a specimen, it is a pre-
served biological material, i.e., a specimen 
or its fragment, while, for an observation, 
at best a photograph or another type of re-
cord of an individual’s properties (video se-
quence, sound, etc.). In most cases, the ob-
servation is limited to the mere registration 
of the organism’s occurrence. The credibility 
of  such a data record depends only on the 
qualifications the registrar, particularly the 
accuracy of taxonomical identification. Cor-
rect identification is a key attribute of this 
information, without which the remaining 
details cease to be meaningful. In the case 
of a specimen – an individual, its fragment 
or product (e.g. leaf mine, gall, etc.), the ex-
isting biological material allows taxonomic 
identification regardless of the registration 
of the organism, and it offers much more 
possibilities for analysis than any form of 
recording its features. A person collecting 

Fig. 1. Diagram of the current data flow in the GBIF. 

Apart of traditional data sources – specimens and observations – the system receives ever more data from automa-
ted processing of literature, initial remote sensing data, and an increasing amount of data from genome research. 
Common standards of data exchange (mainly Darwin Core) allow to create an index and to publish all data sets. 
The resources of the network are available by the GBIF portal, and the network services offer their automatic use 
by external applications. The map shows data density (the number of distribution records) available in GBIF – the 
lighter shade, the more data (as of July 2021). The illustration contains elements of an unpublished slide from a 
presentation of the GBIF Secretariat (with their consent). 
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disasters in Brazil (Mega 2020). However, 
that event shows a highly important aspect 
in the context of the subject matter present-
ed in this issue of KOSMOS. A small part 
of the lost specimens had been digitized 
earlier, and their photographic images (np. 
fachin et al. 2016) and entries in databas-
es5 have been preserved. This is the most 
direct and bitter proof that digitization can 
be useful, even vital, and the more com-
prehensive and detailed it is, the more will 
remain when the original specimen is lost. 

The scientific value of biological data re-
lated to natural collections is probably their 
most important aspect (at least from the 
naturalist’s point of view), but not the only 
aspect. The specimens are also of cultural 
and historical importance, analogous to the 
other types of museum artifact collections. 
They are at the same time a heritage of the 
past, a legacy of passed generations, na-
tional asset and a testimony of astounding 
life stories of particular people who gathered 
them. The history of Szymon Tenenbaum’s 
collection, presented in the biographical ar-
ticle in this issue of KOSMOS, is a perfect 
illustration of this. The national natural 
data resources are not sufficiently valued in 
the public awareness. This is due to many 
reasons, clearly explained in the presented 
articles: dramatic history of Polish scientific 
centers and tragic fate of many employees, 
since the period of the Poland’s partitions, 
through war losses, to the times of commu-
nist rules and “real socialism” in the Pol-
ish People’s Republic, when no proper con-
ditions were provided for the development 
and use of scientific natural collections for 
research. The decades-long underfunding of 
units, which had to struggle to find funds 
for their maintenance, and negligence of 
the education system (which also occurred 
in other countries), led to a situation where 
fields connected with natural history were 
underestimated and rather unknown, even 
among scientists or people and institutions 
deciding on the scientific policy. 

It is noteworthy that the collections de-
scribed in this issue of KOSMOS have sur-
vived until present time owing to commit-
ment, sometimes heroic, of individual people. 
They were not hindered by lack of planned, 
long-term strategy of the Polish state; and 
looking from the perspective of the history 
of the last 200 years, scientific collections of 
natural history were created and developed 
even in opposition to the (usually foreign) 
authorities. Certainly, this would not be 
possible without the organizational support 
of institutions, whose  management, even in

5www.gbif.org/dataset/search?hosting_org=4205110f-
-3f0f-40d8-bd0f-2fa71bc827b5 

the data space they can occupy. Each new 
research technique adds new requirements 
in this regard, while the existing ones being 
improved. The simplest example is digital 
photography. A size of an image is a func-
tion of resolution; the subsequent genera-
tions of photographic equipment bring new 
features, which usually increase the require-
ments  for the space on the hard drive or 
any other media. Photographic documenta-
tion of specimen collections performed at 
the beginning of the 21st century is a small 
fraction of the volume it would occupy now. 

Any new research technique that uses 
specimens as source material requires that 
the results of analysis be stored, often in-
volving files of large volumes, like in the 
case of 3D images. Thus each specimen 
can be accompanied by a set of related 
data sets, that are digital representations 
of its properties. This perception of infor-
mation led to a concept of extended spec-
imen (WeBster 2017, hedrick et al. 2020, 
Miller et al. 2020), and, consequently – a 
digital specimen – mapping the specimen 
in the digital space as an open set of all 
data related to a physical object: from the 
place and date of its discovery to images 
and DNA sequences. In addition, meeting 
the FAIR4 rules, allowing full use of the op-
portunities provided by the internet (lannoM 
et al. 2019).

On the other hand, it is not so obvi-
ous that a digital image of a specimen may 
survive longer and eventually become the 
only record of its original material. Physi-
cal objects, especially fragile ones, such as 
insect bodies or soft plant tissues, undergo 
slow degradation. It is inevitable, one can 
only strive to inhibit this process by ap-
propriate conservatory procedures. However, 
there is a still higher threat, i.e., the con-
stant risk of destruction or damage from 
inadequate care, wrong protection means, 
natural disasters or hostilities. Many valu-
able collections have been lost due to mis-
takes or negligence, which finally led to the 
tragedy. In Poland, the most severe losses, 
apart from the war ones, were caused by 
the fire of the State Zoological Museum in 
Warsaw in 1935, probably due to an acci-
dent (daszkieWicz at al. 2016). Among the 
known cases of this type around the world 
in recent years, the most famous was the 
fire of the Museum of Natural History in 
Rio de Janeiro, which consumed the larg-
est collections in South America in the field 
of ethnography and natural history (gresh-
ko 2018, Moon 2018). Unfortunately, it was 
just an element of a larger set of similar 

4abbreviation of Findable, Accessible, Interoperable, Reu-
sable - www.go-fair.org/fair-principles 

https://www.gbif.org/dataset/search?hosting_org=4205110f-3f0f-40d8-bd0f-2fa71bc827b5
https://www.gbif.org/dataset/search?hosting_org=4205110f-3f0f-40d8-bd0f-2fa71bc827b5
https://www.go-fair.org/fair-principles/
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(tokarska-guzik et al. 2015, tykarski 2015). 
There is also a range of projects and ini-
tiatives gathering natural data, classified 
as citizen science8, which encompass some 
individual activities, including also scien-
tific employees of particular institutions. It 
is noteworthy that the largest projects in 
this group, such as www.inaturalist.org or 
www.ebird.org closely collaborate with GBIF, 
making their data globally available. 

In 2010-2012, the project “Biodiversity 
Map of Poland in the global integration sys-
tem on biodiversity data9 was realized with-
in the KSIB network; the project comprised 
intensive digitization works, which result-
ed in creation of a system integrating data 
from different kinds of sources: collections of 
specimens, bibliography, notes, photo imag-
es, etc. The scope of the data encompassed 
selected groups of insects (Coleoptera, He-
miptera, Lepidoptera), serving as a model for 
testing integration methods and presenting
complex content (taxonomy, occurrence re-
cords, maps, bibliography, collections etc.), 
and the resulting tools were meant to be 
used at the national level. More than 100 
people were involved in creation of the da-
tabase, a significant part of this group con-
sisted of KSIB members, which generated 
new ties in the local entomological commu-
nity. The Biodiversity Map portal successful-
ly implemented all the basic assumptions,

8For example, the Polish www.lepidoptera.eu, www.ornitho.
ch (with local partners in many countries), www.observa-
tion.org and many others
9www.biomap.pl 

most difficult periods, ensured at least the 
minimal conditions necessary for physical 
survival of these resources.

From the perspective of 20 years of bio-
diversity informatics development, it can 
be said that only recently has it started to 
make up for the state-wide delays in tech-
nological development and digitization of 
natural data resources. The first Polish da-
tabases collaborating with the GBIF6 net-
work appeared a in 20047, and since then 
the data resources in electronic form of in-
stitutions associated with the KSIB grew dy-
namically until 2008, then these activities 
became limited due to difficulties in obtain-
ing long-term financial support. The effect of 
the first period of intensive growth was over 
1.5 million occurrence records, available in 
90 databases belonging to 16 institutions, 
of which a quarter was connected with 
specimen collections, and the rest based on 
observation data. The only way to interact 
with these resources was (and mostly still 
is) the GBIF portal. 

Naturally, the works connected with the 
GBIF constituted only a part of activities of 
national centers in the field of creating nat-
ural databases and sharing their resources. 
This was done by member institutions of 
KSIB and other entities, including, official-
ly, central administration offices, responsi-
ble for nature and environment protection 

6www.gbif.org/dataset/search?publishing_country=PL 
7GBIF portal in its present form does not show the date of 
the initial joining of a base; earlier activities may be viewed 
by Internet Archive Wayback Machine.

Fig. 2. Diagram of the planned KSIB IT system, integrating existing bases, resources of the Biodiver-
sity Map (Baza BioMap) project, data from digitalization of resources of the IMBIO project partners, 
and the remaining resources within the constructed KSIB Repository. Introduction of data will be po-
ssible by applications (website, mobile applications). A new version of the Biodiversity Map portal will 
be used for data presentation. Externally, the data will be presented through the GBIF infrastructure.

https://www.inaturalist.org/
http://www.ebird.org
http://www.lepidoptera.eu
http://www.ornitho.ch/
http://www.ornitho.ch/
http://www.observation.org
http://www.observation.org
https://www.biomap.pl
https://www.gbif.org/dataset/search?publishing_country=PL
https://web.archive.org/web/20040413112810/http:/www.gbif.org/DataProviders/providerslist?sortby=records
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in terms of scope, complexity and abun-
dance of processed content. 18 institutions 
are its participants, with the University of 
Warsaw as a leader (Fig. 3). The project 
plans to deliver 9.5 million occurrence re-
cords, of which over 2 million will be based 
on specimens deposited in collections, and 
the remaining ones  are connected with 
other types of scientific sources: index files, 
published and unpublished materials, pub-
licly unavailable older databases (Fig. 3, 4). 
Including these resources in one project will 
allow their technical integration: all their 
content will be available literally at your fin-
gertips. Their external access platform will 
be GBIF and related systems; on the nation-
al ground, a new version of the Biodiversity 
Map portal is being built with a wide range 
of filters and methods of searching complex 
content. 

We are undertaking a huge challenge, 
due to its organizational complication, the 
level of data complexity and expectations 
as to its functionality, which means useful-
ness of the construed system. The success 
of this plan may highly improve the recog-
nition and importance of units responsible 

in the following years expanding its capa-
bilities and scope, including new data, also 
from outside the original three insect orders 
(over 1 million occurrence records in total). 
BioMap Connect, a module for entering and 
editing data from the browser level, has 
been operating since 2018 (not planned in 
the original scope of the project).

This experience gained in this way led 
to the creation of the concept of integrating 
the rich data resources of KSIB, presently 
implemented through the IMBIO project in 
the framework of the Digital Poland Oper-
ational Programme. The Programme, though 
formally not having scientific character, pro-
vides significant funds for digitization activi-
ties to more than 20 Polish scientific centers 
collecting natural data, which are presently 
carrying out several projects10 of a simi-
lar nature simultaneously. It is worth pay-
ing attention to the fact that most of them 
opted for the GBIF as an external platform 
for sharing natural data (external reposito-
ry), so that, irrespectively of the extent of 
integration of the systems on the country 
level, the output data of the digitization ac-
tivities of all institutions involved will have 
a common access platform. Since its very 
beginning, GBIF has been acting according 
to FAIR rules (long before this term was 
coined), becoming a universal and increas-
ingly used medium for biological data of the 
organismal level, connected with occurrence 
of species. Its choice, made independently 
by numerous institutions, is a step in the 
right direction. In this way, national data 
enter the global information flow, and the 
institutions are included in the group of 
units that make up the Network. Currently 
(June 2021), GBIF provides more than 1.8 
billion data on the distribution of organ-
isms, of which 180 million are for specimen 
collections. The mutual relations of the na-
tional data sources discussed here, in the 
context of presence in GBIF, are presented 
in Fig. 2.

The IMBIO project is the largest Polish 
undertaking of digitization of natural data,

10Projects of the Operational Programme Digital Poland, 
connected with national natural data: 
· AMU Nature Collections - online (AMUNATCOLL): digiti-
zation and sharing of natual data collection of the Fa culty 
of Biology of Adam Mickiewicz University in Poznań (2018) 
· OZwRCIN – Open Resources of the Digi tal Repository of 
Scientific Institutes (2018)  
· e-Puszcza. Podlasie Region di gital repository of natural 
scientific data (2019) 
· Integrated virtual Herbarium of Pomera nia Herbarium 
Pomeranicum – digitization and sha ring of herbarium 
collections of university units of Po merania by connection 
and digital sharing thereof (2019) 
· Integration and mobilization of data on biotic di versity 
of Eukaryota in resources of Polish scientific insti tutions 
(2020).

Fig. 3. Data planned to be digitalized within the 
IMBIO project, divided as to the type of records 
(specimens/observations), and the main groups of 
organisms. The presented values pertain to the 
number of recordings – distribution records, defi-
ned as a taxon-place-time relation.
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for natural history research. I truly believe 
that the articles by the participants of the 
project presented in this issue of KOSMOS 
will serve as a perfect illustration of the 
depth and complexity of this subject, and 
will allow readers to realize how valuable 
and remarkable are natural data resources, 
gathered and preserved by amazing people 
inhabiting the land “from the Baltic Sea to 
the Tatra Mountains”. 
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