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The most intriguing insect on the planet is in focus again as we take a journey 
through the intricate details of bee life. 
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reference in literature. 
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The Online Pollen Catalogs Net-
work - RCPol (www.rcpol.org.br) was 
conceived in 2009, officially created 
in September 2013, and opened to the 
scientific community at the XIV Inter-
national Palynological Congress and X 
International Organization of Palaeobo-
tanical Conference in Salvador, State of 
Bahia, Brazil, in 2016. Since its concep-
tion, RCPol has been proposed with the 
main objectives of creating a digital re-
pository of pollen and plant collections 
for their conservation and avoiding po-
tential loss of material, becoming a free 
access tool to researchers (collabora-
tors) and the global community.

A small technical group was re-
sponsible for carrying out the essential 
task of building the computer system 
and a group of collaborators established 
standards and protocols to be followed 
by the members of the network (Silva et 
al. 2014a, b; Figure 1). The achievement 
of this first major objective resulted in 
a digital platform through the devel-
opment of a computational tool called 
“interactive key with multiple entries 

for species identification”, by the coor-
dinators of RCPol, Cláudia Inês da Silva, 
Antonio Mauro Saraiva and researchers 
from the Polytechnic School of the Uni-
versity of São Paulo, a stage made possi-
ble by the financing of the project by the 
University and Bayer. 

Since 2016, the database has three 
interactive keys, Palynotaxonomy, Paly-
noecology and Paleopalynology, in which 
morphological traits of pollen and flower 
of current angiosperms can be consulted, 
in addition to scattered pollen and spores 
from the Quaternary. Each key has a glos-
sary of terms and a template sheet that al-
lows the network collaborator to upload 
the morphological and location informa-
tion of their plant specimens and pollen 
grains contained in the plant and pollen 
collections (Table 1, Figure 2). 

In 2016, it was proposed the ex-
pansion of the database to contain infor-
mation about Gymnosperms and spores 
of Ferns and Lycophytes. In 2017, the 
process of building the interactive spore 
key and its corresponding glossaries and 
spreadsheets was carried out, and in 

Online Pollen Catalogs Network: 
digital database of pollen and spores of 

current plants and fossils
cláudia inês da silva, mercedes di pasquo, 

soraia giradi bauermann, gonzalo javier  marquez, 
astrid de matos peixoto kleinert, francisco de assis 

ribeiro dos santos, maria iracema bezerra loiola, 
allan koch veiga, antônio mauro saraiva 
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Institution Number of specimens Year Key
CICYTTP 13 2017

SporesULBRA 14 2017
UFRJ 54 2018
ULBRA 106 2017

Paleopalynology
GOETTINGEN 225 2017
FFCLRP-USP 99 2016

Palynoecology

UFC 364 2016
UFU 77 2016
UFERSA 64 2017
UFC 82 2017
UMNG 48 2018
IBUSP 217 2019
ULBRA 132 2017

Palynotaxonomy

FFCLRP-USP 99 2016
UFC 364 2016
UFU 77 2016
UFERSA 64 2017
UFC 82 2017
UMNG 48 2018
ITV 14 2017
ULBRA 95 2018
UFPR 29 2019
IBUSP 169 2019
FML 13 2019
CBUMAG 71 2019
ROM 29 2019
UOFG 98 2019
UEM 144 2020

Figure 1. Workshop held at the University of São Paulo in 2016, in which researchers from vari-
ous lines of research participated to help build the RCPol site.

Table 1. Example of the information incorporated by collaborators in the interactive key with 
multiple entries for species identification.
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Figure 2. Evolution of the loading of pollen collection specimens in the RCPol from 2016 to 2020.

Figure 3. Palynoecology key and its application in the bee conservation.

2018 the information from collections in 
Brazil and Argentina was made available 
online (Table 1, Figure 2).

In 2020, the key that contains es-
sential information about the interaction 
of plants and bees to characterize their 
food resources was also made avail-
able (Figure 3). Funders and members 
of RCPol considered this issue to be of 
great importance. Fundamental financial 
support was provided to face numerous 
challenges that successfully materialized 
several achievements:
1.	Four interactive keys are available 

with their glossaries of terms;
2.	Outstanding increase in the number 

of species in each key and specimens 
belonging to various pollen collec-

tions, from many institutions in sever-
al countries (Table 1);

3.	Seventeen collections were added to 
the network;

4.	More than 12,830 pictures of plants 
(958), flowers (901), pollen (Palyno-
taxonomy = 6636; Palynoecology = 
3604; Paleopalynology = 331; Spores 
of = 324) and bees (76) were added;

5.	More than 1,200 participants joined 
7 workshops and 12 scientific meet-
ings, given by 30 instructors at sci-
entific institutions and events in 
Brazil and other countries, and ex-
pressed their support and intention 
to collaborate with the information 
in their collections (see www.rcpol.
com.br, Figure 4).
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Figure 4. Sample of activities carried out in workshops offered at different institutions in Brazil 
and other countries.
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The information provided by RCPol 
allows the identification of current and 
Quaternary species as the first link in the 
development of applied studies in differ-
ent lines of Palynology (e.g. Melissopaly-
nology, Aeropalynology, Archeopalynolo-
gy, Forensic palynology, Paleopalynology, 
Actuopalynology), Botany, Ecology, Zo-
ology, Agronomy, etc. They are also es-
sential information to generate good flora 
management in natural and cultivated 
areas, in order to preserve pollinator 
species that use pollen grains and other 
flower products as food resources. Stud-
ies on pollinator food preferences, typical 
of each region, allow to maintain or even 
improve fruit and seed production. Also 
are good tools to the conservation strate-
gies in protected areas, which are the ref-
uge of natural pollinators. The studies also 
allow us to know how these pollinators 
could adapt to natural or man-made en-
vironmental changes. A permanent chal-
lenge is to expand the collaborators base 
to add new collections and data. 

The RCPol website (www.rcpol.org.
br) also provides several information relat-
ed to the institutions that host the collec-
tions and their managers (collaborators), 
in addition to bibliographic references 
used as support, news, events and cours-
es of interest to the scientific community. 
It is also possible to download published 
regional flora catalogs that have adopted a 
format similar to that of RCPol.

A strategy to publicize the net-
work and present successive advanc-
es included participation in scientific 
events and the provision of workshops 
and training courses at events and in-
stitutions in many countries. Different 
aspects were addressed in these events 
and courses, such as the use of compu-
tational tools for data loading and, fun-
damentally, the standardization of data 
quality in the morphological description 
of plants and pollen. This data quality 
control, as established in the network 
standards, is carried out by a group of 
scientists to allow the incorporation of 
the information in the database.

Another important point is the 
data usage policy of the RCPol network. 
It was very important to define the ob-
ligations and rights of those responsible 
for the data for each pollen collection 
and the conditions for access and use by 
users. In the first case, aspects such as 
data quality were considered and it was 
agreed that the data incorporated into the 
network must follow a standard quality 
policy. A collection of different data pol-
icy models was carried out to serve as a 
basis for discussing the policy that RCPol 
would adopt. It is important to note that 
the data come from researchers and their 
institutions and not from RCPol, which 
has only the tools for aggregating and 
disseminating information. This favors 
the meeting of researchers and informa-
tion about their collections and work.

RCPol has a complex information 
system behind its website and its devel-
opment faced five challenges in Biodi-
versity Informatics: 1) Data Integration; 
2) Data Standardization; 3) Data Qual-
ity; 4) Data Internationalization; and 5) 
Data Publishing. The RCPol goal was to 
integrate high quality data provided by 
several researchers spread over sever-
al institutions and countries. These data 
must be standardized to allow integra-
tion and be easily used by a many peo-
ple from around the world, with differ-
ent interests, who can benefit from this 
pollen-related information. Enabling the 
access to integrated data from different 
sources enhances the usefulness of the 
data for application in a wide range of 
research, which could expand the scien-
tific knowledge in several areas.

To allow data integration, a data 
standardization process must be carried 
out. The Biodiversity Information Stan-
dards (TDWG - www.tdwg.org) support-
ed the standardization of data on biodi-
versity, focusing mainly on data on the 
occurrence of biological species.  How-
ever, in the specific case of pollen data, 
RCPol had to create a new data standard 
to support the integration of pollen data. 
We adopted the Darwin Core (DwC) 
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standard as much as possible (Wieczorek 
et al. 2012) and developed specific terms 
(its syntax and semantics) to accommo-
date the need to describe pollen data 
not addressed by DwC. This was done in 
conjunction with the members of RCPol 
and based on international literature to 
provide a solid foundation. The result 
can be consulted in a glossary of terms 
available in three languages (English, Bra-
zilian Portuguese and Spanish) at http://
chaves.rcpol.org.br/profile/glossary/eco. 

To provide reliable data for data 
consumers, RCPol has adopted a data 
quality assurance policy. All datasets 
provided by RCPol members are evaluat-
ed by RCPol palynology specialists and, 
when a dataset is compatible with the 
RCPol’s data quality policy, these data 
are published on the web-based system 
(http://chaves.rcpol.org.br). This data 
quality assessment used to be performed 
manually by specialists and was time con-
suming and subject to failure due to the 
large volume of data. To support the data 
quality assessment in a more automated 
and effective way, a data quality tool was 
developed that implements a series of 
mechanisms to measure, validate and im-
prove integrity, consistency, compliance, 
accessibility and exclusivity of the data, 
before the manual evaluation by experts. 

The system was designed accord-
ing to the conceptual framework proposed 
in Task Group 1 of the TDWG Biodiversity 
Data Quality Interest Group (Veiga et al. 
2017). For each dataset, the data quality 
tool generates a set of measurement asser-

tions, validations and amendments for the 
records and the dataset itself, according to 
a data quality profile defined for RCPol. As 
RCPol has adopted a quality assurance ap-
proach (only data that are compatible with 
all quality requirements are published in 
the system), only datasets with 100% of 
integrity, consistency, compliance, acces-
sibility and exclusivity are published. 

This web-based tool is available 
at http://chaves.rcpol.org.br/admin/da-
ta-quality. Although this system contrib-
utes to significantly reduce the amount 
of work by specialists, some data may 
still contain values that cannot be easily 
and automatically assessed (for example, 
validating whether the content of an im-
age corresponds to its scientific name). 
Thus, manual evaluation by specialists 
remains necessary in some cases. After 
the system reports that the data conforms 
to the profile, a manual assessment must 
be carried out by the experts (using the 
data quality report to support them) and, 
only after this process, will the dataset be 
ready for publication (Figure 5). 

To make the RCPol data useful 
for most people from different countries, 
needs and backgrounds, the entire sys-
tem and data are available in three lan-
guages. A mechanism was developed 
that translates datasets from their original 
language into English, Portuguese and 
Spanish, based on the RCPol standard-
ized metadata scheme. Therefore, when 
a dataset originally created in English, for 
example, is published in the RCPol sys-
tem, it is automatically available in three 

Figure 4. Process carried out by RCPol members.

Courses, training and qualification

IT team
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languages for the RCPol data user, with-
out any effort from our data providers to 
do the manual translation.

To enhance the usefulness of all 
data provided by RCPol members, these 
data are used to present information in 
an easier way for non-technical people. 
The RCPol system publishes data-based 
information in six ways: 1) interactive 
keys, to facilitate species identification 
based on pollen, flower and plant fea-
tures; 2) species profiles, which provide 
various useful information about a spe-
cies, compiled from several samples 
of specimens from the same taxon; 3) 
specimen profiles, containing infor-
mation for each specimen provided by 
RCPol members, and which allow the 
generation of species profiles and in-
teractive keys; 4) institution profiles, 
with contact information about RCPol 
members, to promote interactions be-
tween data providers and consumers; 5) 
bee-plant interactions, with information 
on interactions presented according to 
geographic regions; and 6) glossaries 
of terms, integrated with the interactive 
keys, species profiles, specimen profiles 
and interaction networks, which help 
non-technical people use and interpret 
RCPol’s shared data.	

So far, the RCPol website has more 
than 194,000 accesses and, as a demon-

stration of the system’s impact, the data 
published by RCPol have been accessed 
52,000 times and reached more than 
11,000 people from more than 1,000 cit-
ies in 68 countries worldwide, according 
to Google anlaytics on April 1, 2020.
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2. State University of Oeste of Paraná
3. Paulista State University “Júlio de 
Mesquita Filho”
4. Lutheran University of Brazil
5. Federal University of South Bahia
6. Federal University of São Carlos
7. Federal University of Rio de Janeiro
8. Federal University of Rio Grande 
do Sul
9. Federal University of Pará
10. Federal University of Mato Grosso
11. Federal University of Maranhão
12. Federal University of Santa Maria
13. Federal University of Sergipe
14. Federal University of Lavras
15. Federal University of Amazonas
16. Federal University of Bahia
17. Federal University of Ceará
18. Federal University of Espírito 
Santo
19. State University of Maringá
20. State University of Feira de 

Santana
21. Federal University of Paraíba
22. Rural Federal University of Semi-
Árido
23. Department of Agriculture, 
Livestock and Irrigation of Rio 
Grande do Sul
24. Technological Institute of Vale
25. Criminalistics Institute - SPTC
26. Botanical Institute
27. Brazilian Agricultural Research 
Corporation
28. Paranaence Museum Emílio 
Goeldi

LATAM
29. Grand University of San Andres
30. Bolivian National Herbarium
31. Peruvian University Cayetano 
Heredia
32. Argentine Museum of Natural 
Sciences “Bernardino Rivadavia”
33. Foundation Miguel Lillo
34. National Museum of Natural 

History of Bolivia
35. National University of La Plata
36. National University of Colombia
37. Nueva Granada Military 
University
38. Center for Scientific Research and 
Technology Transfer to Production
39. Latin American Association of 
Paleobotany and Palynology
40. University of Magdalena

NORTH AMERICA
41. University of Guelph
42. University of Toronto

ASIA
43. AVP Research Foundation

EU
44. Research Institute for 
Development (IRD)
45. University of Göttingen
46. University of Sevilla
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Bombus atratus visiting flower of Pentas lanceolata
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Eucera pruniosa visiting flower of Cosmos bipinnatus


