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Review

Disentangling the veil line for Brazilian biodiversity: An overview from two
long-term research programs reveals huge gaps in ecological data reporting
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• We synthesized metadata regarding
field campaigns carried out in a timeline
of 20 years.

• Brazilian biodiversity metadata is
poorly documented.

• Most field data are undiscoverable by a
broader audience.

• There are pervasive gaps regarding data
documentation in the country.

• Improving data documentation will in-
crease the number of biodiversity
synthesis.
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A B S T R A C T

The lack of synthesized information regarding biodiversity is a major problem among researchers, leading to a
pervasive cycle where ecologists make field campaigns to collect information that already exists and yet has not
been made available for a broader audience. This problem leads to long-lasting effects in public policies such as
spending money multiple times to conduct similar studies in the same area. We aim to identify this knowledge
gap by synthesizing information available regarding two Brazilian long-term biodiversity programs and the
metadata generated by them. Using a unique dataset containing 1904 metadata, we identified patterns of
metadata distribution and intensity of research conducted in Brazil, as well as where we should concentrate
research efforts in the next decades. We found that the majority of metadata were about vertebrates, followed by
plants, invertebrates, and fungi. Caatinga was the biome with least metadata, and that there’s still a lack of
information regarding all biomes in Brazil, with none of them being sufficiently sampled. We hope that these
results will have implications for broader conservation and management guiding, as well as to funding allocation
programs.

1. Introduction

The world is changing, probably at a rate never experienced before,
as a result of human actions, and biodiversity faces unprecedented
erosion (Leon et al., 2023). Understanding the existing biodiversity
patterns is important, but we also need to think ahead and enhance our
documentation processes to upscale information availability for present
and future scientists to replicate work over time or reanalyse with
improved methods. Equally important is the need to identify knowledge
gaps and expand the field recording of biodiversity, especially in meg-
adiverse sites and/or those ecosystems that are characteristically fragile
and difficult to restore, as well as those considered priority areas for
biological conservation. To reach this goal, it is mandatory to combine
knowledge and tools from different disciplines to achieve a more robust
representation of nature, and to better describe ecological patterns,
processes, and even taxonomic information (Carvalho et al., 2023). In
this sense, in a continental country such as Brazil, studies that synthesize

information can increase our understanding of the current state-of-the-
art, as well as to broader ecological questions to increase our knowl-
edge regarding macroecological patterns.

One way to do so is to incorporate field data into repositories and
databases, storing them with their respective metadata. Metadata are
descriptors of datasets, usually comprising universal (e.g., creator, data
collection method) and specific information (e.g., focal taxa, ecosystem
and coordinates, for ecological data) on datasets that share common
features and can be pooled for new analyses (Vanderbilt et al., 2022),
without necessarily involving the raw spreadsheets containing field in-
formation. In the absence of standardised field spreadsheets, they can
help us improve our understanding of complex systems (Alba et al.,
2021).

Making data available is an important topic for improving biodi-
versity knowledge, and also contributes to the decision-making process.
Today, most scientific journals have open-science policies and require
that authors make their research data available to the scientific
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community (Vanderbilt et al., 2022). Usually, biodiversity data are
isolated in topic-specific and separate repositories (Waide et al., 2017).
Despite billions of dollars of investment, the integration of a large
number of heterogeneous biodiversity data is still incipient (Moura
et al., 2015), and major areas are still underrepresented, especially in the
tropics (Moura and Jetz, 2021), where data, when reported, are spread
in several repositories and lack standardization, making it impossible to
synthesize the ecological knowledge available. These problems lead to
severe restrictions on the usage of global repositories and databases,
limiting their applicability (Mugal et al., 2023), and additionally in-
crease the cost of generating the same information in the future. It also
makes biodiversity data undiscoverable and unusable for a broader
audience, especially in Brazil, where scientists do not routinely store
their data in repositories and databases.

The tropics are an important source and refuge for many key species
and they hold the majority of the world’s biological diversity (Barlow
et al., 2018). Brazilian biodiversity is estimated to include at least 13 %
of the species of the world (Lewinsohn and Prado, 2005), and our cur-
rent understanding of biodiversity faces two major challenges: the
Linnean and Wallacean shortfalls (Bini et al., 2006). The Linnean short-
fall refers to the fact that most of the existing species on the planet still
need to be described, while the Wallacean shortfall can be defined as the
lack of information on the limits of the geographical distribution and
sampling efforts for most taxa (Hortal et al., 2015; Lomolino, 2004). The
latter is particularly important in Brazil, where the investment in
research and biodiversity knowledge is biased towards areas with the
highest human densities, which are the most fragmented areas. These
shortfalls lead to a phenomenon called “the veil line” (Magnusson et al.,
2016), resulting in a geographical bias in biodiversity knowledge and
investment in Brazilian research. Additionaly, it generates a concen-
tration of publications available for biomes in more developed areas,
with little investment in hyperdiverse ecosystems, such as the Amazon
(Oliveira et al., 2016), or ecosystems that face human expansion and are
still poorly known, such as the Cerrado and Caatinga (Santos et al.,
2011). Also, it is important to highlight that, even the ecosystems that
receive proportionately higher investments have huge gaps in biodi-
versity knowledge.

Integrating field data and metadata from multiple sources and at
different spatiotemporal scales is crucial to unravel patterns and pro-
cesses of biodiversity change under the ongoing environmental degra-
dation due to deforestation, fragmentation and landscape modifications
(i.e. land use and land cover change), which have been accelerated by
global climate change (Bergallo et al., 2021; König et al., 2019). Most of
the information on Brazilian biodiversity is outdated, and there is
missing information (e.g., species lists, descriptions, geographical co-
ordinates and ecological field data for many taxonomic groups (Hoch-
kirch et al., 2021; Maldonado et al., 2015; Moraes et al., 2014).
Furthermore, the information available for well-studied taxa (e.g., some
vertebrate and plant groups (Hochkirch et al., 2021; Oliveira et al.,
2016) is spread over hundreds of publications (Andrade et al., 2023),
and field data are rarely available to a broader audience, which limits
data usability for decision-makers and conservation policies.

Out study aims to identify the gaps in ecological metadata reporting
throughout the country and to provide a call-to-action among ecologists
regarding the importance of making their findings available in online
repositories. Since it would be a Herculean task to gather all biodiversity
data available for Brazil, our study focuses on studies conducted by the
two largest public-funded research programs associated with Brazilian
biodiversity: PELD (Programa de Pesquisas Ecológicas de Longa Duração
– known internationally as Long Term Ecological Research – LTER)
(Roque et al., 2018) and PPBio (Programa de Pesquisa em Bio-
diversidade – Program for Biodiversity Research) (Rosa et al., 2021). We
chose these two programs because they are carried out on a national
scale, involving hundreds of researchers within several institutions
across different ecosystems in Brazil, and calls for their funding explic-
itly required that the data be made available. We used a very broad

definition of data availability which considered the data to be available
if metadata were provided and indicated what and where data had been
collected, and by whom. Here, we compiled datasets available in online
repositories, as well as unpublished metadata sent directly by the au-
thors, that contain information from the two research programs. We
synthesized this information about Brazilian biodiversity to address the
following objectives:

1) To provide an overview of the fieldwork metadata conducted by
PPBio and PELD.

2) Identify the patterns of metadata distribution and intensity of
research conducted by PPBio and PELD across biomes and regions.

3) Investigate how metadata distribution varies within the country.
4) Provide guidance for future investment and research in Brazil, based

on gaps in biodiversity sampling and data reporting.

2. Materials and methods

2.1. Database sources and compilation

Metadata collection was based on the DataOne, GBIF and iNaturalist
repositories, as well as metadata for data held by individual researchers.
We chose those repositories because they are popular among researchers
and concentrate large volumes of metadata. Based on the scope of our
study, we excluded all metadata that were not about fieldwork carried
out by PELD or PPBio, as well as metadata that contained only the
occurrence data without relevant ecological information (e.g., entries
that didn’t describe the sampling methodology and metadata with only
co-occurrence information). These programs can be used as proxies to
provide an overview of the state of the art regarding Brazilian biodi-
versity and what has been done so far. All searches in data-repositories
were conducted using the following keywords: “PPBio”, “Programa de
Pesquisa em Biodiversidade”, “The Program for Biodiversity Research”,
“Brazilian Biodiversity Research Programme”, “PELD”, “Long-Term
Ecological Research Program - PELD”. To search the data repositories
via R program we used the DataOne package v.2.2.2 (Jones et al., 2016)
and Rinat package v. 0.1.9 (Barve et al., 2022). After downloading the
information, we filtered all metadata about fieldwork and merged all
tables into a single database with the dplyr Package in R (Wickham et al.,
2022).

To include all possible metadata, we invited all coordinators from
PELD and PPBio, as well as researchers affiliated who work or have
worked in these programs to contribute to our study sending us meta-
data by email.

2.2. Data processing

We carefully cleaned the data to rectify any truncated or missing
information that arose after downloading the metadata from the re-
positories. We also excluded duplicated metadata entries, and checked
and corrected the geographical coordinates. We excluded all
occurrence-only metadata because they did not include information
from species surveys (such as the method used in the fieldwork and
geographical coordinates from the location where the study was carried
out). We also excluded metadata that were not collected in Brazil. Some
metadata had information regarding more than one field campaign and/
or regarding more than one taxa. In those cases, we counted each field
campaign and/or each different taxa entry as an individual entry. To
preserve all relevant information from the original surveys, we con-
tacted all metadata owners whenever there was missing information to
clarify and correct possible errors. Since some metadata described multi-
site and multispecies datasets, we contacted authors directly via e-mail
to clarify the issue. We proceeded by concentrating multi-site/
multispecies metadata into one entry for each site/species described in
a dataset, and also considered each as a single entry/field campaign. No
metadata entries in our dataset described a multi-serial (e.g. series of
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field campaigns being carried for 10 years) collection. To facilitate
readability and understanding, we then considered each metadata
described in our study as a data point and as a single field campaign.

We gathered metadata on invertebrates, fungi, plants and verte-
brates in all the Brazilian biomes, as well as in aquatic ecosystems. There
was no hard limitation for the year of the beginning of the study to be
included in our survey, as we included all metadata available online
from PELD and PPBio (i.e. we included metadata deposited from 2000 to
December 2023). We focused on this period to keep results relevant and
to include all possible metadata that could be relevant for future
research. We chose to focus on biome classification since public policies
and funding distribution are mainly designed at the biome scale. We
then compiled the following information from the remaining metadata:
i) group, ii) data collection methodology, if possible, iii) when the study
was carried out, iv) geographical coordinates from the sample location,
v) biome, vi) which group conducted the study (i.e. PELD, PPBio or
both), vii) if the metadata were about ecological studies or taxonomic
studies and viii) habitat (i.e. terrestrial or aquatic). Those classifications
were made by accessing information individually in each metadata
package and directly contacting the data owners. We checked each co-
ordinate individually by plotting them using QGis v.3.22.3 (QGIS As-
sociation, 2021), and proceeded to ask data owners to double checked if

what was plotted corresponded to the locality of their field works.
To provide an overview of the fieldwork metadata conducted by

PPBio and PELD for each biome, we built maps for each group (i.e. in-
vertebrates, fungi, plants and vertebrates), using the package terra
(Hijmans, 2023) in R. To identify the patterns of metadata distribution
and intensity of the research conducted by PPBio and PELD across bi-
omes and regions, we calculated an index of metadata available (number
of metadata) divided by the biome extension (km2; (IBGE, 2019)).To
illustrate the distribution patterns of the metadata, we conducted a
Kernel density estimation analysis on QGis v.3.22.3 (QGIS Association,
2021) with the density analysis plugin. The process of density estimation
consisted of rasterizing the metadata location points’ information into
rasters of 5-km cell size, then smoothing the spatial patterns with a
Quartic Kernel of a radius of 50 km to capture the fine-scale variation
and identify the spatial concentration of metadata points, if the sampling
efforts were even or distributed by chance there would be no significant
concentration of the density of sampling points.

Fig. 1. Geographic locations of the metadata about studies conducted by the programs Long-Term Ecological Research (PELD) and Program for Biodiversity Research
(PPBio) available in online repositories or sent directly by the data owners. The left side maps represent invertebrates (top left, in red) and Fungi (bottom left, in
yellow) metadata distribution represented by circles distributed in the biome where the original study was conducted. The right-side maps represent metadata
density for invertebrates (top) and fungi (bottom), calculated using a raster image of Brazil’s geographical limits with a 5 km cell size and kernel density estimation
with a 50 km radius, representing the concentration of metadata (darker pixels represent higher local densities). Points outside the limits of the country represent
studies conducted in marine environments.
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3. Results

3.1. General results

We found 1904 metadata about studies conducted by the two pro-
grams (Fig. 1). The majority of the metadata were about studies funded
exclusively by PPBio (1686), while 63 metadata were exclusively funded
by PELD and 155 metadata had mixed funding (overlap funding from
PELD and PPBio). Most of the metadata were about ecological studies
(1309) and the minority were about taxonomic studies (592). Three
metadata lacked enough information to be classified regarding ecolog-
ical or taxonomic studies. The majority of the metadata (50.89 %) were
sent to us directly by the authors and are not available in online re-
positories, while 49.10 % of the metadata were available online. We
directly contacted 46 coordinators from PELD and 326 researchers from
PPBio to request owners’ permission to use their metadata, and only 11
and 25 replied, respectively. PELD currently has 34 active sites distrib-
uted in Brazil (Brito et al., 2020), and we found metadata about studies
conducted in 18 sites, while for PPBio we found metadata about studies
conducted in 97 of the 155 active sites reported by (Rosa et al., 2021).

3.2. Taxa sampled by PPBio and PELD

The majority of metadata were about vertebrates (1083), followed
by plants (563), invertebrates (247) and fungi (11; Figs. 1 and 2). Within
these groups, the majority of the metadata (Table 1) were from studies
about other vertebrates (475), followed by woody plants (376), non-
flying mammals (370) and terrestrial invertebrates (209). The meta-
data for 48 studies had missing information that made them impossible
to classify in any category regarding the organisms sampled.

3.3. Distribution of the Brazilian biodiversity metadata

Most of the studies were conducted in the States of Para (488), Mato
Grosso (321), Amazonas (201), and Rio Grande do Sul (192). The Bra-
zilian federative units with the least metadata were Goias (5), Distrito
Federal (4), and Maranhão (4).

The biome with the highest number of metadata deposited was the
Amazon (1364), followed by the Atlantic Forest (309), Pampa (154),
Cerrado (21), Pantanal (7), and Caatinga (1) (Figs. 1 and 2). The index of
metadata per biome extension was higher for the Pampa (0.0008), with
lower densities in Amazonia (0.0003), Atlantic Forest (0.0002), Pan-
tanal (0.00004), Cerrado (0.000001) and Caatinga (0.0000001;

Fig. 2. Geographic locations of the metadata about studies conducted by the programs Long-Term Ecological Research (PELD) and Program for Biodiversity Research
(PPBio) available in online repositories or sent directly by the data owners. The left side maps represent plants (top left, in green) and vertebrates (bottom left, in
blue) metadata distribution represented by circles distributed in the biome where the original study was conducted. The right-side maps represent metadata density
for plants (top) and vertebrates (bottom), calculated using a raster image of Brazil’s geographical limits with a 5 km cell size and kernel density estimation with a 50
km radius, representing the concentration of metadata (darker pixels represent higher local densities). Points outside the limits of the country represent studies
conducted in marine environments.
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Supplementary table 1).

3.4. Not available (NA)

It was impossible to attribute 48 metadata to any Brazilian biome
due to a lack of proper information in the files. We tried to contact the
metadata owners but they did not reply.

4. Discussion

We found 1904 metadata from studies containing field information
about biodiversity, which is concerning, given that Brazil has a vast
legacy of research on the topic and is considered the world’s most bio-
diverse country (Cibulski et al., 2020), which could indicate that the
majority of information being collected is not available for a broader
scientific audience. We are aware that there might be some metadata
missing from our compilation, as we could not locate them or the
responsible researchers. Many researchers from PELD and PPBio have
not stored their metadata online and have not responded to our invita-
tion e-mails to participate in this study. We hope that these and other
researchers will update the information compiled in the future. The low
adherence of Brazilian researchers regarding the deposition of metadata
in repositories raises a red flag, because most of the data that is being
collected in the country, costing millions of dollars, the majority from
the public budget, is likely to end up in a researcher’s drawer without
being made available for a broader academic community and decision-
makers. Also, the country’s policy require that all data collected with
public funding should be made available in the national repository SiBBr
(system for information regarding Brazilian biodiversity), which, to
date, doesn’t happen. Even more worrisome is the fact that given the
increasing pace of land conversion and species loss, this information
could be of major relevance in the construction of science-informed
policies on conservation. This scenario highlights the importance of
investment in maintaining data repositories, databases and other alter-
natives that can mirror information from those sites in case some of them
are shut down inadvertently. Also, there’s a pressing need for public
policies to make scientists aware of the importance of making their data
available.

4.1. Amazon

Most of the metadata available online originated from studies con-
ducted in the Brazilian Amazon (1364 studies, with 834 available in
online repositories, representing approximately 71.63 % of the 1904
metadata included in our study), and the majority were about other
vertebrates (422), non-flying mammals (296) and woody plants (244).
Even though the biome holds the majority of metadata available, the
area is still largely underrepresented (Carvalho et al., 2023), with an
index of metadata per biome extension of 0.0003. Most of the metadata

about studies conducted in the Brazilian Amazon are concentrated near
cities where access to sampling sites is relatively easy. There are several
under-sampled areas in the biome due to difficulties of access, and some
of them overlap with areas subjected to deforestation (da Ribeiro et al.,
2022), fire (Dutra et al., 2022; Lapola et al., 2023) and predicted hot-
spots for climate change (Carvalho et al., 2023). Another important issue
is the prevalence of mining activities (Villén-Pérez et al., 2022), land
grabbing and drug traffickers in the wilderness areas of the biome. One
of our long-term ecological research areas, the Maraca Ecological Sta-
tion (ESEC MARACÁ) (Milliken and Ratter, 1998), used by PELD and
PPBio, suffered an invasion by armed criminals who held the workers
hostage and stole equipment, boats, motorcycles and other goods from
the protected area, which has made research there without armed
guards impossible for two years. This is just one example of a situation
that is becoming increasingly common in the Amazon region and con-
stitutes a serious threat to researchers’ safety, making fieldwork, and
consequently research, impractical in certain areas.

4.2. Atlantic forest

The Atlantic Forest was the biome with the second largest number of
metadata available, with 309 studies – 75 available in online re-
positories, representing approximately 16.22 % of the total, with the
majority of them being about woody plants (77), non-flying mammals
(65), and flying mammals (61). The majority of the metadata (206) was
collected in Protected Areas, including National Parks, State Parks, Re-
serves and other categories, which highlights the fact that most research
in this biome is being concentrated in a few areas, possibly due to the
high suppression of natural native areas (Brandes et al., 2021). Brazil
was a Portuguese colony for three centuries, and the country’s exploi-
tation processes began on the coast, which concentrates most of the
population and industrial development, as well as harbouring a large
percentage of Atlantic Forest. This scenario has worsened in the past
decades and has led to alarmingly high deforestation rates, which have
culminated in only 12 % of the original area covered by Atlantic Forest
being conserved (Fundação SOS Mata Atlântica and INPE, 2021), usu-
ally distributed in small forest patches (Taubert et al., 2018). Research in
Atlantic Forest varies greatly according to its location and population
size, and sampling sites might be biased towards places with easier ac-
cess. The density of metadata available is small considering that this
biome has the largest density of universities, research centres and
contribution to the national GDP (Gross Domestic Product)(Bucciferro
and Ferreira De Souza, 2020).

4.3. Pampa

We found 154 metadata about studies in the Pampa biome, repre-
senting approximately 8.08 % of the total. All the metadata from this
biome was sent directly from the authors and were not available in

Table 1
Number of metadata about studies conducted by the Program for Biodiversity Research (PPBio) and the program for Long Term Ecological Research (PELD) available
in online repositories or/and sent directly by the coordinators of each group.

Group Amazon Atlantic Forest Caatinga Cerrado Pampa Pantanal NA

Terrestrial invertebrates 176 12 7 16 6
Aquatic invertebrates 6 2 20
Fungi 10 1
Parasites 2
Woody plants 244 77 1 3 16
Non-woody plants 70 54
Litter 71 16 6 1
Aquatic non-woody plants 4 1
Non-flying mammals 296 65 8
Flying mammals 18 61 6
Aquatic vertebrates 45 11 16 21
Other vertebrates 422 63 3 46 1
Total 1364 309 1 21 154 7 48
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online repositories. Most of the metadata were from studies about non-
woody plants (54), other vertebrates (46), woody plants (16) and
aquatic vertebrates (16). There was no available information about
fungi from this biome, which shows the necessity to advance in future
projects and include groups of organisms or biological processes that
have not been studied so far. The expansion of agricultural areas poses a
threat to biodiversity research in the Pampa (MapBiomas, 2023), as the
natural areas decreased from 9.3 million ha to 6.6 million ha between
1985 and 2020 (Andrade et al., 2023). The lack of information leads to a
significant deficit in biodiversity protection (Overbeck et al., 2015), and
several sampling gaps, as studies in the biome tend to be concentrated
near research institutions (Andrade et al., 2023).

4.4. Cerrado

We found 21 metadata about ecological research in Cerrado, which
represents approximately 1.1 % of the total, and the majority of them
were about non-flying mammals (8), terrestrial invertebrates (7) and
woody plants (3). Those numbers are concerning, given that the Cerrado
is under great pressure, with alarmingly high deforestation rates due to
agribusiness activities, such as plantation crops and cattle raising (Colli
et al., 2020). Habitat loss is increasing as the Brazilian agribusiness
movement is targeting the Cerrado because it is currently less scruti-
nized by the international community than the Amazon (Fernandes
et al., 2023).

4.5. Pantanal

The Pantanal is the second least represented biome in terms of
metadata about studies conducted by PPBio and PELD, with only seven
metadata (0.36 % of the total), all of them available in online re-
positories. Six metadata were from studies about reptiles and one was
about mammals. These data originate from only one grid using RAPELD
methodology (Magnusson et al., 2005), installed at the Experimental
Farm Nhumirim, a property of Embrapa Pantanal. This grid received
funding from PELD in 1999 intending to gather data for 10 years, but the
cited data wasn’t found in our research. The Pantanal biome is suffering
high conversion of its natural areas due to the widespread use of fire to
reduce the forested areas and the introduction of pasture to cultivate
livestock (Coelho-Junior et al., 2022; Ferrante and Fearnside, 2022).
South America has the largest areas of tropical peatland, and Brazilian
wetlands provide key ecosystem services, such as climate and hydro-
logical regulation (Gumbricht et al., 2017), as well as retaining a large
reservoir of soil carbon since the Holocene (Lahteenoja et al., 2009).
Given the importance of the biome, the lack of metadata is concerning,
and the need for providing standardised data that can provide detailed
information to produce syntheses about this region is urgent (Gumbricht
et al., 2017).

4.6. Caatinga

The Brazilian Caatinga is the least represented biome in terms of
metadata about studies from PPBio and PELD. We were able to find only
one record of metadata regarding plants in the region. Those results are
alarming, given that the Caatinga Domain is home to the largest
seasonally dry tropical forest of the New World (Queiroz et al., 2017)
and has received public resources since the creation of PPBio in 2004
(PPBio Semi-árido), together with PPBio Amazonia. The scarcity of
metadata from this region is likely related to social bias, as this part of
Brazil has the lowest social indicators of the country, resulting in a lack
of funding for research, which leads to a smaller number of published
papers (Buainain and Garcia, 2013; Santos et al., 2011). There is also a
chronic lack of financial investment from decision-makers in this region,
which culminated in only 4 % of the total amount of money destined for
biodiversity projects in the country being allocated to the Caatinga (Leal
et al., 2005). Therefore, it is concerning that the extensive funding by

the PPBio and PELD has not resulted in the availability of more data.

4.7. Solutions to mitigate the problem in the next decades

Possible solutions rely on two major challenges: researchers’
engagement and investment in data repositories and databases. We ex-
pected researchers would be less hesitant to share metadata since it does
not demand sharing raw field data. It is likely that many researchers do
not understand the importance of metadata, not only to communicate
what was done, but to make the raw data useful for future studies
(Magnusson et al., 2013). Therefore, major programs, such as the PPBio
and PELD, should invest heavily in capacity building for researchers in
relation to data management and availability. Without this investment,
data collection becomes irrelevant. It underscores the importance of
investments being directed towards the several aspects involved in data
sharing other than functioning and unified repositories, listed below.

Establishing standardised formats and protocols for biodiversity data
collection, storage, and sharing is crucial. This ensures interoperability
among different databases and platforms, facilitating seamless collabo-
ration and information exchange among researchers, organisations, and
regions (Bergallo et al., 2023; Rosa et al., 2021). Embracing open met-
adata initiatives encourages transparency and accessibility, since mak-
ing information about biodiversity datasets openly available,
researchers worldwide can contribute to a collective understanding of
global biodiversity patterns (see Carvalho et al., 2023; De Lima et al.,
2023 for international cooperation examples). Open-data policies also
foster innovation and accelerate scientific discoveries (Heberling et al.,
2021). Also, using emerging technologies such as artificial intelligence
and machine learning, can enhance the efficiency of biodiversity dataset
management. Automated data processing, quality control, and pattern
recognition contribute to more accurate analyses and rapid decision-
making.

Creation of a data and metadata policy has the potential to increase
metadata availability. Requiring researchers and programs financed
with public resources to deposit data and metadata related to biodi-
versity on accessible platforms, adhering to a period of up to two years
after the conclusion of the project and/or program might increase re-
searchers adhesion to make their metadata available for a broader
audience.

Future studies of biodiversity synthesis should aim to add informa-
tion (e.g. metadata, presence and absence lists, abundance lists) in the
gaps identified in our synthesis. Another important objective to be
developed in the next years is to synthesize information regarding
macroecological patterns and processes. Those measures can be pivotal
to elaborate an extended plan to meet the UN Decade on Ecosystem
Restoration resolution or the Kunming-Montreal Global Biodiversity
Framework, which indicates that many environments, such as forests,
oceans, wetlands and soil have the potential to act as sinks and reser-
voirs of greenhouse effects, and are essential to mitigate climate
changes. Our findings can contribute to building scientifically informed
strategies to increase the applicability of conservation and ecological
restoration planning, identifying areas of high species diversity and
richness, as well as identifying the areas of environmental risks or
conflicts.

5. Conclusion

Our research was the first systematic attempt to synthesize the in-
formation available online about ecological metadata from two promi-
nent publicly funded research programs in Brazil. Most of the metadata
about studies synthesized in our research are narrow in spatial scale,
leading to severe gaps of sampling in all biomes and limited information
at a regional scale. These limitations impede the integration and inter-
operability of the metadata, restraining its use in broader syntheses,
such as meta-analyses and literature reviews. Also, the majority of in-
formation about Brazilian biodiversity is stored as species occurrence
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lists in fragmented and difficult-to-access repositories, historical publi-
cations, theses and dissertations, and its integration into global data-
bases will take years of effort. Given the sparse funding available and the
huge challenges to be met, using public funds to collect data that is not
made available to the broader scientific community is no longer
acceptable, and active collaboration between groups that are part of
both programs is urgent. Unified accessibility and interoperability of
biodiversity information through initiatives such as SIBBr (Sistema de
Informacoes Sobre a Biodiversidade Brasileira), instead of each research
group creating individual databases or repositories, is urgent to start
integrating the existing platforms for all research groups and studied
taxa.
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Cumberlidge, N., Stephenson, P.J., Seddon, M.B., Clausnitzer, V., Borges, P.A.V.,
Mueller, G.M., Pearce-Kelly, P., Raimondo, D.C., Danielczak, A., Dijkstra, K.B., 2021.
A strategy for the next decade to address data deficiency in neglected biodiversity.
Conserv. Biol. 35, 502–509. https://doi.org/10.1111/cobi.13589.

Hortal, J., De Bello, F., Diniz-Filho, J.A.F., Lewinsohn, T.M., Lobo, J.M., Ladle, R.J.,
2015. Seven shortfalls that beset large-scale knowledge of biodiversity. Annu. Rev.
Ecol. Evol. Syst. 46, 523–549. https://doi.org/10.1146/annurev-ecolsys-112414-
054400.

IBGE, 2019. Biomas e sistema costeiro-marinho do Brasil : compatível com a escala 1:250
000. Rio de Janeiro.

Jones, M.B., Slaughter, P., Nahf, R., Boettiger, C., Jones, C., Read, Jordan,
Walker, Lauren, Hart, Edmund, Chamberlain, Scott, 2016. dataone: R interface to the
DataONE network of data repositories. https://doi.org/10.5063/F1M61H5X.

König, C., Weigelt, P., Schrader, J., Taylor, A., Kattge, J., Kreft, H., 2019. Biodiversity
data integration—the significance of data resolution and domain. PLoS Biol. 17,
e3000183 https://doi.org/10.1371/journal.pbio.3000183.

Lahteenoja, O., Ruokolainen, K., Schulman, L., Oinonen, M., 2009. Amazonian peatlands:
an ignored C sink and potential source. Glob. Chang. Biol. 15, 2311–2320.

Lapola, D.M., Pinho, P., Barlow, J., Aragão, L.E.O.C., Berenguer, E., Carmenta, R.,
Liddy, H.M., Seixas, H., Silva, C.V.J., Silva-Junior, C.H.L., Alencar, A.A.C.,
Anderson, L.O., Armenteras, D., Brovkin, V., Calders, K., Chambers, J., Chini, L.,
Costa, M.H., Faria, B.L., Fearnside, P.M., Ferreira, J., Gatti, L., Gutierrez-Velez, V.H.,
Han, Z., Hibbard, K., Koven, C., Lawrence, P., Pongratz, J., Portela, B.T.T.,
Rounsevell, M., Ruane, A.C., Schaldach, R., Da Silva, S.S., Von Randow, C.,
Walker, W.S., 2023. The drivers and impacts of Amazon forest degradation. Science
379, eabp8622. https://doi.org/10.1126/science.abp8622.

Leal, I.R., Silva, J.M.C., Tabarelli, M., Lacher, T.E., 2005. Changing the Course of
Biodiversity Conservation in the Caatinga of Northeastern Brazil.

Leon, L.F., Silva, B., Aviles-Rodriguez, K.J., Buitrago-Rosas, D., 2023. Harnessing the
omics revolution to address the global biodiversity crisis. Curr. Opin. Biotechnol. 80,
102901. https://doi.org/10.1016/j.copbio.2023.102901.

Lewinsohn, T.M., Prado, P.I., 2005. How many species are there in Brazil? Conserv. Biol.
19, 619–624. https://doi.org/10.1111/j.1523-1739.2005.00680.x.

Lomolino, M.V., 2004. Conservation biogeography. Frontiers of Biogeography: new
directions in the geography of nature 293.

Magnusson, W.E., Lima, A.P., Luizão, R., Luizão, F., Costa, F.R.C., Castilho, C.V.D.,
Kinupp, V.F., 2005. RAPELD: a modification of the gentry method for biodiversity
surveys in long-term ecological research sites. Biota Neotropica 5, 19–24. https://
doi.org/10.1590/S1676-06032005000300002.

Magnusson, W.E., Braga-Neto, R., Pezzini, F.F., Baccaro, F., Bergallo, H.G., Penha, J.,
Domingos, R., Verdade, L.M., Lima, A., Albernaz, A.L., Hero, J.M., 2013. Biodiversity
and Integrated Environmental Monitoring (Attema Design).

A.F. Guimaraes et al.

https://doi.org/10.1016/j.cub.2023.06.077
https://doi.org/10.1016/j.cub.2023.06.077
https://doi.org/10.1371/journal.pntd.0008820
https://doi.org/10.1371/journal.pntd.0008820
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0050
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0050
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0050
https://doi.org/10.1007/s10531-020-01967-x
https://doi.org/10.12854/erde-2022-621
https://doi.org/10.12854/erde-2022-621
https://doi.org/10.1111/gcb.16821
https://doi.org/10.3390/fire6010002
https://doi.org/10.1126/science.adg2983
https://doi.org/10.1126/science.ade0656
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0085
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0090
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0090
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0090
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0090
https://doi.org/10.1073/pnas.2018093118
https://CRAN.R-project.org/package=terra
https://CRAN.R-project.org/package=terra
https://doi.org/10.1111/cobi.13589
https://doi.org/10.1146/annurev-ecolsys-112414-054400
https://doi.org/10.1146/annurev-ecolsys-112414-054400
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0115
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0115
https://doi.org/10.5063/F1M61H5X
https://doi.org/10.1371/journal.pbio.3000183
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0125
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0125
https://doi.org/10.1126/science.abp8622
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0135
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0135
https://doi.org/10.1016/j.copbio.2023.102901
https://doi.org/10.1111/j.1523-1739.2005.00680.x
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0150
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0150
https://doi.org/10.1590/S1676-06032005000300002
https://doi.org/10.1590/S1676-06032005000300002
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0160
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0160
http://refhub.elsevier.com/S0048-9697(24)05029-0/rf0160


Science of the Total Environment 950 (2024) 174880

14

Magnusson, W.E., Ishikawa, N.K., Lima, A.P., Dias, D.V., Costa, F.M., de Freitas, M.A., de
Rodrigues, D. J., Pezzini, F.F., Barreto, M.R., Baccaro, F.B., Emilio, T., Vargas-Isla,
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Aragón, S., Gilberto, A., Vélez-Martin, E., Mortati, F., Giacomin, L.L., Almeida, T.E.,
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