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Abstract Digital accessible knowledge of biodiversity data is an increasingly important source of information in studies of biogeog-
raphy and conservation. These databases can also reveal temporal, spatial and taxonomical gaps in biodiversity documentation, even
in areas that have been intensively studied and from where accurate species lists are available. Therefore, revealing these gaps may
help allocating collecting efforts, conservation priorities and strategies for improving database curation. Here, we evaluate potential
shortfalls for flowering plants in a tropical hotspot, the Brazilian Atlantic Forest, by cross-referencing two online repositories of bio-
diversity data (the Global Biodiversity Information Facility – GBIF – and the Brazilian Flora 2020 floristic database – BFG). We
aimed to evaluate the congruence between those repositories, highlighting tendencies in current documentation for this area. We
found that from the 7220 reported flowering plant species endemics to the Atlantic Forest, 1573 (22%) have no valid spatial data
in GBIF, and 75% of all of the 605,951 records do not present valid spatial information. Most of the missing information is related
to species known only from few and old collections with absent or inaccurately georeferenced data. This lack of information may
cause a large impact in spatial studies, especially for rare and threatened species. Nevertheless, our analysis also shows that spatial
information for the filtered data is highly congruent between GBIF and BFG data, indicating relatively high availability of quality data
in large repositories after standard and automatized cleaning procedures. Still, good practices to decrease the impact of losing data are
recommended, including more investment in field collections, targeting poorly known species and returning cleaned spatial datasets
to online repositories after taxonomic revisions.
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■ INTRODUCTION

Biodiversity documentation in the “era of big-data”.—
Biological collections are at the front line of biodiversity
research, providing data for accurate documentation (Buerki
& Baker, 2016). The maintenance of well-curated databases
of species distribution have a major role in spatial analyses
and biodiversity studies, which is one service of herbaria
(Funk, 2003). These datasets also provide basic data for out-
reach, increasing awareness and educating society about bio-
diversity and conservation (Wen & al., 2015). In the past
few decades, information regarding biodiversity distribution
has been massively compiled in free and online repositories
such as GBIF (the Global Biodiversity Information Facility,
www.gbif.org). Biodiversity studies have entered in the “era
of big-data” (Maldonado & al., 2015), in which it is relatively

easy, but sometimes tricky, to retrieve valid information on the
spatial distribution of biodiversity (Yesson & al., 2007).

In spite of this great progress, it is widely known that Digital
Accessible Knowledge (DAK; see Sousa-Baena & al., 2013) is
accompaniedbyseveraldownsides, especially regarding thequal-
ity of georeferencing (Beck& al., 2013; Zizka& al., 2018), taxo-
nomic accuracy (Goodwin & al., 2015; Oliveira & al., 2017,
Troudet&al., 2017) and relative collecting effort amongdifferent
areas (Giaretta & al., 2015; Williams & Crouch, 2017). For
instance, it is expected thatGBIF contains several of these caveats
(Robertson&al., 2014;Yesson&al., 2007), so at least somepro-
cedures of data curation (i.e., data cleaning) aremandatory before
further use. It is against that background that recent tools and
methods have facilitated such procedures by automatizing cor-
recting steps that can deal at leastwith someof these spatial issues
(e.g., Robertson & al., 2016; Zizka & al., 2019).
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Concurrently, the concept of “biodiversity hotspots”—
areas where high levels of species endemism and habitat loss
coincide to produce high extinction risk (Myers & al.,
2000)—is grounded mainly by the known numbers of exclu-
sive plant species in an area (Joppa & al., 2011). In this sense,
proper documentation of spatial distribution of species is crit-
ical, and initiatives such as the Systematics Agenda 2020 and
the Biodiversity CyberBank (Wen & al., 2015) have increased
the application of big-data in biological research and conser-
vation initiatives.

The Brazilian Atlantic Forest as a case-study. — Brazil,
the most species-rich country for vascular plants in the world
(Forzza & al., 2012; Ulloa-Ulloa & al., 2017; Willis, 2017), is
very heterogeneous regarding collecting effort throughout its
enormous area. Some regions, such as the Amazon rainforest,
are long known to suffer from extensive biasing gaps of
largely under-collected areas (Daly & Prance, 1989; Hopkins,
2007; Oliveira & al., 2017). On the other hand, regions such as
the Atlantic Forest have gone through more intensive collect-
ing during the last centuries (Mori, 1989; Galindo-Leal
& Câmara, 2003).

The Atlantic Forest covers most of the eastern coast of
South America and harbors one of the highest levels of species
richness and endemism in the Neotropics (Mori, 1989;
Murray-Smith & al., 2009). European colonization in Brazil
started from the coast, and historical collecting expeditions
followed this route. Furthermore, these areas also include the
highest concentration of cities and inhabitants today
(Galindo-Leal & Câmara, 2003; Ribeiro & al., 2009). As a
result, this is one of the most intensively collected phytogeo-
graphic domains in Brazil (Oliveira & al., 2019), with a rich
collection of preserved plant specimens in herbaria
(Morellato & Haddad, 2000). Conversely, the Atlantic Forest
is also the phytogeographic domain that has been harshly
diminished since the 19th century, when many native and
endemic species were described (see Pires-O’Brien, 1993).

Until recently, it was difficult to list exactly how many
species of angiosperms were native or endemic to the Brazil-
ian Atlantic Forest. Currently, thanks to a continuous team
effort undertaken since 2008, taxonomists are compiling
the “Brazilian Flora 2020 Project” (henceforward BFG), a
massive collaboration initiative that intends to monograph
all plant, algae and fungi species in the country by 2020
(BFG, 2018a). One output of this project is a taxonomically
verified list of all species occurring in Brazil and in each
of its particular phytogeographic domains—including the
Atlantic Forest.

The existence of this list of names, along with the fact that
the Brazilian Atlantic Forest has been one of the most vastly
collected areas in the Neotropics, makes this phytogeographic
domain a good model to explore how cross-checking
DAK repositories can help allocating collecting and re-
collecting efforts. In this study, we cross-checked two DAK
repositories—GBIF in light of the BFG floristic database—
to explore patterns related to the accuracy of taxonomical,
temporal and spatial scales of biodiversity documentation,

using the Brazilian Atlantic Forest as a case-study. We aim
to clarify the following statements: (1) there is a temporal pat-
tern in data precision, where more recent collections usually
bear more accurate georeferenced data; (2) there is congru-
ence between spatial distribution data from GBIF and the
BFG database; and (3) data cleaning procedures discard a sig-
nificative amount of species distribution points, and this may
represent a bias in inferences of spatial patterns of biodiver-
sity. These statements will be discussed in the context of pos-
sible solutions to improve biodiversity documentation in
Brazil and worldwide.

■MATERIALS AND METHODS

Study area and data. — The Atlantic Forest is a biodi-
versity hotspot (Myers & al., 2000), mostly (i.e., over 90%
of its area) part of the Brazilian territory (Ribeiro & al.,
2009). Recent estimates show that this phytogeographic
domain has ca. 15,000 native species of angiosperms only in
Brazil, and nearly half of them are endemic to this area
(BFG, 2018a).

We considered two DAK repositories of biodiversity
information for this area: (1) the BFG floristic database
(BFG, 2018b); and (2) GBIF. First, we downloaded a list of
all Brazilian angiosperm species retrieved from the BFG flo-
ristic database in March 2019, which is indexed in GBIF
repository. From that list, we selected all reported species
endemic to the Brazilian Atlantic Forest, according to BFG.
Only accepted names were selected (i.e., synonyms were not
considered). By choosing endemic species only, we limited
the sampling area and minimized the already huge amount
of data under analysis, making the study operationally
feasible.

This initial list of names was used as a search string to
download occurrence data from GBIF. Records for all angio-
sperms based on preserved specimens collected in Brazil were
downloaded from GBIF portal (GBIF.org, 2019), as GBIF
also incorporates most of the regional and local online repos-
itories, such as SpeciesLink (www.splink.cria.org.br), Reflora
(www.reflora.jbrj.gov.br) and the Rio de Janeiro Botanical
Garden database (www.jabot.jbrj.gov.br; Silva & al., 2017).
In order to standardize taxonomy across datasets, synonyms
were updated using the R package “flora” v.0.3.0 (Carvalho,
2017; R Core Team, 2019).

Data cleaning procedures and evaluation. — We per-
formed an automatized data cleaning round using the R
package “CoordinateCleaner” v.2.0-11 (Zizka & al., 2019).
Functions in this package deal efficiently with technical errors
in spatial data by flagging and dropping points located in
country or state centroids (which are very imprecise), points
in the sea (which do not make sense for terrestrial species)
and “lacking coordinates” (i.e., points with latitude and longi-
tude fields marked as “0” or “NA”).

Finally, we performed a second round of data cleaning by
selecting only occurrence points that are within the borders of
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the Brazilian Atlantic Forest domain, using the IBGE (the
Brazilian Institute of Geography and Statistics) shapefile of
the Atlantic Forest. The same shapefile is used by the BFG
project when classifying the phytogeographic domains of
each taxon (BFG, 2018a). This round of cleaning was per-
formed using the software QGIS v.3.8 (www.qgis.org). After
this procedure, we extracted the final “cleaned” database,
which contained what we named as “valid” records. The
amount of information lost at each of these cleaning steps
were critically evaluated according to their temporal, taxo-
nomic and spatial patterns.

Comparing GBIF and BFG databases of species distribu-
tion. — The BFG database also informs which Brazilian
first-level administrative divisions (henceforth “states”) have
confirmed occurrences for a particular species, based on the
expertise of the taxonomist responsible for the species to be
monographed. In order to get a proxy for the congruence
between this information and the distribution records in GBIF,
we generated and compared two presence-absence matrices
across the states: one for the cleaned occurrence dataset (GBIF)
and another for the information retrieved from the BFGdatabase.

For our cleaned database, we applied two different thresh-
olds to consider if a species occurred in a particular state. The
first threshold considered that the species should have at least
three valid records within a particular state to be coded as an
occurrence in it (“strict threshold”). The second threshold
considered that only one valid record in GBIF was enough evi-
dence for occurrence in a state (“relaxed threshold”). Con-
versely, the BFG matrix was built based on distribution
information that is already provided by the BFG project for
each species. From those matrices, we calculated a Spatial
Congruence Index (SCI), as described in the following equa-
tion (Equation 1):

SCI =
1

r *
Xr
s=1

GBIFs−BFGs½ �
 !

ð1Þ

with r being the number of states where a species s can be
either present (1) or absent (0) in GBIF (given the two sets
of thresholds) and in the BFG database. This gives us the
following possible results for each species s in a state r
(Equation 2):

SCIs,r =

−1, if GBIFs,r = 0 andBFGs,r = 1

0, if GBIFs,r =BFGs,r = 1

+ 1, if GBIFs,r = 1 andBFGs,r = 0

8>><
>>: ð2Þ

Hence, the closest the SCI is from 0, the more “congru-
ent” the information on geographical distribution of a species
s is between the two databases (i.e., the species s occurs in all
the indicated states in both databases). Values closer to −1
indicate that the geographical range is wider in the BFG data-
base (i.e., the occurrence of a species s in a particular state is

recorded in the BFG database, but not in GBIF). Conversely,
values closer to +1 indicate that the geographical range is
wider in GBIF (i.e., the occurrence of a species s in a particu-
lar state is recorded in GBIF, but not in the BFG database).
The SCI distribution frequencies for each databasewere statis-
tically compared by applying a Kruskal-Wallis test (Hollander
& Wolfe, 1973) at a significance level of 0.05 by using the R
package “stats” v.3.5.3 (R Core Team, 2019).

Assessment of temporal patterns. — To untangle tem-
poral patterns in the records, we evaluated how many species
had their last collection recorded over 50 years ago in the
raw database (i.e., prior to data cleaning), standardizing the
“present” to 31 March 2019. This is an arbitrary proxy
adopted by the IUCN (International Union for Conservation
of Nature) to estimate whether a species is possibly extinct
in nature (Magin & al., 1994).

Finally, we also sorted the number of records per year and
critically evaluated the impact of data cleaning, considering
particularly the year 1995—when GPS reached its full opera-
tional capability (Kaplan, 2006)—as a threshold for accuracy
in georeferenced records. We built maps of number of
records, species richness and a standard weighted endemism
(see Guerin & al., 2015) to contrast quality of distribution
points prior to 1995 and from 1995 onwards, using the R
package “monographaR” v.1.2.0 (Reginato, 2016).

■ RESULTS

The BFG database reported 7220 names of species
endemic to the Brazilian Atlantic Forest in 1000 genera. Of
this total, 244 species (ca. 3%) lack any information in GBIF
(even considering records with missing coordinates), charac-
terizing the first data shortfall. The reasons for their absence
in GBIF were assessed by manually searching the problematic
names in GBIF portal, checking known records and the proto-
logue of the problematic name. Three major categories within
this shortfall were uncovered (Table 1). A full list of these

Table 1.Description of the main causes for null searches in 244 species
with zero records in the GBIF database.

Category Description Species Percent

No data Information is not available
at all, because no collections
have been digitized nor made
online in any repository.

111 45%

Out of date Records of that species are
present in theGBIF database,
but under another name
(determination “out of date”).

80 33%

Misspell Records of that species are
present in theGBIF database,
but the name is misspelled.

53 22%

Total 244 100%
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missing species and related additional information is provided
in supplementary Table S1.

After discarding these 244 problematic species from the
initial BFG list of names, the raw database of distribution
points (including the problematic species) had 6976 species
in 987 genera, with 605,951 records (see full list of records
in suppl. Table S2). After deleting records without valid or
lacking coordinates, the total number of records dropped to
153,854, representing 5647 species in 908 genera, meaning
that a total of 1573 species had either no valid records or, in
case of the 244 problematic species, no information at all in
GBIF (Fig. 1A). This represents the second and major short-
fall in our database: in total, the number of species dropped
ca. 22%, and the number of records ca. 75% when generating
a “cleaned” database.

Temporal patterns in shortfalls of biodiversity docu-
mentation. — Most of the information lost is related to taxa
known from only a few (Fig. 1B) and old collections (Fig. 1C).
The proportion of deleted records after the cleaning decreases
continuously towards the present, especially after the 1990s,
meaning that less recent records are discarded after cleaning pro-
cedures. A summary of the information regarding each shortfall
and each species is provided in supplementary Table S3.

The year 1995 appears to be a milestone in universal geor-
eferenced data availability. Records collected before that year
often consisted of non-valid records, because the GPS only
reached its full operationality from that year on (Kaplan,
2006) (Fig. 1C,D). Still, before 1995, a few peaks were
observed in particular years when the proportion of remaining
georeferenced records were oddly higher than expected
(Fig. 1C, red lines, corresponding to more than 20% of all
records for the particular year remained).

An additional temporal pattern recovered from our data
analyses is related to collecting efforts. From the rawdatabase,
1843 species (26% of all species with records on GBIF and
33% of all species after the cleaning) have at least one gap
of 50 years between consecutive collections, and 425 (6%
from the raw list, i.e., before cleaning) have not been collected
again in the past 50 years.

Spatial patterns in shortfalls of biodiversity documen-
tation. — In terms of species richness, most taxa are centered
in specific portions of the Atlantic Forest, especially in South-
ern Bahia and in the Serra doMar region, with the richest areas
in Espírito Santo and Rio de Janeiro States (Fig. 2). The overall
patterns of species richness and endemism are not different con-
sidering records prior to 1995 or from 1995 onwards, and all
maps are highly correlated (standard correlation indexes all
greater than 0.8 pairing records prior to 1995, 1995 onwards
and all records—see full list in supplementary Table S2).

The increase in collections with valid and accurate geore-
ferences from 1995 onwards causes a big impact in the num-
ber of records that remain after data cleaning (as observed in
Fig. 1A). In fact, the great majority of species have most or
all of their distribution points with valid coordinates from
1995 onwards (Fig. 3A). Interestingly, however, quality and
quantity of remaining records prior to 1995 and from 1995

onwards do not significantly alter the overall patterns of spe-
cies distribution. Congruence between databases (Fig. 3B)
and general patterns of species richness or endemism per area
(Fig. 2) are both similar when considering records from only
one of these two time frames.

Also, for the remaining records, the average SCI per spe-
cies was close to 0 for the two thresholds. This indicates that
spatial information of species converges between the present
in GBIF and the reported in the BFG database. Visually, the dis-
tribution frequency pattern of the SCI per species appears the
same for both time frames (Fig. 3B); but this is not corroborated
statistically at a 0.05 significance level (p < 0.001 according to
the Kruskal-Wallis test). See Supporting Information for all
values (suppl. Table S4 for the acquired distribution and suppl.
and Table S5 for the SCI calculations).

■DISCUSSION

The possibility of cross-checking species information care-
fully prepared by taxonomists (BFG database) with a large
repository of occurrence records of GBIF provides novel per-
spectives for biodiversity studies, as well as putative new issues
associated with this information. DAK repositories are infa-
mous for their inaccurate taxonomic and spatial data (Graham
& al., 2004; Yesson & al., 2007; Beck & al., 2013; Robertson
& al., 2016), but some biases recovered in here were not antic-
ipated when we first started our study. Our cross-validation
found that ca. 3% of all species listed as endemic to the Atlantic
Forest (244 species) are absent in GBIF, while other ca. 18%
have no records with valid coordinates. These alarming results
indicate that over one-fifth of all angiosperms endemic to the
Atlantic Forest have some sort of documentation issue in their
spatial data, hampering conservation policies and biogeograph-
ical and macroecological analyses.

Reasons for missing species in GBIF.— Our results sug-
gest some potential reasons for these caveats in our data. Our
manual inspection of the list of missing species revealed some
of the following: (1) misspelled names (i.e., typos), (2) lag in
updating determinations in the repository, and (3) truly missing
information, as summarized in Table 1 (but see also suppl.
Table S1). Misspelled names are somewhat common and
expected in any huge database, given that the list of names is
primarily provided by humans. However, they hamper commu-
nication between databases, resulting in loss of information
when they are cross-checked. In our study, typos are present
in the reference database of the BFG andwould have to beman-
ually corrected by the taxonomists working on this project.

The lag in updating taxonomic determinations represents
another important bias. Several species that were not found in
GBIF are actually in there, but identified under another name.
This lag probably reflects the fact that some herbaria take some
time to process new information as they update taxonomical
determinations (Robertson & al., 2014). But physical collec-
tions are affected as well: in Brazil, processing changes can take
from twomonths (e.g., at the RBHerbarium; R.C. Forzza, pers.
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Fig. 1. Evaluation of temporal and taxonomic patterns in big-data shortfalls for documentation of endemic angiosperm species in the Brazilian
Atlantic Forest. Raw: raw database, before data cleaning; Clean: cleaned database, after the cleaning steps, with only valid records. A, Frequency
histogram of records per species, highlighting species lacking any valid records before and after the cleaning. B, Number of records for species dis-
carded during cleaning procedures, showing that most discarded species are represented by less than 10 collections. C, Proportion of records
remaining after cleaning. Note that some years have oddly high proportions of georeferenced records for the period preceding the GPS full release;
those with values above 0.2 are highlighted (red bars) and represent older a priori georeferenced collections. Also note the relative increase of geor-
eferenced (valid) records from 1995 onwards. D, Georeferenced records per year (gray bars) from the raw database and accumulated frequency
(thick black curve) of all records, i.e., georeferenced or not. E, Frequency of species before and after data cleaning for the twenty species-richest
families in the Atlantic Forest according to the BFG database. Numbers above each bar indicate the percent of discarded records after the cleaning.
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Fig. 2. Number of records (A to C), species richness (D to F), and weighted endemism (G to I) in the Brazilian Atlantic Forest, considering all
records (A, D, G), only records prior 1995 (B, E, H) and records from 1995 onwards (C, F, I). Grids of 0.375�.
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obs., 2019) up to two years (e.g., at the SPF Herbarium;
V.Y. Jono, pers. comm., 2019). Conversely, similar “lags”
may be even longer in smaller herbaria, where funding and
infrastructure to process and update these changes tend to be
minimal (Mann, 1997). This is worrying, as keeping a well-
curated and up-to-date collection is mandatory in the era of
DAK repositories, and the herbaria continue to be a fundamen-
tal source of information for studies at different scales.

Finally, “missing data” is the most common category of the
244 missing species. We identified two main reasons for their
absence in GBIF. First, these represent names with nomencla-
tural issues, e.g., names that require new combinations or are
cases for lectotypifications. Some call particular attention: for
instance, several are names that were described by Frei José
Mariano da Conceição Vellozo or by João Barbosa Rodrigues
in Flora Fluminensis (Vellozo, 1825), from which types are
mostly illustrations and, therefore, cannot be found in GBIF.

Second, these can be associated to a few cases where the GBIF
taxonomical backbone somehow fails to properly associate data
retrieved from regional repositories to a name in GBIF. Some
examples in our list include Guatteria capixabae Lobão
& J.C.Lopes and Tradescantia atlantica M.Pell.—none of
these have records in GBIF but should have, as there are records
in the Rio de Janeiro Botanical Garden database (respectively,
17 and 4 records for G. capixabae and T. atlantica).

Reasons for non-valid records. — All of the reasons
above can explain why species names reported by taxono-
mists in the BFG database are not in GBIF. However, the
major shortfall in GBIF, responsible for dropping 22% of
species and 75% of records during the cleaning steps, is
related to the high number of records with “lacking coordi-
nates” (i.e., those marked as “0” or “NA” in latitude and lon-
gitude). The large amount of data lost in this step can be due
to two main reasons: (1) problems in how the data was cap-
tured, because the coordinates may be available on the spec-
imen label, but have not been digitized during databasing;
or, more commonly, (2) the specimen label has no coordi-
nates at all.

This acute shortfall during data cleaning was particularly
severe for Orchidaceae and Bromeliaceae species (Fig. 1E and
suppl. Table S3). Possible reasons for that are either (1) biolog-
ical, because of the high proportion of micro-endemics and
rare species (Meirelles & al., 1999; Verola & al., 2007;
Menini-Neto & Forzza, 2012); or (2) related to documenta-
tion, since their ornamental value make them relatively more
abundant in collections of small and private herbaria that have
not been fully digitized or that have not been submitted to
GBIF; and possibly (3) a combination of both.

This emphasizes the importance in databasing collections
of smaller, regional herbaria. As highlighted by Williams
& Crouch (2017), rarer species are often found only in local
herbaria and not in larger collections. On the other hand, there
are also some large Brazilian museums, with rich collections
of Bromeliaceae and Orchidaceae from the Atlantic Forest, that
still have not been fully digitized. These include the National
Museum Herbarium, Rio de Janeiro (R) and the Herbarium
Bradeanum, Rio de Janeiro (HB)—all holding historical collec-
tions of naturalists such as Elton Leme and Guido F.J. Pabst,
who collected hundreds of specimens of bromeliads and
orchids in the Atlantic Forest during the 20th century.

In summary, standard steps of data cleaning can remove
up to three-quarters of all records, leading to an underestima-
tion of over one-fifth of the species-richness of endemic
angiosperms in the Brazilian Atlantic Forest. These are alarm-
ing results, as they indicate that somehow we are not manag-
ing to fully document spatial information of critically
important groups in DAK repositories. Thus, care must be
taken particularly regarding rare species, as those may be eas-
ily left aside during standard data cleaning procedures.

Even though species only known from a few old collections
can possibly represent taxa that have become extinct from nature,
there are frequent cases of “re-discoveries” (e.g., Pellegrini
& Almeida, 2016; Bochorny & al., 2017; Lírio & al., 2018).

Fig. 3. Spatial congruence analyses of record data from endemic angio-
sperm species in the Brazilian Atlantic Forest. A, Frequency histogram
of the proportion of current distribution inferred per species from col-
lections from 1995 onwards. B, Frequency histograms of the average
Spatial Congruence Index (SCI) for all species of the study area, con-
sidering the “strict threshold”. The graph for the “lax threshold”’ was
not represented because the pattern is similar to the “strict threshold”.
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Thus, these missing species should be targeted in future collect-
ing expeditions to truly assess their conservation status and also
to improve spatial data in DAK repositories.

Spatial patterns and data quality of the remaining
records.— Even though a large number of records and species
was discarded during data cleaning, plenty of data still remained
afterwards. Remaining records arewidely spread over the Atlan-
tic Forest (Fig. 2). The overall distribution pattern of species
richness and endemism at different portions of the Atlantic For-
est is corroborated by further evidence from particular groups of
plants and animals (e.g., Cracraft, 1985; Murray-Smith & al.,
2009; DaSilva & al., 2017; Colli-Silva & Pirani, 2019). More-
over, when we split and analyze distribution data in two distinct
temporal frames—prior to 1995 and from 1995 onwards—, the
overall pattern of species richness is unchanged. In other words,
even if we considered only old records with approximated spa-
tial georeferences, we would still have a fair approximation of
the overall pattern of richness in the Atlantic Forest, at least at
this macro-scale.

Furthermore, old records alone can already provide a
good estimation of major patterns of biodiversity, which
emphasizes their relevance. We showed that data acquired
from 1995 onwards significantly increased information on
species distribution (Fig. 3A), and 1509 species have only
records with valid coordinates collected after this year. These
results are fortunate, because they show that accurate geore-
ferencing and continuous field expeditions have enabled us
to expand our understanding on the distribution of many taxa.
Thus, even though the overall distribution pattern is
unchanged between time frames, a continuous collecting
effort is still important to fully understand species distribution,
improving diversity patterns at finer scales.

However, imprecisions related to these old collections
can also bias estimates of richness and endemism even after
data cleaning, and may have negative effects in finer-scale
surveys. Examples in our dataset are observed in the year
1900, in which we found only records from the JPB Herbar-
ium and all of them had the same coordinates. These coordi-
nates were not country or state centroids, so they were not
discarded during automatized cleaning, but have errone-
ously included 57 more species in the corresponding cell.

In summary, it is common to refer to GBIF as “dubious”
or “non reliable” (Yesson & al., 2007; Beck & al., 2013;
Robertson & al., 2014), but it seems that, at least in terms
of spatial data, a major issue with this and other DAK repos-
itories is not the data itself, but the enormous amount of
information that is discarded after data cleaning. Such lack
of information, as we detail in the next section, may have
huge implications in theoretical studies of spatial analyses
(e.g., Schmidt & al., 2005; Beaman & Cellinese, 2012;
Maldonado & al., 2015) and in applied studies aiming to
deliver full conservation assessments for threatened species
(e.g., Rodrigues & al., 2006; Bachman & al., 2011).

Shortfall patterns in DAK repositories.— There are sev-
eral biodiversity shortfalls, or limitations in documenting biodi-
versity. For instance, the “Linnean shortfall” relates to the still

undescribed biodiversity, i.e., taxa that occur in an area but
are still unknown to science, while the “Wallacean shortfall”
refers to the non-complete understanding of the geographical
range of a species (Beck & al., 2014; Hortal & al., 2015). Here,
perhaps we are not dealing with a shortfall per se, but missing
coordinates directly strengthens the Wallacean shortfall and
underestimates our knowledge for the distribution of the flora.

These gaps in our knowledge of biodiversity resulting
from the necessary cleaning of inaccurate data associated with
large databases are summarized in Fig. 4. This hampers our
full comprehension of species distribution, especially rare
taxa with scarce, old collections. In the case of the Atlantic
Forest, we have demonstrated that over 1300 species were
either absent or removed from the database during simple
cleaning procedures.

Such limitation seems to be less acute in recent collec-
tions, and two main events may have contributed for that:
(1) the development of electronic catalogues and voucher

Fig. 4. Four phases in the documentation of biodiversity through time,
highlighting the described “missing information” for distribution data.
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digitization in the 1970s (B in Fig. 4) (Graham & al., 2004)
and (2) the GPS full release and operational capability (C in
Fig. 4) (Kaplan, 2006). However, after an outstanding pro-
gress in the last 40 years, the accumulation of online records
seems to have slowed down in the past few years (D in Fig. 4).
This is perhaps due to the “lag” in updating data repositories,
or to a potential decrease of field expeditions and, conse-
quently, of new collections and records (see Ríos-Saldaña
& al., 2018; Daly & Martinez-Habibe, 2019).

Good practices to move forward.—Webelieve there are
some good practices that, if adopted by collectors and herbaria,
could safeguard new data, lessening the effect of accumulating
non-valid spatial information. First: even when analyzing only
collections from 1995 onwards, ca. 20% of the vouchers still
had no valid coordinates at all (Fig. 1C). As GPS devices are
now universalized and more accessible, such proportion should
be nearing zero; so, it is worrying to know that this issue still
persists. Thus, the first good practice is to always try to take pre-
cise GPS coordinates during field expeditions; otherwise, the
specimen might be less valuable for any subsequent study of
geographical distribution or conservation assessment.

Another practice that could lessen the loss of spatial data
is georeferencing all the vouchers by a gazetteer or by the
locality informed on the label. Unfortunately, to do this in a
mass-scale in Brazil is now unfeasible and unpractical given
operational and financing issues (Cai & Zhu, 2015; Zamudio
& al., 2018). Nevertheless, this is commonly done by taxono-
mists who are working with particular groups, as they
carefully revisit each distributional record. Researchers, how-
ever, often keep these revisited distribution data to themselves
until a monograph is published.

We argue that researchers should publish their geograph-
ical databases as datapaper whenever possible (e.g., Costello
& al., 2013), indexing the records and suggesting updated
coordinates to those they manually georeferenced once. Each
voucher could be properly updated in GBIF for further reuse
then. Also, curators could consider adding additional labels
informing revisited or estimated georeferencing, as they do
with determination labels. Automatized image recognition
by machine learning may be another way to produce valuable
spatial data in a more efficient way, too (Collins & al., 2018;
Lorieul & al., 2019). We believe future investment and pro-
duction of new georeferencing frameworks using one of the
suggestions presented above might help to improve biodiver-
sity big-data, increasing its valuability.

To conclude, we emphasize that increasing funding for
collections and museums can still have plenty of applications
for biology and society, especially since many people use dis-
tribution data from biological collections (Funk, 2003; Suarez
& Tsutsui, 2004; Wen & al., 2015). However, biological col-
lections are now at risk across the globe due to decline in fund-
ing and shifts in scientific interests (Ríos-Saldaña & al., 2018;
Zamudio & al., 2018). In Brazil, increased devaluation of sci-
ence and funding instability towards maintaining biodiversity
collections and accomplish new field expeditions can also
intensify this shortfall (Ríos-Saldaña & al., 2018; Zamudio

& al., 2018). We advocate that maintaining and funding biodi-
versity collections and field expeditions contribute to the
diminishment of shortfalls in DAK, towards an effective doc-
umentation, evaluation and conservation of our threatened
flora. We also stress that our study focused mainly on the spa-
tial accuracy of data retrieved from DAK repositories. How-
ever, increased funding in biodiversity collections and
curation would very likely help solving other relevant issues
with DAK repositories, such as taxonomic misidentifications
(e.g., Goodwin & al., 2015).
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