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Abstract Highlights

Knowledge on biodiversity is fundamental for e We present the first referenced list of species for the
conservation strategies. The Brazilian Pampa region, Brazilian Pampa region

located in subtropical southern Brazil, is neglected in

terms of conservation, and knowledge of its biodiversity e The Brazilian Pampa has at least 12,503 species of
is fragmented. We aim to answer the question: how plants, animals, fungi and bacteria.

many, and which, species occur in the Brazilian Pampa? o - . ) )
In a collaborative effort, we built species lists for plants, * Species in the Brazilian Pampa predominantly inhabit
animals, bacteria, and fungi that occur in the Brazilian grasslands or wetlands/aquatic ecosystems.
Pampa. We included information on distribution patterns,
main habitat types, and conservation status. Our study
resulted in referenced lists totaling 12,503 species
(12,854 taxa, when considering infraspecific taxonomic e Biogeographic surveys, such as the one presented here,
categories [or units]). Vascular plants amount to 3,642 are needed in other regions of Brazil and the world.
species (including 165 Pteridophytes), while algae have

2,046 species (2,378 taxa) and bryophytes 316 species

(318 taxa). Fungi (incl. lichenized fungi) contains 1,141

species (1,144 taxa). Animals total 5,358 species (5,372

taxa). Among the latter, vertebrates comprise 1,136

species, while invertebrates are represented by 4,222

species. Our data indicate that, according to current

knowledge, the Pampa holds approximately 9% of the

Brazilian biodiversity in an area of little more than 2% of

Brazil’s total land. The proportion of species restricted

to the Brazilian Pampa is low (with few groups as

exceptions), as it is part of a larger grassland ecoregion

and in a transitional climatic setting. Our study yielded

considerably higher species numbers than previously

known for many species groups; for some, it provides

the first published compilation. Further efforts are

needed to increase knowledge in the Pampa and other

regions of Brazil. Considering the strategic importance

of biodiversity and its conservation, appropriate

government policies are needed to fund studies on

biodiversity, create accessible and constantly updated

biodiversity databases, and consider biodiversity in school

curricula and other outreach activities.

e The Brazilian Pampa holds, in just over 2% of Brazil’s
area, about 9% of its total biodiversity.

Keywords: animal diversity, bacteria, biodiversity assessment, biogeographic survey, Brazilian Pampa, Campos, conservation,
fungi, grassland, open ecosystem, plant diversity.
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Introduction

Sound knowledge of biodiversity has never been
more important to support conservation strategies
than it is today, in a period of accelerating human-
driven changes in the distribution of biodiversity and
of species losses (Dornelas et al 2014, Blowes et al.
2019). As biodiversity is important for ecosystem
functions (van der Plas 2019) and the provisioning of
ecosystem services that contribute to human well-
being (Mace et al. 2012), knowledge on biodiversity is
an important starting point for proposing sustainable
land management.

Brazil is a megadiverse country, with a wide
range of ecosystems, in addition to human cultures,
ethnicities, and traditions that can bring nature’s
contribution closer to the daily life of Brazilians
(Joly et al. 2019). Nonetheless, available numbers
on Brazilian biodiversity are outdated and unified
species lists are missing for many taxonomic groups.
According to the latest comprehensive assessment,
between 169,000 and 213,000 species are known from
Brazil, corresponding to about 13.1% of the world’s
described biodiversity (Lewinsohn and Prado 2005).
Alarge proportion of species remains undescribed (in
particular in fungi, prokaryotes, and different insect
groups), and estimates of species numbers have been
used to assess overall species diversity in Brazil: likely,
around 1.8 million species (Lewinsohn and Prado
2005). However, even for well-known species groups,

25°S
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5
(=]
w

60°S

90°W 80°W

70°W

60°W
Longitude

numbers and further information are scattered across
publications, limiting the use of biodiversity knowledge
for conservation policies.

With over 190,000 km?, the Brazilian Pampa (Fig. 1),
the northern part of the Rio de la Plata grasslands
region (Soriano 1992), covers 2.3% of Brazil’s area and
is the second smallest Brazilian biome (sensu IBGE
2019). The region is dominated by grasslands, but
alsoincludes other natural ecosystems, such as forest
and woodland, savanna-like parklands, palm groves,
rock outcrops, dunes, different types of wetlands,
and water bodies. These natural ecosystems are
currently under threat: land use is changing rapidly
across most of the region, especially driven by the
expansion of croplands and exotic tree plantations
(MapBiomas 2022). The area covered by natural non-
forest formations, i.e., grasslands, decreased from 9.3
million ha in 1985 to 6.6 million ha in 2020. Today,
agriculture sums up to 42.7% of the Brazilian Pampa’s
area (MapBiomas 2022). Simultaneously, the Brazilian
Pampa has one of the largest deficits in biodiversity
protection when compared to other Brazilian regions
(Overbeck et al. 2015), with only 3.2% of its area
covered by protected areas, parts of which include
degraded lands (Ribeiro et al. 2021).

One of the reasons for this lack of consideration
for the Brazilian Pampa in terms of conservation
value is likely the lack of awareness of its biodiversity
(Overbeck et al. 2015), a worldwide phenomenon for
grasslands (e.g., Veldman et al. 2015). Information on

1000 km I TN T

50°W 40°W 30°W

Figure 1. The Brazilian Pampa (sensu IBGE, 2019, in purple), located within the Rio de |a Plata grasslands region (in orange).
Also shown are the geographic regions of southern Brazil (Brazilian Pampa + area in green) and the Southern Cone (in

white, including all other areas).
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species richness in the region at current is available
for some taxonomic groups, but often incomplete and
spatially biased (e.g., concentrated in regions close to
research institutions). Here, we aim to improve this
situation by trying to answer a simple question that is
critical to increase the consideration of its biodiversity
in public policies: how many and which species occur
in the Brazilian Pampa? To answer this question, we
present up-to-date information on the number of
described plant, fungi, bacteria and animal species
recorded from the Brazilian Pampa, stemming from
contributions of a large number of experts. Based on
our results, we discuss the need for further systematic
biodiversity assessments.

Materials & Methods

We compiled five datasets containing valid
species names (and, in some cases, infraspecific
taxa) of plants, fungi, bacteria and animals occurring
in the Brazilian Pampa and additional descriptive
information regarding taxa occurrence, distribution
and conservation status (Table 1). They were compiled
by experts based on available literature, biological
collections, and expert knowledge, with occurrence
referenced by a voucher specimen or a literature
source in most cases (89% of the total number of
taxa). For each specific and/or infraspecific taxon,
information was provided regarding taxonomic
classification, geographic distribution, habitat of
occurrence and conservation status. Geographical
distribution was classified as follows: (i) restricted to
the Brazilian Pampa (IBGE 2019), (ii) restricted to the
Rio de la Plata grasslands region (Soriano 1992), (iii)
restricted to southern Brazil (Parana, Santa Catarina,
Rio Grande do Sul states), (iv) restricted to Rio de
la Plata grasslands region and southern Brazil, or
(v) widely distributed in the Southern Cone region
(South America south of the Tropic of Capricorn), if
occurring in other Brazilian states or adjacent countries
beyond the limits of previous categories (Fig. 1).
Species were also classified according to their main
habitat (aquatic, forest and grassland, mainly forest,
mainly grassland, only forest, only grassland, dune,
anthropic, other types of habitats, insufficient data).
For animals, we added the habitat classes cave and
(for Aves) savanna-like parkland. All species were
classified as native or non-native to the Brazilian
Pampa. Species classified as non-native were checked
for their potential as invasive species according to the
state list of invasive alien species (RIO GRANDE DO SUL
2013). The regional, national and global conservation
status was considered according to three threatened
species lists: Rio Grande do Sul state list (SEMA/RS;
RIO GRANDE DO SUL 2014a,b), National list of Brazil
(ICMBIO/MMA 2018), and the global International
Union for Conservation of Nature (IUCN) list (IUCN
2021; https://www.iucnredlist.org/).

Plant and algae species were organized into three
datasets (Tables $1-S3; Supplemental Appendix S1),
one including all vascular species (Angiosperms
[Eudicotyledons, Monocotyledons, Magnoliids,
Nymphaeales], Gymnosperms, and Pteridophytes

[Lycophytes, Monilophytes]), a second one including
avascular terrestrial plant species (i.e., Bryophytes
[Anthocerotophyta, Bryophyta, Marchantiophytal])
and a third one containing the artificial group
Algae (Bigyra, Cercozoa, Charophyta, Chlorophyta,
Choanozoa, Cryptophyta, Cyanobacteria, Euglenozoa,
Miozoa, Ochrophyta, Rhodophyta). Although algae
is an artificial group, we chose to consider it as a
unit for user’s convenience and analytical simplicity.
The vascular plants dataset originated from the
comparison of two other datasets: (1) the list of
vascular species of the Rio de la Plata grasslands region
(Andrade et al. 2018) and (2) the Brazilian Flora 2020
(BFG 2021), followed by a careful review by experts
and consultation to taxonomic literature. The avascular
terrestrial plants and algae datasets were based mainly
on Brazilian Flora 2020 (BFG 2021) and extensive review
of taxonomic literature, including monographs, and
floristic and phytosociological studies. In cases where
we found divergences among databases or references
concerning species and author names, we opted to
follow the International Plant Name Index (IPNI [IK];
https://www.ipni.org) and Algaebase (https://www.
algaebase.org/). Species distribution data was obtained
or confirmed by consulting taxonomic and ecological
studies, as well as online databases such as Global
Biodiversity Information Facility (GBIF; https://www.
gbif.org) and SpeciesLink network (http://www.splink.
org.br/index).

The fungi dataset is organized at the species
level (Table S4; Supplemental Appendix S1). Fungi
were categorized into lichenized and non-lichenized
species. The classification of fungi orders follows
Index Fungorum (http://www.indexfungorum.org),
MycoBank (https://www.mycobank.org) and reviews
of taxonomic literature and monographs. For this
dataset, the Brazilian Flora 2020 (BFG 2021) was also
important for its development.

High-level classification for fungi, gymnosperms,
angiosperms and pteridophytes follows Tedersoo et al.
2018, Yang et al. 2022, APG IV (APG IV 2016), and PPG
| (PPG 12016), respectively. For algae, we used specific
classification systems for each division (Cavalier-Smith
and Chao 1996, Cavalier-Smith 1998, Lewis and
McCourt 2004, Cavalier-Smith 2016, Kamiya et al. 2017,
Garcia-Pichel et al. 2019) following Algaebase (Guiry
and Guiry 2015). Cultivated species were notincluded,
unless occurring spontaneously in natural areas.

Animal species were divided into two main groups
(Table S5; Supplemental Appendix S1): vertebrates
(i.e., Amphibia, Aves, Mammalia, Actinopterygii,
Chondrichthyes, and Reptilia) and invertebrates (i.e.,
Acari, Annelida, Araneae, Crustacea, Diplopoda, Insecta
[Coleoptera, Diptera, Ephemeroptera, Hemiptera,
Hymenoptera, Isoptera, Lepidoptera, Odonata,
Orthoptera, Plecoptera, Strepsiptera, Thysanoptera,
Trichoptera], Mollusca, Platyhelminthes, and Porifera).
Species information from both vertebrate and
invertebrate groups was compiled from published and
unpublished (e.g., scientific collections) sources, as well
as online databases (GBIF and SpeciesLink network,
plus the citizen-science platform WikiAves for Aves).
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Prokaryote species were included in part considering
species identity (for aquatic species), and also as
operational taxonomic units (OTUs), for soil bacteria.
For soil bacteria, the studies of Beneduzi et al. (2019),
Girdo (2019) and Granada et al. (2019) were used as
a basis (Supplemental Appendix S2).

The vascular plants dataset is at the species
level, while the other four datasets are organized
at the infraspecific level. All calculations were made
at species and infraspecific level. We used R 4.1.1
(R Core Team 2013) — loaded with the packages dplyr
(Wickham et al. 2021), flora (Carvalho 2022), ggplot2
(Wickham 2016), rgbif (Chamberlain et al. 2022),
rredlist (Chamberlain 2020) and treemapify (Wilkins
2021) — for data preparation and manipulation, data
querying, analysis, and visualization.

Results

A total of 12,503 species (12,851 taxa) of plants,
fungi (incl. lichenized fungi), bacteria and animals, from
1,025 families and 4,661 genera, are currently known
to occur in the Brazilian Pampa (Table 1; Tables S1-S5,
Supplemental Appendix S1). We organized the data
into five datasets (Fig. 2; Tables S1-S5); metadata
information is in Supplemental Appendix S1. These
species are mostly native (97%), widely distributed
in the Southern Cone region (83%). About half of the
species occupy predominantly or exclusively grassland
ecosystems (23%) or wetlands and aquatic habitats
(26%). Only 3.5% and 6.7% of the species are restricted
to the Brazilian Pampa and the Rio de la Plata grassland

region, respectively. About a third of the species known
for the Brazilian Pampa have been studied in sufficient
detail to determine whether they are threatened with
extinction at the regional, national, or global level.
Overall, 622 species (5%) are classified as Critically
Endangered (CR), Endangered (EN) or Vulnerable
(VU) in at least one of the lists of threatened species
considered (i.e., IUCN, ICMBio/MMA, and SEMA/RS).
A total of 23 species have been declared extinct or
probably extinct in the region.

The vascular plants dataset (Angiosperms
[Eudicotyledons, Monocotyledons, Magnoliids,
Nymphaeales], Gymnosperms, and Pteridophytes
[Lycophytes, Monilophytes]) contains 3,642 species
from 191 families and 1,108 genera, including 266
non-native and 40 non-native invasive species
(Table S1, Supplemental Appendix S1; Supplemental
Appendix S4). Although Monocot species, in
particular grasses, dictate the physiognomy of
grassland ecosystems, most species in the Brazilian
Pampa are Eudicots. Asteraceae (476 species),
Poaceae (423), Fabaceae (292), Orchidaceae (162),
and Cyperaceae (155) are the families with the
highest number of species. The most species-rich
Lycophytes families are Lycopodiaceae (7 species)
and Selaginellaceae (4), while Pteridaceae (33),
Polypodiaceae (23), and Aspleniaceae (13) are the
most species-rich Monilophytes families. As many as
3,161 species (87% of the total) are widely distributed
in the Southern Cone region, while 130 species (3.5%)
are restricted to the Brazilian Pampa. 2,105 species
(58% of the total) occur predominantly or exclusively

Basidiomycota

Monilophytes | magnoli¢ ‘
15pz y agg;: ias / Marcna;;topnwa
58

Monocotyledons

Gastropoda |accotritermes

Passeriformes 43

Lepidoptera 290

747 Actinopterygii

295

Squamata »
83

Araneae
393

Diptera
627

Clitellata Rodentia |
40

Charophyta Chlorophyta
298 289

H e mlpte ra Thysanoptera| Odonata
207 H 105

Hymenoptera
491

Figure 2. Treemap of all plants, animals, fungi and bacteria species known from the Brazilian Pampa region. The species
were organized into five datasets (clockwise order): vascular plant (in green), bryophyte (in olive), fungi (in khaki), algae

(in green pine), and animal (in blue) species.
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in grassland ecosystems. A total of 441 species (12% of
the total) are classified as Critically Endangered (CR),
Endangered (EN) or Vulnerable (VU) in at least one of
the threatened species lists considered.

The Bryophytes dataset (Anthocerotophyta,
Bryophyta, and Marchantiophyta) has 316 species
(318 taxa) from 137 genera and 69 families
(Table S2, Supplemental Appendix S1; Supplemental
Appendix S4). Bryophyta species predominate (214
species), followed by Marchantiophyta (99), and
Anthocerotophyta (3). For Bryophyta, the most
representative family is Fissidentaceae (27 species),
for Marchantiophyta, Ricciaceae (23), and for
Anthocerotophyta, Notothyladaceae (2). All species
are native, and most are widely distributed in the
Southern Cone region (94%) and are found in forest
and grassland (66%). Only 19 species (6% of the total)
are classified as Critically Endangered (CR), Endangered
(EN) or Vulnerable (VU) by at least one of the analyzed
endangered species lists.

The algae dataset contains 2,046 species and
2,378 taxa (species, varieties, and forms) from 478
genera, 213 families and 11 divisions (Table S3,
Supplemental Appendix S1; Supplemental Appendix
S4). The most diverse Division is Ochrophyta
(1,152 species), followed by Charophyta (381),
Chlorophyta (328), and Euglenozoa (275). Desmidiaceae
(282 species), Euglenidae (181), Bacillariaceae (126),
Naviculaceae (104), and Eunotiaceae (112) are the
families with the largest number of species. Only four
species are considered exotics, one of them, invasive.
Most species are widely distributed in the Southern Cone
region (2,028 species or 85% of the total) and all species
are aquatic. Euglenidae (3 species; Strombomonas [3
species]) and Bacillariaceae (3; Tryblionella [2]) are the
families and genera with the largest number of species
restricted to the Brazilian Pampa.

The fungi dataset has 1,141 species from 293 genera
and 107 families (Table S4, Supplemental Appendix
S1; Supplemental Appendix S4). Ascomycota species
predominate (934), followed by Basidiomycota (149)
and Myxomycota (58). 99.5% of the species are native.
The lichenized fungi represent 82% of the species in
the dataset. Parmeliaceae (182 species), Graphidaceae
(117), Physciaceae (70), Caliciaceae (60 species), and
Ramalinaceae (59) are the families with the largest
number of species. Most species are widely distributed
in the Southern Cone region (1,037 species or 91% of
the total) and only 13% have grassland ecosystems
as their preferred habitat. Graphidaceae (12 species;
Allographa [7 species]), Trypetheliaceae (5), and
Ramalinaceae (4; Bacidia [4]) are the families and
genera with the largest number of species restricted
to the Brazilian Pampa. Only two species are classified
as Critically Endangered (CR) or Vulnerable (VU) by
IUCN Red List of Brazilian Threatened Species.

The dataset on animal species contains 5,358
species and 5,372 taxa (97.5% of which are native),
belonging to 2,652 genera and 445 families (Table S5,
Supplemental Appendix S1; Supplemental Appendix S4).
Vertebrates totaled 1,136 species, while invertebrates
comprised 4,222 species. Aves is the vertebrate group

with the highest number of species (567), followed by
Actinopterygii (295), Mammalia (120), Reptiles (90),
Amphibia (62), and Chondrichthyes (2). The richest
invertebrate groups are Coleoptera (1,031 species),
Lepidoptera (747), Diptera (627), and Hymenoptera
(491). Vertebrates had more species classified as
Critically Endangered (CR), Endangered (EN) or
Vulnerable (VU) (137 species) than invertebrates (24
species) in at least one of the threatened species
lists considered. Most vertebrates (82.5%) and
invertebrates (70%) are widely distributed in the
Southern Cone region. The proportion of vertebrate
and invertebrate species restricted to the Brazilian
Pampa is 4% and 5%, respectively. High proportions
of species restricted to the Rio de la Plata grassland
region were found for fish (Actinopterygii and
Chondrichthyes), amphibians, and reptiles, with 36.7%,
23.6%, and 17.8%, respectively. Regarding the main
habitat type, vertebrate species are predominantly
associated with aquatic (40%), forest (20%) or grassland
habitats (15%), while most invertebrates have poorly
known habitat preferences (28.5%) or occupy both
forest and grassland ecosystems (22%).

The five sampling sites for soil microbiological
diversity yielded numbers between 362 and 692
operational taxonomic units (OTUs) (Supplemental
Appendix S2). Orders that were represented by more
than 10% of OTUs in at least one sampling site were
Acidobacteriales (Acidobacteria: Acidobacteria),
Frankiales (Acidobacteria: Acidobacteria), Bacillales
(Firmicutes: Bacilli), Rhizobiales (Proteobacteria:
Alphaproteobacteria), Burkholderiales (Proteobacteria:
Gammaproteobacteria), and Chthoniobacterales
(Verrucomicrobia: Spartobacteria).

Discussion

Our study is the first comprehensive compilation of
described species for the Brazilian Pampa, providing
up-to-date species richness assessments for all major
biological groups in this region. While our compilation
improved previously existing lists for many taxa
(see Table 1), for others our efforts led to the first
species lists ever compiled for the region. The number
of angiosperm plants for the Brazilian Pampa increased
by over 500 species in comparison with previous lists.
Recorded species richness of bryophytes and algae
increased by more than 60%. While the known species
richness increased for all animal groups, our study is
the first available species richness assessment for many
groups of invertebrates whose diversity was previously
only known to specialists. Only 12% of fungi species
listed here are also listed in the Flora e Funga do Brasil
project (BFG 2021). We are aware that some species
groups are still missing in our compilation, for example,
within Coleoptera, Hemiptera, Hymenoptera, and
Orthoptera, as we did not manage to cover all groups
within our group of researchers. We hope that other
researchers will join us in updating this list in the future.

The total species richness revealed by our study
(12,503) demonstrates that a considerable part of
Brazilian biodiversity is concentrated in a relatively
small portion of the country that is under-considered
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in conservation strategies (Overbeck et al. 2015) and
experiences rapid conversion of natural ecosystems
into anthropogenic areas (MapBiomas 2022). Our data
indicate that the Brazilian Pampa holds, in little more
than 2% of Brazil’s area, around 9% of the country’s
species. Species groups for which the Brazilian Pampa
has an especially high contribution to Brazil’s diversity
(based on currently available knowledge) are Algae
(41%), Aves (28.8%), mammals (22.2%), Thysanoptera
(19.6%), liverworts, hornworts and mosses (18.8%),
and Hymenoptera/bees (17.4%) (see Table 1). For
many species groups considered here, the numbers
given certainly still fall far short of representing the
real species diversity (both in the Brazilian Pampa
and in Brazil). This is especially true for ‘invisible’
taxa such as soil organisms, microorganisms or even
mosses and lichens (e.g., Rocha et al. 2016), which are
still poorly studied and often left out of biodiversity
inventories. Importantly, these organisms are currently
not considered in environmental licensing and are
also poorly represented in red list assessments of
threatened species. Furthermore, many groups,
especially invertebrates, have a high number of
undescribed species. For example, in studies on ants,
approximately 40-50% of the total species sampled are
still unknown (Drose et al. 2017). Given the accelerated
land use change in the region, the risk of losing species
before they are known is real despite their relevance
to ecosystem processes and potential use in medicine
or industrial processes. For poorly described groups,
especially bacteria, fungi, and other soil organisms,
we still know very little about the effects of land use
and other environmental changes, or about their
role in maintaining overall biodiversity (see van der
Heijden et al. 2008).

Across all groups, the percentage of species
restricted to the Brazilian Pampa was very low, even
though it needs to be acknowledged that information
ondistribution is not available for all groups or species.
A high level of endemism to the Rio de la Plata
grasslands region was found for fish (Actinopterygii
and Chondrichthyes; 36.7% of species restricted to
this region), amphibians (23.6%), and reptiles (17.8%),
revealing a high biogeographical affinity of these groups
with open ecosystems in the subtropical/temperate
zone. The high number of endemic species of annual
fish (Austrolebias and Cynopoecilus, 30 species) that
live in temporary ponds and whose life cycle depends
on successive periods of drought and flood is especially
remarkable, but also the endemism of several groups
of fish that have diversified among rivers located in
the Rio de la Plata grasslands region (e.g., Scleronema;
see Ferrer and Malabarba 2020). Further, the Riode la
Plata grasslands region is considered to be the center
of diversity of Melanophryniscus frogs (Pramuk et al.
2008, Santos et al. 2014). Similar to plants (59.9%
of species occur exclusively or mainly in grasslands),
ampbhibians and reptiles also had a high percentage of
species closely associated with grasslands (grassland as
exclusive or main habitat: 57.7% and 46.7% of species,
respectively), emphasizing the high biodiversity of
open ecosystems. The total of 623 species currently

listed as threatened (categories Critically Endangered,
Endangered or Vulnerable in at least one of the lists
consulted) as well as the 23 species considered extinct,
regionally extinct or probably extinct, reflect the poor
conservation status of the region, with ongoing and
rapid land use change. Clearly, the Brazilian Pampa
is suffering from Biome Awareness Disparity, i.e.,
poor conservation of grasslands relative to forests
(Silveira et al. 2021). We hope that our new findings
on the biodiversity of the Brazilian Pampa will help to
change this situation.

Although the focus of this study is the native
biodiversity of the Brazilian Pampa, and cultivated
species were not included, we should not forget the
importance of the region’s socio-biodiversity. Before
European colonization, Guarani people cultivated
species brought from other regions of South and
Central America such as cassava (Manihot esculenta),
maize (Zea mays), beans (Phaseolus vulgaris), sweet
potato (lpomoea batatas) and pumpkin/squash
(Cucurbita sp.), among others. With European
colonization, plants from the old world and distant
parts of the new world were introduced and today
local varieties are still used and traded (Barbieri et al.
2014). Several native plant species, already used
by traditional communities, have been started to
be commercially exploited, at least locally, in food
production chains, such as pitanga (Eugenia uniflora),
jelly palm (Butia odorata), aragd (Psidium cattleianum),
alongside plants with pharmaceutical properties,
such as marcela (Achyrocline satureioides),
bananinha-do-mato (Bromelia antiacantha) or
carqueja (Baccharis crispa), to give just a few
examples (Barbieri et al. 2014, Ramos et al. 2017).
On a larger scale, traditional animal husbandry on
native grassland, maintaining natural biodiversity,
is an important socio-environmental and economic
element in the Brazilian Pampa (Nabinger et al.
2009), just as is beekeeping of native stingless
bees (Meliponini), such as the locally threatened
Plebeia wittmanni and Melipona quadrifasciata,
among other species (Dos Santos et al. 2021).
These examples are indicative of the high potential
of sustainable use of natural resources to maintain
biodiversity and ecosystem services (including cultural
services) in a way that is also economically interesting,
involves local people and maintains their cultures.

While our study considerably increases knowledge
on natural biodiversity in the Brazilian Pampa, more
efforts to collect biodiversity data are clearly necessary
here and in other Brazilian regions. We suggest that
this should be done in a combination of approaches.
We need targeted sampling of understudied groups
(including soil organisms) and regions for which
information on species richness and distribution, as
well as taxonomic knowledge, is still incipient. Data
from this type of study are highly relevant to improve
regional species lists, as presented here. We also
need standardized biodiversity inventories that can
contribute to a better understanding of biodiversity
patterns in space and time (e.g., Ferreira et al. 2020,
Rosa et al. 2021). Collecting and describing organisms
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and sampling biodiversity are, however, only the first
steps toward a better knowledge of biodiversity:
information needs to be made available to other
researchers and to society as a whole. While for some
species — in particular, the flora — easily accessible
databases exist and are constantly improved (e.g., BFG
2021), similar initiatives are still lacking for many other
groups, despite efforts underway such as the Catdlogo
Taxonémico da Fauna do Brasil, or, on a global level,
the Catalogue of Life (https://www.catalogueoflife.
org/). Platforms where researchers, natural resource
managers and the interested public can easily store
and access biodiversity information are highly relevant
to improve biodiversity management. Additional
information on species, such as classifications
according to habitat preference, is important to
increase usability of the data for researchers,
environmental managers, or the interested public.
Beyond data compilation and sharing, outreach
activities are necessary to spread information on
biodiversity to society. All these activities need to
be well integrated — ideally in networks — and to be
able to count on reliable funding. Biodiversity is a
strategic issue in a world undergoing global change,
and biodiversity knowledge is fundamental. This
needs to be reflected in appropriate government
policies for: (i) funding studies on biodiversity and
its distribution, as well as on conservation needs and
strategies through specific calls; (ii) creating easily
accessible, constantly updated and properly curated
databases on biodiversity of all Brazilian regions; (iii)
better consideration of biodiversity in school curricula
and other educational activities.

Acknowledgements

This work was inspired by debates in the context of
the Brazilian Platform on Biodiversity and Ecosystem
Services (http://www.bpbes.net.br) and conducted
within the PPBio Campos Sulinos. We are grateful to
Eduardo Valduga (Croton), Tamara Pastori (Cypella),
Silvia Miotto (Fabaceae), Matias Kohler (Cactaceae),
José Francisco Montenegro Valls (Poaceae), Lilian
Mentz (Solanaceae), Gustavo Heiden (Baccharis),
Silviane Pesamosca (Ludwigia), Sérgio Bordignon
(Pilostyles) and Rafael Trevisan (Cyperaceae) for
answering questions regarding taxonomic issues, and
to Gervasio Carvalho, Andressa Paladini and Gabriel
Mejdalani for sharing bibliographic material regarding
Cercopidae and Cicadellidae (Auchenorrhyncha).
We also thank Rosalia Pomar Camargo for digitizing
bibliographic materials amid covid-19 pandemic
restrictions. Many authors acknowledge research
grants and funding from CNPq, CAPES (Finance
Code 001), FAPESP and other organizations (see
Supplemental Appendix S5).

Author Contributions

GEO conceived the study. BOA and WD organized
data collection, managed data and conducted the
analyses. GEO, BOA and WD led the writing. All authors

contributed with data and revised the text. All authors
approved the final version.

Data Accessibility Statement

All data are available in the Zenodo Repository
(doi: 10.21425/F5FBG59288; https://zenodo.org/
record/7504156). The dataset metadata, on the
other hand, are in Supplemental Material (https://
escholarship.org/uc/fb).

Supplemental Material

The following materials are available as part of the
online article at https://escholarship.org/uc/fb
Appendix S1. Dataset Metadata.

Appendix S2. Soil microbial diversity: methodological
strategy and spatial overview.

Appendix S3. Table 1 References.

Appendix S4. Most frequent families and genera for
all datasets.

Appendix S5. Acknowledgements from individual
researchers.

References

Andrade, B.O., Marchesi, E., Burkart, S., Setubal,
R.B., Lezama, F,, Perelman, S., Schneider, A.A.,
Trevisan, R., Overbeck, G.E. & Boldrini, L.I.
(2018) Vascular plant species richness and
distribution in the Rio de la Plata grasslands.
Botanical Journal of the Linnean Society,
188, 250-256. https://doi.org/10.1093/
botlinnean/boy063

APG IV (2016) An update of the Angiosperm
Phylogeny Group classification for the orders
and families of flowering plants: APG IV.
Botanical Journal of the Linnean Society, 181,
1-20. https://doi.org/10.1111/b0j.12385

Barbieri, R.L., Gomes, ].C.C., Alercia, A. & Padulosi, S.
(2014) Agricultural biodiversity in southern
Brazil: integrating efforts for conservation
and use of neglected and underutilized
species. Sustainability, 6, 741-757. https://
doi.org/10.3390/su6020741

Beneduzi, A., Dos Anjos Borges, G.G., Alvarenga,
S.M.,, Faoro, H., de Souza, E.M., Vargas, L.K.
& Passaglia, L.M.P. (2019) Distinct grazing
pressure loads generate different impacts
on bacterial community in a long-term
experiment in Pampa biome. Applied
Soil Ecology, 137, 167-177. https://doi.
org/10.1016/j.aps0il.2019.02.005

BFG (2021) Brazilian Flora 2020: leveraging the
power of a collaborative scientific network.

Frontiers of Biogeography 2023, 15.2,e59288

© the authors, CC-BY 4.0 license 11


https://zenodo.org/record/7504156
https://zenodo.org/record/7504156
https://escholarship.org/uc/fb
https://escholarship.org/uc/fb
https://doi.org/10.1093/botlinnean/boy063
https://doi.org/10.1093/botlinnean/boy063
https://doi.org/10.3390/su6020741
https://doi.org/10.3390/su6020741
https://doi.org/10.1016/j.apsoil.2019.02.005
https://doi.org/10.1016/j.apsoil.2019.02.005

Andrade et al.

Biodiversity of the Brazilian Pampa

Taxon, 71,178-198. https://doi.org/10.1002/
tax.12640

Blowes, S.A., Supp, S.R., Antdo, L.H., etal. (2019) The
geography of biodiversity change in marine
and terrestrial assemblages. Science, 366,
339-345. https://doi.org/10.1126/science.
aaw1620

BFG (2021) Brazilian flora 2020: leveraging the
power of a collaborative scientific network.
Taxon, 71,178-198. https://doi.org/10.1002/
tax.12640

Carvalho, C. (2022) Flora: tools for interacting with
the Brazilian flora 2020. R package version
0.3.5. Available at: https://www.github.com/
gustavobio/flora

Cavalier-Smith, T. (1998) A revised six-kingdom
system of life. Biological Reviews of
the Cambridge Philosophical Society,
73, 203-266. https://doi.org/10.1017/
S0006323198005167

Cavalier-Smith, T. (2016) Higher classification and
phylogeny of Euglenozoa. European Journal
of Protistology, 56, 250-276. https://doi.
org/10.1016/j.ejop.2016.09.003

Cavalier-Smith, T. & Chao, E.E. (1996) 18S
rRNA sequence of Heterosigma carterae
(Raphidophyceae), and the phylogeny of
heterokont algae (Ochrophyta). Phycologia,
35,500-510. https://doi.org/10.2216/i0031-
8884-35-6-500.1

Chamberlain, S. (2020) rredlist: ‘IUCN’ Red List
Client. R package version 0.7.0. Available at:
https://CRAN.R-project.org/package=rredlist

Chamberlain, S., Barve, V., Mcglinn, D., Oldoni,
D., Desmet, P, Geffert, L. & Ram, K. (2022)
rgbif: interface to the Global Biodiversity
Information Facility API_. R package version
3.6.0. Available at: https://CRAN.R-project.
org/package=rgbif

Dornelas, M., Gotelli, N.J., McGill, B., Shimadzu, H.,
Moyes, F, Sievers, C. & Magurran, A.E. (2014)
Assemblage time series reveal biodiversity
change but not systematic loss. Science,
344, 296-299. https://doi.org/10.1126/
science.1248484

Dos Santos, C.F, Raguse-Quadros, M., Ramos, ].D.,
da Silva, N.L.G., de Carvalho, F.G., de Barros,
C.A. & Blochtein, B. (2021) Diversidade de
abelhas-sem-ferrdo e seu uso como recurso
natural no Brasil: permissdes e restri¢des
legais consorciadas a politicas publicas.

RVBMA, 9, 2-22. https://doi.org/10.5281/
zenodo.5550763

Drose, W, Podgaiski, L.R., Cavalleri, A., Feitosa, R.M.
& Mendonga Jr, M. (2017) Ground-dwelling
and vegetation ant fauna in southern Brazilian
grasslands. Sociobiology, 64, 381-392.
https://doi.org/10.13102/sociobiology.
v64i4.1795

Ferreira, PM., Andrade, B.O., Podgaiski, L.R., Dias, A.C.,
Pillar, V.D., Overbeck, G.E., Mendonca Jr, M.D.S.
& Boldrini, L.I. (2020) Long-term ecological
research in southern Brazil grasslands: effects
of grazing exclusion and deferred grazing on
plantand arthropod communities. PLoS ONE,
15, p.e0227706. https://doi.org/10.1371/
journal.pone.0227706

Ferrer, . & Malabarba, L. R. (2020) Systematic
revision of the Neotropical catfish genus
Scleronema (Siluriformes: Trichomycteridae),
with descriptions of six new species from
Pampa grasslands. Neotropical Ichthyology,
18. https://doi.org/10.1590/1982-0224-
2019-0081

Garcia-Pichel, F, Zehr, ].P, Bhattacharya D. & Pakrasi,
H.B. (2019) What'’s in a name? The case of
cyanobacteria. Journal of Phycology, 56, 1-5.
https://doi.org/10.1111/jpy.12934

Girdo, K.T. (2019) Avaliacao dos efeitos de praticas
agricolas na diversidade de bactérias de solos
do bioma Pampa. 2019. Tese (Doutorado em
Genética e Biologia Molecular). Universidade
Federal do Rio Grande do Sul, Porto Alegre,
Brazil.

Granada, C.E., Vargas, L.K,, Lisboa, B.B., Giongo,
A., Marinho, C., Pereira, L., De Oliveira, R.R,,
Bruxel, F., Freitas, F. & Passaglia, L.M.P.
(2019) Bacterial and archaeal communities
change with intensity of vegetation coverage
in arenized soils from the Pampa biome.
Frontiers in Microbiology, 10, 1-10. https://
doi.org/10.3389/fmicb.2019.00497

Guiry, M.D. & Guiry, G.M. (2015) AlgaeBase.
world-wide electronic publication, National
University of Ireland, Galway. Available at:
https://www.algaebase.org; accessed May
13 2022.

IBGE (2019) Mapa de biomas e sistema costeiro-
marinho do Brasil - 1:250 000. IBGE, Rio de
Janeiro. Available at: https://www.ibge.gov.
br; accessed Jan 31 2022.

Frontiers of Biogeography 2023, 15.2,e59288

© the authors, CC-BY 4.0 license 12


https://doi.org/10.1002/tax.12640
https://doi.org/10.1002/tax.12640
https://doi.org/10.1126/science.aaw1620
https://doi.org/10.1126/science.aaw1620
https://doi.org/10.1002/tax.12640
https://doi.org/10.1002/tax.12640
https://www.github.com/gustavobio/flora
https://www.github.com/gustavobio/flora
https://doi.org/10.1017/S0006323198005167
https://doi.org/10.1017/S0006323198005167
https://doi.org/10.2216/i0031-8884-35-6-500.1
https://doi.org/10.2216/i0031-8884-35-6-500.1
https://CRAN.R-project.org/package=rgbif
https://CRAN.R-project.org/package=rgbif
https://doi.org/10.1126/science.1248484
https://doi.org/10.1126/science.1248484
https://doi.org/10.5281/zenodo.5550763
https://doi.org/10.5281/zenodo.5550763
https://doi.org/10.13102/sociobiology.v64i4.1795
https://doi.org/10.13102/sociobiology.v64i4.1795
https://doi.org/10.1371/journal.pone.0227706
https://doi.org/10.1371/journal.pone.0227706
https://doi.org/10.1590/1982-0224-2019-0081
https://doi.org/10.1590/1982-0224-2019-0081
https://doi.org/10.1111/jpy.12934
https://doi.org/10.3389/fmicb.2019.00497
https://doi.org/10.3389/fmicb.2019.00497
https://www.algaebase.org; accessed May 13 2022
https://www.algaebase.org; accessed May 13 2022
https://www.ibge.gov.br; accessed Jan 31 2022
https://www.ibge.gov.br; accessed Jan 31 2022

Andrade et al.

Biodiversity of the Brazilian Pampa

ICMBio/MMA (2018) Livro vermelho da fauna
brasileira ameacada de extingdo, 1st edn.
Instituto Chico Mendes de Conservacdo da
Biodiversidade, Brasilia.

[UCN (2021) The IUCN Red List of Threatened
Species. Version 2021-3. Avaiable at: https://
www.iucnredlist.org; accessed May 11, 2022.

Joly, C.A., Scarano, F.R., Bustamante, M., etal. (2019)
Brazilian assessment on biodiversity and
ecosystem services: summary for policy
makers. Biota Neotropica, 19, e20190865.
https://doi.org/10.1590/1676-0611-
BN-2019-0865

Kamiya, M., Lindstrom, S.C., Nakayama, T., et al.
(2017) Rhodophyta. In: Syllabus of plant
families, 13th edn. Part 2/2 Photoautotrophic
eukaryotic Algae. (Frey, W. Eds), pp. [i]-xii,
[1]-171. Stuttgart: Borntraeger Science
Publishers, Stuttgart, 171p.

Lewinsohn, TM. & Prado, PI. (2005) How many
species are there in Brazil? Conservation
Biology, 19, 619-624. https://doi.
org/10.1111/j.1523-1739.2005.00680.x

Lewis, L.A. & McCourt, R.M. (2004) Green algae
and the origin of land plants. American
Journal of Botany, 91, 1535-1556. https://
doi.org/10.3732/ajb.91.10.1535

Mace, G.M., Norris, K. & Fitter, A.H. (2012)
Biodiversity and ecosystem services: a
multilayered relationship. Trends in Ecology
and Evolution, 27, 19-26. https://doi.
org/10.1016/j.tree.2011.08.006

MapBiomas Brasil Project - 6.0 version - Validation
and refinement system for deforestation alerts
with high resolution images. Available at:
https://mapbiomas.org/en; accessed April
19 2022.

Nabinger, C., Ferreira, E.T, Freitas, A.K., Carvalho,
P.C.de F. & Sant’Anna, D.M. (2009) Producéo
animal com base no campo nativo: aplica¢des
de resultados de pesquisa. In: Campos
Sulinos - conservacio e uso sustentavel da
biodiversidade (ed. by Pillar, V. D., Miiller,
S.C., Castilhos, Z.M. de S., Jacques, A.V.A.), pp.
175-198. MMA, Brasilia.

Overbeck, G.E., Vélez-Martin, E., Scarano, ER. et al.
(2015) Conservation in Brazil needs to
include non-forest ecosystems. Diversity and
Distributions, 21, 1455-1460. https://doi.
org/10.1111/ddi.12380

PPG I (2016) A community-derived classification
for extant lycophytes and ferns. Journal of
Systematics and Evolution, 54, 563-603.
https://doi.org/10.1111/jse.12229

Pramuk, J.B., Robertson, T., Sites JR., JJW. &
Noonan, B.P. (2008) Around the world in 10
million years: biogeography of the nearly
cosmopolitan true toads (Anura: Bufonidae).
Global Ecology and Biogeography, 17,
72-83. https://doi.org/10.1111/j.1466-
8238.2007.00348.x

R Core Team (2013) R: alanguage and environment
for statistical computing. R foundation
for statistical computing. Available at:
https://www.yumpu.com/en/document/
read/6853895/r-a-language-and-
environment-for-statistical-computing

Ramos, M.O., da Cruz E.T.,, Coelho-de-Souza, G.
& Kubo R.R. (2017) Cadeias de produtos
da sociobiodiversidade no sul do Brasil:
valorizacdo de frutas nativas da Mata Atlantica
no contexto do trabalho com agroecologia.
Amazonica, 9, 98-131. http://dx.doi.
org/10.18542/amazonica.v9i1.5485

Ribeiro, S., Moreira, L.EB., Overbeck, G.E. & Maltchik,
L. (2021) Protected areas of the Pampa
biome presented land use incompatible with
conservation purposes. Journal of Land Use
Science, 16,260-272. https://doi.org/10.10
80/1747423X.2021.1934134

RIO GRANDE DO SUL (2013) Portaria SEMA n2 79,
de 31 outubro de 2013. Reconhece a Lista
de Espécies Exdticas Invasoras do Estado do
Rio Grande do Sul e demais classificacdes,
estabelece normas de controle e da outras
providéncias. Diario Oficial, Porto Alegre, 1
novembro de 2013.

RIO GRANDE DO SUL (2014a) Decreto Estadual n?
51.797/08, de 08 setembro de 2014. Declara
as espécies da fauna silvestre ameacadas de
extincdo no Rio Grande do Sul. Diario Oficial,
Porto Alegre, 09 de setembro de 2014, pp.
2-12.

RIO GRANDE DO SUL (2014b) Decreto Estadual
n? 52.109, de 02 dezembro de 2014. Diario
Oficial, Porto Alegre, 02 de dezembro de 2014.

Rocha, C.F.D., Bergallo, H.G & Bittencourt, E.D.
(2016) More than just invisible inhabitants:
parasites are important but neglected
components of the biodiversity. Zoologia, 33,

Frontiers of Biogeography 2023, 15.2,e59288

© the authors, CC-BY 4.0 license 13


https://www.iucnredlist.org
https://www.iucnredlist.org
https://doi.org/10.1590/1676-0611-BN-2019-086
https://doi.org/10.1590/1676-0611-BN-2019-086
https://doi.org/10.1111/j.1523-1739.2005.00680.x
https://doi.org/10.1111/j.1523-1739.2005.00680.x
https://doi.org/10.3732/ajb.91.10.1535
https://doi.org/10.3732/ajb.91.10.1535
https://doi.org/10.1016/j.tree.2011.08.006
https://doi.org/10.1016/j.tree.2011.08.006
https://mapbiomas.org/en
https://doi.org/10.1111/ddi.12380
https://doi.org/10.1111/ddi.12380
https://doi.org/10.1111/j.1466-8238.2007.00348.x
https://doi.org/10.1111/j.1466-8238.2007.00348.x
https://www.yumpu.com/en/document/read/6853895/r-a-language-and-environment-for-statistical-computing
https://www.yumpu.com/en/document/read/6853895/r-a-language-and-environment-for-statistical-computing
https://www.yumpu.com/en/document/read/6853895/r-a-language-and-environment-for-statistical-computing
http://dx.doi.org/10.18542/amazonica.v9i1.5485
http://dx.doi.org/10.18542/amazonica.v9i1.5485
https://doi.org/10.1080/1747423X.2021.1934134
https://doi.org/10.1080/1747423X.2021.1934134

Andrade et al.

Biodiversity of the Brazilian Pampa

€2015019. https://doi.org/10.1590/S1984-
4689z001-20150198

Rosa, C., Baccaro, F, Cronemberger, C., Hipolito,
], etal. (2021) The program for biodiversity
research in Brazil: the role of regional
networks for biodiversity knowledge,
dissemination, and conservation. Anais
da Academia Brasileira de Ciéncias, 93,
€20201604. https://doi.org/10.1590/0001-
3765202120201604

Santos, T.G., lop, S. & Alves, S.S. (2014) Anfibios
dos Campos Sulinos: diversidade, lacunas de
conhecimento, desafios para a conservacao
e perspectivas. Herpetologia Brasileira, 3,
51-59.

Silveira, FA.O., Ordé6iez-Parra, C.A., Moura, L.C, et al.
(2021) Biome awareness disparity is bad
for tropical ecosystem conservation and
restoration. Journal of Applied Ecology, 59,
1967-1975. https://doi.org/10.1111/1365-
2664.1406

Soriano, A, Ledn, R, Sala, 0., Lavado, R., Deregibus,
V., Cauhépé, M. & Lemcoff, ]J. (1992) Rio de
la Plata grasslands. In: Ecosystems of the
world. Natural grasslands: introduction and
western hemisphere (ed. by Coupland, R.T.),
pp. 367-407. Elsevier, Amsterdam.

van der Heijden, M.G.A., Bardgett, R.D. & van der
Straalen, N.M. (2008) The unseen majority:
soil microbes as drivers of plant diversity
and productivity in terrestrial ecosystems.
Ecology Letters, 11, 296-311. https://doi.
org/10.1111/].1461-0248.2007.01139.X

van der Plas, F. (2019) Biodiversity and ecosystem
functioning in naturally assembled
communities. Biological Reviews, 94,
1220-1245. https://doi.org/10.1111/
brv.12499

Tedersoo, L., Sdnchez-Ramirez, S., Koljalg, U.,
Bahram, M., Doring, M., Schigel, D., May,
T., Ryberg, M. & Abarenkov, K. (2018)
High-level classification of the Fungi and a
tool for evolutionary ecological analyses.
Fungal Diversity, 90, 135-159. https://doi.
org/10.1007/s13225-018-0401-0

Veldman, ].W,, Overbeck, G.E., Negreiros, D., Mahy,
G., Le Stradic, S., Fernandes, G.W., Durigan,
G., Buisson, E., Putz, FE. & Bond, WJ. (2015)
Where tree planting and forest expansion are
bad for biodiversity and ecosystem services.
BioScience, 65, 1011-1018. https://doi.
org/10.1093/biosci/biv118

Wickham, H., 2016. ggplot2: elegant graphics for
data analysis. Springer-Verlag, New York.

Wickham, H., Francois, R., Henry, L. & Miiller, K.
(2021) dplyr: a grammar of data manipulation.
R package version 1.0.7. Available at: https://
CRAN.R-project.org/package=dplyr

Wilkins, D. (2021) treemapify: draw treemaps
in ‘ggplot2’. R package version 2.5.5.
Available at: https://CRAN.R-project.org/
package=treemapify

Yang, Y., Ferguson, D.K,, Liu, B., Mao, K.S., Gao, L.M,,
Zhang, S.Z., Wan, T, Rushforth, K. & Zhang, Z.X.
(2022) Recent advances on phylogenomics of
gymnosperms and an updated classification.
Plant Diversity, 44, 340-350. https://doi.
org/10.1016/j.p1d.2022.05.003

Submitted: 25 October 2022
First decision: 13 December 2022
Accepted: 2 January 2023

Edited by Marcus Cianciaruso and Robert J. Whittaker

Frontiers of Biogeography 2023, 15.2,e59288

© the authors, CC-BY 4.0 license 14


https://doi.org/10.1590/S1984-4689zool-20150198
https://doi.org/10.1590/S1984-4689zool-20150198
https://doi.org/10.1590/0001-3765202120201604
https://doi.org/10.1590/0001-3765202120201604
https://doi.org/10.1111/1365-2664.1406
https://doi.org/10.1111/1365-2664.1406
https://doi.org/10.1111/J.1461-0248.2007.01139.X
https://doi.org/10.1111/J.1461-0248.2007.01139.X
https://doi.org/10.1007/s13225-018-0401-0
https://doi.org/10.1007/s13225-018-0401-0
https://doi.org/10.1093/biosci/biv118
https://doi.org/10.1093/biosci/biv118
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=treemapify
https://CRAN.R-project.org/package=treemapify
https://doi.org/10.1016/j.pld.2022.05.003
https://doi.org/10.1016/j.pld.2022.05.003



