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Abstract: Brazil harbors the highest richness of Convolvulaceae with 424 species
recognized mainly distributed in the Amazon, Atlantic Forest, Caatinga and Cerrado
phytogeographic domains. Seventeen of these species are representatives of Bonamia,
with ten endemic to the country. The aim of the study was to map the distribution of
this group to understand its richness, its sampling and detecting areas of endemism,
valuable information for conservation. We collected data gathered from herbaria
and from the online database. The data were refined (1) excluding of records not at
the species level; (2) records with no identification of collection site or with only the
identification of the state of collection. There was calculated the richness, the number
of records and an estimate of richness per cell. We conducted a parsimony analysis of
endemism for distribution analysis. Finally, the knowledge of richness for the species
was analyzed. There were gathered 420 occurrence records, in 87 grid cells. Most grid
cells observed in the study presented one species. Two endemic areas were found for
the genus. The results contribute to the understanding of the distribution of the group
in Brazil, highlighting shortfalls in collections.
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in both total number and endemic species of
the Cerrado domain (Simao-Bianchini & Pirani

Convolvulaceae contains approximately 1.900
species in 60 genera concentrated in tropical
and subtropical regions (Staples 2012, WFO 2024).
Brazil harbors the highest number of taxa: 24
genera and 424 species, in open phytogeographic
domains such as Cerrado and Caatinga, and in
the border of the Atlantic Forest and Amazon
(Austin & Cavalcanti 1982, Simao-Bianchini et
al. 2024).

Despite its richness, the environmental
and ecological importance of this family has
been insufficiently explored for Brazil (Buril &
Alves 2011), even though it is cited as one of
the richest components of the Caatinga flora
(Giulietti et al. 2002) and is well represented

2005). It is of great importance to understand
that the distribution and abundance of species
might explain other important patterns
in communities, such as the slope of the
species-area relation (Preston 1960), and the
positive association between abundances
and patch occupation frequency (Gaston
1996). Furthermore, the distribution of species
abundance has many potential applications as
it allows us to understand the causes of rarity,
which is one of the main tasks of conservation
biology (Hubbell 2001).

Bonamia Thouars is a genus of
Convolvulaceae, and has 65 species with a huge
distribution, ranging from South and North
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America to Africa (including, Madagascar),
South and Southeast Asia and Australia (Staples
2019, Moreira et al. 2017, 2018, 2019, 2021). Its
representatives are mainly herbaceous, rarely
climbing vines or subshrubs, characterized by
free or partially free styles, non-accrescent
sepals, dehiscent fruits, and ovate, obovate, or
ovate-cordate cotyledons (Myint & Ward 1968,
Austin & Staples 1985, Breteler 1992, Moreira et
al. 2021) (Figure 1).

In Brazil, the genus occurs in the Amazon,
Atlantic Forest, Caatinga and Cerrado
phytogeographic domains, and has 18 species
(Moreira et al. 2021, Moreira & Simao-Bianchini
2024), ten of them are restricted to the country
(Moreira & Simao-Bianchini 2024).

In recent years, many species have suffered
from habitat fragmentation, as consequence of
urban developmentandexpansion ofagriculture,
especially in open vegetations (Tilman et al.
2017, Prakash & Verma 2022). Based on the
MApBiomas Platform (Souza et al. 2020), ca. 33%
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of natural areas in Brazil have been transformed
into agricultural and livestock activity zones in
2020. These activities lead to loss of habitat and
might cause the extirpation of local populations
due to interruption of ecological interactions.
The sum of these factors makes the choice
of conservation areas a strategic step for
biodiversity conservation (Carvalho & Almeida
2011).

According to Sylvestre (2002) the analysis
of geographic distribution patterns is an
important tool for the assignment of priority
areas for conservation. This analysis gives us
information about how species are distributed in
phytogeographic domains and locates areas of
endemism, which contain exclusive taxa (Szumik
& Goloboff 2004). It highlights the specific
biodiversity of those locations and priority sites
for conservation (Carvalho & Almeida 2011).

The aim of the study was to map the
distribution of this group to understand its
patterns under quantitative analysis of richness

Figure 1. Inflorescences of
Bonamia representatives.
a) B. agrostopolis

(Vell.) Hallier f. b) B.
balansae Hallier f. c) B.
cerradoensis J.R.1.Wood. d)
B. kuhlmanii Hoehne. e) B.
maripoides Hallier f. f) B.
sphaerocephala (Dammer)
Ooststr. g) B. subsessilis
Hassl. (Photographs: a. R.S.
Bianchini; b. ). Wood; c. H.
Moreira; d. T. Almeida; e-g.
. A.L.C. Moreira).
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and records of species, and to detect areas of
endemism, which is a valuable information for
conservation.

MATERIALS AND METHODS
Data collection and refinement

Data was gathered from visits to herbaria and
from the online database SpeciesLink (https://
specieslink.net/) and Reflora (https://reflora.jbrj.
gov.br/) for herbaria that could not be visited.
The original data set included 774 occurrence
records identified at the species level by the
experts in the group.

The following criteria were used for data
cleaning: (1) exclusion of records not at the
species level; (2) records with no identification
of collection site or with only the identification
of the state of collection. In the case of duplicate
records, only one was used in the analysis.
Synonyms were checked through tropicos.
org (Missouri Botanical Garden - http://www.
tropicos.org/), as well as specialized literature,
and only valid names were kept. For each
record we checked if geographical coordinates
were present. If not, coordinates were obtained
from Google Maps (https://www.google.com.br/
maps), and when they could not be found we
used the coordinates for the county recorded as
the collection site. After cleaning, the samples
were reduced to 420 records from the following
herbaria: ALCB, BHCB, CEN, CEPEC, CESJ, CGMS,
COR, CENTRAL, ESA, FUEL, HB, HEPH, HJ, HRB, HST,
HUEFS, HRCB, HURB, HUEM, AN, IBGE, IPA, INPA,
IPA, MBM, PEL, PEUFR, R, RB, SJRP, SP, SPF, UB, UEC,
UFG, UFP, BM, COL, DUKE, GH, HBG, K, L, MEXU, MO,
NY (acronyms according to Thiers 2024).

Distribution

The geographical distribution of Bonamia was
inferred from the known coordinates for each
species of the genus. We constructed a record
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csv file which was overlaid with the shapefiles
maps of Brazil and Brazilian phytogeographic
domains (Fiaschi & Pirani 2009), through the
software QGIS 2.0 (Qgis Development Team 2019).

Quantitative analysis

The species records were overlaid in a grid
file with a 2° = 2° grid (OGU - Operational
Geographical Units) through software DIVA-GIS
7.5 (http://www.diva-gis.org/). We plotted the
richness and number of records of each grid cell
to assess the distribution and sampling effort for
the genus in Brazil. To verify the representativity
of grid cells, we estimated their species richness
using a Jackknife 2 estimator (Magurran 2011). We
fit a linear regression model between records
and estimated richness, in order to understand
if the local richness is influenced by sampling
effort. All analysis were performed in software R
(R Core Team 2021).

Parsimony Analysis of Endemicity

We performed a Parsimony Analysis of
Endemicity (PAE) to detect areas with species
restricted to certain localities (Rosen 1988,
Rosen & Smith 1988). For that, we constructed
a presence absence matrix through software
Past 2.17b (Hammer et al. 2001), using a 2° x 2°
grid. The matrix was then analyzed on software
Nona 2.0 (Goloboff 1993), WinClada 1.00.08
interface (Nixon 2002), to generate an area
cladogram through the parsimony algorithm.
We considered monophyletic clades as endemic
areas, defined as two or more grid cells with one
or more exclusive taxa.

Analysis of knowledge of richness

To map the areas with better sampling of
Bonamia richness in Brazil, we calculated the
proportion between observed and estimated
richness in each sampled grid cell. If observed
richness was close to estimate, we considered
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local richness as well-known. The proportion
of knowledge in unsampled grid cells was
estimated using the species turnover between
sampled grid cells. For each sampled grid cell,
hereafter referred as focal grid cell, we calculate
the proportional species turnover to the three
closest sampled grid cells, and then divided
it by the distance between the focal grid cell
and each of those three. Next, we averaged the
three values generated, estimating a turnover
over distance rate for each focal grid cell. This
rate was multiplied by the distance between
each focal grid cell and all other grid cells on
the map, creating an estimate of proportional
species turnover for each grid cell which
increased proportionally to the distance to the
focal grid cell. This estimate was then multiplied
by the proportion of known species richness
of the focal grid cell, generating an estimate
of proportional richness knowledge for each
grid cell in relation to the focal grid cell. This
procedure was repeated for each sampled grid
cell and the highest value was retained for each
grid cell.

RESULTS
Distribution

We verified through literature records that six
species in the genus were distributed outside
Brazil, in other South American countries -
Bonamia agrostopolis (Vell.) Hallier f. (Brazil:
Midwest, Northeast, South and Southeast
region, Bolivia and Paraguay), B. balansae
Hallier f. (Midwest Brazil to Eastern Bolivia and
Paraguay), B. cerradoensis ).R.I.Wood (North
and Midwest Brazil to Bolivia), B. maripoides
Hallier f. (North and South America to North,
Northeast and Southeast Brazil), B. rosiewiseae
J.R.I.Wood (Midwest Brazil to Eastern Bolivia),
and B. subsessilis Hassl. (North, Northeast, and
Midwest Brazil, Bolivia to Paraguay).
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Nine species occur only in Brazil, and are
considered restricted endemics according to
geographical range: (1) species known for more
than five localities - B. austinii A.Moreira &
Sim.-Bianch. (Midwest and Northeast Brazil), B.
ferruginea (Choisy) Hallier f (North, Midwest and
Southeast Brazil), B. krapovickasii A.Moreira &
Sim.-Bianch.(Midwest and Southeast Brazil), B.
kuhlmannii Hoehne (North and Midwest Brazil),
B. sphaerocephala (Dammer) Ooststr. (Midwest,
Northeast and Southeast Brazil), B. linearifolia
A.Moreira & Sim.-Bianch. (North and Midwest
Brazil), and B. umbellata (Choisy) Hallier f.
(Southeast Brazil); (2) comprises species known
from one phytophysiognomy in less than five
close localities — B. campestris A.Moreira & Sim.-
Bianch. (North Brazil).

Species richness and distribution

Overall, 14 species are distributed in all Brazilian
phytogeographic domains, except the Pampa
(Figure 2). The Bonamia species richness map
overlaid with the phytogeographic domains are
shown in Figure 3. The number of species by grid
cell is ranged from one to four (Figure 3).

Only a single grid cell showed 4 species and
nine showed 3 species. Most grid cells observed
in the study presented one species. The Cerrado
is the richest phytogeographic domain (13
species — Bonamia agrostopolis; B. austinii;
B. balansae; B. campestres; B. cerradoensis; B.
ferruginea; B. krapovickasii; B. Ruhlmannii; B.
linearifolia; B. maripoides; B. rosiewiseae; B.
sphaerocephala; and B. subsessilis), followed by
the Amazon Forest (5 species - B. agrostopolis;
B. cerradoensis; B. ferruginea; B. Ruhlmannii,
and B. maripoides), Atlantic Forest (4 species
- B. agrostopolis; B. ferruginea; B. maripoides;
and B. umbellata.), and Caatinga (2 species - B.
agrostopolis and B. sphaerocephala).
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Figure 2. Geographical distribution of the genus Bonamia in Brazil, with phytogeographic domains.

Occurrence records

The occurrences compiled a dataset comprising
420 occurrence records distributed across 87 grid
cells. Subsequently, we categorized the number
of records per cell into five distinct classes: high
(29 - 35), average (22 - 28), low (15 - 21), minimal
(8 = 14), very low (2 - 7), and insufficient (1)
(Figure 4a).

Only two grid cells showed more than
29 occurrence records. The most sampled
Brazilian states were Amazonas and Bahia,
with 78 records each of them. The states having
deficient sampling (less than 10 records) were:
Distrito Federal, Maranhao, Pernambuco, Piaui,
Rondénia, Sergipe, and Tocantins.

Richness estimation

The Jackknife 2 estimator showed potential
high richness when compared to the number
of species observed (Figure 4b). The resulted
values were divided in five classes. The grid
cell with highest estimated richness had 7 - 9
species potentially. Grid cells with insufficient
estimated richness had 0 - 2 species.

The linear regression did not show a
significant relationship between the number of
records and the estimated richness by grid cell.
Therefore, areas having higher sampling do not
present higher richness, not showing possible
biases.

Richness knowledge analysis

We observed that the richness of the genus
Bonamia is better known in the center and
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Figure 3. Bonamia species richness per grid cell in Brazil, ranging from 1 to 4.

coastal regions of the Amazon, in the central
Atlantic Forest and in the far East region of
Northeast Brazil (Figure 6). There are knowledge
gaps in the Cerrado, the South Brazil and some
Atlantic Forest regions. The average richness
knowledge was 0.65 with a standard deviation
of 0.00.

Parsimony analysis of endemism

The PAE generated a consensustree and detected
2 areas of endemism (Figure 5). The first area
on the central region of Brazil, in the Cerrado
phytogeographical domain, at the Chapada dos
Veadeiros National Park (Q38 and Q50), and the
second area is in the state of Mato Grosso do
Sul, on Pantanal domain. (Q65 and Q73).

DISCUSSION
Distribution

The Serra do Espinhaco Mountain Range, on
the states of Bahia and Minas Gerais (North
to South regions), is an important area of
distribution for the genus, since the species
show uneven distributions along the range,
with a center of diversity in the states of Bahia
and another in the Minas Gerais. The species
Bonamia agrostopolis occurs predominantly at
the Bahia portion of Serra do Espinhaco, similar
to Marcetia DC. (Melastomataceae), Calliandra
Benth. (Leguminosae), and genera from tribe
Gyptidinae, such as Lasiolaena RM.King & H.Rob.,,
Agrianthus Mart. ex DC. and Stylotrichium Mattf.
(Asteraceae) (Rapini et al. 2008).

Bonamia sphaerocephala is distributed on
the state of Minas Gerais, portion of Serra do
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Figure 4. a) Bonamia record values in Brazil per cell divided into five classes - high (29-35), medium (22-28), low
(15-21), minimal (8-14), very low (2-7) and insufficient (1). b) Estimated Bonamia richness values using the Jackknife

2 estimator.

Espinhaco, similar to Jacquemontia decipiens
Ooststr. and J. revoluta Sim.-Bianch., from
Convolvulaceae (Buril et al. 2015). It occurs in
rocky fields, and the intimate association of the
species with this phytophysiognomy suggests
that individuals require specific conditions to
survive (Alves & Kolbek 1994). The high floristic
richness and degree of endemism found on
rocky fields is due to the insular nature of the
mountains where they occur and to especial
environmental conditions that they are subject
to (Giulietti et al. 1997, Lohmann & Pirani 1996,
Rapini et al. 2008).

Another explanation for its diversity were
climatic oscillations during the Quaternary. It is
known that the climate became milder during
interglacial periods, with reduction in ice layers

and expansion of rainforests (Pennington et
al. 2004). The distribution of B. maripoides
reinforces previously held notions about a
past link between forest formation during the
Quaternary interglacial periods. Its distribution
in the Amazon and Atlantic Rainforests shows
apparent disjunction, similarly to Besleria
flavovirens Nees & Mart. and B. laxiflora Benth.
(Gesneriaceae) (Lopes et al. 2007).

During glacial periods, there was a
generalized reduction in temperature and
rainfall and an expansion of seasonally dry
vegetations (Pennington et al. 2004). During
this period, some part of Amazon Forest was
replaced by Savanna vegetation (Gottsberger &
Silberbauer-Gottsberger 2006). We believe that
B. ferruginea and B. kuhlmannii are found in
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Figure 5. Cladogram of Bonamia distribution in Brazil and map of numbered grid cells, highlighting endemic areas.

Green represents grid cells in Chapada dos Veadeiros, and blue represents those in sthe tate of Mato Grosso do

Sul.

dryland forests in the state of Amazonas (Austin
& Cavalcante 1982) because of such vegetation
replacement.

The distribution of the genus Bonamia
supports the hypothesis of expansion of
Seasonally Dry Tropical Forests during the
glacial periods on the Quaternary (Werneck
2011). Pennington et al. (2011) suggested that this
kind of vegetation imposes more restrictions
to the dispersal of species than other types
of neotropical vegetations. This could be an
explanation for many species having genetic
structures strongly related to the geographical
distribution of Seasonally Dry Tropical Forests
(Buril et al. 2015). Eight species of Bonamia are
exclusive to the Brazilian Cerrado: B. austinii,

B. balansae, B. campestris, B. cerradoensis, B.
krapovickasii, B. linearifolia, B. rosiewiseae and
B. subsessilis.

The species Bonamia austinii, B. campestris,
B. krapovickasii and B. linearifolia are exclusive
tothe campo limpo phytophysiognomy. Bonamia
austinii can be found on burned Cerrado and is
recorded to Distrito Federal and state of Goias.
Bonamia krapovickasii are recorded to states
of Goias, Minas Gerais and Sdo Paulo. Bonamia
campestris has one record at state of Tocantins,
in the Jalapdo region. Bonamia linearifolia can
also be found in sites with strong anthropic
action and exposed to periodic fires.

In the Amazon domain, B. cerradoensis
occursinan ecotone region, where lower altitude
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areas present Amazon vegetation, and higher
altitude areas present Savanna vegetation. This
record was made in higher altitude areas, so it
is considered a species exclusive to the Cerrado.
Bonamia subsessilis can be found in poor,
sandy and rocky soils, phytophysiognomies
characterized by being subject to fires (SEMA
2012). The ability to survive in such fire and
drought conditions is related to adaptative
strategies of Cerrado species (Durigan & Ratter
2016). This fact collaborates to high endemism
of this domain.

Bonamia balansae grows in short and
seasonal woodlands and has an extensive area
of occurrence in Brazilian Midwest, Eastern
Bolivia and Paraguay. Studies revealed that B.
rosiewiseae, previously known only from Bolivia,
also occurs at the Pantanal region in the state of
Mato Grosso do Sul (Moreira et al. 2017, Moreira
& Simao-Bianchini 2024).

Oliveira Filho & Fontes (2000) showed that
the Atlantic Forest has two distinct floristic
zones on North and South of a transition zone
located on Southern region of state of Bahia.
Such distinction was probably caused by
temperature variations and rainfall regimes.
Bonamia umbellata is an exclusive species
of the Southern floristic zone of the Atlantic
Forest, having records to Rio de Janeiro county,
at the Catumbi and Morro da Nova Cintra
neighborhoods, which form the Macico da
Tijuca formation at the Santa Teresa/Laranjeiras
region.

Species richness

We found that Cerrado is the richest domain
for Bonamia, which could be due to its
horizontal complexity, containing forests,
Savanna and fields. These conditions provide
the heterogeneity that able strong association
of plants and animals with local ecosystems
(Machado et al. 2004). This phytogeographic
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Figure 6. Proportion between observed and estimated
richness of Bonamia in Brazil for each sampled grid
cell.

domain is composed mostly by open areas, with
low and irregular precipitation. An important
fact is the occurrence of natural periodic fire
that influence on the plant populations and
the structure of communities (Hoffmann 1996,
Munhoz & Amaral 2010). The fire also controls
ecological process and is crucial to maintenance
of the Cerrado ecosystem (Durigan & Ratter
2016). Since Convolvulaceae is composed mostly
of herbs and climbers, which are favored in open
areas, it is likely that its representatives are able
to colonize and to persist in this environment
(Moreira & Pigozzo 2015). Furthermore, those
are opportunist species that predominate in
environments subject to periodic changes such
as rainfall seasonality in the Cerrado (Lewis
1987).

The richest grid cell was in the Cerrado-
Caatinga ecotone, on the border between
the states of Bahia, Goias and Tocantins, at a
physiogeographic formation known as Espigao
Mestre do Sao Francisco or Chapadao Central
(Cochrane et al. 1985). The Cerrado predominates
in this landscape which some patches of
Caatinga, having more than 1,273 known
species. Despite being considered an area of
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high species richness, few floristic studies have
been conducted there or in nearby areas, and
it has been undergoing rapid replacement by
monocultures (Mendonca et al. 2008).

Our results show that sampling for Bonamia
in Brazil is low, with many sampling gaps in the
East and South of the Amazon, in the North of
Cerrado and Caatinga and in the South of the
Atlantic Forest.

The localities presenting higher sampling
efforts were closest to the Manaus and Rio de
Janeiro counties, home of large research centers
such as Instituto Nacional de Pesquisas da
Amazénia - INPA (Amazon Research National
Institute), and Instituto de Pesquisas Jardim
Botdnico do Rio de janeiro (Rio de Janeiro
Botanical Garden Research Institute). This
pattern can be explained by the phenomenon
named as “the museum effect” and occurs due
to efficiency, logistics and convenience factors.
This factor causes an over botanical samples
closer to teaching and research institutes
(Werneck 2011). Some authors have shown
that uneven sampling activities affect the
perception of centers of endemism (Ponder et
al. 2001), and the selection of priority areas for
conservation (Grand et al. 2007). Therefore, more
representative inventories should be directed
to less sampled areas to correct the geographic
bias in sampling effort (Werneck et al. 2011).

Parsimony Analysis of Endemism

We detected two areas of endemism for Bonamia
in Brazil (Figure 5). The firstis in the center of the
Cerrado, in the Chapada dos Veadeiros region.
This local is considered one of the endemism
centers for plant species, which can be explained
by the abiotic features of the region, containing a
protected conservation unit (Munhoz & Proenca
1998, Ribeiro & Walter 2008). Although this, the
area is under anthropic disturbance, mainly
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the touristic unregulated pressure, resulting in
threat to the preserved flora.

The second area of endemism is in the state
of Mato Grosso do Sul, at Pantanal domain,
an area including the Macico do Urucum
formation (known for mining exploration) and
the Corumba limestone hills. This is an area of
residual hill formation, with a great variety of
phytophysiognomies, and has species of fauna
and flora from three phytogeographic domains:
Pantanal, Cerrado, and Amazon.

Richness knowledge analysis

The Amazon Forest showed higher indexes of
richness knowledge, despite having several
sampling gaps. This is due to few regions which
had intense sampling, especially in the center
and East of the domain. The regions of high
richness knowledge at the Atlantic Forest also
matches with areas of high sampling, but this
knowledge cannot be extrapolated to nearby
regions as extensively as on the Amazon, due to
higher species turnover at this region.

Unlike Amazon, Cerrado showed extensive
sampling but low knowledge indexes. This is
due to few numbers of samples at most areas,
and to areas where estimated richness is much
higher than observed, especially to the East, on
the border with the Caatinga. It indicates that
many of the species are still not recorded to
this region. At the Atlantic Forest, low knowledge
areas are due mostly to the lack of sampling. The
genus does not occur in the extreme Southern
Brazil.

Surprisingly, a high knowledge index was
estimate to the far East of Northeastern Brazil
region, where there was low sampling. This is
due to the high number of species sampled,
which is close to the estimated richness. It
suggests that most of the species in the area
have been sampled. To better understand the
richness of Bonamia in Brazil, we recommend
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the intensification of sampling on the Cerrado-
Caatinga transition and on the less sampled
regions of the Atlantic Forest.

Acknowledgments

The authors thank to CNPq (Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico) for a scientific
initiation scholarship to FK Silva; to CAPES (Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior) for
doctoral scholarship to ALC Moreira and to RK Kojima;
and to FAPDF (Fundacao de Apoio a Pesquisa do Distrito
Federal - announcements n. 01/2016, n. 01/2017 and n.
01/2018). We also thank to the anonymous reviewers of
this article, whose valuable comments and suggestions
were greatly appreciated.

REFERENCES

ALVES RJV & KOLBEK J. 1994. Plant species endemism
in savanna vegetation on table mountains (Campo
Rupestre) in Brazil. Vegetatio 113(2): 125-139.

AUSTIN DF & CAVALCANTI PB. 1982. Convolvulaceas da
Amazonia. Publicacoes avulsas, Mus Paraense Emilio
Goeldi 36: 1-134.

AUSTIN DF & STAPLES GW. 1985. Petrogenia as a synonym
of Bonamia (Convolvulaceae) with comments on allied
species. Brittonia 37: 310-316.

BRETELER FJ. 1992. Novitates gabonenses, 9. Notes on
Bonamia (Convolvulaceae). In: Central Africa with
emphasis on Gabon. Adansonia 14: 61-71.

BURIL MT & ALVES M. 2011. Flora da Usina Sao José, Igarassu,
Pernambuco: Convolvulaceae. Rodriguésia 62(1): 093-105.
https://doi.org/10.1590/2175-7860201162107.

BURIL M, MACIEL J & ALVES M. 2015. Distribution Patterns
and areas of endemism of brazilian Jacquemontia
(Convolvulaceae) species. Edinb J Bot 72(1): 13-33. http://
dx.doi.org/10.1017/50960428614000316.

CARVALHO CJB & ALMEIDA EAB. 2011. Biogeografia da América
do Sul: padroes e processos. Sao Paulo: Editora Roca, 328
p.

COCHRANE TT, SANCHEZ LG, AZEVEDO LG, PORRAS JA & GARVER
CL. 1985. Land in Land in Tropical America. Cali: Ciat-
Embrapa-Cpac, 3 vols.

DURIGAN G & RATTER JA. 2016. The need for a consistent
fire policy for Cerrado conservation. J Appl Ecol 53: 11-15.
https://doi.org/10.1111/1365-266412559.

DISTRIBUTION OF Bonamia IN BRAZIL

FIASCHI P & PIRANI JR. 2009. Review of plant biogeographic
studies in Brazil. ) Syst Evol 47(5): 477-496. https://doi.
org/101111/}.1759-6831.2009.00046 .

GASTON K. 1996. The multiple forms of the interspecific
abundance-distribution relationships. Oikos 76: 211-220.

GIULIETTI AM, HARLEY RM, QUEIROZ LP, BARBOSA MRV, BOCAGE-
NETA AL & FIGUEIREDO MA. 2002. Vegetacao e Flora da
Caatinga. In: SAMPAIO EVB, GIULIETTI AM, VIRGINIO |
& GAMARRA-ROJAS C (Eds), Espécies Endémicas da
Caatinga. Recife: Associacao Plantas do Nordeste, p.
113-118.

GIULIETTI AM, PIRANI JR & HARLEY RM. 1997. Espinhaco
Range region, eastern Brazil. In: DAVIS SD, HEYWOOD
VH, HERRERA-MACBRYDE O, VILLA-LOBOS ] & HAMILTON
AC (Eds). Oxford: Centres of plant diversity: a guide and
strategy for their conservation, p. 397-304.

GOLOBOFF PA. 1993. Nona (no name). ver. 2.0 (for Windows).
Published by the author, INSUE fundacion y Instituto
Miguel Lillo, Tucuman, Argentina.

GOTTSBERGER G & SILBERBAUER-GOTTSBERGER 1. 2006. Life
in the Cerrado - a South American Tropical Seasonal
Ecosystem, Vol. 1, Origin, structure and plant use. Ulm:
Reta Verlag, 277 p.

GRAND J, CUMMINGS MP, REBELO TG, RICKETTS TH & NEEL MC.
2007. Biased data reduce efficiency and effectiveness
of conservation reserve networks. Ecol Lett 10(5): 364-
374. http://dx.doi.org/101111/j.1461-0248.2007.01025.x.
Accessed 8 Mar 2023.

HAMMER @, HARPER DAT & RYAN PD. 2001. PAST:
Paleontological Statistics Software Package for Education
and Data Analysis. Palaeontol Electron 4(1): 1-9.

HOFFMANN WA. 1996. The effect of fire and cover on
seedling establishment in a neotropical savanna. ) Ecol
84: 383-393.

HUBBELL SP. 2001. The Unified Neutral Theory of
Biodiversity and Biogeography (MPB-32). New
Jersey: Princeton University Press. https://doi.
org/101515/9781400837526.

LEWIS GP. 1987. Legumes of Bahia. Royal Botanic Gardens,
Kew, 369 p.

LOHMANN LG & PIRANI JR. 1996. Tecomeae (Bignoniaceae)
from the Espinhaco Range, Minas Gerais and Bahia,
Brazil. Acta Bot Bras 10(1): 103-138.

LOPES TCC, ANDREATA RHP & CHAUTEMS A. 2007. Distribuicao
e conservacao do género Besleria L. (Gesneriaceae)
no Brasil: dados preliminares. Rev Bras Biociénc 5(S2):
876-878.

An Acad Bras Cienc (2024) 96(2) 20230262 11| 14



FLAVIA KATERINE DA SILVA et al.

MACHADO RB, RAMOS NETO MB, PEREIRA PGP, CALDAS EF,
GONCALVES DA, SANTOS NS, TABOR K & STEININGER M. 2004.
Estimativas de perda da area do Cerrado brasileiro.
Relatoriotécnico nao publicado. Brasilia, DF: Conservacao
Internacional, 25 p.

MAGURRAN AE. 2011. Medindo a diversidade biologica,
Traducao: VIANA DM. Curitiba: Ed. UFPR, 261 p.

MENDONGA RC, FELFILI JM, WALTER BMT, SILVA JUNIOR MC,
REZENDE AV, FILGUEIRAS TS & NOGUEIRA PE. 2008. Flora
vascular do Cerrado. In: SANO SM, ALMEIDA SP & RIBEIRO
JF (Eds). Cerrado: Ecologia e Flora. Brasilia: Embrapa
Informacao Tecnologica, p. 1028-1059.

MOREIRA ALC, ANTAR GM, SIMAO-BIANCHINI R & CAVALCANTI
TB. 2017. Contribution to the knowledge of Bonamia
(Convolvulaceae) in Brazil: A new species and a new
occurrence. Phytotaxa 306: 146-152. http://dx.doi.
org/1011646/phytotaxa.306.2.4.

MOREIRA ALC & PIGOZZO CM. 2015. Composicao floristica da
familia Convovulaceae em diferentes biomas do Estado
da Bahia, Brasil. Heringeriana 9(2): 113-129. https://doi.
0rg/1017648 / heringeriana.v9i2.137.

MOREIRA ALC, KOJIMA RK, SIMAO-BIANCHINI R & CAVALCANTI
TB. 2021. Bonamia eustachioi (Convolvulaceae), a new
species from the Brazilian Cerrado and Caatinga.
Brittonia 73(2): 203-210. http://dx.doi.org/10.1007/
512228-021-09662-7.

MOREIRA ALC & SIMAO-BIANCHINI R. 2024. Bonamia in Flora
e Funga do Brasil. Jardim Botanico do Rio de Janeiro.
Jardim Botanico do Rio de Janeiro. Available at <https://
floradobrasil jbrj.gov.br/FB6971>. Accessed 9 Mar 2024.

MOREIRA ALC, SIMAO-BIANCHINI R & CAVALCANTI TB. 2018.
Two new species of Bonamia (Convolvulaceae) endemic
to the Brazilian Cerrado. Phytotaxa 361: 106-114. http://
dx.doi.org/1011646/phytotaxa.361.1.9.

MOREIRA ALC, SIMAO-BIANCHINI R & CAVALCANTI TB. 2019.
Bonamia linearifolia (Convolvulaceae), a new species
from the Brazilian Cerrado. Kew Bull 74: 10. https://doi.
0rg/10.1007/s12225-019-9798-1.

MUNHOZ CBR & AMARAL AG. 2010. Efeito do fogo no estrato
herbaceo-subarbustivo do Cerrado. In: MIRANDA HS
(Ed). Efeitos do regime do fogo sobre a estrutura de
comunidades de Cerrado: Projeto Fogo. Brasilia: IBAMA,
p. 93-102.

MUNHOZ CBR & PROENCA CEB. 1998. Composicao floristica
do Municipio de Alto Paraiso de Goias na Chapada dos
Veadeiros. Boletim do Herbario Ezechias Paulo Heringer
3:102-150.

DISTRIBUTION OF Bonamia IN BRAZIL

MYINT T & WARD DB. 1968. A taxonomic revision of the
genus Bonamia (Convolvulaceae). Phytologia 17: 121-239.

NIXON KC. 2002. WinClada ver. 1.00.08. Published by the
author, Ithaca.

OLIVEIRA FILHO AT & FONTES MAL. 2000. Patterns of floristic
differentiation among Atlantic forests in Southeastern
Brazil and the influence of climate. Biotropica 32: 793-
810. https://doi.org/101111/j1744-7429.2000.tb00619.X.

PENNINGTON RT, DAZA A, REYNEL C & LAVIN M. 2011. Poissonia
eriantha (Leguminosae) from Cuzco, Peru: an overlooked
species underscores a pattern of narrow endemism
commontoseasonallydryneotropicalvegetation. SystBot
36(1): 59-68. https://doi.org/10.1600/036364411X553135.

PENNINGTON RT, LAVIN M, PRADO DE, PENDRY CA, PELL SK &
BUTTERWORTH CH. 2004. Historical climate change and
speciation: Neotropical seasonally dry forest plants show
patterns of both Tertiary and Quaternary diversification.
Phil Trans R Soc London (359)1443: 315-338. https://doi.
0rg/10.1098 /rstb.2003.1435.

PONDER WF, CARTER GA, FLEMONS P & CHAPMAN RR. 2001.
Evaluation of museum collection data for use in
biodiversity assessment. Conserv Biol 15(3): 648-657.
http://dx.doi.org/10.1046/j.1523-1739.2001.015003648 .

PRAKASH S & VERMA AK. 2022. Anthropogenic activities and
Biodiversity threats. International J Biol Innov 4(1): 94-
103. https://doi.org/10.46505/1)B1.2022.4110.

PRESTON FW. 1960. Time and space and the variation of
species. Ecology 41: 611-627.

QGIS DEVELOPMENT TEAM. 2019. QGIS Geographic
information system: Open-Source Geospatial Foundation
Project. Published at: http://qgis.osgeo.org. Accessed 10
Mar 2023.

RAPINI A, RIBEIRO PL, LAMBERT S & PIRANI JR. 2008. A
flora dos campos rupestres da Cadeia do Espinhaco.
Megadiversidade 4(1-2): 16-24.

R CORE TEAM. 2021. R: A language and environment for
statistical computing. Vienna, Austria: R Foundation
for Statistical Computing. Available at <https://www.R-
project.org/>. Accessed 2 July 2023.

RIBEIRO JF & WALTER BMT.2008. As Principais Fitofisionomias
do Bioma Cerrado. In: SANO SM, ALMEIDA SP & RIBEIRO JF
(Eds). Cerrado: Ecologia e Flora, Vol. 2. Brasilia: Embrapa
Informacao Tecnologica, p. 89-168.

ROSEN BR. 1988. From fossils to earth history: Applied
historical biogeography. In. MYERS A & GILLER P (Eds).
Analytical Biogeography: An integrate approach to

An Acad Bras Cienc (2024) 96(2) 20230262 12 | 14



FLAVIA KATERINE DA SILVA et al.

the study of animal and plants distribution. London:
Chapman & Hall, p. 437-481.

ROSEN BR & SMITH AB. 1988. Tectonics from fossils?
Analysis of reef-coral and sea-urchill distribution from
late Cretaceous to Recent, using a new method. In:
AUDLEV-CHARLES MG & HALLAM A (Eds). Geol Soc Special
Publication 37(1): 275-306.

SEMA - SECRETARIA DE ESTADO DO MEIO AMBIENTE DE MATO
GROSSO. 2012. Plano de Manejo do Parque Estadual
Zé Bolo FlOo. Cuiaba - MT. Available at <https://
uc.socioambiental.org/pt-br/arp/3546>. Accessed 9 Mar
2023.

SIMAO-BIANCHINI R, FERREIRA PPA, PASTORE M, DELGADO-
JUNIOR GC, VASCONCELOS LV, PETRONGARI FS, MOREIRA ALC,
BURIL MT, SIMOES AR & SILVA CV. 2024. Convolvulaceae
in Flora e Funga do Brasil. Jardim Botanico do Rio de
Janeiro. Jardim Botanico do Rio de Janeiro. Available at
<http://reflora.jbrj.gov.br/reflora/floradobrasil/FB93>.
Accessed 5 Jan 2024.

SIMAO-BIANCHINI R & PIRANI JR. 2005. Duas novas espeécies
de Convolvulaceae de Minas Gerais, Brasil. Hoehnea
32(2): 295-300.

SOUZA CM JR ET AL. 2020. Reconstructing Three Decades of
Land Use and Land Cover Changes in Brazilian Biomes
with Landsat Archive and Earth Engine. Remote Sens
12(17): 2735. https://doi.org/10.3390/rs12172735.

STAPLES GW. 2012. Convolvulaceae — The Morning glories
and bindweeds. Available at < http://convolvulaceae.
myspecies.info>. Accessed 25 Feb 2023.

STAPLES GW. 2019. World checklist of Convolvulaceae.
Royal Botanic Gardens, Kew. Available at: <https://wcsp.
science.kew.org/home.do>. Accessed 10 Mar 2023.

SYLVESTRE LS. 2002. Estudos taxondmicos e floristicos das
pteridofitas brasileiras: desafios e conquistas. In: ARAUJO
EL, MOURA NA, SAMPAIO EVSB, GESTINARI LMS & CARNEIRO JMT
(Eds). Biodiversidade, conservagdo e uso sustentavel da
flora do Brasil. LIl Congresso Nacional de Botanica/XxV
Reuniao Nordestina de Botanica, Recife, p. 194-195.

SZUMIK CA & GOLOBOFF PA. 2004. Areas of endemism: an
improved optimality criterion. Syst Biol 53(6): 968-977.
https://doi.org/10.1080/10635150490888859.

THIERS B. 2024. Index herbariorum: a global directory
of public herbaria and associated staff. New York
Botanical Garden’s Virtual Herbarium. Available at
<http://sweetgum.nybg. org/ih/>. Accessed 12 July 2023.
(Continuously updated).

TILMAN D, CLARK M, WILLIAMS DR, KIMMEL K, POLASKY S
& PACKER C. 2017. Future threats to biodiversity and

DISTRIBUTION OF Bonamia IN BRAZIL

pathways to their prevention. Nature 546: 73-81. https://
doi.org/101038/nature22900.

WERNECK FP. 2011. The diversification of eastern
South Amerlican open vegetation biomes: historical
biogeography and perspectives. Quat Sci Rev 30(13-14):
1630-1648. https://doi.org/101016/j.quascirev.2011.03.009.

WERNECK MS, SOBRAL MEG, ROCHA CTV, LANDAU EC & STEHMANN
JR. 20711. Distribution and Endemism of Angiosperms in
the Atlantic Forest. Nat Conserv 9: 188-193. https://dx.doi.
org/ 10.4322/natcon.2011.024.

WFO - THE WORLD FLORA ONLINE. 2024. Convolvulaceae Juss.
Available at <http://www.worldfloraonline.org/taxon/
wfo-7000000149>. Accessed on 04 Jan 2024.

How to cite

SILVA FK, AMORIM ET, CAETANO GHO, ZANATTA MRV, KOJIMA RK &
MOREIRA ALC. 2024. Distribution and Endemism Areas of Bonamia
Thouars (Convolvulacea) in Brazil. An Acad Bras Cienc 96: €20230262.
DOI: 10.1590/0001-3765202420230262.

Manuscript received on March 15, 2023;
accepted for publication on January 26, 2024

FLAVIA KATARINE SILVA'
https://orcid.org/0000-0002-5609-4697

EDUARDO T. AMORIM?
https://orcid.org/0000-0003-4253-1339

GABRIEL HENRIQUE O. CAETANO®
https://orcid.org/0000-0003-4472-5663

MARIA ROSA V. ZANATTA*®
https://orcid.org/0000-0002-6471-0875

ROBERTA KEYLA KOJIMA®
https://orcid.org/0000-0002-8538-8694

ANDRE LUIZ C. MOREIRA*
https://orcid.org/0000-0003-0862-0135

'Universidade de Brasilia, Departamento de
Engenharia Florestal, Campus Darcy Ribeiro,
Asa Norte, 70910-900 Brasilia, DF, Brazil

’Instituto de Pesquisas Jardim Botanico do Rio de Janeiro,
Centro Nacional de Conservagao da Flora, Rua Pacheco Ledo,
915, Jardim Botanico, 22460-030 Rio de Janeiro, R, Brazil

*Ben-Gurion University of the Negev, Jacob
Blaustein Institute of Desert Research, David Ben
Gurion Blvd, 1, 8410501 Be'er Sheva, Israel

An Acad Bras Cienc (2024) 96(2) 20230262 13 | 14



FLAVIA KATERINE DA SILVA et al.

‘Programa de Pos-Graduacao em Botanica, Universidade
de Brasilia, Departamento de Botanica, Campus Darcy
Ribeiro, Asa Norte, 70910-900 Brasilia, DF, Brazil

’Jardim Botanico de Brasilia, Superintendéncia
Técnico-Cientifica, Diretoria de Gestao Integrada da
Biodiversidade e Conscientizagdo Piblica, F-035, s/n,
Jardim Botanico, 71680-001 Brasilia, DF, Brazil

®Instituto de Pesquisas Ambientais, Grupo de Pesquisa
do Herbario de Sao Paulo, Avenida Miguel Estéfano
3687, Agua Funda, 04301-902 Sao Paulo, SP, Brazil

’Universidade Federal da Bahia, Faculdade de
Educacdo, Avenida Reitor Miguel Calmon, s/n,
Canela, 40110-100 Salvador, BA, Brazil

Correspondence to: Roberta Keyla Kojima
E-mail: keylakoji@gmail.com

Author contributions

Silva, KF: Data production, text drafting. Amorim, ET; Caetano,
GHO; Zanatta, MRV; Kojima, RK: text drafting, revision, data
refinement. Moreira, ALC: advisor, leadership of the work.

(c9)

An Acad Bras Cienc (2024) 96(2) 20230262

14| 14

DISTRIBUTION OF Bonamia IN BRAZIL



