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Abstract
We examined the taxonomic diversity of native angiosperms in the semiarid region of Ceará State, Brazil, emphasizing 
species occurring in Steppic Savanna. The diversity of native angiosperms comprises 120 families, 604 genera, 
and 1,443 species. Fabaceae was the most taxonomically diverse family, while Croton (Euphorbiaceae) was the 
most species rich genus (33 sp.). Steppic Savanna species account for 58% of all angiosperms recorded in Ceará 
State, and 41% of all species listed for that phytophysiognomy in Brazil. An update of the species richness within 
the Steppic Savanna of Ceará State phytogeographical area is provided, also indicating distribution data for other 
phytophysiognomies in Ceará. 
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1. INTRODUCTION AND OBJECTIVES

Steppic Savanna (known as “Caatinga” vegetation in Brazil) 
is considered the largest continuous SDTF area in the neotropics, 
covering approximately 900,000 km2 (Queiroz, 2006, 2009), 
and it overlaps the Semiarid or Caatinga Domain (Velloso et 
al., 2002). The Caatinga domain is very heterogeneous, mainly 
due to local variations in climate and soil, and comprises many 
different associated vegetation types (Andrade-Lima, 1981).

Steppic Savanna occurs in a warm, semiarid climate, with 
an average rainfall of 1,000 mm/year, concentrated into only 
three to six months (Velloso et al., 2002; Leal et al., 2005). 
The vegetation is predominantly composed of a low, profusely 
branching forest with a discontinuous canopy showing high 
deciduousness, with many thorny and succulent shrubs 
(Velloso et al., 2002; Leal et al., 2005; Queiroz, 2006, 2009). 

The predominant vegetation in Ceará is Steppic Savanna, 
including the Carrasco and Caatinga phytophysiognomies 
(with all of their variations – shrubby and arboreal), with 
Caatinga occupying approximately 70% of the total land area 
of the state (IPECE, 2017), although there are also areas of 
Neotropical Savanna (Cerrado), Forest Savanna (Cerradão), 
Dense Ombrophilous Forest (Mata úmida), Semideciduous 
Seasonal Forest (Mata seca), Vegetation under Fluvial and/or 
Lacustrine Influence, and Carnaubal (Riparian forests with 

Copernicia prunifera L. (Figueiredo, 1997; IBGE, 2012; Moro 
et al., 2015; MMA, 2016). 

Botanical studies have been carried out in Ceará for at least 
two hundred years, with contributions from such renowned 
naturalists as João da Silva Feijó (1760-1824), Francisco Freire 
Alemão (1797-1874), Alberto Loefgren (1854-1918), and 
Phillip von Luetzelburg (1880-1946) (Freitas & Matias, 2010; 
Moro et al., 2015; Loiola et al., 2020). Those studies made it 
possible to recognize and establish different phytogeographic 
units in the state (Figueiredo, 1997; Moro et al., 2015), 
while others have concentrated on taxonomic studies (e.g., 
Cactaceae – Menezes et al., 2013), descriptions of new species 
and those considered endemic to the state (Loiola, 2013; Ribeiro  
et al., 2017; Sampaio et al., 2019; Santos et al., 2020; Jardim  
et al., 2020), sampling efforts and analyses (Freitas & Queiroz, 
2010), local floristic surveys (Loiola et al., 2015; Silveira et al., 
2020a), and studies of protected areas (Araújo et al., 2005; 
Silveira et al., 2020b), among others.

This data set, built over the years, has allowed the flora of 
Ceará State to be published in an e-book format, providing 
a floristic inventory of 2,584 angiosperms species (Loiola, et 
al., 2020). That list was recently updated and recognizes 2,465 
species belonging to 890 genera and 153 families (Loiola et 
al., 2021). Only the study of Reis et al. (2021) deals with a 
possible floristic list of species specifically from the Caatinga 
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of Ceará State, although based on a compilation of published 
data without actually providing a taxonomic list with the 
total number of recorded angiosperm species.

 The present study is therefore the first attempt to provide 
data concerning the native species of angiosperms that 
constitute the flora of the Caatinga in Ceará State, Brazil. A 
floristic list of species is presented, in addition to information 
about endemism, endangered species (according to IUCN 
Red List of Threatened Species criteria), data concerning 
other vegetation types, and records of the occurrence of 
species in protected areas.

2. MATERIAL AND METHODS

2.1. Area of study

Among the states within the Brazilian semiarid region, 
Ceará (2º46’S-7º52’S × 41º24’W-37º14’W) has a territorial 
extension of 148.894 km2 (IPECE, 2017), with a predominance 
of a BSh type (semiarid) climate according to the Köppen 
climate classification (Barreto et al., 2012). In addition to 
having areas under continental and maritime influences, 
the state harbors a great diversity of soils and landscapes, 
with elevations varying from sea level to 1,154 m at the Serra 
Branca Peak (IPECE, 2017). Those environmental variations 
are directly related to the wide diversity of vegetation types 
observed within the state (SUDENE, 1973; Araújo et al., 1998).

2.2. Assembling the floristic list

The floristic list considers only species classified as native 
according to the Flora of Brazil 2020 site (Flora do Brasil, 
2020). We initially selected the species already surveyed for 
Ceará (Loiola et al., 2020, 2021), and subsequently updated the 
list with the inclusion of the taxa listed in Flora of Brazil 2020 

but not included in the aforementioned lists. To confirm the 
occurrence of those species in Ceará, we performed a search of 
their respective specimens in the REFLORA Virtual Herbarium 
(http://floradobrasil.jbrj.gov.br/reflora/herbariovirtual), in the 
virtual herbaria with images available online at speciesLink-
CRIA (http://inct.splink.org), and in the online database of 
the Botanical Garden of Rio de Janeiro – Jardim Botânico do 
Rio de Janeiro, JBRJ (http://jabot.jbrj.gov.br). The taxonomic 
classification system for families followed APG IV (2016), 
except for Passifloraceae and Turneraceae, which are considered 
here as distinct families. Scientific names, synonyms, and 
authorships are in accordance with the Flora of Brazil 2020 
(Flora of Brasil, 2020). The life forms (habits) also follow the 
Flora of Brazil 2020 and Fernandes et al. (2020).

2.3. Occurrence of species in the Caatinga of Ceará, 
and the classification of the vegetation in this state

Species occurrence data were obtained from the online 
databases mentioned above. Information about the vegetation 
types was that provided by the collection descriptions and/
or by the digitalized online exsiccate labels, and was used 
to plot their locations on the Ceará vegetation map adopted 
in this study; only specimens with geographic coordinates 
considered reliable were selected. 

The nomenclature of the phytogeographic units is in accordance 
with Figueiredo (1997), IBGE (2012), and Moro et al. (2015), 
modified. Eight phytogeographic units were recognized for 
Ceará: Steppic Savanna - SS (Carrasco and Caatinga); Neotropical 
Savanna - NS (Cerrado); Forest Savanna - FS (Cerradão); Dense 
Ombrophilous Forest – DOF (Mata Úmida); Semideciduous 
Seasonal Forest – SSF (Mata Seca); Vegetation under Fluvial and/
or Lacustrine Influence - VFLCI, Carnaubal - CARN (Riparian 
forest with Copernicia prunifera L.); and the Vegetation Complex 
of the Coastal Zone - VCCZ (Figure 1).

Figure 1. Map of phytogeographic areas in Ceará State, Brazil. Modified from Figueiredo et al. (1997).
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2.4. Endemism, occurrence in extra-caatinga 
vegetation and conservation areas in Ceará

Information about the geographic distributions of species 
with regards to endemism and their occurrence in other 
Brazilian phytogeographic domains was obtained from the 
Flora of Brazil 2020 site and supplemented based on Fernandes 
et al. (2020). For distributions in other vegetation types 
occurring in Ceará, we used data from directly the exsiccate 
labels and plotted those points on the Ceará vegetation map.

The registration of species in designated conservation 
areas (CAs) of Ceará is in accordance with data from the 
digitized labels of specimens consulted online.

3. RESULTS

The inventory of angiosperms recorded in Caatinga vegetation 
in Ceará State indicated a flora composed of 1,443 species, 604 
genera, and 120 families (Appendix 1 https://figshare.com/s/
e09edf7a18199f117ffb). Fabaceae (235 species/84 genera) is 
the family with the greatest species diversity (Appendix 2 
https://figshare.com/s/e09edf7a18199f117ffb), followed by 
Poaceae (83/36), Euphorbiaceae (77/21), Malvaceae (71/23), 
Convolvulaceae (58/9), Cyperaceae (56/7), Asteraceae (55/41), 
Bignoniaceae (52/18), Rubiaceae (48/28), Apocynaceae (33/18), 
and Malpighiaceae (33/16). The ten most representative 
genera in terms of the numbers of species (Appendix 3 https://
figshare.com/s/e09edf7a18199f117ffb) are: Croton L. (33 
spp.), Cyperus L. and Ipomoea L. (26 spp. each), Chamaecrista 
(L.) Moench (20 spp.), Mimosa L. (18 spp.), Erythroxylum 
P.Browne and Senna Mill. (17 spp. each), Sida L. (16 spp.), 
Solanum L. (15 spp.), and Paspalum L. (14 spp.).

Most of the plants encountered in our study (64.5%) 
are not endemic to Brazil (Appendix 1). One hundred and 
fifty-one species endemic to Brazil (10%) occur only in 
Caatinga, while 351 species (25%) occur in the Caatinga 
and at least one other Brazilian phytogeographic domain 
(Amazon, Atlantic Forest, Cerrado, Pampa, or Pantanal). 
Eight species are of undetermined endemism, because there 
are not data about it: Dioscorea polygonoides Humb. & Bonpl. 
ex Willd., Esenbeckia pilocarpoides Kunth, Guapira opposita 
(Vell.) Reitz, Justicia sphaerosperma Vahl,  Mascagnia sepium 
(A.Juss.) Griseb., Panicum stramineum Hitchc. & Chase, Sida 
ciliaris L., Strychnos rubiginosa A.DC. Of the 1,443 species 
occurring in the Caatinga in Ceará, 15 are endemic to that 
state: Aspidosperma confertiflorum A.C.D.Castello, Cranocarpus 
gracilis Afr.Fern. & P.Bezerra, Croton araripensis Croizat, C. 
cearenses Baill., C. kalkmannii Müll.Arg., Eremanthus arboreus 
(Gardner) MacLeish, Erythroxylum angelicae Loiola, Gaya 
grandiflora Baker, Lindackeria ovata (Benth.) Gilg, Mimosa 

niomarlei Afr.Fern., Mitracarpus fernandesii E.L.Cabral, 
Sobrado & E.B.Souza, Ocotea loefgrenii Vattimo-Gil, Pitcairnia 
limae L.B.Sm., Solanum graniticola V.S.Sampaio & Gouvêa 
and Vriesea baturitensis Versieux & Tomaz.

Fully 59.6% of the caatinga species in Ceará are woody 
plants, including 228 subshrubs, 233 shrubs, 315 trees, and 83 
lianas; 40.4% were non-woody species, including 427 herbs, 
141 vines, 12 epiphytes, 3 parasites, and 1 scandent herb. 

 A total of 175 (12%) species occur only in Steppic Savanna 
(Appendix 4 https://figshare.com/s/e09edf7a18199f117ffb). The 
other species occur in at least one other phytophysiognomy 
found in Ceará, with 970 species also distributed in SSF; 
867 in DOF; 803 in VCCZ; 514 in CARN; and 239 in AS 
(Appendix 4 https://figshare.com/s/e09edf7a18199f117ffb). 
No species were shared with Neotropical Savanna and 
Vegetation under Fluvial and/or Lacustrine Influence areas 
occurring in the state. 

A total of 971 (67%) species were recorded in 25 
CAs in Ceará State (Appendix 5 https://figshare.com/s/
e09edf7a18199f117ffb). The Aiuaba Ecological Station (Estação 
Ecológica de Aiuaba - EEAiuaba), stood out with 453 species, 
followed by the Serra das Almas Private Natural Heritage 
Reserve (Reserva Particular do Patrimônio Natural – RPPN 
Serra das Almas), with 330 species; the Ubajara National Park 
(PARNA-Ubajara) with 247 species; and the Araripe-Apodi 
National Forest (Floresta Nacional Araripe-Apodi - FLONA 
Araripe-Apodi) with 224 species (Appendix 5). 

Of the species listed, following the Flora of Brazil (Flora of 
Brasil, 2020) four are considered endangered (EN) – Erythroxylum 
bezerrae Plowman, Griffinia gardneriana (Herb.) Ravenna, 
Pilocarpus jaborandi Holmes and P. trachylophus Holmes, two as 
critically endangered (CR) – Pitcairnia limae and Setaria parviflora 
(Poir.) Kerguélen, and six as vulnerable (VU) – Apuleia leiocarpa 
(Vogel) J.F.Macbr., Cattleya labiata Lindl., Cedrela odorata L., 
Discocactus bahiensis Britton & Rose, Wolffia brasiliensis Wedd. 
and Zeyheria tuberculosa (Vell.) Bureau ex Verl.

4. DISCUSSION

Floristic inventories are primary sources for determining 
the plant biodiversity of an area, and data from these studies 
are important for conservation issues (Funk, 2006). As 
mentioned above, the flora of Ceará has been examined from 
a number of different perspectives, although in-depth studies 
of the floristic diversities of the different phytogeographic 
areas there are still incipient, and only a generalized study 
in that sense was carried out by Freitas & Matias (2010). 

The species found in the Caatinga of Ceará represent 58% 
of the currently known species for its statewide flora (Loiola 
et al., 2021). That number is higher than previously reported 
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by Freitas & Matias (2010), who identified 19% of the species 
as found in shrubby caatinga (Shrubby Steppic Savanna sensu 
IBGE, 2012), 12% in arboreal caatinga (Arboreal Steppic 
Savanna), and 17% in Carrasco. As the division of the Steppic 
Savanna into shrubby and arboreal types was not recognized 
here, our data demonstrate a much higher number of species 
in Caatinga but a smaller percentage of species in Carrasco. 
This difference in the percentages of species is probably due 
to the total number of species included in the two studies: 
2.465 species in our study (Loiola et al., 2021) and 1.209 in 
Freitas & Matias (2010).

Based on the list of Fernandes et al. (2020), Ceará State 
encompasses 41% of the 3,347 species recognized for the 
Caatinga. Those authors do not mention the occurrence of 
species by state and it is therefore not possible to compare the 
numbers of species found in the respective studies. However, 
the number of species recorded in our study is higher than that 
reported by Moro et al. (2014), who listed the occurrence of 
586 species of angiosperms in the Caatinga of Ceará. Moro et 
al. (2014) used floristic lists of Caatinga published for different 
locations in Ceará in their methodology, without considering 
online records. The number of species recorded in our study 
was lower than that proposed by Flora of Brazil 2020, which 
considers 157 families, 819 genera, and 1,991 native species 
occurring in Caatinga vegetation in Ceará State. It is noteworthy 
that the Flora of Brazil 2020 methodology recognizes species 
from different types of vegetation inserted within the larger 
Caatinga domain (e.g., Avicennia schaueriana Stapf & Leechm. 
ex Moldenke, a typical mangrove species found mainly in 
coastal regions) – thus generating significant differences in 
the number of species – as we considered here only those 
that occur in phytogeographic areas of Caatinga sensu stricto.

There is an historical belief that the Caatinga has only a low 
plant diversity, with no records of endemic species, although 
it actually has a rich flora with a relatively high proportion of 
endemism (23%) compared to other STDFs (Giulietti et al., 
2004; Queiroz et al., 2017; Fernandes & Queiroz, 2018). Our 
botanical knowledge of the Caatinga Flora greatly advanced 
through studies of its ecological, floristic, phytogeographic, and 
taxonomic aspects, whether generalized or local, generating 
constantly updated floristic lists covering the taxonomic diversity 
of the region (Giulietti et al., 2002, Alves et al., 2009, Siqueira 
Filho, 2012, Moro et al., 2014, Fernandes et al., 2020) – and 
there are now more than three thousand recognized plant 
species (Fernandes et al., 2020).

In general, the families with the greatest species diversities 
were those identified in previous studies, with emphasis on 
Fabaceae, a taxon with a high diversity of life forms (habits) 
and wide distribution in the different phytophysiognomies 
present in Ceará (Freitas & Araújo, 2010; Moro et al., 2014; 

Fernandes et al., 2020). Our study corroborates the results 
of Freitas & Matias (2010), who likewise identified Poaceae 
as the second largest family in the state, and Paspalum as 
the tenth largest genus in terms of the number of species; 
Poaceae was ranked as the third and sixth family in terms of 
species diversity in the Caatinga by Fernandes et al. (2020) 
and Moro et al. (2014) respectively.

In terms of the taxonomic category of genus, our results 
corroborate the studies of Moro et al. (2014) and Fernandes 
et al. (2020), indicating Croton (Euphorbiaceae) as the genus 
with the highest number of species in the Caatinga (33 species 
for Ceará); Croton blanchetianus Baill. is notably the species 
with the highest number of occurrences recorded for the 
state (130), as documented by the National Forest Inventory 
floristic survey (MMA, 2016; Reis et al., 2021).

Woody taxa were more abundant than non-woody taxa. 
That high number of woody taxa is reflected by Fabaceae, 
the family with the greatest plant diversity in the state, as 
its representatives are mostly woody (81%: 83 species of 
trees, 34 shrubs, 69 subshrubs, and 5 lianas; versus 19% 
non-woody taxa: 31 vine species and 13 herbs). Non-woody 
species contribute significantly to the general taxonomic 
composition of the Caatinga flora (Moro et al., 2014; BFG, 
2015; and Fernandes et al., 2020), being represented mainly 
by the families Poaceae and Cyperaceae, which significantly 
contribute to the formation of the herbaceous layer (with 
83 and 56 species respectively), with Cyperus (Cyperaceae; 
26 spp.) and Paspalaum (Poaceae; 14 spp.) appearing among 
the genera with high species diversity. 

Data concerning the geographic distributions of the species 
listed for the Caatinga of Ceará indicate a great sharing of 
species between the different phytogeographic areas of that 
state, which is associated with its great heterogeneity of 
landscapes and vegetation associated with other biomes such 
as the Amazon, Cerrado, and Atlantic Forest surrounding and 
connecting the different phytophysiognomies and providing 
ecologically favorable environments for the wide distribution 
of many species (Fernandes et al., 2020). 

Of the 11 Caatinga species recognized as endangered in 
Ceará according to IUCN criteria, Cedrela odorata, Erythroxylum 
bezerrae, Griffinia gardneriana, and Setaria parviflora were 
encountered in the EEAiuaba and RPPN Serra das Almas. Cedrela 
odorata was also recorded for the Ubajara National Park (PARNA 
Ubajara) in Dense Ombrophilous Forest (DOF) vegetation. 
There are no records of occurrence of the other endangered 
species in CAs in Ceará State based on the approach adopted 
here, that is, based only on herbaria specimens and not official 
lists. Greater collection efforts will be crucial to certifying the 
occurrences and distributions of those endangered species to 
be able to propose conservation actions in their favor. 
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The Aiuaba Ecological Station and the Serra das Almas 
RPPN are priority areas of environmental protection and 
biodiversity conservation in the Caatinga (Silva et al., 2003), 
and were the CAs with the highest numbers of recorded 
species. Both areas are proof that long-term sampling efforts 
are important for documenting the floristic composition of a 
given area. The first floristic surveys carried out in the two CAs 
showed a diversity of 160 species in the EEAiuaba (Lemos & 
Meguro, 2010) and 212 species in the RPPN Serra das Almas 
(Araújo et al., 2005), while the numbers of plants currently 
recorded have increased almost threefold in EEAiuaba and 
by at least 50% in RPPN Serra das Almas.

5. CONCLUSIONS

Our study demonstrates the importance of publishing 
floristic lists for better understanding and quantifying 
the biodiversity of a given area. We present here the first 
comprehensive list of the floristic diversity of Caatinga 
vegetation in Ceará State, and demonstrate that there has 
been a significant increase in our knowledge of the flora of 
this phytophysiognomy in just over a decade (as compared 
to the study of Freitas & Matias, 2010). Our expectation is 
that these data will be continually updated and new results 
will be compared and discussed to assess the true species 
richness of the Caatinga in Ceará State. 

This study also provides a more accurate perspective of the 
floristic composition of Caatinga vegetation as compared to 
previously published data (Moro et al., 2014; Flora do Brasil, 
2020), and this plant list can serve as a reference for academic 
or socio-environmental studies of the floristic composition 
of different areas of the state within the Caatinga domain to 
advance public policies favorable to the environment and society.

Continued commitments to greater sampling efforts in 
Caatinga areas has been evidenced by the increasing numbers 
of species recorded in protected areas (as can be seen in the 
EEAiuaba and RPPN Serra das Almas). We wish to emphasize 
the importance of depositing specimens collected in protected 
areas in existing herbarium in both Ceará State and Brazil, 
as they allow easy access for researchers, whether through 
in loco or online consultations. We believe that the plant 
diversity in other CAs in Caatinga areas within the state 
have much larger floristic compositions than recorded in our 
study, and that better assessments of those protected areas 
will contribute greatly to our knowledge of the geographic 
distributions of Caatinga species.
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