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Angiosperm Checklist of Espirito Santo: using electronic tools to improve
the knowledge of an Atlantic Forest biodiversity hotspot
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Abstract

A checklist of angiosperm species for the state of Espirito Santo, Brazil is presented. A total of 6,204 native
species was recorded, representing an increase of 16% in species richness for the area. Espirito Santo
shelters 32% of the native species of Brazil’s Atlantic Forest and holds 516 endemic species (8.3% of the
total registered taxa for the State). Bromeliaceae and Orchidaceae are the families with highest number of
endemic species (142 spp. and 80 spp., respectively), followed by Myrtaceae (33 spp.), Melastomataceae
(30 spp.), and Araceae (23 spp.). This paper represents an important landmark for future research in plant
diversity in Espirito Santo, and highlights the importance of consulting online databases in order to update
the knowledge presented by the Brazilian flora checklist.
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Resumo

Uma listagem de angiospermas do estado do Espirito Santo é apresentada, incluindo um total de 6.204 espécies
nativas, representando um aumento de 16% na riqueza de espécies registrada para o Estado. O Espirito Santo
abriga 32% das espécies nativas da Floresta Atlantica e apresenta 516 espécies endémicas (8.3% do total
registrado para o Estado). As familias Bromeliaceae e Orchidaceae apresentam o maior numero de espécies
endémicas (142 spp. e 80 spp., respectivamente), seguidas por Myrtaceae (33 spp.), Melastomataceae (30 spp.)
e Araceae (23 spp.). Os resultados representam um importante marco para futuras pesquisas em diversidade
de plantas no Espirito Santo e destacam a importancia de consultar as plataformas virtuais para atualizagao

da Lista de Espécies da Flora do Brasil.

Palavras-chave: Brasil, endemismo, flora, herbarios virtuais, riqueza de espécies.

Introduction

The Brazilian Atlantic Forest is one of the
richest biogeographic zones for plant species and
endemism in the world (Prance 1982; Mittermeier
et al. 1999; Tabarelli et al. 2004). The high
number of endemic species, together with the
accelerated habitat loss, places this biome among
the 35 biodiversity hotspots of the world (Myers
et al. 2000; Mittermeier et al. 2005), justifying
a higher conservation priority. Centuries of
deforestation have led to the reduction of this
biome’s original cover to 11.4-16%, resulting in
forest fragmentation, with most fragment sizes
smaller than 50 ha (Ribeiro et al. 1999). This is

of major concern, because species richness can be
strongly affected by the size and shape of remnants,
the degree of connectivity among them and by land
use history (Metzger 2003).

Espirito Santo is one of Brazil’s richest
states in terms of angiosperm species. The state
has an area of approximately 45,600 km?, which
was originally completely covered by Atlantic
Forest (MMA 2000). The different vegetation
types comprise ombrophyllous and semideciduous
forests, swamps, ‘restingas’ (coastal lowland
formations), mangroves, and vegetation refuges
(MMA 2000; Pereira 2007). There are two main
geological zones in the state: a central-southern

! Universidade Federal do Espirito Santo, Depto. Ciéncias Bioldgicas, CCHN, Av. Fernando Ferrari 514, Goiabeiras, 29075-910, Vitéria, ES, Brazil.

valquiriafdutra@gmail.com

? Universidade Federal do Espirito Santo, Depto. Ciéncias Agrarias e Bioldgicas, CEUNES, Rodovia BR 101 Norte, Km 60, Litoraneo, 29932-540, Sao Mateus,

ES, Brazil. sapotaec@gmail.com

* Universidade Federal do Espirito Santo, Depto. Biologia, CCA, Alto Universitario s.n., 29500-000, Alegre, ES, Brazil. tcarrijo@gmail.com



1146

montane region reaching 2,000 m above sea level,
comprising deep valleys with open ombrophyllous
and upper montane forests, and a ‘tabuleiro’ (table-
top mountain) zone in the central-northern region.
The vegetation of the latter ranges from ‘restinga’
to dense ombrophyllous forests (IPEMA 2005).
Espirito Santo is included in the ‘Corredor Central
da Mata Atlantica’ (Aguiar ef al. 2005), one of the
main regions of plant endemism in Brazil (Prance
1982; IPEMA 2005).

According to the Brazil Flora Group (BFG
2015) the angiosperm diversity estimated for
Espirito Santo comprises about 16.5% of the total
species richness in Brazil, with an estimated 32,109
taxa. Amongst these species, many are restricted
and currently assigned as threatened (BFG 2015;
Martinelli & Moraes 2013). Despite the existence
of some floristic studies carried out in the last three
decades (e.g. Peixoto & Gentry 1990; Fabris &
César 1996; Pereira & Zambom 1998; Pereira et
al. 1998; Pereira & Aratjo 2000; Assis et al. 2004;
Fraga et al. 2007; Fabris & Peixoto 2013; Chagas
et al. 2014; Saiter & Thomaz 2014; Sarnaglia
Junior et al. 2014; Pertele et al. 2015), the species
richness recorded to this state continues to be less
well known than what is found for its neighboring
states, whose floras are published in print or on the
internet: Rio de Janeiro (<http://florariojaneiro.jbrj.
gov.br/consulta.php>), Sdo Paulo (Wanderley et
al. 2011), and some regional floras within Minas
Gerais (Giulietti e al. 1987; Pirani et al. 2003). To
date, the best compilation of plant species richness
in ES is supplied by the Brazilian List of Plants
and Fungi, henceforth Brazilian List (BFG 2015).

The Brazilian List was continuously updated
until early 2015 through a digital online platform.
This database lists species information such
as correct and accepted names and synonyms
documented through vouchers or bibliographical
references, habit, substrate and vegetation
type, geographic distribution and endemism
searchable fields. The INCT - Virtual Herbarium
of Flora and Fungi (HVFF) launched through
the SpeciesLink platform in 2009 (CRIA 2014),
provides free and open access data and information
regarding Brazilian plant collections. Together,
these databases have become one of the most
important tools for Brazilian researchers in plant
taxonomy, and an important source of information
for the development of the ‘Flora do Espirito Santo’
project. This project aims to provide support for the
establishment of regional plant family monographs
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in accordance with the Updated Global Strategies
of Plant Conservation 2011-2020 (GSPC-CDB).

Considering the inconsistencies found
between the Brazilian List and the HVFF databases:
1. voucher specimens (identified by experts)
in herbaria bearing species names not found in
the Brazilian List; 2. species listed as occurring
in Espirito Santo in the Brazilian List without
vouchers in the HVFF database; this study aimed
to find and to correct inconsistencies between the
two databases, in order to provide a more complete
list and an accurate estimate of angiosperm species
number in Espirito Santo.

Methods

The Espirito Santo State (ES) is located
in Southeastern Brazil, bordering with Minas
Gerais, Bahia, and Rio de Janeiro states (Fig. 1). A
combination of two main databases, the Brazilian
List (BFG 2015) and the INCT - Virtual Herbarium
(HVFF, <http://inct.splink.org.br/>), was used
to prepare the checklist. In the first instance, a
filtered list of angiosperm species that occur in
ES was requested from the Brazilian List project
coordination. This initial list consisted of 5,304
records (subfamilies, infraspecific taxa, and hybrids
were not included). Each record was checked
against the INCT Virtual Herbarium database,
where herbarium specimen data can be searched
by using relevant parameters such as taxon name,
geographical distribution, collector name and
number. Therefore, a list of species (taxon name)
that occur in a particular geographic location (a
Brazilian state or municipality - ES in this case)
can easily be accessed, and includes information
about the hosting herbaria, identification authorship
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Figure 1 — Location of Espirito Santo State, Brazil.
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and date. We performed intensive and extensive
exploration analyses covering all vouchers
accessible at the HVFF database. Vouchers with
provenance from ES and identified by specialists
were prioritized, replacing the vouchers listed by
the contributors to the Brazilian List, when these
were not from ES. When a particular ES collected
record could not be tracked for a given taxon
name, the voucher cited in the Brazilian List was
maintained. For vouchers listed in the Brazilian
List that were not included in the HVFF, literature
sources were added.

In order to expand the available information,
specific bibliography comprising species records
from ES was searched. Taxonomic revisions and
scientific articles that report new species from ES
and published in the last 10 years were included in
the search using the scientific literature databases ISI
(<http://wokinfo.com/>), SCOPUS (<http://www.
scopus.com/home.url>), Google Scholar (<http://
scholar.google.com.br/>), ‘Portal de Periddicos
CAPES’ (<http://www.periodicos.capes.gov.br/>)
and JSTOR (<http://www.jstor.org/>).

Species were listed alphabetically by family
and genus (circumscription following APG (2009)),
indicating endemic species (®) and new records (*)
to BFG (2015). Cultivated and species naturalized
were highlighted by (!) and (+), respectively.
Herbaria acronyms follow Index Herbariorum
(Thiers, continuously updated).

Results

The revised Angiosperm list from ES
comprises 6,364 species belonging to 1,390 genera
and 180 families (see supplementary material
<http://dx.doi.org/10.6084/m9.figshare.1613856>
- DOI: 10.1590/2175-7860201566414) which
6,204 are native, 74 are cultivated, and 110 are
naturalized.

The richest families (Fig. 2) are Orchidaceae
(744 spp.), Bromeliaceae (386 spp.), Fabaceae
(384 spp.), Asteraceae (291 spp.), Myrtaceae (291
spp.), Rubiaceae (239 spp.), Melastomataceae
(197 spp.), Apocynaceae (175 spp.), Cyperaceae
(175 spp.) and Poaceae (174 spp.). The five richest
genera are Solanum L. (Solanaceae - 96 spp.),
Eugenia L. (Myrtaceae - 95 spp.), Vriesea Lindl.
(Bromeliaceae — 88 spp.), Myrcia DC. (Myrtaceae
- 81 spp.), and Piper L. (Piperaceae - 74 spp.).

According to the results obtained, there are
516 species endemic to Espirito Santo. Furthermore,
ES houses 8.3% of the all endemic species
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Figure 2 — Richest angiosperm families and their endemic
species numbers from the state of Espirito Santo.

registered for Brazil and 7.4% of all Atlantic Forest
species. Bromeliaceae and Orchidaceae include the
highest number of endemic species for the state
(142 spp. and 80 spp., respectively), followed by
Myrtaceae (33 spp.), Melastomataceae (30 spp.),
and Araceae (23 spp.) (Fig. 2). Cryptanthus Otto &
A.Dietr. and Alcantarea (E.Morren ex Mez) Harms
(Bromeliaceae) showed the highest percentage of
endemic species with 81% and 75%, respectively.

Several common widespread taxa were
not listed in the BFG (2015) as occurring
in Espirito Santo, e¢.g. Gallesia integrifolia
(Phytolaccaceae), Microsthachys bidentata (Mart.
& Zucc.) Esser (Euphorbiaceae), and Cucumis
anguria L. (Cucurbitaceae), despite their wide
distribution throughout Brazil. Other examples
are Chomelia oligantha Miill.Arg. (Rubiaceae)
and Agarista eucalyptoides (Cham. & Schitdl.)
G.Don (Ericaceae) that occur in adjacent areas of
the bordering states of Bahia, Minas Gerais and
Rio de Janeiro and were found to occur in ES. In
addition, many examples of species first recorded
for the Atlantic Forest represent new cases of
disjunction between it and the Amazon Forest,
such as Crepidospermum rhoifolium (Benth.)
Triana & Planch (Burseraceae), and Fridericia
patellifera (Schlecht.) L.G. Lohmann, the latter
previously recorded for the Amazon Forest,
Cerrado and Pantanal biomes. Furthermore, the
known geographically distribution of a larger
number of species was expanded by being recorded
in ES (Appendix 1).

Discussion and conclusion

With an increase of 900 species over the
number recorded for ES by the BFG (2015), the



1148

present results suggest that ES is no longer the
tenth state in species richness in the country (BFG
2015) but in reality it occupies the seventh position,
overtaking the states of Goias, Mato Grosso and
Parana. A simple area comparison makes it obvious
that the ES is amongst the richest states in terms
of plant diversity in Brazil, with a relatively small
area (23rd amongst Brazilian states with an area of
46.096,925 km?) harbouring extremely high number
of species. The state’s plant richness has already
been highlighted by Forzza et al. (2012) who stated
that it holds 32% of the angiosperm richness from
the Atlantic Forest. The number of angiosperm
species registered by Fraga et al. (2007) and by
the BFG (2015) for the ES were increased here by
around 50% and 16%, respectively. The ranking
of the Orchidaceae, Bromeliaceae, Fabaceae and
Asteraceace for ES remains very similar to previous
results reported for the Atlantic Forest by Stehmann
et al. (2009), who reported Fabaceae in second and
Bromeliaceae in third place.

Despite the fact that Stehmann et al. (2009)
highlight Orchidaceae, the richest family, as having
the highest number of endemic species for the
Atlantic Forest, partial results shown here for the
state show that Bromeliaceae has more records of
endemic species than Orchidaceae in ES. In more
specific terms, it is known that the Atlantic Forest
is the diversity centre of speciose genera such as
Alcantarea and Cryptanthus (Martinelli ef al. 2008)
that are particularly expressive in ES, partially
explaining the large number of endemic species
for Bromeliaceae in this state.

The complete documentation of the ES flora
by the year 2020, in accordance to the goals of
the Convention on Biological Diversity and the
Global Strategy for Plant Conservation (CBD
2010), represents a big challenge. Geographical
gaps in plant collections are notorious despite
a reasonably well-scored species per area
relationship. Exploration in such poorly-sampled
areas is of strategic importance if we are to improve
species documentation. In this sense, performing
regional inventories is highly recommended to
improve the quality of the knowledge of the state
and consequently of the Flora of Brazil.

The improvement of floristic knowledge is
currently one of the greatest research challenges
in Brazil. The present case study in the ES state
establishes online plant databases as fundamental
tools to record and retrieve species richness
information. Considering that there are still many
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plant collections from Brazil that have not been
databased and included in the available virtual
herbaria, and that there are parts of the state that
are less accessible and presently undercollected, it
is most likely that the checklist of angiosperms in
ES will need readjustments, with ongoing studies
still revealing many further records.
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