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ABSTRACT
Araceae play a crucial role in the biodiversity of the Atlantic Forest, enhancing its ecological complexity and ecosystem 
function. However, distribution knowledge within this Phytogeographic Domain remains limited. This study aims to 
elucidate the distribution patterns of Araceae in the Atlantic Forest of Rio de Janeiro by assessing floristic similarity 
across fifteen sites using Sørensen similarity analysis and evaluating the influence of environmental and geographical 
variables through Canonical Correspondence Analysis (CCA) and Mantel tests. Nineteen genera and 87 species were 
identified for Rio de Janeiro, representing 95% and 78.4% of native Araceae genera and species, respectively. Ten species 
were classified as rare and four as common. Sørensen similarity coefficients ranged from 0.11 to 0.86, indicating moderate 
to high floristic similarity among sites. CCA explained 26% of the variation in species composition, highlighting the 
influence of temperature and precipitation on the distribution of Araceae species. Mantel test further confirmed significant 
correlations between species distribution and environmental gradients. This study advances the understanding of Araceae 
biogeography and provides crucial data for conservation planning and ecological restoration efforts, emphasizing key 
areas for conservation and sustainable management.
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Introduction
Biogeography is essential for understanding the 

distribution of organisms over time and space by 
recognizing patterns and proposing hypotheses about 
the processes influencing these distributions (Morrone, 
2004). Ecological biogeography specifically examines how 
short-term ecological processes affect species distribution 
(Aguilar, 2009), elucidating how species adapt to current 
environmental conditions and explaining regional species 
distribution through exposure to environmental factors. 
According to Cox & Moore (2011), species dispersal 
effectiveness is determined by physical, geological, climatic, 
and biological barriers, and stochastic events (neutral 
theory), with organisms having specific ecological tolerances 
(Odum, 2012). Additionally, historical anthropogenic factors 
also influence species distribution. According to Galvão 
(2009) and Aguiar (2017), since the early 16th century, the 
Rio de Janeiro state has been subjected to environmental 
degradation. It has been observed that throughout its 
socio-spatial formation, and continuing to the present 
day, activities related to agriculture, livestock farming, 
extractive industries, tourism, and intensive urbanization 
have all contributed to the fragmentation of the natural 
environment (Aguiar, 2017). Biogeographic methodologies 
and concepts are critical for conservation, as they inform 
conservation priorities and regulatory measures for land 
use (Cox & Moore, 2011). For example, Article 27 of the 
Forest Code (Federal Law No. 12,651, of May 25) (Brasil, 
2012) and MMA Normative Instruction No. 02 (July 10) 
(MMA, 2015) mandate assessments of species distribution 
for conservation and mitigation planning.

Araceae, a diverse family of monocotyledons, is renowned 
for its extensive range of morphological traits and life forms, 
playing a pivotal role in the structuring of ecosystems (Mayo 
et al., 1997). This family is among the most species-rich in 
the Atlantic Forest Phytogeographic Domain, substantially 
contributing to the region’s biodiversity (BFG, 2018). 
According to data from Flora e Funga do Brasil (2024), 
there are 235 native species classified into 26 genera within 
this domain. Despite their ecological significance, research 
on the geographic distribution of Araceae in the Atlantic 
Forest is still limited. Key contributions to this field include 
studies by Mayo (1988), Sakuragui (2001), Temponi (2006), 
and Pontes (2010). In the state of Rio de Janeiro, 111 native 
species across 20 genera have been documented (Coelho et 
al., 2014; Flora e Funga do Brasil, 2024). However, detailed 
knowledge of Araceae distribution in this state is sparse. 
The most comprehensive study to date focuses on floristic 
similarity, was conducted exclusively in sandy coastal plains 
environments along the coastal zone of Rio de Janeiro by 
Calazans et al. (2018).

The state of Rio de Janeiro, despite its historical 
environmental degradation (Golfari & Moosmayer, 1980; 
Martins, 2008), remains a biodiversity hotspot within 

the Atlantic Forest due to its diverse ecosystems, ranging 
from mountainous regions to coastal areas. Sandy coastal 
plains (restingas) are characterized by pioneer vegetation 
influenced by marine conditions, with plant communities 
adapted to varying degrees of flooding and sandy substrates 
(IBGE, 2012). Restingas include various formations such as 
non-floodable and floodable herbaceous, shrub, and forest 
types, reflecting their dynamic ecological conditions (Pereira 
& Menezes, 2023).

The Atlantic Forest of the state of Rio de Janeiro also 
presents a wide variety of forest formations. These include 
the Lowland Dense Ombrophilous Forest, which develops at 
altitudes up to 50 meters in areas with high rainfall, and the 
Lowland Semideciduous Seasonal Forest, which occurs in 
less humid regions, also at altitudes up to 50 meters (IBGE, 
2012). At higher elevations, the Submontane Semideciduous 
Seasonal Forest is found on hillsides at altitudes between 
50 and 500 meters. The Montane Semideciduous Seasonal 
Forest dominates the highest regions of the mountain 
ranges, such as the Serra do Mar and Serra da Mantiqueira, 
at altitudes ranging from 500 to 1,500 meters, contributing 
to landscape and habitat diversity (IBGE, 2012). The 
coexistence of these different ecosystems is what defines 
the rich and complex biodiversity of the state.

In this context, this study aims to elucidate the floristic 
distribution patterns of Araceae within the Atlantic Forest 
of Rio de Janeiro by assessing floristic similarity across 
many sites and evaluating the influence of environmental 
and geographical variables on species distribution. The data 
obtained will provide a scientific basis for informed decision-
making in the conservation and management of Rio de 
Janeiro’s flora. This, in turn, will support the development 
of ecological restoration projects and conservation strategies 
focused on preserving the remaining Atlantic Forest, 
safeguarding its biodiversity, and ensuring the continued 
provision of ecosystem services.

Material and methods 

Study area
Fifteen areas were selected to compile a comprehensive 

list of Araceae species within the Atlantic Forest of Rio de 
Janeiro state (Table 1). This list was developed through 
fieldwork, consultation of the SpeciesLink database 
(https://specieslink.net/, accessed in August 2024), and 
direct examination of specimens in Rio de Janeiro herbaria 
(CBPM, FCAB, HB, HUENF, HRJ, HUNI, NIT, R, RB, RBR, 
RFA, and RFFP). Additionally, relevant published works 
were reviewed [Silva & Somner (1983), Araujo & Oliveira 
(1988), Coelho (1997), Fontoura et al. (1997), Araujo (2000), 
Coelho (2000), Coelho & Schneider (2001), Pereira et al. 
(2001), Araujo et al. (2009), Callado et al. (2009), Coelho et 
al. (2009a), Dias (2009), Carvalho & Sá (2011), Sakuragui et 
al. (2011), Sakuragui (2012), Temponi & Coelho (2014), Cruz 

& Nunes Freitas (2017), Calazans et al. (2018), Lourenço & 
Bove (2019), Dutra Jr. (2021), and Dutra Jr. et al. (2024)]. 

Fieldwork was conducted across various locations within 
the Municipality of Maricá (MM), including its protected 
areas, with monthly collections occurring from March 2022 
to January 2023. Maricá is situated in the Metropolitan 
East region of Rio de Janeiro state, covering approximately 
361.57 km², with 119 km² designated as protected areas. 
These include the Restinga de Maricá Environmental 
Protection Area, Serra da Tiririca State Park, Pedra de 
Itaocaia and Inoã Municipal Natural Monuments, Serra de 
Maricá Municipal Wildlife Refuge, Serra de Maricá Municipal 
Environmental Protection Area, and Lagoa do São Bento 
Wildlife Refuge, all of which were sampled in this study. 
The selected areas (Fig. 1) represent six Atlantic Forest 
vegetation types: Dense Ombrophilous Forest (DOF) (12 
sites), Seasonal Semideciduous Forest (SSF) (one site), 
Restinga (RES) (eight sites), Rocky Outcrop Vegetation 
(ROV) (5 sites), Campos de Altitude (CAM) (four sites), 
and Mangrove (MAN) (four sites). The delimitation of the 
Atlantic Forest follows the Atlantic Forest Law (n° 11,428).

As outlined by IBGE (2012), these six vegetation types 
can be characterized as follows: DOF is characterized by 
an abundance of phanerophytes, including macro and 

mesophanerophytes, woody lianas, and epiphytes. This 
type thrives in tropical climates with high temperatures 
(mean of 25°C) and well-distributed rainfall, resulting in a 
bioecological setting with no biologically dry period. SSF is 
defined by its response to a seasonal climate, with partial 
leaf shedding during winter due to dry or cold conditions. 
It is dominated by phanerophytes with protective scales 
or hairs. In RES, plant communities directly influenced by 
marine waters, typically found along coastal plains. ROV 
is a vegetation that exists in the crevices of rock outcrops, 
typically identified as ecological refuges. CAM is a high-
altitude grassland with distinct ecological characteristics. 
MAN is a microphanerophytic community found in brackish 
environments, typically at river mouths, adapted to saline 
conditions.

Floristic composition and acquisition of environmental 
and geographical data

The nomenclatural review was conducted using the Flora 
e Funga do Brasil (2024) list. To ensure accuracy, duplicate 
records were manually identified and removed based on 
catalog codes, collector names and numbers, and sample 
collection years. We then compiled a list of species with 

Table 1. Study sites within the Atlantic Forest of Rio de Janeiro state used for Sørensen floristic similarity analysis, rare or common 
species classification, canonical correspondence analysis (CCA) and Mantel test. Vegetation types are represented by the following 
acronyms: DOF, Dense Ombrophilous Forest; SSF, Seasonal Semideciduous Forest; RES, Restinga; ROV, Rocky Outcrop Vegetation; 
CAM, Campos de Altitude; MAN, Mangrove.

Area name (acronym) Latitude/ Longitude Vegetation type Area size (ha)

Serra da Tiririca State Park (PESET) 22°57′ 43°00′ DOF / RES / ROV 3,493

Tinguá Biological Reserve (REBIOT) 22°34′ 43°24′ DOF 24,812

Municipality of Maricá (MM) 22°53′ 42°52′ DOF / RES / ROV 36,157

Tijuca National Park (PNT) 22°57′ 43°17′ DOF / ROV 3,953

Pedra Branca State Park (PEPB) 22°56′ 43°29′ DOF 12,500

Restinga of the Grumari Environmental Protection Area (GRU) 23°02′ 43°31′ RES / ROV 951

Itatiaia National Park (PNI) 22°22′ 44°39′ DOF / CAM 28,086

Cairuçú Environmental Protection Area (CAI) 23°00′ 44°40′ DOF / RES / MAN 34,690

Ilha Grande State Park (PEIG) 23°07′ 44°10′ DOF / RES / MAN / ROV 12,052

Ilha da Marambaia (MARAM) 23°03′ 43°56′ DOF / RES / MAN 52,993

Jurubatiba Restinga National Park (PNRJ) 22°10′ 47°26′ RES 14,922

Costa do Sol State Park (PECS) 22°55′ 42°26′ RES / MAN / SSF 9,841

Desengano State Park (PED) 21°54′ 42°58′ DOF / CAM 22,400

Serra dos Órgãos State Park (PARNASO) 22°29′ 43°00′ DOF / CAM 20,024

Macaé de Cima Environmental Protection Area (MAC) 22°23′ 42°30′ DOF / CAM 7,200﻿ ﻿

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en


Araceae in Atlantic Forest of Rio de Janeiro

Template: Editora Letra1 | www.editoraletra1.com.br

Dutra Junior et al.

Template: Editora Letra1 | www.editoraletra1.com.br

4  |  Acta Botanica Brasilica, 2025, 39: e20250213 Acta Botanica Brasilica, 2025, 39: e20250213  |  5

Figure 1. Map showing the location of 15 sites within the Atlantic Forest of Rio de Janeiro state used for Sorensen floristic similarity 
analysis, rare or common species classification, canonical correspondence analysis (CCA), and Mantel tests. Study sites are represented 
by the following acronyms: PESET, Serra da Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, Municipality of Maricá; PNT, 
Tijuca National Park; PEPB, Pedra Branca State Park; GRU, Restinga of the Grumari Environmental Protection Area; PNI, Itatiaia 
National Park; CAI, Cairuçú Environmental Protection Area; PEIG, Ilha Grande State Park; MARAM, Ilha da Marambaia; PNRJ, 
Jurubatiba Restinga National Park; PECS, Costa do Sol State Park; DEP, Desengano State Park; PARNASO, Serra dos Órgãos State 
Park; MAC, Macaé de Cima Environmental Protection Area.

current accepted nomenclature using the flora package 
(Carvalho, 2020) in R 4.4.0 (R Core Team, 2024). This 
package allowed us to update and verify species names by 
cross-referencing with the ‘Flora e Funga do Brasil’ database 
(http://floradobrasil.jbrj.gov.br/). 

From the extensive list of environmental variables, we 
selected the most relevant ones for Atlantic Forest (Oliveira‐
Filho & Fontes, 2000) – mean elevation (altitude), mean 
annual temperature, annual cumulative precipitation, 
distance from the ocean, and geographic coordinates –, 
also justified by the known sensitivity and specificity of this 
group of plants to these variables, as widely documented 
in the literature (Croat, 1978; Gentry, 1982; Mayo et 
al., 1997). Humidity, although not explicitly listed as an 
independent variable, is intrinsically contemplated by the 
selected variables (Croat, 1978; Simmons et al., 2010). For 
each study area, these environmental variables were sourced 
from the WorldClim 2.1 database (https://www.worldclim.
org/data/index.html, accessed in August 2024). ‘Distance 

from the Ocean’ and geographic coordinates were mined 
from Google Earth software (2024).

Data analysis
Initially, we organized the matrix of floristic composition 

and provided a detailed description of it in this study. 
To assess the similarity in species composition between 
sites, we employed the Sørensen index, which measures 
compositional changes between two or more communities 
and is commonly used to compare β-diversity (Magurran, 
2013). To assess the effects of environmental and geographic 
variables, we used Canonical Correspondence Analysis (CCA) 
and conducted a Monte Carlo permutation test to evaluate 
the significance of the ordination axes. This analysis was 
performed with Araceae species composition data, along 
with environmental and geographic variables (Table S1 and 
S2), using the Fitopac 2.1 software (Shepherd, 2010). We 
tested the correlation between floristic dissimilarity and 

environmental and geographic variables. For this purpose, 
we employed Euclidean distance for the floristic matrix and 
Gower’s distance for environmental and geographic matrices. 
Partial Mantel tests (rM) were used to determine the 
distance between floristic composition and environmental, 
as well as floristic and geographic variables, with the null 
hypothesis being the absence of linear correlation between 
these variables (Legendre & Legendre, 2012). Statistical 
significance for Mantel’s correlations was determined based 
on 10,000 permutations, calculated using Fitopac.

Subsequently, we identified and classified species as 
either common or rare. Species were classified based on 
their distribution across the selected areas and their floristic 
similarity. The classification of species as rare or common 
was adapted from Rabinowitz et al. (1986), taking into 
account geographic distribution and habitat specificity. 
Species with broad geographic and habitat ranges (occurring 
in at least ten locations and exhibiting more than three 
habitat types) were categorized as common, while species 
with restricted geographic and habitat ranges (confined 
to a single location and exhibiting only one habitat type) 
were classified as rare. Habitat information was derived 
from herbarium records and the Flora e Funga do Brasil 
database (2024).

Results
A total of 19 native genera and 87 native species of 

Araceae (Table S3) were identified in the study. These include 
the genera Anthurium, Asterostigma, Caladium, Heteropsis, 
Landoltia, Lemna, Monstera, Montrichardia, Philodendron, 
Pistia, Rhodospatha, Spathicarpa, Spirodela, Syngonium, 
Taccarum, Thaumatophyllum, Xanthosoma, Wolffia, and 
Wolffiella. Among these, 36 species were recorded in the 
municipality of Maricá. The surveyed taxa represent 95% of 
the 20 native genera and 78.4% of the 111 native Araceae 
species known to occur in the state of Rio de Janeiro.

The overall floristic similarity of Araceae species across 
the different study sites was 0.79. The highest similarity in 
species composition was observed between Municipality of 
Maricá and Serra da Tiririca State Park (ISs = 0.85), followed 
by the similarity between Restinga de Jurubatiba National 
Park and Costa do Sol State Park (ISs = 0.66), Serra dos 
Órgãos State Park and Tinguá Biological Reserve (ISs = 
0.65), and Tijuca State Park and Tinguá Biological Reserve 
(ISs = 0.64) (Fig. 2). In contrast, the Restinga de Jurubatiba 
National Park and Serra dos Órgãos State Park exhibited the 
lowest similarity (ISs = 0.04), followed by Serra dos Órgãos 

Figure 2. Similarity matrix based on the Sorensen index between study sites. Blue colors or close to 1 mean higher similarity. 
Study sites are represented by the following acronyms: PESET, Serra da Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, 
Municipality of Maricá; PNT, Tijuca National Park; PEPB, Pedra Branca State Park; GRU, Restinga of the Grumari Environmental 
Protection Area; PNI, Itatiaia National Park; CAI, Cairuçú Environmental Protection Area; PEIG, Ilha Grande State Park; MARAM, 
Ilha da Marambaia; PNRJ, Jurubatiba Restinga National Park; PECS, Costa do Sol State Park; DEP, Desengano State Park; PARNASO, 
Serra dos Órgãos State Park; MAC, Macaé de Cima Environmental Protection Area. The vegetation types are represented by the 
following symbols: ●, Dense Ombrophilous Forest; □, Seasonal Semideciduous Forest; +, Restinga; ■, Rocky Outcrop Vegetation; 
♦, Campos de Altitude; ○, Mangrove.

﻿ ﻿
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Table 2. Distribution and habitats of common and rare Araceae species based on floristic similarity areas. Study sites are represented 
by the following acronyms: PESET, Serra da Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, Municipality of Maricá; PNT, 
Tijuca National Park; PEPB, Pedra Branca State Park; GRU, Restinga of the Grumari Environmental Protection Area; PNI, Itatiaia 
National Park; CAI, Cairuçú Environmental Protection Area; PEIG, Ilha Grande State Park; MARAM, Ilha da Marambaia; PNRJ, 
Jurubatiba Restinga National Park; PECS, Costa do Sol State Park; DEP, Desengano State Park; PARNASO, Serra dos Órgãos State 
Park; MAC, Macaé de Cima Environmental Protection Area. Life form is represented by the following acronyms: Aq = aquatic; Ep = 
epiphyte; He = hemiepiphyte; Ru = rupicolous; Sa = saxicolous; Te = terricolous.

Classification of rarity Araceae species Occurrence site Life form

Common

Anthurium comtum
PESET; PNI; PARNASO; REBIOT; CAI; 
PEPB; MARAM; PEIG; PED; MAC; PNT

Ep; Ru; Sa; Te

Anthurium intermedium
MM; PESET; PNI; PARNASO; CAI; GRU; 

PNRJ; PECS; PEPB; MARAM; PEIG; 
PED; MAC; PNT

Ep; Ru; Sa; Te

Philodendron cordatum
MM; PESET; PNI; PARNASO; REBIOT; 
CAI; GRU; MARAM; PEIG; MAC; PNT

Ep; Ru; Sa; Te; He

Philodendron crassinervium
MM; PESET; PNI; PARNASO; REBIOT; 
CAI; GRU; MARAM; PEIG; PED; PNT

Ep; Ru; Sa; Te

Rare

Anthurium bragae PNI Te

Anthurium purpureum MAC Te

Montrichardia linifera MM Aq

Philodendron alternans PARNASO He

Philodendron obliquifolium PED He

Spathicarpa sagittifolia MM Te

Spirodela intermedia PECS Aq

Taccarum sp. PNI Te

Wolffia arrhiza PECS Aq

Wolffiella lingulata PECS Aq

Figure 3. Diagram obtained by canonical correspondence analysis showing the ordination on the first two axes of 15 sites in the 
Atlantic Forest of Rio de Janeiro based on occurrence records of Araceae. Study sites are represented by the following acronyms: 
PESET, Serra da Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, Municipality of Maricá; PNT, Tijuca National Park; 
PEPB, Pedra Branca State Park; GRU, Restinga of the Grumari Environmental Protection Area; PNI, Itatiaia National Park; CAI, 
Cairuçú Environmental Protection Area; PEIG, Ilha Grande State Park; MARAM, Ilha da Marambaia; PNRJ, Jurubatiba Restinga 
National Park; PECS, Costa do Sol State Park; DEP, Desengano State Park; PARNASO, Serra dos Órgãos State Park; MAC, Macaé de 
Cima Environmental Protection Area. Environmental and geographical variables: Alt, altitude; Dist, distance from the ocean; Lat, 
latitude; Long, longitude; Prec, precipitation; Temp, mean annual temperature.

State Park and Costa do Sol State Park (ISs = 0.08), Macaé 
de Cima Environmental Protection Area and Restinga de 
Jurubatiba National Park (ISs = 0.10), and Tinguá Biological 
Reserve and Jurubatiba National Park (ISs = 0.10) (Fig. 2).

The first axis of the CCA was correlated with altitude, 
temperature, and precipitation (Fig. 3). The second axis 
was associated with distance to the ocean, latitude, and 
longitude. The first two axes explained 26.52% of the total 
variation. The Monte Carlo test did not indicate a significant 
relationship between matrices for the first ordination axes 
(p > 0.05). PEIG, MARAM, PEPB, and MM were positioned 
in the upper right quadrant of the biplot, reflecting the 
temperature gradient, while PESET, PECS, PNRJ, and 
GRU were located in the lower right quadrant, also aligned 
with the temperature gradient. PNT, REBIO, CAI, and 
PARNASO were more closely associated with precipitation 
and longitude gradients. Conversely, MAC, PED, and PNI 
were more related to altitude, distance to the ocean, and 
latitude. Mantel’s partial correlation analysis revealed a 
strong correlation between environmental variables and 

geographic location with the floristic similarity of the area (r 
= -0.5, p < 0.01). However, the test did not show a significant 
correlation of geographic factors on the floristic matrix (r 
= 0.1, p > 0.05). 

Based on their distribution in the areas listed in the 
floristic similarity analysis and habitat specificity, 10 out of 
the 87 analyzed species were considered rare, while four were 
classified as common. Table 2 details the sites of occurrence 
and the identified habits of the species classified as the most 
common and rare, respectively.

Discussion

Floristic similarity
The Atlantic Forest in the state of Rio de Janeiro is 

recognized as one of the most biodiverse regions in Brazil, 
largely due to its complex geomorphology, which supports 
a wide range of vegetation formations (Coelho et al., 2017). 

This combination of geomorphological diversity and 
environmental heterogeneity was decisive for the results 
found in this study, as it contributed directly to the high 
number of Araceae genera and species recorded across 
the surveyed areas. Based on data from Flora e Funga do 
Brasil (2024), a comparison of Araceae species richness in 
the Atlantic Forest across the other states in the Brazilian 
Southeast region shows that while Rio de Janeiro has 20 
genera and 109 native species, São Paulo records 20 genera 
and 83 native species, followed by Minas Gerais with 20 
genera and 102 native species, and Espírito Santo with 19 
genera and 107 native species. 

According to data available in the Catálogo de Plantas das 
Unidades de Conservação do Brasil (2025), within São Paulo, 
the areas with the lowest Araceae species richness are the 
Ilhas da Queimada Pequena and Queimada Grande Relevant 

Ecological Interest Area, Bananal Ecological Station, and 
Porto Ferreira State Park, all with two species each. In 
contrast, the richest areas were Carlos Botelho State Park, 
with 11 species, and Alto Ribeira Touristic State Park, with 
12 species. Summing the occurrences in these areas, seven 
genera and 27 species are recorded. In Minas Gerais, the 
Sempre Vivas National Park registered six species, while 
Caparaó National Park, which spans both Minas Gerais 
and Espírito Santo, presented 22 species. Summing the 
occurrences in these areas, 11 genera and 25 species are 
recorded. In Espírito Santo, the areas with the lowest 
richness were Mata das Flores State Park (four species) 
and Rio Preto National Forest (five species). The richest 
were Forno Grande State Park (15 species), Mestre Álvaro 
Environmental Protection Area (22 species), and Duas Bocas 
Biological Reserve (23 species). Summing the occurrences 

﻿ ﻿
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in these areas, 14 genera and 59 species are recorded. The 
present study inventoried a total of 19 genera and 87 
native species in the investigated areas of Rio de Janeiro 
state, as shown in the results. These findings highlight how 
geomorphological and vegetational complexity promote 
high levels of floristic richness and representativeness for 
the Araceae family, in accordance with Croat (1988), Mayo 
et al. (1997), and Croat & Ortiz (2020).

The floristic similarity of the Araceae shows that the 
communities in the state of Rio de Janeiro are different in 
the areas selected for the analysis, with different levels of 
similarity to each other. Comparing with other studies with 
biogeographic data of Araceae for the Brazilian Atlantic 
Forest (Mayo, 1988; Sakuragui, 2001; Almeida et al., 2005; 
Sakuragui et al., 2007; Temponi et al., 2006; Temponi, 2006; 
Pontes, 2010; Calazans et al., 2018; Camelo et al., 2020), 
the family also presented high species richness in some of 
the forest remnants evaluated in the present study. 

Although some pairs of sites showed moderate to 
high floristic similarity (Sørensen index values ranging 
from 50% to 70%), the overall similarity matrix revealed 
considerable dissimilarity across the broader set of sites 
in Rio de Janeiro, reflecting the region’s environmental 
and habitat heterogeneity. This indicates that although 
certain sites share a substantial portion of species, Araceae 
communities as a whole show considerable variation in the 
overall composition of the Rio de Janeiro state. 

The Canonical Correspondence Analysis (CCA) explained 
a relatively low percentage of the total variation in species 
composition (26.52% along the first two axes). Such low 
explanatory values are typical in ecological studies involving 
species-rich and environmentally complex vegetation, as is 
the case in Atlantic Forest systems (Ter Braak, 1987). This 
means that multiple interacting environmental factors 
are essential to explain species distribution; that is, a 
combination of these factors is required for a conclusive 
explanation, as no single factor is independently sufficient. 
Despite that low variance explained, the CCA ordination 
clearly revealed strong relationships between species 
distribution and key environmental gradients — including 
temperature, precipitation, altitude, and distance to the 
ocean. These variables strongly influenced the spatial 
arrangement of the study sites in the ordination plot, 
indicating their important role in shaping local Araceae 
community composition. Leimbeck et al. (2004) point to 
altitude and humidity as powerful environmental variables 
to explain the richness of Araceae. In the state of Rio de 
Janeiro, what must also be taken into consideration is, 
mainly, the distance from the ocean to explain the wealth 
found and the division of groups, with marine influence 
revealing the distribution patterns found.

Through the results of this analysis, the distribution 
pattern of Araceae species in the state of Rio de Janeiro 
is recognized. Therefore, two primary groups with 
approximately 50% similarity are revealed: coastal areas 

directly influenced by the ocean (MM, PESET, PNT, PEPB, 
MARAM, PEIG, and CAI) and inland areas far from direct 
coastal influence (PNI, REBIO, PARNASO, MAC, and PED). 
GRU, PNRJ, and PECS are formed specifically by restingas. 
The GRU positions itself as a sister group in these areas, 
while the PNRJ and PECS stand out from the others, 
representing the initial divergence.

Araceae is among the ten richest families in the restingas 
of the state of Rio de Janeiro (Araujo, 2000). This type of 
vegetation occurs at low altitudes in the coastal region, 
where the temperature is higher, with climates that vary 
from hot, humid, humid subtropical to hot semi-arid. The 
PECS region has peculiarities. The climate is known for 
being hot and arid, being the driest region on the entire 
southeastern Brazilian coast (Pereira & Araujo, 2000). This 
stretch is considered an area where drought-resistant species 
are isolated by the surrounding Dense Ombrophylous Forest. 
This is one of the main factors that makes the region a 
center of diversity of unrelated taxonomic groups (Araujo, 
1997; Araujo et al., 1998; Araujo, 2000). What explains 
this characteristic is the low level of precipitation in the 
region (800 mm/year) and the resurgence phenomenon 
(Barbiére & Coe-Neto, 1999). This set of factors occurs 
due to seasonality between spring and summer, due to the 
steep geomorphology of the continental shelf, direction 
of the coast, and predominance of winds in the northeast 
direction (Veloso et al., 2022). 

In relation to the types of vegetation found within 
this restinga, non-floodable herbaceous formations, non-
floodable herbaceous formations, non-floodable closed 
bushes, non-floodable open bushes, floodable open bushes, 
non-floodable forest, flooded forest, and floodable forest are 
highlighted (Pereira & Menezes, 2023). In RJU, vegetation 
types are found classified as non-floodable herbaceous 
formations, non-floodable open shrubs, non-floodable 
closed shrubs, floodable open shrubs, and floodable forest 
(Araujo et al., 1998; Pereira & Menezes, 2023). These 
floodable restinga areas provide greater habitat richness, 
with the establishment of aquatic species, in addition to 
epiphytes in forested areas. Even though the occurrence 
of Araceae is more related to humid areas, in agreement 
with Magno et al. (2011), this environmental factor favors 
the establishment of different life forms, which makes it 
possible to establish a community of Araceae in a dry matrix.

Calazans et al. (2018) also obtained floristic similarity 
of Araceae from the restingas of Rio de Janeiro, supported 
by the cophenetic coefficient of 0.79 (Jaccard). In this 
study, the most similar areas were the Grumari and Maricá 
restingas, with 50%. The other areas compared were Armação 
de Búzios, Copacabana, Grumari, Grussaí, Jacarepaguá, 
Jurubatiba, Marambaia, Massambaba, Mauá, Niterói, Praia 
do Sul, and Praia Virgem. The authors discuss the results 
showing that the composition of Araceae varies according 
to the geological formations of Rio de Janeiro and climatic 

influence, in addition to human occupation in the areas, 
which can select the most generalist species.

For Calazans et al. (2018), the location close to the 
forested slope in crystalline basement causes the species 
to disperse to the restingas. This pattern was also observed by 
Moreira et al. (2014) with Orchidaceae from restinga areas in 
the state of Rio de Janeiro. In the present study, the results 
found corroborate those previously mentioned, where the 
areas with the presence of restingas (CAI, MARAM, PEIG, 
PESET, and MM) (Barros, 2008; Pereira et al., 2008; Callado 
et al., 2009) are strongly influenced by the surrounding 
humid matrix, standing out but emerging from the group 
of areas mainly composed of Dense Ombrophylous Forest. 
However, there is no such relationship for the restingas of 
the North (PECS and PNRJ).

The main factor responsible for grouping PARNASO, 
REBIOT, PED, MAC, and PNI is their distance from the 
ocean and their higher altitudes, making them the most 
elevated areas in the Rio de Janeiro state. Influenced by the 
surroundings of Guanabara Bay, PARNASO and REBIOT 
exhibit among the highest rates of similarity. These areas 
are geographically proximate and demonstrate a certain 
degree of connectivity. The mountainous portions of 
the Serra do Mar (PED, MAC, REBIOT, and PARNASO) 
and Serra da Mantiqueira (PNI) are considered priority 
areas for Atlantic Forest conservation (MMA, 2007). They 
establish a connection between the floristic blocks of the 
Norte Fluminense and Serrana Central regions (Rocha et al., 
2006; Monteiro & Guimarães, 2009). The combination of 
these characteristics, coupled with historical land use and 
protection, results in these areas being the most diverse 
and composed of well-preserved forests with the highest 
number of exclusive Araceae species.

Besides having the same vegetation type, the group 
composed of CAI, MARAM, PEIG, PEPB, PNT, PESET, and 
MM is directly influenced by the coast. Some areas form 
strong orographic barriers (e.g., PEIG and PNT) (Callado 
et al., 2009) that provide high rainfall. The geomorphology 
surrounding Guanabara Bay also contributes to the 
formation of this group (MM, PESET, and PNT). In the 
vicinity of this geomorphological feature, the Coastal 
Massifs stand out, corresponding to isolated elevations 
parallel to the coastline (Silva, 2021). Rocky outcrops 
characterize the relief formations of this coastal strip in 
the state of Rio de Janeiro. Ecologically, these environments 
function as terrestrial islands (inselbergs) with exposed 
rocks surrounded by shrubby vegetation and shallow soil 
(Porembski, 2007). 

Apart from the environmental factors that contribute 
to the existence of similar ecological niches, the proximity 
between fragments must also be taken into account. 
Although the increase in spatial distance between 
communities provides a decrease in similarity (Nekola & 
White, 1999), the size of the areas can also influence the 
distribution of the species. Thus, smaller fragments have 

lower habitat richness, which in turn plays a fundamental 
role in the regulation of species richness (MacArthur & 
Wilson, 1967). The areas with the highest similarity value 
in the analysis either overlap (MM and PESET, Serra da 
Tiririca nucleus of PESET) or are close (PNT and REBIOT, 
PARNASO and REBIOT, and PNRJ and PECS), which helps to 
explain the values found. This allows the existence of several 
shared species that use the same vegetation type or habitat, 
many of which are endemic to this type of environment.

Consequently, the congruence of environmental 
attributes is paramount in determining the higher 
occurrence and sharing of Araceae species, reflecting the 
significance of the diverse vegetation types found within the 
state of Rio de Janeiro. This circumstance can be a valuable 
conservation strategy concerning biodiversity. Therefore, it 
is feasible to devise conservation strategies that integrate 
the various fragments, which, despite their diminutive size, 
still harbor a substantial portion of the biodiversity, not 
only of Araceae but also of other biological groups.

Rare and common species
The rarity analysis revealed species with the most 

limited and extensive geographical distribution and habitat 
preferences at the state level of Rio de Janeiro. Ten species 
were classified as rare, and four species were classified as 
common. Among the species of the genus Anthurium, 
A. intermedium and A. comtum stand out for their wide 
distribution across Brazil (Coelho et al., 2009b; Flora e Funga 
do Brasil, 2024), a pattern that is also confirmed for the state 
of Rio de Janeiro. Both species exhibit multiple life forms — 
epiphytic, rupicolous, saxicolous, and terrestrial — reflecting 
high ecological versatility. A. intermedium was recorded in 
14 areas, ranging from coastal restinga habitats such as CAI, 
GRU, PNRJ, and PECS to lowland and montane rainforest 
environments with varying altitudes, including MARAM, 
PEIG, MM, PESET, PNT, PEPB, PARNASO, MAC, PED, and 
PNI. A. comtum was found in 11 localities, predominantly 
in forested areas such as PESET, PNT, REBIOT, CAI, 
PEPB, PARNASO, MARAM, PEIG, MAC, PED, and PNI. 
This ecological plasticity may be associated with the 
physiological tolerance of these species to varying moisture 
levels, light availability, and substrate types, allowing them 
to colonize open environments, such as forest edges and 
restinga, as well as dense ombrophilous forests across 
different altitudinal gradients. Such ecological breadth 
contrasts with the restricted distribution of congeneric 
species such as A. bragae and A. purpureum, both classified 
as rare and each recorded in a single locality in the state (PNI 
and MAC, respectively), occurring solely as terrestrial plants. 
This suggests a greater degree of ecological specialization 
or limitation, which restricts their dispersal.

Among species of the genus Philodendron, P. cordatum 
and P. crassinervium are notable and classified as common. 
According to Sakuragui (2001), P. cordatum is the most 
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frequently collected species and likely the one with the 
widest ecological amplitude, a pattern confirmed in Rio 
de Janeiro by its broad distribution and multiple life 
forms — epiphytic, rupicolous, saxicolous, terrestrial, 
and hemiepiphytic — evidencing remarkable ecological 
plasticity. P. cordatum was recorded in 11 areas, ranging from 
coastal restinga vegetation (CAI and GRU) to lowland and 
montane rainforests across various altitudes (MM, PESET, 
PNI, PARNASO, REBIOT, MARAM, PEIG, MAC, and PNT). 
P. crassinervium displays a similar pattern, also occurring in 
11 localities with comparable characteristics (MM, PESET, 
PNI, PARNASO, REBIOT, CAI, GRU, MARAM, PEIG, PED, 
and PNT), although it was not recorded as hemiepiphytic. 
This broad distribution and diversity of life forms reflect 
high tolerance to different microhabitats and edaphoclimatic 
conditions, enabling their establishment in both open 
coastal formations and moist forests. In contrast, rare 
species of the same genus, such as P. alternans and P. 
obliquifolium, exhibit extremely restricted distributions 
(PARNASO and PED, respectively), each being recorded in a 
single locality in well-preserved forested areas. Both species 
are hemiepiphytic, highlighting the ecological diversity 
within the genus and the potential dispersal limitations 
associated with specific life forms.

Spathicarpa sagittifolia is considered a rare species, being 
recorded exclusively in MM, with a terrestrial habit. This 
species belongs to a small neotropical genus composed 
of a few species, typically adapted to well-drained soils, 
often in semi-arid areas (Gonçalves, 2002). In the state 
of Rio de Janeiro, the area where it was found is among 
the few records known for the species (Gonçalves, 2002), 
reflecting its ecological limitation, likely associated with 
historical habitat occupation in surrounding areas. The low 
frequency of S. sagittifolia in floristic surveys within the state 
and its absence from other sampled areas emphasize the 
importance of conserving the natural remnants in which it 
occurs, as these may harbor unique and underrepresented 
floristic components at the regional scale.

Another rare record is Taccarum sp., found exclusively 
in PNI with a terrestrial habit. Although the genus occurs 
widely across non-Amazonian Brazil (except the extreme 
south) (Gonçalves, 2002), its distribution in Rio de Janeiro is 
limited. Its occurrence within a protected area that includes 
ecotones of the Atlantic Forest suggests that this population 
may be associated with specific microhabitats. This isolated 
occurrence reinforces the role of high-altitude preserved 
areas as refuges for rare or little-known plant lineages, 
particularly in groups such as Araceae, whose diversity in 
open environments is often underestimated, as wetlands 
have long been considered primary refuges for species in 
the family (Mayo et al., 1997; Leimbeck et al., 2004; Magno 
et al., 2011; Croat & Ortiz, 2020).

Four aquatic species were recorded and classified as 
rare in the state of Rio de Janeiro: Montrichardia linifera, 
Spirodela intermedia, Wolffia arrhiza, and Wolffiella lingulata. 

Although these species have wide distributions in Brazil 
(Lourenço & Bove, 2019; Flora e Funga do Brasil, 2024), 
aquatic environments in the state have historically been 
neglected and degraded, representing a limiting factor 
for regional species dispersal. Among them, M. linifera 
was found only in a protected area in MM and is already 
classified as Endangered (EN) in the state due to habitat 
degradation at its known location (Dutra Jr. et al, 2021). 
S. intermedia, W. arrhiza, and W. lingulata were exclusively 
recorded in the PECS region. While W. arrhiza is associated 
with permanently flooded areas, S. intermedia and W. 
lingulata generally occur in temporary wetlands (Lourenço 
& Bove, 2019). These three species belong to the subfamily 
Lemnoideae and are the smallest known angiosperms, 
with fast reproductive cycles. Their diminutive size and 
seasonality may contribute to underrepresentation in 
conventional floristic inventories. Sampaio et al. (2025) note 
that the challenges in collecting the group and the limited 
number of studies on the family result in a low number of 
records in herbaria and online databases. This is because 
these plants are particularly difficult to sample and identify 
using conventional floristic survey methods due to their 
diminutive size and anatomical complexity. This helps to 
conclude that, despite being considered rare in the present 
study, there is a clear shortfall of information on these 
species, as reflected by the irregular and reduced distribution 
of records found in databases. This identification of both rare 
and common species, along with the distribution patterns 
of native Araceae in the state of Rio de Janeiro, provides 
valuable insights into their ecological roles and potential 
applications in biodiversity conservation and environmental 
monitoring.

The four species classified as common demonstrated 
a greater ability to colonize diverse environments 
due to their generalist nature, which can contribute to 
increasing ecosystem complexity. With life forms varying 
between terrestrial, saxicolous, rupicolous, epiphytic, 
and hemiepiphytic, these species have a greater ease in 
establishing themselves in recovering environments. Due 
to their greater ease of incorporation into the terrestrial 
substrate, they possess the potential to disperse to other 
substrates. This phenomenon is commonly observed in 
natural environments, where representatives of the family 
can be found diversifying across various life forms (Dutra 
Jr. et al., 2024).

In contrast, the rare Araceae species can be categorized as 
detectors or bioindicators due to their restricted distribution 
and stringent habitat requirements. These species exhibit 
a measurable response to environmental changes and 
pressures (Zamoner, 2007). Their varying levels of tolerance 
or sensitivity to changes in environmental conditions 
provide valuable tools for assessing the environmental 
quality of a given ecosystem. Consequently, the presence, 
absence, or behavior of these species can serve as indicators 
of environmental integrity. Given the rarity of the ten 

Araceae species identified, the prioritization of conservation 
efforts, including the protection of their habitats, is justified. 
Knowledge of these species is essential for the evaluation 
and planning of effective conservation strategies (Slatyer 
et al., 2007).

While species richness is essential in restored areas 
for ecosystem stability, the functional diversity of these 
species will ultimately drive ecological processes (Loreau 
et al., 2001; Hooper et al., 2005; Díaz et al., 2007). The 
presence or absence of each species reinforces the idea 
of dependence on the maintenance of local and global 
environmental variables (Hill et al., 1999; Parmesan et al., 
2000). As noted by Pinto et al. (2009), since the colonization 
of Brazil, the Atlantic Forest has undergone a succession of 
episodes of natural forest conversion for other purposes, 
resulting in the fragmented landscapes. Consequently, local 
environmental disequilibrium poses a significant challenge, 
as alterations can adversely affect the urban environment, 
as well as various biological communities, disrupting 
unique interactions and ecological processes. Therefore, 
by understanding the geographical distribution of species 
with bioindicator potential, as well as the environmental 
factors influencing their occurrence, it becomes feasible to 
utilize these species in projects aimed at the rehabilitation 
and reintroduction of degraded areas.

Accordingly, Araceae ought to be regarded as potential 
candidates for the restoration of degraded areas in various 
successional phases, particularly within the context of 
non-arboreal species. This strategic approach is supported 
by the fact that life forms such as vines, herbs, epiphytes, 
and others constitute approximately 55% of the species 
diversity in the Atlantic Forest (Ivanauskas et al., 2001). 
These non-arboreal elements play a pivotal role in enhancing 
the structural and habitat complexity of restored areas 
(Fontoura et al., 1997) and are frequently overlooked in 
ecological restoration initiatives.

Due to their ecological significance, a few Araceae 
species are already employed in ecological restoration 
initiatives, conservation projects, and as bioindicators 
(Pontes, 2010; Gama et al., 2013; Rezende, 2013; 
Padilha, 2019), although their broader potential remains 
largely underutilized. Araceae demonstrate potential as 
bioindicators of urban environmental quality (Santos & 
Gasparetto, 2014), as well as being valuable bioindicators of 
preserved environments (Pontes, 2010). The communities 
of epiphytic and hemiepiphytic vascular plants in secondary 
forests are revealed as biological indicators sensitive to 
environmental changes, being useful for detecting climate 
change, environmental degradation, pollution, and other 
disturbances in ecosystems (Croat, 1988; Richter, 1991; 
Lugo & Scatena, 1992). Coelho et al. (2013) state that certain 
Araceae species are highly restricted to specific habitats 
and struggle to survive in altered conditions. For example, 
native Philodendron species are particularly sensitive to 
fluctuations in humidity and light, rendering them incapable 

of thriving in dry or degraded areas (Coelho, 2000). In 
contrast, terrestrial Araceae species can be found in both 
wet and dry habitats, demonstrating adaptability to extreme 
conditions such as low temperatures or drought. Aquatic 
species such as Pistia stratiotes and Montrichardia linifera 
are also used to monitor the health of various ecosystems, 
serving as bioindicators and bioremediators (Amarante et 
al., 2009; Botelho et al., 2019). The same principle can be 
applied to the species identified in this study that possess 
these potentials.

The identification of rare and common species and the 
distribution patterns of native Araceae species in Rio de 
Janeiro provide insights into potential bioindicator species 
and contribute to a deeper understanding of biodiversity 
conservation in the Atlantic Forest. These findings highlight 
the importance of environmental factors in the spatial 
distribution of Araceae, offering valuable information for 
future conservation efforts and ecological studies.

Supplementary Material
The following online material is available for this article:

Table S1 – List of Araceae occurrences in the listed areas 
of floristic similarity. Study sites are represented by the 
following acronyms: PESET, Serra da Tiririca State Park; 
REBIOT, Tinguá Biological Reserve; MM, Municipality of 
Maricá; PNT, Tijuca National Park; PEPB, Pedra Branca 
State Park; GRU, Restinga of the Grumari Environmental 
Protection Area; PNI, Itatiaia National Park; CAI, Cairuçú 
Environmental Protection Area; PEIG, Ilha Grande State 
Park; MARAM, Ilha da Marambaia; PNRJ, Jurubatiba 
Restinga National Park; PECS, Costa do Sol State Park; 
DEP, Desengano State Park; PARNASO, Serra dos Órgãos 
State Park; MAC, Macaé de Cima Environmental Protection 
Area. 0 = absent; 1 = present.

Table S2 – Environmental variables of the sites used in the 
analysis of canonical correspondence analysis. Study sites 
are represented by the following acronyms: PESET, Serra da 
Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, 
Municipality of Maricá; PNT, Tijuca National Park; PEPB, 
Pedra Branca State Park; GRU, Restinga of the Grumari 
Environmental Protection Area; PNI, Itatiaia National Park; 
CAI, Cairuçú Environmental Protection Area; PEIG, Ilha 
Grande State Park; MARAM, Ilha da Marambaia; PNRJ, 
Jurubatiba Restinga National Park; PECS, Costa do Sol 
State Park; DEP, Desengano State Park; PARNASO, Serra 
dos Órgãos State Park; MAC, Macaé de Cima Environmental 
Protection Area.

Table S3 – Species reference vouchers. Study sites are 
represented by the following acronyms: PESET, Serra da 
Tiririca State Park; REBIOT, Tinguá Biological Reserve; MM, 
Municipality of Maricá; PNT, Tijuca National Park; PEPB, 
Pedra Branca State Park; GRU, Restinga of the Grumari 
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Environmental Protection Area; PNI, Itatiaia National Park; 
CAI, Cairuçú Environmental Protection Area; PEIG, Ilha 
Grande State Park; MARAM, Ilha da Marambaia; PNRJ, 
Jurubatiba Restinga National Park; PECS, Costa do Sol 
State Park; DEP, Desengano State Park; PARNASO, Serra 
dos Órgãos State Park; MAC, Macaé de Cima Environmental 
Protection Area.
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