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1. Introduction

Aquatic macrophytes are plants visible to the naked eye 
whose photosynthesizing parts are active throughout the 
year or only for a few months, totally or partially submerged 
in fresh or brackish water and may also be floating (Irgang 
and Gastal-Júnior, 1996). This definition encompasses 
phylogenetically distinct groups, including representatives 
of the angiosperms, bryophytes (mosses), ferns, lycophytes, 
and some freshwater macroalgae (Chambers et al., 2008). 

The flowering plants are the most representative group 
among aquatic macrophytes, corresponding to more than 
80% of the species in this definition (Chambers et al., 2008; 
Murphy et al., 2019).

These plant communities play a relevant role in 
providing ecosystem services, serving as essential 
components in the structure and function of freshwater 
environments (Thomaz and Cunha, 2010; Thomaz and 
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Resumo
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Palavras-chave: plantas aquáticas, vegetação aquática, cerrado, áreas úmidas.

Floristic survey of aquatic macrophytes in eastern Maranhão, 
Brazil: richness, biological forms and three new records
Levantamento florístico de macrófitas aquáticas no leste do Maranhão, Brasil: riqueza, 
formas biológicas e três novos registros

M. C. A. Pestanaa,b* , R. C. Horab  and E. A. E. Guarçonic 
a Universidade Federal da Grande Dourados – UFGD, Programa de Pós-graduação em Biodiversidade e Meio Ambiente, Dourados, MS, Brasil
b Universidade Federal do Maranhão – UFMA, Centro de Ciências de Chapadinha, Chapadinha, MA, Brasil
c Universidade Federal do Maranhão – UFMA, Herbário BMA, Centro de Ciências de Bacabal, Bacabal, MA, Brasil

*e-mail: mcapestanabotanist@gmail.com
Received: December 10, 2023 – Acceted: January 24, 2024

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6542-6721
http://orcid.org/0000-0002-9011-4655
https://orcid.org/0000-0001-7939-4089


Brazilian Journal of Biology, 2024, vol. 84, e2812762/12

Pestana, M.C.A., Hora, R.C. and Guarçoni, E.A.E.

from June to December (Alvares et al., 2013). The average 
annual temperature is approximately 27.6 °C and an average 
rainfall of 1613.2 mm annually (Passos et al., 2016).

Chapadinha is situated in the phytogeographic domain 
of the Cerrado, presenting varied physiognomies, including 
forest (Gallery Forest) and savanna formations (Veredas, 
characterized by the presence of Mauritia flexuosa L.f., 
and Palm groves, mainly formations of Attalea speciosa 
Mart. ex Spreng.) (Ribeiro and Walter, 2008). In addition, 
Chapadinha has several aquatic environments, such as 
flooded grassland, ponds (temporary and permanent), 
and streams (Pestana et al., 2022) (Figure 1B-E).

2.2.  Data collection

Field collections were carried out between September 
2021 and September 2022 in sampling sites within the 
municipality of Chapadinha. The environments were 
explored according to the walking method suggested by 
Filgueiras et al. (1994). The botanical samples were collected, 
photographed and herborized according to the usual 
techniques for aquatic plants (Haynes, 1984; Cook, 1996).

Taxonomic identification of the botanical samples was 
carried out through analysis of macroscopic structures 
under a stereomicroscope and consulting specialized 
literature (Cook, 1996; Irgang and Gastal-Júnior, 1996; Pott 
and Pott, 2000; Amaral et al., 2008; Lorenzi, 2008). High-
definition images from the SpeciesLink (CRIA, 2023), Reflora 
(2023), and Jstor Global Plants (2023) databases were 
utilized. In addition, specific identification keys for families 
and genera were consulted. Duplicates/photographs were 
also sent to specialists for species confirmation. After 
identification, the exsiccates were deposited in the CCAA 
and BMA herbaria (acronyms according to Thiers (2023), 
continuously updated). In the species list, the angiosperms 
are by The Angiosperm Phylogeny Group (2016), while 
ferns and lycophytes follow the delimitation of the PPG I 
(2016). The species names and abbreviations of the taxa 
authors are per Flora e Funga do Brasil (2023).

2.3. Biological forms

For the biological form classification, the categories 
proposed by Pott and Pott (2000) were followed, as 
illustrated in Figure 2, which include:
1) Amphibious - Plants capable of living both in flooded 

areas and out of the water.
2) Emergent - Plants rooted in the bottom, partially 

submerged, and partially above the water.
3) Rooted floating - Plants rooted in the bottom, with 

floating stems or leaves.
4) Rooted submerged - Plants rooted in the bottom, 

completely submerged.
5) Free submerged - Plants not rooted in the bottom, with 

leaves submerged and only flowers emerged.
6) Free floating - Plants not rooted in the bottom, prone 

to be carried by currents, wind, or animals.
7) Epiphytes - Plants that establish themselves on other 

aquatic plants.
Additionally, the recommendations of Moura-Júnior 

and Cotarelli (2019) were adopted for increased accuracy 
in the classification of Amphibious species.

Esteves, 2011). Additionally, aquatic macrophytes provide 
oxygen and biomass to water bodies, participate in the 
cycling and storage of nutrients, reduce water velocity, serve 
as a food supply for primary consumers, provide shelter 
and nurseries for juvenile fish, aquatic macroinvertebrates, 
periphyton, and other aquatic organisms (Rocha et al., 
2018; Schneider et al., 2018; Thomaz, 2022).

Due to the ecological importance of these plants and 
to understand their floristic composition, research on 
aquatic macrophytes in Brazil has been intensified after 
1990 (Souza et al., 2017), especially Irgang and Gastal-Júnior 
(1996), Scremin-Dias et al. (1999), and Pott and Pott (2000). 
These classic works were the first comprehensive studies 
of this flora and are considered pertinent references to 
this day (Moura-Junior et al., 2013).

In the Northeast region of Brazil, surveys of aquatic 
macrophytes are concentrated in areas within the Caatinga 
domain, especially in reservoirs (e.g., Henry-Silva et al., 
2010; Moura-Júnior et al., 2011; Lima et al., 2011). 
Nevertheless, as evidenced recently by Moura-Júnior 
and Cotarelli (2019), there is a need for more studies on 
aquatic macrophytes in the Northeast region, mainly in 
poorly sampled states, such as Maranhão.

The Maranhão state has 12 hydrographic basins, which 
provide favorable environments (e.g., rivers, streams 
and lagoons) for the growth and development of aquatic 
vegetation (NUGEO, 2016). However, there is still a lack of 
information about aquatic macrophytes in the literature, 
especially with a focus on floristic surveys. To validate this 
information, the first study in the state only took place in 
1999 (Barbieri and Pinto, 1999). Since then, with a study 
gap of more than a decade, only the works of Barbieri and 
Carreiro (2017), Silva and Fontes (2018) and Arouche et al. 
(2021, 2023) were carried out, the last three floristic surveys.

Besides the limited research on aquatic macrophytes 
in Maranhão, it is notable that most of the existing studies 
(~60%) and collection records (see Arouche et al., 2021) 
have focused mainly on the Environmental Protection Area 
of Baixada Maranhense. For Chapadinha and elsewhere in 
Eastern Maranhão, knowledge about aquatic macrophyte 
richness and biological forms is incipient. Therefore, the 
information from floristic lists is relevant for understanding 
plant composition in specific areas and conserving natural 
resources (Uniyal and Singh, 2014).

Given these considerations, this study aims to provide a 
list of aquatic macrophytes occurring in the municipality of 
Chapadinha. The research questions that guided this study 
were: (1) What is the species richness of aquatic macrophytes 
in Chapadinha?, (2) What are their biological forms?

2. Material and Methods

2.1. Study area

The municipality of Chapadinha (-43.360278 , -3.741667, 
max. alt. a.s.l.: 110 m; Figure 1A) is located in the Eastern 
Mesoregion of Maranhão state, northeastern Brazil (IBGE, 
2022). The climate, according to the Köppen classification, 
is tropical hot and humid (Aw) and presents two defined 
seasons: a rainy season from January to May, and a dry season 
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3. Results

A total of 72 species of aquatic macrophytes distributed 
in 31 families and 47 genera were recorded (Table 1). 
The Angiosperms were the most represented group 
in the survey, with 65 species, and only seven are 

Ferns and Lycophytes: Ceratopteris thalictroides (L.) 
Brongn. (Pteridaceae), Cyclosorus interruptus (Willd.) H. 
Ito (Thelypteridaceae), Marsilea polycarpa Hook. & Grev. 
(Marsileaceae), Meniscium serratum Cav. (Thelypteridaceae), 
Palhinhaea cernua (L.) Franco & Vasc. (Lycopodiaceae), 
Pityrogramma calomelanos (L.) Link (Pteridaceae), and 

Figure 1. A: Location map of the municipality of Chapadinha (in gray) with the collection points (black circles). B: Permanent pond. 
C: Vereda. D: Artificial pond. E: Stream.
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Salvinia auriculata Aubl. (Salviniaceae). Three listed taxa are 
new records for Maranhão: Bacopa stricta (Schrad.) Wettst. 
ex Edwall (Plantaginaceae), Staurogyne diantheroides Lindau 
(Acanthaceae), and Xanthosoma aristeguietae (G.S. Bunting) 
Madison (Araceae), the last two species are new records 
for Northeastern Brazil. Examples of some of the collected 
species are illustrated in Figures 3 and 4.

The families with the highest species richness in the 
floristic survey were Cyperaceae (11 species), followed 
by Plantaginaceae (seven spp.), Fabaceae (five spp.), 
Lentibulariaceae (five spp.), Nymphaeaceae (four spp.), 
Poaceae (four spp.), Araceae (three spp.) and Onagraceae 
(three spp.). These seven families comprise 58% of the 
total species number in the study area. The families with 
only one or two species correspond to 22% and 20% of the 
richness, respectively.

The genera with the highest number of species were 
Bacopa (seven species), Utricularia (five spp.), Eleocharis 
(four spp.), Nymphaea (four spp.), Cyperus (three spp.) 
and Ludwigia (three spp.), all belonging to the most 
frequent families in the study area, mainly Cyperaceae 
and Plantaginaceae. However, more than half of the genera 
were represented by one or two species (74%), meaning a 
high generic diversity in the floristic survey.

Six biological forms of aquatic macrophytes were 
identified but did not find the epiphytic habit. Among 
them, 27 species were classified as amphibious and 26 as 
emergent. These two categories together accounted for 73% 
of the total species richness. Subsequently, the floating 
habit was represented by 12 species (17%), with ten species 
rooted in the substrate and two free in the water.

As for submerged group, seven species (9%) were 
found, four rooted submerged and three free submerged. 
The submerged habit was represented by three species 
of Lentibulariaceae (Utricularia breviscapa C.Wright ex 
Griseb., U. gibba L., and U. hydrocarpa Vahl), by two species 
of Cabombaceae (Cabomba aquatica Aubl., and C. furcata 

Schult. & Schult.f.), and Eriocaulaceae (Tonina fluviatilis 
Aubl., and Paepalanthus sp.), and by one of Hydrocharitaceae 
[Apalanthe granatensis (Humb. & Bonpl.) Planch.].

4. Discussion

The collection effort in this study is evident because 
the species richness of aquatic macrophytes recorded was 
higher than that of most previous studies in Maranhão state 
(see Table 2). However, fewer species than Arouche et al. 
(2023) were recorded, which may be related to the 
differences in data collection between studies. The species 
list resulting from this work was obtained exclusively 
through field collections in a single municipality. 
In contrast, Arouche et al. (2023) compiled their list from 
field collections in six municipalities, complementing it 
with previous records available in online databases (i.e., 
SpeciesLink, Reflora and GBIF) after filters were applied.

For Chapadinha and eastern Maranhão, information on 
aquatic macrophytes had only been reported by Costa (2014) 
in an ecological investigation of relationships between fish 
assembly associated with aquatic macrophytes in three 
locations within the Chapadinha microregion. Nevertheless, 
the author presents a list of aquatic macrophytes identified 
only at the genus level (Table 2) since the main focus 
was the associated fish species. Thus, the present study 
significantly contributes to understanding the floristic 
composition of aquatic macrophytes in this area.

In our species list, although it is common for works on 
aquatic macrophytes to list widely distributed species due 
to their high dispersal capacity (Santamaría, 2002), the 
novelty is to highlight that three species catalogued, i.e., 
Bacopa egensis (Poepp.) Pennell, Staurogyne diantheroides 
and Xanthosoma aristeguietae have a restricted distribution 
in Brazil according to the Flora e Funga do Brasil (2023) 
database.

Figure 2. Biological forms of aquatic macrophytes modified from Pott and Pott (2000). 1: Amphibious. 2: Emergent. 3: Rooted floating. 
4: Free floating. 5: Rooted submerged. 6: Free submerged. 7: Epiphyte.
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Table 1. List of aquatic macrophytes from Chapadinha, eastern Maranhão, Brazil. Life forms: AM = Amphibious. EM = Emergent. RF = 
Rooted floating. FF = Free-floating. RS = Rooted submerged. FS = Free submerged. Vouchers: BMA = Maranhão Continental Herbarium. 
CCAA = Centro de Ciências Agrárias e Ambientais Herbarium.

Family (nº genera/species)/Scientific Name Life form Herbarium voucher

FERNS AND THE LICOPHYTE

LYCOPODIACEAE (1/1)

Palhinhaea cernua (L.) Franco & Vasc. AM CCAA 1283

MARSILEACEAE (1/1)

Marsilea polycarpa Hook. & Grev. RF BMA 2834

PTERIDACEAE (2/2)

Ceratopteris thalictroides (L.) Brongn. EM CCAA 3166

Pityrogramma calomelanos (L.) Link AM CCAA 3165

THELYPTERIDACEAE (2/2)

Cyclosorus interruptus (Willd.) H. Ito EM CCAA 3164

Meniscium serratum Cav. AM CCAA 3169

SALVINIACEAE (1/1)

Salvinia auriculata Aubl. FF CCAA 3145

FLOWERING PLANTS

ACHANTHACEAE (1/1)

Staurogyne diantheroides Lindau** AM BMA 2856

ALISMATACEAE (2/2)

Limnocharis flava (L.) Buchenau EM CCAA 3147

Sagittaria guayanensis Kunth RF CCAA 3146

ARACEAE (3/3)

Lemna aequinoctialis Welw. FF CCAA 3156

Montrichardia linifera (Arruda) Schott EM CCAA 3144

Xanthosoma aristeguietae (G.S.Bunting) Madison** EM CCAA 3172

BORAGINACEAE (1/1)

Heliotropium indicum L. AM CCAA 3129

BURMANIACEAE (1/1)

Burmannia capitata (Walter ex J.F.Gmel.) Mart. AM BMA 2877

CABOMBACEAE (1/2)

Cabomba aquatica Aubl. RS CCAA 3141

C. furcata Schult. & Schult.f. RS CCAA 3160

COMELLINACEAE (2/2)

Commelina diffusa Burm.f. AM CCAA 3143

Murdannia nudiflora (L.) Brenan AM BMA 2854

CONVOLVULACEAE (1/1)

Ipomoea asarifolia (Desr.) Roem. & Schult. AM CCAA 3158

CYPERACEAE (4/11)

Cyperus digitatus Roxb. AM CCAA 3135

C. esculentus L. EM BMA 2833

C. luzulae (L.) Retz. AM CCAA 3136

Eleocharis geniculata (L.) Roem. & Schult. EM CCAA 3173

E. interstincta (Vahl) Roem. & Schult. EM CCAA 3130

E. minima Kunth EM CCAA 3139

E. mutata (L.) Roem. & Schult. EM CCAA 3170

Fuirena umbellata Rottb. EM BMA 2844

Rhynchospora holoschoenoides (Rich.) Herter EM BMA 2852

R. nervosa (Vahl) Boeckeler AM CCAA 3153

Scleria gaertneri Raddi AM BMA 2831
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Table 1. Continued...

Family (nº genera/species)/Scientific Name Life form Herbarium voucher

ERIOCAULACEAE (2/2)

Paepalanthus sp. AM BMA 2851

Tonina fluviatilis Aubl. EM/RS BMA 2868

FABACEAE (3/5)

Aeschynomene rudis Benth. EM BMA 2847

A. sensitiva Sw. EM BMA 2846

Mimosa pudica L. AM CCAA 3162

M. sensitiva L. AM CCAA 3126

Neptunia plena (L.) Benth. EM CCAA 3134

HELICONIACEAE (1/1)

Heliconia psittacorum L.f. AM CCAA 3128

HYDROCHARITACEAE (1/1)

Apalanthe granatensis (Humb. & Bonpl.) Planch. RS CCAA 3161

LENTIBULARIACEAE (1/5)

Utricularia breviscapa C.Wright ex Griseb. FS CCAA 2850

U. gibba L. FS/EM CCAA 3124

U. hydrocarpa Vahl FS BMA 2827

U. simulans Pilg. AM BMA 2835

U. subulata L. EM BMA 2839

LINDERNIACEAE (1/1)

Lindernia crustacea (L.) F.Muell. AM BMA 2829

MELASTOMATACEAE (1/1)

Pterolepis glomerata (Rottb.) Miq. AM CCAA 3149

MENYANTHACEAE (1/1)

Nymphoides humboldtiana (Kunth) Kuntze RF CCAA 3123

NYMPHAECEAE (1/4)

Nymphaea amazonum Mart. & Zucc. RF CCAA 3174

N. lingulata Wiersema RF BMA 2879

N. rudgeana G.May. RF CCAA 3168

Nymphaea tenerinervia Casp. RF BMA 2828

OCHNACEAE (1/1)

Sauvagesia erecta L. AM BMA 2848

ONAGRACEAE (1/3)

Ludwigia leptocarpa (Nutt.) H.Hara AM CCAA 3137

L. octovalvis (Jacq.) P.H. Raven EM CCAA 3140

L. sedioides (Humb. & Bonpl.) H.Hara RF CCAA 3138

OXALIDACEAE (1/1)

Oxalis cytisoides Mart. ex Zucc. AM CCAA 3155

PLANTAGINACEAE (1/7)

Bacopa aubletiana Scatigna EM BMA 2836

B. angulata (Benth.) Edwall EM CCAA 3154

B. aquatica Aubl. EM CCAA 3131

B. egensis (Poepp.) Pennell RF/EM CCAA 2317

B. salzmannii (Benth.) Wettst. ex Edwall EM CCAA 3150

B. scoparioides (Cham. & Schltdl.) Scatigna EM BMA 2855

B. stricta (Schrad.) Wettst. ex Edwall* AM BMA 2826

POACEAE (4/4)

Oryza latifolia Desv. EM BMA 2843

Panicum sp. AM BMA 2832

Paspalum millegrana Schrad. ex Schult. EM BMA 2842

Rugoloa pilosa (Sw.) Zuloaga EM BMA 2830
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Bacopa egensis is an aquatic herb recorded only in the 
states of Amazonas, Acre, Pará, Mato Grosso and Maranhão 
(Souza, 2023). The species first record in northeastern 
Brazil in Chapadinha also represents an important record 
for the Cerrado (see Pestana et al., 2023). Xanthosoma 
aristeguietae is a rhizomatous aquatic herb with records 
in Amazonas, Rondônia, Roraima, and Mato Grosso do 
Sul (Flora e Funga do Brasil, 2023), and now in Maranhão. 
Staurogyne diantheroides is an aquatic herb recognized by 
its numerous glandular trichomes distributed throughout 
the vegetative and reproductive structures. It has confirmed 
occurrences only in Tocantins, Mato Grosso do Sul (Flora e 
Funga do Brasil, 2023), and as reported here, in Maranhão 
state. Moreover, S. diantheroides has only 19 collection 
records for Brazil (CRIA, 2023), attributable to collection 
gaps or its inconspicuous look. Most records are in the 
Pantanal of Mato Grosso do Sul, a wetland facing habitat 
fragmentation and alterations in the seasonal flood 
pulse in the last years (Pott et al., 2011; Miranda et al., 
2018). Therefore, further studies are recommended to 
understand the distribution of this species and evaluate 
its conservation in Brazil.

The new floristic records presented in this study for 
Maranhão demonstrate that significant gaps still exist in the 
distribution and species records within the state. Therefore, 
careful botanical exploration of various plant formations 
is necessary (Rodrigues et al., 2019; Sousa et al., 2022). 
Additionally, field research in wetlands throughout the state 
is crucial to gain a more comprehensive understanding of 

the floristic composition of these environments, which are 
still relatively unexplored at the state level.

The predominance in this survey of the families 
Cyperaceae, Plantaginaceae, Fabaceae, and Lentibulariaceae 
corroborates other studies conducted in the Northeast of 
Brazil (Lima et al., 2011; Aona et al., 2015; Sabino et al., 2015), 
as well as in other regions (Alves et al. 2011; Costa et al., 
2016; Silva et al., 2021). These mentioned families comprise 
numerous taxa that inhabit a range of environments, 
from marshy soils (amphibious species) to truly aquatic 
environments (emergent, floating or submerged species), 
and also justify their abundance in this study, as in other 
studies (Pott and Pott, 2000; Amaral et al., 2008).

In addition, Lorenzi (2008) cites three main factors that 
may also contribute to the high representation of these 
families in aquatic environments: 1) the high number of 
species that these families have; 2) their cosmopolitan 
distribution, mainly in the Neotropics; and 3) the high 
competitive capacity for space, light and water that some 
taxa have, as well as high seed production, which can 
hinder or even prevent other species from establishing. 
For instance, Cyperaceae is a family with more than 
5,000 species (Oliveira et al., 2011) and has often been 
identified as the most representative family in other 
studies on aquatic macrophytes in Brazil (Pivari et al., 
2013; Medeiros et al., 2015; Souza et al., 2017; Fares et al., 
2021). This predominance is linked to the efficient 
vegetative propagation of its representatives, which have 
a subterranean system composed of rhizomes, tubers 

Table 1. Continued...

Family (nº genera/species)/Scientific Name Life form Herbarium voucher

PONTEDERIACEAE (1/2)

Eichhornia diversifolia (Vahl) Urb. RF CCAA 3133

E. heterosperma Alexander EM CCAA 3125

RUBIACEAE (1/1)

Borreria verticillata (L.) G.Mey. AM BMA 2841

XYRIDACEAE (1/1)

Xyris jupicai Rich. AM CCAA 3148

Table 2. Studies on aquatic macrophytes performed in the state of Maranhão, their locations, and the number of catalogued taxa.

Author(s) Study Site
Number of 

Species

Arouche et al. (2023) Southwestern region of Baixada Maranhense, municipalities of Anajatuba, 
Ararai, Cajari, Vitória do Mearim and Viana

128

Present study (2023) Municipality of Chapadinha, eastern of the state 72

Arouche et al. (2021) Several municipalities, most of them belonging to Environmental Protection 
Area of Baixada Maranhense

40

Barbieri and Pinto (1999) Municipality of São Bento, in the Environmental Protection Area of Baixada 
Maranhense Baixada Maranhense

19

Silva and Fontes (2018) Municipality of Barreirinhas, in the eastern Coast 16

Costa (2014) Anapurus, Mata Roma and Chapadinha, in the eastern of the state 14

Barbieri and Carreiro (2017) Middle Pericumã River, in the Environmental Protection Area of Baixada 
Maranhense

12
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and stolons, enabling efficient vegetative propagation 
(Goetghebeur, 1998; Matias et al., 2003).

Regarding the most diverse genera, the high number 
of species of Bacopa sampled in this survey stands out, 

corresponding to 54% of the diversity recorded in the state 
of Maranhão and representing 35% of the total richness 
found in the Northeast region of Brazil (Souza, 2023). 
The predominance of this genus in the municipality of 

Figure 3. Aquatic macrophytes from Chapadinha, eastern Maranhão, Brazil (A-C are the new records). A: Bacopa stricta. B: Staurogyne 
diantheroides. C: Xanthosoma aristeguietae. D: Bacopa aquatica. E: B. aubletiana; F: B. egensis. G: B. salzmannii. H: Cabomba aquatica. I: 
C. furcata. J: Ceratopteris thalictroides. K: Commelina diffusa. L: Eichhornia heterosperma. M: Heliconia psittacorum. N: Ipomoea asarifolia. 
O: Lemna aequinoctialis. P: Ludwigia leptocarpa. Photos: A, E, and M: Ildilene Silva. All others: M.C.A. Pestana.
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Chapadinha may be related to the dispersal of propagules by 
water, reaching different collection points in the study area 
(Souza and Giulietti, 2009). Furthermore, the municipality 
of Chapadinha can be considered a relevant habitat for this 
genus in Maranhão, which could be explored in greater detail 
in future studies on the Plantaginaceae flora in the state.

Among the catalogued life forms, the predominance 
of amphibious and emergent species can be explained 
by the shallow water of the studied environments 
and the resistance of these biotypes to the dry period 
(Oliveira et al., 2011). In addition, growth by stolons is a 
common adaptation in species with an amphibious habit, 
which allows them to accompany variations in the water 
level during the seasonal flooding period (Goetghebeur, 
1998). Another highlighted point concerns the alternating 
life forms in species in temporary aquatic habitats along 
the flooding cycle (Valadares et al., 2011).

This specificity was observed in three species: Utricularia 
gibba, B. egensis, and T. fluviatilis. The species U. gibba 
occurred free submerged during flood periods, and as the 
water level decreased, it changed to emergent habit. Tonina 
fluviatilis spends most of its life cycle rooted submerged 
but also as emergent. Only B. egensis was observed as 
emergent in the dry seasons and rooted floating in the 
flood, an unusual pattern of floating aquatic macrophytes. 
However, B. egensis is a versatile species in its biological 
form. Besides emergent and rooted floating as presented 
in this study, this species was reported as submerged and 
palustrine (amphibious) by Costa et al. (2016).

Among the free floating species, Salvinia auriculata and 
Lemna aequinoctialis Welw. are especially noteworthy, as 
they can become weeds with high nutrient availability 
(Lorenzi, 2008). When they reproduce excessively, S. 
auriculata and L. aequinoctialis quickly colonize extensive 

Figure 4. Aquatic macrophytes from Chapadinha, eastern Maranhão, Brazil. A: Marsilea polycarpa. B: Nymphoides humboldtiana. C: 
Sagittaria guayanensis; D: Salvinia auriculata. E: Sauvagesia erecta. F: Utricularia breviscapa. G: U. gibba. H: U. hydrocarpa. I: U. simulans. 
J: U. subulata. K: Xyris jupicai. Photos: M.C.A. Pestana.
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water surfaces, limiting light into the water and interfering 
with the survival of submerged animals and plants through 
oxygen depletion (Pompêo, 2017). However, it is also worth 
mentioning that floating macrophytes are important plants 
widely used in the phytoremediation of water bodies 
(Freitas et al., 2018; Pang et al., 2023).

Although six of the seven biological forms proposed by 
Pott and Pott (2000) were found, the submerged species 
were the least sampled. The low number of submerged 
species in this study may be related to the low transparency 
and high turbidity of the water at the collection sites by 
organic matter from plant decomposition (Pestana et al., 
2022). Thus, clear water with low turbidity is a condition 
that allows light to permeate the deeper layers of water 
bodies (Thomaz and Esteves, 2011; Schneider et al., 
2018). Consequently, it increases photosynthetic rates of 
submerged plants and also influences their permanence 
in aquatic environments (Pereira et al., 2012).

The aquatic environments of Chapadinha are home 
to a considerable number of species, families, and life 
forms of aquatic macrophytes. Therefore, by carrying 
out this study, we have contributed new data to an area 
still little explored in floristic terms concerning aquatic 
macrophytes. Additionally, we present new records for 
the flora of Maranhão and Northeast Brazil. The results of 
new records and a few such reports in Maranhão indicate 
that the aquatic flora is still understudied. We therefore 
suggest further studies in poorly explored areas, especially 
in the eastern region, to better understand the species 
richness and floristic affinities of aquatic macrophytes in 
the state of Maranhão.

Acknowledgements

We thank the CNPq for the grant (n° 402943/2021-0). 
We are grateful to the taxonomists Dr. André Scatigna 
(Plantaginaceae), Dra. Carla Teixeira (Nymphaeaceae), 
Dr. Eduardo Gonçalves (Araceae), Dr. Felipe Guedes 
(Lentibulariaceae), Dra. Karena Pimenta (Poaceae) and Dra. 
Vali Pott (Lemna) for assistance in the species identification. 
We also thank Amabille Barroso, Almir Vieira, Berenice 
Oliveira, Ildilene Silva, Conceição Bastos, Niksoney 
Mendonça, and Rafael Oliveira for their assistance in the 
field work. We thank Dra. Rozijane Ottoni and Vanessa 
Fernandes for the use of the CCAA herbarium. We thank 
Rubens Soares for the drawing of Figure 2. Finally, we would 
like to thank the anonymous reviewers for reviewing the 
manuscript.

References

ALVARES, C.A., STAPE, J.L., SENTELHAS, P.C., GONÇALVES, J.D.M. 
and SPAROVEK, G., 2013. Köppen’s climate classification map 
for Brazil. Meteorologische Zeitschrift (Berlin), vol. 22, no. 6, 
pp. 711-728. http://dx.doi.org/10.1127/0941-2948/2013/0507.

ALVES, J.A.A., TAVARES, A.S. and TREVISAN, R., 2011. Composição 
e distribuição de macrófitas aquáticas na lagoa da Restinga do 
Massiambu, Área de Proteção Ambiental Entorno Costeiro, SC. 
Rodriguésia, vol. 62, no. 4, pp. 785-801. http://dx.doi.org/10.1590/
S2175-78602011000400007.

AMARAL, M.C., BITTRICH, V., FARIA, A., ANDERSON, L. and AONA, 
L., 2008. Guia de campo para plantas aquáticas e palustres do 
estado de São Paulo. Ribeirão Preto: Holos Editora, 452 p.

AONA, L., COSTA, G.M., AMARAL, M.C., FARIA, A.D., DUARTE, 
E.F. and BITTRICH, V., 2015. Aquatic and marsh plants from 
the Recôncavo basin of Bahia state, Brazil: checklist and life 
forms. Check List, vol. 11, no. 6, pp. 1806-1806. http://dx.doi.
org/10.15560/11.6.1806.

AROUCHE, M.M.B., HORA, R.C., POTT, V.J., POTT, A., SANTOS, C.R. 
and ALMEIDA-JÚNIOR, E.B., 2023. Richness and Similarity of 
Aquatic Macrophytes in a Ramsar Site in Eastern Amazonia, 
Brazil. SSRN, 1-21. http://dx.doi.org/10.2139/ssrn.4330792.

AROUCHE, M.M.B., SILVA-COSTA, L.B., RABELO, T.O., HORA, R.C., 
POTT, A., POTT, V.J. and ALMEIDA-JÚNIOR, E.B., 2021. Macrófitas 
Aquáticas da Coleção do Herbário do Maranhão (MAR). Boletim 
do Laboratório de Hidrobiologia, vol. 31, no. 1, pp. 1-9. http://
dx.doi.org/10.18764/1981-6421e2021.4.

BARBIERI, R. and CARREIRO, J.G., 2017. Ecologia de macrófitas 
aquáticas em campo inundável na APA da baixada maranhense. 
Boletim do Laboratório de Hidrobiologia, vol. 27, pp. 1-8.

BARBIERI, R. and PINTO, C.D.M.P., 1999. Study on the aquatic 
vegetation in the São Bento Country-Baixada Maranhense 
(Maranhão, Brazil). Boletim do Laboratório de Hidrobiologia, 
vol. 12, pp. 1-11.

CENTRO DE REFERÊNCIA EM INFORMAÇÃO AMBIENTAL – CRIA, 
2023 [viewed 23 March 2023]. SpeciesLink Home Page [online]. 
Available from: http://www.splink.org.br

CHAMBERS, P.A., LACOUL, P., MURPHY, K.J. and THOMAZ, S.M., 
2008. Global diversity of aquatic macrophytes in freshwater. 
Hydrobiologia, vol. 595, no. 1, pp. 9-26. http://dx.doi.org/10.1007/
s10750-007-9154-6.

COOK, C.D.K., 1996. Aquatic Plant Book. Amsterdam: SPB Academic 
Publishing, 228 p.

COSTA, M.S., 2014. Ictiofauna associada à Macrófitas Aquáticas 
na Microrregião de Chapadinha, Maranhão, Brasil [online]. 
Chapadinha: Universidade Federal do Maranhão, 37 p. 
Monografia de Graduação em Ciências Biológicas. Available 
from: https://labaqua.com.br/wp-content/uploads/2020/01/
TCC-Graduacao-Maurilene-Costa-2014.pdf

COSTA, S.M., BARBOSA, T.D.M., BITTRICH, V. and AMARAL, M.D.C.E., 
2016. Floristic survey of herbaceous and subshrubby aquatic 
and palustrine angiosperms of Viruá National Park, Roraima, 
Brazil. PhytoKeys, vol. 58, no. 58, pp. 21-48. http://dx.doi.
org/10.3897/phytokeys.58.5178. PMid:26884704.

FARES, A.L.B., SOUSA, R.L., GURGEL, E.S.C., GIL, A.D.S.B., SILVA, 
C.A.S.D. and MICHELAN, T.S., 2021. Diversity of macrophytes in 
the Amazon deforestation arc: information on their distribution, 
life-forms, and habits. Rodriguésia, vol. 72, pp. e00312020. 
http://dx.doi.org/10.1590/2175-7860202172117.

FILGUEIRAS, T.S., NOGUEIRA, P.E., BROCHADO, A.L. and GUALA, G.F., 
1994. Caminhamento: um método expedito para levantamentos 
florísticos qualitativos. Cadernos de Geociências, vol. 12, no. 1, 
pp. 39-43.

FLORA E FUNGA DO BRASIL, 2023 [viewed 23 February 2023]. 
Programa REFLORA [online]. Instituto de Pesquisas Jardim 
Botânico do Rio de Janeiro. Available from: https://reflora.
jbrj.gov.br

FREITAS, F., LUNARDI, S., SOUZA, L.B., VON DER OSTEN, J.S.C., 
ARRUDA, R., ANDRADE, R.L.T. and BATTIROLA, L.D., 2018. 
Accumulation of copper by the aquatic macrophyte Salvinia 
biloba Raddi (Salviniaceae). Brazilian Journal of Biology = Revista 
Brasileira de Biologia, vol. 78, no. 1, pp. 133-139. http://dx.doi.
org/10.1590/1519-6984.166377. PMid:28699967.

https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1590/S2175-78602011000400007
https://doi.org/10.1590/S2175-78602011000400007
https://doi.org/10.15560/11.6.1806
https://doi.org/10.15560/11.6.1806
https://doi.org/10.2139/ssrn.4330792
https://doi.org/10.18764/1981-6421e2021.4
https://doi.org/10.18764/1981-6421e2021.4
https://doi.org/10.1007/s10750-007-9154-6
https://doi.org/10.1007/s10750-007-9154-6
https://doi.org/10.3897/phytokeys.58.5178
https://doi.org/10.3897/phytokeys.58.5178
https://pubmed.ncbi.nlm.nih.gov/26884704
https://doi.org/10.1590/2175-7860202172117
https://doi.org/10.1590/1519-6984.166377
https://doi.org/10.1590/1519-6984.166377
https://pubmed.ncbi.nlm.nih.gov/28699967


Brazilian Journal of Biology, 2024, vol. 84, e281276 11/12

Aquatic macrophytes from Chapadinha

GOETGHEBEUR, P., 1998. Cyperaceae. In K. KUBITZKI, ed. The 
Families and Genera of Vascular Plants IV: Flowering Plants - 
Monocotyledons. Heidelberg: Springer Berlin, pp. 141-190.

HAYNES, R.R., 1984. Techniques for collecting aquatic and marsh 
plants. Annals of the Missouri Botanical Garden, vol. 71, no. 1, 
pp. 229-231. http://dx.doi.org/10.2307/2399065.

HENRY-SILVA, G.G., MOURA, R.S.T.D. and DANTAS, L.L.D.O., 2010. 
Riqueza e distribuição de macrófitas aquáticas em ecossistemas 
aquáticos do semi-árido brasileiro. Acta Limnologica Brasiliensia, 
vol. 22, pp. 147-156. http://dx.doi.org/10.1590/S2179-
975X2010000200004.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA – IBGE, 
2022 [viewed 23 February 2023]. IBGE Cidades e Estados 
[online]. Available from: https://cidades.ibge.gov.br/brasil/
ma/chapadinha/panorama

IRGANG, B.E. and GASTAL-JÚNIOR, C.V.S., 1996. Macrófitas Aquáticas 
da Planície Costeira do RS. Porto Alegre: UFRGS. 290 p.

JSTOR GLOBAL PLANTS, 2023 [viewed 23 November 2023]. Available 
from: https://plants.jstor.org/

LIMA, L.F., SILVA, S.S.L., MOURA-JÚNIOR, E.G. and ZICKEL, C.S., 
2011. Composição florística e chave de identificação das 
macrófitas aquáticas ocorrentes em reservatórios do estado 
de Pernambuco. Rodriguésia, vol. 62, no. 4, pp. 771-783. http://
dx.doi.org/10.1590/S2175-78602011000400006.

LORENZI, H., 2008. Plantas Daninhas do Brasil: Terrestres, Aquáticas, 
Parasitas e Tóxicas. Nova Odessa: Instituto Plantarum, 640 p.

MATIAS, L.Q., AMADO, E.R. and NUNES, E.P., 2003. Macrófitas 
aquáticas da lagoa de Jijoca de Jericoacoara, Ceará, Brasil. Acta 
Botanica Brasílica, vol. 17, no. 4, pp. 623-631. http://dx.doi.
org/10.1590/S0102-33062003000400015.

MEDEIROS, G.R., RODRIGUES-FILHO, J.L., MATSMURA-TUNDISI, 
T., TUNDISI, J.E.M., ABE, D.S., OLIVEIRA, H.A. and TUNDISI, J.G., 
2015. Occurrence of Macrophytes species in the lower basin of 
the Xingu River. Brazilian Journal of Biology = Revista Brasileira 
de Biologia, vol. 75, no. 3, suppl. 1, pp. 65-69. http://dx.doi.
org/10.1590/1519-6984.03114BM. PMid:26691077.

MIRANDA, C.D.S., PARANHOS-FILHO, A.C. and POTT, A., 2018. Changes 
in vegetation cover of the Pantanal wetland and detected by 
Vegetation Index: a strategy for conservation. Biota Neotropica, 
vol. 18, no. 1, pp. 1-6. http://dx.doi.org/10.1590/1676-0611-
bn-2016-0297.

MOURA-JÚNIOR, E.G., LIMA, L.F., SILVA, S.S.L., DE PAIVA, R.M.S., 
FERREIRA, F.A., ZICKEL, C.S. and POTT, A., 2013. Aquatic 
macrophytes of Northeastern Brazil: checklist, richness, 
distribution, and life forms [with erratum]. Check List, vol. 9, 
no. 2, pp. 298-312. http://dx.doi.org/10.15560/9.2.298.

MOURA-JÚNIOR, E.G.D. and COTARELLI, V.M., 2019. An update 
on the knowledge of aquatic macrophytes in Northeast 
Brazil. Rodriguésia, vol. 70, pp. e04452017. http://dx.doi.
org/10.1590/2175-7860201970076.

MOURA-JÚNIOR, E.G.D., ABREU, M.C.D., SEVERI, W. and LIRA, 
G.A., 2011. Are floristic composition, richness and life forms of 
aquatic macrophytes affected by the dam-river gradient of the 
Sobradinho Reservoir? Rodriguésia, vol. 62, pp. 731-742. http://
dx.doi.org/10.1590/S2175-78602011000400003.

MURPHY, K., EFREMOV, A., DAVIDSON, T.A., MOLINA-NAVARRO, 
E., FIDANZA, K., BETIOL, T.C.C., CHAMBERS, P., GRIMALDO, T.J., 
MARTINS, S.V., SPRINGUEL, I., KENNEDY, M., MORMUL, P.R., 
DIBBLE, E., HOFSTRA, D., LUKÁCS, B.A., GEBLER, D., BAASTRUP-
SPOHR, L. and URRUTIA-ESTRADA, J., 2019. World distribution, 
diversity, and endemism of aquatic macrophytes. Aquatic 
Botany, vol. 158, pp. 103-127. http://dx.doi.org/10.1016/j.
aquabot.2019.06.006.

NÚCLEO DE ESTUDOS GEOLÓGICOS – NUGEO, 2016 [viewed 
29 November 2023]. Bacias hidrográficas e climatologia no 
Maranhão [online]. Available from: https://www.nugeo.uema.
br/?page_id=255

OLIVEIRA, A.L.R.D., GIL, A.D.S.B. and BOVE, C.P., 2011. Hydrophytic 
Cyperaceae from the Araguaia River basin, Brazil. Rodriguésia, 
vol. 62, no. 4, pp. 847-866. http://dx.doi.org/10.1590/S2175-
78602011000400012.

PANG, Y.L., QUEK, Y.Y., LIM, S. and SHUIT, S.H., 2023. Review on 
phytoremediation potential of floating aquatic plants for heavy 
metals: a promising approach. Sustainability (Basel), vol. 15, no. 
2, pp. 1290. http://dx.doi.org/10.3390/su15021290.

PASSOS, M.L.V., ZAMBRZYCKI, G.C. and PEREIRA, R.S., 2016. Balanço 
hídrico e classificação climática para uma determinada região 
de Chapadinha-MA. Revista Brasileira de Agricultura Irrigada, 
vol. 10, no. 4, pp. 758-766. http://dx.doi.org/10.7127/rbai.
v10n400402.

PEREIRA, S.A., TRINDADE, C.R.T., ALBERTONI, E.F. and PALMA-SILVA, 
C., 2012. Aquatic macrophytes as indicators of water quality 
in subtropical shallow lakes, Southern Brazil. Acta Limnologica 
Brasiliensia, vol. 24, no. 1, pp. 52-63. http://dx.doi.org/10.1590/
S2179-975X2012005000026.

PESTANA, M.C.A., MENDONÇA, N.A., OLIVEIRA, R.F., BASTOS, 
M.C.C., SILVA, M.I., BARROSO, A.M., HORA, R.C. and GUARÇONI, 
E.A.E., 2022. First records of Utricularia breviscapa C. Wright 
ex Griseb. (Lentibulariaceae) for Maranhão state, northeastern 
Brazil. Check List, vol. 18, no. 4, pp. 861-866. http://dx.doi.
org/10.15560/18.4.861.

PESTANA, M.C.A., OLIVEIRA, R.F., SCATIGNA, A.V., SARAIVA, R.V.C., 
SILVA, M.I., BASTOS, M.C.C. and GUARÇONI, E.A.E., 2023. Bacopa 
egensis (Poepp.) Pennell (Plantaginaceae): New records from 
Northeast Brazil and the Cerrado domain. Check List, vol. 19, 
no. 2, pp. 191-197. http://dx.doi.org/10.15560/19.2.191.

PIVARI, M.O.D., VIANA, P.L. and LEITE, F.S.F., 2013. The aquatic 
macrophyte flora of the Pandeiros river wildlife sanctuary, 
Minas Gerais, Brazil. Check List, vol. 9, no. 2, pp. 415-424. http://
dx.doi.org/10.15560/9.2.415.

POMPÊO, M., 2017. Monitoramento e Manejo de Macrófitas Aquáticas 
em Reservatórios Tropicais Brasileiros. São Paulo: Instituto de 
Biociências, 147 p.

POTT, V.J. and POTT, A., 2000. Plantas Aquáticas do Pantanal. Brasília: 
Embrapa, 404 p.

POTT, V.J., POTT, A., LIMA, L.C.P., MOREIRA, S.N. and OLIVEIRA, A.K., 
2011. Aquatic macrophyte diversity of the Pantanal wetland 
and upper basin. Brazilian Journal of Biology = Revista Brasileira 
de Biologia, vol. 71, no. 1, suppl. 1, pp. 255-263. http://dx.doi.
org/10.1590/S1519-69842011000200004. PMid:21537598.

PPG I, 2016. A community‐derived classification for extant lycophytes 
and ferns. Journal of Systematics and Evolution, vol. 54, no. 6, 
pp. 563-603. http://dx.doi.org/10.1111/jse.12229.

REFLORA, 2023  [viewed 23 November 2023]. Herbário 
Virtual. Available from: https://floradobrasil.jbrj.gov.br/reflora/
herbarioVirtual/

RIBEIRO, J.F. and WALTER, B.M.T., 2008. As principais fitofisionomias 
do bioma cerrado. In: S.M. SANO, S.P. ALMEIDA and J.F. RIBEIRO, 
eds. Cerrado: ecologia e flora. Brasília: Embrapa, pp. 151-212.

ROCHA, C.M.C., LIMA, D., CUNHA, M.C.C. and ALMEIDA, J.S., 2018. 
Aquatic macrophytes and trophic interactions: a scientometric 
analyses and research perspectives. Brazilian Journal of Biology 
= Revista Brasileira de Biologia, vol. 79, no. 4, pp. 617-624. http://
dx.doi.org/10.1590/1519-6984.185505. PMid:30379201.

RODRIGUES, M.L., MOTA, N.F.D.O., VIANA, P.L., KOCH, A.K. and 
SECCO, R.D.S., 2019. Vascular flora of Lençóis Maranhenses 

https://doi.org/10.2307/2399065
https://doi.org/10.1590/S2179-975X2010000200004
https://doi.org/10.1590/S2179-975X2010000200004
https://doi.org/10.1590/S2175-78602011000400006
https://doi.org/10.1590/S2175-78602011000400006
https://doi.org/10.1590/S0102-33062003000400015
https://doi.org/10.1590/S0102-33062003000400015
https://doi.org/10.1590/1519-6984.03114BM
https://doi.org/10.1590/1519-6984.03114BM
https://pubmed.ncbi.nlm.nih.gov/26691077
https://doi.org/10.1590/1676-0611-bn-2016-0297
https://doi.org/10.1590/1676-0611-bn-2016-0297
https://doi.org/10.15560/9.2.298
https://doi.org/10.1590/2175-7860201970076
https://doi.org/10.1590/2175-7860201970076
https://doi.org/10.1590/S2175-78602011000400003
https://doi.org/10.1590/S2175-78602011000400003
https://doi.org/10.1016/j.aquabot.2019.06.006
https://doi.org/10.1016/j.aquabot.2019.06.006
https://doi.org/10.1590/S2175-78602011000400012
https://doi.org/10.1590/S2175-78602011000400012
https://doi.org/10.3390/su15021290
https://doi.org/10.7127/rbai.v10n400402
https://doi.org/10.7127/rbai.v10n400402
https://doi.org/10.1590/S2179-975X2012005000026
https://doi.org/10.1590/S2179-975X2012005000026
https://doi.org/10.15560/18.4.861
https://doi.org/10.15560/18.4.861
https://doi.org/10.15560/19.2.191
https://doi.org/10.15560/9.2.415
https://doi.org/10.15560/9.2.415
https://doi.org/10.1590/S1519-69842011000200004
https://doi.org/10.1590/S1519-69842011000200004
https://pubmed.ncbi.nlm.nih.gov/21537598
https://doi.org/10.1111/jse.12229
https://floradobrasil.jbrj.gov.br/reflora/herbarioVirtual/
https://floradobrasil.jbrj.gov.br/reflora/herbarioVirtual/
https://doi.org/10.1590/1519-6984.185505
https://doi.org/10.1590/1519-6984.185505
https://pubmed.ncbi.nlm.nih.gov/30379201


Brazilian Journal of Biology, 2024, vol. 84, e28127612/12

Pestana, M.C.A., Hora, R.C. and Guarçoni, E.A.E.

National Park, Maranhão State, Brazil: checklist, floristic affinities 
and phytophysiognomies of restingas in the municipality of 
Barreirinhas. Acta Botanica Brasílica, vol. 33, no. 3, pp. 498-516. 
http://dx.doi.org/10.1590/0102-33062018abb0421.

SABINO, J.H F., ARAÚJO, E.S., COTARELLI, V.M., SIQUEIRA-FILHO, 
J.A. and CAMPELO, M.J.A., 2015. Riqueza, composição florística, 
estrutura e formas biológicas de macrófitas aquáticas em 
reservatórios do semiárido nordestino, Brasil. Natureza online, 
vol. 13, no. 4, pp. 184-194.

SANTAMARÍA, L., 2002. Why are most aquatic plants widely 
distributed? Dispersal, clonal growth, and small-scale 
heterogeneity in a stressful environment. Acta Oecologica, 
vol. 23, no. 3, pp. 137-154. http://dx.doi.org/10.1016/S1146-
609X(02)01146-3.

SCHNEIDER, B., CUNHA, E.R., MARCHESE, M. and THOMAZ, 
S.M., 2018. Associations between Macrophyte life forms and 
environmental and morphometric factors in a large sub-tropical 
floodplain. Frontiers in Plant Science, vol. 9, pp. 195. http://dx.doi.
org/10.3389/fpls.2018.00195. PMid:29515608.

SCREMIN-DIAS, E., POTT, V.J., HORA, R.C. and SOUZA, P.R., 1999. 
Nos jardins submersos da Bodoquena: guia para identificação de 
plantas aquáticas de Bonito e região. Campo Grande: UFMS, 160 p.

SILVA, A.E., VITULE, J.R.S. and PADIAL, A.A., 2021. A checklist of aquatic 
macrophytes of the Guaraguaçu River basin reveals a target 
for conservation in the Atlantic Rainforest. Acta Scientiarum. 
Biological Sciences, vol. 43, pp. 1-11. http://dx.doi.org/10.4025/
actascibiolsci.v43i1.50542.

SILVA, E.C.V. and FONTES, K.A., 2018. Macrófitas aquáticas no 
nordeste maranhense: levantamento florístico e chave de 
identificação. Boletim do Museu Paraense Emílio Goeldi. Ciências 
Naturais, vol. 13, no. 3, pp. 355-365. http://dx.doi.org/10.46357/
bcnaturais.v13i3.342.

SOUSA, D.H.S.D., GOMES, G.D.S., NASCIMENTO, J.M.D. and 
CONCEIÇÃO, G.M.D., 2022. Checklist of Angiosperms of a Cerrado 
Environmental Protection Area in the State of Maranhão, Brazil: 
floristic composition and new occurrences. Caldasia, vol. 44, no. 
1, pp. 19-29. http://dx.doi.org/10.15446/caldasia.v44n1.88566.

SOUZA, V.C., 2023 [viewed 25 March 2023]. Bacopa in Flora e Funga 
do Brasil. Jardim Botânico do Rio de Janeiro. Available from: 
https://floradobrasil.jbrj.gov.br/FB86692

SOUZA, V.C. and GIULIETTI, A.M., 2009. Levantamento das espécies 
de Scrophulariaceae sensu lato nativas do Brasil. Pesquisas 
Botânica, vol. 60, pp. 7-288.

SOUZA, W.D.O., PENA, N.T.L., GARBIN, M.L. and ALVES-ARAÚJO, 
A., 2017. Macrófitas aquáticas do Parque Estadual de Itaúnas, 
Espírito Santo, Brasil. Rodriguésia, vol. 68, no. 5, pp. 1907-1919. 
http://dx.doi.org/10.1590/2175-7860201768523.

THE ANGIOSPERM PHYLOGENY GROUP, CHASE, M.W., 
CHRISTENHUSZ, M.J.M., FAY, M.F., BYNG, J.W., JUDD, W.S., 
SOLTIS, D.E., MABBERLEY, D.J., SENNIKOV, A.N., SOLTIS, P.S. and 
STEVENS, P.F., 2016. An update of the Angiosperm Phylogeny 
Group classification for the orders and families of flowering 
plants: APG IV. Botanical Journal of the Linnean Society, vol. 181, 
no. 1, pp. 1-20. http://dx.doi.org/10.1111/boj.12385.

THIERS, B., 2023 [viewed 12 October 2023]. Index Herbariorum: a 
global directory of public herbaria and associated staff [online]. 
New York Botanical Garden’s Virtual Herbarium. Available 
from: http://sweetgum.nybg.org/ih.

THOMAZ, S.M. and CUNHA, E.R., 2010. The role of macrophytes 
in habitat structuring in aquatic ecosystems: methods of 
measurement, causes and consequences on animal assemblages’ 
composition and biodiversity. Acta Limnologica Brasiliensia, vol. 
22, no. 2, pp. 218-236. http://dx.doi.org/10.4322/actalb.02202011.

THOMAZ, S.M. and ESTEVES, F.A., 2011. Comunidade de macrófitas 
aquáticas. In: F.A. ESTEVES, ed. Fundamentos de limnologia. 3. 
ed. Rio de Janeiro: Interciência, pp. 259-281.

THOMAZ, S.M., 2022. Ecosystem services provided by freshwater 
macrophytes. Hydrobiologia, vol. 850, no. 12-13, pp. 2757-2777. 
http://dx.doi.org/10.1007/s10750-021-04739-y.

UNIYAL, S.K. and SINGH, R.D., 2014. Biodiversity Information: 
the need and importance of floral surveys. Proceedings of 
the National Academy of Sciences. India. Section B, Biological 
Sciences, vol. 84, no. 3, pp. 439-446. http://dx.doi.org/10.1007/
s40011-013-0277-4.

VALADARES, R.T., SOUZA, F.B.C.D., CASTRO, N.G.D.D., PERES, A.L.S.S., 
SCHNEIDER, S.Z. and MARTINS, M.L L., 2011. Levantamento 
florístico de um brejo-herbáceo localizado na restinga de 
Morada do Sol, município de Vila Velha, Espírito Santo, Brasil. 
Rodriguésia, vol. 62, no. 4, pp. 827-834. https://doi.org/10.1590/
S2175-78602011000400010.

https://doi.org/10.1590/0102-33062018abb0421
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.3389/fpls.2018.00195
https://doi.org/10.3389/fpls.2018.00195
https://pubmed.ncbi.nlm.nih.gov/29515608
https://doi.org/10.4025/actascibiolsci.v43i1.50542
https://doi.org/10.4025/actascibiolsci.v43i1.50542
https://doi.org/10.46357/bcnaturais.v13i3.342
https://doi.org/10.46357/bcnaturais.v13i3.342
https://doi.org/10.15446/caldasia.v44n1.88566
https://doi.org/10.1590/2175-7860201768523
https://doi.org/10.1111/boj.12385
https://doi.org/10.4322/actalb.02202011
https://doi.org/10.1007/s10750-021-04739-y
https://doi.org/10.1007/s40011-013-0277-4
https://doi.org/10.1007/s40011-013-0277-4

