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Abstract

This study presents the first records for Maranhdo state, northeastern Brazil, of the duckweeds Lemna valdiviana
Phil.,, Wolffia brasiliensis Wedd. and Wolffiella lingulata (Hegelm.) Hegelm. The species were collected in a survey
of water bodies in the muncipalities of Caxias, Igarapé do Meio and Sdo Jodo do Soter. Descriptions, illustrations,
maps, georeferenced specimen citations and an identification key are provided. These new records contribute to the
expansion of the knowledge of the Maranhao flora and the geographic distribution of the Lemnoideae of the Northeast
region of Brazil.
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Introduction

The family Araceae Juss. has 144 genera (34 en-
demic to the Americas) and 3,645 species (Boyce
and Croat 2011 onwards). It has a cosmopolitan distri-
bution (except in Antarctica) and most of the species oc-
cur in the tropics (Grayum 1990; Mayo et al. 1997; Boyce
and Croat 2011 onwards).

Important characteristics of Araceae species are
their aerial (procumbent or scandent) or subterranean

(corms, rhizomatous or tuberous) stems, entire or com-
pound leaves that are sheathed at the base or along the
petiole, spadix inflorescence type with a long or short
peduncle, surrounded by a spathe that may be larger
or smaller than the spadix, and uni- or bisexual flow-
ers (Mayo et al. 1997; Coelho 2010, 2018). They may be
epiphytic, hemiepiphytic, rupicolous, terrestrial, palus-
tral, or aquatic, and in Brazil they are found mainly in
humid lowland and montane areas of the Atlantic and
Amazonian Forests as well as in Restingas, Campos, and
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on rock outcrops (Mayo et al. 1997; Coelho et al. 2015,
Coelho 2018).

In Brazil, about 50% of epiphytic or hemiepiphytic
Araceae species occur in the Atlantic Forest Domain and
are among the most species-rich families in the Amazo-
nian Domain (BFG 2015). Although fewer in number,
there are species adapted to the seasonally dry climate
of the Cerrado, Caatinga, and Campos Rupestres (Mayo
et al. 1997; Cansangdo 2008). There are about 511 spe-
cies of Araceae in Brazil distributed in 38 genera, among
which are the aquatic species of subfamily Lemnoideae
(Pott 2002; Boyce and Croat 2011 onwards; Coelho et al.
2015; Flora do Brasil 2019).

Since the phylogenetic study of Cabrera et al. (2008),
the Lemnaceae Gray have been included in the Araceae
as subfamily Lemnoideae Engl. Cabrera et al. recog-
nized nine subfamilies of Araceae: Gymnostachydoi-
deae Bogner & Nicolson, Orontioideae Mayo, Bogner &
P.C. Boyce, Lemnoideae Engl., Pothoideae Engl., Mon-
steroideac Engl., Lasioideae Engl., Zamioculcadoideae
Bogner & Hesse, Calloideae Endl., and Aroideae.

The Lemnoideae is a cosmopolitan subfamily, not
occurring in the Arctic and Antarctica, and rare in places
with low rainfall (Landolt 1996). It has 38 species dis-
tributed in five genera: Landoltia Les & D.J. Crawford,
Lemna L., Spirodela Schleid., Wolffia Horkel ex Schleid.,
and Wolffiella Hegelm. (Les et al. 2002; Armstrong 2011
updated 2018; Appenroth et al. 2013).

Commonly known as duckweeds or water len-
tils, Lemnoideae species are important in aquatic food
chains (Pott and Cervi 1999). They include the smallest
angiosperms in the world and Wolffia includes the spe-
cies with the smallest flowers (Daubs 1965). As there is
no differentiation between stem and leaf, the vegetative
body is referred to as a frond (Pott and Cervi 1999). The
floral structures are very reduced and difficult to inter-
pret. According to Landolt (1996) and Bogner (2009),
duckweed flowers are basically bisexual, but in spe-
cies having more than one stamen in the “flower”, uni-
sexual male flowers are also said to be present. Due to
their small size and morphological variation, lemnoids
are difficult to study and some botanical terms used to
describe them are different from those commonly used
in Araceae and other families; consequently, they are
often overlooked.

Maranhdo has a rich and ecotonal flora, influenced
by those of Amazonia, the Cerrado, and Caatinga (Silva-
Moraes et al. 2019). Despite this, Maranhdo has been
little studied in floristic surveys. Recent studies have
demonstrated several new species records for the flora
of the state, indicating the need for further botanical sur-
veys (Ferreira et al. 2017; Ferreira et al. 2018; Guargoni
et al. 2018a, 2018b; Silva Junior et al. 2018).

Eighteen genera and 34 species of Araceae have been
recorded in Maranh@o by Flora do Brasil (2019) but none
for subfamily Lemnoideae, though Landolt (1986) previ-
ously recorded Lemna aequinoctialis Welw. in the state.
In the present work, we report the first records of three
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more species of these aquatic Araceae for the flora of
Maranhdo: Lemna valdiviana Phil., Wolffia brasilien-
sis Wedd. and Wolffiella lingulata (Hegelm.) Hegelm.
Morphological descriptions, illustrations, and an identi-
fication key for the species found in Maranhdo are pre-
sented, as well as a map showing the locations of the new
records. These are also the first records of Wolffia and
Wolffiella for the state of Maranhao.

Methods

Study region. The state of Maranhdo has 217 munici-
palities, occupies an area of 331,983 km? and is the sec-
ond largest state in the Northeast Region of Brazil. It is
located on the northwestern part of the Northeast Region
and borders the Atlantic Ocean (to the north) and the
state of Piaui (to the east), Tocantins (to the south and
southwest), and Para (to the west). Maranhao is also part
of the so-called Brazilian Legal Amazon, according to
Law no. 1806, from January 6, 1953 (Diario Oficial da
Unido 1953). The physiognomy of its vegetation has eco-
tonal characteristics, since it is located on a transition
area between Amazonia (Northern Region of Brazil), the
Cerrado (Central-West Region) and the semi-arid Caat-
inga (Northeastern Region). The vegetational transitions
with the Amazon Forest occur in the western part of the
state (Amazonia Maranhense), while the north is charac-
terized by floodplains, mangroves, and restingas (Costa
1982; IBGE 2019). The Cerrado (Cerrado Maranhense)
extends from the entire southern region to the northeast
of the state, with the Cerraddo physiognomy as domi-
nant. The Cocais are a man-made vegetational physiog-
nomy located in the central region, while the Caatinga
occurs only in small areas in the eastern region (Silva-
Moraes et al. 2019).

According to the classification of Kdppen (1948),
Maranhéo has the Am (Tropical Monsoon) and Aw/As
(Tropical Savanna) climate types, transitioning between
the Tropical Rainforest climate of the Amazon and the
Hot Semi-Arid climate of the driest parts of the Northeast
Region. The average annual temperature varies between
22 and 27 °C and average annual rainfall varies between
800 and 2,800 mm (IMESC 2008). The dry period var-
ies from five to six months, from June to November/
December, when the water deficit reaches 150-300 mm
(Golfari 1980; Jesus et al. 1986), with the driest period
between July and October and the highest concentration
of rainfall between February and March (IMESC 2008).
The elevation rises overall from the north to the south of
Maranhao. Altitudes reach 50 m in northern Maranhao,
vary between 200 and 400 m in the Central Maranhense
region, and attain 800 m in the south (Silva-Moraes et al.
2019). The geology is composed mainly of sedimentary
rocks of the Barreiras and Itapecuru Formations (IDESP
1995; Feitosa 2006).

Data collection. The Araceae specimens were collected
during fieldwork on the Maranhao flora from July 2018
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Figure 1. Collection sites of Lemna valdiviana, Wolffia brasiliensis and Wolffiella lingulata in the state of Maranh&o, northeast Brazil.

to March 2019, in areas of the Amazonia Maranhense
(municipality of Igarapé do Meio, in a marshy area along
the Puraquéu stream) and Cerrado Maranhense (munic-
ipalities of Caxias (Riacho Guarimd) and Sao Jodo do
Soter (Rio Buriti)) vegetation types (Fig. 1).

Species identifications were carried out with the aid
of a binocular stereomicroscope Stemi DV4 ZEISS®
and specialized literature (Hegelmaier 1878; Land-
olt 1986; Pott and Cervi 1999; Pott 2002; Andrade et
al. 2013; Pereira et al. 2016; Freitas et al. 2017; Coelho
2018; Lourenco and Bove 2019) and also by comparison
with herbarium specimens identified and deposited in
the herbaria of NY, K, RB, MO, and BHCB (acronyms
according to Thiers 2019). The names of the authors fol-
low Brummitt and Powell (1992). The geographic distri-
bution of species follows Moura-Junior (2013) and the
online databases Flora do Brasil (2019), SpeciesLink
(2019), and Tropicos (2019). The collected specimens
were fixed in 70% alcohol, and those that were made
into dried herbarium specimens were prepared using the
standard botanical protocols described by Fidalgo and
Bononi (1989). The dried specimens were incorporated
into the Herbario do Maranhao (MAR), located in the
Department of Biology of the Universidade Federal do
Maranhio, Sdo Luis, Maranhao, Brazil and at the Her-
bario of Universidade Estadual do Piaui, Campus Herois
do Jenipapo (HUESPI) in Campo Maior, Piaui, Brazil.

The geographic distribution map of the new records

was made with QGIS v. 2.18.12 using the SIRGAS 2000
datum. The plant images were captured with digital
cameras and the SteeO Discovery V8 Stereomicroscope
Zeiss®, coupled to an AxioCam camera ICcl Zeiss®, and
edited using Adobe Photoshop® CS5 v. 12.0 (Adobe Sys-
tems Incorporated).

Results

In the study area, three species of Lemnoideae were iden-
tified, in addition to the previous record of Lemna aequi-
noctialis (Landolt 1986): Lemna valdiviana Phil., Wolffia
brasiliensis Wedd., and Wolffiella lingulata (Hegelm.)
Hegelm. According to the specialized literature corrob-
orated by the database of Flora do Brasil (2019), these
three species are new records for the state of Maranhao,
as well as the first records of Wolffia and Wolffiela for
this state.

Taxonomic treatment

Identification key for the species of Lemnoideae from
the Maranhao state, Brazil
1. Plant with one root per frond. Fronds in groups of 2—4
2. Frond with a single vein
2'. Frond with three veins Lemna aequinoctialis
(record by Landolt 1986: 308)
1. Plant without roots. Fronds free and single or in groups
of 2.

Lemna valdiviana*
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3. Frond ovate to orbiculate, a single papilla present
on the midline of the upper side; without elongated
cells present between the midline and edge .........
................................................. Wolffia brasiliensis

3". Frond tongue-shaped, papilla absent in the midline
of the upper side; elongated cells present between
the midline and edge ............. Wolffiella lingulata

*Lemna minuta can be confused with L. valdiviana but
is distinguished by the absence of veins in the frond.

Lemna valdiviana Phil. Linnaea 33: 239, 1864.
Figure 2A, B

Type. Chile ¢ Provinz Valdivia, San Juan, Tremblade-
rilla; 1861; R.A. Phillipi s.n. (STU 178735/20111 [photo!],
lectotype, selected by Landolt [1986]).

Materials examined. Brazil + Maranhdo, Igarapé do
Meio, Puraquéu stream bridge; 03°35'S, 045°01'W; 6
Mar. 2019; W.R. Silva Junior, A.-W.C. Ferreira 300 (MAR
11532). « same locality; 03°35'S, 045°01'W; 6. Mar. 2019;
W.R. Silva Junior, AW.C. Ferreira 301 (MAR 11533).

Identification. Free-floating aquatic plant. Root 1 per
frond, 11-22 mm long. Fronds united in groups of 2—4,
oblong, planar, sessile, light green, 1-5 mm x 0.8-2.3
mm, twice as long as wide, with a single papilla on the
midline of the upper side, median rib 0.8—4.8 mm long
present between node and frond apex. Flowers and fruits
not observed.

Wolffia brasiliensis Wedd. Ann. Sci. Nat. Bot. Ser. III
12: 170, 1849.
Figure 2C

Type. Brazil « Provincia de Matto Grosso, Villa Maria;
July 1845; M.H.A. Weddell (STU lectotype; L, MO!
isolectotypes).

Materials examined. Brazil * Maranhdo, Caxias, Pri-
mavera Village, Guarima stream; 04°50'S, 043°29'W;
18 Jul. 2018; M.S. Oliveira, AW.C. Ferreira 132 (MAR
11534). + same locality; 18 Jul. 2018; M.S. Oliveira,
AW.C. Ferreira 133 (HUESPI 1508). « Sdo Joao do Soter,
Buriti stream spring; 05°05’S, 043°48'W; 25 Jul. 2018;
M.S. Oliveira, AW.C. Ferreira 134 (MAR 11535). » same
locality; 25 Jul. 2018; M.S. Oliveira, A.W.C. Ferreira 135
(HUESPI 1509).

Identification. Free, surface-floating aquatic plant, roots
absent. Fronds single or united in pairs, green, covered
with light brown pigment, ovoid to suborbicular on abax-
ial side and flattened on adaxial side, 1.0 mm X 0.7 mm,
longer than wide; central adaxial region of the frond with
conical papilla, 0.1-0.8 mm long. Flowers and fruits not
observed.

Wolffiella lingulata (Hegelm.) Hegelm., Bot. Jarb. 21:
303, 1895.
Figure 2D

Type. Mexico * May 1868; L. Hahn s.n. (STU, holotype).
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Materials examined. Brazil « Maranhdo, Igarapé do
Meio, Puraquéu stream bridge; 03°35'S, 045°01'W; 06
Mar. 2019; W.R. Silva Junior, A.W.C. Ferreira 302 (MAR
11536). *» same locality; 03°35'S, 045°01'W; 06 Mar. 2019;
W.R. Silva Junior, A.W.C. Ferreira 303 (MAR 11537).

Identification. Free-floating, submersed aquatic plant,
stemless, roots absent. Fronds green, floating in groups
of 2 (rarely 3), tongue-shaped, falcate, membranous, dis-
tinct in size, with raised lateral margins, 3.2-4.9 x 1.6-
3.5 mm, 1.2-2.5 times longer than wide, base slightly
oblique, truncate, apex rounded or sometimes narrower
than base, midline region with elongated cells. Flowers
and fruits not observed.

Discussion

Lemna is characterized by the presence of only one root
per frond with a cylindrical membrane at the root base
and with individuals either floating on the water surface
or submerged. The fronds are flat or gibbous, elliptic to
obovate, with or without papillae on the adaxial surface,
usually with 1-5 evident or obscure veins. The inflores-
cence has two male flowers and one female flower, sur-
rounded by a membrane with a lateral opening (Flora of
Brazil 2019). This genus is distributed in North Amer-
ica (USA), Central America (Guatemala, Honduras
and Mexico), South America (Brazil), and Asia (China)
(Pott 2002; Tropicos 2019). It is represented by 13 spe-
cies many of which are associated with human activity.
Four species are found in Brazil: Lemna aequinoctialis
Welw., L. gibba L., L. minuta Kunth, and L. valdiviana
Phil. (Flora of Brazil 2019).

Lemna valdiviana occurs throughout the American
continents (Landolt, 1986; Tropicos 2019). In Brazil,
there are confirmed records of this species in the follow-
ing major regions: North (Amazonas), Northeast (Bahia,
Ceara, Paraiba, Pernambuco and Piaui), Central-West
(Mato Grosso and Mato Grosso do Sul), South (Parana,
Rio Grande do Sul and Santa Catarina), and Southeast
(Espirito Santo, Rio de Janeiro and Sdo Paulo) (Pott
2002; Pereira et al. 2016; BFG 2018). In Maranhao state,
the species was found in the municipality of Igarapé do
Meio, floating by the banks of a bridge over the Pura-
quéu Igarapé, a tributary of the Rio Mearim that drains
the area of the town of Igarapé do Meio (Correia Filho
et al. 2011). It was associated with Wollfiella lingulata,
Azolla sp., Eichhornia crassipes (Mart.) Solms, Pistia
stratiotes L., and Salvinia sp.

Based on the information available in the database
Specieslink (2019), the nearest records of L. valdiviana
to that in Igarapé do Meio are about 776 km to the north
(Parque Nacional Boqueirdo da Onca), 370 km to the
south (Fazendinha, Parnaiba, Piaui, Brazil), and 2,220
km to the east (Amazonas, Brazil) (Fig. 1).

The record of the occurrence of L. valdiviana in
Maranhéo extends the knowledge of its geographical dis-
tribution and will also aid studies regarding its potential
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Figure 2. A, B. Lemna valdiviana Phil. (MAR 11532; 11533). A. Adaxial view of the frond. B. Abaxial view of the frond. C. Wolffia brasiliensis
Wedd. (MAR 11534; 11535) in lateral view showing the papilla on the adaxial side of the frond (arrow). D. Wolffiella lingulata (Hegelm.)
Hegelm (MAR 11536; 11537) with fronds in lateral view (left) and in abaxial view (right).

as an invasive species—various species of duckweeds
are invasive, as in the case of L. minuta (Gérard and Tri-
est 2016; Paolacci et al. 2016). Lemna valdiviana is not
on the [TUCN Red List (Maiz-Tome 2016).

According to Pott and Cervi (1999), L. valdiviana is
found in lentic and shaded environments, covering the
surface of water bodies. It is a species with a high pro-
tein content and has been considered promising as a food
supplement for fish, as well as having potential for phy-
toremediation of polluted environments (Freitas et al.
2017).

Wolffia is characterized by its aquatic habit, absence
of roots, with the individuals floating on the water sur-
face or slightly submerged, with one or two fronds that
are generally joined and range in shape from globose,
conical, cylindrical to ovoid. There is one inflorescence
per frond with a single unilocular anther and a globose
gynoecium with one ovule, short style, circular stigma
and spherical fruit (Bogner 2009; Flora do Brasil 2019).
The genus occurs throughout the world, especially in
tropical and temperate regions, with centers of diver-
sity in North America (United States and Mexico) and
South America (Brazil). In Brazil, the genus occurs in
all five major regions with three species: Wolffia arrhiza
(L. Horkel ex Wimm., W. brasiliensis Wedd., and W.

columbiana Karsten (Flora do Brasil 2019). Only W.
brasiliensis is found in Maranhio state.

Wolffia brasiliensis occurs from the United States
and Mexico to Central and South America, in tropi-
cal, subtropica,l and warm temperate regions (Landolt
1986; Tropicos 2019). In Brazil, it is found in the Caat-
inga, Cerrado, and Atlantic Forest Domains and in the
major regions of the North (Amazonas, Para), Northeast
(Alagoas, Bahia, Ceara, Paraiba, Pernambuco, Piaui,
Rio Grande do Norte, Sergipe), Midwest (Mato Grosso,
Mato Grosso do Sul), South (Parana, Rio Grande do Sul,
Santa Catarina), and Southeast (Espirito Santo, Minas
Gerais, Rio de Janeiro, Sao Paulo) (Coelho 2018; Flora
do Brasil 2019). In Maranhao, this species was found in
tributaries of the Rio Itapecuru, in the area of influence
of the Cerrado, and at the municipalities of of Caxias
(Riacho Guarima) and S&o Jodo do Soéter (source of the
Corrego do Buriti) (Fig. 1). According to the information
available in the Specieslink (2019) database, the records
of W. brasiliensis in the municipalities of Caxias and S&o
Jodo do Soter extend its geographic distribution from
previously known nearest records, about 860 km to the
north (Volta da Serra, Paratinga, Bahia, Brazil), 737 km
to the east (Carajas National Forest, Para, Brazil), and
403 km to the west (Alegrete do Piaui, Piaui, Brazil).
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Prior to the records reported here, W. brasiliensis had
confirmed records for all states of the Northeast Region,
except Maranhdo. Our new records fill this gap, increase
the geographic distribution of this species and confirm
also the first record of the genus Wollffia in the state of
Maranh@o (Flora do Brasil 2019).

Although W. brasiliensis is more common in rivers, it
can also occur on moist soils, in lagoons, shallow flood-
waters, disturbed environments, and frequently in eutro-
phic waters (Pott and Cervi 1999; Trindade et al. 2010).
The species can be considered generalist because of the
range of environments it can occupy, and it can be used
as a bioindicator of water quality and for removing pol-
lution from water (Landolt 1986; Landolt and Kandeler
1987; Pio et al. 2013). Due to the adaptive characteris-
tics of the species, it is not threatened and has the status
of Least Concern according to the IUCN classification
(Maiz-Tome 2016).

Wolffiella is characterized by absence of roots, usu-
ally having two fronds joined in a free-floating unit
which is submerged just below the water surface. The
fronds are thin, flattened, elongated, orbicular to ovate,
and linguiform or sometimes falcate. The margin of the
fronds is slightly denticulate or smooth, or else with
many fronds joined at the vegetative cavity to form a
star-shaped colony. The inflorescence cavity contains
two flowers and is situated on the dorsal side of the frond,
lateral to the median line and near the base, or in W, wel-
witschii there may be two inflorescences in two cavi-
ties, one on each side of the median line (Flora do Brasil
2019). Wolffiella occurs in North America (United States
and Mexico), Central America (Costa Rica, Nicaragua,
Panama), and South America (Argentina, Bolivia, Bra-
zil, Chile, Ecuador, Uruguay, Venezuela). There are also
records from two African countries: Tanzania and South
Africa (Tropicos 2019). It occurs in most states of all five
major regions of Brazil, with five species: W. caudata
Landolt, W. lingulata (Hegelm.) Hegelm., W. neotropica
Landolt, W. oblonga (Phil.) Hegelm., and W. welwitschii
(Hegelm.) Monod (Flora do Brasil 2019).

Wolffiella lingulata is distributed in subtropical (with
mild winters) and tropical areas of the Americas: United
States, Mexico, Panama, Bolivia, Brazil, Argentina, and
Uruguay (Tropicos 2019). In Maranhao a single species
is found, W. lingulata, which has previously confirmed
records in the major Brazilian regions of the North
(Amazonas, Pard), Northeast (Bahia, Pernambuco and
Piaui), Central-West (Mato Grosso and Mato Grosso do
Sul), Southeast (Rio de Janeiro), and South (Pott 2002;
Pereira et al. 2016; Flora do Brasil 2019). In Maranhao,
the species was found in the municipality of Igarapé do
Meio, floating on the banks of the Igarapé Puraquéu, a
tributary of the Rio Mearim (Correia Filho et al. 2011).
It was associated with Lemna valdiviana, Azolla sp.,
Eichhornia crassipes (Mart.) Solms, Pistia stratiotes
L., and Salvinia sp. This is also the first record of the
genus Wolffiella for the state of Maranhao (Flora do Bra-
sil 2019).

Check List 15 (6)

According to Landolt (1986), W. lingulata varies in
the length/width ratio of the frond, depending on the cli-
mate. In cold climates, the ratio is higher, i.c. relatively
narrower fronds, whereas in hot climates the ratio is
lower, i.e. the fronds are relatively broader. The Mara-
nhdo specimens occur in a hot climate, and thus have
lower length/width ratio. This species does not have a
conservation status according to the [UCN classification
(Maiz-Tome 2016).

Based on the information available in the database
Specieslink (2019), the record of W. lingulata in the
municipality of Igarapé do Meio extends the geographic
distribution from the previous nearest records about 814
km to the north (Riacho do Estreito, Lote 02, Pernam-
buco, Brazil), 368 km to the south (former branch of the
Rio Igaragu, Parnaiba, Piaui, Brazil) and 1,998 km to the
east (Amazonas, Brazil) (Fig. 1).

These new records of Lemna valdiviana, Wolffia
brasiliensis and Wolffiella lingulata for Maranhdo
amplify the current knowledge of the geographical dis-
tribution of Lemnoideae in northeast Brazil and point to
the need to expand floristic studies in Maranh@o.
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