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Abstract

Studies on Neotropical aquatic macrophytes have increased in recent decades, however species richness in wetlands of
South America is far from being fully known. In addition, studies having an ecological approach are scarce in the Pantanal.
Rapid assessments are essential for gaining knowledge of the biodiversity in the region. This study was performed in
five sites of the Baia do Castelo, the western border of the Brazilian Pantanal, which included wild-rice patches, floating
mats and floating meadows. At each site, plots of 0.5 x 0.5 m were set (n = 137), species of aquatic macrophytes were
identified, their coverage was measured and the plot depth was estimated. We recorded 57 species in 26 families, of which
Poaceae was the richest. The most frequent and abundant species was Commelina schomburgkiana; the second most
frequent was Oryza latifolia,followed by Leersia hexandra, Enydra radicans and Pityrogramma calomelanos. The latter
species was second in cover, followed by Pontederia rotundifolia, Eichhornia azurea, E. crassipes and Enydra radicans.
These five species and C. schomburgkiana (the most abundant) together represent more than half of the coverage on
the lake. Pontederia rotundifolia, Ludwigia helminthorrhiza, Pistia stratiotes, E. azurea, E. crassipes, Enydra radicans
and Panicum elephantipes were strongly associated with deeper areas, while Oryza latifolia, Leersia hexandra and
Salvinia auriculata were prevalent in shallow areas. Pityrogramma calomelanos, Ludwigia nervosa, Ipomoea alba,
Cayaponia podantha, Polygonum acuminatum, Rhynchanthera novemnervia and Ludwigia leptocarpa were highly
correlated with floating meadows. The structure of the habitat, natural dynamics and zonation of aquatic vegetation
in the Bafa do Castelo seems to be influenced by a variation in water levels, which promotes spatial segregation, most
likely due to competition and/habitat preference.

Keywords: aquatic macrophyte, Upper Paraguay basin, phytosociology, Pontederiaceae, wetland.

Estrutura da vegetacio aquatica em uma grande lagoa,
borda oeste do Pantanal brasileiro

Resumo

Estudos sobre macroéfitas aquaticas Neotropicais aumentaram nas ultimas décadas; todavia, a riqueza de espécies
em areas umidas da América do Sul estd longe de ser plenamente conhecida. Além disso, trabalhos com abordagem
ecoldgica sdo escassos no Pantanal. Por essa razdo, levantamentos rapidos sido essenciais para o conhecimento sobre
a biodiversidade. Este estudo foi realizado em cinco pontos na Bafa do Castelo, borda oeste do Pantanal brasileiro, os
quais incluiram arrozal, camalotal e baceiros. Em cada ponto, foram estabelecidas parcelas 0.5 x 0.5 m (n = 137), onde
foram identificadas as espécies de macrdfitas aqudticas, estimada a cobertura e tomada a profundidade. Registramos
57 espécies distribuidas em 26 familias, das quais a mais rica foi a Poaceae. A espécie mais frequente e abundante foi
Commelina schomburgkiana; a segunda mais frequente foi Oryza latifolia, seguida por Leersia hexandra, Enydra radicans
e Pityrogramma calomelanos. Essa tltima espécie foi a segunda com maior cobertura, seguida por Pontederia rotundifolia,
Eichhornia azurea, E. crassipes e Enydra radicans. Essas cinco espécies juntamente com C. schomburgkiana (a mais
abundante) representam mais da metade da cobertura na Bafa do Castelo. Pontederia rotundifolia, Ludwigia helminthorrhiza,
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Pistia stratiotes, E. azurea, E. crassipes, E. radicans e Panicum elephantipes foram fortemente relacionadas as areas
mais profundas, enquanto Oryza latifolia, Leersia hexandra e Salvinia auriculata foram relacionadas a areas mais
rasas. Pityrogramma calomelanos, Ludwigia nervosa, Ipomoea alba, Cayaponia podantha, Polygonum acuminatum,
Rhynchanthera novemnervia e Ludwigia leptocarpa foram altamente correlacionadas com baceiros. A estrutura do
habitat, a dindmica natural e a zonacdo da vegetac@o aqudtica aparentam ser influenciadas pela variacio nos niveis
d’4gua na Bafa do Castelo, os quais promovem a segrega¢io espacial, provavelmente pela competicio e/ou preferéncia

por habitat.

Palavras-chave: areas umidas, Bacia do Alto Paraguai, fitossociologia, Pontederiaceae, macrofita aquética.

1. Introduction

Aquatic macrophytes are plants visible to the naked
eye, which at some point in their life cycle are completely
or partially submerged or floating in freshwater (Cook,
1996). They play an ecological role as food, shelter and
as nesting sites for various species, as well as nutrient
cycling (Esteves, 1998; Petry et al., 2003; Thomaz et al.,
2008; Padial et al., 2009). Studies on Neotropical aquatic
macrophytes have increased in recent decades. One of the
reasons is the recognition of their importance to aquatic
ecosystems (Padial et al., 2008). However, species richness
in different wetlands of South America is far from being
fully known (Ferreira et al., 2011). For this reason, rapid
assessments are absolutely essential for evaluating the state
of biodiversity (Maltchik and Callisto, 2004), especially
in large and species rich wetlands such as the Pantanal.
In addition, studies with a predictive approach aiming to
test ecological hypotheses, which are necessary to any
real attempt at conservation, are rare in the Neotropics
(Padial et al., 2008).

Neotropical wetlands vary considerably in the
composition of macrophytes, probably due to seasonal
variations in water levels and habitat diversity (Ferreira et al.,
2011). In seasonally flooded areas, the flood pulse is especially
important for these ecosystems (Junk et al., 1989, 2006),
because it causes changes in richness and composition of
aquatic macrophytes (Maltchik et al., 2007; Santos and
Thomaz, 2007; Pitelli et al., 2008; Thomaz et al., 2009;
Mormul et al., 2010; Ferreira et al., 2011). The distribution
and establishment of aquatic macrophytes in wetlands are
mostly determined by abiotic variables such as depth,
water current, velocity and its physical and chemical
characteristics, solar radiation, turbidity, connectivity
to other water bodies and distance from the shore (Frey,
1995; Pott and Pott, 2003; Fortney et al., 2004; Neiff et al.,
2005; Santos and Thomaz, 2007; Boschilia et al., 2008;
Franklin et al., 2008; Pitelli et al., 2008; Santos and Thomaz,
2008; Mormul et al., 2010; Bornette and Puijalon, 2011;
Ferreira et al., 2011).

In the Pantanal, there are approximately 280 species
of aquatic macrophytes (Pott et al., 2011), however most
studies are only floristic (Prance and Schaller, 1982; Da Silva
and Pinto-Silva, 1989; Pott et al., 1989; Frey, 1995; Pott
and Pott, 1997, 2000). Some approach the biology and
evolutionary aspects of specific plants (James et al., 2001;
Cunha and Fischer, 2009; Bertazzoni and Damasceno-
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Junior, 2011), while others focus on dynamic, successional
process and a quantitative approach of aquatic vegetation
in the region (Pinder and Rosso, 1998; Fortney et al., 2004;
Pivari et al., 2008). However, as far as we know, there are
no studies correlating aquatic macrophytes composition
with abiotic factors in the large lakes of the Paraguay
sub-region of Pantanal.

Here, we sought to identify what are the aquatic
macrophytes species, their incidence and relative coverage
in a large lake of the Pantanal wetlands; and evaluate the
effects of water depth on species composition of aquatic
plants in this lake.

2. Material and Methods

2.1. Study site

The Brazilian Pantanal, located in the hydrographic
basin of the Upper Paraguay River, occupies approximately
138,000 km?. It presents climate, floristic, topographic and
soil variations, which, together with the influences of the
adjacent phytogeographic domains, divide the lowland
in 11 sub-regions (Silva and Abdon, 1998), including the
sub-region of Paraguay where the study site is located
(Figure 1).

The study was carried out in the Bafa do Castelo lake,
near the border between Brazil and Bolivia (Calheiros et al.,
2000), municipality of Corumbd, Mato Grosso do Sul,
Brazil. Bafa do Castelo (12,800 ha) is a floodplain lake
connected to the Paraguay River and to streams from
nearby mountains. The region has a dry winter and
rainy summer, with a mean annual rainfall of 1,070 mm
(Soriano, 1997). The flood peak is reached during the
dry season, with fluviometric low levels during the rainy
season (Damasceno-Junior et al., 2004) due to delays in
the flow coming from the headwaters.

2.2. Data collection

On June 1, 2009 five major sites were determined within
the Bafa do Castelo, which were sampled with the help of
a motor boat. The studied sites were classified as: “wild-
rice” (18°35° 157 S and 57° 32’ 35” W), an area visually
predominated by wild-rice Oryza spp.; floating mat (two
sites - 18° 34° 34” S; 57° 33* 40” W and 18°34° 35” S;
57° 33’ 33” W), the border of one wild-rice and bank of
the canal that connects the Baia do Castelo Lake to the
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Figure 1. Location of the Brazilian Pantanal in South America (a) and its delimitation in grey according to Silva and Abdon
1998 (b). The studied area is located in the sub-region of Paraguay (dark grey), Pantanal, Corumba, Mato Grosso do Sul,

Brazil (modified from Silva and Abdon, 1998).

Paraguay River, respectively, sites mainly composed by
Pontederiaceae and Polygonaceae; and floating meadow
(two sites - 18°34° 227 S; 57° 337 23” W and 18° 32’ 517 S;
57° 34’ 19”7 W), which are islands of floating vegetation
(see Pivari et al., 2008). At each site, paired transects were
parallelly established 1 m apart (width of the boat). Transects
started near the lake open water in direction to the shore,
and consisted of entering the aquatic vegetation. On each
side of the boat, plots of 0.5 x 0.5 m (distant three meters)
were set. This process was repeated until it was possible
to enter with the boat, and was re-initiated 20 m away.
The total number of transects varied from 5-20 among
sites. In the floating meadows, transects of approximately
2 m apart, were established crossing the whole vegetation
island, and plots were set along each transect, 2 m from
each. The number of transects and plots per transect varied
within the floating meadow size.

In each plot, we identified the species and visually
estimated the percentage of coverage, as well as measured
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the depth with a rod (cm). The sampling effort in each site
was: “wild-rice 1" = 40; “floating mat 1” (border) = 20;
“floating mat 2 = 20; “floating meadow 1” = 32 and “floating
meadow 2" = 25, totaling 137 plots (34.72 m?). Vouchers
were collected and deposited in the herbarium CGMS
(UFMS), Campo Grande, MS. Botanical identification
was based on Pott and Pott (2000), updated to APG III
(Chase and Reveal, 2009).

2.3. Data analysis

The assemblage of each sampled site and the whole
assemblage of the study were ranked according to the cover
of each species and absolute frequency (species incidence
throughout the plots). The sampling effort estimate was
analyzed via sample-based rarefaction curves (species
accumulation curves); and richness estimate via Jackknife
1 and Chao 1, all methods with 1000 randomizations
(Colwell, 2009). All these analysis were performed with
each plot as a sample unity.
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The dimensionality of aquatic plant assemblage was
reduced using principal coordinates analysis (PCoA), based
on the standardized matrix of relative abundance of coverage
of aquatic plants in each plot, using the association index
of Bray-Curtis. Ordination was used to capture the pattern
presented by the most abundant species, because these have
the largest contributions to differentiate plots. To determine
how much information was recovered from the original
distances, a linear regression analysis between the final
ordination distances with the real distances (Bray-Curtis
matrix) was made, which generated a correlation coefficient
(r2). To determine the choice of dimensionality, the obtained
value was compared with r2’s generated by the ordination
in one and two dimensions.

The resulting ordination axis, which describes the
assemblage composition, was used as dependent variables
in the inferential tests. An analysis of multivariate variance
(MANOVA) was used, with a depth as an independent
variable. We did not compare the species composition
statistically among the five sampled sites due to incomplete
independence among these areas. The rare factions and
richness estimative were made using the software EstimateS
(Colwell, 2009). All other statistical analysis and graphs
were made using the R software (R Development Core
Team, 2010) with Vegan package (Oksanen et al., 2009).

3. Results

We recorded 57 species of aquatic plants, distributed in
44 genera and 26 families (Table 1). The richest family was
Poaceae (9 spp.), followed by Asteraceae, Convolvulaceae,
Fabaceae, Onagraceae and Polygonaceae (4 spp. each),
and Pontederiaceae (3 spp.). Other families presented
only two or one species (Table 1). The most frequent
species was Commelina schomburgkiana (43% of all
plots); second was Oryza latifolia (~30%), followed
by Leersia hexandra (28%), Enydra radicans (26%),
Pityrogramma calomelanos (25%), Cayaponia podantha
and Vigna lasiocarpa (22% each). Frequency of the
other species was below 20% (Figure 2a). Among the
species recorded once were Aeschynomene fluminensis,
Alternanthera aquatica, Cecropia pachystachya,
Cyperus haspan, Eupatorium candolleanum, Hibiscus striatus,
Hydrocotyle ranunculoides, Melochia arenosa, Mimosa pigra,
Odontocarya tamoides and Oryza glumaepatula (Figure 2a).
Commelina schomburgkiana presented the highest coverage
(17%) among recorded species in the Baia do Castelo,
followed by P. calomelanos (~10%), Pontederia rotundifolia
(~8%), Eichhornia azurea, E. crassipes and Enydra radicans,
with barely 7% each. These six species together, represent
56% of all vegetation coverage recorded within the 137
plots (Figure 2a).

Comparing the sampled sites, “wild-rice 17 was
the richest with 34 species (Figure 2b). Oryza latifolia
and Salvinia auriculata occurred in 55% of plots,
Ricciocarpus natans, exclusive of this site, presented the
third highest absolute frequency (35%); while incidence
of Lemna aequinoctialis, P. rotundifolia, E. crassipes and

522

L. hexandra varied from 25 to 32.5% (Figure 2b). Unique
species recorded only in this site were A. fluminensis,
H. striatus and M. pigra. In the same site, species with the
highest coverage were P. rotundifolia (38%), O. latifolia
(17.7%), L. hexandra (7.7%), E. crassipes (7.4%) and
S. auriculata (~5%), adding up to about 76% of coverage.

In the “floating mat 17 we recorded 26 species
(Figure 2c). Commelina schomburgkiana presented the
highest frequency (75%), followed by E. radicans (70%);
Rhabdadenia madida and V. lasiocarpa (35% each),
E. azurea and E. crassipes (30% each); and C. podantha,
Ipomoea alba and Panicum elephantipes with 25% each.
Other species presented an incidence below 20% each.
Oryza latifolia was once recorded at this point, and there
were no exclusive species at this site. The species with
the highest cover were Commelina schomburgkiana
(24.3%), E. azurea (16.5%), E. radicans (16.3%) and
E. crassipes (14.2%), which together correspond to 71%
total coverage. The sites “floating mat 2 and “floating mat
17 presented 26 species each, and had C. schomburgkiana
as the most frequent (70%), followed by E. radicans (60%)
(Figure 2d). There was no exclusive species at this site.
Commelina schomburgkiana once again had the highest
coverage (~25%); E. radicans, Eichhornia azurea and
E. crassipes presented similar values of coverage (15 to
17%), and other species had less than 5% each (Figure 2d).

“Floating meadow 17 was the second richest when
compared with other sites (29 spp.; Figure 2e). The
most frequent species were Pityrogramma calomelanos
(56.3%) and I. alba (53.1%). Leersia hexandra,
Caperonia castaneifolia and O. latifolia were also
quite frequent (37.5%, 31.3% and 25%, respectively).
Melothria fluminensis, Polygonum hydropiperoides,
P. punctatum, Cecropia pachystachya and Melochia arenosa
were only recorded at this site. Pityrogramma calomelanos
presented the highest coverage (24.3%), followed by I. alba
(11.7%), Ludwigia nervosa (7.7%) and C. castaneifolia
(6.6%), these species represent 50% of cover on this
floating island. The remaining species showed values of
coverage equal to or less than 5%. In “floating meadow
27, unlike what was reported in “floating meadow 17, the
most frequent species was C. schomburgkiana (92%), and
the second and third were P. calomelanos and C. podantha
with 68 and 60%, respectively (Figure 2f). Leersia hexandra
and Polygonum acuminatum were present in almost 50%
of the plots. Rhynchanthera novemnervia was exclusively
recorded on floating meadows. Furthermore, this site
had six unique species - Urochloa arrecta, C. haspan,
E. candolleanum, Hydrocotyle ranunculoides, O. tamoides
and Oryza glumaepatula. Commelina schomburgkiana again
had the highest coverage (35%), followed by P. calomelanos
(15%), V. lasiocarpa (8.7%) and Ludwigia leptocarpa
(7.4%), while the remaining species presented cover
values lower than 5%.

The accumulation curve did not demonstrate stability
with the applied sampling effort. The estimative of species
richness, based on Jackkinfe 1 and Chao 1, points out
the occurrence of, respectively, 68 + 4.7 and 62 + 4.5
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Table 1. List of species, in alphabetical order of families, of aquatic plants in the Bafa do Castelo lake, Paraguay sub-region,

Pantanal, with respective habit.

Family/ Scientific name

Habit

ACANTHACEAE

Justicia laevilinguis (Nees) Lind.
AMARANTHACEAE

Alternanthera aquatica (D. Parodi) Chodat
Alternanthera philoxeroides (Mart.) Griseb.
APOCYNACEAE

Rhabdadenia madida (Vell.) Miers
ARACEAE

Lemna aequinoctialis Welw.

Pistia stratiotes L.

ARALIACEAE

Hydrocotyle ranunculoides L.f.
ASTERACEAE

Eclipta prostrata (L.) L.

Enydra radicans (Willd.) Lack
Eupatorium candolleanum Hook. & Arn.
Mikania micrantha Kunth
COMMELINACEAE

Commelina schomburgkiana Klotzsch ex Seub.
CONVOLVULACEAE

Aniseia martinicensis (Jacq.) Choisy
Ipomoea alba L.

Ipomoea carnea Jacq. subsp. fistulosa (Mart. ex Choisy) D. F. Austin
Ipomoea subrevoluta Choisy
CUCURBITACEAE

Cayaponia podantha Cogn.

Melothria fluminensis Gardner
CYPERACEAE

Cyperus haspan L.

Oxycaryum cubense (Poepp. & Kunth) Lye
EUPHORBIACEAE

Caperonia castaneifolia (L.) A. St.-Hil.
FABACEAE

Aeschynomene fluminensis Vell.
Aeschynomene sensitiva Sw.

Mimosa pigra L.

Vigna lasiocarpa (Mart. ex Benth.) Verdc.
MALVACEAE

Hibiscus striatus Cav.

Melochia arenosa Benth.
MARSILEACEAE

Marsilea crotophora D. M. Johnston
MELASTOMATACEAE

Rhynchanthera novemnervia DC.
MENISPERMACEAE

Odontocarya tamoides (DC.) Miers

Emergent herb

Floating leaved herb
Emergent herb

Emergent herb

Floating leaved herb
Floating leaved herb

Floating leaved herb

Amphibious herb
Emergent herb
Epiphyte herb
Epiphyte herb

Floating leaved herb
Emergent vine
Emergent vine
Emergent shrub

Amphibious vine

Amphibious vine
Emergent vine

Amphibious herb
Epiphyte herb

Emergent herb
Emergent subshrub
Emergent subshrub
Amphibious subshrub

Emergent vine

Emergent subshrub
Emergent subshrub

Floating leaved herb

Emergent subshrub

Emergent vine

Braz. J. Biol., 2012, vol. 72, no. 3, p. 519-531
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Table 1. Continued...

Family/ Scientific name

Habit

ONAGRACEAE

Ludwigia grandiflora (Michx.) Greuter & Burdet
Ludwigia helminthorrhiza (Mart.) Hara
Ludwigia leptocarpa (Nutt.)

Ludwigia nervosa (Poir.) Hara
PHYLLANTHACEAE

Phyllanthus fluitans Benth. ex Mull. Arg.
POACEAE

Echinochloa polystachya (H.B.K.) Hitchc.
Hymenachne amplexicaulis (Rudge) Nees
Leersia hexandra Sw.

Oryza glumaepatula Steud.

Oryza latifolia Desv.

Panicum elephantipes Nees ex Trin.
Paspalum repens Berg.

Paspalum wrightii Hitchc. & Chase.

Urochloa arrecta (Hack. ex T. Durand & Schinz) Morrone & Zuloaga

POLYGONACEAE

Polygonum acuminatum H.B.K.
Polygonum ferrugineum Wedd.
Polygonum hydropiperoides Michx.
Polygonum punctatum Elliot
PONTEDERIACEAE

Eichhornia azurea (Sw.) Kunth
Eichhornia crassipes (Mart.) Solms
Pontederia rotundifolia L.f.
PTERIDACEAE

Pityrogramma calomelanos (L.) Link
RICCIACEAE

Ricciocarpus natans (L.) Corda
SALVINIACEAE

Azolla caroliniana Willd.

Salvinia auriculata Aubl.
URTICACEAE

Cecropia pachystachya Trécul
VITACEAE

Cissus spinosa Cambess.

Emergent vine
Floating leaved herb
Emergent herb
Emergent shrub

Floating leaved herb

Amphibious herb
Emergent herb
Amphibious herb
Emergent herb
Emergent herb
Emergent herb
Floating leaved herb
Emergent herb
Amphibious herb

Emergent herb
Emergent herb
Amphibious herb
Emergent herb
Floating leaved herb
Floating leaved herb
Floating leaved herb
Amphibious herb

Floating leaved herb

Floating leaved herb
Floating leaved herb

Arboreous

Emergent vine

(mean and standard deviation) species at Bafa do Castelo
(Figure 3). The 57 recorded species accounted for 81%
of estimated via Jackknife 1 and 91% of estimated via a
Chao 1. Non-aquatic species eventually registered (e.g.
C. pachystachya) contributed to extrapolate the estimated
richness beyond the properly aquatic flora.

Ordination of quantitative composition of aquatic plant
species was best represented in two dimensions by PCoA,
which recovered 51% of the variation from original distances.
The species composition was significantly related to depth
(MANOVA, F . =6847, Pillai =0.5092, p < 0.0001).

depth® 1,133
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Pontederia rotundifolia, Ludwigia helminthorrhiza,
Pistia stratiotes, E. azurea, E. crassipes, Enydra radicans and
Panicum elephantipes were the species most closely related
to deeper waters (=2 m), while O. latifolia, L. hexandra
and S. auriculata were related to shallower ones (~1 m)
(Figure 4 and 5). Pityrogramma calomelanos, L. nervosa,
L. alba, C. podantha, P. acuminatum, R. novemnervia and
Ludwigia leptocarpa had a higher correlation with the floating
meadows (Figure 4 and 5). Commelina schomburgkiana
was the only species extensively recorded throughout the
depth gradient (Figure 5).
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for the entire Pantanal (Pott et al., 2011). Because of the
scarcity of studies in the sub-region of Paraguay, which
limits local comparisons, species richness found in this
study is high when compared to other sub-regions. In
Baia Piuval and another lake in the reserve Acurizal

Species

1Scussion

line with squares), sampled in different vegetation types in the Baia do Castelo lake. Graphs correspond to: (a) whole
The richness of 57 species of aquatic plants recorded

sampled assemblage, (b) “wild-rice 17, (c) “floating mat 17, (d) “floating mat 2”, (e) “floating meadow 1” and (f) “floating

Figure 2. Rank-abundance distribution of recorded species in relation to incidence (grey line with circles) and cover (black
meadow 27,

in the Bafa do Castelo Lake during this study corresponds
to approximately 20% of aquatic macrophyte checklist
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Figure 3. Rarefaction and richness estimate curves based on the incidence matrix of aquatic macrophytes in Bafa do Castelo

Lake, Paraguay sub-region, Pantanal.
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(both in the sub-region of Poconé) only 22 and 18 species
were found, respectively (Fortney et al., 2004), while in
20 ponds at Nhumirim ranch (Nhecolandia sub-region)
36 species were reported (Rodrigues, 2010), and in Bafa
Negra (Miranda-Abobral sub-region) 42 species (Kufner,
2009). On the other hand, in a study conducted in Laguna
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Caceres, in the Bolivian Pantanal nearby the town of
Corumbd, there were 67 species of aquatic plants (Frey,
1995), having much similarity with this study, however
that study included amphibious plants.

Poaceae was the richest family, commonly found among
aquatic macrophytes in Pantanal (Pott et al., 2011). Species
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of this family are the most frequently reported in various
studies on aquatic flora in the Pantanal (Pivari et al., 2008;
Kufner, 2009; Rodrigues, 2010) as well as in other flooded
regions (Aratjo et al., 2002; Guimardes et al., 2002; Pott et al.,
2006; Pitelli et al., 2008; Cervi et al., 2009; Kozera et al.,
2009; Mormul et al., 2010; Ferreira et al., 2011). The high
incidence of grass species in floodplains is probably related
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to the tolerance to seasonal variations imposed by dry and
flood periods, and even being able to present an epiphytic
habit, allowing the establishment of other aquatic species
(Pivari et al., 2008; Kozera et al., 2009; Rocha and Lins,
2009). Corroborating some surveys of aquatic plants in
the Upper Paraguay River Basin, the families Asteraceae,
Convolvulaceae, Onagraceae, Polygonaceae and Fabaceae
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were the most species-rich (Pivari et al., 2008; Kufner,
2009; Rodrigues, 2010; Pott et al., 2011).

The richness found in floating meadows in Bafa do
Castelo (42 spp.) is consistent with other studies in the
Pantanal. In the sub-region of Miranda-Abobral, 66 epiphytic
species were found in five floating meadows (Pivari et al.,
2008), while in the Poconé sub-region just 19 species were
reported (Lima et al., 1999). The number of species found in
both floating meadows (29 and 25 species) may be related
to successional stages of the floating islands, because the
longer the time of succession, the thicker the histosol and
higher species richness (Pivari et al., 2008). The presence
of species such as E. azurea in floating meadows suggest
that these islands are in an early stage of succession,
however the presence of species such as Ludwigia nervosa,
Mikania micrantha and R. novemnervia are expected in
older floating meadows (Pott and Pott, 2003; Pivari et al.,
2008). Thus, due to species composition, apparently these
floating meadows are in an advanced stage of succession.
Nevertheless, because of the presence of some species
such as C. pachystachya and R. novemnervia on relatively
small islands, as studied here, we could hypothesize that
these “floating meadows” are fragments of larger ones,
because with an increasing thickness of histosols, the
floristic composition is gradually changed to shrubs and
even trees (Pott and Pott, 2003; Pivari et al., 2008).

The species C. schomburgkiana presented the highest
incidence and coverage for the entire Bafa do Castelo and
in specific sites such as “wild-rice 2” and “floating mat 2”.
This species is described as floating leaved herb or, when
in floating meadows, rooted which can be supported by
other plant species. Frequently found in rivers, “corixos”
(seasonal watercourses on old riverbeds) and elsewhere
with high nutrient concentration and clay soil (Pott and
Pott, 2000), which is somewhat consistent with that found
in Bafa do Castelo during the sampling period (flood
season). However, comparative studies between flood and
dry periods are required to confirm whether this species
keeps these patterns throughout the year.

Oryza latifolia was the second most frequent species
throughout the study and at site “wild-rice 1”. In the Pantanal,
large areas dominated by species of Oryza are common.
These species typically present significant vegetative
propagation, which allows for the occurrence of several
patches over relatively short distances (Pott et al., 2011).
Specifically in the sub-region of Paraguay, they occur in
large patches, and are most common and vigorous during
the flood period, reaching 5 m high (2 to 3 m submerged
and 1-2 m emerged) (Bertazzoni and Damasceno-Junior,
2011). During low water this species prostrates its branches,
providing the regrowth of stems at the beginning of the
rainy season (Bertazzoni and Damasceno-Junior, 2011),
which explains the high frequency of these species.

The species Leersia hexandra and E. radicans were also
present in more than 25% of plots. In Pantanal, L. hexandra
establishes itself in several habitats, ranging from floating
meadows to temporary or permanent ponds, and flooded
grasslands (Pott and Pott, 2000). It propagated by seeds,
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stolons or rhizomes (Pott and Pott, 2000), which confers a
high capacity to spread in various habitats. Enydra radicans
presents vegetative propagation, with both submerged
and amphibious habit; it is found mainly in macrophyte
patches in rivers and floating meadows (Pott and Pott,
2000). This strategy certainly contributed to the increased
incidence in sites such as “floating mat 1”” and “floating
mat 2”. Pityrogramma calomelanos is one of the five most
frequent species and was the second with more coverage.
Usually present in floating meadows (highest incidence
and coverage in “floating meadow 17), this fern is common
on borders of lagoons and marshes, it plays the role of
pioneer in the process of colonization of areas where the
flood caused the death of vegetation (Pott and Pott, 2000).
In a study of aquatic macrophytes of floating islands in
the Pantanal, this species was only found on islands in an
advanced stage of succession. Additional species with a
high coverage for the entire study area were P. rotundifolia,
E. azurea, E. crassipes and Enydra radicans. All the cited
Pontederiaceae present significant vegetative propagation
and are strongly influenced by environmental changes
due to the variation in water level (Prance and Schaller,
1982; Cunha and Fischer, 2009). In addition, during the
flood (period of this study), these species are described
as dominant and widely distributed because of their high
occupation capacity (Prance and Schaller, 1982; Frey,
1995). Overall, the landscape of Bafa do Castelo during
fieldwork is summarized in the species C. schomburgkiana,
P. calomelanos, Pontederia rotundifolia, Eichhornia azurea,
E. crassipes and Enydra radicans which together represent
more than half of all the vegetation cover.

Amongst the unique species of “floating meadow 1”
Cecropia pachystachya is worth mentioning as it has an
arboreus habit and is considered a pioneer species with
rapid growth, which provides favorable conditions for the
establishment and development of other plants during the
process of ecological succession in floating islands (Pott and
Pott, 2003; Pivari et al., 2008). Rhynchanthera novemnervia
was restricted to floating meadows. This emergent or
amphibious subshrub presents a peak of flowering during
the rainy season on dry land, except in floating meadows
(where there is no shortage of water), where it flowers all
year round (Pott and Pott, 2000). Perhaps, this peculiarity
improves its establishment on floating meadows. Nevertheless,
R. novemnervia was not recorded on floating islands of the
Miranda-Abobral sub-region (Pivari et al., 2008).

The sites “floating mat 1" and “floating mat 2 can
be considered intermediate habitats compared to other
sampled sites. Species composition varied from strictly
aquatic species to amphibious and vines, and did not
present exclusive species. This environment is likely to
receive a strong influence of water level variation, then
generalist species in habitat selection should be favored,
or just staying there by random action of water current
and wind (Boschilia et al., 2008).

Despite the small sampled area and no stabilization of
the rarefaction curve, the sampling effort is representative
when compared to that estimated for the Bafa do Castelo
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lake. The estimated richness was probably not higher
(~85%) because of the occurrence of non-strictly aquatic
flora (e.g. C. pachystachya). This high estimated richness
strengthens the importance of this list of species for this
lake, but it is important to stress that the found richness
may be underestimated. Systematic studies using periodic
sampling are required to estimate if the found richness is
representative of the total richness of the Bafa do Castelo,
or if this richness, as well as species incidence and cover
are modified along the dry and rainy seasons, as described
elsewhere (Mormul et al., 2010).

Species composition of aquatic plants was related to
depth. Pontederia rotundifolia, Ludwigia helminthorrhiza,
Pistia stratiotes, Eichhornia azurea, E. crassipes,
Enydra radicans and Panicum elephantipes were strongly
related to deeper waters (=2 m), while O. latifolia, L. hexandra
and S. auriculata were related with shallower areas
(~1 m). Moreover, Commelina schomburgkiana was
the only species widely distributed throughout the depth
gradient. However, none of the above species was unique
to particular depth. The structure of the habitat, natural
dynamics of aquatic vegetation and species composition
of Baia do Castelo seems to be influenced by the variation
in water levels, at least during the sampling period, which
promotes spatial segregation, most likely due to competition
and/or habitat preference. Generally, these plants can be
arranged depending on the degree of connectivity with
the river, time of the year, interaction among species
and depth of water bodies, as described for floodplains
elsewhere (Santos and Thomaz, 2007; Thomaz et al., 2007;
Boschilia et al., 2008; Pitelli et al., 2008; Mormul et al.,
2010; Bornette and Puijalon, 2011; Ferreira et al., 2011).
Pityrogramma calomelanos, L. nervosa, 1. alba, C. podantha,
P. acuminatum, R. novemnervia and Ludwigia leptocarpa
had higher correlation with the floating meadows, where
the plants are not submerged, just their roots are constantly
in water. Some populations of aquatic plants enhance
their development in shallower environments, although
the reduction in water levels limits the occurrence or
increases mortality of other species adapted to higher
depths (Santos and Esteves, 2004; Pitelli et al., 2008). On
the other hand, macrophyte assemblages in floodplains
are more heterogeneous in shallow environments (Santos
and Thomaz, 2007). This occurs probably because many
species are persistent in marshy environments due to their
highly competitive ability and are seasonally depleted
during the drought, allowing the coexistence of many
species of similar habits between the wet and dry periods
(Junk et al., 1989; Boschilia et al., 2008).

This study shows strong evidence of change in the
assemblage of aquatic plants related to different depths in
the Baia do Castelo. The duration and amplitude of water
levels might determine the species composition in Bafa do
Castelo as described elsewhere (Santos and Thomaz, 2007;
Boschilia et al., 2008), however the role of fluctuations in
water levels in the composition of these aquatic macrophyte
assemblages is still unclear. Although we made a single
sampling expedition, data reported here are of great value
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for understanding the patterns of distribution and cover of
aquatic macrophytes in the Pantanal.
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