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ABSTRACT
The goal of this study was to compare the vegetation structure of macrophytes in an anabranch-lake system. Sampling was carried out at flood in three types of aquatic vegetation, (wild-rice, floating meadow and Polygonum bank) in anabranch Bonfim (lotic) and in lake Mandioré (lentic) in plots along transects, to estimate the percent coverage and record life forms of species. We collected 59 species in 50 genera and 28 families. Fabaceae and Poaceae were the most representative and emergent plants predominated (62%). In the anabranch, with 48 species, Polygonum acuminatum and Paspalum repens (7%) were more frequent (8%); in the lake, with 39 species, the most frequent were Polygonum ferrugineum (7%) and Hymenachne amplexicaulis (9%). Both evaluated ecosystems have low floristic similarity (66.6%), which was repeated among the communities analyzed by environment: wild-rice (0.33%), Polygonum banks (0.37%); floating meadows (0.32%). The anabranch was richer and more diverse than the lake; wild-rice community was the most diverse compared to other ones in anabranch, while in the lake the Polygonum bank community was the most diverse. The life forms of species varied in relation to the environments (lotic and lentic) studied.
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RESUMO
(Estrutura das macrófitas em ambientes lótico-lêntico do Pantanal). O objetivo deste trabalho foi comparar a estrutura da vegetação de macrófitas em um sistema corixo-lagoa. A amostragem foi realizada na cheia, em três tipos de vegetação aquática, (arrozal, baceiro e banco de Polygonum), no Corixo Bonfim (lótico) e na Lagoa Mandioré (lêntico), em transectos com parcelas, para estimar a porcentagem de cobertura e registrar as formas de vida das espécies. Coletaram-se 59 espécies em 50 gêneros e 28 famílias. Fabaceae e Poaceae foram as mais representativas, e plantas emergentes predominaram (62%). No corixo, com 48 espécies, as mais freqüentes foram Polygonum acuminatum (8%) e Paspalum repens (7%); na lagoa, com 39 espécies, as mais freqüentes foram Polygonum ferrugineum (7%) e Hymenachne amplexicaulis (9%). Os dois ambientes avaliados apresentam baixa similaridade florística (66,6%), o que se repetiu entre as manchas analisadas por ambiente: arrozais (0,33%); bancos de Polygonum (0,37%); baceiros (0,32%). O corixo foi mais rico e diverso do que a lagoa, com o arrozal sendo o mais diverso em relação às demais manchas no corixo, enquanto na lagoa o banco de Polygonum foi o mais diverso. As formas de vida das espécies variaram em relação aos ambientes (lótico e lêntico) estudados.
PALAVRAS-CHAVE: Arrozal; baceiro; corixo; estrutura da vegetação; lagoa.
INTRODUCTION
Aquatic plant diversity vegetation is associated to diversity of habitats and to the flood pulse, thereafter wetland is favorable to the development of macrophytes of various life forms (Junk et al. 1989). The main lotic environments of occurrence of aquatic vegetation are rivers, meanders and anabranches, whereas the main lentic systems are lakes, ponds and floodable grasslands in the Pantanal. 
Lakes are open depositional lentic environments submitted to water level oscillations and to influx-outflux of matter and organisms from lotic ecosystems, such as rivers or small water bodies interconnected with the main canals of the drainage basin, part of those larger systems, which influence flood dynamics (Cristofoletti 1981) and because of standing and shallow water in such type of habitat, the most common species are emergent macrophytes (Pott & Pott 2000). 

Locally known as corixos, the anabranches are river arms linking large lakes to rivers and consist of channels formed in the rainy season, draining waters from grasslands, rivers and lakes, being temporary or permanent, connected through the floodplain during the flood (Da Silva & Figueiredo 1999). And lotic environments are running water systems, mainly fluvial systems, where materials contained in the fluxes are a mixture of particles of various origins, sizes and forms, mainly coming from water erosion on rocks and sediments (Cristofoletti 1981), plus being agent of propagule dispersion. The main life forms are free floating and free submerse macrophyte species (Pott & Pott 2000). In these habitats the current water tends to be a limitating and controlling factor, stronger than in lakes (lentic). Such differences determine specific and distinct features in dynamics and structure of communities which are adapted to the ecosystems (Margalef 1983).
During flooding, aquatic systems expand their areas, connecting rivers and plains, river and pond, lagoon and plain, and between the compartments of the plain, or from a combination of all these environments (Fantin-Cruz et al. 2009). Since the different levels of connectivity determine the transfer of matter and nutrients, and exchange between compartments of body fluid (Neiff 1996), depending of the extension and depth of water in the plain, and the spatial and temporal dynamics, the system can change between water storage system for transporting water, produced by horizontal flows (Fantin-Cruz et al. 2009).
Anabranches and lakes are an opportunity to study the occupation by aquatic macrophytes in lotic and lentic habitats, therefore during flood period one system is fed by another with water, but they have distinct characteristics of water flow and wind exposure, and anabranches may function as a main source of diaspores and propagules of aquatic plants for the lakes. 
Macrophytes colonize to varying degrees most lotic and lentic ecosystems and provide increased spatial heterogeneity, creating habitats for many animals (Esteves & Camargo1986, Weaver et al.1997), an increased stability of the littoral zone, protection of the banks (Sand-Jensen 1998) and also the retention of nutrients and pollutants (Carpenter & Lodge 1986, Gopal 1987). The distribution of species along several interrelated abiotic gradients make difficult for phytosociological approaches and determination of subunits in communities of macrophytes (Hutchinson 1975). Possibly for this reason, little is known about dynamics and community structure of aquatic macrophytes compared to phytosociological work undertaken on terrestrial ecosystems.
This paper aims to describe and compare the overall composition of macrophytes in lentic and lotic environments from the Pantanal floodplain. We tested the following hypothesis: there is low similarity between the environments, with different groups of dominant species according to characteristics of the water body (lentic or lotic). Based on that, we pursued to compare the assemblage structure of macrophytes in the anabranch-lake system on the western edge of Pantanal.

MATERIAL AND METHODS
The floristic survey was carried out during flood period, in areas under influence of the Paraguay River, specifically in Mandioré lake (117 Km2) and in anabranch Bonfim (22.62Km long), a canal through which water flows between the lake and the floodplain, in the municipality of Corumbá, State of Mato Grosso do Sul, near Amolar Mountains (18°00’59.99”S, 57°30’00.00”O). Anabranch Bonfim is a secondary canal or old river bed of the Paraguay River, which gives access to Mandioré lake (Figure 1).

The anabranch has variable width, between 60 and 120m, considered a lotic system surrounded by riparian forest and a few hills with seasonal forest and savanna (cerrado), whereas Mandioré Lake is an open environment, 20km long and 11km wide at its larger axes, limited by the Amolar Mountains at the West side, without natural barriers at the other sides, only floodplain covered by grasslands or forests.

The climate of the region is classified as Aw (Koeppen 1931), with a rainy period from October to March (mean annual rainfall of 1,100mm) and a drought period between April and September (Soriano et al. 2001), however local rain little influences river level. The flood regime is seasonal (Hamilton et al. 1996), monomodal, which lasts a few months and connect the river, water bodies and the plain. 
The flood does not depend on local rainfall, which is rather low, however most of the water comes from the headwaters of Paraguay River, and due to the low north-south slope (2.5cm.km-1) of the plain it spends four months or more to cross the entire Pantanal. The flood stabilization usually occurs in March and April, while the water of this river has slow flow too (Hamilton et al. 1996). Regional soils are planosols and eutrophic clays, plus neosols on sand banks and shores (Embrapa 1999, 2006).

Sampling points were chosen based on Landsat TM image and field inspection, aiming to visually represent the main physiognomies of aquatic vegetation on both studied water bodies. At both areas we sampled similar communities of aquatic plants named in the field as: wild-rice (locally known as arrozal), Polygonum bank, and floating meadow (locally known as baceiro). The wild-rice physiognomy is characterized by large communities of Poaceae, mainly from the genus Oryza, while the Polygonum bank has visual predominance of plants of this genus. The floating meadow is a floating islet of aquatic vegetation at various stages of succession, starting with a substrate made by living floating plants upon growing epiphytic aquatic macrophytes such as Oxycaryum cubense (Poepp. & Kunth) Palla (young floating meadow), or presenting floating organic soil, built up by dead organic matter, known as histosol – floating meadow in a more advanced stage of succession (Pott & Pott 2000, Pivari et al. 2008). 
In Mandioré lake we sampled 128 plots of wild-rice (18º11'25.6''S, 57º30'6.8''W), 107 plots of Polygonum bank (18º12'16.2"S, 57º28'44.4"W) and 32 plots of floating meadow (18º12'16.2''S, 57º28'44.4''W). In Bonfim anabranch we sampled 87 plots of wild-rice (18º12'34.4''S, 57º26'18.6''W), 51 plots of Polygonum bank (18˚13'21.5"S, 57˚28'5.9"W) and 38 plots of floating meadow. All evaluated communities had approximately equivalent sizes.

Data were gathered along transects entering the vegetation communities with a motor boat, placing plots (50 x 50cm quadrats) every 2m on both sides of the boat.  In each quadrat we estimated percentage of cover for each species of vascular plant, according to Brower & Zar (1984), which is calculated by a perpendicular projection in relation to water, the plant canopy, which allows to estimate the percentage of the plot covered by each macrophyte species analyzed individually. We calculated relative frequency (RF, in %) and relative cover (RC, in %) of the species. We used an Importance Value (IV) which was considered as the sum of RF and RC per species (Damasceno-Junior & Pott 2011).

Life forms of the species occurring in each analyzed patch were classified according to Irgang et al. (1984) into: emergent, free floating, rooted floating, rooted submerse, free submerse and epiphyte. 
Fertile specimens of all species or vegetative forms were collected and processed using herbarium techniques (Bridson & Formam 1992), and kept in the herbarium CGMS at the Universidade Federal de Mato Grosso do Sul. Species were identified by comparison in the herbarium and through specialized bibliography (ex. Pott & Pott 1994, 2000), and some plants were sent to specialists to confirm identification. 
Botanical family nomenclature followed APG II – Angiosperm Phylogeny Group (2003) for angiosperms, and Kramer & Green (1990) for ferns, plus regional common names and information of occurrence. For the authors of the plant names, we consulted Brummitt & Powell (1992). 

To calculate similarity among water bodies we utilized Sörensen’s index (Zar 1999) for all environments together and analyzed between similar environments. For diversity the index of Shannon-Wienner (H’), calculation was adapted according to Munhoz & Felfili (2006). A rarefaction curve was built utilizing the program Biodiversity Pro, Version 2 (Zar 1999). To compare the difference of life forms between environments (lotic and lentic) carried out analysis of variance (Two-way ANOVA).
RESULTS

For both sampled water bodies (anabranch and lake) we inventoried 59 species of aquatic macrophytes, within 50 genera and 28 families. Six species are ferns, one is a liverworth and the others are Angiospermae (Table 1). The most numerous families were Poaceae (11 spp) and Fabaceae (9 spp), representing 33.8% of the flora. The following genera presented two species each: Aeschynomene, Eichhornia, Hymenachne, Ludwigia, Mimosa, Oryza, Panicum, Paspalum and Polygonum. Emergent plants were the most representative life form with 62% of whole species, followed by free floating, epiphyte and rooted floating and the less represented group was free submerse with a single species in wild-rice of anabranch.

In Mandioré lake 39 species were identified, distributed into 20 families. The most numerous were Poaceae (9 spp.), Fabaceae (7 spp.) and Pontederiaceae (3 spp.), while at Bonfim anabranch 47 species were found, distributed into 27 families and the richest ones were Poaceae (9 spp.), Fabaceae (5 spp.) and Asteraceae (4 spp.) (Table 1). 

Poaceae was the richest family in both wild-rice communities as well as in Polygonum banks, while Fabaceae also was the richest in the Polygonum bank into the lake. On the floating meadow in the anabranch Poaceae was again the richest family, whereas Pontederiaceae showed highest richness on the floating meadow in the lake.


The number of species in anabranch and lake, respectively, was 29 and 19 for wild-rice; 19 and 25 for Polygonum banks and 23 and 18 for floating meadow. The diversity index of Shannon (H’) showed values of 2.41 and 1.04 for wild-rice in anabranch and lake; 2.20 for Polygonum bank in the anabranch and 1.74 in the lake; 1.84 for floating meadow in the anabranch and 1.92 for floating meadow in the lake.  In general the richness patterns of the areas were similar except for wild-rice in the lake which had not enough samples to determine richness (Figure 2). 

The five species with highest IV at the wild-rice of the anabranch were Polygonum acuminatum, Oryza latifolia, Echinochloa polystachya, Ricciocarpus natans and Cissus spinosa, adding up 58% of the total IV for all species found on this patch (Figure 3A), while at the lake the five species with highest IV were Hymenachne amplexicaulis, Oryza glumaepatula, Leersia hexandra, Eichhornia crassipes and Paspalum repens adding up 78% of the IV for all species found at this wild-rice (Figure 3B). On floating meadow in the lake (Figure 4A) the five species with highest IV were Marsilea crotophora, Salvinia auriculata, Eichhornia crassipes, Vigna lasiocarpa and Azolla filiculoides and these species made up 71% of the IV for all species found there, while at the floating meadow (Figure 4B) the five species with highest IV were Oxycaryum cubense, E. crassipes, M. crotophora, P. repens and Ludwigia helmintorrhiza adding up 71% of the IV for all species found at the floating meadow. At the Polygonum bank of the anabranch (Figure 5A) the five species which showed the highest IV were P. acuminatum, Polygonum ferrugineum, Paspalum repens, E. crassipes and C. spinosa, and these species added up 69% of the IV for all species found there while, at the lake (Figure 5B), the five species which presented the highest IV were P. ferrugineum, Paspalum repens, E. crassipes, Azolla filiculoides and Echinochloa polystachya (over 72% of the total IV) at this patch. 


The most representative life form, with the highest number of species, is shown in Table 2. The emergent life form was the best represented in most analyzed communities, however epiphytes predominated in advanced stage at the floating meadow, while rooted floating prevailed in initial stage. 

The general Sørensen index for the species composition of both water bodies indicated that the two sites have low similarity for species (66.6%). This low similarity also occurred between the communities analyzed by site sampled: wild-rice (0.33%), Polygonum banks (0.37%); floating meadows (0.32%). The life forms of species varied in relation to the environments (lotic and lentic) studied (Anova, F= 38,716; p<0,001).
DISCUSSION
Species richness of aquatic macrophytes in both areas is representative compared to values reported by Pott et al. (1989), 37 species in similar studie in the Pantanal. It represents 21% of all macrophytes listed in the Pantanal by Pott & Pott (2000). However, it is below those found by Irgang et al. (1984), 126 species, and Bove et al. (2003), 113 species. The species richness (47 spp.) recorded in the anabranch Bonfim is a little higher than that observed by Pott et al. (2011) in the anabranch Alegre (42 spp.) at the North part of the Pantanal. 
Even with similar patterns of richness between most areas, we observe that communities have small values of equability because the number of species continued to grow with more samples, which reflects the dominance of some species in communities.
The anabranch Bonfim presented the highest richness and two of its most diverse communities were sampled. With the rise of water level, many adjacent wetlands become flooded, possibly recruiting seed banks and vegetative propagules, favoring the development of additional species. Moreover, the rise of water level creates new habitats providing greater spatial heterogeneity which also reflects positively on the diversity index, a process described also by Fernández-Aláez et al. (1999).
The majority of families (74%) presents a single species, indicating high local generic diversity. This is probably related to the cycles of seasonal floods besides producing several effects, such as changes in growth, morphology and physiology, can generate different patterns of richness and composition of plant assemblages.
The dominance (62%) of the emergent life form, predominantly in four of the six analyzed communities is associated with the fact that species of this group flourish in environments subject to seasonal flood, shallowness and resistance to decrease of water volume (Neves et al. 2006, Costa Neto et al. 2007).
WILD-RICE
The adjacent grasslands of the Pantanal are subject to periodic flooding, as we observed in both communities of wild-rice and in every hydrological stage (flood, drought) there are species adapted to seasonal environmental conditions. These floodplains generally present dominance of Oryza species, forming large communities of vegetation, in some places up to 5000ha.
The wild-rice of the anabranch presented more species than the wild-rice of the lake (29 and 19), probably because it was in the flowing, concentrating more floating species on its bed (9 to 4 in the lake) and also in large lakes there is usually little vegetation that may reflect the disadvantages of colonization of habitats with strong waves (Pott & Pott 2000), or fetch effect, observed in the lake.

At the wild-rice of the lake, Hymenachne amplexicaulis showed the highest IV (30%). Hydrophytes such as this species may increase or decrease depending on the intensity and duration of drought or flooding, occurring in areas under flood for long periods, tolerating up to 40 weeks at depths up to 1.2 m (Agriculture 2000), surviving to waves and keeping up with rising water (Pott & Pott 2000), through the process known as depth accommodation (Scremin-Dias 1999, 2009), whereby stems, leaves and flower stalks grow after the rise of the flood (Sculthorpe 1967). This species has a preference for flood, replacing the wild-rice in this season, what may explain the second highest IV for O. glumaepatula.

At the wild-rice of the anabranch, O. latifolia had the second highest IV, however the dominant species was P. acuminatum with IV of 35%. The occurrence of O. latifolia is mentioned in lakes and wetlands of Bolivia and Brazil (Pott & Pott 2000, Rosa et al. 2006) and dominance of wild species of rice on the community is favored by their propagation strategies and flood tolerance (Bertazzoni & Damasceno-Junior 2011). Schmitz et al. (2001) comment that the large lakes and floodplains along the Paraguay River allow the growth of O. latifolia, what differs from our finding, since this species occurred in the anabranch. As this species grows in a seasonal environment, its growth varies with the flood regime as the water level increases in the communities (Bertazzoni & Damasceno-Junior 2011).Thus, it is assumed that water level is a determining factor in predominance of specie in area, as well as the life cycle of the rice-field is strongly influenced by water regime of rivers. The same was observed by Rubin (1994) for O. glumaepatula and O. grandiglumis (Döll) Prod.
POLYGONUM BANKS
Different species of Polygonum predominate in both analyzed Polygonum banks. Bini (1996) described the increase in phytomass of Polygonum sp. with the rise of water level in the floodplain of the Paraná River. Thomaz et al. (2004) also reported that the effect of environmental factors such as the increase of water level and temperature positively affect the growth of P. ferrugineum, whose factors may explain the dominant species of this genera found during the peak of flood in communities of the Polygonum bank sampled in the lake and anabranch in the present work.

Species of Polygonum are frequently found in wetlands (Souza & Lorenzi 2008). The abundant production of seeds and vegetative propagation by rooting in nodes, justify their presence in these habitats (Pott & Pott 2000).
Polygonum acuminatum showed the highest importance value (25%) in anabranch, followed by P.ferrugineum (22%), while P. ferrugineum was the most representative (49%) in the lake. Embrapa (2009) confirmed these species are very common at flooded grasslands such as the edge of anabranches and lakes with fertile sandy and clay soils. Polygonum acuminatum was observed at the state of Bahia, occurring along the banks of major rivers, while P. ferrugineum occurs mainly in lakes and ponds of clear water, as well as along rivers, streams and creeks (Melo 1996).
The Polygonum bank was richer in the lake, but less diverse than in the anabranch. The marginal areas of the lake are shallow environments, where the variation in water level is more intense than in other, reflecting the increase in species richness (Fortney et al. 2004). Furthermore, these areas constitute an interface between the aquatic and terrestrial environment, providing a heterogeneous habitat that often has a positive relationship with diversity (Barreto 1999).

FLOATING MEADOWS
The variation in species number which occurred between floating meadows reflects the different stages of succession, as aquatic vegetation in more advanced stages of succession has higher complexity in several aspects, one of them is species richness (Neiff 1982). The difference among successional stages can also be responsible for the low floristic similarity (0.32%) we found between both floating meadows. Some species such as Pityrogramma calomelanos and Rhynchanthera novemnervia, expected for old floating meadows (Pott & Pott 2003, Pivari et al. 2008), were observed in the floating meadow of the anabranch. Although Oxycaryum cubense has shown the highest IV at this point, the species of floating meadow initial starting to grow on free floating plants, this floating meadow is not in the initial phase, indicating this is an older floating meadow.
The floating meadow of the anabranch, because of its advanced stage with histosol of 10-50cm thick, has rooted species such as O. cubense, Oryza latifolia, P. repens, L. hexandra and epiphytes such as V. lasiocarpa and C. schomburgkiana. This community did not present emerging species, due to the presence of histosol, where epiphytic species predominate tolerant to flooding stress (Scremin-Dias et al. 1999) and emergent plants are commonly found in habitats constantly or temporarily flooded. Unlike the floating meadow of the lake, due to its early stage of accumulation, it showed a higher number of free floating species such as E. azurea, L.aequinoctialis, Limnobium laevigatum, Phyllanthus fluitans and R. natans on the floating meadow which does not present a histosol. The fern M. crotophora showed the highest IV in this communitie, because this species proliferates in mud during the flood season. According to Pott & Pott (2003), the plants belonging to this life form, such as Salvinia, Eichhornia azurea, Limnobium laevigatum, Utricularia gibba and Pistia stratiotes are found in early stages of floating meadows, then free floating species have characteristics such as small size, short root system, the leaves favor wind dispersal and the shoots released from the parent plant. These plants are easily driven in aquatic habitats by water and wind and can also grow mixed with other larger plants (Pitelli 2006). The growth of stolons is adapted to enable the species to follow variations of water level during the seasonal period (Neiff 2000).
Thus it was observed that although the floodplain systems during flood periods tend to homogenize the environment (Thomaz et al. 2007), it was not observed this fact for the analyzed environments in the hydrological phase, moreover, there is a significant relationship between forms of life and lentic and lotic environment. For Thomaz (2002), macrophytes colonize in varying degrees, most ecosystems aquatic lotic and lentic. This fact is probably explained by the availability of resources each environment offers as well as abiotic characteristics, which reinforces the importance of studies that consider environmental characteristics. Moreover, occurs the process of succession in lentic environments, not only changing the species of macrophytes, but also the replacement of ecological groups over time (Thomaz 2002), and according the same author, this fact is evident especially when these changes occur in parallel with the increasing trophic status, which leads to the substitution of submerged species by floating and emerging species (Esteves 1998, Thomaz & Bini 1999)
CONCLUSIONS

The lentic and lotic environments showed low similarity, corroborating the hypothesis of the study, mainly because different species dominate communities of the same type, probably due to different environmental features of these communities, whose fact indicates the need for further studies to confirm whether the physicochemical parameters do influence distribution and composition of species in lentic and lotic environments.
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