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Abstract: The Lagoa do Peixe has its connection with the sea artificially opened every year at the end of win-
ter. However, this management has been carried out without the evaluation of the impact of this opening in the 
aquatic biodiversity. This information is crucial for the management of the natural resources of the Lagoa do 
Peixe National Park, the unique Ramsar site in Southern Brazil. The following questions were analyzed: (1) Do 
richness and composition of aquatic macrophytes from Lagoa do Peixe floodplain varies temporarily accord-
ing to the sandbar opening and closing? (2) Does the variation pattern of the macrophyte community changed 
according to the sandbar opening and closing? A set of eight sampling sites of 1ha were selected over the Lagoa 
do Peixe floodplain: four sites not influenced by the artificial sandbar opening and four sites influenced by this 
event, being two sites closer to the sandbar opening and the two sites distant to the sandbar opening. The sam-
plings were carried out between November 2007 and October 2009. The results show that although the artificial 
sandbar breaching does not affect the aquatic macrophyte richness at the floodplain, it affects the dynamics of 
species composition. The hydrological variation related to this management can be the main factor of the con-
tinuous change in the species composition in the floodplain, especially in the Southern portion. In order to avoid 
impacts in the macrophyte conservation, the artificial sandbar opening should be considered carefully, since the 
area of study is one of the most important conservation units to wetland systems in Southern Brazil. Rev. Biol. 
Trop. 61 (1): 409-417. Epub 2013 March 01.

Key words: aquatic plants, floodplain wetlands, sandbar breaching, species composition stability.

Wetlands are ecosystems priority for con-
servation as they support high levels of bio-
logical productivity and diversity (Mitsch & 
Gosselink 2000). Even so, great extension was 
already lost or had their ecological functions 
jeopardised (Shine & Klemm 1999). Costal 
wetlands have been explored for centuries (e.g. 
fishing, cropping, urbanization and transporta-
tion) (Lotze et al. 2006), and in the last years, 
great land extensions have been urbanized 
(Kennish 2002). In the end of 20th century, the 
global loss of coastal wetlands represented 1% 
per year (Hoozemans et al. 1993). Such rate 
could be even higher in some regions of Asia, 

Africa and South America if the land use would 
be estimated (Kennish 2002).

Among several classes of coastal wet-
lands, lagoons present hydrological and geo-
morphological characteristics which influence 
the temporal dynamics of aquatic communities 
(Esteves et al. 2008). The lagoons are rare 
ecosystems and their connection to the sea 
(permanently or periodically) is due to ruptu-
re of sandy barriers that were formed by the 
tidal sediments deposition (Gönenç & Wolflin 
2004). By economic reason, their connection to 
the sea is managed in several parts of the globe-
South Africa (Bally 1987), Australia (Griffiths 
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1999, Gladstone et al. 2006) and Brazil (Suzu-
ki et al. 1998). However, the consequences 
of sandbar opening for the biodiversity have 
been little studied. Some studies pointed that 
changes in the water salinity and depth are the 
main factors related to modification in aquatic 
communities in managed wetlands (Suzuki et 
al. 1998, Santangelo et al. 2007). 

Brazil presents one of the most extensive 
coasts in the globe – approximately 7 500km 
(Diegues 1999), however its disorderly occu-
pation have caused several impacts resulting 
in habitat fragmentation and degradation and 
biodiversity loss (Diegues 1999, Esteves et 
al. 2008). In this sense, conservation actions 
driven to lagoons and their biodiversity have 
been considered priority in the Brazilian envi-
ronmental policies (Barbosa et al. 2004, Este-
ves et al. 2008). Lagoa do Peixe National Park 
(LPNP) is one of the main wetlands conserva-
tion units in Southern Brazil. The LPNP pro-
tects several continental, estuarine and marine 
wetlands and a wide range of species belon-
ging to several groups of organisms, including 
endangered species (Perello et al. 2010). The 
Lagoa do Peixe, an important lagoon located 
in the park, temporarily shelters 29 austral and 
boreal migratory bird species and it is consi-
dered the lagoon with high migratory birds 
diversity in Brazil (Nascimento 1995). The 
connection between Lagoa do Peixe and the 
sea has been artificially opened annually for 
the last 150 years due to economic interests 
of fishermen and cattle breeders (Saint-Hilaire 
1987, Knak 2004). The artificial sandbar ope-
ning have been done to allow the entrance of 
shrimp (Farfantepenaeus paulensis) from the 
sea to the Lagoa do Peixe and to reduce the 
water level in its floodplain systems to increase 
the pasture area for the cattle. However, the 
impact of the sand bar opening on aquatic 
biodiversity is unknown. This information is 
crucial for the management of the natural 
resources of the Lagoa do Peixe National 
Park, the unique Ramsar site in Southern Bra-
zil. In this sense, our study aimed to analyse 
the influence of artificial sandbar opening on 
macrophyte richness and composition in Lagoa 

do Peixe floodplains. Assuming that the hydro-
logy of the floodplain is strongly associated 
with the opening and closing of the sandbar and 
that macrophyte richness and composition are 
intensely influenced by hydrological variations 
(Maltchik et al. 2007, Rolon et al. 2008), we 
raised the following questions: (1) Do richness 
and composition of aquatic macrophytes from 
Lagoa do Peixe floodplain vary temporarily 
according to the sandbar opening and closing? 
(2) Does the variation pattern of the macrophy-
te community vary according to the sandbar 
opening and closing?

MATERIALS AND METHODS

Study Area: The Coastal Plain of Rio 
Grande do Sul state is a region that pre-
sents high concentration of wetlands (Maltchik 
2003) and high diversity of aquatic macro-
phytes (Irgang & Gastal 1996). The study area 
is located in the Lagoa do Peixe National Park 
(Fig. 1). The park was established in 1986 
and presented an area comprising 34 400ha, 
enclosing marine and freshwater environments 
(e.g. dunes, grasslands and restinga forest). 
Our study site was the Lagoa do Peixe floo-
dplain. The floodplain of the Lagoa do Peixe 
is composed of a set of isolated ponds in a 
matrix of natural grassland. The soil saturation 
and hydrological condition of the ponds are 
influenced by rainfall and seasonal flooding of 
the Lagoa do Peixe that is the unique lagoon 
in Southern Brazil whose connection with the 
sea has seen managed by human activities. 
Due to this, there was no replicate to our sam-
pling design. In this sense our study became a 
case study. The sandbar opening is carried out 
artificially in the end of the winter (August/
September) and the closing is done natura-
lly by the actions of winds and tide between 
February and March. The sandbar opening 
has been done since before the creation of the 
park. This management is carried out by ICM-
Bio - Instituto Chico Mendes de Conservação 
da Biodiversidade (Chico Mendes Institute for 
Biodiversity Conservation) and by the munici-
palities of Mostardas and Tavares. The sandbar 
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opening is done mechanically using a backhoe 
to dig a channel 200m long, 40m wide and 
1.5m deep; the process takes usually two days 
to be accomplished.

The local climate is humid subtropical 
with average annual temperature of 17.5ºC, 
varying from a mean of 13ºC in the winter 
to 24ºC in the summer. The average annual 
rainfall is 1 500mm/year (Tagliani 1995). The 
winds blow to Northeast (5m/s) from Septem-
ber to April and to Southwest (8m/s) from May 
to October (Klein 1998). 

Sampling design: A set of eight sampling 
sites of 1ha were selected over the Lagoa do 
Peixe floodplain: four sites not influenced by 
the artificial sandbar opening distant 12 km 
from Lagoa do Peixe (A1-A4), and four sites 
in the Lagoa do Peixe floodplain influenced by 
this event (B1-B4) (Fig. 1). The sites B1 and 
B2 are closer to the sandbar opening and the 
sites B3 and B4 are more distant to the sandbar 
opening (located at the North extreme of Lagoa 
do Peixe) (Fig. 1). The minimum distance bet-
ween the sampling sites was 0.5km to increase 
the independence of the sampled areas.

Eight samplings were carried out bet-
ween November 2007 and October 2009 over 
the different year seasons (Nov/07, Feb/08, 
May/08, Aug/08, Oct/08, Mar/09, Aug/09, 
Oct/09) comprising two artificial sandbar 

openings: four opened sandbar samplings and 
four closed sandbar (Table 1). The sampling 
period began in a year that the sandbar did 
not close. In 2008, the sandbar opening was 
on August 27th and in 2009 on October 1st. 
The location of sampling sites was determi-
ned using GPS (Garmin, GPS III Plus). The 
variation of water salinity along the studied 
period was measured by a water quality chec-
ker (HORIBA U-22). The sampling sites were 
classified into four hydrological categories: 0 – 
area without surface water; 1 – few ponds with 
surface water; 2 – many ponds with surface 
water; 3 – floodplain completely inundated by 
surface water.

Macrophyte richness was measured by 
visual search, which consisted in the qualita-
tive analysis of the species present in the site 
(Convention on Biological Diversity 2003). 
Ten transects (three minutes) were sampled 
in each site (1ha). This amount 30 minutes of 
sampling at each sampling site. Each transect 
had its starting point randomized and they 
were sequentially distributed to the length of 25 
meters (50m2 area). Previous analysis indicated 
that a sampling effort of 30 minutes was suffi-
cient to reach the total richness of study site 
(1ha of the floodplain; authors observation). 
We used the broad definition of aquatic macro-
phytes, which includes submerse, floating and 
emergent plants (herbs, shrubs and trees) and 

Fig. 1. Sampling sites localization in Lagoa do Peixe National Park (LPNP). Lagoa do Peixe floodplain areas without (A1 
to A4) and with influence of sandbar opening (B1 to B4).
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comprises a wide taxonomic variation (algae, 
bryophytes, pteridophytes and angiosperms).

The variation of species richness along 
two years in sites influenced and not influen-
ced by the sandbar opening was tested using 
Repeated Measures ANOVA (SPSS 2002). The 
homogeneity of the variance was verified by 
the test of Levene and the sphericity -the pro-
portionality between the covariance matrix and 
the identity matrix- was tested by the sphericity 
of Mauchy. Due to the absence of sphericity we 
applied the Greenhouse-Geisser correction for 
the F test (von Ende 1993).

We used the Detrended Correspondence 
Analysis (DCA) to assess the temporal varia-
tion of the species composition in the sites 
influenced and not influenced by the sandbar 
opening. The ordination analysis was carried 
out using the values of frequency of the spe-
cies in the four sites subjected to the sandbar 
opening and in the other four ones not influen-
ced by the opening in each sampling period 
(n=8). The occurrence frequency varied from 
zero (absent) to four (present in all sites of the 
group). Posteriorly, we carried out a DCA for 
the four sites under influence of the sandbar 
opening. For this analysis, we considered the 
presence and absence of the species in each one 
of the sites along two years (n=8). 

A Permutational Multivariate Analysis of 
Variance (PERMANOVA) was used to compare 

differences in species composition between the 
sandbar opening and closing periods in the four 
sites under influence of the management. The 
Euclidian distance matrix was used to evaluate 
the difference in the composition among the 
sites and 9 999 permutations to validate the 
model significance. The analyses were carried 
out using the vegan package (Oksanen et al. 
2009) in the statistical software R version 2.9.0 
(R Development Core Team 2009).

RESULTS

The salinity in areas closer to the san-
dbar opening (B1 and B2) varied from 0.05-
2.05ppt over the studied period, it ranged from 
0.03-1.45ppt in areas more distant from the 
sandbar opening (B3 and B4) and it varied 
from 0-0.06ppt in areas not influenced by the 
sandbar opening (A1-A4) (Table 1). The hydro-
logic condition in areas closer to the sandbar 
opening varied between 0-2 (Table 1) diffe-
rently than those more distant from the sandbar 
opening that varied between 1-3 (Table 1). The 
variation of hydrologic condition was similar 
between B1 and B2, as well as B3 and B4. 
Constant hydrology (category 2) was observed 
in sampling sites not influenced by the sandbar 
opening (Table 1).

A total of 84 species of aquatic macro-
phytes was observed in the four sampling 

TABLE 1
Hydrological categories and mean salinity (parts per thousand) of sampling areas of Lagoa do Peixe floodplain 

(2007-2009). The sampling sites were classified in the following categories: 0 – area without surface water; 
1 – area with few ponds with surface water; 2 – area with many ponds with surface water; 3 – floodplain completely 

inundated by surface water. Sampling sites: A1 to A4 - areas without influence of sandbar opening; B1 and 
B2 - areas closer to the sandbar opening; B3 and B4 - areas more distant from the sandbar opening

Period Sandbar status
Hydrological categories Mean salinity (ppt)

A1-A4 B1-B2 B3-B4 A1-A4 B1-B2 B3-B4
Nov/07 Open 2 2 2 0 0.12 0.15
Feb/08 Close 2 0 1 0.06 – 0.03
May/08 Close 2 1 2 0.04 0.22 0.08
Aug/08 Open 2 2 3 0.02 0.05 1.45
Oct/08 Open 2 1 2 0.02 0.44 0.10
Mar/09 Close 2 1 2 0.05 0.70 0.10
Aug/09 Close 2 2 3 0 0.10 0.10
Oct/09 Open 2 2 2 0.02 2.05 0.60
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sites under the influence of sandbar opening, 
and 82 species were observed in four sam-
pling sites without this influence (Appendix 1). 
Approximately 40% of the species observed in 
four sampling sites under the influence of the 
sandbar opening were found in all sampling 
periods, and 21% of species occurred only in 
one of the sampling periods. In the four areas 
not influenced by the sandbar opening, 49% 
of the species were found during all sampling 
periods and 17% of species occurred only in 
one sampling period.

The total richness in wetlands under the 
influence of sandbar opening varied from 44 
(May 2008) to 57 species (October 2008) along 
the studied period. The mean richness did 
not change over the time (F3.272,19.631=1.164, 
p=0.351; Fig. 2) and no interaction between 
time and type of wetland (whether influen-
ced by the management or not) was obser-
ved in macrophyte richness (F3.272, 9.631=0.933, 
p=0.450; Fig. 2). 

The first two axes of ordination of wet-
lands influenced or not by the sandbar opening 
along the studied period explained 48.9% of 
the variation in macrophyte composition. The 
first axis explained 40.5% of variation and 
separated the sampling sites influenced by the 
sandbar opening from those not influenced 

(Fig. 3). The second axis explained 8.4% of 
variation in the composition and delineated 
the species variation along two years (Fig. 3). 
While areas influenced by the sandbar opening 
were subjected to changes in species compo-
sition along the studied period, in areas not 
influenced by the sandbar opening the change 
in the species composition showed a cyclic 

Fig. 2. Mean richness of macrophytes in floodplain areas with and without influence of the sandbar opening along the 
studied period (2007-2009).
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pattern (Fig. 3). The dispersion of the points 
indicated that the species replacement along the 
studied period was higher in areas influenced 
by the sandbar opening (Fig. 3).

The first two axes of ordination of the 
species composition in areas influenced by the 
sandbar opening explained 24.7% of variation 
in the species composition along two years. 
The first axis explained 15% and the second 
9.7% of variation in the composition of aqua-
tic macrophytes; these two axes separated 
the areas influenced by the sandbar opening 
(Fig. 4). Based on the dispersion of the points, 
we verified that the replacement of species in 
the two closest areas to the sandbar opening 
(B1 and B2) was superior to the others (Fig. 4). 
The change in species composition correspon-
ded to a continuous pattern in wetlands close 
to the sandbar opening (B1 and B2) with little 
similarity between the first and the last sam-
pling periods (Fig. 4). However, the macro-
phyte composition was similar among the 
periods before and after the sandbar opening 
(F1,6=0.85979, p<0.6279).

DISCUSSION

The connection between coastal lagoons 
and sea has been done artificially in many 
regions in the world to increase the fishing 
resources and to control flooding (Aguiaro & 
Caramaschi 1995, Saad et al. 2002, Suzuki et 
al. 2002). Several studies carried out in lagoons 
observed the effects of sandbar opening on fish 
species composition (Griffiths 1999, Saad et al. 
2002). However, the effect of this management 
practice on aquatic communities of lagoon 
floodplains is unknown. The sandbar opening 
of Lagoa do Peixe has been carried out over 
150 years; however its effects on aquatic com-
munities remain unknown.

Our results indicate that the plants richness 
did not vary over two years in the Lagoa do 
Peixe floodplain. The sandbar opening did not 
change the temporal dynamics of the macro-
phyte richness. The macrophytes dynamic was 
similar in areas with and without influence of 
sandbar opening. The percentage of constant 
species along two years was similar among 

Fig. 4. Temporal ordination of aquatic macrophyte composition in the four floodplain areas with influence of the sandbar 
opening along the studied period (2007-2009). t1=Nov/07 (beginning of study), t8=Oct/09 (ending of study). The sites B1 
and B2 are floodplain areas closer to the sandbar opening than sites B3 and B4.
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areas influenced and not influenced by the 
sandbar opening (40 and 49% of the species, 
respectively). The lack of variation in the 
macroinvertebrate richness before and after the 
sandbar opening was also observed in Austra-
lian estuaries (Gladstone et al. 2006). No simi-
lar results related to macrophytes were found in 
scientific literature.

Several studies emphasize the effect of 
salinity on macrophytes structure in wetland 
systems (Nielsen 2008). Although salinity 
varied from 0.03-2.05ppt in the floodplain, the 
macrophyte composition was characterized by 
species from freshwater environments, similar 
to other studies developed in palustrine and 
lacustrine systems in Southern Brazil (Rolon et 
al. 2010). Nevertheless, the temporal variation 
of macrophyte composition changed between 
treatments. While the change of macrophyte 
composition was more continuous along two 
years in areas influenced by the sandbar ope-
ning, the changes of macrophyte composition 
were more stable in areas not influenced by 
the sandbar opening. The response of the orga-
nisms to changes in the environmental condi-
tions may vary from directional changes along 
time to abrupt fluctuations due to the loss of 
equilibrium (DeAngelis et al. 1985, DeAngelis 
& Waterhouse 1987). The macrophyte compo-
sition observed in areas not influenced by san-
dbar opening showed little variation along two 
years in areas not influenced by the sandbar 
opening and the species similarity was high 
among the eight sampling events. This result 
indicated that the composition of macrophytes 
was temporally stable in these study areas. 
On the other hand, the macrophyte composi-
tion presented a higher beta-diversity in areas 
influenced by the sandbar opening, presenting 
also a successional pattern in the variation of 
the species composition. This result suggests 
that the continuous replacement of macrophyte 
species along the studied period could be a 
response to the sandbar opening carried out 
each year at Lagoa do Peixe National Park. 
While emergent species were the main cons-
tant ones in areas influenced by the sandbar 
opening, the constant species of hydrophytes 

were associated to areas more distant from the 
influence of sandbar opening. 

The successional pattern became more 
evident when we separately analysed the four 
areas under influence of sandbar opening. We 
observed a gradual change in macrophyte com-
position between the first and the last sampling 
event in areas near the sandbar opening. In 
areas more distant from the sandbar opening, 
we observed that the variation of macrophyte 
composition presented a more stable tempo-
ral pattern. Such difference may be related to 
variation in the hydrologic conditions of the 
four sampling sites. Variation of hydrologic 
condition may affect the establishment, growth 
and survival of aquatic plants (Blanch et al. 
1999, Seabloom et al. 2001). The alternance of 
dry and flood periods influences the composi-
tion of aquatic macrophytes in Southern Brazil 
coastal wetlands (Schott et al. 2005, Maltchik 
et al. 2007). In areas distant from the sandbar 
opening, the presence of surface water was 
constant along the entire period, while in areas 
near the sandbar opening the reduction in the 
water availability in half of sampling periods 
(wetland without superficial water or less floo-
ded) may have determined the lower stability 
of aquatic macrophytes.

Although the variation of aquatic macro-
phytes suggests an indirect effect of the san-
dbar opening, the composition did not differ 
between sandbar opening and closing periods. 
The lack of variation may be related to the high 
variation of macrophyte species composition 
within each one of the two periods studied. The 
high variation in macrophyte composition and 
the lack of differences among sandbar opening 
and closing periods has indicated the inexis-
tence of a species composition associated with 
each one of the management periods.

Actions aiming at conservation of aquatic 
species in Southern Brazil wetlands are urgent, 
mainly where great part of these ecosystems are 
under intense degradation. Management practi-
ces without ecological research may cause 
several impacts in the species conservation, 
mainly in conservation units. The lack of other 
estuaries with similar management practices 
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in Southern Brazil hindered the comparison 
of our results with other lagoons. However, 
results obtained from this study indicate that 
despite the sandbar opening do not change 
the macrophyte richness, the sandbar opening 
process affects the macrophyte composition. 
The hydrologic variation related to this mana-
gement may be a factor responsible for the con-
tinuous change in the macrophyte composition. 
Facing such information, the artificial sandbar 
opening must be considered cautiously, since 
the area of study is one of the most impor-
tant conservation units to wetland systems in 
Southern Brazil.
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RESUMEN

La Lagoa do Peixe, en el sur de Brasil, tiene conexión 
artificial con el mar, porque cada año, al final del invierno, 
se abre un canal con tractor. Sin embargo, esta práctica 
se ha levado a cabo sin la evaluación de los efectos de 
esta apertura en la biodiversidad acuática. Las siguientes 
preguntas fueron analizadas: (1) ¿Varían la riqueza y la 
composición de los macrófitos acuáticos de la llanura de 
inundación temporal de la Lagoa do Peixe según la aper-
tura y el cierre del banco arena? (2) ¿Varía el patrón de 
la comunidad de macrófitos según la apertura y el cierre 
del banco de arena? Los resultados muestran que la eli-
minación artificial del banco de arena no afecta la riqueza 
de macrófitos acuáticos en la llanura de inundación, pero 
sí afecta la dinámica de la composición de especies. La 
variación hidrológica relacionada con la apertura puede ser 
el factor principal del cambio continuo en la composición 
de especies en la llanura de inundación, especialmente en 
la parte sur. Con el fin de evitar un impacto negativo en la 
conservación de macrófitos, la apertura del banco de arena 
debe considerase cuidadosamente.

Palabras clave: plantas acuáticas, macrófitos, estabilidad 
de la composición, composición de especies, humedales de 
llanuras inundables, eliminación de bancos de arena.
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