
Journal of Coastal Research SI 39 1181 - 1185 ICS 2004 (Proceedings) Brazil ISSN 0749-0208

EMILIO, T.C.; CUNHA, S.R.; ARAUJO, A.C.; PINHEIRO, G.F.; GOMES NETO, A.; TOGNELLA-DE-ROSA,
M.M.P.; KLEIN, A. H. F. 2006. Distribution and abundance of plant communities in dunes of Barra Velha beach,
Santa Catarina, Southern Brazil. Journal of Coastal Research, SI 39 (Proceedings of the 8th International Coastal
Symposium), 1181 - 1185. Itajaí, SC, Brazil, ISSN 0749-0208.

This work aimed to evaluate the structure of plant communities along the seaward to landward gradients, in
foredunes with different ages, along a sandy barrier (Barra Velha beach, Santa Catarina, Brazil). Three transects
were placed in dunes with different ages, from the beach to the lagoon. Each transects was divided in 1000m2 zones.
Grain size, pH and soil permeability, soil moisture and organic matter content of each zone were evaluated in
triplicates. Plant community structure was evaluated (coverage %, 8 replicates per zone) using diversity indexes and
multivariate analyses. A total number of 49 species occurred in Barra Velha dunes during this study, but only 11
presented frequency of occurrence higher than 20%. Zones were clustered by its position relatively to the beach and
also due dune age. Seaward and younger zones presented lower diversity than the backward and older ones. In the
Canonical Correspondence Analysis it was possible to identify the strong influence of pH, permeability, grain size
and soil moisture on the clustering of zones. We concluded that the age of dune influenced the plant communities
structure, and the species with larger tolerance to more disturbed habitats are

and

:

Ipomoea pes-caprae, Remiria
maritima, Paspalum vaginatum, Stenotaphrum secundatum Canavalia rosea.
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ABSTRACT

Distribution and Abundance of Plant Communities in Dunes of Barra Velha
Beach, Santa Catarina, Southern Brazil

T. C. Emilio†; S. R. Cunha†; A. C. Araujo†; G. F. Pinheiro†; A. Gomes Neto†; M. M. P.Tognella-de-
Rosa† and A. H. da F. Klein ‡

INTRODUCTION

Coastal barrier systems are elongated, narrow beach and
dune systems, which may shelter lagoons, mangroves and salt
marshes from direct wave and wind action (N ,
2000). These sandy spits are usually very dynamic systems,
which could be quite stressful to the colonizing organisms. The
stress factors steep gradients from the sea to inland, each stress
factor declining with increasing distance from the beach, and
may be summarized as salt spray, sand blast, sand burial,
episodic overwashs, nutrient deficiency, high temperature,
drought, and high winds (B , 1992). These
environments are open spaces to the establishment of a group of
very adapted organisms, which can exploit the resources in
these habitats with relatively low degree of competition.

When the barriers and spits are formed, a new empty habitat
became available to vegetation successional processes. The
succession imposes a regular progression of vegetal forms, with
typical plants of each successional stage presenting different
strategies for habitat occupation, fitted to the disturbance
degree and to the resource availability of these habitats
(B ., 1987; B , 1996).

In sandy barriers it is possible to observe, in a short spatial
scale, dunes with different ages, which could present different
successional stages. The evaluation of plant community
structure at foredunes of different ages along the spit, and also
along the gradients seaward to landward, may help us to
understand how the plants deal with the different degrees of
stress and disturbance, providing useful insights to identify the
mean level of disturbance of a habitat, and also to select the best
group of species to restore dunes with different degrees of
anthropogenic disturbances. Two hypotheses are evaluated in
this work. First, the dune plant communities are different along
the gradient seaward to backward, due to increasing of
environmental stability. Second, the dune plant communities
are different among dunes with different ages.

In this context, this work aimed to evaluate the structure of
plant communities along the environmental gradients seaward
to landward, in foredunes with different ages, along a sandy
barrier at barra velha beach, in state of santa catarina, southern
Brazil.

Barra velha town is located southern of itapocú river (26o
33's and 48o 39'w; figure 1), which flows into a coastal lagoon
about 12 km long. This lagoon is separated from the sea by a
sandy barrier about 130m wide. At the present, its mouth is
about 1800m north from the river month. Mangrove forests and
dune vegetation cover the margins of the lagoon. Along almost
the whole extension of the barrier there are well-developed
foredunes, covered by typical dune plant communities.
Between 1983 and 1986, the lagoon mouth was artificially
positioned straight ahead the Itapocú River mouth. Since then,
the channel has migrated northwards, due to coastal drift
processes, that cause sediment deposition at south and erosion
at north of the lagoon mouth. From 1995 to 2003, the southern
sandy spit had grown northwards with an accretion rate of 100
m year-1 (K , pers. comm.) and pioneer plants have quickly
colonized this area.

Three transects were selected along the south sandy barrier,
from the beach to the lagoon. The transect 1 was established at
the older dunes that already existed before the changing of the
lagoon mouth.

These are bell-shaped dunes with about 6m high. The
transect 2 was established just in front of the river mouth, where
the channel was opened about 20 years ago and was already
vegetated by 1995 (K , pers. comm.). Transects 1 and 2 are
crossed by a road adjacent to the lagoon margin. The transect 3
was established about 1000m north from transect 2 and it is the
last area with continuous plant coverage along this spit. Areas
closer to the channel presented only small clusters of pioneer
plants. Each of the three transects were divided into nine zones
of 1000m2 (50m parallel X 10m perpendicular to coastline),
numbered from the beach to the lagoon. At each transect the
zones 1, 3, 5, 7 and 9 were selected to sampling. At the transect
2, because zone 9 coincided with the road, it was substituted by
zone 8. Zones were named by two numbers: first indicating the
transect and second indicating the zone position. E.g.: zone 11:
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transect 1, zone 1 (nearest to the beach). The topographic profile
of each transect were obtained using a theodolite. The profiles
of each transect and positioning of the zones is presented in
Figure 2.

To evaluate physical-chemical gradients (M 2003), a
50mm diameter core was used to sample sediment from soil
surface to 5cm depth. One sample was taken to evaluate pH and
salinity, one to evaluate the degree of soil moisture and organic
matter contents, and one to evaluate grain size. Each sample
was taken in triplicate at each zone of each transect. Positioning
of each replicate was defined into each zone using a table of
random numbers. Samples were stored in a cooler. In the same
day of the sampling, 50g of each replicate was solved with 50ml
of distilled water and filtered, to evaluate pH and salinity.
Degree of soil moisture content was measured by differences
between fresh and dry weight (drying by 48 hours at 60oC) of
the sediment, and it was expressed as percentage of water in the
sediment. Organic matter content was measured by differences
between dry and burned weight (burning by 8 hours at 800oC)
of the sediment, and it was expressed as percentage of organic
matter in dried sediment. Permeability was also measured in
triplicates at each zone, using a 50mm-diameter core put into
the substrate until 5cm depth and 15cm above the ground. We
added 100ml of water into the core and measured the time of
drainage. Permeability was expressed as ml s-1. To evaluate
grain sizes, 40g of washed and dried sediment were sifted in a
cluster of sieves with different meshes. The sediment retained
by each sieve was weighted. The sediment was classified
according to Folk and Ward parameters and the average grain
size was converted from Phi to millimeters.

To evaluate the community structure in the different zones
and transects, a non-destructive sampling of the vegetation
cover was carried out using a 0.56 m2 sampler divided into 100
equal parts, and where 30 intersections were randomly selected.
All the plant species present under each intersection were
recorded, and its percentage of coverage was estimated. In each
zone 8 replicates were sampled, and the positioning of each one
was defined using a table of random numbers. Number of
replicates, sampler size and number of intersections were
defined in a previous sampling.

Shannon diversity's index (natural log), richness and the
evenness were estimated for each sample. The indices and the
physical-chemical data (pH, grain size, organic matter and soil
moisture) were compared among the zones by Analysis of
Variance (ANOVA) using Statistica for Windows. Cluster
Analysis (Bray-Curtis similarity index and UPGM) and
Canonical Correspondence Analysis were performed using
Primer for Windows and Canoco for Windows, respectively.

The pH showed higher values at the first zone seaward,
progressively decreasing to the zones far from the beach for
transects 2 and 3 (Figure 3A). In the transect 1 a very strong
gradient was observed, and pH presented high values in first
zone (zone 11, pH=7.720.78), in comparison to the others,
where pH ranged from 6 to 4.5. This abiotic factor presented a
low but significant negative correlation with organic matter
contents (R2=0.38; p<0.01), and positive correlations with soil
moisture (R2=0.39; p<0.01) and permeability (R2=0.55;
p<0.01). Salinity values for all zones were not significantly
different from zero.

The degree of soil moisture content in the sediment (Figure
3B) presented no significant correlation only with pH. Only
transect 1 presented a clear patter of soil moisture, with values
decreased backwards.

The organic matter contents presented low values seawards,
slightly increasing along the transects (Figure 3C). However,
the zones 13 and 15 (transect 1) presented very high values of
organic matter (1.5 and 2.7%, respectively), which are zones
positioned just behind dune crests (Figure 2). There was a low
but significant negative correlation between organic matter and
permeability (R2=0.36; p<0.03).

Permeability values presented no significant differences
among the zones of transects 2 and 3, ranging from 1.4 to 2.3 ml
s-1 (Figure 3D). Permeability data from transect 1 were
significantly different from those of the other transects,
presenting the higher and the lower observed values ofAY
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Figure 2. Topographic profiles of (A) Transect 1, in the oldest
dunes; (B) Transect 2; and (C) Transect 3, in the youngest dunes,
with positioning of the sampling zones.

Figure 1. Position of the transects in the studied area, in Barra
Velha Beach, State of Santa Catarina.
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permeability. Zone 11 presented significantly higher
permeability (2.950.93 ml s-1; p<0.01) than all other zones of
this and the other transects. Permeability data from zones 13 to
19 were very low (0.3 to 0.7 ml s-1) and not significantly
different from each other. But they were significantly different
from all zones of transects 2 and 3 (p<0.01). According to grain
size (Figure 3E) and the Folk and Ward parameters, sediment of
all the zones were classified as medium sand (average diameter
ranging from 0.300.06mm to 0.470.06 mm), moderately
selected. The only exceptions were zones 11 (0.600.13mm) and
19 (0.500.13mm) at the transect 1, which presented coarse sand,
but also moderately selected. Grain average diameter presented
no significant correlations with the other physical-chemical
parameters estimated.

A total number of 49 species was observed in Barra Velha
dunes during this study, but only 11 presented frequency of

occurrence higher than 20%. Considering all zones and
transects, the species with higher values of mean percentage of
coverage (C), and also with high values of frequency of
occurrence (F) were
(C=16%;F=52%), (C=13%; F=63%),

(C=10%; F=59%),
(C=9%; F=64%), (C=9%; F=94%),

(C=8%; F=25%) and
(C=8%; F=46%). Some species, despite the low

coverage, presented frequency of occurrence higher than 20%.
These were (C=4%; F=71%),

(C=1%; F=32%), (C=4%;
F=24%) and sp (C=1; F=21%).

The low richness values (number of species) were observed
in the zones closer to the beach, at the transects 2 and 3 (Figure
4A). This pattern did not occur at the transect 1, where higher
number of species occurred at zones 13 and 11, respectively
(Figures 2 and 4A). The lower number of species occurred in the
zones 31 and 32 (youngest transect; Figure 4A). The values of
Shannon's diversity index presented no significant differences
among zones except for zones 31 and 33 (Figures 4B), which
presented a lower diversity. Evenness presented a similar
pattern, but just zone 31 was significantly lower than the others
(Figure 4C). In the cluster analysis it was possible to identify 4
clusters of zones with similarity higher than 40%, and two
zones, 13 and 28, which presented similarity lower than 40%
with all other zones (Figure 5A).

The first cluster included the zones closer to the beach
(highest values of pH), which showed similarity higher than
50%, and this cluster was formed by two sets. The first set, with
similarity of about 80%, included zones 31 and 33 (Figure 5A),
where total coverage percentage were low and 90% of it was
comprised by and
(Figure 5B). Second set included the zones 11, 21 and 23, with
similarity higher than 65%. These zones presented high relative
coverage of , ,

, and

Community Data

Stenotaphrum secundatum
Ipomoea pes-caprae

Paspalum vaginatum Canavalia rosea
Remiria maritima

Dalbergia ecastaphyllum Panicum
racemosum

Hydrocotile bonariensis Ipomoea
litoralis Stylosanthes viscosa

Alternanthera

Ipomoea pes-caprae Canavalia rosea

Stenotaphrum secundatum Paspalum vaginatum
Remiria maritima Ipomoea pes-caprae Canavalia rosea

Plant Communities in Dunes of Santa Catarina, Brazil

Figure 3. Abiotic variables of sediment along the zones of the
transects: (A) pH; (B) Soil moisture (%); (C) Organic matter
contents (%); (D) Permeability (ml s-1) and (E) Average
diameter of grain (mm).

Figure 4. Values for each zone of the transects: (A) Richness, as
number of species; (B) Diversity index of Shannon; (C)
Evenness.
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(Figure 5B). The zones 11 and 23 also presented high frequency
of occurrence of , ,

and .
The backward zones of transects 2 and 3 presented

intermediate values of pH, in comparison to the other zones, and
presented about 30% of similarity with the first cluster. These
zones formed the second and the third clusters. The zones of the
second cluster (zones 35, 37 and 39), which were the closest to
the lagoon at the transect 3, presented similarity higher than
50% (Figure 5A). The species with higher relative contribution
to cover were , ,

a and (Figure 5B), but other
species also presented high frequencies of occurrence in these
zones, as , ,

, and
The zones included into the third cluster (zones 25 and 27)

also presented similarity higher than 50% (Figure 5A), with
dominance of ,

, and , despite the high
frequency of other species. These were the only zones where

and presented high
frequency of occurrence. The zone 13 presented its highest
similarity with this cluster (35%), because of many species in
common. But zone 13 presented high relative contribution of

, , , and also two
unidentified species that appeared exclusively in this zone,
called Mirtaceae1 and Species1 (Figure 5B).

The zones 15, 17, 19 and 28 presented less than 20% of
similarity with all zones described before (Figure 5A). Zone 28
was isolated from the others, presenting a higher coverage of

sp, sp and than all other
zones. The other three zones formed the fourth cluster, with
similarity higher than 40%. They were the only zones with high
relative coverage of Stylosanthes viscosa and Sida sp (Figure
5B), and presented the lowest values of pH, soil moisture and
permeability.

The Canonical Correspondence Analysis (CCA) clustered
the zones in the same way as Cluster Analysis did (Figure 6).
Cumulative percentage of species variance explained by the
two first axes was 29.4%. Cumulative percentage of explained
variance for constraining of species by the environmental data
was 68.6% for the first two axes of CCA. In the first CCA axis,
intraset correlation between constrained site scores and pH was
-0.99; between constrained site scores and permeability it was -
0.60; between constrained site scores and organic matter
content it was 0.70. In the second CCA axis, intraset correlation
between constrained site scores and mean grain size was -0.82;
between constrained site scores and soil moisture it was 0.68.
These groups of environmental factors were determinant for
positioning of zones along the axes in CCA. The pH,
permeability and organic matter content were the factors that
determinate the separation of the first, the third and the four
clusters of zones. Soil moisture and mean grain size determinate
the second and the third clusters of zones.

The zones 13 and 28, which presented low similarity with the
other zones in cluster analysis, were joined in CCA, mainly
because pH, soil moisture, and organic matter contend, and also
the high relative coverage of sp.

The very clear pattern of high pH values in the frontal zones,
decreasing backwards, and also its tendency to inverse
correlations between pH and organic matter contents are related
to the influence of tides, salt spray and wind action. These
patterns were observed elsewhere by many authors, as
C and C (1989) in foredunes at Garopaba (south
of Santa Catarina, Brazil). The higher values of pH for transect 3
(the youngest transect), compared to transect 2 (intermediate
age), and also of transect 2, compared to transect 1 (the oldest
one) indicate the higher marine influence on the younger areas.

Soil permeability and organic matter contents were expected
to present high correlation with grain size. However, these
correlations were not observed, and the variations of grain size
(medium sand) were not large enough to explain alone the
observed variability in permeability or organic matter. The
absence of correlation between permeability and soil moisture
was unexpected. This absence of a clear pattern of soil moisture
along the transects 2 and 3 might possibly be consequence of a
deeper water table, but it was not measured during this study.
Plant coverage also seemed to interfere in soil moisture when it
is a consequence of dew. Inside one zone, the dew can
differently wet the sand, depending of plants density and
morphology. As an example, the large variability of soil
moisture into the zone was usually observed in those zones
where vegetation was crowded or was bushy. Despite these, soil
moisture and mean grain size were different enough along the
transects to partially explain the clustering of some zones
(second and third clusters, see Figures 5A and 6), in the
multivariate analyses.

The transect 1 was the only to present a clear pattern of
permeability, grain size and soil moisture, and for this last
factor, the pattern was inverse to the expected, with higher
values near the beach and decreasing backwards. It was the
opposite, for example, of what was observed in New Zealand by
W and S (1999). These factors seemed to be much
more related to dune morphology or topography than to
distance from the sea or grain size (See topographic profiles,
Figure 2). The smaller grain size in zones 13, 15 and 17 could be
related to aeolian transport of sand at these zones and it could be

Scaevola plumieri Blutaparon portulacoides
Alternanthera sp. Hydrocotile bonariensis

Canavalia rosea Panicum racemosum Remiria
maritim Dalbergia ecastaphyllum

Sophora tomentosa Sphagneticola trilobata Diodia
radula Hydrocotile bonariensis Acicapha spathulata.

Dalbergia ecastaphyllum Stenotaphrum
secundatum Paspalum vaginatum

Plantago australis Clitoria falcata

Croton sp Chordia verbenacea Diodia radula

Croton Borreria Conyza floribunda

Croton

DISCUSSIONS

ORDAZZO OSTA

ILSON YKES

Figure 5. (A) Cluster of the zones using Bray Curtis similarity
index and UPGMA; (B) Percentage of cover of the main species
in each zone.

Figure 6. Distribution of the zones and environmental factors
along first and second axes of Canonical Correspondence
Analysis.
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more related to dune morphology or topography than to
distance from the sea or grain size (See topographic profiles,
Figure 2). The smaller grain size in zones 13, 15 and 17 could be
related to aeolian transport of sand at these zones and it could be
influencing the pH, soil moisture and permeability. At the other
transects, the topographic profiles are very plain, and there were
no such strong patterns of the environmental gradients (except
pH), despite the increasing distance from the sea.

Comparing the communities structure along the transects,
the frontal zones presented the most similar communities, once
these zones are more directly affected by marine spray, sand
blast, overwash, physical disturbances and also erosion during
storms. As a consequence, these zones are colonized by more
tolerant species, generally involved in the initial process of the
dunes building. The plants observed in these zones are mainly
stoloniferous and rhizomatous and usually present very
efficient vegetative propagation, besides most of them
presented flowers or seeds during the sampling. Despite this
similarity, it was possible to identify the influence of aging.
Considering the zones 11 (oldest transect), 21 (intermediate
age) and 31 (youngest transect), the number of species,
diversity and percentage of coverage decreased from the oldest
to the youngest. Also, the zone 11 was more similar to the more
stable zone 23, than to the more instable zone 21. The zone 21
were more similar to the also instable zone 31. The second zone
of oldest transect (zone 13) was the most diversified, and it
could be influencing the diversity of zone 11 because of its
proximity. The zone 13 also presented some bushy species
(unidentified species, Mirtaceae1 and Species1) with high
biomass, which together with topography could explain the
high values of organic matter and relatively high value of soil
moisture.

Backward zones were even more different among the
transects than the frontal zones, so they were separated in
different clusters (Figure 5). The most different zones were
those from transect 1 (zones 15, 17 and 19; Fourth cluster).
These zones were located behind of a 4 m dune, being protected
from the surge storms and winds, which could proportionate
more stability to the plant communities, despite the low soil
moisture. The plant communities of these zones showed high
relative contribution of species that were unusual to the other
transects, as , and .
These species present low potential for vegetative propagation,
reproducing mainly sexually, different from the species in
frontal zones. Vegetal biomass was lower in these zones,
probably due to low values of soil moisture, which was related
to topographic profile.

The difference from frontal zones to backward zones
observed in this work, with lower diversity and coverage in
frontal zones and dominance of stoloniferous and rhizomatous
especies, and higher diversity and dominance of non
rhizomatous species in backward zones, was also observed by
C and C (1989) for frontal dunes in southern of
Santa Catarina State. It was also observed by C and
S (1993), C (1996) and S
(2000) for frontal dunes in Rio Grande do Sul State (Brazil).
Many authors also observed this pattern worldwide, as
R (1972), D (1985) and B (1992), among
others.

One important force driving the succession is the effect
plants have on their habitat. In this autogenic succession, the
changes in environmental and community are due to the
activities of the organisms (B , 1987). Much of the
successional process in these coastal habitats can be assumed as
allogenic succession, because they are driven by environment
changes as dune topography, for example, which give
additional protection against wind and salt spray (B

, 1987).
Because of the level of stress and disturbances, the

differences among the habitats are not expected to reflect
autogenic succession, but the differences of the initial
environment and changes of abiotic factors thereafter
(allogenic succession), imposing to the communities the

character of "perpetual pioneer communities" as proposed by
D (1985). This seemed to be the case in Barra Velha Beach,
when an allogenic succession can be observed along the
transect, and also among the transects. But in the backward
zones, especially those with bushy to shrubby plants, autogenic
succession (succession mainly droved by the plants) seemed to
operate too.

Despite these differences among frontal and backward
zones, the influence of successional processes in Barra Velha
dunes were quite clear when comparing the transects in all
performed analyses. All the dune zones we studied can be
considered as stressful habitats, even those backwards and
older, due soil characteristics and proximity of the beach. So,
the plant communities along the foredunes of Barra Velha
Beach showed a good correspondence to the concept of
"perpetual pioneer communities" (D 1985). Among the
species observed, it is possible to select those with larger
tolerance to environmental stresses, as

and , which could be appropriate
to restore disturbed dunes, once they presented a high frequency
of occurrence and coverage in the most stressful zones of Barra
Velha Beach and they are also very common along the dunes of
the State of Santa Catarina.
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