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Different foredune physiographies characterize the Atlantic coast of Brazil's extreme south. Classification
and ordination techniques were used to define plant associations and habitat types based on vegetation
biomass, sand stability, and depth of water table, in a coastal region characterized by a "high foredune"
physiography. Typical habitats are formed by a frontal dune ridge and a landward positioned sheltered
ares. Local environmental variants cause retraction of driftline habitats and cyclic formation of an embryo
dune habitat.
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INTRODUCTION

The interactions between environmental pro
cesses and biological responses of foredune plants
produce different types of coastal foredune phys
iographies (GODFREY, 1977) and habitats
(BARBOUR, 1987). High foredune ridges, hum
mock dunes and sand plains are common fore
dune physiographies and all occur along the
southern Brazilian coast (SEELIGER, 1992). A com
parative scheme of zoned habitats for different
coastal foredune physiographies was proposed by
DOING (1985). The division of the foredune com
plex into five habitats, based on soil, water, and
floristic elements, proved to be valid for many of
the world's coastal dunes. Ephemeral and peren
nial tidemarks, embryo dunes, a foredune ridge,
and a sheltered area are typical foredune habitats.
Zonation patterns are particularly well defined on
shores exposed to onshore winds and tides in
warm-temperate and humid climates. These con
ditions apply to the southwestern Atlantic shore
line of southern Rio Grande do SuI State, Brazil,
where coastal foredunes are colonized exclusively
by herbaceous plants (CORDAZZO and SEELIGER,
1988).

This study describes zoned habitats in dunes
with a high foredune physiography. The principal
plant associations and the environmental factors
which control their zonation are identified.
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MATERIAL AND METHODS

A study area (32°40'S; 52°30'W) of 20 x 340 m,
fringed by the leading edge of the beach vegeta
tion and an inland freshwater marsh, was divided
into seventeen contiguous 20 x 20 m sampling
plots. The local predominance of rhizomatous
species with unknown ramet size made individual
counts of shoots and density determination ques
tionable. Under these circumstances biomass es
timates of the vegetation reflect more closely the
distribution of plants (ONYEKWELU, 1972; PE
MADASA et al., 1974) in relation to abiotic re
sources available for each species (WILHN, 1968).
The above-ground plant biomass was removed
from 10 randomly placed 0.5 x 0.5 m squares in
each sampling plot, then separated by species,
dried at 75°C for 24 hr and weighed. Sand accre
tion-erosion and the water table depth were mea
sured monthly for one year in all sampling plots
with wooden stakes and PVC tubes, respectively
(CORDAZZO, 1985; COSTA et al., 1991).

The data were analyzed, using both classifica
tion and ordination techniques to improve their
interpretation (GAUCH, 1982). Sampling plots were
hierarchically classified by Group Analysis
(ROMESBURG, 1984), using dry weight biomass of
species (frequency> 5%) as an attribute for clas
sification (KAeHI and HIROSE, 1979; HENRIQUES
et al., 1981). The Pearson correlation coefficient
was used as similarity index and the final den
drogram was based on the floristic similarity be-
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Figure 1. Hierachical classification with Pearson correlation coefficient of sampling plots in southern Brazilian foredunes based on
dry weight biomass of species and grouped into associations A, Bl, and B2.

tween samples according to the Weighted Pair
Group Method using arithmetic averages
(WPGMA) after all variables were standardized
(PIELOU, 1984).

As ordination technique, Detrended Corre
spondence Analysis (DCA) was chosen (HILL,
1979), based on the biomass of species and abiotic
data from each plot. This technique has been suc
cessfully applied to dune systems elsewhere (VAN
DER MAAREL et al., 1985; MORENO-CASASOLA and
ESPEJEL, 1986). Means of abiotic factors between
groups were tested (P < 0.05) using One-Way
ANOVA followed by Scheffe "a posteriori" test
of multiple comparisons.

RESULTS

Of the 33 species collected in the local dunes
with high foredune physiography the biomass val
ues of 19 (relative frequencies >5~~) were used
for analysis. Highest frequencies were observed
for Hydrocotyle bonariensis (60.6lJ{), Androtri
chum trigynum (55 %), Andropogon arenarius
(42%), Panicum racemosum (35.5%) and lm-

perata brasiliensis (30%). Both cluster analysis
and DCA were consistent in that they defined
identical groups, eliminating the chance of arti
ficial grouping as a result of the techniques ap
plied.

Cluster analysis defined two associations (A and
B) with less than 10<]0 similarity. Association B
divided into two vegetation types (B1 and B2)
with less than 60~o similarity (Figure 1). The
means of abiotic factors were significantly differ
ent between these groups (Table 1). Association
A was located on foredune ridges with pronounced
substrate instability and was composed of Blu
taparon portulacoides, P. racemosum and Se
necio crassifiorus (Figure 2, Table 1). Species of
association B grew behind the foredune ridges in
a sheltered area where sand movement was low
(Table 1). At dry locations, with more than 0.5 m
water table depth (association B'l ), Andropogon
arenarius, H. bonariensis, Senecio crassifiorus,
Gamochaeta americana and Conyza floribunda
were dominant (Figure 2). Accompanying species
with low biomass were Eragrostis trichocolea,
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Blutaparon portulacoides

Panicum racemosum
Senecio crassiflorus
Hydrocotyle bonariensis

Andropogon arenorius
Spartino ciliata
Gamochaeta americana

Phyla canescens

Androtrichum trigynum
Conyza floribunda
Eragrostis trichocoleo

Cyperus obtusatus

Imperato brasiliensis

Bacopa monnieri
Conyza pampeana
Pluchea sagittalis
Paspalum vaginatum

Fimbristylis outurnnolis

Juncus acutus

Figure 2. Distribution of plant associations (A, B1, B2) and species biomass (100% represents highest relative biomass of each
species) along a beach-inland gradient in a high foredune complex of southern Brazil. Habitat types of the Doing scheme (Doing,
1985) are ephemeral and perennial driftlines (I, II); embryo dunes (III); main foredunes (IV); and sheltered area (V).
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Phyla canescens, Androtrichum trigynum, Spar
tina ciliata, and plants of P. racemosum with
depauperate growth. Association B2 developed in
wet places (water table <0.5 m) (Table 1) with
high biomass of Androtrichum trigynum, Cype
rus obtusatus, Spartina ciliata and 1. brasiliensis
(Figure 2). Several species (Juncus acutus, Plu
chea sagittalis, Conyza pampeana, Fimbrystilis
autumnalis) were exclusive to these humid con
ditions.

The DCA ordinated species in a similar way
(Figure 3). The first two ordination axes explained
76% of the observed variance. Axis 1 represented
a gradient of substrate instability between fore
dune ridges and wet slacks. Axis 2 reflected a
humidity gradient between dry and wet slacks in
the sheltered area (Table 1). The third axis, due
to a low eigenvalue, was not considered.

DISCUSSION

Coastal foredunes do not reflect autogenic suc
cession and habitat types tend to be a result of
differences between their initial environmental
conditions and changes of abiotic factors there-

Table 1. Annual means and standard errors of abiotic factors
from sampling plots occupied by different plant associations
in a southern Brazilian foredune complex. Different letters in
a row indicate significant differences (P < 0.05).

Abiotic
Association

Factors A Bl B2

Sand movement 8.61 ± 3.79 1.18 ± 0.44 0.23 ± 0.07
(em/month) (a) (b) (c)

Water table 221.72 ± 29.24 50.00 ± 6.84 13.53 ± 5.23
depth (em) (a) (b) (c)
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Figure 3. Ordination (DCA) of sampling plots, using species biomass and abiotic data in a southern Brazilian foredune complex
with associations A, B1, and B2 (ev = eigenvalue), Axes 1 and 2 represent gradients of substrate instability and humidity, respectively.

after. In consequence, the associated vegetation
reflects characteristics of pioneer communities
(DOING, 1981, 1985). Site-specific factors influ
ence the ecology of plants in each habitat
(BARBOUR et al., 1976), though there is no con
sensus which abiotic factor is most important. The
composition of plant communities and the biology
of their populations have been attributed to spa
tial and temporal gradients of sand instability
(HARRIS and DAVY, 1986), hydrologic conditions
(PAVLIK, 1985), and nutrient levels (KLINKHAMER

and DE JONG, 1985). Cluster and correspondence
analysis of our data indicate that plant associa
tions in the southern Brazilian foredune complex
are principally regulated by sand movement and
water table depth.

Sand instability selects for monospecific com
munities of grasses (DOING, 1981; MORE

NO-CASASOLA and ESPEJEL, 1986), like Panicum
racemosum of association A. Sand erosion and
accretion not only induce stressful growth con
ditions (WIEDEMANN, 1984), but also control the

success of seed germination and seedling estab
lishment (MAUN, 1984; HARRIS and DAVY, 1986),
and reduce or prevent invasion of frontal dunes
by other species (MORENO-CASASOLA, 1986). At
sites with some sand stability other species might
contribute to increased diversity (DOING, 1981).
Blutaparon portulacoides and Senecio crassiflo
rus of association A encounter these conditions
at the foot of the frontal dune ridge with increased
sand humidity and on more protected foredune
ridges with less wind exposure, respectively
(PFADENHAUER, 1980).

Immediately behind the foredune ridges sand
movement is arrested and the substrate becomes
stabilized thus permitting an increasing number
of species to become established and to grow
(CARTER, 1988). Therefore association B, in con
trast to association A, has higher species diversity
and vegetation cover (CORDAZZO and SEELIGER,

1987). Local variations in water table depth (dry
and wet slacks) in this area result from long term
differences in sand burial rates and wind-induced
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deflation processes (PFADENHAUER and RAMOS,
1979).

In dry slacks the rhizomatous, perennial and
highly opportunistic Hydrocotyle bonariensis
(ORMOND, 1960; PFADENHAUER, 1980) dominates
association Bl together with the grass Andropo
gon arenarius. Hydrocotyle bonariensis shows
rapid vegetative growth, a high degree of phe
notypic plasticity, and density-dependent popu
lation control (COSTA and SEELIGER, 1988). Seed
ling establishment and/or sprouting buds of A.
arenarius are favoured in dry slacks, because in
wet slacks this species competes for nutrients and
space with tall clumps of S. ciliata and Andre
trichum trigynum (COSTA et al., 1988a). Senes
cent and depauperate growth of P. racemosum
persist in this habitat. The declining vigour of this
species is caused by changes in physico-chemical
conditions, biological infestation by nematodes,
and competition with other species (COSTA et al.,
1991).

Seasonally flooded wet slack habitats are char
acterized by low nutrient levels and acid soils
(CORDAZZO, 1985) and they are usually occupied
by grasses and sedges (CORDAZZO, 1985;
MORENO-CASASOLA and ESPEJEL, 1986) with pro
nounced influence on dune structure and physiog
nomy (PFADENHAUER, 1980). The wet slack as
sociation B2 is dominanted by Androtrichum
trigynum (Cyperaceae), endemic to the south
western Atlantic coast. The species tolerates
flooded conditions because of extensive aeren
chymatic tissue in roots and rhizomes (COSTA et
al., 1988b). Co-occuring grasses, like Imperata
brasiliensis, Paspalum uaginatum, and S. ciliata
are local indicators of wet conditions (PFAD
ENHAUER, 1978, 1980; CORDAZZO and SEELIGER,
1987).

The unifying concept applied to the classifi
cation of foredune complexes (DOING, 1985) em
phasizes the dynamics of allogenic and vegetative
processes common to a sand dune landscape,
without neglecting local or regional variants. In
southern Brazilian coastal dunes with high fore
dune physiography, Doing's main foredune and
sheltered area habitats are typically represented
by sites with associations A and B, respectively.
However, in this region the definition of Doing's
sheltered area habitat type may be too broad be
cause differences in vegetation composition, bio
mass and environmental conditions clearly sub
divide this habitat into wet and dry sub-habitats.

As a result of local variants such as wind-con-

trolled beach inundation and frequent storm tides
with strong erosive action on the shore, Doing's
annual and perennial beach and driftline habitats
are absent along this coast. The annuals Cakile
maritima and Calycera crassifolia, common to
driftlines elsewhere (ESKUCHE, 1973; DOING, 1985;
MORENO-CASASOLA and ESPEJEL, 1986), occur
sporadically along the coast and where present,
retract to more protected sites at the base of the
frontal dune ridge (CORDAZZO, 1985; SEELIGER,
1992). An ephemeral embryo dune habitat is
formed by the forb Blutaparon portulacoides.
Cyclic events of extreme storm tides erase the
plant population and embryo dunes in intervals
of several years (BERNARDI et al., 1987). Re-col
onization of the backshore and re-establishment
of embryo dunes is favoured by the halophytic
nature of B. portulacoides and its high capacity
to regenerate from rhizome fragments (PFAD
ENHAUER, 1978; BERNARDI and SEELIGER, 1989).
Prior to destruction by storm tides, well estab
lished embryo dunes near the base of the foredune
ridge are slowly invaded by Panicum racemosum.

In conclusion, zoned habitats of the southern
Brazilian coastal foredunes largely correspond with
the zonation scheme proposed by DOING (1985),
though regional and local variants must be taken
into consideration. Future studies will evaluate
the validity of zoned habitats in southern Brazil
ian coastal hummock dune and sand plain phys
iographies.
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o RESUMO 0
Diferentes fisiografias de dunas costeiras caracterizam a costa Atlantica no extremo sul do Brasil. Foram usadas tecnicas de clas
sificacao e ordenacao para definir associacoes de vegetacao e habitats na regiao costeira referente a fisiografia de dunas frontais,
tomando como base dados de biomassa vegetal, estabilidade da areia e distancia ao lencol freatico. Os principais habitats sao formados
pelas cristas de dunas frontais e mais internamente por uma area protegida. Variacoes ambientais locais causam uma retracao nos
habitats de "driftline" e ciclos na formacao do habitat de dunas embrionarias.
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