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ABSTRACT 
In many places along the Brazilian coast, ecosystems have been highly degraded and even 

destroyed. In the state of São Paulo, important remnants still occur, as in Bertioga County. Generically 
and in the vernacular, the native vegetation covering coastal regions is denominated “Restinga” (herein re-
named “coastal plain and low-medium slope vegetation”). This excludes the Atlantic Rain Forest 
(Floresta Ombrófila Densa) on the Serra do Mar coastal range. “Restinga” is considered to be an edaphic 
community, through having a very close relationship with the different soils, although there are only a few 
studies demonstrating this relationship. After publication of the Conama Resolution nº 07/1996, defining 
“restinga” phytophysiognomies for the state of São Paulo, preliminary approaches have shown important 
associations between these and Quaternary sedimentary environments. Results have motivated further 
study, initially on the northern coast of São Paulo (physiographic compartments and vegetation mapping), 
and more recently in Bertioga, with integrated geological-geomorphologic, botanical and pedologic 
surveys. In both areas, important associations were revealed between Quaternary geological-
geomorphologic units (QU) and phytophysiognomies, more so than between vegetation and soils. Soils 
appertain more to the characteristics of sedimentary environments and their geological evolution since the 
Pleistocene, the same which also control fluctuations in the water table level and surface drainage. Hence, 
it is proposed that this vegetation be considered as a geo-pedologic rather than an edaphic community. As 
a consequence of the outstanding associations reveled in Bertioga, it was possible to define 17 sub-biomes 
encompassing 8 phytophysiognomies and 12 QUs, this also including several associations of 14 soil-types. 
Besides a better understanding of Brazilian coastal ecosystems, the  additional importance of such 
research is to furnish a base for studies on the recuperation of degraded areas and conservation of  
biodiversity. 
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INTRODUCTION 

Coastal environments in the state of São Paulo have undergone intense environmental degradation, 
mainly through land speculation and the occupation of otherwise legally protected areas (21; 22; 23). 
These coastal environments are generically known as “Restinga” ecosystems. 

“Restinga” is a very ancient word, probably in use since the 15th century. In spite of its very 
controversial linguistic origin, the term “restinga” was previously applied to coastal sand-deposits such as 
spits, bars, barriers and tombolos, all of recent age (30).  
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Nevertheless, in Brazil and with time, the term has been substantially modified, according to its 
use assuming geological, geomorphologic, botanical and ecological meanings. 

Nowadays, this term is less frequently used by Brazilian geologists and geographers, and when so, 
in the original sense. Nevertheless, biologists and ecologists apply the term “restinga” to designate the 
different formations of the mosaic-like vegetation covering all coastal plains, based on classic definitions 
introduced by Ule (1901) and Rizzini (1963). 

A wider and perhaps inadequate application of the term is also found in legal documents, such as 
some from the Environment National Council (Conama). An example is the Conama Resolution nº 
07/1996 which establishes the basic parameters for successful stage-analysis of “Restinga” vegetation in 
the state of São Paulo, this including all types of coastal plant-life, except the Mangrove and the Atlantic 
Rain Forest (Floresta Ombrófila Densa) covering the Serra do Mar coastal range. 

Finally, “Restinga” vegetation is now applied to the diverse plant communities associated to 
beaches, dunes, beach-ridges and respective depressions, the edges of lakes, pools and lagoons, and even 
mangroves (6), besides the native phytophysiognomies, such as alluvial, colluvial, and paludal sediments, 
covering continental deposits.  

Such wide diversity in the use of the term has lead to scientific controversy and legal conflict (30). 
For this and because of  the adopted imprecise nomenclature, Souza (2006) proposed designating all types 
of native vegetation covering Brazilian coastal areas, except the Atlantic Rain Forest (Floresta Ombrófila 

Densa), as coastal plain and low-medium slope vegetation. 

“Restinga” vegetation is also considered to be an edaphic community (17, 1979 apud Rizzini, 
1997), whereby ecologists refer it as a pedobiome (1).  

According to Walter (1996), “a biome is a geographic area, ranging from small up to more than a 
million km2, represented by a uniform type of environment, identified and classified on the basis of 
climate, phytophysiognomy (formation), and types of soil and relief, and belonging to a zonobiome (a 
wide ecological unit of the geo-biosphere, characterized by climate-zone), an orobiome (characterized by 
the relief), or a pedobiome (characterized by soil-type). In this sense, Coutinho (2006) classified coastal 
plain vegetation as being of three types: a) flooded “restinga” forest – a tropical pluvial forest biome from 
psammo-hydrobiome I;  b) dry “restinga” forest – a tropical pluvial forest biome from psammo-biome I; 
and c) mangroves – a tropical pluvial, paludal oceanic forest biome from helo-halobiome I. 

Notwithstanding, research on the associations between coastal vegetation and soil-types and/or 
geological-geomorphologic characteristics are still scarce in Brazil (1; 9; 12).  

Souza et al. (1997) presented a pioneer form of approach by establishing a preliminary relationship 
between “Restinga” vegetation and Quaternary geological units for the São Paulo coastal plain (Figure 1). 
Subsequent mapping undertaken on the northern littoral of São Paulo, encompassing São Sebastião, 
Caraguatatuba, Ilhabela and Ubatuba counties, demonstrated very outstanding associations and confirmed 
the initial assessment (24, 27), as indicated in Table 1. 
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Figure 1. A cross-section profile of the São Paulo coastal plain and Serra do Mar coastal range slopes 
showing the most common association between Quaternary geological units and native vegetation 
(according to the Conama Resolution nº 07/1996) (29 modified). 

 
Table 1. The association between Quaternary geologic units and native vegetation on the São Paulo 
northern littoral, according to Conama Resolution nº 07/1996 (Souza, 2006 modified). 
 

COASTAL PLAIN AND LOW-
MEDIUM SLOPE VEGETATION 

 COASTAL PLAIN AND LOW-MEDIUM SLOPE 
SEDIMENTARY ENVIRONMENTS 

Restinga Slope-Transition Forest 
Pleistocene to Recent Slope (Colluvial) deposits and 
Holocene to Recent Mixed (Fluvial and Colluvial) deposits 

Wet Restinga High Forest  

Paleolagoonal-estuarine shallow depressions: Holocene 
Lagoonal-Estuarine deposits,  Holocene to Recent Colluvial 
and Alluvial sediments 

Paludal Forest 

Paleolagoonal-estuarine deeper depressions: Holocene 
Lagoonal-Estuarine deposits,  Holocene to Recent Colluvial 
and Alluvial sediments 

Restinga High Forest 
Pleistocene Marine terraces and older Holocene Marine 
deposits 

Restinga Low Forest Holocene Marine deposits 
Restinga Swamp Holocene to Recent Fluvial (flood plain) deposits 

Mangrove Recent Tidal Flat deposits 
Beach and Dune Vegetation and 

Shrubs  

Recent beach and Aeolian deposits, Holocene Marine and 
Aeolian deposits (more recent)  
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Results from a recent study on the northern littoral are extremely disconcerting regarding the 
future of remanescent native vegetal cover, since various phytophysiognomies are highly threatened (24, 
27). As an example, well preserved remnants of Restinga Low Forest and Restinga High Forest are only to 
be found in Ubatuba, in areas accounting for 0.10 km² and 3.87 km², respectively. Degraded remains of 
both types account for around 31 km² in all the four counties. Originally it is highly likely they covered an 
area of around 95 km² all told, thereby corresponding to the total local area formed by Holocene and 
Pleistocene marine deposits, signifiying that about 63% of the native vegetation has already been depleted 
(27).  

Unfortunately, this situation is no different from that of other sectors along the São Paulo coast, 
mainly so in the Baixada Santista Metropolitan Region, formed by nine counties, including Bertioga, and 
which constitutes the most highly developed area in the entire São Paulo coastal zone and also the most 
degraded. Well preserved corridors of vegetation covering almost the whole coastal plain up to the mid 
slope of the Serra do Mar coastal range are only found in Bertioga.  

The aim is to present the results obtained from recent studies carried out in Bertioga, for which 
detailed mapping of Quaternary geological units (25), the corresponding soils (12) and associated 
phytophysiognomies (08) were undertaken. Furthermore and based on mutual association, a new 
classification of coastal plain and low-medium slope sub-biomes is also proposed. The studies were 
developed within the project “Relationships between Geological Units, Soils and Hydrological 
Conditions, and Forest Formation on the Coastal Plains of the State of São Paulo”, all under the 
coordination of the first author. 

 

 

MATERIAL AND METHODS 

The study area encompasses the coastal plain and low mid-slope environments within the Itaguaré 
and Guaratuba river basins in Bertioga County, located in the central part of the coastal zone of São Paulo 
State (Figure 2).  
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Figure 2. Study area location.  
 

This area was chosen from among others along the São Paulo coast, due to the following important 
aspects: a) the presence of physiographic characteristics from the northern and southern coastal zones 
inside a restricted area, this including many types of Quaternary sedimentary environments; b) the 
existence of the various types of soil and drainage networks associated to these diverse sedimentary units; 
c) important and well-preserved remnants of the original forest formation in the greater part of the study 
area, through the formation of corridors between the shoreline and the slopes of the Serra do Mar coastal 
range.  

Three different topics of scientific knowledge were investigated, namely the geology and 
geomorphology of Quaternary coastal environments, botany (physiognomic and floristic studies) and soil 
sciences (pedology and fertility). 

The specification of Quaternary Units (QU) involved genesis and evolution mapping (25). 
Classical photo-interpretation methods through aerial photographs (scales 1:25.000 and 1:35.000), and 
field-work checks were carried out. QUs were characterized according to topographic variation and 
altitudinal range among the different geological units, drainage pattern arrangements, degree of wetness of 
the terrain, relief patterns, sediment-types, sedimentary structures, stratigraphic characteristics, spatial, 
topographic and stratigraphic associations, and the relationships among the different QUs, besides general 
characteristics of native vegetal cover (24). The textural analysis of sediments (12; 10) and luminescence-
dating of marine and fluvial deposits (10) were also carried out. Water table levels were measured in all 
the sampled sites during field work in the winter, 2006, the driest season of the year. 
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The appropriate pedologic classification, to the second category level (12; 13) and for all QUs in 
both drainage systems, was obtained, in accordance with the new Brazilian System of Soil Taxonomy 
(02). Textural characteristics and fertility parameters (15, 20, 16) of soil samples collected from trenches 
at depths of 0-5, 5-10, 10-15, 15-20, 0-20,20-40 and 40-60 cm, were also defined. Soil distribution was 
complex in each QU, through forming various associations. 

Phytophysiognomies associated to each QU-type were mapped by the photo-interpretation method, 
through aerial photographs (scales 1:25.000 and 1:35.000), for identification of homogeneous vegetal 
zones. The following parameters were appraised: color, tonality, wetness-degree of the terrain, texture 
type and pattern, and canopy-type (08; 09). Phytophysiognomies were classified according to the 
principles in Conama Resolution nº. 07/1996 and prior research undertaken by Souza, (2006). The 
walking-method was used for floristic analysis (03) through normal-to-the-shoreline transects and a single 
50 m long by 2 m wide plot in each phytophysiognomy (07). Sampling efficiency in each allotment was 
measured and controlled by the collector curve (11). The criterion for species inclusion in the list was 
applied to trees presenting at least one branch with a chest-high perimeter of ≥ 0.10 m. Floristic similarity 
between both drainage basins was obtained from the Sorensen Floristic Similarity Index of (S%) (14). 

UQ and Vegetation maps, as well as a mosaic of aerial photographs (scale 1:35.000), were drawn 
with MapInfo version 9.0 software onto a cartographic chart (scale 1:50.000) (SIIGAL Project – Souza, 
2003/4, 2005).  

Finally, the whole set of geological, geomorphologic, pedologic and phytophysiognomy data 
(spatial distribution and characteristics) was spatially integrated, thereby imparting additional knowledge 
on both the landscape and its corresponding Quaternary evolution. This analysis resulted in landscape 
zoning according to well-defined types of association, especially between phytophysiognomies and QUs, 
although soil characteristics also proved to be very important. 

Considering the concept of biome presented above (Walter, 1996), each of these landscape zones 
or associations may represent an individual coastal sub-biome.  

The term sub-biome is considered more appropriate since the concept of biome remains extremely 
controversial (01). Furthermore, in Brazil, biome has been applied to defining large vegetal complexes 
such as Amazonia, Cerrado, Caatinga, Pantanal, Atlantic Rain Forest, Campos Sulinos and Costeiro (04). 
The latter would encompass coastal plain and low mid-slope phytophysiognomies. 

According to previous studies, such sub-biomes supposedly occur at least in other parts of the São 
Paulo coastal zone and in other states of southeastern Brazil. 

 

 

RESULTS 

In order to demonstrate the associations Vegetation-QU-Soil, important in defining sub-biomes, a 
synthesis of all obtained results is presented herein. 

The12 types of Quaternary sedimentary environments (Figure 3) in the study area were mapped. 
These are distributed from the shoreline towards the Serra do Mar coastal range, in the following 
sequence: recent Beaches (Pr); Holocene to recent Tidal Flats (LOL); Holocene Beach Ridges (LHTb) and 
Marine Terraces (LHTa), and Pleistocene Marine low- (LPTb) and high- (LPTa) Terraces, all of which 
having been locally reworked by winds, sometimes forming small dunes; Paleolagoonal-estuarine 
depressions filled by Holocene to recent lagoonal, estuarine, lacustrine, paludal and alluvial deposits 
(LCD); a Complex formed by the association of LPTa and LCR deposits (Cx-LPTa/LCD), difficult to 
individualize in the adopted mapping scale; Holocene to recent Fluvial Deposits (low-terraces and flood 
plains) (LHF); Pleistocene Fluvial (high-) Terraces (LPF); Mixed sedimentation Plains formed by 
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Holocene to recent alluvial and colluvial deposits (LMP); and Pleistocene to recent slope deposits 
(colluvium, talus and alluvial fans) (LCR). 

 
Figure 3. Associations between phytophysiognomies and Quaternary geological units in the study area. 

 

These QUs present 13 types of soils, which can be grouped into three categories according to the original 
sedimentary environment: a) Arenosols (Neossolo Quartzarênico) and Podzols richer in organic acids 
(Espodossolos Humilúvicos) or Podzols richer in iron oxides (Espodossolos Ferrihumilúvicos), associated 
to marine-beach deposits; b) Histosols (Organossolos Háplicos and Tiomórficos) and Gleysols (Gleissolos 

Melânicos), occurring in paleolagoonal-estuarine depressions; and c) Fluvisols (Neossolos Flúvicos), 
Gleysols (Gleissolos Háplicos), Regosols (Neossolos Regolíticos), Cambisols (Cambissolos Háplicos) and 
Ferralsols (Latossolos Amarelos), associated to continental deposits (fluvial and colluvial). 

The mapped phytophysiognomies are of 8 types (Figure 3), distributed from the shoreline towards 
the Serra do Mar coastal range in the following sequence: Mangrove (Mg), Restinga Low Forest (FbR), 
Restinga High Forest (FaR), Wet Restinga High Forest (FaRu), Paludal Forest (FPa), the complex formed 
by the association between FaR and FaRu (Cx-FaR/FaRu) (difficult to plot individually), Alluvial Forest 
(FAL) and Restinga-Slope Transition Forest (FTr). Beach vegetation and shrubs also occur, although 
impossible to plot. The nominations FaRu and FAL are preliminary through not being described in the 
Conama Resolution nº 07/1996. Moreover, FaRu has already been mapped in the northern littoral of São 
Paulo (Souza, 2006; Souza & Luna, 2009). 

Based on the outstanding association established between Vegetation-QU-Soils, the definition of 
17 sub-biomes of coastal plains and low-medium slopes is proposed, as summarized in Table 2 and Figure 
4. The sub-biomes were denominated as per phytophysiognomy and numbered according to the variability 
and age of the corresponding geologic unit (UQ). For example, BFaR-1 corresponds to the Sub-Biome (B) 
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Restinga High Forest (FaR) covering a Holocene beach-ridge plain (“1” represents LHTb), with Podzols 
richer in organic acids (Espodossolos Humilúvicos). 

Table 2. Sub-biomes of coastal plains and low-medium slopes in the study area (for legend consult the   
 

SUB-BIOME (B)  VEGETATION 
QUATERNARY 

UNITS PEDOLOGIC ASSOCIATION 

 Sub-Biome Beach and Shrubs (no not plotted in 
this scale) 

Beach Vegetation 
and Shrubs 

Pr, LHTb Arenosols (Neossolos Quartzarênicos) 

Sub-Biome  Mangrove Mg LOL Arenosols (Neossolos Quartzarênicos) 
BFbR:   Sub-Biome Restinga Low Forest on Beach 
Ridge Plain 

FbR LHTb Arenosols (Neossolos Quartzarênicos) 

1:  Sub-Biome Restinga High Forest on Beach 
Ridge Plain 

FaR LHTb Podzols (Espodossolos Humilúvicos) 

2:  Sub-Biome Restinga High Forest on Holocene 
Marine Terraces 

FaR LHTa Podzols (Espodossolos Humilúvicos) 

3:   Sub-Biome Restinga High Forest on 
Pleistocene Marine Low Terraces 

FaR LPTb Arenosols (Neossolos Quartzarênicos), Podzols 

(Espodossolos Humilúvicos, Ferrihumilúvicos) 

4:   Sub-Biome Restinga High Forest on  
Pleistocene Marine High Terraces 

FaR LPTa Arenosols (Neossolos Quartzarênicos), Podzols 

(Espodossolos  Ferrihumilúvicos ) 
5:  Sub-Biome Restinga High Forest on Holocene 

to Recent Fluvial Deposits 
FaR LHF Gleysols (Gleissolos Háplicos) 

BFaRu-1:  Sub-Biome Wet Restinga High Forest on 
Holocene to Recent shallow Paleolagoonal-estuarine 
Depressions 

FaRu LCD Histosols (Organossolos Háplicos, Tiomórficos), Gleysols

(Gleissolos Melânicos) 

BFaRu-2:  Sub-Biome Wet Restinga High Forest on 
Holocene to Recent Fluvial Deposits 

FaRu LHF Gleysols (Gleissolos Háplicos) 

FaR/FaRu:  Sub-Biome Association Cx-
FaR/FaRu on Pleistocene Marine High Terraces and 
shallow Paleolagoonal-estuarine Depressions Complex   

FaR/FaRu LPTa/LCD Arenosols (Neossolos Quartzarênicos) and Podzols

(Espodossolos Ferrilúvicos) (LPTa); Histosols 
(Organossolos Háplicos, Tiomórficos) (LCD) 

1:  Sub-Biome Paludal Forest on Holocene to 
Recent deeper Paleolagoonal-estuarine Depressions 

FPa LCD Histosols (Organossolos  Háplicos, Tiomórficos), 

Gleysols (Gleissolos Melânicos) 
2:  Sub-Biome Paludal Forest on Holocene to 

Recent Fluvial Deposits 
FPa LHF Gleysols (Gleissolos Háplicos) 

BFAL:  Sub-Biome Alluvial Forest on Pleistocene 
Fluvial Terraces 

FAL LFP Fluvisols (Neossolos Flúvicos), Gleysols (Gleissolos 

Háplicos), Cambisols  (Cambissolos Flúvicos) 

1:   Sub-Biome Restinga-Slope Transition Forest 
 Holocene to Recent Mixed Continental Deposits 

FTr LMP Fluvisols (Neossolos Flúvicos), Gleysols (Gleissolos 

Háplicos), Cambisols (Cambissolos Flúvicos) 
2:   Sub-Biome Restinga-Slope Transition Forest 

 Pleistocene to Recent Slope Deposits 
FTr LCR Regosols (Neossolos Regolíticos), Cambisols 

(Cambissolos Háplicos), Ferralsols (Latossolos Amarelos)
3:   Sub-Biome Restinga-Slope Transition Forest 

 Holocene to Recent  Fluvi  al Deposits 
FTr LHF Fluvisols (Neossolos Flúvicos), Gleysols (Gleissolos 

Háplicos) 
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Figure 4. Sub-biomes of coastal plains and low-medium slopes in the study area 

DISCUSSION AND CONCLUSION 

Certain important aspects concerning each sub-biome are worthy of comment and discussion. 

a) BPEs – Beach Vegetation grows sporadically on the backshore (the upper zone) in areas 
free from erosion, its development accompanying beach dynamics (Souza & Suguio, 2003; Souza, 2007b). 
On the other hand, shrubs occupy narrow zones closer to shoreline-stretches on Holocene Beach Ridges 
(LHTb), in areas apt to coastal erosion (Souza & Suguio, 2003; Souza, 2007b). 

b) BMg – Mangroves cover recent Tidal Flats (LOL) formed by sandy-pelitic sediments 
(Arenosols – Neossolos Quarzarênicos), extending along the estuarine margins of the Itaguaré and 
Guaratuba rivers. 

 

c) BFbR - The Restinga Low Forest exclusively covers Holocene Beach Ridges (LHTb) 
(water table level – WL= 0.41-1.0 m), precisely where Arenosols occur (they are the most recent and less 
evolved soils). 

d) BFaR - The Restinga High Forest occurs on all kinds of Marine Deposits (LHTb, LHTa, 
LPTb, LPTa), extending from those nearest the shoreline (WL= 0.5-1.5 m) to the center of the coastal 
plain (WL= 1.0->3.0 m), depending entirely on the presence of some kind of Podzol. Consequently, this 
sub-biome assumes several subdivisions according to changes in the geological unit. 

e) BFAL - The Alluvial Forest covers Pleistocene Fluvial Deposits (LPF; WL= 0.5-1.5m), at 
a far distance from the shoreline. On account of the variety in sediments, there are several types of 
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associated soils, such as Fluvisols (Neossolos Flúvicos), Gleysols (Gleissolos Háplicos), and Cambisols 
(Cambissolos Flúvicos). 

f) BFPa - The Paludal Forest is associated to deeper locations in Holocene Paleolagoonal-
estuarine depressions (LCD; WL superficial), these corresponding to wide bodies of Holocene estuaries 
and lagoons, formed when sea-levels, higher than nowadays, extended to the mid-section of the coastal 
plain. Later, when levels began to fall, these depressions gradually silted, first with estuarine-lagoonal 
sediments, and later, continental sediments (alluvial, lacustrine, paludal and colluvial), thereby forming 
pools and swamps, where organic sediments and soils (Histosols – Organossolos Háplicos e Tiomórficos) 
prevailed. 

g) BFaRu - The Humid Restinga High Forest covers the shallow edges or upper parts of 
paleolagoonal-estuarine depressions (LCD), as well as the smaller hollows formed inside Cx-LPTa/LCDs, 
around the remnants of older and higher Pleistocene Marine Terraces. In these (WL < 0.2m), both organic 
soils (Histosols – Organossolos Háplicos) and locally organic Gleysols occur, the latter associated with 
alluvial pelitic sediments (small streams). 

h) BFTr - As expected, Restinga-Slope Transition Forest is always located on those parts 
nearest to the Serra do Mar coastal range, covering Holocene Mixed Continental Deposits (LMP, WL= 
0.2-1.1m) and Pleistocene to Recent Slope Deposits (LCR, WL > 2.0m), and reaching up to 400 m on the 
wider mountain amphitheaters. 

i) There are two types of soils associated to LPTa (WL= 1.0- >3.0m), Podzols richer in iron 
compounds (Espodossolo Ferrihumilúvico), the most evolved and ancient, in which organic matter has 
already been reduced or carried down to lower levels, and Arenosols (Neossolo Quatzarênico), which, 
even though considered as the most recent soil thereabouts, can, as a result of new weathering cycles, 
occur in older marine terraces in substitution of the already destroyed ancient Podzol. 

j) The Restinga High Forest covering older marine terraces (LPTa) appears to be the pioneer 
and most evolved type present on the coastal plain, most likely established following complete 
sedimentation of deposits during the Pleistocene, as from then on, the sea level has always been lower 
than the top of terraces.  

k) Likewise, the Alluvial Forest seems to have been present since the Pleistocene, seeing that 
it is associated to older and higher fluvial deposits (LPF), co-related to LPTa. 

l) On the other hand, the Restinga Low Forest may be the most recent native cover on marine 
deposits (LHTb), hypothetically as a successive stage of the Restinga High Forest. If, on the contrary, a 
continuum in shoreline propagation had occurred since the late Holocene, followed by podzolization 
processes, then this Restinga Low Forest would most likely have evolved towards a Restinga High Forest. 

m) Forest formation associated to the Holocene and recent Fluvial Deposits (LHF, WL= 0.5-
1.2 m) did not give rise to Alluvial Forests, as expected. Instead, phytophysiognomies (FaR, FaRu and 
FTr) are the same as those in adjacent deposits (LPTb, LCD and LMP) (Figures 3 and 4). This seems to 
occur through their being the most recent locally, thus with as yet unspecialized vegetation. 

n) The number of species found in these phytophysiognomies (Lopes, 2007; Lopes & Souza, 
2007) could also be  related to the above statements: FaR – 161 species (sp); FAL – 115 sp; FbR – 89 sp; 
FTr – 88 sp; FaRu – 80 sp; and FPa – 30 sp. These values may suggest that coastal plain and low-medium 
slope vegetation are specialized according to the sedimentary environment, its origin and Quaternary 
evolution. 

o) Hydrological conditions (WL and surface drainage) of coastal plain terrains are essentially 
controlled by geological-geomorphologic characteristics. Moreover, native vegetal cover is much more so 
than by the type of soil, as postulated by many authors. For instance, even in the conditions of WL 
surface-outcropping, it is unlikely that a Paludal Forest would grow on a sandy marine terrace, ie.in 
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depressions between beach ridges, or on areas degraded by sand mining or other forms of anthropogenic 
intervention. As was observed hereat, Paludal Forest can substitute Restinga-Slope Transition Forest in 
degraded areas of sandy-pelitic mixed deposits (LMP), where the drainage has been altered in any way. 
Likewise, it is unlikely that Restinga High and Low forests would grow on pelitic or organic sediments. 

In accordance with the above considerations, it is proposed that these phytophysiognomies be referred to 
geo-pedologic instead of edaphic communities. 

On comparing this classification to the previously presented Coutinho (2006) categorization of 
“Restinga” ecosystems, the sub-biomes BPES, BFaR and BFAL would belong to the tropical pluvial 
forest biome from the tropical psammo-biome (dry forests) and the sub-biomes BPa and BFaRu to the 
pluvial forest biome from the psammo-hydrobiome I (flooded forests), whereas the sub-biome BMg 
would correspond to the tropical fluvial forest biome, paludal oceanic, from the helo-halobiome I. On the 
other hand, BTr should belong to an intermediate type of pluvial biome, since it can be partially dry and 
partially flooded. 

The association among the phytophysiognomies, sedimentary environments and soils found in 
Bertioga can be considered as valid for the entire coastal plain of the state of São Paulo, as well as that in 
other regions under the influence of the Serra do Mar, such as the states of Rio de Janeiro, Paraná and 
Santa Catarina. 

Further to a better understanding of Brazilian coastal ecosystems, the importance of such 
research is to furnish a base for additional studies on the recuperation of degraded areas and the 
conservation of biodiversity. In order to promote the recuperation of these ecosystems and induce their 
more adequate management, it is imperative to comprehend the relationships among the three 
environmental components, more so than simply knowing the dominant species in each 
phytophysiognomy or the inherent flooding or drying characteristics. 
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RESUMO 
 
Sub-biomas de Planície Costeira e Baixa-Média Encosta: Uma Nova Abordagem Baseada em 
Associações Vegetação Nativa-Unidade Quaternária-Solo. Os ecossistemas costeiros têm sido alvos de 
intensa degradação e destruição em muitas áreas do Brasil e de São Paulo, onde ainda restam alguns 
remanescentes, a exemplo de Bertioga. As fitofisionomias desses ecossistemas, conhecidas como 
“vegetação de restinga”, aqui denominada de planície costeira (exceto manguezal) e baixa-média encosta, 
são caracterizadas por serem de clímax edáfico, portanto deveriam apresentar estreita relação com os 
solos. No entanto, estudos que demonstrem esse caráter ainda são escassos, bem como estudos que tratem 
da associação dessas vegetações com o substrato sedimentar subjacente a elas. Alguns levantamentos 
preliminares realizados após a publicação da Resolução Conama 07/1996, que define as fisionomias de 
“vegetação de restinga” em São Paulo, encontraram relações importantes entre essas vegetações e os 
ambientes sedimentares quaternários. Esses resultados motivaram outros estudos, primeiro no Litoral 
Norte de São Paulo (mapeamentos dos compartimentos fisiográficos e da vegetação) e mais recentemente 
no município de Bertioga, onde foram realizados estudos geológico-geomorfológicos, botânicos e 
pedológicos integrados. Para ambas as áreas foram encontradas fortes associações entre as Unidades 
Geológicas Quaternárias (UQs) e as Fitofisionomias, muito mais do que entre estas e os solos. Estes, aliás, 
são dependentes das características sedimentológicas e da evolução geológica dos ambientes de 
sedimentação, desde o Pleistoceno até os dias de hoje, as quais também condicionam o nível do lençol 
freático e a drenagem superficial. Assim, propõe-se aqui que essas vegetações sejam caracterizadas como 
comunidades geo-pedológicas e não edáficas somente. As associações encontradas permitiram a definição 
de 17 sub-biomas, envolvendo 8 fitofisionomias sobre 12 tipos de UQs, com diversas associações entre 14 
tipos de solos. Estudos como esses são importantes não somente para o melhor conhecimento desses 
importantes ecossistemas costeiros, mas também para subsidiar trabalhos de recuperação de áreas 
degradadas e conservação da biodiversidade. 
 
Palavras-chave: vegetação, geologia-geomorfologia, pedologia, planície costeira, baixa-média encosta, 
sub-biomas, Bertioga.   
 


