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ABSTRACT
Climate variations and historical land use had a major impact on landscape development in the Brazilian 
Atlantic Forest (Mata Atlântica). In southeast Brazil, rainforest expanded under warm-humid climate 
conditions in the late Holocene, but have been dramatically reduced in historical times. Nevertheless, the 
numerous remaining forest fragments are of outstanding biological richness. In our research in the Atlantic 
Forest of Rio de Janeiro we aim at the reconstruction of the late Quaternary landscape evolution and an 
assessment of human impact on landscapes and rainforests. In this context, special focus is given on (a) 
effects of climate variations on vegetation cover, soil development, and geomorphological processes, and 
(b) spatial and temporal land use and landscape degradation patterns. In this paper we present some new 
results of our interdisciplinary research in the Serra dos Órgãos mountain range, state of Rio de Janeiro.
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INTRODUCTION

The geography of Rio de Janeiro State (RJ) is 
characterized by a mountainous topography with 
steep slopes and isolated inselbergs, a diverse 
coastal morphology with cliffs, bays, inlets and 
estuaries and a mosaic of land cover types. The 
Serra do Mar mountain range crosses the state from 
NE to SW and reaches elevations over 2,300 m a.s.l. 
Wide parts of the mountain ridge are covered with 
Atlantic Forest (Mata Atlântica; Fig. 1). The Serra 

dos Órgãos, the northernmost part of the Serra do 
Mar in RJ, and the bordering coastal plain of the 
Guanabara Graben northeast of Rio de Janeiro city 
are the study region of this paper.

The tectonic uplift of Serra do Mar and 
the parallel Serra da Mantiqueira further inland 
started in the early Cretaceous and reached its 
maximum in the late Eocene – Oligocene. The 
uplift was accompanied by several volcanic 
intrusions (Almeida 1976) as well as long 
periods of intense weathering and erosion that 
formed inselbergs, pediments, and pediplains 
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along distinct altitudinal gradients (Bigarella 
1991, Safford 1999). Uplift and seismic activity 
in the Serra do Mar are still ongoing in a much 
lower intensity (Riccomini et al. 1989).

The Serra dos Órgãos mountain range is formed 
by Precambrian and Cambrian granites and granitoid 
gneisses. In the central ranges the bedrock is exposed 
and forms rocky outcrops such as inselbergs. 

Figure 1 - Exposed granite outcrops and Atlantic Forest in the Serra dos Órgãos (in the background: city of Petropolis)

However, by far the most of the mountain area is 
covered by Tertiary and Quaternary weathering 
profi les. In the hilly foreland zone towards the 
Atlantic regolith covers can be up to some 10 m 
thick (Nehren 2008). In the Northeastern Guanabara 
Graben, the delta of Guapiaçu-Macacu catchment, 
the regolith is widely covered by Cenozoic deposits.

Running parallel to the Atlantic Ocean, the 
mountain range creates high orographic rainfall of 
up to 3,000 mm per year underneath the summit 
region, and minima of about 1,200 mm in the 
coastal area and in the lee of the range (Projeto 
Rio de Janeiro 2001). The humid-warm climatic 
conditions are favorable for the growth of tropical 
rainforests that dominate the natural vegetation 

cover. Other vegetation types are the campos de 
altitude (highland grasslands), and the restingas 
and mangroves along the coastline (Fig. 2). Further 
inland under drier climate conditions rainforests 
give way to the savanna vegetation of the cerrado.

In SE Brazil the global climatic cycles of the 
Pleistocene are represented as cooler and drier, or 
wetter and warmer periods, respectively (Ab’Saber 
1977, Behling and Lichte 1997). According to 
Rohdenburg (1982), the region was ice-free during 
the whole Pleistocene. The climate cycles caused 
changes in the vegetation cover with an expansion 
of rainforests during warmer and wetter periods and 
a dominance of open grassland vegetation during 
cooler and drier periods.
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From the late Pleistocene to the mid-Holocene, 
the climate is characterized by variations causing 
vegetation changes at a regional scale. Pollen records 
from the central mountain region of São Paulo state 
(Behling et al. 2002) show a dominance of open 
grasslands (campos) and small areas of gallery forests 
during the Last Glacial Maximum (LGM) with 
temperatures of 5-7°C below the present mean annual 
temperatures. For the coastal zone studies from the 
southern state of Santa Catarina suggest a replacement 
of coastal rainforests by grassland and patches of cold 
adapted forests in the late Pleistocene. Afterwards a 
depauperate tropical rainforest developed, disturbed 
by marine transgressions until around 6,100 BP. 
Subsequently the open areas became forested by a 
close Atlantic Forest (Behling and Negrelle 2001).

Pollen records of the campos de altitude of the campos de altitude of the campos de altitude
Serra dos Órgãos (Behling and Safford 2010) refl ect 
a remarkable upward and downward shifting of the 
timber line during the late Pleistocene and Holocene. 
In the Younger Dryas, between 12,310 – 11,810 BP, 
the extent of the campos de altitude was considerably 
reduced and the rainforest moved upward, indicating 
wetter and warmer conditions with temperatures 
similar or warmer than today. Until the mid-Holocene 
the campos de altitude expanded under drier climates. campos de altitude expanded under drier climates. campos de altitude
Since 5,640 BP the climate has become wetter 
with shorter dry seasons causing the expansion of 
rainforests. The last about 1,000 years are identifi ed 
as the most pluvial period of the Holocene.

For the coastal zone various drier and wetter 
periods were described by several authors. Coelho 

Figure 2 - Study area in the state of Rio de Janeiro
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et al. (2002) show a dominance of rainforest 
vegetation around 6,000 BP, which developed 
under a warm and humid climate. Due to drier 
conditions from around 4,090 BP the vegetation 
cover changed to a fragmented forest restricted to 
low hills and surrounded by grasslands, pioneer 
plants, swamps and peat areas. Since 1,350 BP, 
the climate became wetter again, interrupted by a 
slightly drier phase between 775 and 213 BP.

Sambaqui moundbilders settled in the coastal 
area of SE Brazil already in the early Holocene. 
The earliest dates of 9,200 BP are along the Rio 
do Iguape valley in São Paulo (Figuti et al. 2004). 
Since 1,800 BP Tupi tribes inhabited the coastal 
zone of RJ (Silva Noelli 2008). In contrast to the 
Sambaqui, which primarily depended on mollusks 
and fi shing, the Tupi-Guarani have been practicing 
shifting cultivation for some hundreds years; so 
coastal rainforests have already been degraded to 
some extent. However, the impact of indigenous 
land use practices on landscapes and ecosystems 
was low compared with the degradation process 
that started with the European colonization in 
the mid-16th century. As a result, today we fi nd a 
fragmented cultural landscape with remnants of 
tropical rainforests along an altitudinal gradient 
(Nehren et al. 2009). In RJ, presently less than 
20% of the land area is forested (Fundação SOS 
Mata Atlântica/INPE 2009). Nevertheless, these 
rainforest patches still show a surprisingly high 
plant and animal species richness and outstanding 
rates of endemism. Due to this biological richness 
and the ongoing threat from humans, the Mata 
Atlântica is listed as one of 25 “biodiversity 
hotspots” worldwide (Myers et al. 2000).

Against this background, we study the late 
Quaternary landscape evolution and historical 
human impact on landscapes with a focus on 
interactions between climate, vegetation cover, 
soils, relief and land use. The results contribute 
to broaden the knowledge about landscape 
transformation processes as well as vulnerability, 

resilience, and regeneration of tropical landscapes. 
In this paper we present and discuss some new 
results of our ongoing research.

MATERIALS AND METHODS

The study area covers four municipalities with 
a total land area about 3,000 km2 (Fig. 2). 
Geographically the region can be divided into four 
main units: a) The undulated pre-coastal area with 
characteristic convex hills known as “half oranges” 
(meias laranjas) in the municipality of Cachoeiras 
de Macacu, b) The mountain foreland and lower 
elevations in the municipalities of Guapimirim 
and Cachoeiras de Macacu, c) The central range 
and steep slopes towards the Atlantic in the 
municipalities of Teresópolis, Guapimirim and 
Nova Friburgo, and d) The mountainous region in 
the lee within the municipality of Teresópolis and 
Nova Friburgo (Figs. 2, 3).

Research methods for the reconstruction of 
the late Quaternary landscape evolution include 
geomorphologic fi eld studies, sediment and soil 
analyses as well as radiocarbon dating. For the 
mountain region a focus is set on the interpretation 
of colluvial deposits and stone layers (also known 
as stone lines), while in the lowland fl uvial archives 
play the major role. Fluvial samples are collected 
in the Guapiaçu-Macacu catchment. For the 
description of soil distribution in the study area we 
used the World Reference Base for Soil Resources 
- WRB (FAO/ISRIC/ISSS 2006) as a common 
international soil classifi cation system.

The physico-chemical soil analyses were 
carried out at the laboratory of the Johann Wolfgang 
Goethe University, Frankfurt am Main/Department 
of Geography. The following parameters were 
determined: grain size, pH [KCl], TOC, C:N 
ratio, CECpot, P2O5, K2O. The relative dating of 
iron oxides (Feo/Fed) was carried out according 
to Blume and Schwertmann (1969). Furthermore, 
three radiocarbon datings were made by AMS-
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analysis at Leibniz Laboratory for Radiometric 
Dating and Stable Isotope Research, Kiel. For age 
calibration the software CALIB rev 5.01 was used. 

The land use history is reconstructed based 
on historical data, such as historical maps, land 
register maps, paintings, photographs, written 
documents, aerial images, remote sensing data, and 
interviews of witnesses to history. Furthermore, 
the archaeological and historical literature for the 
region was studied. The results of the historical 
analyses were merged with those of the landscape 
analyses to get a detailed picture of the land use 
history and related landscape degradation patterns.

RESULTS AND DISCUSSION

IMPACT OF CLIMATE VARIATIONS ON LATE QUATERNARY 

LANDSCAPE EVOLUTION

Landscape evolution in the late Quaternary was mainly 
driven by climate variations which had a major impact 
on water balance and vegetation cover, and thereby 
on weathering conditions, erosion and sedimentation 
rates, as well as soil development. According to Nehren 
(2008), the main relief structures were formed in the 
Tertiary but further developed by slope processes and 
fl uvial processes in the Quaternary. As a result of the 
rough topography, young soils dominate in the central 
mountain range, and weak developed soils also widely 
occur on alluvial sediments in the mountain foreland 

and fl oodplains. In contrast, old ferralitic soils are 
characteristic for the less steep topography of the 
mountain foreland and the lee of the range.

Soils in the central ranges with steep to very 
steep slopes under forest are classifi ed as weekly 
developed Cambisols, Regosols and Leptosols. In 
the mountainous hinterland, Cambisols and Ferrasols 
dominate, accompanied by Gleysols and Fluvisols 
in the valley bottoms. The hilly foreland is widely 
covered by Ferralsols, accompanied by Fluvisols and 
Gleysols, while the alluvial plain of the Guanabara 
Graben and the delta zone of the Guapiaçu-Macacu 
show a mosaic of Gleysols, Fluvisols, Planosols, 
Podzols, and Acrisols (Nehren 2008).

Weathering and soil mantles in the mountain 
region of the Serra dos Órgãos show typical 
sequences with saprolites developed on granites 
or gneisses and an overlaying soil profi le. On very 
steep slopes soils are also developed directly on 
the bedrock. The soil mantle often consists of three 
horizons that can be easily delimited by the soil 
color: a (dark) humic A, a yellowish-brown Bw and 
a reddish Bws horizon (Fig. 4). The colors of the 
yellowish-brown horizons are typically 5 YR 4/4 to 
7,5 YR 4/6, of the reddish horizons 2,5 YR 4/6 to 
10 R 4/8 (according to Munsell soil color charts). 
Although the yellowish-brown horizons are referred 
to as YR (= yellowish-red), they appear yellowish-
brown in the fi eld and most literature describes 

Figure 3 - Elevation profi le and landscape units (profi le: Ruellan 1944, modifi ed): (a) undulated pre-coastal area, (b) mountain 
foreland and lower elevations, (c) central range, (d) mountainous region in the lee of the range
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them as yellowish-brown or brown. Therefore, we 
also use this term. Sometimes the yellowish-brown 
and reddish horizons are separated by a stone 
layer (Fig. 5). In some cases there are two or more 
stone layers within a reddish horizon (Fig. 6). In 
wide parts of the study region the yellowish-brown 
horizon is missing and the A horizon is developed 
on the reddish soil material. However, no profi les 
with a reddish horizon overlying a yellowish-brown 
horizon have been observed.

From the perspective of landscape and soil 
evolution yellowish-brown over the reddish soil 
horizons and an in some profi les occurring stone layer 
are of particular interest. Similar profi les have been 
described and controversially discussed in tropical 
and subtropical regions of all continents (Nehren 
2008). Recent publications include Krasilnikov et 
al. (2007) and Morrás et al. (2009). The different 
colors can be explained by a dominance of the 
iron oxide hematite (reddish color), or goethite 
(yellowish-brown color), respectively (Cornell 
and Schwertmann 2003). The transformation of 
primary minerals into secondary iron minerals 
is infl uenced by various parameters, such as 

temperature, moisture, pH, redox potential, organic 
substance, Al-concentration, and composition of 
clay minerals. Therefore, the occurrence of specifi c 
iron minerals and the corresponding soil colors 
allow drawing conclusions about soil development 
(Bremer 1995, Cornell and Schwertmann 2003).

In the study region the yellowish-brown soils 
are predominantly 1-2 m thick. However, colluvial 
deposits in lower slope positions or depressions 
can also be thicker, while the B horizon in shallow 
mountain soils is often thin (< 5 dm). Stone layers 
are found in some profi les, but their occurrence is 
not the rule.

Sediment analyses show that Feo/Fed ratios of d ratios of d

yellowish-brown soils vary in a wide range from 
0.001 to 0.74, indicating a different crystallization 
rate of iron oxides. High values (> 0.1) are generally 
found in shallow mountain soils on very steep slopes, 
while the values in deeper developed yellowish-
brown soils of the mountainous hinterland vary 
from low to high. In contrast, Feo/Fed ratios of the d ratios of the d

analyzed reddish soils are generally low (< 0.02). 
This suggests that red soils are relatively old; while 
yellowish-brown vary in their age.

Figure 4 - Weathering profi le developed on granite. Profi le in the valley of Corrego Sujo, municipality of Teresópolis
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We analyzed various profi les with yellowish-
brown over red soils in different slope positions. 
Profi les in upper slope positions clearly show an 
autochthonous development with comparable Feo/
Fed ratios and other soil properties of yellowish-d ratios and other soil properties of yellowish-d

brown and red soils. Colluvial deposits in lower 
slope positions or depressions often show relatively 
higher Feo/Fed ratios than the underlying red soils. d ratios than the underlying red soils. d

This can be explained with an input of younger soil 
material from higher relief positions.

Figure 5 - Stone layer rounded and angular components of different size separating a yellowish-
brown horizon and reddish horizon. Profi le in the valley of Rio Guapiaçu, municipality of 
Cachoeiras de Macacu

Figure 6 - Multilayered colluvium over saprolite with various stone layers. Profi le in the valley of Rio Formiga, municipality 
of Teresópolis
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Field studies and laboratory analyses clearly 
indicate that yellowish-brown soils can develop 
directly from the basement rock, from weathered 
material (saprolite) or from reddish soils. In the last 
case the change of color from reddish to yellowish-
brown can be explained by a yellowing process 
known as xanthization (Fig. 4). This process has been 
described for tropical soils, but the mechanism itself is 
still not completely understood. However, laboratory 
experiments show that hematite is selectively dissolved 
under higher soil moisture and the presence of specifi c 
microorganisms and organic substance (Schwertmann 
1971, 1993). As a result, goethite is relatively enriched 
giving the soil a yellowish-brown color.

In the study area we observed yellowish-
brown soils in all elevation levels from the coast 
to the highlands, as well as in all relief positions 
and hydrological regimes, and always as the upper 
soil layer. However, they often only cover small 
areas or sections. From these observations we 
assume that:

a. Hematite is formed during saprolite forma-
tion in greater depths, giving saprolites and the 
deeper regolith mantle reddish colors. If the 
saprolite or regolith is exposed or close to the 
surface, its color changes to yellowish-brown 
due to higher moisture and microbiological 
activity (Fig. 4).
b. Reddish soils developed under hot and dry 
climates in the Oligocene and Miocene, when 
soil moisture was low over long time periods.
c. Humid climate conditions like those of 
the late Holocene favor the development of 
yellowish-brown soils, or the transformation 
of reddish soils or saprolites to yellowish-
brown soils by xanthization, respectively.
d. In contrast to other studies which consider the 
hydrological regime responsible for characteristic 
toposequences with reddish and yellowish-
brown soils (Schwertmann 1985, Emmerich 
1988), we conclude from our observations that 

yellowish-brown soils once covered most parts 
of the study area. Exceptions include weakly 
developed mountain soils, alluvial, gleyic 
and podzolic soils. Today, yellowish-brown 
soils are widely eroded as a consequence of 
deforestation and land use. Young colluvial 
deposits provide evidence of these processes.

According to Nehren (2008), the observed stone 
layers in the study region are formed by different 
processes, such as bioturbation, interfl ow, and 
dissolution of basement rock by an alteration of the 
groundwater table. They are formed of granite, gneiss 
or quartz stones of different size, shape and rounding, 
or sharp-edged quartz pieces. Our fi eld observations 
confi rm other studies (Bremer 1995, Braucher et 
al. 2004) describing stone layers with well rounded 
components that have been formed from basement 
rock or quartz veins by chemical solution processes 
related to interfl ow or groundwater. Profi les with 
stone layers between yellowish-brown and reddish 
horizons were found in the mountainous lee of the 
range as well as in the lowlands, among others on 
the half oranges. However, they were not observed 
in the central ranges on steep slopes under rainforest.

Stone layers between a yellowish-brown and 
reddish soil horizon are interpreted as the basis 
of the active bioturbation zone, following the 
biomantle concept formulated by Johnson (1990). 
Sometimes stone layers are deformed or interrupted 
due to landslides or erosion processes. Based on 
various analyzed profi les, other formation processes 
described in the literature can be excluded for this 
type of stone layers. This includes climato-genetic 
explanations which interpret stone layers as fossil 
surface deposits evolved under dryer climates, 
which have later been covered by hillwash or 
windblown sediments (Bigarella 1975, Semmel and 
Rohdenburg 1979, Ab’Saber 1982, Bibus 1983, Bork 
and Rohdenburg 1983, Chauvel et al. 1987, Lichte 
and Behling 1999, Brown et al. 2004, Krasilnikov 
et al. 2007, Morrás et al. 2009). However, we do not 
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challenge that these processes have been responsible 
for stone layer formation in other geographical 
regions under different (paleo)environments.

Although we argue for a dynamic soil 
development and an autochthonous (pedological) 
development of stone layers separating yellowish-
brown and reddish soil horizons, we do not share 
the view of Bremer (1995) and Johnson et al. (2005) 
that this contradicts a climate-genetic interpretation. 
On the contrary, we argue that a formation of stone 
layers by bioturbation can only develop under open 
grassland or savanna vegetation, as the dense and 
relatively deep root system of mountain rainforests 
avoids stone layer formation. Therefore, we suggest 
a formation of the described stone layers under dryer 
conditions in the late Pleistocene and dryer periods 
in the early and mid-Holocene. When rainforest 
expanded under wetter climate conditions in the late 
Holocene stone layers have been partially destroyed. 
But they are preserved were the soil cover was thick 
enough so that the root system could not reach them. 
Later, stone layers have also been destroyed as a 
consequence of deforestation and related erosion 
processes and in younger times particularly by road 
and house construction. Young colluvial deposits 
with a loose structure and a high content of charcoal 
pieces give evidence for these processes.

Underneath these young anthropogenic 
colluvial soils we often fi nd older yellowish-
brown colluvial soils without human infl uence 
(compacted, dense structure, no charcoal pieces). 
These soils indicate enhanced erosion related to a 
change of the climatic conditions.

Bork and Rohdenburg (1983) describe similar 
yellowish-brown colluvial soils in the states of 
Santa Catarina and São Paulo. They suggest a deve-
lopment of yellowish-brown soils during periods of 
morphodynamic stability interrupted by periods of 
enhanced erosion, sedimentation, and gullying of 
slopes. Based on radiocarbon dating they suggest 
seven main periods of soil development and increased 
geomorphodynamics in the late Pleistocene and 

Holocene. Three yellowish-brown soils are dated 
between 24,790 and 11,740 BP (data published in 
Semmel and Rohdenburg 1979). The Holocene-
Pleistocene transition is seen as a period of “multiple 
changes from slight morphodynamic activity to 
geomorphic stability”. Afterwards, yellowish-brown 
soils developed under stable conditions.

An interesting question refers to the interactions 
between climate, vegetation cover and soil stability 
at the Holocene-Pleistocene transition. Some authors 
(Rohdenburg 1982, Veit and Veit 1985) argue that 
the climatic conditions at the end of the Pleistocene 
were already wet enough to allow the growth of 
closed forest communities, but short dry periods 
caused an opening of the vegetation cover and 
increased erosion processes. However, studies in the 
Brazilian cerrado (Greinert 1992) show high slope 
stability under savanna vegetation. Therefore, we 
presume that a short-term opening of the vegetation 
cover due to dryer climate conditions not necessarily 
caused higher erosion rates, as erosive rainfall events 
were signifi cantly reduced. In fact, we suggest the 
hypothesis that the trigger for higher erosion rates 
was a delayed response of the vegetation cover to 
wetter climate conditions with increased heavy 
rainfall events. This hypothesis is based on various 
studies that prove abrupt climate changes at the end 
of the Younger Dryas and in the Holocene in the 
tropics of Latin America (Stansell et al. 2010).

In the mountain region of the Serra dos Órgãos, 
fossil A-horizons which allow radiocarbon dating 
were not detected, presumably because of the high 
relief energy. Recently we started to study fl uvial 
archives in the lowlands and mountain foreland to 
get a better understanding of the younger climate 
history and related geomorphological processes. 
Observations and fi rst radiocarbon datings (14C 
AMS) from the Guapiaçu-Macacu catchment show 
that climatic changes in the Holocene had strong 
effect on morphodynamic processes and led to slope 
erosion and the accumulation of thick alluvial layers 
within the valley fl oors. A fossil humus horizon was 
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dated at 4,180 ± 25 BP (KIA 40638). It is covered 
by 5 m of course sands and gravels as well as by 1-2 
m homogenous, charcoal containing, anthropogenic 
fl oodplain sediment. A second 14C dating of a tree 
trunk (KIA 40637), buried by 2.5 m of heterogeneous 
sediments and 2 m of anthropogenic fl oodplain 
sediments, shows an age of 3,735 ± 25 BP. A third 
dating (KIA 40636), a charcoal piece from the 
uppermost fl oodplain sediment failed because of the 
young age of the sample (85 ± 20 BP).

From these fi rst results we suggest that after 
4,180 BP a period of strong naturally induced 
erosion took place, which correlates with the 
described climate change during that time 
(Coelho et. Al. 2002). A fragmentation of the 
well-developed rainforest might have caused the 
exposition of the soils in some parts, followed by 
erosion and accumulation in the fl oodplain areas. 

These fi ndings contradict results from Bork and 
Rohdenburg (1985), who postulate geomorphic 
stability and soil development during the Holocene. 

Further dating (14C and OSL) is needed to 
confi rm these results and improve the landscape 
evolution model of the region. During a recent 
fi eld survey more fl uvial archives were located. 
Of particular interest are for example buried peat 
deposits that were observed in various fl oodplain 
sediments (Fig. 7).

HISTORICAL HUMAN IMPACT ON LANDSCAPE DEVELOPMENT

If we take a closer look at the Serra dos Órgãos 
mountain ranges and their foreland with the 
four main landscape units described in section 2, 
we identify a close connection between landscape 
structure, land use history, and landscape degra-
dation patterns.

Figure 7 - Up to 1.5 m thick buried peat deposits in fl oodplain sediments along Rio Guapiaçu
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The coastal zone with the Guanabara Graben 
was already occupied by Sambaqui moundbuilders 
in the mid-Holocene. In RJ most of the typical shell 
mounds, sometimes with artifacts and skeletons, 
are dated between 4,000 BP and 1,500 BP (Table I). 
Their impact on the environment was very low, as 
they mainly depended on shell collecting and fi shing. 
However, some studies suggest that Sambaqui 
groups locally infl uenced plant distribution due to a 
management of tree species and garden horticulture 
(Tenório, cited in Gaspar et al. 2008).

Tupi tribes have been living along the Atlantic 
coast from about 1,800 BP onwards. According 
to Dean (1984), the population density of Tupi-
Guarani tribes in the coastal zone of RJ and SP 
was between 4.8 and 5.3 inhabitants per km2 when 
the fi rst Europeans arrived. They practiced shifting 

cultivation and thereby destroyed primary forests 
in the coastal zone in a large scale (Dean 1995). 
Drummond (1997) estimates that about 10% of the 
coastal rainforests were already cleared in the early 
16th century. However, a much higher proportion of 
land had already been cultivated within the slash-
and-burn rotation (Dean 1995), so that large areas 
were already secondary forest. However, assuming 
an average population density of 5 inhabitants 
per km2, the regeneration phases were suffi cient 
to maintain soil fertility and stabilize the genetic 
pool to sustain species diversity. Archeological 
investigations give no evidence for Tupi settlements 
and land use in the mountain region of the Serra 
dos Órgãos. However, old Indian trails testify that 
hunter-gatherers crossed the mountain range long 
before the Europeans arrived (Nehren et al. 2009).

TABLE I
Milestones of historical land use and its impacts on vegetation 

cover and erosion processes in Rio de Janeiro state (RJ)

Period / Date Event (reference) Impact on vegetation cover and erosion

8,100 ± 75 BP
Oldest human bone remains in the coastal zone of 
RJ (Schmidt Dias 2004)

Not specifi ed

4,000 BP to 1,500 BP
Main period of Sambaqui expansion in the coastal 
zone of RJ (Beltrão 1978, Marinho et al. 2006, 
Mendonça et al. 2006)

Very low; mainly shell collecting and fi shing, 
besides hunting and gathering, no slash
and burn agriculture

Since 1,800 BP

Tupi societies settle in the coastal area of RJ (Silva 
Noelli 2008). Settlements of 500 to 3,000 people. 
A village controlled at an average about 70 km2 of 
land (Drummond 1997)

Low to medium in the coastal zone due to 
shifting cultivation (coivara), very low in the 
mountain area (hunting)

1,500 AD
Population density of ~5 people per km2 in the 
coastal zone; various Tupi tribes (Dean 1984)

See above

Early 16th century
Selective cutting of brazilwood (Caesalpinia 
echinata) in the coastal area (Drummond 1997)

Relatively low impact on vegetation cover 
and erosion, but very high impact on species 
diversity; today brazilwood is nearly extinct

Since 1560 AD

Increased arrival of European settlers and African 
slaves. First sugar cane plantations in the coastal 
zone, cattle ranging and charcoal production 
(Dean 1995)

Very high deforestation rates in the coastal zone, 
particularly around the city of Rio de Janeiro

1567 AD
First settlements in the lower elevations of the 
Serra dos Órgãos in the municipality of Magé 
(Drummond 1997)

Not specifi ed

Around 1650 AD
Large scale deforestation in the Guanabara Bay 
(Dean 1995)

Forest cover in Guanabara Bay destroyed
in a large scale
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The vegetation cover rapidly changed with the 
arrival of the fi rst Europeans. Often described are 
characteristic exploitation cycles starting with the 
selective cutting of brazilwood followed by a sugar 
cane cycle, a gold cycle, and a coffee cycle. These 
cycles had fundamental impacts on vegetation 
and soils (Table I). The economic exploitation of 

brazilwood – the heartwood yielded a precious red 
dye and was also used for making bows for string 
instruments – was the initial step of a large-scale 
degradation of the Mata Atlântica. However, in 
the coastal zone of RJ large-scale forest clearings 
were caused by sugar cane plantations, which 
were established around 1560. Forests were not 

Period / Date Event (reference) Impact on vegetation cover and erosion

Late 17th century
Sugar cane plantations reach the foothills of the 
Serra dos Órgãos (Drummond 1997)

Not specifi ed

1720 AD
Gold route from Minas Gerais to Guanabara Bay 
crossed the westernmost part of the Serra dos 
Órgãos (Nehren et al. 2009)

Not specifi ed

1790-1860 AD
Intensive coffee production in RJ (Dantas and 
Coelho Netto 1995)

Large areas of Atlantic forests were replaced 
by coffee plantations, cultivation also on steep 
slopes, high erosion rates and landslides, dry 
periods in winter

Early 19th century
First fazendas (farms) in the higher elevations of 
the Serra dos Órgãos (Nehren et al. 2009)

Not specifi ed

Early to mid 19th

century
Foundations of the towns Nova Friburgo (1818) 
and Teresópolis (1855) in the mountain region

Not specifi ed

1860 AD
Expropriation of coffee plantations, afforestation 
program in RJ (Dantas and Coelho Netto 1995)

About 25,000 km2 of the forest cover in RJ 
were destroyed (60% of the territory), massive 
erosion problems, water scarcity in the City of 
Rio de Janeiro

1911 AD
RJ widely covered with forests as a result of 
afforestation (Duarte de Barros 1956)

85% of the territory of RJ forested

Early 20th century
Rapid expansion of agricultural land due to an 
active immigration policy (Prutsch 1996)

Not specifi ed

1949 AD
Most of the territory of RJ converted into 
agricultural land (Duarte de Barros 1956)

Remaining forest cover of 8.2% in RJ

Mid-20th century

Further development of the Serra dos Órgãos: 
expansion and improvement of the road network, 
land use intensifi cation, suburbanization 
processes. Local afforestation and reforestation. 
Serra dos Órgãos National Park created in 1939 
(Nehren 2008)

Enhanced erosion processes, landslides along 
roads and in settlements; fi rst steps towards 
nature protection

2008 AD
Most recent satellite-based mapping of the forest 
cover in RJ (Fundação SOS Mata Atlântica/
INPE 2009) 

Remaining forest cover of 19.6% in RJ 

Current situation

Highly fragmented landscape with forest 
fragments, low deforestation rate, modern 
environmental legislation, system of protected 
areas (Nehren 2008)

Relatively stable forest cover, but disruption 
of landscapes and forests by roads, huge soil 
erosion problems, landslides

TABLE I (CONTINUATION)
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only cleared for the cultivation itself but also for 
charcoal production and pastures for workhorses. 
In the late 17th century, after wide forest areas in 
the Guanabara Bay were already destroyed, sugar 
cane plantations reached the foothills of the Serra 
dos Órgãos (Drummond 1997).

The gold routes from Minas Gerais to the ports 
of the Atlantic coast crossed the coastal ranges and 
thereby strongly advanced the development of the 
mountain region. One route, known as Caminho 
Novo da Estrela Real, was created in 1720. 
Mainly following old Indian trails, it crossed the 
westernmost part of the Serra dos Órgãos to reach 
Porto da Estrela in the Guanabara Bay.

With the establishment of coffee plantations in 
the late 18th century, large areas of Atlantic forests 
in RJ were destroyed. In contrast to sugar cane, 
coffee was also planted on steep slopes, causing 
massive erosion problems and landslides. In 1860 
most of the coffee production moved from RJ to the 
Paraiba valley in São Paulo. According to Dantas 
and Coelho Netto (1995), the main reason for the 
delocalization of the production was the high water 
demand of the coffee plantations leading to water 
scarcity in the growing city of Rio de Janeiro. In 
the same year an offi cial afforestation program 
was established. Coffee was also planted in the 
Serra dos Órgãos, probably predominately in the 
lower ranges where coffee plants are still found in 
secondary forests. In the higher ranges of the study 
region in the municipalities of Teresópolis and 
Nova Friburgo, coffee has also been planted during 
that period, but large plantations are not known. 
This seems to be comprehensible, as an adequate 
transportation infrastructure was not developed.

As a result of the afforestation program 
forests expanded rapidly, so that in 1911 about 
85% of the state´s land area were covered with 
forests (Duarte de Barros 1956). However, 
an active immigration policy with the highest 
immigration rates in the country’s history in 1913 
(Prutsch 1996) sharply increased the demand 

for agricultural land, so that in 1949 the forest 
cover in RJ was reduced to only 8.2% (Duarte de 
Barros 1956). Since that time the forest cover has 
increased to about 20% in 2008 (Table I).

The landscape transformation processes of the 
post-war history cannot be described in detail, but 
the most important degradation factors in RJ include 
the expansion of the road network, suburbanization 
processes, and agricultural intensifi cation, 
which have been leading to landscape and forest 
fragmentation, habitat losses, and enhanced 
erosion processes. On the other hand, a modern 
environmental legislation has been developed and 
a system of conservation areas has been established 
to better protect the remaining forest patches. In 
the study region, we can observe a stabilization of 
the forest cover within the last 20 years (Fundação 
SOS Mata Atlântica/INPE 2003, 2008, 2009).

As a result of the brief historical overview, 
we can assume that the forest cover was subject 
to strong fl uctuations mainly caused by economic 
and political factors. Furthermore, we state that the 
forest cover in RJ was considerably less than today 
about 60 years ago. Therefore it can be concluded 
that wide parts of the current forests are at relatively 
young successional stages. Against this historical 
background we undertook detailed research in 
the study area. Based on the four pre-selected 
landscape units (Fig. 3), we suggest the following 
spatio-temporal differentiation of land use history 
and related landscape degradation processes:

(a) Large parts of the undulated pre-coastal area 
have been overexploited since the sugar cane cycle 
and can be described as strongly transformed. 
Today, the landscape is dominated by pastures and 
agricultural land, while small forest fragments are 
mainly concentrated on hilltops and upper slopes 
(Fig. 8). Deep gullies are common on the steep 
hill-sides and concentrated along roads and rivers 
(Fig. 9). They are related to the coffee cycle and 
overgrazing in different time periods, but a clear 
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assignment to a specifi c land use is not possible. 
However, not all hills show strong erosion features, 
and often the yellowish-brown soils are preserved. 
Therefore we assume that not all parts of the 
Guanabara Bay were already overexploited and 
highly degraded in historical times as it could 
be concluded from the investigation by Dean 
(1995). This is clearly documented for the upper 
catchment of the Rio Guapiaçu, where human 
impact was little until around 1900, when the fi rst 
large fazendas have been established. In that time 
coffee was grown on the hills and sugar cane in the 
lowlands together with cassava and black beans. 
Furthermore, sheep was introduced (www.regua.
co.uk). The result of this land use intensifi cation 

process enhanced sheet erosion on the slopes and 
a deposition of colluvial soils on lower slopes and 
in fl oodplains. The river regulation of the Guapiaçu 
river and its tributaries in the 1950s mark another 
signifi cant impact. Its causes were an increased 
river incision, a destabilization of the river banks, 
and a lowering of the groundwater table (Heinrich 
et al. 2010). Interviews with local farmers indicate 
that a river incision of up to 7 m took place in just 
about 30 years.

(b) The mountain foreland and the lower eleva-
tions of the Serra dos Órgãos in the municipalities 
of Guapimirim and Cachoeiras de Macacu are domi-
nated by secondary forests and pastures. A former 

Figure 8 - Agricultural landscape dominated by pastures and small forest fragments on the ”half oranges” in the municipality 
of Guapimirim
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land use is certifi ed by historical documents and soil 
properties, particularly a high charcoal content and a 
loose structure of the colluvial soils. Though the degree 
of landscape transformation is considerably lower 
compared to the coastal area. This is documented 
by larger connected forest patches and naturally 
meandering rivers, among others. However, in some 
areas a concentration of deep gullies on pastures refer 
to overgrazing in younger times. In the Guapiaçu 
catchment we observed many areas with vegetation 
in initial stages of regeneration. These patches refl ect 
the tendency of land-use abandonment of pastures 
in the foreland and lower mountain region (Fig. 10). 
This process is accompanied by a stabilization of 
gullies on former pastures. An expansion of forests 
within the last 40 years can also be observed in some 

parts of the foothills of the Guapiaçu catchment. This 
is documented by a comparison of aerial images 
from 1966 with satellite images from 2008 (Naegeli 
et al. 2010).

(c) The upper central range and the steep slopes 
towards the Atlantic in the municipalities of 
Teresópolis, Guapimirim and Nova Friburgo are 
widely covered by Atlantic Forest (Fig. 1). The 
rainforest of this region represents a mosaic of 
several fl oristically different vegetation units, 
mainly caused by both natural (relief, exposition, 
rainfall and temperature) and anthropogenic (land 
use) gradients. Old growth forests can be found at 
remote and inapproachable mountain slopes and 
belong to the dense ombrophilous submontane and 

Figure 9 - Deep gully along the state road RJ-122 in the municipality of Cachoeiras de Macacu
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lower montane rain forest classifi ed by Oliveira-
Filho and Fontes (2000). These mature forests 
alternate with patches of regenerating forests of 
varying succession stages, caused by either natural 
disturbance (landslides, natural fi res) and/or human 
intervention (e.g. timber and fi rewood extraction, 
slash and burn). Nowadays, these regions of the 
coastal mountain range are predominantly used 
for rock climbing and ecotourism. Many of them 
are protected as nature conservation units based on 
state and federal law.

(d) The mountainous region in the lee of the 
mountain range within the municipality of 
Teresópolis and Nova Friburgo can be described 
as a heterogeneous agricultural landscape with 
numerous small forest fragments (Figs. 1, 2). 
These fragments play an important role as stepping 
stone habitats. Historical documents prove that 
fi rst settlements in the region date back to the 
late 18th century and fi rst farms established in the 
early 19th century (Nehren 2008). The agricultural 
development and historical land use patterns were 
heterogeneous, mainly depending on factors such 
as origin and knowledge of the farmers, working 

capital, and accessibility. While Nova Friburgo was 
the fi rst Swiss colony in Brazil (1818), Teresópolis 
was a “quilombo” settlement, founded by maroons 
and indigenous peoples. In 1818, the British citizen 
George March established the fi rst fazenda closed 
to the present city center. Around 1880 many 
Italian immigrants settled in the region between 
the two towns, followed by Greeks and Spaniards. 
These immigrants brought their own traditions and 
agricultural knowledge, which were only partially 
adapted to the tropical mountain environment. In 
the mid-20th century some fazendas were split into 
micrositios, properties of 3-4 hectares in average. 
Due to the improved road and traffi c system that 
considerably shortened transportation times, the 
region became an important site for vegetable 
production. Simultaneously, the tourism sector 
developed rapidly.

Altogether, the heterogeneous land use 
patterns are mainly the result of the historical 
development and a small-structured landscape 
with many small valleys that have been developed 
in different time periods. For this reason, also the 
landscape degradation patterns are quite variable. 
As a general rule the main valleys with good 

Figure 10 - Landscape in the foothills of the Serra dos Órgãos in the Guapiaçu catchment. Left: Situation in 1920 (Photo by H. 
Werner, 1920), right: 2010 (Photo by A. Kirchner). Clear visible is an increased forest cover in the lower slopes
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traffi c access and early development often show 
severe erosion with rilling and gullying, mainly as 
a result of overgrazing. As deforestation and land 
use intensifi cation processes started considerably 
later than in the lowlands, the degree of forest 
fragmentation and related erosion processes is 
lower as well. However, within a time period of 
less than 200 years the natural forest landscape has 
been transformed into an agricultural landscape 

with small forest fragments. As a result, slopes 
have been destabilized and soils been eroded, 
which is well documented in soil profi les. In some 
places dark charcoal horizons from the clearing 
period are preserved, covered by young colluvial 
soils (Fig. 11). In some intensively used valleys 
deep gullies developed in less than 50 years, 
refl ecting the high vulnerability of the weathered 
material to erosion processes.

Figure 11 - Young colluvial soil over a dark charcoal horizon, municipality of Nova Friburgo

In the catchment of Corrego Sujo in the 
municipality of Teresópolis, we have analyzed 
properties of soils in four forest fragments. The 
forest cover in the catchment is about 26%, and 
the numerous small to medium size fragments 
are mainly concentrated on steeper slopes, while 

the hilltops are often deforested. The lower and 
fl atter slopes are dominated by pastures, whereas 
vegetable gardening is the major land use in the 
fl oodplains and intramontane basins (Nehren 
2008). All soils of the selected fragments are 
classifi ed as Cambisols or Ferralsols. As a result, 
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we found clear evidence for a former land use 
in all fragments: colluvial deposits with a high 
charcoal content and a loose soil structure, as well 
as remains of old trails and terraces.

The chemical analysis of eight topsoils 
(-20 cm) showed a low pH and nutrient status 
taht is characteristic for old, highly weathered 
soils of the humid tropics (Table II). This is also 
refl ected in low Feo:Fed ratios of three analyzed 
samples corresponding to a high degree of iron 
crystallization. However, soils in the fragment 
“Maturano” show a considerably higher pH value, 
potassium content, and base saturation. This is 
attributed to an agricultural use with an input 
of fertilizers in younger times. In contrast, the 

core of the fragment “Sorvete” (Table II, sample 
5) shows the lowest pH value, the highest TOC 
content and the highest phosphorous content. This 
patch is classifi ed as the oldest forest stand by 
vegetation studies (Thier and Wesenberg, verbal 
information). Based on these data we assume 
that the degree of acidifi cation, accumulation of 
organic matter and enrichment of phosphorous 
increase with the age of the forests, so that we will 
include these chemical soil properties in future 
studies of land use history and forest succession. 
Furthermore we consider that most of the forest 
fragments are young successional stages and no 
remains of a formerly large forest. This hypothesis 
has to be verifi ed in future studies.

No Frag.*) m
a.s.l.

pH
(KCl)

TOC
(%)

C:N
ratio

P2O5
(mg/100g)

K2O
(mg/100g)

CECpot
(cmolc/kg-1)

BS Feo/Fed

1 A 841 4.0 3.4 9.8 1.0 12.7 17.0 6.1 0.03
2 B 886 4.0 2.3 13.6 0.4 5.0 13.0 7.4 ---
3 B 898 4.2 2.5 12.5 0.3 5.2 15.8 5.3 ---
4 C 885 3.8 2.6 13.1 0.9 6.8 12.0 4.0 0.03
5 C 862 3.7 3.9 10.6 1.4 11.0 24.4 6.0 ---
6 C 824 3.9 2.1 7.9 0.6 8.8 16.4 2.8 ---
7 D 890 4.5 3.1 11.9 0.1 6.3 22.1 18.6 0.01
8 D 912 5.1 5.2 15.6 0.7 25.0 24.3 32.1 ---

*) Forest fragments: A = “Waldemar” (23.8 ha), B = “David” (8.9 ha), C = “Sorvete” (58.5 ha), D = ”Maturano (36.7 ha)

TABLE II
Chemical soil properties of 8 topsoils (20 cm) in four different forest fragments in the hinterland of Teresópolis

CONCLUSION

Palynological studies in SE Brazil suggest that 
natural climate variations in the late Pleistocene and 
Holocene had a major impact on vegetation cover 
and composition. These changes in turn infl uenced 
weathering intensity, geomorphic processes and soil 
development. In SE Brazil, the LGM is characterized 
by drier and colder climate conditions, but no 
glaciation. For the early and mid-Holocene pollen 
analyses indicate several drier and wetter periods, or 
intervals, respectively. The climate-induced fl uctua-
tions of the vegetation cover and composition not 

only affected the forest-savanna boundary and 
the timber line of the coastal mountain ranges, 
but also small-scale relief-dependent vegetation 
patterns. That leads to the question of rainforest 
refuges during the late Pleistocene and the drier 
periods of the Holocene as well as patterns of 
forest expansion in the wetter periods. According 
to the actual state of the art, rainforests may have 
survived in wetter habitats in the coastal zone and 
in the lowlands, particularity as riparian forests, as 
well as in higher altitudes due to higher orographic 
rainfall (Behling and Safford 2010).
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Based on fl uvial and colluvial archives, we 
were able to develop a landscape evolution model 
for the study area. However, more archives have 
to be interpreted to improve this model. Therefore 
we will continue our paleohydrological studies, in 
the Guapiaçu-Macacu catchment. From different 
dating techniques, physicochemical sediment 
characterization and palynological studies we 
expect an advanced model with a higher spatial and 
temporal resolution of climate variations, vegetation 
responses, and effects on morphodynamics and 
soil development.

Another emphasis of our research refers 
to the human impact on rainforests. According 
to various studies, rainforests established in 
SE Brazil as a closed vegetation cover between 
3,500 and 1,500 BP (Behling and Lichte 1997, 
Scheel-Ybert et al. 2003, Behling and Safford 
2010), depending on the geographical location, 
particularly latitude and elevation. Apart from 
that, there are only few palynological data for the 
region, which leave some room for interpretation. 
When rainforest emerged from their retreats, the 
coastal zone was already occupied by Sambaqui 
moundbilders. We explained that these peoples 
had a very low impact on rainforests. Furthermore, 
we pointed out that Tupi tribes, who settled later 
in the coastal zone cleared primary rainforests to 
practice shifting cultivation. As the regeneration 
periods for vegetation and soils were long enough, 
we assumed that the impacts on species diversity 
and soil fertility were relatively low.

As a main result of the landscape historical 
investigations we conclude that landscapes of the 
coastal region up to the lower mountain ranges 
have already been highly degraded in the colonial 
exploitation cycles (brazilwood, sugar cane, gold, 
and coffee). In contrast, the development of the 
mountain region in the lee of the range started late 
in the early 19th century. This is the main reason 
for a lower degree of forest fragmentation and soil 
degradation in the higher mountains compared to 

the coastal zone and lowlands. However, within 
only about 200 years of agricultural land use the land 
cover of the mountain region has been converted 
from natural rainforest to an agricultural landscape 
with numerous small forest patches. Large forest 
areas are limited to the central mountain ranges, 
where the steepness of the slopes and the diffi cult 
access were barriers for a further agricultural 
development. However, even here we fi nd a mosaic 
of old growth forests and secondary forests showing 
evidence of past agricultural use such as abundant 
occurrence of banana and/or coffee plants.

An important subject of our future research will 
be the analysis of relationships between landscape 
evolution, historical landscape degradation 
processes, and current land use development as the 
basis for an assessment of landscape vulnerability, 
resilience and future land use potentials. Our 
previous studies indicate that landscape history 
in the region is characterized by several periods 
of rapid deforestation and forest fragmentation 
accompanied by intense soil erosion, and others 
of low land use dynamics and afforestation. These 
periods took place at different times in the lowland 
and in the mountain region. In the lowlands we are 
presently in a period of low land use dynamics with 
a relatively stable forest cover, while the dynamics 
in the mountain region is slightly higher. This refers 
particularly to agricultural land use intensifi cation. 
Here, the expansion of vegetable gardening leads 
to high erosion rates on steep slopes and a loss of 
fl oodplain wetlands (Nehren 2008). Furthermore, 
the development of the road network drastically 
complicates the exchange of ecologically important 
vectors between plant and animal populations of 
the remaining natural landscape fragments (Santos 
and Tabarelli 2002).

From a physical geographical perspective of 
landscape vulnerability and resilience we assume 
that soils and weathering mantles are very prone to 
erosion, so that deforestation and overexploitation 
on medium and steep slopes lead to high erosion 



An Acad Bras Cienc (2013) 85 (2)

516 UDO NEHREN, ANDRÉ KIRCHNER, DIETMAR SATTLER, ANA PAULA TURETTA and JÜRGEN HEINRICH

rates in a very short time. On the other hand, 
abandoned agricultural land can convert into 
young succession stages very quickly. However, 
these young formations of re-grown vegetation 
can persist over long periods and even inhibit the 
development of forest vegetation (Cheung et al. 
2009). We also observed that deep gullies which 
developed in historical times are already covered by 
bush and forest vegetation. Hence we assume that 
secondary forests can grow comparably fast even 
on highly degraded, shallow soils. Nevertheless, 
the ecological quality of these vegetation patches 
remains very low due to the high degree of 
isolation, tremendous edge effects, poor plant 
species diversity and structural uniformity (Fleury 
and Galetti 2006).

If we defi ne landscape vulnerability and 
resilience from an agricultural perspective, we 
come to another conclusion. Here we assume 
that land use potentials have already been 
considerably reduced by soil erosion processes. 
Particularly weakly developed soils on steep slopes 
in the mountain regions have been degraded by 
overgrazing and, in younger times, by vegetable 
gardening. An ongoing overexploitation will 
lead to further land use restrictions due to rocky 
and shallow soils. Furthermore, processes of 
bank erosion will increase, resulting in losses of 
productive alluvial soils (Heinrich et al. 2010). 
Further land use intensifi cation will probably also 
result in more frequent and intense fl ood events 
as well as in a lowering of the groundwater table. 
These possible effects will be further investigated 
in our interdisciplinary research team.
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RESUMO

Variações climáticas e o histórico do uso da terra tem 
grande impacto no desenvolvimento da paisagem da 
Mata Atlântica brasileira. Na região sudoeste do Brasil, 
a fl oresta tropical expandiu sob condições climáticas 
quentes e úmidas durante o Holoceno, mas foram 
drasticamente reduzidas com o tempo. Não obstante, 
os numerosos fragmentos remanescentes da fl oresta 
são de marcante riqueza biológica. No presente estudo 
sobre a Mata Atlântica  do Rio de Janeiro, teve-se como 
objetivo a reconstrução  da evolução da paisagem no 
último Quaternário e a avaliação do impacto humano 
nestas paisagens e fl orestas. Neste contexto, foco 
especial é dado aos (a) efeitos da variação climática na 
vegetação, no desenvolvimento do solo, e nos processos 
geomorfológicos, além do (b) uso da terra tanto no 
espaço quanto no tempo e seus padrões de degradação. 
No presente estudo, são apresentados alguns novos 
resultados de pesquisa interdisciplinar realizada na 
Serra dos Órgãos no Estado do Rio de Janeiro.

Palavras-chave: Mata Atlântica, histórico do uso 
da terra, desenvolvimento da paisagem, mudanças 
climáticas naturais, Rio de Janeiro.
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