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Abstract—Human occupation in rural tropical watersheds has 

been contributing to a steady degradation of water and other natural 
resources. Agricultural expansion, deforestation and a lack of sound 
sanitary equipments to treat wastewater are conditions that threaten 
the environmental quality of the Environmental Protection Area of 
Brilhante (APA Brilhante), located in Santa Catarina, South Brazil. 
The area, being largely covered by native Atlantic Forest, holds a 
number of natural springs, important for the overall quality 
conservation and distribution of water in rural parts of the 
municipality. In APA Brilhante land use is permitted, but must be 
done in accordance with the principles of sustainability. To 
understand the socio-environmental conditions, the possible threats 
to water quality and to highlight the potential for alternative land 
uses, a field survey was done based on interviewing families that all 
lived inside or near the protected area. Results show that degradation 
of soil and water combined with pollution are the main concerns for 
the population. If no alternative land use practices are applied, the 
environmental conditions will continue to degrade. Thus intelligent 
management, based on socio-environmental understanding, education 
and effective stakeholder collaboration is needed to protect the 
landscape and secure the environmental benefits that people can 
derive from working with nature. The population requests 
information on how to conserve water, soil and vegetation to protect 
nature and continue farming for food production. For this reason the 
study concludes that the Brilhante community possesses great 
potential for the adaptation of suitable land use practices. This will 
help APA Brilhante to become a good example of sustainable 
management for similar protected areas. 
 

Keywords—Conservation behavior, Brazil, Atlantic rainforest, 
Environmental awareness. 

I. INTRODUCTION 
HE recent environmental history of Brazil was 
characterized by the severe destruction of its ecosystems 

[1]. The deforested area total 2.7 million km2 or roughly 
31.7% of the national territory and this country is one of 
largest consumers of biomass energy in the world. To answer 
to the large demand on wood fuel, timber and pulp, Brazil has 
developed a vast forest potential. The large scale forest 

plantations (basically of Pinus and Eucalyptus species) 
occupy around 5 million ha or around 1% of the national 
territory [2]. 
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Fresh water is a prerequisite for life on earth. Human 
occupation in rural tropical watersheds has been contributing 
to a steady degradation of water and other natural resources. 
During the last decades the concern about how to maintain 
water quality good for future generations has become a 
priority issue in global development [3]. It is an essential 
natural resource for basic human needs. In the coming 
decades, humanity will face important challenges, not only to 
meet these basic human needs but also to ensure that the 
extraction of water from rivers, streams, lakes and aquifers 
does not affect freshwater ecosystems to perform their 
ecological functions [4]. Important environmental and social 
indicators such as climate change, an increase in erosion, 
pollution through intensified agriculture and a growing 
population density in river basins suggest that in many parts of 
the world freshwater problems will magnify [5].  

At the present time, the production of biomass for food and 
fibre in agriculture requires about 86% of the worldwide 
freshwater use [6]. An increase of demand for food in 
combination with a shift from fossil energy towards energy 
from biomass puts additional pressure on freshwater 
resources. For the future, all production must come from the 
natural resource base currently available [7] requiring a 
process of sustainable intensification by increasing the 
efficiency of the use of land and water [8]. The current and 
future economic development causes a continued need for 
natural resources, such as fresh water. A shift towards 
biomass energy, as promoted to decrease the impact of fossil 
energy on the climate system [9], will bring with it a need for 
substantially more water, which will raise a conflict between 
‘water for food’ and ‘water for energy’ [10]. 

Brazil, holding around one third of the worlds remaining 
rainforests, keeps 12 % of the world’s water resources stored 
in rivers, lakes and underground aquifers. In many natural 
areas having open public access, but lacking proper 
environmental law enforcement, the resources can be easily 
overexploited. Because of this deforestation and unsustainable 
land-uses continue to cause serious degradation and 
contamination of freshwater [11], [12]. Forest plantations 
covered 187 million hectares in year 2000, with a current 
annual planting rate reaching 4.5 million hectares globally, 
South America accounting for 11% of the annual rate.  

In Brazil, the largest country in South America, forest 
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plantations are believed to be expanding at a rate of 2.2 to 2.3 
thousand square kilometers per year [13].  

Such contamination makes the rural inhabitants lack viable 
remedies to treat water for domestic use. They become reliant 
on sustainable alternatives solutions to conserve the available 
water and natural resources. For this there will continue to be 
a growing demand in the coming decades [14]. A question 
arises to a socio-environmental planner confronted with a 
range of negative outcomes caused by human occupation in 
rural areas of high natural value: How is it possible to 
conserve water resources in areas of good environmental 
quality with the condition of allowing a sustainable use of 
water and other natural resources for the common benefit of 
the people and physical environment? 

Santa Catarina State is a south Brazilian state located in a 
corridor of the Atlantic Rain Forest that extends from the 
northeast to the south of Brazil. The state possesses a rich 
natural heritage of forested areas with numerous natural 
springs, but human pressure has made it necessary to establish 
a network of protected areas to preserve the water resources 
that have not yet been polluted or degraded. Traditionally, the 
purpose of establishing protected areas has been to solely 
protect the biodiversity and natural value of a landscape, but 
recently focus has been given to traditional agriculture as 
means of conserving natural and cultural values in human 
impacted landscapes [15]. Many conservation projects in 
Santa Catarina have already been realized and in 1993 the 
Itajaí Municipality established their first area of environmental 
protection in the rural suburb of Brilhante. 

This conservation area was created with the aim of 
protecting the remaining parts of the Atlantic Rain Forest, 
within which the municipality’s best quality freshwater 
resources are being generated. Protecting an area of high 
natural value can create a buffer against pollution and 
degradation for the supply of fresh water to the rural 
inhabitants living inside or near the protected area [16]. In the 
case of APA Brilhante the aim has been to reach a socio-
environmental equilibrium where a positive interaction 
between people and environment is created resulting in 
improved quality of rural life. This means that nature will 
provide ecological services for the people which will sustain a 
healthy society and help nature recover its ecological diversity 
[17]. Ensuring a sound management of the protected area is 
therefore an essential key to obtain environmental 
sustainability and as [18] mention good environmental 
management can be realized by making good use of the 
people already living within the area. 

In Brazil the different types of protected areas that can hold 
human populations are classified as “units of sustainable use”, 
and APA Brilhante is classified as such. The inhabitants are 
generally permitted to live within the designated area by 
applying a more environmentally friendly land use practise. 
But converting into a sustainable land use can be a great 
challenge to farmers not yet familiar with alternative cropping 
methods that can save both soil and water resources [19]. To 
obtain the necessary knowledge about the potential for local 

inhabitants to adapt a sustainable land use practice in 
protected areas, we need to analyze and evaluate the 
contemporary land use pattern and its environmental impacts 
on soil, water and vegetation. 

Performing a field survey that unveil the social conditions, 
the present environmental challenges and the economic needs 
that rural inhabitants are facing will have a great  importance 
for projects dealing with community-based water management 
in river basins of any size. Many previous studies view the 
preservation of water and natural resources as a result of a 
minimum influence of human activity, but fewer studied have 
considered including populations as a dynamic force that can 
shape and sustain an environment which helps the coming 
generations for a healthier future.  

The objective of the present study is to analyze and evaluate 
the socio-environmental conditions in a small protected area 
with the purpose to strengthen the willingness and capacity of 
the local population for good water resource management and 
sustainable use of the Environmentally Protected Area of 
Brilhante, Santa Catarina, Brazil. 

II. DESCRIPTION OF THE STUDY AREA 
The study area is located at the protected area of the Rio 

Itajaí watershed at Santa Catarina (fig. 1), which is one of 
Brazil’s 26 states. With an area of 95.400 km² Santa Catarina 
State holds a large variety of natural landscapes and many 
different ethnic groups, mainly as a result of late European 
colonization. Is located in the southern part of Brazil and 
borders Argentina to the west. The state capital is 
Florianópolis, located on Santa Catarina Island. Along the 
Atlantic coastline, about 90 km north of Florianópolis, at 
Latitude 26°54’28” and Longitude 48°39’43”, the coastal 
Municipality of Itajaí can be found. Rio Itajaí Mirim, being 
the main tributary of Rio Itajaí Açu, provides most of the 
freshwater-supply for the City of Itajaí. 
 

 
Figure 1- Location of the State of Santa Catarina in Brazil and 
the study area of the Rio Itajaí watershed.       

 
The river provides possibilities for transportation from 

inland to coast, but has been highly contaminated from input 
of untreated domestic wastewater, intensive agriculture, 
effluents from industries and salt-water intrusion from the 
Atlantic Ocean. The Area of Environmental Protection “APA 
da Serra Brilhante” created by a Municipal Law at 1993 and 
house 621 families. The total area encompassed 2015 ha of 
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which 41% was covered by native forests maintained mainly 
along watercourses and valleys.  

The purpose of creating the APA Brilhante was to protect 
the most important hydrological resources in the municipality 
and to guarantee a sustainable use of the natural resources in 
the area. According to SDR Itajaí [20] and [21], many natural 
springs and water courses within the Municipality of Itajaí 
have been degraded partially or in their full course as a result 
of lacking riparian forest, unwise water management and 
changes in land use. Degradation usually starts from the point 
where human settlement starts having impacts on the 
freshwater ecosystem (fig. 2). 

 

 
 Figure 2- Diagnosis of the environmental condition of natural 
springs and riparian forests within the Municipality of Itajaí 
(modified from [20]). On the map are shown the limits of the 
micro-basin and APA Brilhante. 

 
The climate in Itajaí is classified as Subtropical 

(mesothermic humid with an annual average temperature of 
21°C). The summers are warm, rarely over 37°C, and the 
winters are mild, rarely under 10°C. Rainfall is more intense 
in the summer period and less intense in the winters, and Itajaí 
receives an annual precipitation of between 1400 and 2000 
mm. The high amount of rain gives an elevated humidity to 
the air – equivalent to 84 % in average with an average air 
pressure of 1010 Mbar [21]. The Brilhante area is made up of 
two valleys with hills rising to 200-300 m above sea level and 
at the source of the Brilhante River they rise to 400-600 m. 
The forests of Brilhante are classified as native Atlantic Rain 
Forest of the type Ombrófila Densa which grows widespread 
across Santa Catarina, and the introduced Eucalyptus spp. 
plantations.  

Ombrófila Densa is composed of dense ferns, arborescents, 
terrestrial orchids, bromelias retaining water in their flower 
trunks, palm trees from which palm heart can be extracted for 
human consumption, moss carpets working as sponges to 
conserve water and an innumerable number of lianas. Many 
species have been classified as epiphytes and live in symbiosis 
with other species. According to some scientists, the Atlantic 
Rain Forest is said to hold the largest number of tree and plant 
species per hectare ever found on the planet. The large 
numbers of tree-species give shelter to high diversity of 
mammals, bird and insects, all living in or near the forest. 
Many of these species are endangered in other parts of the 
Atlantic rain forest. It has been estimated that around 357 tree 
species thrive in the area of the Rio Itajaí watershed. 

The remaining vegetation comprised planted stands of 
Pinus spp., Eucalyptus spp., and Araucaria angustifolia. Only 
planted forests were harvested, either for timber, energy 
biomass or cellulose extraction. Non-native stands were 
harvested at intervals of approximately seven years during 
which time there was a substantial growth of underbrush, and 
a clear fell was carried out in the third interval (i.e. after 21 
years). 

III. METHODOLOGY 
To investigate the socio-environmental conditions and the 

use and management of natural resources in the Brilhante 
area, a questionnaire containing 50 questions was prepared. 
The questions were prepared as a geographical description of 
the area, containing specific questions related to the use and 
management of water and other natural resources. In the 
following weeks, 60 families, living in 60 different houses in 
Brilhante were visited and the questionnaire was performed as 
an interview with one or more of the family members at each 
house. Each interview could typically last from 30-60 minutes 
and at times develop into a conversation. This facilitated the 
interview as many of the local inhabitants provided the 
questionnaire with supplying information that couldn’t have 
been obtained elsewhere. 

The location of field interview was selected randomly. 
Families may be farmers or landowners and with different 
education levels (fig. 3 and 4). Two recreational sites were 
selected for interview to highlight the importance of tourism 
in the area. Some of the interviews were recorded with a Sony 
IC Recorder (Dictaphone) to remember exactly what was 
being said at each of the sites. 
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 Figure 3- Pie diagram showing the education level of people 
interviewed.     
  

 
Figure 4- The size of land area belonging to the interviewed 
households. 

      
Additional information was collected from local 

stakeholders. During the “Semana do Meio Ambiente” more 
information was aquired as a result of the meetings being held 
in different parts of Itajaí. At the local school at Brilhante II, a 
project of recuperating the riparian forest along the local 
stream was initiated with the help of the school students on 
the first day of the “Semana do Meio Ambiente”. Prior to or 
during the interviews each of the interviewed persons would 
be informed of the ongoing plans of applying the “Area of 
Environment  Protection” to the Brilhante area – this would 
also demand a responsibility of the inhabitants living in the 
area further down the valley. 

Once all the interviews were made, a digital map of the area 
indicating all the 60 locations of the interviews would be 
produced. This map, combined with other thematic maps 
would form the base of the analysis of the area and evaluation 
of its characteristics (problems and potentials).  

Results of the interviews were categorized in a table 
showing the number of responders having choisen – to 
determine whether the inhabitants of Brilhante would be in 
favour of or against changes in the environment – using the 
application of the “Area de Proteção Ambiental” as tool to 
stimulate a sustainable development in the area. The maps, 
answers of the interviews, additional information and photos 
from each site would form the base of the analysis and 
evaluation given in the following section.      

No previous announcements of the arrival of the 
interviewer would be given, and the questionnaire should 

therefore be regarded as having been performed spontaneous 
[22]. In respect to the availability of people that could answer 
to the questionnaire, the persons being willing to answer 
would be questioned, without preferences.  

IV. RESULTS AND DISCUSSION  
All the results of the socio-environmental analysis among 

the 60 families in Brilhante are resented below. As the 
questionnaire turned out to be very extensive, not all the 
questions would be answered by all the interviewed persons. 
Depending on the person’s willingness to answer and 
comment upon the questions, the replies reflect the broad view 
of insight and different positions regarding the caretaking and 
future sustainability of the local environment.  

The interviews of the few farmers still existing in Brilhante, 
show that they are facing many of the common economic and 
biophysical challenges that globalization and climate changes 
are giving to the tropical areas (fig. 5). Due to climate 
changes, some regions of Brazil, especially the semi-arid 
Northeast will suffer from a diminution in water availability 
[23]. These changes can set forth a search for alternative land 
use systems to cope with environmental and socio-economic 
pressures [23].    
  
 Major Environmental Challenges to Land and 

Water Use
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Figure 5- Histogram showing the number of respondents 
highlighting specific environmental challenges to land and 
water use (respondents had to give priority to one problem). 

 
The natural Atlantic Rain Forest that surrounds the 

Brilhante Valley is a precious resource for the local 
inhabitants, because they protect and generate the natural 
springs from where 75 % of the households receive their 
drinking water. A high amount of rainfall and the effective 
retention and filtration of water that the soils perform in the 
forest bottom is responsible for this. The majority of the 
families that had access to spring water answered that the 
water is so clean that it can be drunk readily, when it flows 
through the hoses that connect the springs to the water tanks 
that most of the houses had installed in the gardens.  

 “We shouldn’t disturb the natural forest, because it 
provides us with water. If it wasn’t because of the native 
forest, still surrounding Brilhante, we would be without clean 
water now.” (Citation, housewife – Brilhante I). 
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This view on the forest is reflecting the perception that 
many locals have after seeing much of the native forest having 
been converted into pasture or Eucalyptus plantations. All the 
households having access to spring water from the forest 
expressed their gratitude for this, but at the same time they 
were worried if this situation would last. The future of the 
native forest is therefore much dependent on the demand for 
space to expand the agricultural activities practiced in the 
area. At the same time it is possible to combine agricultural 
activities with sustainable forest management [24]. What is 
still lacking in Brilhante is a deeper knowledge of the 
resources hidden in the forest. This could help the local 
population to benefit from the forest resources as an economic 
alternative to agriculture/cattle ranching. The forest itself, 
besides giving shelter to wildlife, provides a variety of readily 
exploitable products and services. And most important for 
Brilhante is that it also plays an essential role in maintaining 
the watershed that supplies much of the available drinking 
water for the community [25]. 

In the work by Campi [26] it is shown that the 
evapotranspiration and water uptake from Eucalyptus trees in 
fact doesn’t differ from that of the native Atlantic Rain Forest, 
but according to Ferreira [27] the unsaturated overland flow is 
increased by plantation of Eucalyptus spp. in dry periods of 
the year. After drying out, the soils become water repellent. 
Water repellence can lead to erosion during short periods of 
heavy rainfall [28].  

Within the group of farmers that have specialized in 
cultivation of Eucalyptus, we have also included the 
cultivation of Palmito Juçara (Euterpe edulis) that plays an 
important role in the food production economy of some 
farmers, but in the last decades this specie has suffered from 
illegal over-extraction and become threatened. 

Wastewater is considered the most important source of 
pollution affecting the water quality of the Brilhante River. 
From the survey having been performed among the 
inhabitants in Brilhante I and II, it was found that the problem 
of wastewater discharge into the river is a common concern 
that needs sustainable solutions. Half of the questioned 
families have not yet received any cesspit installation kit for 
wastewater treatment. 

From the field survey it was found that the practice of 
burning the fields before or after cropping is hardly being 
practiced in contemporary land use throughout the 
community. Only 10 out of 60 households stated that they 
practiced field burning. Formerly, the need for fertilizers was 
one of the great challenges for the farmers, a need which 
could be partly covered by burning the fields before and after 
cropping to release the inorganic nutrients, which are bound to 
the organic material covering the field. This practice has been 
related to the “slash and burn” agriculture which has been 
practiced for centuries in areas of Brazil covered by tropical 
forest. Today’s environmental law has enforced strict rules 
concerning the practice of burning fields.  

In relation to the actual pollution of the nearby river and the 
losses of numerous water springs as a cause of deforestation, 

the conscience of preserving the dense natural forest areas has 
increased in the last 10 years. Most families referred to the 
environmental conditions in the Brilhante area as it was 10 
years ago. The river was full of water and the forest supported 
enough natural springs to create natural ponds which were 
frequently used by the local inhabitants for leasing and as a 
secure water supply in times of drought (personal 
communication, interview 43). Even the youngest members of 
the families refer to the landscape as it appeared 6-10 years 
ago and comment upon the recent changes that have occurred 
in the recent years.  

A large majority of the individuals responded that 
deforestation and the plantations of eucalyptus has dried out 
the soils and caused many natural water springs to disappear. 
This has led the respondents to suggest a number of important 
counteractions against environmental degradation (fig.6). 
Another large scale factor influencing the recharge of the 
groundwater table is the instability and lack of rainfall that the 
area receives:   

“We are feeling the effects of the big changes going on in 
Amazon, where the mighty are controlling the land…if the 
deforestation in Brilhante would continue like that; we 
wouldn’t have more water in 10 years, so of course we have to 
take care” (citation: pineapple-farmer, Brilhante II).  
  

 
Figure 6- Histogram showing the preferred action towards 
environmental conservation in the Brilhante area.   

 
The deforestation rates in Brazil are alarming and this 

country is one of largest consumers of biomass energy in the 
world (Fig. 7). In order to respond to this scenario, Brazil has 
developed a vast forest potential that has contested by 
environmental groups that struggle to reduce the establishment 
of large-scale exotic species plantations. 

 When asked, what the families can do as individual 
households, most families responded that much could be done, 
for example in regards to collection and separation of rubbish. 
Most of the interviewed families admitted that it was wrong to 
throw rubbish in the river, but they ignore alternatives.  
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Figure 7. Rainforest of native Ombrofila densa (A) has been 
recently cleared to give way for Eucalyptus plantations (B) 
and pasture (C).  (Used by permission of Sebastian Lassen 
©2008, all rights reserved). 

 
A small fraction of the interviewed farmers tried to explain 

their dilemma in terms of economical value. How were they to 
survive on a long term scale if they were not allowed to 
expand their area of arable land? This question would lead to 
a discussion about fragility of the soils and the probable return 
they would get from each hectare.  

Interestingly, it was clearly felt that the local inhabitants 
were satisfied living in an area so blessed with peace and 
scenic nature. Among the questioned families were a young 
couple, having moved from the city to the countryside, 
because they considered Brilhante to be a healthier 
environment for children and their family life. For the youth 
“variety is the spice of life” and in a certain way they try to 
convey this viewpoint to the elderly generation. Changes 
should come from within, but “the first steps come from the 
youngest in the society”.  

Public participation and environmental awareness were 
promoted mainly to younger. The “Project a Greener Itajaí” is 
a municipal environmental project aimed at giving continuity 
to the actions of reclamation of the riparian forests around 
streams and natural springs in the Municipality of Itajaí 
generation (Fig. 8).  

In the local school, the first steps to rehabilitate the riparian 
vegetation along the Brilhante River have already been taken, 
and this has shown to be of great attraction and interest to the 
school students, who voluntarily took part in the fist 
plantations of native tree species along the part of the river 
that passes the school. From such initiatives the youngest 
members of the society can see that their contribution, as 
small as it may be, actually helps and the changes create joy 
and satisfaction among those who see the value in making the 
environment greener.  
  

 
Figure 8- Students from the community school participating in 
reclamation project and replanting native species along the 
bank of the Brilhante river. (Used by permission of Sebastian 
Lassen ©2008, all rights reserved). 

 
Among rice farmers, the opinion showed to be quite 

different. They cannot afford to offer 30 meters of their rice 
fields for the benefit of the riparian forest to be rehabilitated. 
For them it is difficult to see any benefits in having trees 
instead of rice on their fields and believing that the 
municipality tries to take part of their cultivated land they 
quickly discard any considerations of participating in the 
project “Itajaí Mais Verde”.  

Another problem is the spreading of pesticides with 
airplanes in rice plantations. The families were interviewed in 
regard to this matter and they all expressed their fears of heath 
damage for them, plants and animals. In figure 9 it can be seen 
that water quality is the most important indicators of 
sustainability according to the opinion of the Brilhante 
inhabitants. 

Sustainable landscape management in environmentally 
sensitive areas should be based on traditional social 
stewardship. Solutions to alleviate the environmental 
degradation ought to build on creative and dynamic 
applications designed to meet the needs of the specific areas, 
such as the foundation of river basin committees and local 
projects of environmental education [29].  

The initial aim of having designated Brilhante as 
Environmental Protection Area has been to achieve a 
sustainable use of the area. According to Liitig and Greißler 
[30] ‘human needs cannot be sufficiently met just by 
providing an ecologically stable and healthy environment, but 
if a society is indeed omitted to sustainability, the equally 
legitimate social and cultural needs ought to be taken care of 
as well’.  

The results indicate that the residents have limited 
awareness and a poor understanding about sustainable 
development and the rules of the environmental conservation 
area. However, they hold a positive attitude toward water 
conservation while people's awareness of the conservation 
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program has a positive correlation to their educational level, 
whereas their pro-environmental and resource conservation 
behavior has a positive correlation to the age of the 
respondents. 
 

 
Figure 9- The indicators of sustainability as chosen by the 
Brilhante households. 

V. CONCLUSIONS   
The main objective of this study was to create a better 

understanding of public awareness and performance in the 
promotion of environmental protected areas in Itajai, Brazil. It 
was found that the residents in Brilhante have limited 
awareness and a poor understanding about sustainable 
development and on which are the rules at the environmental 
conservation area. While the government sets an ambitious 
goal and takes more responsibility in promoting rainforest 
conservation and reclamation, the public does not have basic 
information on what role they should play. Most residents are 
not involved in the promoting conservation. 

 The older population and mainly the farmers of the study 
area do hold a substantial amount of knowledge about the 
resources around them, although, they request in general more 
information on how to conserve water, soil and vegetation and 
how to strengthen their self-sustainability in food production. 
Brilhante inhabitants consider that badly managed agriculture 
and the Eucalyptus plantations having substituted the native 
forests dried out their soils. A general concern for the 
community is to preserve the remaining sources of freshwater 
and keep the water quality as good as possible. For this 
purpose to be fulfilled, wise stewardship should be taken all 
the way through the Brilhante Micro-basin.  

Analysing the social, economic and environmental 
conditions it can be concluded that degraded areas within 
APA Brilhante can be reclaimed with: adaptation of 
sustainable land use practices, increase of small farm 
productivity, biodiversity preservation, on-farm water 
conservation and a supply of diverse ecosystem services.  

The municipality has the responsibility to show the direct 
benefits of converting parts of arable land into riparian forest 
by actual examples and in direct communication with the 
farmer [31]. The study concludes that the Brilhante 
community possesses great potential for converting into more 
sustainable land management practices and could become a 

good example of sustainable land use among similar protected 
areas.   
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