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1 Abstract 
Fragmentation of the Atlantic forest is extensive and a major reason for biodiversity loss in the 

South American continent. Today only a fraction of the pre-Colombian forest cover is still left 

and predominantly represented by isolated fragments. In the highlands of southern Brazil the 

biome constitutes the eco-region Araucaria moist forest that has a unique plant composition 

and many endemic species. This study has focused on one small fragment of Araucaria moist 

forest within the state Rio Grande do Sul in southern Brazil. The study was performed as an 

inventory of the tree species present in the fragment to acknowledge its diversity and tree 

species composition. From this the origin and conservation status for the fragment could be 

concluded. The inventory demonstrated high species diversity for the fragment with a Shannon 

index of nearly 3,43. Also many similarities to natural Araucaria moist forest were evident with 

the occurrence of 12 of the 19 native species most represented in natural forests. A high 

percentage of dead trees were documented with nearly 6,5 % . Further the endemic species 

Dicksonia sellowiana and Nectandra megapotamica were recorded within the fragment, D. 

sellowiana is an endangered species in Brazil. These results indicated a fragment with natural 

origin as part of the mosaic composition in the eco-region rather than a result of human land 

use such as plantation or regrowth of agricultural land. Thus the fragment may be a remnant 

from the great Araucaria forest expansion occurring in the second part of the Late Holocene 

with an age of up to 1100 years. This study suggests that the surveyed Araucaria moist forest 

fragment has significant conservation status and deserves accurate conservation measures to 

be taken for the continuing existence of this unique and threatened eco-region. 

Key words: Araucaria moist forest, Atlantic forest, Conservation, Fragmentation, Management, 

Species diversity, Southern Brazil. 
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2 Background 
 

2.1 Habitat fragmentation 

The degradation and loss of natural habitats is today one of the greatest threats to biodiversity 

worldwide due to its vastness and rate, affecting all trophic levels in an ecosystem (Groom, et 

al., 2006). Alteration and destruction of natural habitats often leads to habitat fragmentation. 

Fragmentation includes both a reduction of the initial area covered by a natural habitat in a 

landscape, and an alteration of the habitat structure, where the remaining habitat is divided 

into smaller and more insulated portions (Groom, et al., 2006). The process of fragmentation in 

terrestrial ecosystems typically follows a specific pattern beginning with the formation of gaps 

in the natural habitat matrix for example by the creation of agricultural fields, roads or by 

resource extraction. With time the gaps become more numerous and/or bigger in size to the 

extent of which they ultimately come to be the matrix. The continuity of the original habitat has 

been disrupted (Groom, et al., 2006).  

2.1.1 Effects of fragmentation 

Habitat fragmentation often has multiple consequences for an ecosystem due to cascade effects 

concerning all the trophic levels within the ecosystem (Groom, et al., 2006). Insularization and 

loss of habitat can lead to the elimination of species, decreased population sizes, altered 

predatory-prey relationships and competition between species, disrupted migratory paths and 

introduction of invasive, non-native species (Groom, et al., 2006; Tabarelli, et al., 1999). This in 

turn may change community structures and food web dynamics within the ecosystem, 

ultimately altering its ecological processes (Groom, et al., 2006).  

For species living in a landscape subjected to fragmentation there are essentially three 

outcomes (Groom, et al., 2006). First, there is the possibility for some species to thrive in the 

new human-modified matrix, this means that species richness might increase in the area. 

However these species are often more generalist that are favoured over sensitive species in a 

disturbed landscape. Thus they are not considered valuable for conservation purposes (Groom, 

et al., 2006). Second, species might persist in viable numbers within fragments or by migration 

between metapopulations within different fragments. The third outcome is inevitably 

extinction when the species cannot cope with the new conditions (Groom, et al., 2006). How 

different organisms are affected by fragmentation is largely species-specific and depends on 

the species living conditions such as area requirement, vagility, specialisation, fecundity and 

population density (Groom, et al., 2006). 

Some effects of fragmentation are immediate and direct while others develop over decades. 

Many fragmentation effects also show time lags in response within the ecosystem since 

different species have different threshold levels to disturbance. Meaning that some effects are 

not expressed until a certain threshold has been reached (Groom, et al., 2006). These facts can 

make it difficult to study the effects and predict the consequences fragmentation can have on 

an ecosystem. Only in more recent years have the effects of fragmentation to natural habitats 
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received more attention and many of the effects are still unfolding as more and more studies 

are being made (Groom, et al., 2006). 

2.2 The Atlantic forest biome 

The Atlantic forest biome constitutes the largest rainforest in the American continent after the 

Amazonian rainforest. Its pre-Colombian cover extended almost all the way along the coast of 

Brazil from Rio Grande Do Norte to Rio Grande Do Sul, reaching inland in the southern part and 

into north-eastern Argentina and eastern Paraguay (Saatchi, et al., 2001; Tabarelli, et al., 2005; 

Tabarelli, et al., 2010). The biome ranges from 4° to 32°S and has an elevation of between 2900 

m down to sea level, thus covering a variety of climates, soil types and different vegetation 

compositions. It includes tropical rain forest in the north, Lauraceae-dominated forest and 

mixed Araucaria forest to the south with semi-deciduous and deciduous forest inland 

(Tabarelli, et al., 2005).  

Due to its great heterogeneity the Atlantic forest has rich species diversity with among the 

highest abundances of endemic plant and animal species in the world compared to other 

continental tropical forests (Tabarelli, et al., 1999; Tabarelli, et al., 2005). The diversity of 

plants exhibited in the Atlantic forest may even exceed that of the Amazonian rain forest 

(Tabarelli, et al., 1999) and nearly 40 % of the plant species are endemic. Trees exhibit 

particularly high endemism with over half the species growing only in this biome (CI, 2004). 

Today the Atlantic forest is home for over 8000 endemic species of reptiles, amphibians, birds, 

mammals and vascular plants and is accounted as one of the 25 biodiversity hotspots in the 

world (Tabarelli, et al., 2005). The high amount of endemism is due to the biome’s history with 

glacial and interglacial epochs. Periods of union with other forests in South America, such as 

the Amazon, allowed for biotic interactions while periods of separation gave rise to speciation 

due to geographic isolation. This resulted in a combination of both pre-Pliocene and 

Pleistocene species within the Atlantic forest (Tabarelli, et al., 2005). 

2.2.1 Fragmentation of the Atlantic forest 

In tropical forests fragmentation of habitats is a major reason for biodiversity loss and the 

Atlantic forest biome is no exception (Tabarelli, et al., 1999; Tabarelli, et al., 2005). Due to 

expansion of agricultural and urban land along with massive resource extraction of timber, 

firewood and fruits since the European colonization of Brazil during the sixteenth century, the 

Atlantic forest biome now suffers greatly from anthropogenic fragmentation (Tabarelli, et al., 

1999; Tabarelli, et al., 2005; Tabarelli, et al., 2010). Especially in the three latest decades forest 

clearing has been severe, fuelled by governmental subsidies to promote the expansion of high-

yield agriculture such as soybean, coffee and sugar. Now less than 7 % is left of the pre-

Colombian forest cover (Tabarelli, et al., 2005). These per cents are largely fragmented into 

thousands of small and widely separated islands of forest embedded in a mosaic of agricultural 

land. The agro-mosaic also includes patches of secondary forest and monocultures of exotic 

tree species such as eucalyptus (Eucalyptus sp.). In addition degradation through illegal 

logging, alien species invasions and collection of plants, continues within the remaining forest 

fragments (Tabarelli, et al., 1999; Tabarelli, et al., 2005; Tabarelli, et al., 2010).  
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In Brazil the majority of species currently threatened with extinction are dependent on the 

Atlantic forest this means over 530 species of reptiles, amphibians, birds, mammals, and plants 

(Tabarelli, et al., 2005). Among the endemic species many do not exhibit a wide distribution 

within the biome but are rather restricted to one or two regions of endemism. This makes the 

species vulnerable to alterations within these regions (Tabarelli, et al., 2010). The loss of 

habitat coupled with other environmental changes followed by global warming, over 

exploitation, pollution and introduction of invasive alien species will most likely cause the 

number of species threatened with extinction to grow further. When species migration and 

establishment in new areas is limited due to the widespread fragmentation of the biome, the 

possibilities to cope with a changing environment are reduced (Tabarelli, et al., 2005). 

The habitat quality of the remaining forest fragments of Atlantic forest is largely decided by the 

fragment area (Tabarelli, et al., 1999). Larger fragments usually have a smaller edge effect and 

larger core area and can sustain more of the original vegetation. As fragment size decreases 

and the edge to area ratio increases the fragment becomes more susceptible to invasion of 

species from the surrounding human altered landscape (Tabarelli, et al., 1999). Also the 

microclimate of the fragment is changed by increased solar radiation and wind speed making 

the edge habitat warmer and dryer with higher light availability. Such an alteration is 

beneficial for disturbance adapted and generalist species that can colonize deeper into the 

fragment causing a shift in species composition towards more generalists (Tabarelli, et al., 

1999). This is alarming considering the fact that the majority of fragments of Atlantic forest are 

small to very small (<30 ha). Forest fragments smaller than 10 ha can exclusively consist of 

edge habitat (Tabarelli, et al., 1999). Consequently species that require true core habitat cannot 

persist in these fragments (Groom, et al., 2006). Except for changing species composition other 

deleterious effects to small fragments are increased susceptibility to wildfires, increased tree 

mortality, altered seed dispersion and a more accessible core area for predators and for 

resource extraction and hunting by humans (Broadbent, et al., 2008).  

2.2.2 Conservation actions 

To protect the remnants of Atlantic forest in Brazil it is by legislation required that 20 % of any 

rural area in Brazil be managed as forest reserve, according to the Forest Code of 1965 

(Tabarelli, et al., 2005). Riparian forests (decided by the river width) and forests growing on 

steep hillsides are required to be protected permanently. Any clearing of forest or other 

disturbances demands permission by the government, determined by Federal Decree 750 of 

1993. Despite these legal actions the Atlantic forest is under constant threat by a strong lobby 

pressing for expansion of agricultural and residential land (Tabarelli, et al., 2005). At the 

current moment there is an on-going debate whether to relax the legislation in favour for 

farmers who want to make further alterations to their land (Jasper, A., personal 

communication, 25-03-2011). This would inevitably jeopardize the future existence for the 

Atlantic forest in Brazil even more.  

Another measure taken to conserve what is left of the Atlantic forest is the creation of a large 

number of protected areas in the last decades, such as parks, ecological stations and reserves 

(Tabarelli, et al., 2005). Currently more than 600 protected areas have been created. However 
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large quantity alone is far from sufficient. Most of the protected areas are too isolated and 

small (a majority are less than 100 km²) to assure species persistence in the long term. Lack of 

governmental financing and trained staff limits management of the protected areas and there 

is a constant conflict with local and indigenous communities within and around many of the 

protected areas (Tabarelli, et al., 2005). The parts of Atlantic forest that are left to preserve is 

to a large extent on private owned land and to establish an organised system of private 

reserves is essential for the protection of the biodiversity in the region. Today private 

landowners can voluntarily create officially protected areas on their land according to the 

category The Reservas Particulares do Patrimônio Natural (RPPN). Currently around 445 

RPPNs have been created in the Atlantic forest covering almost 1000 km² (Tabarelli, et al., 

2005).  

To halt the current rate of fragmentation and habitat loss, an integrated approach is required 

including both enhanced law-enforcement along with incentive programs to reduce poverty 

and promote social development (Tabarelli, et al., 2005). This is of great importance due to the 

fact that over 100 million people are living within the Atlantic forest and most of the fragments 

are on private land. The concern for the Atlantic forest and its condition is today more and 

more acknowledged and a number of conservation programs are now running by the initiative 

of public policies and nongovernmental organisations (NGOs). Some examples are The National 

Biodiversity Program and The Critical Ecosystem Partnership Fund (CEPF, 2001) the latter 

contains a review of the main conservation programs for the Atlantic forest (Tabarelli, et al., 

2005). One initiative that has been proven efficient is financial compensation by the state to 

municipalities (ecological ICMS), both for setting aside areas for protection and for improving 

the management of already existing protected areas (Tabarelli, et al., 2005). To further 

strengthen law-enforcement by the application of the Forest Code is essential for demanding 

protection and restoration of “areas of permanent protection” and “legal forest reserves” on all 

private owned properties. Also the creation of forest corridors is vital to increase the 

connectivity between fragments. To increase connectivity is an essential fundament for 

effective biodiversity conservation in all vastly fragmented biomes. Finally management 

actions should be monitored both through biological, economic and social points of views to 

make sure that resources are effectively used (Tabarelli, et al., 2005).  

One example of conservation actions, that this study is part of, is the investment in research 

within existing forest fragments to discover their biological value and conservation status. By 

performing this kind of research, financial measures for protection and restoration can be used 

where it is most urgent concerning biodiversity conservation. This study has been a 

cooperation between land owners, professors and students at the university Univates, Brazil 

and Halmtad University, Sweden. 

2.2.3 Semi-deciduous Atlantic forest mixed with Araucaria 

Semi-deciduous Atlantic forest mixed with Araucaria constitutes an eco-region within the 

biome Atlantic forest and is typical for the mountainous areas of southern Brazil and north-

eastern Argentina. It is also called Araucaria moist forest (WWF, 2001). The forest extends 

from approximately 500 m up to 1600 m above sea level with a subtropical climate without 
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any marked dry season but with frequent periods of frosts. The vegetation is mainly composed 

of Atlantic forest mixed with the pine tree Araucaria (Araucaria angustifolia) (Figure 1 & 2) 

along with species of Myrtaceae (ex. Campomanesia xanthocarpa), Lauraceae (ex. Ocotea 

pulchella and O. puberula), and Fabaceae (ex. Machaerium paraguariense) (Brena, 2001; WWF, 

2001). In southern Brazil the Araucaria moist forest occurs as a 100-200 km wide belt near the 

boundary between the states Rio Grande do Sul and Santa Catarina. It also grows on the rises of 

Serra Geral, the plateau of southern Brazil (WWF, 2001).  

 

          

 

 

With species of Araucaria dating back to Permian ages the Araucaria moist forest is accounted 

as one of the most ancient forest ecosystems existing on earth (Villwock, 2002). The eco-region 

has a heterogeneous structure and composition that form a multifaceted mosaic of plant 

assemblages including features of pampas grasslands. The unique composition makes it easily 

distinguishable from other parts of the Atlantic forest biome (WWF, 2001). Due to its 

heterogeneity the Araucaria moist forest supports a rich biodiversity with a combination of 

species from remnant coniferous forest and Atlantic forest. Numerous species within the eco-

region are endemic. Especially recognized are the various species of endemic birds, but also 

rare plants and mammals such as the brown howler monkey (Alouatta fusca) are found (WWF, 

2001). 

Similar to the rest of the Atlantic forest biome, the Araucaria moist forest is highly fragmented 

due to anthropogenic alteration of the habitat and 87 % of the original forest area has been lost 

(WWF, 2001). The remaining forest is mainly represented by small and very small fragments 

(<100 ha). Although a part of the eco-region is under official protection these areas cover 

merely 0,62 % of the total remaining Araucaria moist forest (WWF, 2001). In addition to this 

the highland grasslands of the eco-region have in the last decades experienced afforestation by 

the alien tree species Pinus, further threatening the sensitive ecosystems (Behling & Pillar, 

2007). The single larger area with continuous Araucaria moist forest in southern Brazil lies 

Figure 1. Araucaria (Araucaria angustifolia) 

growing on pampas grassland in southern 

Brazil.  

Figure 2. Young seedling of 

A. angustifolia. 

Photo: Linnéa Johansson Photo: Linnéa Johansson 
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within the national parks Parque Nacional de Aparados da Serra and the adjacent Parque 

Nacional da Serra Geral, near the border to the state Santa Catarina. The two parks were 

created in 1959 and 1992 respectively and together cover an area of almost 30360 ha, 

preserving one of the last continuous Araucaria moist forests in the whole country (ICMBio. & 

MMA., 2010; St Louis, et al. 2010). The current critical situation of the Araucaria moist forest in 

southern Brazil also makes it vulnerable to global climate changes. The eco-region needs moist 

climate without any marked dry seasons. A shift towards drier conditions will noticeably affect 

the forest cover and the possibilities for it to expand in the future (Behling & Pillar, 2007).  

A question greatly debated concerning the Araucaria moist forest in southern Brazil is the 

origin of the distinct combination of forest and grassland; how it developed and what role 

human impact has played (Behling & Pillar, 2007). Of special interest is the kind of mosaic 

containing both patches of forest and open grassland that exists in the region today when the 

climate is humid. Humid conditions should otherwise favour forest development leading to the 

forest expanding across the grasslands (Behling & Pillar, 2007). Several different hypothesises 

for this mosaic have been discussed. One hypothesis is that grasslands were the earlier 

vegetation type when the climate in the region was dryer. Forests then expanded after changes 

to a moister climate and would still be in process of expanding if it would not be inhibited by 

human land use (Behling & Pillar, 2007). Another possibility is that the mosaic exists in the 

transition zone between temperate grasslands in the south and tropical forests in the north. 

Thus a mixture of the two biomes would be a logic connecting piece in the region. Further the 

mosaic landscape could be a consequence of deforestation and agriculture followed by human 

settlement. This could have opened up grasslands and confined the forest into fragments 

(Behling & Pillar, 2007). Another prospect is fragments of secondary forest that have regrown 

after the abandonment of agricultural fields. If the latter is the case these fragments might 

contain a different plant species composition compared to original fragments, often with a 

lower diversity as a result (Behling & Pillar, 2007). The matrix surrounding the forest 

fragments also affects the fragment habitat (Pardini, 2004). Natural pampas grassland is a 

diverse ecosystem and human induced alterations to this such as crop cultivation affects not 

only the biodiversity of the grassland but of the forest fragments as well (Behling & Pillar, 

2007; Pardini, 2004). Thus both the origin and human influence of the matrix and of the 

Araucaria moist forest fragments within a mosaic landscape have implications for the 

biodiversity and what conservation measures should be taken to preserve the Araucaria moist 

forest in southern Brazil.     

2.3 Objective 

Considering the distinct, heterogeneous composition of the Araucaria moist forest with high 

species richness, and the current level of threat to this eco-region, it is an important and 

interesting study field. More information on the remaining fragments of Araucaria moist forest 

is essential to be able to make accurate decisions for their conservation. One significant piece 

of information is acknowledging the species composition and diversity within the forest 

fragments. This would give clues to what effects of fragmentation are demonstrated and the 

conservation status for different fragments. Learning more about the history of origin for the 
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Araucaria moist forest fragments and open grassland mosaic in southern Brazil is also 

necessary to be able to tell how natural the existence of this kind of mosaic is. Each of the 

different hypothesis discussed by Behling and Pillar (2007) mentioned above, implies for 

different conservation measures to be taken depending on the origin of the landscape scenery. 

Natural fragments are more likely to have higher species diversity and thus higher 

conservation value than fragments caused by human land use and deforestation or by 

regrowth of secondary forest (Behling & Pillar, 2007).   

This study has focused on one fragment of Araucaria moist forest in the fragmented landscape 

of southern Brazil. The study was performed as an inventory of trees found in a small forest 

fragment (<100 ha) in the state Rio Grande do Sul (RS) (Figure 3). The origin of the fragment 

was not known but it was decided to be minimum 50 years old (Périco, E., personal 

communication, 09-03-2011). The forest fragment is isolated mainly by pampas grassland and 

due to agricultural activities such as crop cultivations and cattle grazing. In addition plantation 

of alien tree species, dominated by eucalyptus, has been introduced in the area. The purpose of 

the inventory was to acknowledge the tree species composition within the Araucaria moist 

forest fragment. Information on what species are able to grow in the fragment indicated how it 

was affected by fragmentation considering the different fragmentation effects mentioned 

earlier. A small fragment was likely to show greater effects of fragmentation than a large 

fragment or continuous forest would and exhibit more generalist and weedy species due to a 

higher edge to area ratio (Tabarelli, et al., 1999; Groom, et al., 2006). However if the fragment 

is a natural fragment within a pampas and Araucaria moist forest mosaic, characteristic for the 

eco-region, it may have displayed high species diversity compared to a human induced 

fragment. For a natural fragment also a different species composition could be expected with 

more species native to the Araucaria moist forest and less disturbance adapted species 

compared to a human induced fragment. 

One previous study has been made within the same fragment as this study, along with four 

adjacent fragments (Périco, et al., 2005). In addition one more study is currently being carried 

out by Périco, et al. The previous study was focused on fragmentation effects on populations of 

butterflies and the current on populations of birds with concern on how different species were 

able to thrive within and move between the five fragments. Particularly fragment size, edge to 

area ratio, distances between fragments and the effects of corridors has been considered in 

these two studies. A tree inventory has not been made before in any of the fragments. Thus the 

inventory of one fragment contributed with a new piece of information about its biodiversity 

and effects of fragmentation. Further the aim of this study was to associate the result from the 

tree inventory with the results from the previous and current study by Périco, et al. (2005; in 

prep.) to see if connections existed between animal diversity and tree diversity. This 

association was made to be able to draw parallels about tree species composition and richness 

between the fragment where the tree inventory was carried out and the four adjacent 

fragments.  If tree species diversity for fragment 3 was similar to animal diversity it was likely 

to conclude that tree species diversity followed animal diversity for the adjacent fragments as 

well. As a result this association would give a more comprehensive picture on biodiversity and 

conservation status for all the five Araucaria moist forest fragments.  
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In addition the objective was to compare the result from this tree inventory with published 

species lists from inventories of tree species in natural Araucaria moist forest in Rio Grande do 

Sul (Brena, 2001). Species lists were compared to see differences and similarities in species 

composition and diversity between natural forest and the fragment. The aim was to ratiocinate 

about the history and development of the fragment. Many similarities in species composition 

with natural Araucaria moist forest within the state would indicate a natural fragment within a 

pampas and Araucaria moist forest mosaic, as opposed to a human induced. Other interesting 

aspects that could affect species diversity within the forest fragment compared to natural 

forest were fragment size, distances between adjacent fragments, connecting corridors, edge to 

area ratio and land use of the surrounding matrix. This comparison would give further clues 

about the biodiversity and conservation status for the fragment. 

 

 

 

 

 

 

 

 

 

 

 

3 Materials and methods 

3.1 Study area 

The Araucaria moist forest fragment where the tree inventory was carried out is situated in the 

municipality of Soledade within the state Rio Grande do Sul in southern Brazil (Figure 3). 

Soledade is located 726 meters above sea level and lies within the biome Atlantic forest and the 

eco-region Araucaria moist forest (Prefeitura Municipal de Soledade, 2010; WWF, 2001). The 

eco-region within Rio Grande do Sul has during an 18 year period experienced an increase of 

the forest cover composed of natural Araucaria moist forest. Since inventories made in 1983 

the forest cover has increased from 0,66 % to 3,25 % in 2001. The eco-region stands for 18,64 

% of the total area covered with natural forest in the state demonstrated by inventories made 

by Brena (2001). 

Figure 3.  The state Rio Grande do Sul in southern 

Brazil, with the municipality of Soledade, where 

this study was made, marked (Dalet, 2011). 
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The landscape area where this study was made covers 5267,22 ha and has coordinates 28 ° 

48'48'' and 28 ° 52'10'' south latitude, and 46 ° 24'03'' and 46 ° 29'14'' west longitude (Périco, 

et al. 2005). The landscape is characterized by small forest fragments (<100 ha) embedded in a 

matrix composed of pampas grasslands and human crop cultivations dominated by soy bean. 

Also the pampas are exploited by humans as grazing grounds for cattle. Except for the five 

mentioned fragments, several other fragments are present in the area. The five fragments 

applied for studies were selected by Périco et al. (2005) using the computer software program 

FRAGSTATS for landscape analyses (McGarigal & Marks, 1995). The landscape was classified 

regarding land use and coverage. A total of 374 forest fragments were localized in the area by 

FRAGSTATS. From the 374 fragments the 12 largest were selected for the studies on butterflies 

and birds (Figure 4).  However only five of these fragments were included in the studies. The 

remaining seven fragments were excluded due to the land owners’ disapprovals of studies 

being carried out on their grounds.  

The landscape scenery characterized by small forest fragments mixed with pampas grassland, 

situated within the eco-region Araucaria moist forest, made the site suitable for this study. In 

addition, data for the landscape area within Soledade and for the five fragments was available 

and arrangements with the land owners established. Existing information about the five 

fragments included fragment size, core area, edge area, perimeter, shape and distances 

between adjacent fragments (Table 1-3) (Périco, et al., 2005) and was applied for this study as 

well. 
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The sizes of the five fragments ranges between 15,12 ha and 65,75 ha. For the tree inventory 

one of the fragments was selected; fragment 3 in figure 5 (see also Figure 6 & 7). This fragment 

was selected due to its accessibility and size, where an inventory could be carried out 

accurately during the study period. The fragment covers 15,12 ha and is situated 

approximately in the centre of the area for all five fragments studied by Périco et al. (2005). 

The landscape area within Soledade was visited on eight occasions in total between the 16th of 

March and the 25th of May in 2011. The first visit included all five fragments. The environment 

within the fragments was surveyed in order to work out an accurate method to perform a tree 

inventory. The available numbers on fragment size, core area, edge area, perimeter and shape 

Forest fragments  

Forest fragments selected for studies 

Pampas grassland/pastures 

Urban areas 

Agricultural cultivations 

Water  

Paved road 

Gravel road 

Legend: 

Figure 4. The landscape area in Soledade, Rio Grande do Sul, classified by the computer software program 

FRAGSTATS (McGarigal and Marks 1995). Land use is illustrated by colour (see legend). The forest fragments 

selected for studies by Périco et al. (2005) constituted the 12 largest within the analysed area and are marked 

with brown colour, compared to other forest fragments present that are marked with green colour. 
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were obtained through FRAGSTATS. The numbers on distances between fragments was 

obtained through the software program AutoCAD (Tables 1-3) (Périco, et al., 2005).   

 

  

 

 

                  

 

 

Figure 5. The 12 fragments selected by Périco et al. (2005). Fragments with red colour marked with the 

numbers 1-5 were applied for studies concerning fragmentation effects on butterflies and birds. The tree 

inventory was carried out in fragment 3 (marked with a ring).    

Figure 6. The fragment of Araucaria moist forest 

surveyed in this study, embedded in a matrix of 

pampas grassland. The area lies in the municipality 

of Soledade in Rio Grande do Sul, southern Brazil. 

 

Photo: Linnéa Johansson Photo: Linnéa Johansson 

Figure 7. The environment within the fragment of 

Araucaria moist forest surveyed in this study. 
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Landscape measurements Results 

Total landscape area (ha) 5267,48 

Total area covered with forest fragments (ha) 887,92 

Number of fragments 374 

Density of fragments per 100 ha 7,10 

Per cent of the landscape occupied by the largest fragment (%) 2,63 

Average size of fragments (ha) 2,37 

Average shape index of fragments 1,34 

Average distance to most adjacent fragment (m) 84,89 

Average core area of fragments (ha) 1,65 

 

 

 

 

 

 

 

 

 

Measurements Fragment 1 Fragment 2 Fragment 3 Fragment 4 Fragment 5 

Total area (ha) 15,66 65,75 15,12 55,58 30,83 

Perimeter (m) 2820 6900 2580 12810 6330 

Core area (ha) 12,74 58,66 12,42 42,17 24,12 

Edge area (ha) 2,93 7,09 2,70 13,41 6,71 

Size (ha) Number of fragments Per cent (%) 

<1  273 73,00 

1-5 65 17,38 

5-10 16 4,28 

10-15 8 2,14 

>15 12 3,20 

Total 374 100,00 

Table 1. Values of the landscape classified by the computer software program FRAGSTATS (McGarigal and Marks 

1995). Including total landscape area analysed within the municipality of Soledade in Rio Grande do Sul, number 

of forest fragments and average values for the fragments situated within the analysed area. Shape index explains 

the shape of the fragment; an index close to 1 connotes a symmetrical and round shape, higher indexes connotes 

more asymmetrical and irregular shapes. Hence an index close to 1 means a smaller edge area compared to core 

area than for a higher index. 

Table 2. Distribution of fragment size within the landscape area classified by the computer software program 

FRAGSTATS (McGarigal and Marks 1995). The fragments are predominately very small with 73 % of the 

fragments covering less than 1 ha. The 12 largest have areas exceeding 15 ha and were selected for studies by 

Périco, et al. (2005).  

Table 3. Values for the five fragments where studies on butterflies, birds and small mammals were performed by 

Périco, et al. (2005). The fragments are numbered 1-5 in figure 5, for this study fragment 3 was inventoried. The 

values for fragment 3 are marked in the table. Values include total fragment area, perimeter, core area, edge area 

and shape index. Shape index explains the shape of the fragment; an index close to 1 connotes a symmetrical and 

round shape, higher indexes connotes more asymmetrical and irregular shapes. Hence an index close to 1 means 

a smaller edge area compared to core area than for a higher index. Fragment 3 had the shape index closest to 1 

with 1,65 and fragment 4 had the highest index with 4,27. Fragment 3 was also the smallest fragment of the five 

on all values presented in the table.  
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Shape index 1,77 2,11 1,65 4,27 2,81 

 

3.2 Sampling of vegetation 

The tree inventory of fragment 3 was performed using square sampling where squares of 

10×10 m were placed randomly within the fragment. Positions for the squares were 

randomized by a website research randomizer (Urbaniak & Plous, 2008) where the numbers 

given by the randomizer represented the distance in meters between each sampling square. 

Starting point for the inventory was decided by where the most easily accessible entrance of 

the fragment was located, considering walking distance and distance from road. From this 

point a line was made with a 90° angle relative to the fragment edge, using a compass for 

direction. The randomized meters were walked across the fragment following this line. If 

another edge of the fragment was reached, 30 m were walked to the left along the edge. The 

inventory was continued from there, again moving in a line across the fragment with a 90° 

angle relative to the fragment edge. When a point for a square was arrived, half of the sampling 

squares were placed to the right of the line and half to the left. If a point for a square was empty 

of trees, 10 m were walked to the left of the line and a sampling square was made at the new 

position. Each 10×10 m square was marked in the field with coloured tape; one colour was 

used for marking the corners of the square and another colour for marking the sampled trees. 

In total 27 10×10 m squares were sampled during the inventory covering 0,27 ha and 

approximately 1,8 % of the fragment area. 

In every 10×10 m sampling square, all trees present were measured and documented. Trees 

were defined depending on circumference at breast height, at approximately 130 cm above the 

forest floor. A specimen needed a minimum of 32 cm to be defined as a tree and taken into 

consideration during the inventory. This measure was applied according to Brazilian law. The 

law states that plants with a diameter at breast height (DBH) of at least 8 cm are to be 

considered as trees and managed as such (Jasper, A., personal communication, 09-03-2011). 

An 8 cm diameter equals approximately a circumference of 32 cm and was easier to measure 

directly in the field.  

Information noted in the field about each sampled specimen was circumference at breast 

height (cm), circumference at base (cm), and approximate height from forest floor to top of 

crown. Height was approximated through comparison with a person of known height standing 

near the tree trunk by measuring from a distance how many times the person could fit the tree 

in height. If a tree had several stems parting from the same root it was considered as one 

specimen. The circumference of each stem was measured individually and the numbers added 

together. Specimens that were situated on the fringe of the square were included in the 

inventory. Trees that were recognized were typed directly in the field and noted by species 

name. Trees that were not recognized were noted as species no. 1, 2, 3 etc. Dead specimens 

within the tree size range were included and sampled during the inventory and noted as 

“Dead”. Dead trees were considered due to the fact that the amount of dead wood within the 

forest fragment could give clues about its biodiversity. Many species are saproxylic that is 

dependent directly or indirectly on dead wood, especially many species of insects, mosses, 
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fungi, lichens and birds (SSNC, 2009). A reduction of dead wood is a typical consequence of 

modern forest management and strongly affects the persistence of saproxylic organisms 

(Ranius & Fahrig, 2006). Consequently a large number of dead trees would indicate a high 

density of saproxylic species, and favor the biodiversity within the fragment. For each 

specimen samples of leaves were collected if situated within reach with pruning-shears. The 

leaf samples were pressed directly in the field with a field plant press and brought to the 

laboratory. Specimens with leaves out of reach were carefully photographed at stem and 

crown. Also binoculars were used in order to see high situated leaves well and compare with 

possible occurring smaller specimens in the vicinity where a leaf sample could be reachable. If 

any special features were present in the sampling square or vicinity such as a stream, an 

animal pathway or animal sightings these were noted as other observations. 

3.3 Analyses of data  

To estimate the species composition within fragment 3 the sampled trees were typed. 

Unrecognised specimens were typed with the aid of collected leaves and photos using typing 

literature for native Brazilian and south-Brazilian vegetation (Gonçalves & Lorenzi, 2007; 

Lorenzi, 1998; Lorenzi, 2002; Lorenzi, 2009; Sobral & Jarenkow, 2006; Souza & Lorenzi, 2008). 

Literature of exotic species occurring in Brazil was studied as well, if exotic species would be 

presented in the fragment (Souza & Lorenzi, 2008). Already recognised specimens typed in the 

field were also confirmed with typing literature. To further secure typing, all plant material 

from sampled specimens was after typing compared with material from a herbarium.  

A species list of the sampled tree species was made for the fragment. The measured 

circumferences were recalculated into diameter at breast height (DBH) (cm) and diameter at 

base (DBS) (cm), to be able to better estimate the trunk sizes. The specimens with confirmed 

typing were noted by species name and family. Further each species was listed with number of 

individuals and average DBH, DBS and height for the species, including standard deviation 

(cm). The specimens that failed identification were noted as “Unidentified” no. 1, 2, 3 etc. 

Specimens that were not typed to the correct species but where family could be decided were 

noted with the family name and no. 1, 2, 3 etc. within the correct family.  

The completed species list for this inventory was compared with published species lists 

obtained from Brena (2001).  These lists were the results from inventories of tree species in 

natural Araucaria moist forest in southern Brazil. In addition further information from these 

inventories was compared with corresponding information from the inventory of fragment 3. 

Species lists of the previous study performed on butterflies and the current study performed 

on birds within the five fragments were obtained by Périco, et al. (2005; in prep.) 

4 Results 

4.1 Inventory of tree species 

During the inventory 217 specimens were sampled, 203 living trees and 14 standing dead 

trees. This made an average of approximately 8,0 trees sampled per square, and 804 trees per 
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ha. The dead specimens represented nearly 6,5 % of the total. Of the living specimens sampled, 

156 were recognised by species name during typing. 47 specimens were not identified during 

typing. This due to lack of reachable leaf samples from the specimens and thus lack of plant 

material for identification, or because the correct species was not reached during typing within 

the time limitations for this study. One of the unidentified specimens could be typed to the 

correct family, and a few could be decided to be of the same species even if the accurate species 

or family was not identified. No exotic species were recorded within fragment 3 during this 

inventory. Shannon’s diversity index for the tree community in the fragment was 

approximately 3,43. Tree specimens had an average DBH of approximately 21,2 cm and an 

average height of  7,19 m. A species list from the tree inventory of fragment 3 is presented in 

appendix 1. 

45 different species were recognised, belonging to 38 genus and 27 families. This made an 

average of nearly 1,7 identified species along with 1,7 unidentified specimens per sample 

square. The family most represented was Myrtaceae that contributed with the highest number 

of species (9) and the highest number of specimens (39) as a family. Myrtaceae also included 

the single species (Campomanesia xanthocarpa) with the highest number of individuals (17) of 

all species sampled. The species within this family together stood for 20,0 % of the identified 

species. The specimens within the family stood for approximately 18,0 %, of the total number 

of specimens sampled. Especially significant for Myrtaceae was the species Campomanesia 

xanthocarpa. C. xanthocarpa represented nearly 43,6 % of the sampled specimens belonging to 

the family, and 7,8 % of the total number of sampled specimens. The second most represented 

family during the inventory, considering the amount of sampled specimens, was 

Euphorbiaceae. The family stood for approximately 7,8 % of the total number of sampled 

specimens. Two species were represented within the family, both belonging to the genus 

Sebastiania. These were Sebastiana commersoniana and Sebastiania brasiliensis. S. 

commersoniana was marginally more common with approximately 58,8 % of the specimens 

within Euphorbiaceae, and 4,6 % of the total number of specimens sampled. The second most 

represented species was Lithraea brasiliensis within the family Anacardiaceae. L. brasiliensis 

stood for nearly 5,1 % of the total number of sampled specimens. The most occurring genus 

during the inventory was Ilex with three species represented; I. integerrima, I. dumosa and I. 

paraguariensis. 

4.2 Comparison of the five fragments 

Number of species and number of families for butterflies and birds recorded within the five 

fragments by Périco, et al. (2005; in prep.) were compared. The result of the comparison is 

presented in figure 7 and 8. Number of species and families of trees is not included in these 

figures due to the fact that it has only been studied for fragment 3. Species lists for butterflies 

and birds within the five fragments are presented in appendix 2 and 3 (Périco, et al., 2005; in 

prep.).   

Regarding butterflies fragment 2 had the highest amount of species and the highest amount of 

families represented, with 32 species belonging to 15 families. Fragment 3 and 5 had the 

lowest species number with 17 species respectively. Fragment 3 also had the lowest number of 
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families represented with 7 families, fragment 5 had the second lowest number of families with 

8 represented. For butterflies the number of species and the number of families fluctuated 

together between the five fragments, meaning that the fragments with a higher number of 

species also had a higher number of families and vice versa. The result for birds followed a 

different pattern. Fragment 1 had the highest number of species with 46 represented as a 

result from the studies made by Périco, et al. (in prep.). The species diversity for the four other 

fragments followed in descending scale, with fragment 4 and 5 showing the lowest number of 

species with 35 respectively. The highest number of families however was presented in 

fragment 2 with 23 families. The lowest number was presented in fragment 5 with 17 families. 

 

 

 

 

4.3 Comparison with inventories of natural Araucaria moist forest 

The results from inventories of natural Araucaria moist forest in Rio Grande do Sul are here 

presented for forests in middle and advanced successional stages. The forests have been 

classified according to Brazilian legislation established in the No. 6 resolution of CONAMA of 

May 4th, 1994 (Cintra, et al., 2011; Brena, 2001). Early successional stages were excluded in 

the comparison. This due to the fact that rejuvenation was not recorded during the tree 

inventory of fragment 3 according to the definition of trees by way of Brazilian law. In addition 

the minimum age of the fragment implied that it presents a forest with middle and advanced 

successional stages (Vieira, et al., 2003).  
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Figure 7. The number of species for butterflies and 

birds from the studies made by Périco et al. (2005; 

in prep.). The studies were made in five Araucaria 

moist forest fragments in the municipality of 

Soledade, Rio Grande do Sul in southern Brazil. 

Regarding butterflies, fragment 2 showed the 

highest number of species with 32 recorded. 

Fragment 3 and 5 had the lowest numbers with 17 

species recorded respectively. For birds fragment 1 

showed the highest number of species with 46. 

Fragment 4 and 5 had the lowest numbers with 35 

species recorded respectively. 

Figure 8. The number of families for butterflies 

and birds. A result from studies made in five 

Araucaria moist forest fragments in the 

municipality of Soledade, Rio grande do Sul in 

southern Brazil (Périco, et al., 2005; in prep.). 

Regarding butterflies the highest number of 

families (15) was recorded in fragment 2. The 

lowest number (7) was recorded in fragment 3. 

Birds had the highest number of families (23) 

recorded in fragment 2, and the lowest (17) in 

fragment 5. 
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The results from the inventories demonstrated 246 species belonging to 58 families. 4 species 

were unidentified and 36 dead trees were recorded. Also a number of exotic species were 

recorded within the forests, such as Pinus sp., Citrus sp, Sequoia sempervirens, Hovenia dulcis, 

Eriobotrya japonica and Morus nigra (Brena, 2001). 

The most represented families were Myrtaceae, Asteraceae, Lauraceae, Fabaceae and 

Mimosaceae. Especially Myrataceae with 46 species and Lauraceae with 18 species were 

important, representing the families with the highest number of species. Regardning species 

Sebastiania commersoniana, Luehea divaricata, Lithraea brasiliensis, Araucaria angustifolia, 

Nectandra megapotamica, Matayba elaeagnoides, Cupania vernalis, Dicksonia sellowiana, Ocotea 

pulchella and Ocotea puberula were the most important species for the forest plant 

composition. Especially A. angustifolia was important representing almost 4,5 % of the total 

number of trees sampled (Brena, 2001).  

The forest presented an average of approximately 831 trees per ha. Tree specimens had an 

average DBH of 19,42 cm and an average height of 11,65 m. The average diversity according to 

Shannon’s diversity index was 2,58. (Brena, 2001). Species list of the 20 most important 

species for the forest plant composition is here presented in appendix 4. The list includes the 

19 species most represented within natural Araucaria moist forest in Rio Grande do Sul, 

together with dead trees composing one group in the list.  These 19 species along with dead 

trees stood for 7,81 % of the total number of species, and 46,81 % of total number of trees 

recorded (Brena, 2001).  

5 Discussion 

5.1 Comparison of the five fragments 

Both diversity of species and families of butterflies were highest in the largest fragment 

(fragment 2). This is logical since a larger fragment can support more species. Fragment 3 that 

was the smallest of the five fragments consequently had one of the lowest number recorded for 

butterfly species since it is likely more affected by disturbance from the surrounding matrix 

than the larger fragments (Tabarelli, et al., 1999). However also fragment 5 had an equally 

small number of species recorded for butterflies as fragment 3 even though the fragment area 

of fragment 5 is nearly twice as large as the area of fragment 3. Also the number of families 

recorded for fragment 5 was relatively low with only one more family recorded compared to 

fragment 3. This could depend on the comparatively small area of fragment 5 in relation to the 

areas of fragment 2 and 4, even though it is larger than fragment 1 and 3 it may still be below 

the size threshold for certain species of butterflies. Considering birds a slightly different 

pattern was observed. Number of bird species showed smaller differences between the 

fragments compared to butterflies. Still fragment 2 had the highest number of families 

represented and the second highest number of species. Fragment 1 had the highest number of 

species represented despite the fact that fragment 1 is the second smallest after fragment 3 

with an area of 15,66 ha. Both fragment 4 and 5 that are bigger than fragment 1 and 3 had the 

lowest number of species recorded for birds. Thus species diversity of birds did not follow a 
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clear pattern of fragment size related diversity. This is probably due to the fact that 

populations of birds can move between the fragments. Thus enabling populations to sustain 

viable numbers and genetic interchange between the fragments, where larger fragments act as 

source habitats. This is a possible reason why birds show relative high diversity in fragment 1. 

Fragment 1 lies within approximately 1 km distance from a large fragment (Figure 5) that may 

serve as a source habitat. Similarly fragment 3 can sustain a higher diversity than fragment 4 

and 5 due to its location close to the larger fragment 2. For butterflies the distances between 

the five fragments are likely to great and the surrounding matrix to insuperable to be able to 

move unrestrictedly between the fragments. Another aspect regarding the distinction in 

diversity between butterflies and birds within the fragments is the differences in living 

conditions. Birds are in general larger and require larger territories to sustain their 

requirements for food, shelter and nesting grounds compared to butterflies. This makes it 

plausible that species of birds are more sensitive to the size and habitat quality of each 

fragment than are species of butterflies. Further the two smallest fragments (3 & 1) would 

presumably be less species diverse of birds if it was not for the adjacent larger fragments 

where source populations can thrive. In fragment 4 butterflies presented the second highest 

species number while birds presented one of the lowest species number. Fragment 4 has a high 

shape index and thus an irregular shape and a high edge to area ratio. This may affect birds 

more than butterflies resulting in lower species richness for birds that require true core 

habitat as opposed to butterflies that to a greater extent can thrive in the edge habitat. Another 

aspect is the corridor included in the area of fragment 4 connecting it with fragment 5. The 

corridor may be sufficient for butterflies to live in and move within between the fragments but 

not for birds due to that the corridor is only composed of edge habitat.  

To draw parallels for tree species diversity within the five fragments, the tree inventory 

resulted in high diversity within fragment 3 according to Shannon’s diversity index (Bydén, et 

al., 2003). However butterflies showed the lowest species number and birds the second lowest 

species number in fragment 3. Considering that the recorded diversity of butterflies was higher 

in all the remaining fragments and in three of the remaining fragments for birds it is likely to 

conclude that also diversity of trees is high in the four remaining fragments. Ratiocinating that 

one reason for the lower species number of butterflies and birds in fragment 3 is due to that 

the fragment area is too small to sustain certain species of trees that are important for 

populations of butterflies and birds. This gives one more cause to presume that remaining 

larger fragments can support more species of trees than fragment 3. Adding the number of 

species for butterflies together with the number of species for birds, fragment 2 represented 

the highest diversity and fragment 5 the lowest, fragment 3 represented the second lowest 

diversity. This was ratiocinated to be true also for tree species diversity. Regarding fragment 1 

and 4 the number for species of butterflies and birds did not coincide. What is true for the 

diversity of trees may be approached from different angles. Tree diversity may follow butterfly 

diversity within these two fragments with higher diversity in fragment 4 due to fragment size. 

Also trees would have difficulties dispersing long distances across the matrix, as opposed to 

birds, and thus would not regenerate well within fragment 1. However many of the tree species 

sampled during the inventory are fruit bearing and thus may depend on dispersal through 
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animals such as birds moving across the fragments. Taking this into consideration tree species 

diversity may as well follow bird diversity due to mutual dependence. However, neither 

diversity of butterflies nor diversity of birds necessarily indicates tree diversity. Even if 

increasing disturbance in general means a decline in overall species richness, the response of 

one taxonomic group may differ from the response of other groups (Lawton, et al., 1998). 

Another aspect to take into consideration is the relatively high edge to area ratio for fragment 

4 compared to the remaining fragments. The large edge area and small core area could imply 

that even though species diversity might be high, species are to a greater extent composed of 

disturbance adapted and weedy species that are able to thrive within the edge habitat 

(Tabarelli, et al., 1999; Groom, et al., 2006). This to some extent may be realistic also for 

fragment 5 with the second highest shape index, and would conclude that fragment 4 and 5 

deserves less attention for conservation.  

5.2 Comparison with inventories of natural Araucaria moist forest 

The result from the inventory of fragment 3 and inventories of natural Araucaria moist forest 

showed many similarities in species composition. The family Myrtaceae was most represented 

in both studies. Also the families Asteraceae, Lauraceae and Fabaceae that were well 

represented as a result of the inventories made by Brena (2001) were represented within 

fragment 3 as well. Regarding species some of the most represented from the inventories by 

Brena; Sebastiania commersoniana, Luehea divaricata, Lithraea brasiliensis, Araucaria 

angustifolia, Nectandra megapotamica, Matayba elaeagnoides, Dicksonia sellowiana and Ocotea 

pulchella, were also well represented within fragment 3. Out of the 19 most represented 

species within natural Araucaria moist forest (Appendix 4) the majority of the species were 

recorded during this inventory of fragment 3. 12 of the 19 species were recorded within 

fragment 3 and three of the seven not recorded during this inventory had representatives from 

the same genus. Additional species may have been documented but were not identified during 

typing. It is likely to conclude that adjacent larger fragments that presumably can support 

more species, such as fragment 2, have all the 19 species represented.  

The number of trees recorded per ha was similar in the two studies with 804 for this study and 

831 for the study made by Brena (2001), dead specimens made up a substantial part of the 

forest composition in both studies with approximately 6,5 % in fragment 3 and 4,18 % in 

natural Araucaria moist forest. Also Shannon’s diversity index was high for both studies with a 

somewhat higher value for fragment 3 (Bydén, et al., 2003). Though the index surpassed 3,0 in 

some areas also within the natural forest. The average DBH was similar in both studies, 

indicating an age distribution of the trees in fragment 3 equal to that of natural Araucaria moist 

forest. Average height however differed with approximately 4,5 m. This could be explained 

with the use of different methods for measuring height. The method used in this study gave a 

rough estimation of tree height mainly comparable between the different sampling squares.  

The similarities between fragment 3 and natural Araucaria moist forest suggests that fragment 

3 is a natural Araucaria moist forest fragment within a matrix of pampas grassland and not a 

human induced fragment. This is further supported by the presence of the species Dicksonia 

sellowiana and Nectandra megapotamica within the fragment. Both species are native to the 
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Atlantic forest of southern Brazil and endemic for the biome Atlantic forest (CI, 2004). Even if 

the actual age of the fragment is not known it is now possible to speculate, taking into 

consideration it is a natural forest fragment. The initial expansion of Araucaria forest over the 

grasslands started during the Late Holocene following a change to a wetter climate in southern 

Brazil (Behling & Pillar, 2007). The climate change enabled gallery forests to migrate along 

rivers on the highland. Especially strong was the expansion during the second part of the Late 

Holocene (1100-430 years ago) when grassland vegetation to a large extent was replaced by 

forest vegetation. Older forest areas from the initial expansion are today found along the rivers 

in valleys (Behling & Pillar, 2007). The surveyed fragment 3 along with the adjacent four 

fragments of Araucaria moist forest likely originates from the later, great expansion. This 

means that the fragment could be nearly 1100 years old. However the fragment is affected by 

human activities due to use of the matrix as cattle grazing grounds. Cattle also pass through the 

fragment and use a stream within the fragment for drinking, evident by pathways, hoof prints 

and fencing. This probably affects tree species recruitment in the fragment due to seedlings 

being trampled and eaten. For fragment 2, with a larger and more impermeable core area, 

cattle does likely not enter as deep within the fragment and thus causes less disturbance, 

favouring species richness.  

6 Conclusion 
Fragment 3 is concluded to be a natural Araucaria moist forest and it is reasonable to think 

that also the four remaining of the studied fragments in the area of Soledade are natural forest 

fragments. Together constituting a part of the small percentage of Araucaria moist forest that is 

left in southern Brazil with important species diversity and composition that deserves accurate 

conservation measures to be taken and correct management. Further the species D. sellowiana 

(Figure 9) recorded within fragment 3 is an endangered species in Brazil due to a history of 

exploitation (Biondi, et al., 2009). This tree fern is still illegally extracted from forest remnants 

in southern Brazil for the fibrous cover of its caudex stem (Schmitt, et al., 2009). To preserve 

the species is a further reason for the five fragments to attend accurate management. Citronella 

paniculata also represented in fragment 3 is another valuable species.  C. paniculata requires 

moisture and fertile soils and regenerates in the shade as a late secondary species (Pinto, et al., 

2008). The species is thus sensitive to disturbances such as increased edge effects.  C. 

paniculata have been used in restoration of riparian forest and for enriching secondary forest 

and plantations (Pinto, et al., 2008). 

More studies within the fragments are necessary for other groups of organisms to learn more 

about the diversity and species compositions within the fragments and to be able to work out 

an accurate management plan. A natural progression to this study is to make tree inventories 

in the four remaining fragments to estimate the tree species composition in these fragments as 

well. Also more inventories of trees in fragment 3, where a larger area is covered by sampling 

squares, may give additional information about the tree species composition within the 

fragment. To perform tree inventories during flowering and/or fruit bearing seasons may 

facilitate typing. An important step towards an integrated approach for management is further 
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to communicate with the land owners about the importance of preserving the forest fragments 

situated on their land, combined with information about how land use of the surrounding 

matrix may affect the environment within the fragments. Possibly financial support for the 

land owners to set aside the fragments for conservation and/or change the use of the matrix 

could be a suggestion to encourage actions to be taken.  
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Figure 9. The endangered tree fern Dicksonia sellowiana growing 

within the fragment of Araucaria moist forest surveyed in this study. 

Photo: Linnéa Johansson 
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9 Appendices 
 

 

 

Family/Species Number DBH ± sd (cm) DBS ± sd (cm) Hight (cm) 

MYRTACEAE 
    Calyptranthes concinna DC. 3 31,5 ± 20,9 39,2 ± 29,9 840,0 ± 226,5 

Campomanesia guazumifolia (Cambess.) O. Berg 1 10,7 12,7 585,0 

Campomanesia xanthocarpa O. Berg 17 21,2 ± 8,7 26,0 ± 10,2 691,5 ± 117,6 

Eugenia hiemalis Cambess. 3 17,3 ± 6,3 19,0 ± 5,5 660,0 ± 52,0 

Eugenia ramboi D. Legrand 1 21,3  17,8  630,0  

Eugenia uruguayensis Cambess. 8 17,1 ± 5,0 20,3 ± 6,1 621,3 ±54,1 

Myrceugenia ovalifolia (O. Berg) Landrum 3 17,3 ± 3,6 21,2 ± 5,3 633,3 ± 90,2 

Myrcia palustris DC. 1 14,5 19,7  630,0  

Myrcianthes gigantea (D. Legrand) D. Legrand 1 12,1  19,4  630,0  

Myrtaceae 1 1 11,9  14,3  720,0  

SALICACEAE 
    Banara tomentosa Clos 5 19,5 ± 10,3 19,6 ± 5,4 567,0 ± 108,4 

Casearia decandra Jacq. 4 13,2 ± 3,4 13,8 ± 3,11 581,3 ± 114,5 

ELAEOCARPACEAE 
    Sloanea monosperma Vell. 9 21,4 ± 6,11 29,6 ± 8,8 752,2 ± 140,2 

STYRACACEAE 
    Styrax leprosus Hook. et Arn. 1 10,8  15,3  560,0  

PROTEACEAE 
    Roupala brasiliensis Klotzsch 1 31,8  42,3  560,0  

LAURACEAE 
    Cinnamomum amoenum (Nees) Kosterm. 6 22,5 ± 7,0 30,2 ± 7,5 802,5 ± 171,7 

Nectandra megapotamica (Spreng.) Mez 2 18,6 ± 5,0 27,1 ± 8,1 720,0 ± 0,0 

Ocotea pulchella Mart. 3 15,4 ± 5,4 18,5 ± 7,0 720,0 ± 90,0 

SAPINDACEAE 
    Allophylus edulis (A. St.-Hil. Et al.) Radlk. 1 18,1  22,0  720,0  

Matayba elaeagnoides Radlk. 2 15,8 ± 2,3 20,1 ± 1,5 675,0 ± 63,6 

ARAUCARIACEAE 

    Araucaria angustifolia (Bertol.) Kuntze 5 20,5 ± 10,5 24,8 ± 13,0 936,0 ± 186,6 

SYMPLOCACEAE 
    Symplocos trachycarpa Brand 3 28,3 ± 23,5 26,8 ± 16,3 600,0 ± 52,0 

Symplocos uniflora (Pohl) Benth. 2 12,0 ± 0,35 16,1 ± 1,1 495,0 ± 63,6 

ASTERACEAE 
    Dasyphyllum tomentosum (Spreng.) Cabrera 4 18,9 ± 7,6 27,0 ± 10.2 810,0 ± 164,3 

ANNONACEAE 
    Annona neosalicifolia H.Rainer  1 17,5  22,8  630,0  

EUPHORBIACEAE 
    Sebastiania brasiliensis Spreng. 7 16,7 ± 12,6 18,0 ± 7,6 617,1 ± 131,7 

Sebastiania commersoniana (Baill.) L. B. Sm. et  10 21,8 ± 9,1 24,7 ± 10,4 720,0 ± 174,9 

Appendix 1. Species list of trees sampled during this inventory of a small forest fragment within the eco-region 

Araucaria moist forest in Rio Grande do Sul, southern Brazil. Species are listed with number of sampled specimens 

(Number), average diameter at breast height (DBH), average diameter at base (DBS) and average height (Height). The 

measurements are listed in centimetres (cm) and include standard deviation from the average (± sd). 

http://en.wikipedia.org/wiki/Araucariaceae
http://en.wikipedia.org/wiki/Araucaria_angustifolia
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Downs     

LOGANIACEAE 
    Strychnos brasiliensis (Spreng.) Mart.  1 15,3  12,7  450,0  

TILIACEAE 
    Luehea divaricata Mart. et Zucc. 8 32,2 ± 16,7 44,2 ± 29,7 855,0 ± 209,7 

CARDIOPTERIDACEAE 
    Citronella paniculata (Mart.) Howard 1 10,8  12,6  630,0  

RUBIACAE 
    Coutarea hexandra (Jacq.) K. Schum. 1 14,3  24,8  720,0  

MYRSINACEAE 
    Myrsine coriacea (Sw.) R. Br. 2 11,4 ± 1,2 14,2 ± 2,5 697,5 ± 31,8 

FABACEAE 
    Dalbergia frutescens (Vell.) Britton 1 11,1  13,4  540,0  

Machaerium paraguariense Hassl.  1 35,0  31,5  900,0  

ERYTHROXYLACEAE 
    Erythroxylum deciduum A. St.-Hil. 2 12,7 ± 1,5 15,4 ± 1,1 585,0 ± 190,9 

ANACARDIACEAE 
    Lithraea brasiliensis Marchand  11 17,5 ± 3,5 24,0 ± 5,8 646,4 ± 67,6 

Schinus terebinthifolius Raddi 1 17,2  20,1  540,0  

QUILLAJACEAE 
    Quillaja brasiliensis (A. St.-Hil. et Tul.) Mart. 1 24,4  31,2  810,0  

AQUIFOLIACEAE 
    Ilex dumosa Reissek 1 21,5  26,4  720,0  

Ilex integerrima Reissek 4 22,2 ± 8,7 32,1 ± 14,1 675,0 ± 155,9 

Ilex paraguariensis A. St.-Hil. 1 31,5  34,4  990,0  

LAMIACEAE 
    Vitex megapotamica (Spreng.) Moldenke 6 28,3 ± 14,2 36,5 ± 18,5 855,0 ± 136,5 

ROSACEAE   
    Prunus myrtifolia (L.) Urb. 3 14,1 ± 3,0 16,1 ± 3,7 630,0 ± 90,0 

DICKSONIACEAE 
    Dicksonia sellowiana Hook. 2 24,3 ± 19,9 25,1 ± 21,2 225,0 ± 0,0 

EBENACEAE 
    Disopyros inconstans Jacq. 4 17,6 ± 5,4 23,1 ± 6,0 697,5 ± 113,2 

CANNABACEAE 
    Celtis brasiliensis (Gardner) Planch. 1 11,6  10,2  450,0  

     Dead specimens 14 20,2 ± 8,9 22,3 ± 8,2 365,7 ± 195,6 

     Unidentified 1 1 21,0  27,7  720,0  

Unidentified 2 1 20,7  25,8  640,0 

Unidentified 3 1 16,2  21,0  630,0  

Unidentified 4 1 22,3  29,6  720,0 

Unidentified 5 1 15,0  20,7  810,0  

Unidentified 6 1 32,1  40,4  855,0  

Unidentified 7 2 38,2 ± 25,7 29,6 ± 1,3 765,0 ± 63,6 

Unidentified 8 1 15,3  21,1  540,0 
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Unidentified 9 1 15,3  20,4  720,0  

Unidentified 10 1 16,6  23,6  720,0  

Unidentified 11 1 23,9  37,4  720,0  

Unidentified 12 1 28,6  33,6  720,0 

Unidentified 13 1 15,6  17,8  630,0  

Unidentified 14 1 15,6  22,9  720,0  

Unidentified 15 1 11,1  13,1  630,0  

Unidentified 16 1 10,5  15,6  630,0  

Unidentified 17 1 13,7 16,9  540,0  

Unidentified 18 1 19,1  23,9  900,0  

Unidentified 19 1 10,5  13,1  540,0  

Unidentified 20 1 26,7  38,8  720,0  

Unidentified 21 2 25,5 ± 3,4 35,9 ± 10,5 900,0 ± 127,3 

Unidentified 22 1 29,6  39,5  990,0  

Unidentified 23 1 35,8  41,4  1080,0  

Unidentified 24 2 23,9 ± 6,3 29,3 ± 1,3 855,0 ± 63,6 

Unidentified 25 1 42,3  50,9  990,0  

Unidentified 26 1 15,9  19,4  810,0  

Unidentified 27 1 25,0  31,2  900,0  

Unidentified 28 1 13,2  16,1  720,0  

Unidentified 29 2 13,9 ± 2,1 17,6 ± 3,3 765,0 ± 190,9 

Unidentified 30 1 69,7  44,6  1080,0  

Unidentified 31 1 35,3  46,5  990,0  

Unidentified 32 1 12,1  12,7  540,0  

Unidentified 33 2 36,1 ± 2,9 48,1 ± 0,4 900,0 ± 0,0 

Unidentified 34 1 19,9  17,2  720,0  

Unidentified 35 2 38,2 ± 22,1 44,9 ± 22,5 990,0 ± 0,0 

Unidentified 36 1 26,4  35,7 990,0  

Unidentified 37 1 45,0  59,2 1080,0  

Unidentified 38 2 13,3 ± 0,1 18,6 ± 1,6 720,0 ± 0,0 

Unidentified 39 1 23,9  30,2 810,0  

Total number sampled 217 
    

 

 

 

 

Family/Species 1 2 3 4 5 

Nymphalidae 
     Nymphalinae 
     Anartia amathea roeselia ( Eschscholtz, 1821) x x x x x 

Caligo illioneus( Fruhstorger, 1904) 

 
x 

   Hipanartia bella ( Frabricius, 1793) 

  
x 

  Junonia evareti ( C. Felder & R. Felder, 1867) x x x x x 

Appendix 2. Species list of butterflies derived from Périco, et al. (2005). The list is a result of studies performed 

in five Araucaria moist forest fragments in the municipality of Soledade, Rio Grande do Sul in southern Brazil. 

The studies focused on how different species and populations of butterflies were able to persist in a fragmented 

landscape. Aspects considered were among other fragment size, edge to area ratio, distances between 

fragments and the effect of connecting corridors. The list presents all species recorded within the five 

fragments and in what fragment the species was represented. 
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Siproeta epaphus ( Latreille, 1813) 
   

x 
 Siproeta stelenes meridionalis ( Frustorfer, 1909) 

 
x 

   Siproeta trayja( Hubner, 1823) 

 
x 

   Tegosa claudina ( Eschoschotlz, 1821) x x x x 
 Tegosa orobia( Hewitson, 1864) x x x x x 

Vanessa brasiliensis (Morre, 1883) x x x x x 

      Apaturinae 
     Doxocopa laurentia (Godart, 1824) 
   

x x 

      Biblidinae 
     Adelpha syma ( Godart, 1824) x x x x 

 Diaetria candrena( Godart, 1824) 

 
x 

 
x 

 Dynamine aglacles( Dalman, 1823) x x 
   Dynamine myrrhina ( Doubleday, 1849) x 

 
x x x 

Dynamine posverta( Cramer, 1779) 

   
x 

 

      Brassolinae 
     Caligo illioneus( Cramer, 1776) 

 
x 

   Selenophanes cassiopre( Cramer, 1775) x 
    

      Danainae 
     Danaus gilippus (Cramer, 1775) x 

 
x 

  Danaus plexippus erippus ( Cramer, 1775) 

 
x 

 
x 

 Heliconiinae 
     Actinote carysina(Jordan) x x 

 
x 

 Actinote sp.2 

 
x 

 
x x 

Dione juno (Bron et Mielke, 1992) 
   

x 
 Euptoieta claudia hortensis ( Blanchardt, 1852) 

  
x 

  Heliconius erato phyllis( Fabricius, 1775) x x x 
 

x 

Morphinae 
     Morpho caternarius (Perry, 1811) 

 
x 

 
x 

 

      Ithomiinae 
     Agraulis vanillae maculosa ( Stichel, 1908) 

   
x x 

Placidina eurianasa (C Felder & R. Felder,1860) 

   
x x 

Pseudoscada euruca (Hewitson, 1855) 

 
x x x x 

Mechanitis l. lysimnia ( Fabricius, 1793) 

    
x 

      Satyrinae 
     Paraphthimoides phronius ( Godart, 1823) 

 
x 

   
      Hesperiidae 

     Pyrginae 
     Achlyodes thraso ( Jung, 1792) 

 
x 

   Astraptes fulgerator( Walch, 1775) 

 
x 

   Pyrgus orcus(Stoll, 1780) 

 
x 

 
x 

 Urbanus dorantes, ( Stoll, 1790) x 
    Urbanus, sp x 
    

      Hesperinae 
     Sabia damippe  ( Mabile & Boullet, 1908) 

 
x 

   

      Papilionidae 
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Papilioninae 
     Battus polystitus ( Butler, 1874) x x 

   Euryades carethrus ( Boisduval, 1836) 

 
x 

 
x 

 Heraclides hectorides ( Esperi, 1794) 

 
x 

   Heraclides thoos brasilliensis ( Rothschils et Jordan, 1906) 

     Mimoides lysithous rurik (Eschoscholtz, 1821) x 
    Pterourus scamander ( Boisduval, 1836) 

 
x 

   Theclinae 
     Calycopis caulonia ( Hewitson, 1877) 

 
x 

   

      Pieridae 
     Coliadinae 
     Eurema deva ( Doubleday, 1847) x 

 
x x x 

Eurema elathea (Cramer, 1775) x x x x x 

Phoebis  neocypris ( Hubner, 1823) 

  
x 

  Phoebis sennae( Linnaeus, 1758) x x x 
  Phoebis trite banksi ( Brow, 1929) 

    
x 

Dismorphinae 
     Pseudopieris nehemia( Boisduval, 1836) 
 

x x x x 

      Pierinae 
     Hesperocharis angutia (Godart, 1819) x x 

 
x x 

      Lycaenidae 
     Riodininae 
     Lasaia agesilas esmeralda (Clench, 1972) 

   
x 

 Total number of species recorded 20 32 17 26 17 

 

 

 

 

Family Species 1 2 3 4 5 Total 

Accipritidae Rupornis magnirostris 1 1 1 1 0 4 

Ardeidae Syrigma sibilatrix 0 1 0 0 0 1 

Cariamidae Cariama cristata 0 1 0 1 0 2 

Cathartidae Coragyps atratus 4 0 0 0 0 4 

Columbidae Patagioenas picazuro 1 2 0 0 1 4 

Columbidae Zenaida auriculata 0 0 1 1 2 4 

Columbidae Leptotila verreauxi 2 1 0 4 3 10 

Columbidae Leptotila rufaxilla 0 4 0 0 2 6 

Conopophagidae Conopophaga lineata 0 0 0 1 0 1 

Corvidae Cyanocorax chrysops 2 6 6 1 1 16 

Cracidae Ortalis guttata 0 4 0 1 1 6 

Cuculidae Piaya cayana 0 0 0 0 1 1 

Dendrocolaptidae Sittasomus griseicapillus 11 3 1 1 1 17 

Dendrocolaptidae Lepidocolaptes squamatus 1 0 1 0 0 2 

Dendrocolaptidae Dendrocolaptes platyrostris 2 1 1 0 0 4 

Appendix 3. Species list of birds derived from Périco, et al. (2005). The list is a result of studies performed in five 

Araucaria moist forest fragments in the municipality of Soledade, Rio Grande do Sul in southern Brazil. The 

studies focused on what species of birds were recorded within the different fragments during the study period. 

Occurrence was associated with aspects such as fragment size, edge to area ratio, and connectivity and distance 

between fragments. The list presents all species recorded within the five fragments, in what fragment the 

species was represented, and in what number. 
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Emberizidae Zonotrichia capensis 2 2 7 5 9 25 

Emberizidae Poospiza nigrorufa 2 0 0 0 0 2 

Emberizidae Sicalis flaveola 0 0 2 0 3 5 

Emberizidae Sicalis luteola 0 0 1 0 0 1 

Falconidae Milvago chimachima 0 1 1 0 0 2 

Falconidae Micrastur semitorquatus 0 1 0 0 0 1 

Fringillidae Sporagra magellanica 1 0 0 0 1 2 

Fringillidae Euphonia chlorotica 1 0 2 0 0 3 

Fringillidae Euphonia pectoralis 0 1 0 0 0 1 

Fringillidae Euphonia sp 0 1 0 0 0 1 

Furnariidae Syndactyla rufosuperciliata 0 0 0 0 1 1 

Furnariidae Leptasthenura setaria 3 2 1 1 4 11 

Furnariidae Synallaxis spixi 0 0 0 0 1 1 

Icteridae Cacicus chrysopterus 2 0 2 0 0 4 

Parulidae Basileuterus culicivorus 5 7 5 5 2 24 

Parulidae Basileuterus leucoblepharus 4 7 6 4 0 21 

Parulidae Parula pitiayumi 28 16 20 13 13 90 

Picidae Picumnus temminckii 0 1 0 0 0 1 

Picidae Picumnus fuscus 4 1 0 0 0 5 

Picidae Veniliornis spilogaster 7 6 3 3 2 21 

Picidae Celeus flavescens 1 1 0 0 0 2 

Pipridae Chiroxiphia caudata 0 2 0 1 0 3 

Psittacidae Pyrrhura frontalis 19 36 1 6 0 62 

Rallidae Aramides cajanea 1 0 1 0 0 2 

Rallidae Aramides saracura 1 0 0 0 0 1 

Rynchocyclidae Mionectes rufiventris 1 0 0 0 0 1 

Rynchocyclidae Phylloscartes eximius 0 1 1 0 0 2 

Rynchocyclidae Phylloscartes ventralis 11 5 2 0 7 25 

Rynchocyclidae Phylloscartes difficilis 0 0 1 0 0 1 

Rynchocyclidae Tolmomyias sulphurescens 22 6 9 6 8 51 

Rynchocyclidae Hemitriccus sp 1 1 0 0 0 2 

Scleruridae Sclerurus scansor 0 1 0 0 0 1 

Thamnophilidae Thamnophilus ruficapillus 0 0 0 0 1 1 

Thamnophilidae Thamnophilus caerulescens 0 5 0 2 2 9 

Thraupidae Saltator similis 1 3 0 3 0 7 

Thraupidae Lanio melanops 1 0 0 0 0 1 

Thraupidae Tangara sayaca 2 0 0 1 3 6 

Thraupidae Tangara preciosa 12 2 3 6 5 28 

Thraupidae Pipraeidea melanonota 1 0 0 0 1 2 

Tinamidae Crypturellus obsoletus 1 0 2 2 0 5 

Trochilidae Stephanoxis lalandi 0 0 0 2 0 2 

Trochilidae Hylocharis chrysura 0 0 0 0 1 1 

Trochilidae Leucochloris albicollis 0 0 2 0 0 2 

Troglodytidae Troglodytes musculus 0 0 1 0 2 3 

Trogonidae Trogon surrucura 1 4 1 2 0 8 

Turdidade Turdus rufiventris 13 19 9 7 11 59 
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Turdidade Turdus amaurochalinus 8 1 0 3 0 12 

Turdidade Turdus subalaris 0 0 3 0 0 3 

Turdidade Turdus albicollis 1 1 1 0 1 4 

Tyrannidae Camptostoma obsoletum 9 5 6 4 7 31 

Tyrannidae Elaenia sp 0 0 0 0 1 1 

Tyrannidae Elaenia parvirostris 1 1 2 2 4 10 

Tyrannidae Serpophaga subcristata 1 0 1 0 0 2 

Tyrannidae Attila rufus 1 0 0 0 0 1 

Tyrannidae Myiarchus sp 0 0 0 1 0 1 

Tyrannidae Pitangus sulphuratus 4 1 5 5 10 25 

Tyrannidae Myodinastes maculatus 0 3 3 3 1 10 

Tyrannidae Megarynchus pitangua 3 0 0 1 0 4 

Tyrannidae Tyrannus melancholicus 2 0 0 2 0 4 

Vireonidae Cyclarhis gujanensis 5 15 7 11 2 40 

Vireonidae Vireo olivaceus 1 3 4 5 3 16 
Total number 
recorded 

 
208 186 126 117 118 755 

 

 

 

 

 

 

 
Species Relative density (%) 
Araucaria angustifolia* 
Matayba elaeagnoides* 
Dead 
Nectandra megapotamica* 
Cupania vernalis 
Sebastiania commersoniana* 
Luehea divaricata* 
Dicksonia sellowiana* 
Ocotea puberula° 
Ocotea pulchella* 
Lithraea brasiliensis* 
Blepharocalyx salicifolius 
Cryptocarya aschersoniana 
Campomanesia xanthocarpa* 
Ilex brevicuspis° 
Nectandra lanceolata° 
Allophylus edulis*  
Machaerium paraguariense* 
Myrocarpus frondosus 
Prunus myrtifolia* 
Sub total 
Remaining 
TOTAL 
 

4,46 
4,14 
4,18 
3,09 
3,74 
3,31 
3,50 
2,32 
1,72 
1,52 
2,23 
1,64 
1,24 
1,50 
1,17 
1,55 
1,30 
1,72 
1,61 
0,87 

46,81 
53,19 
100,0 

Appendix 4. Species list from inventories of natural Araucaria moist forest within the state Rio Grande do Sul in 

southern Brazil (Brena, 2001). The list presents the 19 most represented species along with dead specimens 

composing one group, and their relative density (number of trees out of the total) (%). Together they stood for 

7,81 % of the total number of species, and 46,81 % of total number of trees recorded. A. angustifolia was the 

most represented species and stood for 4,46 % of the total number of trees. Dead specimens were the third 

most represented with 4,18 % of the total number of trees, thus representing a substantial part of the forest 

composition. The species recorded during the inventory of fragment 3, made in this study, are marked with an 

asterix (*). Three species of the seven not recorded had representatives from the same genus within the 

fragment and are marked with a circle (°).   
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