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 The objective of this research was to study the edge effects on the parameter estimators 

from an Ombrophyllous Mixed Forest located in Campus JardimBotanico of the 

Federal University of Paraná. The data came from two censuses carried out in a three-
year interval.The differences in growth and floristic between edge and interior were 

evaluated, resulting in no significant differences in relation to average diameter, but 

significant differences for average of individual periodic annual increments (PAIs). 
Floristic differences were significant: 16 species found in inside do not appear in the 

edge, and 12 species are on the edge but not in the interior. All these species, however, 

had low representative, not even reaching 0.7% of the total. In the edge, 32.88% of 
individuals are pioneers, while in the inner this number drops to 15.79%. These 

differences are due to the higher incidence of light in the edge, that favors the 

emergence of opportunistic species. 
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INTRODUCTION 

 

 The Mixed Rain Forest (FOM), also known as 

“Araucaria forest" (IBGE, 1992), comprises the 

typical vegetation formations from the highlands of 

southern Brazil, characterized by temperate climate 

and well distributed rainfall during the year. It has a 

high tendency to gregariousness, especially 

evidenced for Araucaria angustifolia (Bertol.) 

Kuntze(1898) (Paraná pine), which is the dominant 

tree species, and for several species of Ocotea, and 

other broadleaves trees having lower economic 

expression (Veloso and Garcia-Filho, 1982). 

Originally,this forest type covered an area of 

approximately 196,900 square kilometers (almost 20 

million hectares); 40% of this total was located in the 

state of Parana, and now reduced to 2,506,485 

hectares, due to the great exploitation of these forests 

over the years. 

 Today, this small amount of remaining forest is 

dispersed in the form of small fragments, highly 

disturbed, isolated, and poorly protected. These 

fragments contain a biodiversity not yet fully known 

and are therefore much threatened the effects of 

fragmentation process (Espírito Santo et al., 2002). 

The expansion of land use, accompanied by the 

growth of the human population, causes the 

fragmentation of natural habitats, resulting in the 

formation of forest fragments of different sizes and 

shapes. Consequently, there is habitat loss and 

increased incidence of sunlight on the edges of these 

fragments. As a result, the insulation can occur and 

even species extinction, reducing the local 

biodiversity (Wilcox and Murphy, 1985). 

 The dynamics of fragmented forest communities 

suffer great influence of the edge effect, which 

ultimately results in changes in species composition 

of the areas under their influence 

(Laurance&Yensen, 1991). Within the abiotic 

conditions influenced by edge effects are the changes 

in weather conditions such as temperature rise, sun 

exposure, more intense winter, and even more 

turbulent winds, leaving the inside damper and 

uniform forest. This may influence the structure and 

density of trees, resulting in increased mortality and 

opening clearings close to the edges. Consequently, 

there can be changes in relative abundance and 

species composition, due to the increase of 

recruitment of pioneer species and decrease of non-

pioneer species. 

 The edge and the area size are the factors that 

cause most influence in the fragmented communities. 

Once the fragment reduces its size, it increases the 

relative size of its edge, and therefore its adverse 
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effects. The area effects refer to the ecological 

changes that occur in the remaining due to their 

isolation and are proportional to its area. For 

example, species that naturally contains few 

representatives, may suffer a considerable reduction 

in their population size, even reaching to local 

extinction (Shafer, 1981). 

 The edge effects are caused by different 

gradients of physical and biotic changes near to the 

forest borders and are proportional to the distance 

from the nearest edgethat is the fragment size 

(Murcia, 1995). Both operate in parallel, since the 

smaller the size of a forest fragment the larger is the 

ratio edge / area and therefore smaller fragments are 

more susceptible to edge effects (Zuidema et al., 

1996).Thus, it is important to study the growth, 

production, structure, dynamics and composition of 

the forest, in response to environmental variations, 

allowing assessing potential losses and conservation 

of natural forest resources at the long run (Botrel et 

al., 2002). 

 Thus, the objective of this research was to 

evaluate the differences between the edge and the 

inside of a fragment of Mixed Ombrophylus Forest, 

referring to the floristic composition, diameter and 

average periodic annual increment in diameter of the 

different species. 

 

MATERIAL AND METHODS 

 

 The study area comprises a remnant of 

Araucariaangustifolia (Bert) O. Kuntz Forest, located 

in the Campus III of the Federal University of 

Paraná, Curitiba, Paraná State. It is located between 

the geographic coordinates 25º26'50 "and 25º27'33" 

S and 49º14'16 "and 49º14'33" W, at an altitude of 

approximately 900 m above sea level. It constitutes a 

good example of forest remnant, characterized by a 

high level of human disturbance, where there were 

forest exploitation from the second half of the 

nineteenth century to the early twentieth century. 

 According to Köppen classification, the climate 

in the region is Cfb: mesothermal humid subtropical 

to fresh summers, winters with frequent frosts, no 

dry season. Average temperatures in the hot and cold 

months are respectively less than 22 and 18º C and 

the average annual temperature of 17º C. According 

to Maack (1981); the annual average relative 

humidity of the air and precipitation in this region are 

equal to 85% and 1300-1500 mm, respectively. The 

soils are Hydromorphic near the drainage channels 

and CambisoilsPodzolicsin the most drained portions 

of the remnant (RondonNeto et al., 2002). 

 The total area used for this study covers 11.74 ha 

being considered an edge of 20 m wide, 

recommended by Marchow et al. (2006), resulting in 

a border area of 3,41 ha, and the other 8,33 ha 

considered as the interior forest. 

 The data used for this study come from two 

censuses of the area carried out in 2007/2008 and 

2010/2011. Circumferences at Breast Height of all 

trees with DBH ≥ 10 cm were measured with a 

metric tape. All trees were also georeferenced, 

numbered, identified to species level, and classified 

as pioneers and non-pioneers. 

 For this study was considered a strip with 20 m 

wide in the surrounding area as the edge. To 

distinguish how many and which trees would be part 

of the border area and the inner area, a map 

containing all the trees was produced, based on the 

geo-referencing of each tree. The result of the 

procedure is shown in Figure 1. 

 

 
 

Fig. 1: UTM coordinates dispersion of all trees with DBH ≥ 10 cm and differentiation between border and inner 

trees in thestudied remnant. 
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 Diameters at breast height (DBH) of all trees 

were calculated from theirs respective 

circumferences and subsequently theirs Periodic 

Annual increments (PAI). Then they were calculated 

the averages and variances of diameters and 

increments for trees located on the border and for the 

trees on the inner of the remnant. 

 All species were classified into pioneers and 

non-pioneers, according to the characteristics 

recommended by Swaine & Whitmore (1988).  

 

RESULTS AND DISCUSSION 

 

 A total of 9,42 living individuals were found 

belonging to 51 families, distributed among 113 

species. From this total, 3,060 trees are part of the 

border area, distributed among 97 species, and the 

other 6,360 individuals are on the inner off the 

remnant, comprising 101 species, indicating that 

there is more diversity on the inside than on the 

edge;about the same results were found by Bourlegat 

et al.(2007). 

 According to Table 1, on the edge the 

percentage of pioneer species was slightly higher 

than in the interior, however, when considering only 

the number of pioneering individuals, this percentage 

was twice higher than in the interior. 

 These differences indicate that, the diversity 

decreases from the inner to the edge favoring the 

establishment and growth of pioneer species, as a 

result of exposure to external conditions that did not 

exist before fragmentation, such as greater incidence 

of light and larger turbulence of winds. However, 

although the proportion of pioneer be greater at the 

edge, this seemingly small difference may be the 

effect of the reduced size of the fragment.This effect 

was also observed by Bettoni et al. (2007), Smith et 

al. (2007) Zanuto et al. (2007). 

 Amongst these species, 16 of them are just 

inside, from wich 4 are pioneers (25%) and 12 non-

pioneer species (75%). By the other hand,12 species 

growing on the borders were not found in the 

remnant inner, being 6 (50%) pioneers and 6 non-

pioneer species (50%). 

 Table 2 presents the 10 species with the highest 

number of individuals and their respective 

percentages in relation to the total of individuals 

inthe edge and in the interior as well as their 

classification in pioneer (P) or non-pioneer (NP). 

 
Table 1: Percentage of species, pioneers and non-pioneers individuals located in the border and in the inner of the forest remnant. 

Parameters Edge Inner 

Total of species 97 101 

Pioneer species (%) 31,96 28,71 

Non-pioneer species (%) 68,04 71,29 

Total of trees 3060 6360 

Pioneer trees (%) 32,88 15,79 

Non-pioneer trees (%) 67,12 84,21 

 
Table 2: The most numerous species found in the Ombrophyllous Mixed Forest remnant, both in the border and in the interior. 

Species Classification Edge (%) Inner (%) 

CaseariasylvestrisSw. NP 8,07 17,64 

LueheadivaricataMart &Zucc NP 4,87 9,4 

Symplocostectandra NP 5,75 5,31 

SchinusterebinthifoliusRaddi P 10,1 0,77 

Jacaranda puberulaCham. NP 4,51 4,87 

Ocoteapuberula(Rich.) Nees NP 4,71 4,50 

Gochnatiapolymorpha(Less.) Cabrera P 7,29 0,71 

Araucaria angustifólia(Bertol.) Kuntze NP 3,14 3,60 

Allophylus edulis (A. St.-Hil., Cambess. &. A. Juss.) Radlk NP 2,52 4,04 

ClethrascabraPers. P 3,50 1,87 

P = pioneers; NP = Non-pioneers. 

 

 The results in Table 2 reinforce the fact that in 

the edge there are more favorable conditions for the 

development of opportunistic species. This 

phenomenon is worrying considering that, according 

to Bettoni et al. (2007), it is not static, since it moves 

toward the center of the fragment, leading it to 

change its original structure and loss of biodiversity 

that should be conserved. 

 The mean diameter found for the edge of 

individuals was 19.14 cm, while for the interior was 

18.86 cm, unlike what was found by Silva & Ramos 

(2007), where the average diameter was greater in 

the interior, opposing to which was expected, since 

that there are greater number of young individuals 

than adults one, beside to have higher density, 

tending to have a lower value. However, the 

SnedecorF test for variances ofdiameters and Z test 

for their averages (Table 3) indicate no significant 

differences between edge and interior for the variable 

diameter. 

 The average PAI of the trees in the edge was 

0,32 cm, while for the interior this figure fell to 0,28 

cm. The F test for the variances and the Z test for the 

averages indicated significant differences. 

 The highest increment of border trees, can be 

explained by the fact that in the border there is 

greater concentration of pioneer species, which have 

rapid growth and hence higher PAI. 

 Relating to the number of trees per hectare, the 

border area had a higher density with 897.1 trees per 
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hectare; relative to the interior of the fragment with 

763.6 trees per hectare, while Zanuto et al., (2007) 

found a greater number of trees within a fragment 

than at the edge. 

 
Table 3: Results from the F and Z tests for DBH of the trees in the edge and inside the forest fragment. 

Statistics Edge Inside 

Average DBH 19,14 18,86 

Variance 96,25 118,05 

Observations 2815 5953 

Degrees of freedom 2814 5952 

F test 0,82ns 

F1-α 0,95 

Z test 1,20ns 

Z1-α 1,96 

NS = Non significant; α = 5% 

 
Table 4: Results from the F and Z tests for the average diameterPAI for the edge and for the inner trees. 

Statistics Edge Inner 

Average PAI 0,32 0,28 

Variance 0,1 0,07 

Observations 2815 5953 

Degrees of freedom 2814 5952 

F test 1,39* 

F1-α 1,05 

Z test 5,90* 

Z1-α 1,96 

 

Conclusions: 

- There is influence of the edge effect caused by 

fragmentation; however, it is not so drastic. 

- The proximity of the edge affects floristic 

composition, with a higher number of pioneer 

species in the border than in the interior. 

- The edge is denser and the growth of individuals is 

greater than on inside,but the diametric averages do 

not differ significantly. 

- The density and the growth of trees is greater in the 

edge than in the inner, however the diameter 

averages do not present significant differences. 
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