ESTRUTURA E CAPACIDADE REGENERATIVA DE FRAGMENTO FLORESTAL URBANO

STRUCTURE AND REGENERATIVE CAPACITY OF A URBAN FOREST FRAGMENT
RESUMO 
Compreender as comunidades vegetais afetadas pelo desenvolvimento das atividades humanas relacionadas à urbanização é um importante instrumento para a manutenção desses frágeis ecossistemas. Assim este trabalho que trata de um remanescente florestal isolado junto ao meio urbano procurou avaliar através de um estudo fitossociológico e de germinação de banco de sementes a estrutura florestal atual, os estratos sucessionais e a capacidade de regeneração do remanescente. O trabalho consistiu de três etapas diferenciadas, a primeira com o levantamento florístico de todo o remanescente florestal, após o estudo fitossociológico e por último o estudo do banco de sementes. O levantamento fitossociológico dos indivíduos maduros apresentou 1368 indivíduos sendo 41 espécies distribuídas em 24 famílias. O estrato de regeneração natural apresentou 665 indivíduos sendo 38 espécies distribuídas em 24 famílias. A composição do banco de sementes foi de apenas 8 espécies nativas e 3 exóticas. Podemos afirmar que a diversidade florística do banco de sementes em todas as amostras foi baixa, isso porque são poucas espécies que proporcionam sementes para o solo. Aliado a isso temos que os estratos e o banco de sementes apresentaram baixa relação o que confirma sua fragilidade e a necessidade de atitudes preservacionistas.
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ABSTRACT 
Comprehend the vegetal communities affected by the development of the human activities related to urbanization is an important tool to the maintenance of these fragile ecosystems. Thus, this work evaluated an isolated urban forest remnant through a phytossociological study and germination of a seeds bank related to the actual forest structure, successional extracts and capacity of regeneration of the remnant. The work consisted on three different phases: first phase – survey of the floristic composition of the whole forest remnant; second phase – development of a phytossociological study; third phase – study of the seeds bank. The phytossociological survey of the mature individuals showed 1368 individuals, being 41 species distributed in 24 families. The extract of natural regeneration presented 665 individuals, being 38 species distributed in 24 families. The composition of seeds bank was only of 8 native species and 3 exotic species. We can affirm that the floristic diversity of the seeds bank in all the samples was low because there are few species that provides seeds to the soil. Moreover, the extracts and the seeds bank showed low relation, confirming their fragility and the necessity of preservation practices.
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INTRODUCTION
Fragmentation of forest formations and the isolation of these fragments in the urban environment interfere in the dynamics and structure of a forest remnant. The studies of changed landscapes emphasizing the biological characteristics are important to establish the dynamics of these environments and the adoption of correct attitudes to their recuperation and conservation (SAUNDERS et al., 1991).
The study of vegetal communities affected by the development of human activities related to the urbanization is an important tool to the maintenance of these fragile ecosystems. Although the studies about natural regeneration of the native vegetation are not recent, there is no consensus about the best definition of this expression, nor a concept that considers all the situations found in the different tropical ecosystems. It is important to know the processes related to the dynamics, ecological succession and natural regeneration towards to the anthropogenic disturbances (PEREIRA et al. 2001).
Many studies demonstrate the fragmentation of tropical forests as the worst risk to the biodiversity. The consequences related to the fragmentation are the edge effects, constraint or reduction of the migration rate among the fragments, decrease on the size of the effective population with consequent lack of genetic variability and invasion of exotic species. These are the main mechanisms on the deterioration of a landscape composed by forest fragments (GEIST; LAMBIN, 2002; SILVA, et al., 2008; FEARNSIDE et al., 2009).

The intensity of these factors depends on the characteristics of the landscape in which the fragments are inserted (NASCIMENTO et al., 1999). Thus, there will be influence of size, form, number of fragments and type of matrix on the number of species able to survive in a forest fragment (SAUNDERS et al., 1991).

The continuous disturbance in an area leads to a progressive breakdown of the seeds bank and restricts the regeneration of the local causing problem on the ecological succession; death of many older arboreal species and lack of seedlings to substitute the older species as long as destruction of the fauna habitat (KAGEYAMA; CASTRO, 1989).
The seeds bank is used to indicate potential of recuperation and sustainability, determine the richness of species and the proportion between the native and the invasive species and detect the existence of natural disturbance. From this relation, it is possible to identify the potential of the invasive species on colonizing the area and compete with the native species that can affect the sustainability of the forest remnant (SCHMITZ, 1992).
Thus, this work sought to evaluate an isolated urban forest remnant through a phytossociological study and germination of a seeds bank related to the actual forest structure, successional extracts and capacity of regeneration of the remnant.
MATERIALS AND METHODS
The forest remnant is located in Chácara 5R in the municipality of Campo Mourão, Paraná state, being limited by the urban area and floodplain forest of the River Km 119. The Chácara 5R comprises an area of 1.0 ha. The work was divided into three distinct phases: first phase – survey of the floristic composition of the whole forest remnant; second phase – development of a phytossociological study; third phase – study of the seeds bank.

The floristic survey long last lasted 13 months through weekly random walking in the whole area. Branches presenting fertile vegetal structures were collected and herborized in accordance with usual techniques (FIDALGO; BONONI, 1984). The material was identified and deposited at HCF - Herbarium of the Federal Technological University of Paraná, in Campo Mourão.
A total of 15 permanent plots (20 m x 30 m) was located along the area of 9,00 m2. In each plot, it was recorded and identified the mature arboreal individuals with a minimum of 10 cm perimeter at breast height (PBH) and also the natural restoration individuals with 5 cm to 10 cm perimeter at breast height.

Samples of the seeds bank were randomly collected in 9 plots. In the interior of each plot, 3 collections of soil, including litter, were carried out totalizing 27 samples. Soil samples were withdrawn with a metallic structure of 25 cm x 25 cm and height of 5 cm. A volume of 84,375 cm3 and area of 1.7 m2 were sampled.
Samples were passed in a sieve with mesh of 6 mm of opening and placed in plastic trays in which the corresponding litter was deposited. The trays were kept in a protected ambient with humidity similar to the field capacity, through addition of water until the appearance of the plantlets. After this period, the germinated plantlets were identified, counted and withdrawn. The non identified species were transplanted to vases and maintained in a shadowed local for development and future botanical identification. In some cases, the individuals did not present an adequate development and were identified in familiar level.

Phytossociological data were analysed in Fitopac 1.6 software (SHEPHERD, 2006). Forest structure and the similarity among the vegetal extracts were tested using a Detrended Correspondence Analysis (DCA) with removal of the arch effect. DCA was calculated using PC-ORD 4.0 software (MCCUNE; MEFFORD, 1999). The Shannon diversity index (H’) was estimated to the two forest extracts (BROWER; ZAR 1984) and the Jaccard coefficient was used to compare the similarity among the plots (MÜLLER-DOMBOIS; ELLENBERG, 1974). The Pearson linear correlation analysis (SOKAL; ROHLF, 1981) was applied to compare the floristic composition of the extracts.

The phytossociological values of Relative Frequency (RF), Absolute Density (AD) and Relative Density (RD) were calculated as well as the Importance Value Index of Seeds Bank (IVI).
RESULTS AND DISCUSSION
Phytossociological survey of the mature individuals (perimeter higher than 10 cm) showed 1368 individuals being 41 species distributed in 24 families. The Shannon diversity index was H' = 2.93 and the mean height of 10.79 m. The natural regeneration extract (perimeter varying from 5 cm to 10 cm) demonstrated 665 individuals, being 38 species distributed in 24 families. The Shannon diversity index was H' = 3.03 nats/individual and the mean height of 4.77 m.
It was sampled 2033 individuals, being 45 species distributed in 24 families. The exclusive species among the mature individuals were: Araucaria angustifolia (Bert.) O. Kuntze, Apocynaeae, Cabrela canjarana, Syagrus romanzoffiana (Cham.) Glassman, Psidium guajava L. In the natural regeneration extract, two species were sampled and did not occur among the mature individuals Cestrum strigillatum Ruiz & Pavón and Inga edulis Mart. It is important to emphasize that Inga edulis occurred in the edge of the remnant turned to the floodplain area.

Eugenia uniflora and the category of dead plants deserved attention in the two classes of perimeter related to IVI of 31.75 and 37.53, respectively, among the mature individuals and 38.39 and 24.80, respectively, in the regeneration extract (Table 01 and Table 02). These correspond to 32% of the total of the individuals sampled in the area. No one of the others species achieve 8% of the total sampled individuals. The dominance of few species in the area reflects the successional stage that can be classified as secondary old growth. 
Table 1 - Species and phytossociological data of the trees from the mature extract (perimeter higher than 10 cm) of the Forest Remnant Chácara 5R. No. Ind.= number of individuals; Re. Dens.= Relative Density; Rel. Dom. = Relative Dominance; Re. Freq.= Relative Frequency; IVI= Importance Value Index.
	Specie
	No. Ind.
	Re. Dens.
	Rel. Dom.
	Re. Freq.
	IVI

	Eugenia uniflora L.
	268
	19.59
	13.36
	5.45
	38.39

	Acacia sp.
	62
	4.53
	20.73
	5.45
	30.71

	Dead plants
	168
	12.28
	11.46
	5.06
	28.80

	Myrtaceae
	116
	8.48
	5.03
	5.06
	18.57

	Fabaceae 1
	89
	6.51
	6.43
	4.67
	17.60

	Casearia sylvestris Sw.
	100
	7.31
	4.51
	4.28
	16.10

	Indeterminada
	65
	4.75
	7.19
	3.89
	15.84

	Casearia lasiophylla Eichler
	56
	4.09
	5.14
	4.28
	13.51

	Zanthoxylum rhoifolium St. Hil
	52
	3.80
	2.07
	3.50
	9.37

	Rollinia silvatica (St. Hil.) Mart.
	42
	3.07
	2.65
	3.11
	8.83

	Fabaceae 2
	29
	2.12
	2.90
	3.50
	8.52

	Tabernaemontana catharinensis A.DC.
	30
	2.19
	2.77
	3.50
	8.46

	Matayba elaeagnoides Radlk
	29
	2.12
	1.91
	4.28
	8.31

	Cordia americana (L.) Gottdchiling & J. E. Mill.
	35
	2.56
	2.19
	3.50
	8.25

	Nectandra  megapotamica (Spreng.) Mez.
	18
	1.32
	2.91
	2.72
	6.95

	Campomanesia xanthocarpa Berg
	26
	1.90
	1.12
	3.11
	6.13

	Allophylus edulis (A. St.-Hil., Cambess. & A. Juss.) Radlk
	18
	1.32
	1.12
	2.72
	5.16

	Miconia sp.
	29
	2.12
	0.30
	1.95
	4.36

	Alchornea triplinervia (Spreng.) M. Arg
	12
	0.88
	0.50
	2.72
	4.10

	Styrax leprosus Hook. & Arn.
	13
	0.95
	0.26
	2.72
	3.93

	Dalbergia frutescens (Vell.) Britton
	9
	0.66
	0.11
	2.33
	3.10

	Endlicheria paniculata (Spreng.) Macbr.
	8
	0.58
	0.15
	2.33
	3.07

	Celtis iguanaea (Jacq.) Sarg.
	10
	0.73
	0.37
	1.95
	3.05

	Araucaria angustifolia (Bert.) O. Kuntze
	4
	0.29
	0.99
	1.56
	2.84

	Apocynaeae
	8
	0.58
	0.19
	1.95
	2.72

	Diatenopteryx sorbifolia Radlk.
	9
	0.66
	0.11
	1.95
	2.71

	Aegiphila brachiata Vell.
	7
	0.51
	0.60
	1.56
	2.66

	Aegiphila sellowiana Cham.
	6
	0.44
	0.54
	1.56
	2.54

	Chrysophyllum marginatum (Hook. & Arn.) Radlk.
	4
	0.29
	0.78
	1.17
	2.24

	Myrcia sp.
	11
	0.80
	0.17
	1.17
	2.15

	Sebastiania brasiliensis Spreng.
	10
	0.73
	0.20
	0.78
	1.71

	Ficus SP
	4
	0.29
	0.44
	0.78
	1.51

	Cabrela canjarana
	4
	0.29
	0.19
	0.78
	1.26

	Syagrus romanzoffiana (Cham.) Glassman
	2
	0.15
	0.20
	0.78
	1.12

	Myrsinaceae
	2
	0.15
	0.15
	0.78
	1.08

	Xylosma siliatifolium (Clos) Eichler).
	3
	0.22
	0.04
	0.78
	1.04

	Sebastiania commersoniana (Baill.) Smith & Downs
	2
	0.15
	0.01
	0.78
	0.94

	Trichilia elegans A.Juss.
	4
	0.29
	0.03
	0.39
	0.72

	Psidium guajava L.
	1
	0.07
	0.14
	0.39
	0.61

	Cytrus sp.
	2
	0.15
	0.04
	0.39
	0.57

	Solanum granuloso-leprosum Dunal
	1
	0.07
	0.01
	0.39
	0.47


Table 2 - Species and phytossociological data of the trees from the restoration extract (perimeter between 5 cm and 10 cm) of the Forest Remnant Chácara 5R. No. Ind.= number of individuals; Re. Dens.= Relative Density; Rel. Dom. = Relative Dominance; Re. Freq.= Relative Frequency; IVI= Importance Value Index.

	Specie
	No. Ind.
	Re. Dens.
	Rel. Dom.
	Re. Freq.
	IVI

	Dead plants
	100
	15.04
	15.79
	6.7
	37.53

	Eugenia uniflora L.
	84
	12.63
	13.45
	5.67
	31.75

	Fabaceae 1
	59
	8.87
	8.08
	6.19
	23.14

	Myrtaceae
	50
	7.52
	7.09
	5.67
	20.28

	Casearia sylvestris Sw.
	40
	6.02
	6.02
	5.15
	17.19

	Indeterminada
	34
	5.11
	5.01
	3.61
	13.73

	Rollinia silvatica (St. Hil.) Mart.
	26
	3.91
	3.57
	5.15
	12.63

	Casearia lasiophylla Eichler
	26
	3.91
	3.46
	5.15
	12.52

	Miconia sp.
	22
	3.31
	4.20
	3.09
	10.60

	Allophylus edulis (A. St.-Hil., Cambess. & A. Juss.) Radlk
	23
	3.46
	3.20
	3.61
	10.27

	Cordia americana (L.) Gottdchiling & J. E. Mill.
	25
	3.76
	3.66
	2.58
	10.00

	Matayba elaeagnoides Radlk
	24
	3.61
	2.76
	2.58
	8.95

	Zanthoxylum rhoifolium St. Hil
	15
	2.26
	1.96
	4.12
	8.34

	Dalbergia frutescens (Vell.) Britton.
	12
	1.80
	1.62
	3.61
	7.04

	Alchornea triplinervia (Spreng.) M. Arg
	13
	1.95
	1.77
	3.09
	6.82

	Styrax leprosus Hook. & Arn.
	10
	1.50
	1.30
	3.09
	5.90

	Ficus sp.
	5
	0.75
	3.61
	1.03
	5.40

	Fabaceae 2
	10
	1.50
	1.30
	2.58
	5.38

	Acacia sp.
	8
	1.20
	1.03
	2.58
	4.81

	Chrysophyllum marginatum (Hook. & Arn.) Radlk.
	9
	1.35
	0.86
	2.06
	4.27

	Diatenopteryx sorbifolia Radlk.
	7
	1.05
	1.08
	2.06
	4.19

	Tabernaemontana catharinensis A.DC.
	7
	1.05
	1.01
	2.06
	4.12

	Endlicheria paniculata (Spreng.) Macbr.
	8
	1.20
	1.10
	1.55
	3.85

	Sebastiania brasiliensis Spreng.
	7
	1.05
	0.94
	1.55
	3.54

	Sebastiania commersoniana (Baill.) Smith & Downs
	6
	0.90
	1.00
	1.55
	3.45

	Cestrum strigillatum Ruiz & Pavón
	6
	0.90
	0.94
	1.55
	3.39

	Campomanesia xanthocarpa Berg.
	4
	0.60
	0.58
	2.06
	3.24

	Myrcia sp.
	5
	0.75
	0.73
	1.55
	3.02

	Aegiphila sellowiana Cham.
	3
	0.45
	0.35
	1.55
	2.35

	Celtis iguanaea (Jacq.) Sarg.
	3
	0.45
	0.49
	1.03
	1.97

	Cytrus sp.
	2
	0.30
	0.40
	1.03
	1.73

	Xylosma siliatifolium (Clos) Eichler)
	2
	0.30
	0.36
	1.03
	1.69

	Trichilia elegans A.Juss.
	2
	0.30
	0.32
	1.03
	1.65

	Solanum granuloso-leprosum Dunal
	2
	0.30
	0.29
	1.03
	1.62

	Nectandra  megapotamica (Spreng.) Mez.
	2
	0.30
	0.19
	0.52
	1.00

	Inga edulis Mart.
	1
	0.15
	0.29
	0.52
	0.95

	Aegiphila brachiata Vell.
	2
	0.30
	0.13
	0.52
	0.95

	Myrsinaceae
	1
	0.15
	0.06
	0.52
	0.72


The evaluation of the distribution of the species showed homogeneity in the whole area with only some species being emphasized by local as Inga edulis, Ficus sp., Mircia sp., Sebastiania commersoniania among the mature individuals (Figure 1). These species were located in the margin of the remnant turned to the floodplain of the River Km 119.
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Figure 1 – Result of the Correspondence Analysis with Removal of the Arch Effect of the mature extract on the Forest Remnant located in Chácara 5R.

There is higher agglomeration of the species in the regeneration extract that indicates the germination of the seeds bank in which the arboreal germinated species were restrict to some plots (Figure 2).
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Figure 2 – Result of the Correspondence Analysis with Removal of the Arch Effect of regeneration extract on the Forest Remnant located in Chácara 5R.

The composition of seeds bank was of 8 native species and 3 invasive species, among them Morus migra (blackberry) considered as invasive specie, dispersed by birds and bats. Among the invasive species, Geophila repens presented higher number of individuals with 33.3% of frequency. Although Eugenia uniflora (pitanga) and Campomanesia xanthocarpa (gabiroba) were observed, these species showed lower frequency of 22.2% and 11.1%, respectively (Table 03).

Table 03 – Germinated species in the study of the seeds bank on the Forest Remnant located in Chácara 5R in Campo Mourão – PR. AD: Absolute Density; RD: Relative Density; RF: Relative Frequency; IVI: Importance Value Index of the seeds bank.

	Species
	AD (n/m2)
	RD (%)
	RF (%)
	IVI

	Zanthoxylum rhoifolium  St. Hil
	6.47
	28.74
	33.30
	62.04

	Geophila repens (L.) I.M.Johnst.
	5.29
	23.50
	33.30
	56.80

	Alchornia triplinervea (Spreng.) M. Arg
	3.53
	15.68
	22.20
	37.88

	Eugenia uniflora L.
	1.76
	7.82
	22.20
	30.04

	Indeterminada (trepadeira) 
	1.18
	2.56
	11.11
	23.67

	Campomanesia xanthocarpa Berg.
	1.18
	5.24
	11.11
	16.24

	Chatalia SP.
	0.58
	2.56
	11.11
	13.67

	Miconia sp.
	0.58
	2.56
	11.11
	23.67

	Morus migra L.
	0.58
	2.56
	11.11
	23.67

	Polygala clothers 
	0.58
	2.56
	11.11
	23.67

	Talium SP
	0.58
	2.56
	11.11
	23.67


The Pearson correlation among the distribution of mature individuals and the regeneration extract was negative and no significant to the level of 5%, r= -0.23 and P= 0.16, confirming the low similarity among the forest extracts and reflecting the disturbances occurred during the time that commonly happen in forest fragments. The increase on the density of the young individuals is a characteristic common of the antropized forest ecosystems, but this increase was not maintained until the old phase due to many factors as predation, competition, physical damages, among others, that eliminate some individuals (FATUBARIN, 1987; HARMER, 1995).

Few individuals were observed in the plot 1 that showed the mature individuals of higher port as Araucaria angustifolia. Plots 2 and 15 also presented low density, with no sampling of individual in the understorey area in the plot 2. Although there was a great density in the plot 8, this is composed by individuals of the dead category.
The area did not show numerous flora nor important fructiferal species. Although there are many individuals of Eugenia uniflora and Campomanesia xanthocarpa, zoocoric species, these did not fruit during the study period. Moreover, the area has a great number of individuals of dead category that has influence on the ecological processes that maintain the environment of the forest. The dead trees, still standing up, have ecological value to the wild fauna that use these plants and their resources, including resting and nesting places, indirect source of food, among others (SILVA; SOARES, 2002). These conditions corroborate the statement of Santos et al. (2007) that emphasized the importance of fragments spread in the agricultural landscape as fundamentals to the maintenance of the biodiversity of the region once they increase the probability of the survival of the threatened species.
The high number of dead individuals in the area can be related to the effects of fragmentation and isolation in which the forest remnant is located. In newly-isolated fragments, the dead of trees is related to microclimatic variations that occur due to the isolation. On the other hand, in isolated fragments of long period of time, a great number of dead trees show that the increase of the mortality of trees does not happen immediately after the isolation but persists for a long time (TABANEZ et al., 1997).

This degradation reflects on the breakdown of the seeds bank, remaining only the most resistant species. The results obtained with the study of the seeds bank in the 9 sampled plots were 11 species distributed in 10 families, with germination density of 22.51 seeds/m2. This density can be considered very low when compared to the study developed by Martins e Engel (2007) in a similar area with germination density varying from 500 to 800 seeds/m2.

The low germination and diversity indicate the fragility of the remnant due to the effect of the isolation because there are no external sources to the input of new seeds in the area; and also to the size of the local that has an extremely visible edge effect. The seeds bank is the only possible source of natural regeneration in these areas, being considered essential to the dynamic equilibrium of the forest (SCHIMITZ, 1992). However, the continuous disturbance can cause a progressive breakdown of the seeds bank, making the local restrict to the regeneration in the first phase of the succession (KAGEYAMA; GANDARA, 2000).

The forest was characterized by the herboreal and arboreal habit of life as observed in the seeds bank. Species of higher IVI Zanthoxylum rhoifolium and Geophila repens (62.04 and 56.8, respectively) emphasize that the forest area was changed and it is on the ecological successional stage of advanced secondary.
It is possible to verify the irregular distribution of the species in the plots, with Jaccard similarity indexes among the plots lower than 0.5 that can be related to a great environmental heterogeneity, conditioning the occurrence of the species in the area. The determining factors for this are: soil that varies from the driest area to the most humid (near the floodplain); the low and concentrated occurrence of birds in the local and more opened points in the forest that allow mainly the entrance of exotic species.

The dynamics of the forest regeneration is associated to the ecological processes of external input of seeds by seeds rain or zoochory. The external input of seeds has direct influence on the regeneration velocity of the forest (GROENEVELD et al., 2009).

It is not possible to ignore that this disturbance can be related to the size of the fragment or its isolation on the urban area, as determinants in the loose of arboreal individuals and in the low regeneration of the seeds bank. Very small fragments are more sensible to the disturbance that can be related to the greater edge in relation to the interior. Also, it can be related to the fact that the anthropogenic disturbance promotes the invasion of exotic species in forest spots (SANTOS et al., 2007). The isolation degree and the economical activity developed in the studied area are also important to the floristic composition of the fragment (VIEIRA et al., 2009).
CONCLUSIONS

The low relation between the forest extracts and the seeds bank corroborates its fragility and emphasize the importance of its preservation. It is possible to conclude that the floristic diversity of the seeds bank was low in the samples because a few numbers of species provides seeds to the soil. The predominant form of life in the seeds bank was arboreal but this does not indicate forest renewal because the similarity among the studied arboreal extracts was low. 
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