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Abstract
The study of forest regeneration allows the diagnosis of conservation status of fragments and estimat-
ing population parameters that are essential for management projects. This study evaluated the struc-
ture, diversity and dynamics of the tree regenerating component of a remnant of mixed ombrophilous 
forest, aiming to support management actions for this forest type. The study was developed at the 
Parque Estadual das Araucárias (PEAR), located in the western region of the state of Santa Catarina, 
southern Brazil. A total of 100 plots of 25 m2 (0.25 ha) were allocated, all individuals with height ≥ 
1.0 m and DBH < 5 cm were sampled. Shannon’s diversity index (H’), Pielou’s equability index (J) and 
total natural regeneration rate (TNR) were estimated. We sampled 1,425 individuals from 99 species 
and 39 families, with an estimated total density of 5,700 individuals by hectare. The richest families 
were Fabaceae (13), Myrtaceae (10) and Lauraceae (7). The H’ was 3.76 and the J was 0.80. The TNR 
rate ranged from 0.05 to 8.12%, highlighting Trichilia elegans, with the highest rate and Araucaria 
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angustifolia with low potential for natural regeneration. The analysis of the results indicated a high 
diversity in the regenerating component of the PEAR compared to other studies, probably because the 
area presents itself as a successional mosaic due to past disturbances.

Resumo
O estudo da regeneração florestal permite diagnosticar o estado de conservação de fragmentos flo-
restais e estimar os parâmetros populacionais que são imprescindíveis para o manejo florestal. Este es-
tudo avaliou a estrutura, a diversidade e a dinâmica do componente regenerante arbóreo de um rema-
nescente de floresta ombrófila mista, visando dar suporte cientifico às ações de gestão e manejo para 
este tipo florestal. O estudo foi desenvolvido no Parque Estadual das Araucárias (PEAR), localizado na 
região oeste de Santa Catarina, sul do Brasil. Foram alocadas 100 parcelas de 25 m2 (0.25 ha) e, nestas, 
foram amostrados todos os indivíduos com altura maior ou igual a 1.0 m e diâmetro à altura do peito 
menor que 5 cm. Foram estimados os índices de diversidade de Shannon (H’) e de equabilidade de Pie-
lou (J) e a taxa de regeneração natural total (RNT). Foram amostrados 1.425 indivíduos pertencentes 
a 99 espécies e 39 famílias botânicas, com densidade total estimada de 5.700 indivíduos por hectare. 
As famílias com maior riqueza foram Fabaceae (13), Myrtaceae (10) e Lauraceae (7). O H’ foi de 3.76 
e o J foi de 0.80. A taxa RNT variou de 0.05 a 8.12%, com destaque para Trichilia elegans, com a maior 
taxa de regeneração natural e Araucaria angustifolia com baixo potencial de regeneração natural. A 
análise dos resultados indicou alta diversidade no componente regenerante do PEAR, provavelmente 
em razão da área se apresentar como um mosaico sucessional em razão de perturbações pretéritas.
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Introduction

Natural regeneration is related to the ability of species to establish and develop af-
ter natural or anthropic disturbances (Marchesini et al. 2009). The analysis of this 
process allows the assessment of the conservation status of fragments and the esti-
mation of population parameters, which are essential for sustainable forest manage-
ment (Silva et al. 2010a; Higuchi et al. 2015; Santos et al. 2015).

The forests of the state of Santa Catarina (SC) were greatly impacted by human 
action (Gasper et al. 2013). In the western region of SC, the mixed ombrophilous 
forest (MOF), also called Araucaria forest because Araucaria angustifolia (Bertol.) 
Kuntze is a characteristic element of this forest type, and seasonal deciduous for-
est (SDF) remnants are in a critical state of conservation, with altered structure 
and predominance of secondary and pioneer species (Schorn et al. 2013). Although 
the physiognomy might suggest some uniformity in the MOF within its natural 
range, floristic and phytosociological surveys reveal particular distinctions among 
MOF remnants (Jarenkow and Budke 2009). For example, a strong association be-
tween A. angustifolia, and Ocotea porosa (Nees & Mart.) Barroso was observed in 
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the nor thern plateau of SC (Klein 1978) whereas a greater association between A. 
angustifolia with O. pulchella (Ness & Mart.) Mez and O. puberula (Rich.) Nees was 
recorded for the southern plateau (Klauberg et al. 2010; Martins et al. 2012; Higuchi 
et al. 2013). Therefore, knowledge about natural regeneration can be of great impor-
tance to support strategies for the conservation of forest remnants, and the restora-
tion of degraded environments, especially in the western region of SC.

Some studies on natural regeneration of MOF have been developed in SC (e.g. 
Caldato et al. 1996; Meyer et al. 2013; Fiorentin et al. 2015; Higuchi et al. 2015; 
Santos et al. 2015; Maçaneiro et al. 2016; Rosa et al. 2016; Duarte et al. 2019; Vefago 
et al. 2019). Caldato et al. (1996) found that, although Araucaria angustifolia was 
the dominant species in the forest canopy, it did not show individuals in natural re-
generation. In the Inventário Florístico Florestal de Santa Catarina (IFFSC), which 
evaluated plots of natural regeneration throughout SC (Meyer et al. 2013), a remark-
able presence of SDF tree species was recorded in the plots allocated in altitudes 
below 1000 m, possibly because they are transition areas between MOF and SDF. In 
plots allocated at altitudes between 1000 and 1200 m, A. angustifolia was recorded 
as the species with the highest importance value (Meyer et al. 2013). Fiorentin et al. 
(2015) evaluated the effect of livestock on the composition and floristic diversity of 
natural regeneration in areas of permanent preservation of MOF, and found that 
Myrtaceae had the largest number of individuals and species. This was also ob-
served by Santos et al. (2015) in a fragment of MOF, although the species with the 
highest Importance Value Index (IVI) was Myrsine parvula (Mez) Otegui (Primu-
laceae). Maçaneiro et al. (2016) evaluated the tree and shrub natural regeneration 
in an MOF fragment and found that Allophylus edulis (A.St.-Hil. et al.) Hieron. ex 
Niederl, Casearia decandra Jacq., Cupania vernalis Cambess., Matayba elaeagnoides 
Radlk. and Myrsine coriacea (Sw.) R.Br. ex Roem. & Schult had the highest rates of 
relative natural regeneration. Although the IFFSC contemplated plots in the west-
ern region, all other studies were carried out in the midwest and south of SC, with a 
gap in knowledge about the natural regeneration of MOF in western SC.

Passos et al. (2021) studied the tree community in a MOF remnant in the western 
region of SC and recorded the occurrence of 106 species. Nectandra megapota mica 
(Spreng.) Mez, A. angustifolia, Ocotea diospyrifolia (Meisn.) Mez, Luehea divaricata 
Mart. and Ilex paraguariensis A.St.-Hil. showed the highest IVI. The authors also 
observed the association of A. angustifolia and N. megapotamica and absence of 
Drimys spp. and Podocarpus spp. Secondary (63%) and zoochorous (71%) species 
were the majority in the forest remnant (Passos et al. 2021). This study investigated 
the structure and diversity of regenerating tree species in this same MOF remnant, 
aiming to answer the questions: Is the similarity between the regenerating and the 
tree components high? Do secondary and zoochorous species predominate in sam-
pling? Are the species with the highest regeneration rates among those with the 
highest IVI in the tree survey?



Manuela Gazzoni dos Passos et al.170

Material and methods

The study was carried out at Parque Estadual das Araucárias (PEAR – 26°27'08"S, 
52°33'56"W), western SC, southern Brazil. This protected area (612 ha), created in 
May 2003, was previously used for the extraction and processing of wood, especially 
of Araucaria angustifolia.

According to the Köppen classification, the region’s climate is of the Cfb 
type – with mild summers (Alvares et al. 2013). Temperatures in the coldest 
month range from -3 °C to 18 °C and those in the hottest month are over 22 °C. 
The average annual rainfall in western SC is approximately 2,400 mm (Santa 
Catarina 1986).

On a PEAR map 100 plots of 100 m2 (10 m × 10 m) were allocated, seeking to 
represent all areas of the PEAR, but avoiding those that are difficult to access or 
particularly degraded (Passos et al. 2021). These plots were later demarcated in the 
field. The sampling of the tree regenerating component was carried out in the right-
upper quadrant (5 m × 5 m), totaling 0.25 ha. In each quadrant, all individuals of 
tree species with height ≥ 1.0 m and diameter at breast height (DBH) < 5 cm were 
sampled, measured (height and DBH) and identified (Silva et al. 2010b). The defini-
tion of the upper limit was based on the inclusion criterion (DBH ≥ 5.0 cm) most 
commonly used in surveys of tree canopy species in tropical forest (e.g. Klauberg 
et al. 2010; Higuchi et al. 2013; Passos et al. 2021). For individuals not identified in 
the field, the collection and herborization of plant material was carried out for later 
identification through comparison with FURB herbarium specimens and assistance 
from specialists. The vouchers were deposited at FUEL herbarium (acronyms ac-
cording to Thiers 2021). The families were classified according to APG IV (APG 
2016) and the list of species is in agreement with Flora do Brasil 2020 (Flora do 
Brasil 2020).

We used the rarefaction curve and Jackknife2 method in order to compare 
the observed richness with the estimated richness (Oliveira et al. 2016), using the 
ESTIMATES 9.1.0 program (Colwell 2013), after 100 randomizations of the order 
of the samples with a 95% confidence interval. Shannon’s diversity and Pielou’s eq-
uability indexes were also calculated using the MATA NATIVA 2 program (Cientec 
2006). We used the Sorensen index to assess the similarity between the tree (Passos 
et al. 2021) and regenerating components. The species were classified according 
to the dispersal syndrome (Van der Pijl 1982) and according to the successional 
group in, pioneer, secondary or climax (Backes and Irgang 2002; Lorenzi 2008; 
Meyer et al. 2013).

The density and frequency (absolute and relative) of each species were calcu-
lated according to Mueller-Dombois and Ellenberg (1974), through the program 
MATA NATIVA 2 (Cientec 2006). Subsequently, the individuals were classified into 
three size classes: 1 – height between 1.0 m and 2.0 m; 2 – height between 2.01 m 
and 3.0 m; and class 3 – height above 3.0 m and DBH < 5 cm (Silva et al. 2010b). The 
absolute and relative parameters of frequency and density of each species in relation 
to each size-class were recalculated.
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The species’ natural regeneration rate by size class (NRC) was estimated by the 
equation NRC = RD + RF / 2 (Silva et al. 2010b), where RD = relative density of the spe-
cies in the size class considered; and RF = relative frequency of the species in that size 
class. Then, the potential total natural regeneration rate for each species (TNR) was ob-
tained by equation TNR = Σ (NRC) / z (Volpato 1994), where z = number of size classes.

Results

A total of 1,425 individuals belonging to 99 species distributed in 39 families were 
sampled, corresponding to an overall density of 5,700 individuals per hectare. The 
analysis of the rarefaction curve shows that the observed richness was less than the 
richness estimated by the Jackknife2 estimator, indicating that the species richness 
may be greater than that sampled (Fig. 1).

The families with the highest species richness were Fabaceae (13), Myrtaceae 
(10), Lauraceae (7), Sapindaceae, Salicaceae and Meliaceae (5), which together re-
presented 46.6% of the total species.

Natural regeneration in the PEAR showed a Shannon diversity index of 3.76 nats 
ind.-1 and a Pielou equability index of 0.8. The species with the highest density were 
Nectandra megapotamica, Coussarea contracta (Walp.) Müll.Arg., Trichilia elegans 
A.Juss., Cupania vernalis and Cestrum bracteatum Link & Otto, which accounted for 
29.3% of the total absolute density of regenerants (Table 1). These species, together 
with Matayba elaeagnoides, were the ones with the highest frequency of occurrence, 
and together, they represented 28.74% of the total frequency (Table 1). No regen-
erating individuals of exotic species were registered in the present study, although 
adult individuals of Citrus sp. and Hovenia dulcis Thunb. have been observed.

Of the 99 species sampled, 18% (18 spp.) are considered rare in the PEAR be-
cause they have only one individual. The regenerating component showed high flo-
ristic similarity with the tree component (Sorensen similarity index = 0.79). Species 

Figure 1. Species richness in the tree regenerating component of the Parque Estadual das Araucárias, 
Santa Catarina, southern Brazil. Solid line = observed richness; Dashed lines = 95% confidence inter-
val; Dotted line = species richness estimated by the estimator Jacknife2.
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Table 1. Regenerating tree species sampled at the Parque Estadual das Araucárias, Santa 
Catarina, southern Brazil. N = number of individuals sampled; SG = successional group (P = 
pioneer, S = secondary, C = clímax); DS = dispersal syndrome (Z = zoochory, A = anemochory, Au = 
autochory); AD = absolute density (ind ha-1); RD = relative density (%); AF = absolute fre-
quency (%); RF = relative frequency (%); NRC1, NRC2, NRC3 (%) = natural regeneration 
rate in classes 1, 2 and 3, respectively; TNR = potential total natural regeneration rate.

Species N SG DS AD RD AF RF NRC1 NRC2 NRC3 TNR
Nectandra megapotamica (Spreng.) Mez 119 S Z 476 8.35 36 5.22 7.65 6.87 6.89 7.14
Coussarea contracta (Walp.) Mull.Arg. 109 P Z 436 7.65 30 4.35 5.83 6.40 8.59 6.94
Trichilia elegans A.Juss 103 S Z 412 7.23 36 5.22 4.95 8.84 10.57 8.12
Cupania vernalis Cambess. 86 P Z 344 6.04 36 5.22 5.95 5.38 7.64 6.33
Cestrum bracteatum Link & Otto 69 S Z 276 4.84 30 4.35 4.41 4.45 5.86 4.90
Matayba elaeagnoides Radlk. 57 S Z 228 4.00 30 4.35 5.35 3.42 1.83 3.53
Ocotea diospyrifolia (Meisn.) Mez 51 C Z 204 3.58 24 3.48 1.50 1.91 3.04 2.15
Luehea divaricata Mart. 49 S A 196 3.44 16 2.32 2.22 2.94 5.55 3.57
Nectandra grandiflora Ness 49 S Z 196 3.44 8 1.16 2.46 3.60 0.91 2.32
Casearia decandra Jacq. 45 S Z 180 3.16 23 3.34 3.08 3.30 3.58 3.32
Parapiptadenia rigida (Benth.) Brenan. 43 S A 172 3.02 24 3.48 3.58 2.48 2.74 2.94
Allophylus edulis (A.St.-Hil. et al.) Hieron. ex Niederl 34 S Z 136 2.39 15 2.18 2.10 2.84 2.40 2.45
Allophylus guaraniticus (A.St.-Hil.) Radlk. 32 C Z 128 2.25 18 2.61 2.21 3.05 2.28 2.52
Prunus myrtifolia (L.) Urb. 30 S Z 120 2.11 14 2.03 2.09 1.60 3.58 2.42
Sorocea bonplandii (Bail.) W.C.Burger, Lanj. & Boer 30 S Z 120 2.11 10 1.45 1.63 1.39 2.58 1.87
Campomanesia xanthocarpa (Mart.) O.Berg 29 S Z 116 2.04 21 3.05 3.02 1.81 0.46 1.76
Diatenopteryx sorbifolia Radlk. 29 P Z 116 2.04 21 3.05 2.62 1.91 1.56 2.03
Ocotea puberula (Rich.) Nees 29 P A 116 2.04 11 1.60 0.93 1.24 0.46 0.88
Trichilia clausseni C.DC. 25 S Z 100 1.75 15 2.18 1.69 3.05 2.28 2.34
Urera baccifera (L.) Gaudich. ex Wedd. 21 S Z 84 1.47 15 2.18 2.47 0.73 0.00 1.07
Cinnamomum amoenum (Ness & Mart). Kosterm. 19 S Z 76 1.33 6 0.87 1.13 0.88 1.56 1.19
Ilex paraguariensis A.St.-Hil. 17 P Z 68 1.19 9 1.31 0.61 2.64 1.37 1.54
Actinostemon concolor (Spreng.) Müll.Arg. 16 C Au 64 1.12 1 0.15 0.82 0.67 0.46 0.65
Muellera campestris (Mart. ex Benth.) M.J.Silva & A.M.G.Azevedo 16 S A 64 1.12 10 1.45 1.70 0.73 0.46 0.96
Sebastiania commersoniana (Baill.) L.B.Sm. & Downs 16 P Au 64 1.12 7 1.02 1.01 1.24 0.91 1.05
Syagrus romanzoffiana (Cham.) Glassman. 14 P Z 56 0.98 9 1.31 0.49 2.69 1.10 1.43
Chrysophyllum marginatum (Hook. & Arn.) Radlk. 13 S Z 52 0.91 10 1.45 0.99 1.81 0.00 0.94
Myrocarpus frondosus Allemão 13 S A 52 0.91 11 1.60 1.52 0.00 1.37 0.96
Ocotea pulchella (Ness & Mart.) Mez 12 P Z 48 0.84 7 1.02 3.72 4.81 1.37 3.30
Cordia americana (L.) Gottschling & J.E.Mill. 11 C A 44 0.77 8 1.16 0.71 1.60 0.46 0.92
Annona rugulosa (Schltdl.) H.Rainer 10 P Z 40 0.70 8 1.16 0.98 0.73 0.91 0.87
Cordyline spectabilis Kunth & Bouché 10 S Z 40 0.70 7 1.02 0.49 1.76 0.46 0.90
not identified 10 - - 40 0.70 8 1.16 0.65 1.45 0.91 1.00
Ruprechtia laxiflora Meisn. 10 S A 40 0.70 8 1.16 0.93 0.73 0.46 0.70
Casearia sylvestris Sw. 9 S Z 36 0.63 7 1.02 0.81 0.73 0.91 0.82
Clethra scabra Pers. 9 S A 36 0.63 4 0.58 0.67 0.00 0.84 0.50
Cordiera concolor (Cham). Kuntze 9 C Z 36 0.63 4 0.58 0.83 0.36 0.46 0.55
Cedrela fissilis Vell. 8 S A 32 0.56 4 0.58 0.33 0.73 1.29 0.78
Myrcia oblongata D.C. 8 P Z 32 0.56 4 0.58 0.67 0.36 0.46 0.50
Nectandra lanceolata Nees 8 S Z 32 0.56 5 0.73 0.77 0.36 0.46 0.53
Casearia obliqua Spreng. 6 S Z 24 0.42 4 0.58 0.33 0.00 1.29 0.54
Celtis iguanaea (Jacq.) Sarg. 6 P Z 24 0.42 3 0.44 0.34 0.36 0.46 0.39
Eugenia uniflora L. 5 S Z 20 0.35 3 0.44 0.38 0.52 0.00 0.30
Machaerium stipitatum Vogel 5 S A 20 0.35 4 0.58 0.49 0.00 0.91 0.47
Myrsine loefgrenii (Mez) Imkhan. 5 S Z 20 0.35 3 0.44 0.22 1.09 0.00 0.44
Peltophorum dubium (Spreng.) Taub 5 P A 20 0.35 2 0.29 0.28 0.36 0.46 0.37
Zanthoxylum rhoifolium Lam. 5 S Z 20 0.35 4 0.58 0.49 0.00 0.65 0.38
Apuleia leiocarpa (Vogel) J.F.Macbr. 4 P A 16 0.28 1 0.15 0.22 0.00 0.65 0.29
Ateleia glazioveana Baill. 4 P A 16 0.28 2 0.29 0.38 0.00 0.46 0.28
Banara tomentosa Clos 4 S Z 16 0.28 4 0.58 0.33 0.36 0.46 0.38
Campomanesia guazumifolia (Cambess.) O.Berg 4 S Z 16 0.28 3 0.44 0.49 0.00 0.46 0.31
Eugenia ramboi D.Legrand 4 S Z 16 0.28 3 0.44 0.55 0.00 0.00 0.18
Inga virescens Benth. 4 S Z 16 0.28 4 0.58 0.65 0.00 0.00 0.22
Mollinedia triflora (Spreng.) Tul. 4 S Z 16 0.28 4 0.58 0.33 0.36 0.46 0.38
Solanum mauritianum Scop. 4 S Z 16 0.28 2 0.29 0.22 0.73 0.00 0.32
Styrax leprosus Hook. & Arn. 4 S Z 16 0.28 4 0.58 0.65 0.00 0.00 0.22
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Species N SG DS AD RD AF RF NRC1 NRC2 NRC3 TNR
Annona neosalicifolia H.Rainer 3 P Z 12 0.21 2 0.29 0.33 0.36 0.00 0.23
Ilex brevicuspis Reissek 3 S Z 12 0.21 2 0.29 0.00 0.73 0.46 0.39
Machaerium paraguariense Hassl. 3 S A 12 0.21 3 0.44 0.16 0.73 0.00 0.30
Miconia cinerascens Miq 3 P Au 12 0.21 3 0.44 0.49 0.00 0.00 0.16
Myrsine coriacea (Sw.) R.Br. ex Roem. & Schult. 3 P Z 12 0.21 3 0.44 0.49 0.00 0.00 0.16
Strychnos brasiliensis Mart. 3 S Z 12 0.21 3 0.44 0.16 0.36 0.46 0.33
Zanthoxylum fagara (L.) Sarg. 3 S Z 12 0.21 2 0.29 0.38 0.00 0.00 0.13
Zanthoxylum petiolare A.St-Hil. & Tul 3 S Z 12 0.21 3 0.44 0.49 0.00 0.00 0.16
Albizia edwallii (Hoehne) Barneby & J.W.Grimes 2 S A 8 0.14 1 0.15 0.00 0.36 0.46 0.27
Albizia niopoides (Spruce ex Benth.) Burkart 2 P A 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Araucaria angustifolia (Bertol.) Kuntze 2 P Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Balfourodendron riedelianum (Engl.) Engl. 2 S A 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Brunfelsia cuneifolia J.A.Schmidt 2 P Z 8 0.14 2 0.29 0.16 0.00 0.46 0.21
Chrysophyllum gonocarpum (Mart. & Eichler ex Miq.) Engl. 2 S Z 8 0.14 1 0.15 0.00 0.00 0.65 0.22
Erythoxylum deciduum A.St.-Hil. 2 S Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Erythroxylum myrsinites Mart 2 S Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Eugenia involucrata DC. 2 S Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Myrcianthes gigantea (D.Legrand). D.Legrand 2 S Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Myrsine umbellata Mart. 2 S Z 8 0.14 2 0.29 0.16 0.00 0.46 0.21
Picrasma crenata (Vell.) Engl. 2 S Z 8 0.14 2 0.29 0.33 0.00 0.00 0.11
Psychotria suterella Müll.Arg. 2 - A 8 0.14 1 0.15 0.22 0.00 0.00 0.07
Sapium glandulosum (L.) Morong 2 P Z 8 0.14 2 0.29 0.16 0.00 0.46 0.21
Symplocos pentandra (Mattos) Occhioni ex Aranha 2 S Z 8 0.14 2 0.29 0.00 0.36 0.46 0.27
Trichilia catigua A.Juss 2 C Z 8 0.14 2 0.29 0.16 0.00 0.46 0.21
Aegiphila brachiata Vell. 1 S Z 4 0.07 1 0.15 0.00 0.36 0.00 0.12
Brunfelsia pilosa Plowman 1 P Z 4 0.07 1 0.15 0.00 0.36 0.00 0.12
Cabralea canjerana (Vell.) 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Cordia ecalyculata Vell. 1 S A 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Dalbergia frutescens (Vell.) Britton 1 S A 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Eugenia burkartiana (D.Legrand) D.Legrand 1 C Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Ilex microdonta Reissek 1 S Z 4 0.07 1 0.15 0.00 0.36 0.00 0.12
Maytenus aquifolia Mart. 1 - Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Mimosa scabrella Benth. 1 S A 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Myrceugenia glaucescens (Cambess.) D.Legrand & Kausel 1 S Z 4 0.07 1 0.15 0.00 0.36 0.00 0.12
Myrcia hatschbachii D.Legrand 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Picramnia parvifolia Engl. 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Roupala asplenioides Sleume 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Rudgea parquioides (Cham.) Mull.Arg. 1 S A 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Sambucus australis Cham. & Schltdl. 1 P Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Schaefferia argentinensis Speg. 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Schinus terebinthifolius Raddi 1 P Au 4 0.07 1 0.15 0.00 0.36 0.00 0.12
Vernonanthura discolor (Spreng.) H.Rob 1 P A 4 0.07 1 0.15 0.00 0.00 0.46 0.15
Xylosma pseudosalzmanii Sleumer 1 S Z 4 0.07 1 0.15 0.16 0.00 0.00 0.05
Total 1425 5700 100 100 100 100 100 100

exclusive to natural regeneration (17) are rare locally, presenting mostly one indi-
vidual. Most of the exclusive species (12) are secondary, which indicates that they 
are finding favorable conditions for germination and establishment in the PEAR. 
The absence of Dicksonia sellowiana Hook. and Alsophila setosa Kaulf. should be 
highlighted in the regenerating component.

The most frequent dispersal syndrome was the zoochory with 71% of the spe-
cies and 1,157 individuals, followed by anemochory (23% and 222 individuals) and 
autochory (4% and 36 individuals). As for the successional category, 65% of the spe-
cies are secondary, 25% pioneer, 7% climax and 3% without information (Table 1).

In the class 1, 3,340 ind ha-1 were sampled, belonging to 89 species and 35 fami-
lies; in the class 2, 1,304 ind ha-1, 56 species and 26 families; and in the class 3, 
1,056 ind ha-1, 58 species and 26 families. There was a reduction in the number of 
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individuals from the class 1 to class 3 (Fig. 2), but there was a reduction in the num-
ber of species only from the class 1 to the other classes.

Regarding the size classes, 41% of the species occurred in all size classes. Twen-
ty-nine species occurred only in class 1, five species were sampled only in class 2 
and Vernonanthura discolor (Spreng.) H.Rob. occurred exclusively in class 3. How-
ever, this species is rare locally in natural regeneration with only one individual. 
TNR values ranged from 0.05 to 8.12% (Table 1), with emphasis on Trichilia elegans, 
Nectandra megapotamica, Coussarea contracta and Cupania vernalis with TNR 
values greater than 6% (Fig. 3). Araucaria angustifolia showed an absolute density 
of 8 ind ha-1, all sampled in class 1 and, TNR of only 0.11% (Table 1).

Figure 2. Number of individuals by size classes of tree natural regeneration in Parque Estadual das 
Araucárias, Santa Catarina, southern Brazil. Class 1 = height between 1.0 m and 2.0 m; class 2 = height 
between 2.01 m and 3.0 m; class 3 = height above 3.0 m and diameter at breast height less than 5 cm.

Figure 3. Species with the highest rates of potential total natural regeneration (TNR (%)) in the 
Parque Estadual das Araucárias, Santa Catarina, southern Brazil.
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Discussion

The study area underwent logging for decades (Fatma 2015). In the most disturbed 
sites, the lower stratum is composed of shrub species, lianas and, in some cases, na-
tive bamboo. In places with less light incidence on the forest floor and with higher 
humidity, well-defined understory and the occurrence of shade-tolerant species 
were observed. Therefore, PEAR is characterized as a successional mosaic, with dif-
ferent stages of regeneration. This corroborates the large number of secondary and 
pioneer species sampled in the study.

As for families with greater specific richness, studies have shown that the MOF 
tends to follow a floristic pattern, with emphasis on Myrtaceae and Lauraceae 
(Mauhs and Backes 2002; Souza et al. 2012; Fiorentin et al. 2015; Higuchi et al. 2015; 
Santos et al. 2015). Generally, a large number of Fabaceae species in MOF is not 
common (Fiorentin et al. 2015; Santos et al. 2015; Higuchi et al. 2016) and it is often 
found with greater richness in seasonal forests (Jarenkow and Waechter 2001). Un-
like the present study, in the Inventário Florístico Florestal de Santa Catarina (IFF-
SC), the Fabaceae family was the fourth most numerous, with 20 species in regen-
eration (Meyer et al. 2013). In the floristic and phytosociological survey of the tree 
strata carried out at PEAR (Passos et al. 2021), the families with the highest specific 
richness were also Fabaceae (14 spp.), followed by Lauraceae and Myrtaceae (8 spp.).

The regenerating component showed high similarity with the PEAR tree com-
ponent (Passos et al. 2021). However, in the regenerating component, the absence 
(Dicksonia sellowiana and Alsophila setosa) or low density (A. angustifolia and 
Ateleia glazioveana Baill.) of species that showed high values of importance in the 
tree component (Passos et al. 2021) were recorded. The diversity of regenerating spe-
cies in the PEAR was greater than that recorded in other studies of MOF (Caldato et 
al. 1996; Mauhs and Backes 2002; Narvaes et al. 2005; Fiorentin et al. 2015; Santos et 
al. 2015), similar to the diversity described by Maçaneiro et al. (2016) and inferior to 
that observed by Meyer et al. (2013). Equability in the PEAR is relatively high, as the 
existence of a few highly dominant species in the sample was verified, in agreement 
with what was reported by Maçaneiro et al. (2016).

Among the five species best positioned in the density ranking in the regenerating 
component of PEAR, only Cupania vernalis, Casearia decandra and Matayba 
elaeagnoides are common with those best positioned in other fragments of MOF in the 
south of SC (Higuchi et al. 2015; Santos et al. 2015; Maçaneiro et al. 2016; Duarte et al. 
2019) and in Rio Grande do Sul state (Silva et al. 2010a). There was also no coincidence 
between the 10 species with the highest rate of natural regeneration between this and 
the study of regeneration in upper montane MOF in SC (Rosa et al. 2016). These 
studies demonstrate the great floristic and structural variation in the regenera ting 
tree component among the several fragments of MOF in Brazil, and emphasize the 
importance of them for the restoration projects of MOF throughout its natural range.

Among the species with the highest density and frequency in the regenerating 
component, N. megapotamica stood out, which had already been highlighted in the 
PEAR tree stratum, forming an association with A. angustifolia (Passos et al. 2021). 
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This was expected, since western SC is characterized by an abundance of Lauraceae, 
with significant occurrence of N. lanceolata, N. megapotamica and Ocotea puberula 
(Klein 1978). Nectandra megapotamica was the most abundant species in the study on 
the dynamics of regeneration in fragments of MOF in the southern plateau of Santa 
Catarina (Vefago et al. 2019). This species occurs inside the forest, where high regener-
ation is found (second highest rate of TNR in the PEAR), which suggests that the spe-
cies is in full dynamic balance. Because it is a shade-tolerant species, its installation be-
gins in secondary vegetation (Reitz et al. 1983), which justifies its presence in different 
areas of the PEAR. This species also stands out in the southern portion of the Atlantic 
Forest, due to its high geographical range, abundance and different habitats in which 
they occur (Caiafa and Martins 2010; Fontana et al. 2016). Nectandra megapotamica 
presented the highest density and frequency in the PEAR tree component (Passos et 
al. 2021), in addition to being recorded with high abundance and importance value 
in other studies (Mauhs and Backes 2002; Bianchini et al. 2003; Callegaro et al. 2015).

Similar to the tree component (Passos et al. 2021), secondary and zoochorous 
species predominated in the regenerating component. The dispersal syndrome data 
are similar to those of natural regeneration in fragments of MOF in Paraná (Ron-
don-Neto et al. 2001) and Santa Catarina states (Negrini et al. 2012). The large pro-
portion of zoochorous species in MOF supports the importance of animals for the 
dispersal of propagules and, consequently, for the maintenance of the gene flow of 
forests (Almeida et al. 2008).

The values recorded for the TNR in the PEAR were lower than those observed 
by Caldato et al. (1996) (2.51 to 15.01%), and close to those observed by Mauhs 
and Backes (2002) (0 a 9.59%). Comparing the 20 highest positioned species in the 
tree component, ordered by the importance value (Passos et al. 2021) with those of 
the regenerating component (ordered by TNR), 12 were common. Therefore, it is 
expected that there will be no major structural or floristic changes in the PEAR, as 
long as environmental and conservation conditions are maintained.

Considering natural regeneration as a whole, 41% of species occurred in all 
height classes. These species, with more regular distribution in the different growth 
phases, are more likely to compose the forest structure in the future (Caldato et al. 
1996). The reduction in the number of species for the larger classes may be related 
to the characteristics of the life history of these species, such as the variation in 
shade tolerance at different stages of the life cycle. Among the factors that influ-
enced the distribution of regenerating species in the MOF is the variation related 
to the canopy opening (Duarte et al. 2019), and studies have shown that the lumi-
nosity variation within the forest influences the species distribution (Higuchi et al. 
2015; Duarte et al. 2019). Therefore, the history of PEAR exploitation and canopy 
disturbances caused by climatic events could justify the floristic differences between 
PEAR and other studies of MOF regeneration (Caldato et al. 1996; Higuchi et al. 
2015; Santos et al. 2015; Duarte et al. 2019). Despite the presence of 41% of the spe-
cies in the three size classes, of the 99 species surveyed in this study, 74 have TNR 
less than 1.0, indicating that these species may have a higher degree of difficulty to 
regenerate in the future (Silva et al. 2010b).
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Trichilia elegans showed the highest TNR (8.12%), mainly because the species ob-
tained the highest NRC in classes 2 and 3. In one of the plots sampled in the PEAR by 
the IFFSC (Meyer et al. 2013), the presence of T. elegans in the regenerating compo-
nent was also highlighted. In the understory of seasonal forests, the presence of spe-
cies of the genus Trichilia is common (Bianchini et al. 2003; Souza and Lorenzi 2012).

The low value of TNR for A. angustifolia is consistent with other studies (Cal-
dato et al. 1996; Narvaes et al. 2005; Silva et al. 2010a; Kanieski et al. 2012; Vefago 
et al. 2019). The absence of juveniles indicates that this species, being a heliophile, 
does not find favorable conditions for its establishment due to shading (Caldato et 
al. 1996; Souza et al. 2008; Vefago et al. 2019). Therefore, the establishment of seed-
lings only occurs in the initial stages of succession (Mauhs and Backes 2002) and, in 
PEAR, the natural regeneration of the species was recorded only in the border plots 
or in gap. Paludo et al. (2011) observed that the critical stage for the regeneration of 
the species was in the first years of development (up to 0.5 m in height). However, as 
the species is long-lived, it can maintain a low number of regenerating individuals 
in the population and, even so, be successful in regeneration (Paludo et al. 2011). In 
a study using the Matrix Model, it was found that the recruitment of A. angustifolia 
was insufficient to replace the reproductive individuals and, therefore, the popula-
tion was in a self-thinning phase (the elimination of dominated individuals due to 
competition), in accord to Lozenge model (Paludo et al. 2016). According to this 
model, the population is expected to regenerate in the future, but the species exhibits 
declining stability, which aggravates the endangerment situation (Paludo et al. 2016).

Another issue to be considered may be the reduction in the number of pro-
pagules and young individuals of A. angustifolia in the PEAR. Despite the presence 
of reproductive adults, park rangers and researchers have observed the ringing of 
the stem of young plants, which can lead to death for the individual, as well as the 
large amount of pine cones with immature seeds on the forest floor. One of those 
responsible for these practices (already registered by park rangers) is Sapajus ni-
gritus Goldfuss, 1809 (capuchin monkey), which has a high population density in 
the PEAR (Alves 2008). The consumption of the terminal part of the stem of young 
individuals of Syagrus romanzoffiana by these animals was also observed (field ob-
servation). Specific studies on these interactions are necessary in order to support 
management practices in the PEAR. In addition, studies suggest the implementa-
tion of silvicultural treatments and enrichment plantation that benefit the develop-
ment of A. angustifolia (Narvaes et al. 2005; Kanieski et al. 2012).

On the other hand, Klein (1978) suggested a trend of expansion of the seasonal 
deciduous forest over the MOF, due to the low regeneration of A. angustifolia. Other 
species characteristic of MOF, such as Mimosa scabrella (Lorenzi 2008), also pre-
sented low potential for natural regeneration, and Ocotea porosa did not present 
individuals in natural regeneration. Caldato et al. (1996) also recorded low rates of 
natural regeneration for O. porosa and M. scabrella. Also noteworthy is the absence 
of Dicksonia sellowiana, a characteristic species of MOF, in the natural regeneration 
of PEAR. According to Mallmann et al. (2019), canopy cover and soil moisture are 
environmental factors that influence the establishment and growth of D. sellowiana. 
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Specific studies should be conducted to explain the absence of these species in the 
regenerating component of PEAR.

In general, the high similarity between the studies of natural regeneration and the 
tree component indicates that the composition of the forest will suffer little change in the 
future if the current conditions are maintained. However, the absence or low regenera-
tion of A. angustifolia, D. sellowiana and A. setosa, as well as other species of MOF, such 
as O. porosa and M. scabrella can imply important floristic changes, such as the invasion 
by species typical of the seasonal forest. According to Vefago et al. (2019), temperature 
and altitude play a relevant role in the definition of floristic identity in the MOF rem-
nants. As the MOF distribution is positively correlated with cloudiness and frost, and 
inversely with temperature (Oliveira-Filho et al. 2015), it is concluded that this forest 
type is dependent on low temperatures and is limited by the seasonality of the climate. 
Analyzing the historical series of temperature for the region, there is a clear trend of an 
increase in temperature in the last 100 years (CRU 2016), which can impact the MOF.

Conclusion

The Parque Estadual das Araucárias, in addition to the past anthropic disturbance 
(logging), presents variations of relief, which favors the occurrence of different hab-
itats. This heterogeneity of habitats made it possible to record high species richness 
and diversity in the tree regenerating component. However, the calculation of the 
estimated richness indicates that the number of species may be even greater. Be-
cause it is a protected area, the presence of park rangers and constant monitoring 
ensures that destructive human activities are reduced or nullified in the PEAR, al-
lowing biodiversity to be conserved.

The low value obtained for the TNR for A. angustifolia is in agreement with the 
results of other studies, since it is a heliophile species. Therefore, its establishment 
in the interior of the forest is difficult due to the shading, and consequently, its con-
servation in situ is more complex.

The similarity of species between natural regeneration and the tree component 
indicates that, in the future, there will be little change in species composition. How-
ever, the absence (or decrease) of the regeneration of some typical species of MOF, 
such as A. angustifolia, in addition to climate changes, may result in a change in the 
area’s phytophysiognomy in the future. Therefore, silvicultural treatments and en-
richment plantations can be implemented in the PEAR, aiming at the conservation 
of typical MOF species of this region, such as Dicksonia sellowiana and Alsophila 
setosa. In the specific case of A. angustifolia, enrichment plantation in areas with the 
most open vegetation in the PEAR can contribute to the conservation of this species.
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