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Studies on composition and structure generate crucial information for 
characterizing plant communities and planning conservation actions. 
There are still substantial knowledge gaps in Brazilian protected areas, 
preventing design programs to mitigate biodiversity loss. This is the case 
of the National Forest of Ipanema (Ipanema NAFO) in São Paulo state, 
Brazil, where plant diversity remains uncalculated. To help fill this gap, 
in 1-ha of a seasonal semideciduous forest (SSF) stand on the Araçoiaba 
hill, the authors sampled all woody stems with dbh ≥ 5 cm in a total of 103 
dead and 1,301 living plants representing 65 species, 57 genera, and 31 
families. The number of species and families was lower than old-growth 
SSF and, together with the land-use history, which suggests the community 
is a secondary stand. The initial species Guazuma ulmifolia, Machaerium 
stipitatum, Croton floribundus, and Aloysia virgata totalized 50% of the 
living stems, whereas 37% of the other species summed up only 1.8%. 
The high abundance of these initial species and the presence of the climax 
species Cariniana legalis, Holocayx balansae, Myroxylon peruiferum, 
Zanthoxylum caribaeum and others indicate that the community is in an 
intermediate to advanced successional stage. Three species are considered 
vulnerable to extinction and 27 of least concern. Ipanema NAFO is an 
important conservation unit, sheltering some plants vulnerable to extinction 
and others locally rare. This study adds to other few studies about the 
flora of Ipanema NAFO, helping to estimate its biodiversity and planning 
conservation actions. Additionally, it is a source for defining reference 
values for ecological restoration in the Atlantic forest.
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1. Introduction
Understanding how vegetation is structured provides 

essential insights for the delimitation and characteriza-
tion of plant communities [1]. Knowing the community 
structure makes it possible, for instance, to carry out com-
parisons between vegetation formations and follow vege-
tation development in “natural” and urban landscapes [2].  
Floristic knowledge is important for mapping the global 
patterns of plant diversity and identifying priorities in 
collecting and compiling data on richness [3]. In addition, 
conducting floristic and phytosociological studies in old-
growth and secondary fragments can lead to accumulating 
information indispensable to defining reference values to 
be achieved in the long-term process of ecological resto-
ration [4].

Considering that Brazilian biomes are highly fragment-
ed [5], it is much important to conduct research aiming to 
understand the composition and structure of the forest and 
non-forest remnants. There are 1,192 conservation units 
in Brazil, of which 428 are within the Atlantic Forest [6]. 
These protected areas are relevant for scientific research 
and provide economic benefits to the government and lo-
cal communities through ecotourism and other activities [7].  
However, recent studies indicate substantial knowledge 
gaps on biodiversity in most Brazilian protected areas [8]. 
Filling these gaps is vital to design programs for mitigat-
ing biodiversity loss and increasing ecosystems’ resilience 
in the face of climate change [9]. Moreover, surveying eco-
logical communities in conservation units can provide a 
base for evaluating how much biodiversity these units can 
protect. Recent studies have identified the forms of rarity 
of shrub and tree species occurring in the South American 
savannas and found that only about 10% of the rare spe-
cies are protected within conservation units [10].

An example of a conservation unit that has been little 
studied is the National Forest of Ipanema (henceforth, Ipane-
ma NAFO) in São Paulo state. A search (in March 2022) for 
the National Forest of Ipanema (in Portuguese) in the bibli-
ographic database SciELO resulted in only thirteen studies, 
and most of them focused on fauna. Surveys on vegetation 
structure and composition are still scarce within this conser-
vation unit. The few existing studies have focused mainly on 
vascular epiphytes and aquatic macrophytes [11-13]. There is a 
clear need for further investigations into the tree-shrub flora, 
adding information to the few studies carried out on this sub-
ject in Ipanema NAFO [14,15].

Given such gaps, we aimed to conduct a floristic survey 
and quantitatively describe the structure of a semidecid-
uous seasonal forest (SSF) in the Ipanema NAFO. In ad-
dition, we classified the species according to their growth 

habits (trees, shrubs, palms, and lianas) and extinction risk 
status (vulnerable, endangered etc.).

2. Materials and Methods

2.1 Study Area

We carried out the study in the National Forest of Ip-
anema, a Federal Conservation Unit of sustainable use 
with about 5,070 hectares created in 1992 to protect, con-
serve and restore the remnants of native vegetation of the 
Atlantic Forest [16]. The Ipanema NAFO encompasses the 
municipalities of Iperó, Capela do Alto, and Araçoiaba 
da Serra in the hinterlands of São Paulo state, southeast-
ern Brazil (Figure 1). The semideciduous seasonal forest 
(SSF) is currently the main vegetation type found in the 
Ipanema NAFO, but there are also fragments of broadleaf 
rain forest and Cerrado (savanna), and some eucalypt and 
native species monocultures [16]. The SSF constitutes one 
of the formations of the Atlantic Forest; it occurs in trop-
ical warm seasonal climates with rainy summer and dry 
winter, during which up to 50% of the trees shed leaves. 
The SSF tree flora is very similar to that of the Atlantic 
broadleaf rain forest, and the transition between these two 
formations is a long gradient, in which the SSF occurs to 
the west of the rain forest ranging from 10 km to 1172 km 
from the coast, from 15 m to 1577 m above sea level, 16.3 °C  
to 25.8 °C mean annual temperatures, 753 mm~1741 mm 
average annual total precipitation, and 1310 mm to 1860 mm 
mean annual total potential evapotranspiration [17].

According to Köppens’s climate classification, the 
Ipanema NAFO is Cfa in the south, transitioning toward 
Cwa to the north [16]. Climatic data collected from 2007 
to 2020 at the nearest weather station (± 4 km) shows a 
dry and cold season between May and August and a wet and 
hot season between November and February (Figure 2). The 
average annual precipitation within this period was 1,027.51 
mm, and the average yearly temperature was 21 °C [18].

Our floristic survey was carried out in Araçoiaba hill, 
one of the fifty known alkaline intrusions at the Paraná 
Basin periphery (southeast Brazil) and dates back approx-
imately 123 million years. Three stratigraphic units occur 
in the region: crystalline basement (upper Precambrian), 
Group Tubarão (permo-carboniferous), and alkaline intru-
sion (lower cretaceous) [19]. The main soils types identified 
in the Ipanema NAFO were Red Latosol (Rhodic Oxysol 
in USDA system or Rhodic Ferralsol in FAO system), 
Litolic Neosol (Entisol or Leptosol), Red-Yellow Argisol 
(Ultisol or Acrisol), and Fluvic Neosol (Entisol or Fluvi-
sol) [20]. In the studied stand, the soil is Litolic Neosol over 
amphibolite and granites.
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It is relevant to notice that some historical facts oc-
curred in the region where today is the Ipanema NAFO, 
and such facts contributed to modifying the original 
vegetation. For example, in 1589, the explorer Afonso 
Sardinha travelled the region searching for gold and found 
iron ore, and installed furnaces to mine it. By 1810, the 
Imperator Dom João VI created the first Brazilian steel-
maker and called it “Fábrica de Ferro de Ipanema” (Ipane-
ma Iron Factory) [16]. They also used the area to test seeds 
and agricultural machines, and limestone exploration oc-
curred until the end of the 1970s.

2.2 Data Collection and Analysis

An area of 1-ha was selected for floristic and structural 
characterization on a hillside of the Araçoiaba hill (Figure 
1), where the predominant vegetation type is SSF. The 1-ha 
area (100 × 100 m) selected for sampling was divided into 
100 non-permanent contiguous plots of 100 m² each (10 m × 
10 m). All woody stems with a diameter at breast height 
(dbh at 1.30-m height) equal to or greater than 5 cm inside 
the plots were tagged with numbered aluminium labels. 
Plants with multiple stems were included if at least one 
of the stems had dbh ≥ 5 cm. In this case, all trunks were 

measured and considered in the analysis. The sampling 
also included dead plants.

Monthly visits were made in the area over the year 
2008 to collect fertile or sterile botanical material from 
the labelled stems. The botanic material collected was 
herborized and taken to the Laboratory of Taxonomy, 
Department of Plant Biology, University of Campinas 
(UNICAMP). The material was identified at the species or 
genera level by comparing exsiccates and with the aid of 
bibliographical surveys and taxonomists’ help. After spec-
imens’ identification, the material collected was lodged in 
the UNICAMP herbarium (UEC). We updated the names 
of species, genera, and families according to the Brazil’s 
Flora and Fungi platform (http://floradobrasil.jbrj.gov.br/).

We classified the identified species according to their 
growth habits (trees, shrubs, liana, or palm trees) and 
regionality (native or exotic) following the Brazil’s Flo-
ra and Fungi. Additionally, we used the IUCN red list 
to check the species’ extinction risk [21]. The community 
structure was described by calculating the phytosociologi-
cal parameters of absolute and relative frequency, relative 
density and dominance, and sociological importance val-
ue. Phytosociological analyses were performed in FITO-
PAC 2.1 [22].

Figure 1. Satellite imagery with the location of the study area (near the Araçoiaba hill) within the National Forest of 
Ipanema, São Paulo state, southeast Brazil.

http://floradobrasil.jbrj.gov.br/
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Figure 2. Average precipitation and temperature by month 
over 14 years (2007-2020) for the study region. Climat-
ic data was collected in an automatic weather station at 
Sorocaba, São Paulo, about 4-km from the study area. 

Source: [18] (station code: A713).

3. Results

In total, we sampled 1,404 stems, of which 1,301 were 
living and 103 standing dead stems. The living stems 
represented 65 species, 57 genera, and 31 families (Table 
1). The most speciose families were Fabaceae (15 spp.) 
and Myrtaceae (6 spp.). As expected, trees were the pre-
dominant growth habit (57.9%), followed by shrubs/trees 
(33.3%), shrubs (6%), shrubs/lianas (1.4%), and palm 
trees (1.4%) (Table 1). Most species (54%) had not yet 
been classified according to their extinction risk, 41.5% 

were of least concern, and 4.5% were vulnerable (Table 1).
Guazuma ulmifolia (Malvaceae), Machaerium stipi-

tatum (Fabaceae), Croton floribundus (Euphorbiaceae) 
and Aloysia virgata (Verbenaceae) were the species with 
the highest sociological importance value (IV) (Table 1). 
Together, these species summed up 54% of all the stems 
sampled and 50% of the total IV (Table 1). Although 
Guazuma ulmifolia was the second more abundant (high 
relative density) species, it held the highest IV due to the 
highest relative dominance, meaning that most of their 
stems were relatively large. Machaerium stipitatum was 
the most abundant (with the highest relative density) spe-
cies, but the stems were relatively thinner (lower relative 
dominance), meaning that they should be younger than G. 
ulmifolia.

Despite having lower abundance (lower relative den-
sity), relatively large stems led Croton floribundus to 
achieve a high IV. Aloysia virgata was more abundant 
than C. floribundus, but had a similar IV due to a low rel-
ative dominance meaning thinner stems. Whereas these 
four species detained 50% of the living stems sampled, 24 
other species were sampled with just one stem each and 
summed up only 1.8% of all living stems sampled. Dead 
stems had the third highest importance value (21.62%) in 
consequence of a relatively high number (relative density) 
of medium-sized stems (relative dominance) scattered all 
over the community space (relative frequency). We found 
that 35% of the species were represented by only one stem 
each (Table 1).

Table 1. Species sampled in a semideciduous seasonal forest fragment in the National Forest of Ipanema, São Paulo 
State, southeast Brazil. Species are ordered in descending IV (importance value) and classified according to their growth 

habit and extinction risk. 

Family Genera or species Growth habit Extinction risk N AbF RD (%) RF (%) RDo (%) IV

Malvaceae Guazuma ulmifolia Lam. Tree LC 232 68 16.52 10.73 29.03 56.28

Fabaceae Machaerium stipitatum Vogel Tree NA 356 80 25.36 12.62 17.15 55.13

- Dead stems - - 103 55 7.34 8.68 5.61 21.62

Euphorbiaceae Croton floribundus Spreng. Tree NA 76 38 5.41 5.99 7.93 19.33

Verbenaceae
Aloysia virgata (Ruiz & Pav.) 
Juss.

Shrub/Tree NA 94 54 6.7 8.52 3.37 18.58

Fabaceae
Parapiptadenia rigida (Benth.) 
Brenan 

Tree LC 50 24 3.56 3.79 6.66 14.01

Sapindaceae Cupania vernalis Cambess. Tree LC 61 35 4.34 5.52 2.28 12.14

Malvaceae Luehea cf. grandiflora Mart. Tree NA 46 27 3.28 4.26 3.22 10.75

Rutaceae Zanthoxylum caribaeum Lam. Tree NA 29 20 2.07 3.15 2.69 7.91

Cannabaceae Celtis iguanaea (Jacq.) Sarg. Shrub/Tree LC 32 24 2.28 3.79 1.71 7.78

Salicaceae Casearia sylvestris Sw. Shrub/Tree LC 40 20 2.85 3.15 1.21 7.22
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Family Genera or species Growth habit Extinction risk N AbF RD (%) RF (%) RDo (%) IV

Fabaceae Machaerium brasiliense Vogel Shrub/Tree LC 33 13 2.35 2.05 1.06 5.46

Apocynaceae
Tabernaemontana catharinensis 
A.DC.

Shrub/Tree NA 23 19 1.64 3 0.68 5.32

Malvaceae Ceiba sp. Tree - 2 2 0.14 0.32 3.79 4.24

Meliaceae Trichilia silvatica C.DC. Shrub VU 23 13 1.64 2.05 0.43 4.12

Arecaceae Syagrus sp. Palm tree - 8 5 0.57 0.79 2.08 3.44

Primulaceae Myrsine gardneriana A. DC Shrub NA 15 9 1.07 1.42 0.94 3.43

Annonaceae Annona neosericea H.Rainer Tree NA 14 7 1 1.1 0.78 2.88

Fabaceae
Machaerium nyctitans (Vell.) 
Benth.

Tree NA 18 4 1.28 0.63 0.85 2.76

Solanaceae Solanum pseudoquina A.St.-Hil. Tree NA 9 7 0.64 1.11 0.67 2.42

Sapindaceae Dodonaea viscosa (L.) Jacq. Shrub/Tree NA 12 6 0.85 0.95 0.61 2.41

Moraceae
Maclura tinctoria D.Don ex 
Steud.

Shrub/Tree LC 7 7 0.5 1.1 0.63 2.23

Fabaceae Myroxylon peruiferum L.f. Tree LC 8 6 0.57 0.95 0.6 2.12

Myrtaceae
Campomanesia xanthocarpa 
(Marti.) O.Berg

Tree NA 10 7 0.71 1.1 0.26 2.07

Cannabaceae Trema micrantha (L.) Blume Shrub/Tree LC 9 4 0.64 0.63 0.4 1.67

Rutaceae Zanthoxylum fagara (L.) Sarg. Shrub/Tree LC 4 4 0.28 0.63 0.46 1.37

Fabaceae
Senna multijuga (Rich.) 
H.S.Irwin & Barneby

Shrub/Tree NA 6 4 0.43 0.63 0.29 1.34

Fabaceae
Albizia niopoides (Benth.) 
Burkart 

Shrub NA 5 4 0.36 0.63 0.24 1.23

Moraceae Ficus sp. Shrub/Tree - 5 4 0.36 0.63 0.21 1.2

Lauraceae Ocotea puberula (Rich.) Nees Tree LC 4 4 0.28 0.63 0.15 1.07

Myrtaceae Eugenia francavilleana O.Berg Tree NA 4 4 0.28 0.63 0.1 1.01

Nyctaginaceae Guapira opposita (Vell.) Reitz Shrub/Tree NA 3 3 0.21 0.47 0.26 0.95

Urticaceae
Urera baccifera (L.) Gaudich. 
ex Wedd.

Shrub/Tree NA 3 3 0.21 0.47 0.25 0.94

Lauraceae
Nectandra megapotamica 
(Spreng.) Mez 

Tree LC 4 3 0.28 0.47 0.07 0.83

Boraginaceae
Cordia trichotoma (Vell.) Arráb. 
ex Steud.

Tree NA 2 2 0.14 0.32 0.35 0.81

Fabaceae Platypodium elegans Vogel Tree LC 2 2 0.14 0.32 0.35 0.81

Fabaceae Holocalyx balansae Micheli Tree LC 1 1 0.07 0.16 0.57 0.8

Sapindaceae
Allophylus edulis (A.St.-Hil., 
A.Juss. & Cambess.) Radlk.

Shrub/Tree LC 3 3 0.21 0.47 0.09 0.77

Fabaceae Calliandra foliolosa Benth. Shrub/Tree NA 6 1 0.43 0.16 0.13 0.72

Malvaceae Helicteres ovata Lam. Shrub NA 4 2 0.28 0.32 0.08 0.68

Rutaceae
Esenbeckia febrifuga (A.St.-
Hil.) A.Juss. ex Mart.

Tree NA 3 2 0.21 0.32 0.09 0.61

Fabaceae Copaifera langsdorffii Desf. Tree LC 2 2 0.14 0.32 0.1 0.56

Myrtaceae
Campomanesia guazumifolia 
(Cambess.) O.Berg

Tree LC 2 2 0.14 0.32 0.05 0.5

Table 1 continued
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Family Genera or species Growth habit Extinction risk N AbF RD (%) RF (%) RDo (%) IV

Myrtaceae Eugenia pyriformis Cambess. Shrub/Tree LC 2 2 0.14 0.32 0.03 0.49

Myrtaceae Eugenia sp. Shrub/Tree - 2 2 0.14 0.32 0.02 0.48

Araliaceae Aralia excelsa (Griseb.) J.Wen Shrub/Tree LC 2 1 0.14 0.16 0.1 0.4

Fabaceae Inga cf. striata Benth. Tree LC 1 1 0.07 0.16 0.17 0.4

Fabaceae
Enterolobium contortisiliquum 
(Vell.) Morong 

Tree NA 1 1 0.07 0.16 0.17 0.39

Rhamnaceae Colubrina glandulosa G.Perkins Tree LC 1 1 0.07 0.16 0.13 0.36

Sapindaceae Diatenopteryx sorbifolia Radlk. Tree NA 1 1 0.07 0.16 0.13 0.36

Ebenaceae Diospyros inconstans Jacq. Shrub/Tree LC 2 1 0.14 0.16 0.05 0.35

Fabaceae Inga affinis DC. Tree NA 1 1 0.07 0.16 0.12 0.34

Lecythidaceae
Cariniana legalis (Mart.) 
Kuntze 

Tree VU 1 1 0.07 0.16 0.11 0.34

Proteaceae
Roupala montana var. 
brasiliensis (Klotzsch) 
K.S.Edwards

Shrub/Tree NA 1 1 0.07 0.16 0.08 0.31

Opiliaceae
Agonandra brasiliensis Miers 
ex Benth. & Hook.f.

Tree LC 1 1 0.07 0.16 0.07 0.3

Urticaceae Cecropia glaziovii Snethl. Tree LC 1 1 0.07 0.16 0.06 0.29

Salicaceae Casearia gossypiosperma Briq. Tree NA 1 1 0.07 0.16 0.04 0.27

Euphorbiaceae
Alchornea glandulosa Poepp. & 
Endl.

Shrub/Tree LC 1 1 0.07 0.16 0.03 0.26

Fabaceae
Peltophorum dubium (Spreng.) 
Taub.

Tree NA 1 1 0.07 0.16 0.03 0.26

Asteraceae
Piptocarpha sellowii (Sch.Bip.) 
Baker

Shrub/Liana NA 1 1 0.07 0.16 0.02 0.25

Celastraceae Maytenus robusta Reissek Tree NA 1 1 0.07 0.16 0.02 0.25

Celastraceae
Monteverdia cf aquifolia (Mart.) 
Biral

Tree NA 1 1 0.07 0.16 0.02 0.25

Euphorbiaceae
Alchornea glandulosa subsp. 
iricurana (Casar.) Secco

Tree NA 1 1 0.07 0.16 0.02 0.25

Myrtaceae Psidium guajava L. Tree LC 1 1 0.07 0.16 0.02 0.25

Sapotaceae
Chrysophyllum cf viride Mart. 
& Eichler 

Tree NA 1 1 0.07 0.16 0.02 0.25

Sapotaceae
Chrysophyllum marginatum 
(Hook. & Arn.) Radlk.

Shrub/Tree NA 1 1 0.07 0.16 0.02 0.25

Meliaceae Cedrela fissilis Vell. Tree VU 1 1 0.07 0.16 0.01 0.24

Meliaceae Guarea macrophylla Vahl Tree LC 1 1 0.07 0.16 0.01 0.24

Olacaceae Heisteria silvianii Schwacke Tree NA 1 1 0.07 0.16 0.01 0.24

Rubiaceae
Chomelia parvifolia (Standl.) 
Govaerts

Shrub/Tree NA 1 1 0.07 0.16 0.01 0.24

Total 1,404 633 100 100 100 300

Acronyms: NA = not available; LC = Least Concern; VU = Vulnerable; N = number of stems; AbF = Absolute Frequency; RD = 
Relative Density; RF = Relative Frequency; RDo = Relative Dominance; IV = sociological importance value.

Table 1 continued
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4. Discussion

Our study contributes with knowledge of community 
floristic composition and structure in the Ipanema NAFO, 
helping to estimate the protected area’s plant diversity, 
which today remains uncalculated. There is information 
about the species richness of birds, mammals, fishes, 
and amphibians, but not for plants [16]. This study aids in 
documenting the Ipanema NAFO’s flora, but we call for 
further surveys in other portions and vegetation types of 
the Ipanema NAFO to have a broader vision of its floristic 
diversity. If well-known, managed and interconnected, 
protected areas may effectively provide essential ecosys-
tem services and prevent species extinctions [23].

The number of species and families we sampled was 
low compared to another survey in a different location on 
the Araçoiaba hill, in which 119 species and 43 families 
were recorded [14]. Such differences may be related to the 
study’s sampling design as those authors sampled several 
vegetation types, whereas we surveyed just one formation 
type. However, this hypothesis seems not valid because 
the richness we sampled is lower in comparison with other 
surveys in nearby fragments of the SSF (whose sampling 
procedures are comparable). For example, in a forest rem-
nant in Campinas municipality, the authors recorded 175 
tree species in 49 families [24]. A survey in the Municipal 
Park of São Roque revealed 117 species in 47 families [25]. 
In the Grota Funda Municipal Park of Atibaia, the authors 
found 132 species belonging to 52 families [26].

Several factors may be related to the low species and 
family richness in our study area, including soil type, hu-
midity, altitude, and human disturbance [27-29]. Most likely, 
the community we studied is a secondary forest and is still 
under recovery as the Araçoiaba hill has undergone sever-
al perturbation events [16], which may have culminated in 
the thinning of the stand’s original vegetation. Researchers 
studying an SSF remnant within the Federal University 
of São Carlos campus at Sorocaba, a nearby municipality, 
found floristic results like ours: 79 species and 31 families [30]. 
Vegetation in their study area has been regenerating since 
the 1960s, reinforcing the idea that our community is also 
in recovery.

Two of the species we sampled have been considered 
exotic: Psidium guajava and Aralia excelsa. However, 
considering phylogenetic, fossil, archaeological and cul-
tural data, it is most probable that P. guajava originated in 
the Cerrado (Brazilian savanna) and/or Humid Chaco [31]. 
Psidium guajava is a shade-tolerant species with a wide 
geographic range in different soil types [32] and considered 
an invader in many regions [33,34]. Aralia excelsa is the 
proper name of the basionym Sciadodendron excelsum 

Griseb., a pioneer heliophyte common in the northern 
Amazon Forest and Central America, but rare in the At-
lantic Forest, where it occurs especially in the SSF [35,36].

Guazuma ulmifolia, Machaerium stipitatum, Croton 
floribundus, and Aloysia virgata were the species with the 
highest importance value. Machaerium stipitatum is con-
sidered an early secondary species [37], whereas G. ulmifolia, 
C. floribundus, and A. virgata are regarded as pioneers [38].  
The fact that half of the stems sampled corresponded to 
pioneer and early secondary species indicates that the 
community studied is in a successional stage. However, 
the presence of climax species such as Cariniana legalis, 
Holocalyx balansae, Myroxylon peruiferum, Zanthoxylum 
caribaeum and others suggests that the successional stage 
is not initial anymore, but rather intermediate or advanced.

Dead stems are also relevant for community diversity. For 
instance, they constitute a habitat for many organisms [39,40], 
contribute a non-negligible proportion of the biomass 
and carbon stock in SSF [41,42], slowly release nutrients by 
decomposition, promote biodiversity by providing direct 
habitats and resources to many kinds of organisms that 
can serve as resources to higher trophic levels [43], and 
trigger gap dynamics, which allows for the persistence of 
many species that otherwise could not thrive in the for-
est [44], thus being critical for biodiversity [45]. Unhappily, 
there are few estimates of the proportion of standing dead 
trees in Brazilian forests since most researchers focus on 
species (living trees) richness; so, we have no comparison 
base to assess whether 7.34% of standing dead trees in our 
community lie within a “normal” range. The few estimates 
of standing dead tree necromass range 4 ton/ha~10 ton/ha 
in Amazon forests and 0.6 ton/ha~54.24 ton/ha in Atlantic 
forests [42]. In face of the wide variation of the latter, we 
consider our result to be expected.

Fortunately, most species were classified as least con-
cerned of extinction. Still, Cariniana legalis, Cedrela 
fissilis, and Trichilia silvatica were considered vulnerable, 
meaning they are facing a high risk of extinction in the 
wild [21]. This result enhances the importance of Ipanema 
NAFO as a protected area and species’ refugium. Climate 
change increases the risk of extinction, and protected 
areas have an important role as climate refugia [46]. Thus, 
governments and society should make more efforts to 
preserve protected areas worldwide. In addition, we call 
for more actions in classifying the risk of species extinc-
tion, as about half of the species we sampled in Ipanema 
NAFO were not ranked yet.

We noticed that few species were abundant in the com-
munity studied, corroborating the pattern found initially in 
the Amazon Forest [47] and then in the SSF [48,49]: the com-
munity’s alpha diversity relies mainly upon a plethora of 
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locally rare species. In fact, our results show a high abun-
dance concentration in just four species, whereas 37% 
of the species sampled were scarce having just one stem 
sampled. Our results corroborate the observation that most 
species have low sociological importance value and are 
represented by only one stem in forest communities [50,51]. 
Limited abundance and distribution are characteristics 
that classify species as rare [52]. Still, rarity, in such a case, 
would be an adequate denomination only locally as the 
same species can be abundant in other regions [51]. Even 
so, locally rare species are vital for the ecosystem’s mul-
tifunctionality and services provision [53]. Both rare and 
common species must be preserved, and understanding 
how they are spatially structured helps to set guidelines 
for conservation.

5. Conclusions

We suppose the community studied is a secondary for-
est, in the intermediate or advanced successional stage, 
having lower tree species richness than other mature SSFs 
in São Paulo State. Nevertheless, it shelters vulnerable and 
locally rare species. Our results follow the typical pattern 
regarding structure, showing that most stems represent 
few species. Our study adds knowledge about the Nation-
al Forest of Ipanema’s tree flora, helping to estimate its 
biodiversity and showing its importance for conservation.
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