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Abstract

The Atlantic Forest is among the 35 hotspots on the planet, and yet few flo-
ristic or structural studies have been conducted on mature forest fragments of
that biome in Brazil. In view of this knowledge gap and of the need to further
comprehend the importance of conserving mature forests, we surveyed the
arboreal component of three little-altered forest remnants from the Sao Paulo
metropolitan region (SPMR), southeastern Brazil, and compared our data
with the one from other phytosociological studies performed in the region.
Mature forests showed a different floristic composition from one of young
forests. Overall, the former has a higher number and percentage of threatened
and endemic species than the latter, and also a higher exclusivity of occur-
rence of threatened species. In areas up to twice as smaller, mature forests
have 1.5 to 4.3 times more endemic species to the Atlantic Forest and up to 9
times more species threatened with extinction than young forests. These facts,
along with the scarcity of remnants of mature forests, led us to consider such
forests as hotspots within the Atlantic Forest hotspot in the SPMR, as well as
to categorize them as of high relevance for conservation.
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1. Introduction

The Atlantic Forest, the biome with the highest plant diversity in Brazil [1] [2], is
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one of the 35 hotspots on the planet [3]. The hotspot concept has been created
almost three decades ago, being applied to areas that concentrate an exceptional
number of endemic species and that have lost at least 70% of their primary ve-
getation [3] [4]. According to [3], the protection of hotspots may constitute an
effective way to preserve a large number of species, at low costs.

Currently, identifying areas with high biodiversity is crucial for the conserva-
tion of natural environments [5]. In that sense, surveys have increasingly been
conducted in hotspots. Recent studies have shown that diversity and/or endem-
ism may vary significantly among localities within the same hotspot [5] [6] [7].
Since the scarcity of financial resources might impair the protection of hotspots
in their entirety, preserving small cores with maximum diversity and/or endem-
ism within hotspots might well represent an effective strategy for conservation
(5] [6] [8].

According to the survey of existing Atlantic Forest remnants [9], ca. 12.5% of
the original forest cover is estimated to remain, including both primary and sec-
ondary vegetation, of which a small portion of unknown dimensions is formed by
mature forests. Besides their rarity, the importance of mature or primary tropical
forests has been discussed in recent studies. Such importance lies in their high
number of exclusive species of trees, lianas and several animal groups [10] as
well as in their large number of rare and threatened species [11]. The unique
biodiversity of these forests was deemed irreplaceable by [12].

In the Brazilian Atlantic Forest, several studies have approached the arboreal
composition, dynamic and structure of forests at different stages of regeneration,
but few of those studies were conducted on mature forests [11] [13]. Particularly
in Sao Paulo state, some research on the flora of primary remnants was con-
ducted in the 1970s and 1980s. More recently, there has been a great increase in
the number of research on secondary or degraded forests, which represents al-
most the entirety of floristic studies that are currently being conducted in the
state, and thus little attention has been paid to mature forests.

The Sao Paulo metropolitan region (SPMR) is completely contained within
the Green Belt Biosphere Reserve of Sdo Paulo city [14]. It is the largest urban
conglomerate of South America, being essentially composed of altered and de-
graded Atlantic Forest remnants resulting from the intense process of human
occupation in the region [15]. Nevertheless, some relatively little altered forest
patches, albeit rare and little known, remain in regions like the Morro Grande
Forest Reserve [11] [13] [16] [17] and the Cantareira State Park [18] [19].

We aimed to contribute to the characterization of the arboreal structure of
mature Atlantic Forest remnants and evaluate the importance of conserving
such remnants in the SPMR.

2. Methods

Selection and characterization of the study areas:

To locate mature forests in the SPMR, first we selected 50 fragments by ana-
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lyzing aerial photographs and satellite images, and by consulting with specialists.
Then, we visited all fragments and evaluated them following general parameters
available in the literature for tropical mature forests [20] [21] [22] [23] [24], such
as: large size (in height and diameter); high diversity of tree species; high abun-
dance and diversity of epiphytes and lianas; high species-richness in the unders-
tory; and a history of low anthropic interference in the area. From that initial
evaluation, we chose three study areas in the SPMR: southernmost Sdo Paulo
municipality, Marsilac neighborhood, and inner Capivari-Monos Environmental
Protection Area (23°S, 46°W); western Cotia municipality, in the Morro Grande
Forest Reserve (23°S, 47°W); and private properties in western Itapevi munici-
pality (23°S, 47°W). The areas are located in fragments of 830 ha (Itapevi),
10,650 ha (Morro Grande), and 12,550 ha (Marsilac), according to information
obtained from the mapping of Atlantic Forest remnants in Brazil [9]. All plots
are located in the Planalto Atlantico Paulista (‘Sdo Paulo State Atlantic Plateau’;
750 - 975 m altitude). Climate in the region is predominantly temperate wet-type
Cfb [25], and vegetation is represented by the Montane Ombrophilous Dense
Forest, of the Atlantic Forest biome [26]. Such forest physiognomy is formed es-
sentially by hygrophytic species and occurs at altitudes of 500 to 1500 m. Re-
garding their historical background, the study areas are either relatively little
disturbed primary forest remnants, possibly explored for the selective harvesting
of cabinet-grade hardwoods and the occasional extraction of jucara hearts of
palm (Euterpe edulis); or ancient, well-developed secondary forests (while the
precise age of remnants is unknown, presumably none of them is below 100

years old).

3. Sampling

In each of the three selected areas, we established two 20 x 50 m plots, which
were subdivided in 10 x 10 m plots, totalizing 6000 m* of sampling area. We
measured all tree individuals (including tree ferns, palm trees, and dead indi-
viduals) with perimeter at breast height (PBH) > 15.0 cm. We collected samples
from all tree individuals in the plots, from fertile individuals whenever possible.

4. Data Analysis

Family-level classification was made following the taxonomic system Angios-
perm Phylogeny Group—APG III [27], while species nomenclature followed the
List of Species of the Brazilian Flora [28].

To evaluate the importance of conserving mature forests, we compared floris-
tic data, the number of species threatened with extinction, and the number of
species endemic to the Brazilian Atlantic Forest, among the phytosociological
studies previously performed in the SPMR on forests at different degrees of ma-
turity. In order to avoid distortions, in all comparative analyses we considered
only studies that used the plotting method, similar sampling criteria (perimeter

at breast height > 15.0 cm or circumference at breast height > 5.0 cm), and sam-

DOI: 10.4236/jep.2022.131004

71 Journal of Environmental Protection


https://doi.org/10.4236/jep.2022.131004

E. H. P. Barretto, E. L. M. Catharino

pling area of up to 0.4 ha (which corresponds to twice the area of each sampled
site).

For the floristic analysis we performed a Paired-Group Cluster Analysis using
Jaccard’s coefficient, and a Detrended Correspondence Analysis—DCA [29],
using software Past 2.17c [30]. For that, we elaborated a spreadsheet of presence
and absence of species from phytosociological studies performed on forests from
the SPMR. Species were synonymized following the List of Species of the Brazil-
ian Flora [28]. Species that either were identified only to the genus or family le-
vels or had no reported occurrence to Sdo Paulo state according to [31] were
excluded from the analyses. A priori, we considered mature forests to be those
which were classified as such by the authors [32], as well as the areas M, Q, and I
of the present study, and young or degraded forests to be the remaining ones in
the SPMR [32] [33] [34] [35].

Regarding endemism and conservation status, we compared the number and
percentage of species threatened with extinction and of species endemic to the
Brazilian Atlantic Forest, among the phytosociological studies previously per-
formed in the SPMR. Classification regarding conservation status was made based
on lists of threatened species [36] [37] [38] [39]. Endemism of species from the

Brazilian Atlantic Forest was checked on [28].

5. Results

Floristic and structural composition

We sampled 987 tree individuals, 44 of which were dead, distributed over 50
families, 109 genera, 183 native species and one exotic species, Citrus sp. (sam-
pling sufficiency is presented in [11]). Structural parameters of the studied
communities, as well as the species richness and IV of families and species, are
presented in the Supporting Information.

Myrtaceae and Lauraceae showed the highest richness values (especially at
Marsilac and Morro Grande) as well as the highest IV (Figure 1). Lauraceae
showed high values of relative dominance, due to the presence of large trees of
several species (Beilschmiedia emarginata, Cryptocarya spp., Ocotea catharinen-
sis, O. elegans, and O. venulosa, among others) and to their high relative fre-
quency, with several transient young individuals being recorded. Myrtaceae not
only was the most species-rich family but also showed the highest relative densi-
ty, being dominant particularly in the understory of the studied forests. The IV
was also high for Sapotaceae at Marsilac and Morro Grande (due to the presence
of large trees of Micropholis crassipedicellata and Pouteria bullata); Rubiaceae at
Itapevi and Morro Grande; and Olacaceae at Itapevi, only (due to the dominance
of Heisteria silvianii).

Floristic similarity among forests from the Sdo Paulo metropolitan region

The compilation of 9 floristic surveys resulted in the record of 352 tree species
(including tree ferns and palm trees), of which 98 (27.8%) occurred in both

mature and young forests. Mature forests altogether (0.8 ha) had 196 species
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Figure 1. Structural parameters of the arboreal community from three mature Atlantic
forests sampled in the Sdo Paulo metropolitan region, Brazil. (a): Considering the three
sites altogether; (b): Marsilac neighborhood, Sdo Paulo municipality; (c): Morro Grande
Forest Reserve, Cotia municipality; (d): Itapevi municipality.

(55.7%), of which 98 were exclusive (27.8%), while young forests (1.5 ha) had
254 species (72.2%), of which 156 were exclusive (44.3%).

The cluster dendrogram (cophenetic correlation = 0.86) yielded two major
groups: one composed only of mature forests and another composed of young or
degraded secondary forests. In the DCA ordination diagram (Figure 2), second-
ary forests were concentrated on one end of axis 1 (eigenvalue = 0.63) and ma-
ture forests were concentrated on the other.

Threatened and endemic species from forests of the Sdo Paulo metropoli-
tan region

We recorded 31 species threatened with extinction (8.8% of 352 species) in the
analyzed studies. Mature forests showed values ranging from 9 to 18 species
(10.1% to 18.9%), while young forests showed values ranging from 2 to 9 species
(1.8% to 11.7%; Figure 3; supporting Information). Mature forests altogether
(0.8 ha) showed 27 (87.1%) threatened species, while young forests (1.5 ha)
showed 14 (45.2%) threatened species. Out of the 31 threatened species, 10
(32.3%) occur in both young and mature forests, 4 (12.9%) occur exclusively in

the former and 17 (54.8%) occur exclusively in the latter.
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Figure 2. Cluster dendrograms (cophenetic correlation = 0.86) and DCA (eigenvalues = 0.63 and 0.31 for axes 1 and 2, respec-
tively) of Atlantic forests from the Sdo Paulo metropolitan region, Brazil.

Regarding endemism, out of the 352 analyzed species, 118 (33.5%) are en-
demic to the Brazilian Atlantic Forest. Of the 254 species recorded in 1.5 ha of
young forests, 61 (24.0%) are endemic to the Atlantic Forest, while in mature
forests 90 (45.9%) of the 196 species recorded in 0.8 ha are endemic. Of the 118
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Figure 3. Comparative charts between young and mature Atlantic forests from the Sao
Paulo metropolitan region, Brazil, regarding (a) the number and percentage of species
threatened with extinction, according to [36] [37] [38] [39] and (b) the number and per-
centage of endemic species.

endemic species, 33 (28.0%) occur in both mature and young forests, while 57
(48.3%) and 28 (23.7%) are exclusive to each one of them, respectively. Consi-
dering the studies separately, the number of endemic species to the Atlantic
Forest ranged from 14 to 22 (13.8% to 28.6%) in young forests and from 34 to 60

(38.2% to 60.6%) in mature forests (Figure 3; supporting information).
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6. Discussion

The families that showed the highest IV in the total sampling (Myrtaceae, Lau-
raceae, Rubiaceae, and Sapotaceae) are frequently well represented in forests
from the SPMR, except Sapotaceae. Myrtaceae and Lauraceae, which together
account for 77.7% of the IV in the community, are important components of
both secondary forests at the intermediary stage of regeneration and mature fo-
rests in the region, yet in the latter, these families show even higher values of
richness and dominance. In very young forests, the presence of those two fami-
lies is very low, and the predominant families are usually Asteraceae, Euphor-
biaceae, Melastomataceae, Piperaceae, and Solanaceae [40]. Sapotaceae, a family
typically associated with more well developed dense ombrophilous coastal fo-
rests, has higher representativeness in the SPMR exclusively in mature forests. In
our sampling, this family showed high values of relative dominance due to the
presence of large trees, yet it was represented by a few species (Micropholis cras-
sipedicelata and Pouteria bullata).

The two species with the highest IV in the overall sampling (Micropholis cras-
sipedicelata and Ocotea catharinensis) are among the main tree representatives
that form the canopy of some mature forests in the region [11] [13] [32] and
were very little sampled in young forests from the SPMR. As for the species that
showed highest IV in the understory, Rudgea jasminoides and Guapira opposita
are among the most abundant ones in some studies conducted in the region [13]
[41], conversely to Calyptranthes lucida, a species which has been little sampled
in young forests from the SPMR.

The formation of two major groups in the cluster dendrogram clearly showed
the existence of a floristic cluster composed exclusively of young forests and
another one formed by mature forests. This hypothesis is supported by the fact
that forests from Morro Grande branched in different groups of the dendro-
gram, depending on the stage of regeneration or maturity of the community.
Thus, mature forests from Morro Grande (Q and MGRa) clustered together with
the other mature forests (I and M), while the young forests, also from Morro
Grande (MGRi and MGRm), clustered together with the other surveys con-
ducted in young forest of the SPMR. The disposition of sites along axis 1 of the
DCA corroborates the cluster results, with mature forests being located on one
end of the axis and young ones being located on the other. The floristic differ-
ence between these two groups is evident in light of the fact that 72.2% of species
were exclusive to either mature or young forests. Such floristic difference can be
explained by the species substitution that occurs along with forest development,
a variation which, as observed, can significantly influence the results of cluster
and ordination analyses.

Data on species diversity, community structure, and the list of most important
species (Z.e., with highest IV) surveyed in our study, along with the compilation
of data from other surveys conducted in the SPMR, provide substantial informa-

tion for aiding the characterization of mature Atlantic Forests. Thus, all these
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data should be useful for the update of the Brazilian legislation on successional
stages. Neither the main legal reference to Brazil nor the one to Sdo Paulo state,
Le. the CONAMA Resolutions nos. 10 [42] and 01 [43], respectively, show any
description of mature Atlantic Forests, nor do they bring any list of preferential
species of that successional stage, which hampers its legal circumscription. The
absence of an appropriate description in the CONAMA legislations may lead to
serious distortions in processes of environmental licensing and inspection.
Therefore, it is of paramount importance that the category ‘mature forests’ is le-
gally created and properly characterized in a normative framework. Besides, the
lists of preferential species of the successional stages described in CONAMA
Resolution no. 01 [43] (ie, early, intermediary, and late) lack revision. For in-
stance, Ocotea spp. and Cryptocarya spp. are therein described as preferential
species from the intermediary stage of regeneration, while we observed that
these two genera are among some of the major representatives in mature forests
of the region. Therefore, their reallocation between categories is needed to prop-
erly reflect the reality, as they are more well suited to more developed stages.

The Atlantic Forest is the most devastated biome in Brazil. It is also the biome
with highest degree of endemism in the country: of the 15,001 angiosperm spe-
cies recorded so far, 49.5% are endemic [1]. However, we verified that this per-
centage varies with forest maturity, as mature forests from the SPMR showed a
higher percentage of endemic species (scores higher than 38.2%) than young fo-
rests (scores lower than 28.6%). Not only did mature forests show a higher per-
centage of endemic species, but also the number of such species in those forests
was strikingly higher, 1.5 to 4.3 times higher than in young forests. Even in a to-
tal area almost twice as large, the analyzed young forests showed lower number
of endemic species (61 species over 1.5 ha) than mature forests (90 species over
0.8 ha). The degree of endemism was relatively high in some mature forests,
reaching values as high as 60.6% of species at Marsilac, which accounts for 50.8%
of the overall endemism in only 8.7% of the total analyzed area (2.3 ha). Besides,
the number of endemic species that occurred exclusively in mature forests was
1.5 times higher than the one in young forests.

The presence of a large number of endemic species in mature forests had al-
ready been reported by [21] to tropical forests from Central America, albeit the
author presented no quantitative data. Considering that the number of endemic
species is reported as one of the main parameters to assess the importance of
biodiversity in natural areas [3], mature forests may have major importance in
the conservation of the arboreal flora from the SPMR. On the other hand, it
should be noted that 24.1% of the endemic species occurred exclusively in young
forests, a factor that should be taken into consideration for the elaboration of
protective programs of the Atlantic Forest.

Besides the intrinsic importance of endemic species, the analysis of the num-
ber of threatened species is also fundamental to assess the importance of an en-

vironment for conservation. In that sense, we verified that mature forests have a
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high number of species threatened with extinction (notably Q and M), with val-
ues overall being significantly higher than the ones verified in young forests. In
fact, the number of threatened species in mature forests was as high as 9 times
higher than in young forests. Furthermore, 80% of the analyzed young forests
showed two to three threatened species (in areas of 0.2 to 0.4 ha), while mature
forests showed more than 9 species (in areas of 0.2 ha). Not only the number of
species was higher, but also the exclusivity of threatened species in mature fo-
rests (54.8%) was 4.2 times higher than the one in young forests (12.9%). While
only one secondary forest at intermediary stage of regeneration (MGRm)
showed a high number of threatened species (possibly due to its proximity to
mature forests from Morro Grande Forest Reserve), the results suggest that more
well preserved forests usually have a higher number of threatened species, a fac-
tor which undoubtedly increases their value for conservation in the SPMR.

The presence of a high number of threatened tree species in mature forests
may be directly related to the scarcity of remnants with original forest or of well
preserved environments. As the Brazilian Atlantic Forest is to a high extent
composed of degraded forests, it is possible that the development of more rustic
tree species, notably pioneer and early secondary ones, is being favored. This
hypothesis is supported by the facts that none of the recorded threatened species
is pioneer and only 9.7% of them are early secondary, the rest of them being late
secondary (90.3%). Analogously, most endemic tree species are late secondary
(76.3%), and this percentage is even higher for endemic species recorded exclu-
sively in mature forests (87.7%). Thus, it is probable that some of these species
have difficulty in surviving the conditions of degradation that preponderate over
most of the current Atlantic Forests, and they thus may remain restricted to a
few patches of mature forest that provide more adequate conditions for their es-
tablishment and development.

While our analyses addressed a region-scale situation in the Atlantic Forest
and assessed only the tree component (we do recommend their reapplication to
other regions and with other components of the flora as well as other biotic
groups), still the observed floristic differences and the high number of threat-
ened and endemic species therein reinforce the idea that mature or primary fo-
rests possess a unique diversity and are irreplaceable for the maintenance of
tropical biodiversity [12]. In view of these aspects and of the fact that only a
small portion of the remaining 12.5% of Atlantic Forest vegetation is composed
of mature Montane Ombrophilous Dense Forests, we consider such forests as
priority areas for conservation, somewhat like hotspots within the Atlantic For-
est hotspot, a similar approach to the one reported by [5] and [7] to the Medi-
terranean Basin hotspot. Those authors verified significant variation in the
number of endemic species among sites within the same hotspot, including sur-
veys conducted in different plant physiognomies and under varying environ-
mental conditions. The authors [7] proposed the creation of the concepts of mi-

cro and nano hotspots, while [5] suggested the creation of the concepts of mega,
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macro and meso hotspots. In other words, the authors proposed the existence of
hotspot hierarchies that depend on the size and degree of endemism found. The
authors also reported that the degree of endemism is closely related to environ-
mental conditions, especially altitude and precipitation. Unlike those authors, we
compared flora surveys performed on only one type of plant physiognomy
(Montane Ombrophilous Dense Forest), all such surveys being conducted in
areas subjected to similar environmental conditions. Our results indicated that
the degree of endemism (as well as the number of threatened species) may also
vary significantly with other aspects, namely the maturity of the plant commu-
nity.

The approach of considering the existence of small hotspots within larger
hotspots highlights the need to consider Atlantic forests not only as a homo-
genous formation, yet as a mosaic of forests with different structures, floristic
compositions, and number of endemic and threatened species, and thus each of
those forests has different values for conservation. In that sense, studies aiming
to map the remnants of mature forests are essential for the elaboration of con-
servation programs. Besides the need for preserving these remnants, it is equally
important to create specific conservation programs that aim at the collection of
propagules and production of vulnerable species, as well as their reintroduction
in degraded forests. Similarly, the elaboration of projects that aim to connect
these remnants to fragments of young forests and of other mature forests, aim-
ing to enrich the former and reestablish gene flow among the latter, are also of
great relevance.

The importance of conserving mature Atlantic forests had already been re-
ported by [2], specifically to larger remnants, albeit the authors showed no data
that reinforced their claim. Although the size of fragments was not an object of
analysis in our study (the lack of data on their precise localization in other sur-
veys precluded a comparative analysis), it is indisputable that large fragments
may, in the long run, propitiate better conditions for species survival, which
would thus render them pivotal for conservation, as discussed by [2]. On the
other hand, in our study we verified the existence of small mature forest rem-
nants in the SPMR, some of them isolated, that may still hold a significant diver-
sity (especially of flora) and that may have great importance for conservation of
the Atlantic Forest in the region, as they act as cores of high biodiversity and

high endemism.

7. Conclusion

Most of the Atlantic Forest is composed of young or degraded vegetation, and
thus fragments of mature or primary forests are rare. In fact, it is remarkable
that patches of such forests still exist in the largest metropolitan region in South
America. On the other hand, little is known on how many of them are there,
where they can be found, their biological composition, and the structure and

dynamics of the communities therein, which therefore results in a knowledge
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gap on the biota of one of the most biodiversity-rich and vulnerable forest for-
mations on the planet. In view of the facts that they have a unique diversity, host
significant populations of threatened and endemic species, and are scarce in
terms of the number of remnants, we consider mature forests as hotspots within
the Atlantic Forest hotspot in the Sdo Paulo metropolitan region, such rare fo-

rests thus being categorized as of high relevance for conservation.

Supporting Information

The structural parameters of the studied arboreal communities as well the rich-
ness, IV of families and species (Appendix S1), sampling criteria, structural and
diversity parameters of the phytosociological studies performed in the SPMR
which were considered in the analysis (Appendix S2), and the list of species
threatened with extinction and of endemic species to the Brazilian Atlantic For-
est from young and mature forests (Appendix S3) are all available online. The
authors are solely responsible for the content and functionality of these mate-
rials. Queries (other than the absence of material) should be directed to the cor-

responding author.
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