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HIGHLIGHTS

Current successional stages classification established by law presents inconsistencies.
A classification scheme proposed by researchers outperformed the current classification.
However, both schemes proposed by researchers are still subject to the same inconsistency.

A new classification scheme is proposed in order to resolve some of those issues.

ABSTRACT

In Santa Catarina State, forest classification in successional stages is supported by the
National Council of the Environment (CONAMA) Resolution. However, this classification
presents several inconsistencies. This study aimed to evaluate the classification accuracy of
three classifications schemes of successional stages proposed for the Subtropical Atlantic
Evergreen Rainforest of the Santa Catarina State. All schemes are based on threshold values
of mean height, mean diameter at breast height, and basal area to distinguish between
stages. We used structural and diversity data from 207 sample plots within the Santa
Catarina’s State Subtropical Rainforest region to classify the respective stands according
to the schemes. The classification accuracy of each scheme was evaluated through the
application of linear discriminant analysis (LDA). We constructed a predictive equation using
the results of the LDA, from the scheme that presented highest classification accuracy. The
current classification (CONAMA Resolution) showed an average of 81.87% of classification
accuracy, while Scenario A presented 83.73% and Scenario B 78.67%. From Scenario A,
we created a predictive equation based on structural and diversity variables. This equation
may be used to classify other forest sites, constituting a new proposal for the secondary
vegetation classification in Santa Catarina’s State Subtropical Rainforest.
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INTRODUCTION

The Atlantic Forest represents one of the most
threatened Brazilian ecosystems due to the expansion
of anthropic activities throughout the centuries (Dean,
1996; Scarano and Ceotto, 2015). More than 70% of the
original forest cover has been devastated (Rezende et
al,, 2018), and the other remaining 30% are composed
by secondary forests, mostly degraded landscapes with
mostly small forest fragments (Ribeiro et al., 2009;
Arroyo-Rodriguez et al.,, 2017). This scenario has
triggered the emergence of important initiatives and
public conservation policies in the last decades, such
as the Atlantic Forest Restoration Pact in 2009 and the
Atlantic Forest Law in 2006 (Calmon et al., 201 1).

In this context, forest succession is a fundamental
process in the reconstruction of plant communities
and maintenance of biodiversity, consisting in one of
the main theoretical bases present in conservation and
forest recovery processes (Pickett et al., 1992; Prach
and Walker, 201 |; van Breugel et al., 2013; Melo et al,,
2013). Thus, reliable categorization of secondary forests
is a fundamental tool for management and restoration
practices (Pickett et al., 2009; Peng et al., 2010; Prach
and Walker, 201 I; Chazdon et al., 2016); furthermore,
it enables the creation of a forest conservation policy in
order to preserve forest patches in different successional
stages (Chokkalingam and Jong, 2001; Morse et al., 2009;
Siminski et al., 2013; Roman-Danobeytia et al., 2014).

In the Brazilian Atlantic Forest, the Law nr.
11.428/2006, known as the Atlantic Forest Law
(Brazil, 2006), and its further regulation (Brazil, 2008)
established land use and management rules according
to the successional stage of a given forest stand, with
greater restrictions for stands at later stages. Herewith,
to differentiate and define each successional stage (early,
intermediate, and late), the variables considered by
the Atlantic Forest Law are: i) structural (basal area,
tree diameter at breast height (DBH) and height), ii)
physionomical (aspect, canopy cover, lifeforms, diversity
and presence of epiphytes, lianas, litter and understory),
(i) floristic (indicator species) (Brazil, 2006).

In Santa Catarina State, the Resolution of the
National Council of the Environment (CONAMA) nr.
04/94 (CONAMA, 1994), validated by Resolution nr.
388/07 (CONAMA, 2007), brings the classification
established for its forests. Each successional stage is
described by three quantitative and eight qualitative
parameters, as described by the Atlantic Forest Law.
This classification scheme has been criticized and its
effectiveness has been questioned (Siminski et al,
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2004, 2013, Siminski and Fantini, 2004, 2010; Andreacci
and Marenzi, 2017). Inconsistencies associated with
methodological issues were pointed out by these studies,
as of: (i) lack of standardization regarding vegetation
sampling, (ii) use of non-appropriate indicator species
at each stage, and (iii) arbitrary established reference
values and thresholds to differentiate the stages
adequately. Furthermore, it is common that the three
quantitative variables used by this classification may
indicate different successional stages according to the
analyzed variable, often generating conflicting results in
the successional stage determination of a forest stand
(Siminski et al., 2013). In addition, the use of several
qualitative parameters reflects a high subjective input
in their determination on a field survey, since there
is no threshold defined among categories. As forest
management and land-use activities in private properties
are partially determined by the size and conservation
state of its vegetation (Brazil, 2006), uncertainties related
to successional stage determination opens up a range
of possible outcomes that may vary depending on who
interprets them, being subject to individual’s subjectivity
or intentions in the decision-making process (Andreacci
and Marenzi, 2017; Mota et al., 2019).

Accounting for these possible issues, Siminski
et al. (2013) developed two alternative classification
schemes for successional stage determination in Santa
Catarina’s subtropical evergreen rainforests. The first
scheme (referred as Scenario A hereinafter) adopts the
same proposal as the CONAMA classification, with the
differential being the adjusted threshold values based on
field surveys in areas of the state for the three quantitative
parameters (basal area, DBH and height). As for the
second scheme (referred as Scenario B hereinafter), the
only parameters employed to differentiate each stage is
basal area and height, with the definition of threshold
values based on principles of ecological succession, as
ecological attributes of the dominant species (Siminski
et al., 2013). Although there are no mentions related
to qualitative parameters in their schemes, the issue of
possible divergent results among quantitative indicators
remains present, as those variables are not mutually
exclusive and can overlap to one another.

The process of objectively classifying and
separating stages of succession in tropical rainforests is
considered a challenge, and there is no ideal method for
suchagoal (Luetal., 2003, Chazdon, 2014). Even adjacent
areas with similar age, climate and soil conditions, may
present multiple successional trajectories due to land
use history and stochastic factors like seed dispersal
(Chazdon et al., 2007; Norden et al., 2015). In the same
way, land-use intensification (land-cover change, habitat

163



SUCCESSIONAL STAGES OF SANTA CATARINA ATLANTIC SUBTROPICAL EVERGREEN RAINFOREST: A CLASSIFICATION

METHOD PROPOSAL

fragmentation, and degradation), as well as non-native
species interactions, may cause a regressive succession
in forest remnants, known as biotic homogenization
(Olden et al., 2004; Olden, 2006; Solar et al., 2015).
Considering the adversities of the classification
proposed by Resolution 04/94 and the difficulties
regarding the between
successional stages, this study aimed to propose a
new classification method based on one of these three
classification schemes: (i) the current valid scheme
(Atlantic Forest Law and CONAMA Resolution 04/94),
(i and iii) schemes (Scenario A and Scenario B) proposed
by Siminski et al. (2013). In order to choose one of
these schemes, we evaluated the classification accuracy
of each one obtained by linear discriminant analysis
(LDA) applied to the same dataset. The dataset of the
Floristic and Forest Inventory of Santa Catarina (IFFSC)
presents an unprecedented opportunity to conduct
rigorous comparisons of the classification accuracies:
data independence, adequate sampling intensity, and
broad geographical coverage and spatially unbiased
data. Our hypothesis is that the CONAMA classification
scheme will demonstrate lower accuracy in relation to
the two other classification schemes. The new method
corresponds to a predictive equation generated from
the discriminant function of the scheme with highest
classification accuracy, in order to overcome certain
issues related to the current CONAMA classification
scheme, as the possibility of controversial results.

effective  discrimination

MATERIALS AND METHODS

Study area

We studied the entire Subtropical Evergreen
Rainforest area of Santa Catarina State in southern
Brazil (referred hereinafter as Subtropical Rainforest;
viz. Oliveira-Filho, 2009), located between the latitudes
25° 57’ 40” and 29° 19’ 13” S and longitudes 48° 24’
21” and 50° 14’ 14” W, with an area of ~31,000 km?2,
of which ~40% is forest land. The Floristic and Forest
Inventory of Santa Catarina State (IFFSC) established 207
sample plots located at the intersections of a 10 X 10
km grid covering the entire area (Vibrans et al., 2010).
The sample plot consisted of a cluster of four crosswise
subplots with an area of 1,000 m2 (20 X 50 m) each,
located at 30 m from the sample plot center, covering
an area of ~2.6 ha. Inside the sample plots’ limits, all
living trees, palms and tree ferns with diameter at breast
height (dbh) = 10 cm were identified and measured. The
sample plots’ altitude ranged approximately from 2 to
1200 m a.s.l. (Figure I). We refer to the sample plots as
stands hereinafter.
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FIGURE | Sample plots (black dots) selected in this study, at the
Subtropical Rainforest located at the eastern portion of
Santa Catarina State, Brazil, established and inventoried
by IFFSC (Vibrans et al., 2010).

Vegetation Classification

We evaluated the classification accuracy of
three classification schemes of secondary vegetation
for the Subtropical Rainforest in Santa Catarina State:
CONAMA Resolution 04/94 (CONAMA, 1994; referred
to hereinafter as CONAMA) and the two schemes
proposed by Siminski et al. (2013; referred to hereinafter
as Scenario A and B). These three schemes allow us to
classify secondary vegetation in early, intermediate and
late stages, from the established reference values for three
structural parameters measured in the field (Table I).
Since different structural variables are used, these variables
may indicate different stages for the same area, as found
by Siminski et al. (2013). In these cases, the successional
stage in a stand were decided according to the majority of
variables indicating the same stage. At Scenario B, with
only two variables, we took basal area as the decisive
variable, as it is commonly considered a reliable indicator
variable in succession studies (Chazdon et al., 2007;
Lebrija-Trejos et al., 201 |; Lohbeck et al., 2014).

Classification accuracy assessment: variable selection

To begin with the accuracy assessment procedures,
we selected several variables to represent the forest
structure and diversity of our data set: absolute density
(ind/ha'); absolute dominance (m%ha™'); mean DBH (cm);
asymptotic estimator of the effective number of species q =
| (Shannon entropy index); proportion of pioneer individuals
and proportion of pioneer species (%, Table 2). The effective
number of species, or Hill numbers (Chao et al., 2014), is
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TABLE | Secondary vegetation classification schemes for
Subtropical Rainforest of Santa Catarina State and
their structural variables used to distinguish between
the early, intermediate and late stages of regeneration,
as well as the number of IFFSC (Floristic and Forest
Inventory of Santa Catarina State) stands classified at
each stage according to each scheme.

Classification ~ Stage of  Basal Area Mean Méan No.. of
System Succession  (m2-ha™') DBH  Height _classified
(cm) (m) IFFSC stands
Early <8 <8 <4 5
CONAMA Intermediate < I5 <I5 =12 43
Late <20 <25 =20 159
Siminski et Early <5 <8 <6 4
al. (2013) — Intermediate 5to 18 8to 12 6to 10 27
Scenario A | 5e =18 =12 =10 176
Siminski et Early <15 <10 - 42
al. (2013) — Intermediate [5t0 30 10to 15 - 136
Scendrio B Late =15 - 29

an approach for quantification and extrapolation of species
richness in biodiversity studies. The use of this approach has
advantages over commonly used diversity indexes, since
Hil's numbers (1) obey the principle of replication, (2) are
expressed in effective species numbers (number of similarly
abundant species necessary to correspond to the same value
of a measure of diversity), and (3) are easily converted into
diversity indexes such as Shannon and Simpson, making it
possible to be directly compared to other studies (Chao et
al., 2014). We chose the Hill number q = | to represent
the species richness, which corresponds to the exponential
of the Shannon entropy index, considering the relative
abundance of the species for the extrapolation of the species
richness in each stand. The calculation of this estimator was
performed in the R environment (R Core Team, 2018), using
the “iNEXT” package (Hsieh et al., 2016).

We performed a pre-selection of the structural and
diversity variables to be used in the accuracy assessment
analysis to reduce multicollinearity. For this, we used the
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Clustering of Variables method, by means of “ClustOfVar”
package (Chavent et al., 2012) in R environment (R Core
Team, 2018). Thus, four variables were selected: absolute
density (AD); mean DBH (Mean.DBH); asymptotic
estimator of the effective number of species q = |
(Shannon entropy index; AsyEst.Shannon); and proportion
of pioneer individuals (Pioneer.ind). As these variables are
expressed with different units of measure, all of them were
standardized to z-scores (Zar, 2010).

Classification accuracy assessment: Linear Discriminant
Analysis

The accuracy assessment of the classification
schemes was performed by means of the linear
discriminant analysis (LDA). LDA is a multivariate
statistical ordination technique, in which it seeks to find a
linear combination of descriptive variables (discriminant
function) from the maximization of variance between
two or more pre-established groups of observations
or samples, allowing the discrimination between these
groups in a reduced dimensional space (Legendre and
Legendre, 2012). The classification accuracy provided
by the LDA results corresponds to the percentage
of samples correctly reclassified by the discriminant
function according to the pre-classification of the groups.

Analyzing groups with different numerical ratios
(such as 10:90 or 25:75; Table 2) can significantly impair
the discriminant potential of LDA, with higher probability
of samples being reclassified within the larger group, and
less likely to be classified in the smaller group (Holden
et al.,, 201 1; Bolin and Finch, 2014). Thus, we excluded
four stands classified in the early stage by CONAMA and
Scenario A schemes of the performance analysis and
focused our analysis on the discrimination between the
intermediate and late stages. To standardize the size of
these two groups in the LDA, among the 203 stands,
we randomly selected 25 stands classified in each of

TABLE 2 Means, minimum and maximum values of the structural and diversity variables calculated for the 207 IFFSC stands, by stage
of secondary succession (early, intermediate and late) and old-growth forests classified in field surveys by IFFSC biologists
(Vibrans et al., 201 3). Legend: Asynthotic Shannon Estimator = asymptotic estimator of the effective number of species q =

| (Shannon entropy index).

Early Stage Intermediate Stage Late Stage Old-Growth Forests
Mean Min. Max. Mean Min. Max. Mean Min. Max.  Mean Min. Max.
Absolute Density (ind/ha-1) 149,49 31,84 358,82 590,08 350 995 691,43 257,50 1405 813,75 587,50 1095
Absolute Dominance (m%/ha-1) 7,37 2,46 9,53 16,73 10,29 27,04 26,15 14,13 47,82 32,17 2298 498l
Asymptotic Shannon Estimator 16,97 6,98 3297 33,08 12,41 70,03 42,04 7,35 85,15 42,17 2692 56,84
Mean DBH (cm) 17,16 14,15 19,78 16,82 13,80 24,06 1924 1494 2690 19,29 1459 24,34
Mean Height (m) 8,65 593 11,37 10,44 6,72 14,14 11,61 848 1452 1028 75I 11,94
Proportion of pioneer individuals ~ 33% 11% 70% 27% 9% 55% 19% 6% 58% 18% 7% 36%
Proportion of pioneer species 33% 18% 53% 28% 13% 47% 22% 11% 40% 14% 13% 15%
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these stages, for each classification scheme. Therefore, for
each scheme, we carried out fifteen (15) LDA, each time
performing the randomization of the chosen stands, within
the total set of stands. Each LDA generated a classification
accuracy, totaling fifteen accuracy values for each scheme.
The average of the fifteen accuracies were then determined
and attributed to each scheme. All the LDA runs were
performed using the XLSTAT 2019 v. 1.2 (Addinsoft, 2019)
for the Microsoft Excel software. In all these analyses, the
structural and diversity variables were standardized.

New Classification Proposal: predictive equation
construction

Finally, the scheme with the highest mean
classification accuracy was chosen to generate a predictive
equation that allows to classify other secondary forest
stands. The equation was constructed from the extraction
of the canonical coefficients relative to the original variables
of the discriminant function that most contributed to
groups segregation, provided as a result of the LDA. This
equation is referred to as classification function (Legendre
and Legendre, 2012). We chose the canonical coefficients
of the discriminant function generated by the LDA that
showed the highest classification accuracy among the
fifteen accuracies obtained.

In addition, we tested this equation in eight stands
classified in the early stage by IFFSC field crews, in an
attempt to determine a threshold between the early and
intermediate stages of succession, since we did not include
early stage stands in the LDA. To establish this threshold,
we calculated the mean of the eight values obtained by
the equation for the early stage stands, corresponding
to an average value for this group. Subsequently, we
calculated the mean value between this average value
and the centroid obtained by the discriminant function
for the intermediate stage (of the same LDA that the
equation is based), therefore corresponding to the limit
value between the early and intermediate stages of
succession, given by the equation.

RESULTS

Accuracy assessment (LDA)

The CONAMA classification scheme presented

a mean accuracy of 81.87% of correctly reclassified
stands (Table 3). Scenarios A and B revealed a mean
accuracy of 83.73% and 78.67%, respectively (Figure 2).
The eigenvalues of the discriminant function

(F1) from each LDA varied between 2.160 and 0.790
(CONAMA), 2.344 and 0.850 (Scenario A) and 1.294
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TABLE 3 Classification accuracies obtained for each LDA,

separated by classification scheme, with the
accuracies mean of each scheme.
Classification scheme

Nr. of LDA run CONAMA Scenario A Scenario B
| 90.00% 86.00% 90.00%
2 92.00% 96.00% 80.00%
3 86.00% 90.00% 86.00%
4 84.00% 76.00% 84.00%
5 90.00% 84.00% 74.00%
6 84.00% 76.00% 70.00%
7 80.00% 84.00% 80.00%
8 74.00% 80.00% 88.00%
9 72.00% 88.00% 74.00%
10 86.00% 80.00% 82.00%
Il 76.00% 76.00% 76.00%
12 76.00% 82.00% 80.00%
13 78.00% 90.00% 70.00%
14 88.00% 86.00% 74.00%
5 72.00% 82.00% 72.00%

Classification 81.87% 83.73% 78.67%

accuracies mean

and 0.478 (Scenario B). We observed in later stage
group higher values of mean DBH, absolute density
and estimated species richness, and lower values of
proportion of pioneer individuals, when compared to
intermediate stage. Mean DBH variable stood out with
greater contribution in most of LDA runs (Table 4). As
Scenario A obtained the highest mean of classification
accuracy, we selected it for the construction of the
predictive equation of successional stages, using the
canonical coefficients of the variables used in the
discriminant function of the second LDA performed for
this scheme (Scenario A (2)).

New classification proposal

By extracting the canonical coefficients of F| from
Scenario A (2), we obtained the predictive equation ().
In addition, we provided the threshold values of Y that
separate each successional stage (Table 5). We computed
a threshold value between early and intermediate stages
from the mean between the Y values of the early stage
stands and the centroid function of the intermediate stage
(Table 6). Thus, new observations within the Subtropical
Rainforest of Santa Catarina State with these variables can
be submitted to the equation and have their successional
stage determined by the Y value found, including the
three stages of succession (early, intermediate and late).
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FIGURE 2 Ordination of the most accurate LDA based on: a)
CONAMA (2); b) Scenario A (2); c) Scenario B (I).
The dots represent the stands and their successional
stage classification identified by red (intermediate
stage) and blue (late stage) colors. Values in
parentheses are the percentage of variance captured
by the discriminant function.

TABLE 4 Pearson correlation (r) of the variables with
the discriminant functions (FI) resulting from
the three most accurate LDA of each scheme.
Values in parenthesis in the first column
corresponds to the number of LDA run.
Legends: Df = discriminant function; AD =
absolute density; AsyEst.Shannon = asymptotic
estimator of the effective number of species
q = | (Shannon entropy index); Mean.DBH
= mean DBH; Pioneers.ind = proportion of
pioneer individuals.

AsyEst. Mean.

System Df AD Shannon DBH Pioneers.ind
CONAMA (1) Fl -0.732  -0.602 -0.630 0.690
CONAMA (2) Fl 0.488 0.361 0.872 -0.670
CONAMA (5) Fl -0,326 -0,733 -0,929 0,741
Scenario A (2) Fl 0.485 0.379 0.860 -0.555
Scenario A (3) Fl -0.453 -0.397 -0.800 0.393
Scenario A (13) Fl -0,445 -0,364 -0,813 0,498
Scenario B (1) Fl -0.143  -0.195 -0.790 0.664
Scenario B (3) Fl 0.100 0.426 0.852 -0.495
Scenario B (8) Fl 0,440 0,077 0,711 -0,452
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¥ =(0.864 . AD) +(—0.275 . AsyEst.Shannon)+ (1.533 . Mean.DBH) + 1
(—0.099 . Pioneers.ind) [ ]

TABLE 5 Y values delimiting intermediate and late successional
stages, and the centroid functions of each group,
according to the predictive equation ().

Stage Y Value Group function centroid
Intermediate Y<O0 -1.353
Late Y >0 1.353

TABLE 6 Mean value between the Y-mean of the early
stage stands and the centroid function of the
intermediate  stage, corresponding to the
estimated threshold value between the early and
intermediate stages of succession.

Value

Mean Y (early stage) -2.561
Centroid function (intermediate stage) -1.353
Mean (threshold between stages) -1.957

DISCUSSION

We evaluated the
classification schemes of secondary vegetation through
the average of classification accuracy obtained by the LDA
for each scheme. Our hypothesis was partially accepted,
since only Scenario A showed a higher accuracy than the
CONAMA scheme.

CONAMA classification uses several quantitative
and qualitative variables for successional stage definition.
The use of such variables can generate conflicting results,
since, it is possible that each variable may indicate a
different stage depending on the given area. Despite
this, the fifteen LDA based on the four structural and
diversity variables indicated a relatively high average of
classification accuracy of the stands from this scheme
and solve the problem of different stage classification in
the same area, since the variables were summarized in a

performance of three

discriminant function.

The Scenario A scheme showed a higher average
of classification accuracy than the CONAMA. The
adjustment of reference values adopted to differentiate
each stage probably resulted in the highest mean of
classification accuracy obtained among the other two
schemes. However, this scheme also results in different
stages for the same vegetation, according to the analyzed
variable. Therefore, the construction of a predictive
equation for this scheme becomes necessary, being able
to circumvent this incoherence.

Scenario B scheme, in turn,
differentiated proposal based on ecological attributes of
the dominant species (Siminski et al., 2013). However,
its accuracy provided by the analysis was lower than
the other two analyzed schemes. It is worth pointing
out that, there is no ideal method for classifying stages

presents a
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of secondary succession in tropical rainforests (Lu et al.,
2003; Chazdon, 2014).

Furthermore, it is assumed that a consistent
method of differentiating successional stages must be:
(I) simple and direct, (2) based on variables that can
differentiate stages and reflect different structures and
environmental influences, (3) able to be used in large
scale and (4) potentially be applicable also by remote
sensing techniques in large areas (Lu et al., 2003), despite
the well-known obstacles to achieving the latter issue
(Galvao et al., 2009). However, it is recommended to be
usable on a large scale, each method should encompass
only one vegetation type, since there is high variability
among several structural and compositional parameters
between forest types within the Atlantic Forest biome
(Vibrans et al., 2012; Oliveira-Filho et al., 2014).

On the other hand, our predictive equation
proposed here circumvents the indication of multiple
stages for the same vegetation; in addition, it is based
on easily obtainable variables and is developed on a
systematic and spatially extended and unbiased dataset,
from 203 stands. We must remember, however, that the
predictive equation was developed based on standardized
data, and if there are new observations to be classified by
the equation, the data must be standardized as well.

The relationship of the variables to the FI of
each LDA shows us certain patterns associated with a
succession gradient in the generated functions. In almost
all functions, considering all LDA runs, the mean DBH
variable presented the greatest contribution to the
models. Along with mean DBH, the variables AsyEst.
Shannon and Pioneerind showed correlations that
corroborate with the successional gradient, with an
increase in mean tree diameter and number of species
and reduction of the proportion of pioneer individuals
as succession progresses. In fact, over time, tropical
forests tend to accumulate more coexisting species
and increase their structural complexity, reflecting the
increase in estimated species richness and mean DBH
range (Guariguata and Ostertag, 2001; van Breugel et
al.,, 2006; Chazdon, 2010; Silva et al., 2016). Likewise,
the reduction of the proportion of pioneer individuals
is expected during the ecological succession; these
individuals are archetypal for disturbed or recently
formed environments, adapted to the adverse soil and
microclimatic conditions, thus, less frequent in later
stages (Goodale et al., 2012).

The use of the predictive equation (I) also
provided us a threshold to distinguish the early and
intermediate stages, indicating low values of tree density,
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estimated species richness and mean DBH, and high
proportion of pioneer individuals in early stage stands. It
is worth mentioning that this is an approximate value, not
definitively delimiting the limit between the two stages,
but establishing a direction in favor of its discrimination.

CONCLUSIONS

Finally, given the problems associated with the
current vegetation classification scheme proposed
by CONAMA, there is great need to discuss the
implications of these problems and a possible
reformulation of the scheme itself, which could solve
several of these inconsistencies. The equation developed
here can overcome some of these inconsistencies, so
we suggest the DBH = 10 cm as an inclusion criterion
for sampling the variables used by the equation, since
it was thus calibrated. It should be mentioned that
the proposed equation was not tested with the use of
remote sensing tools, but it is indicated to be used when
there is availability of data obtained in phytosociological
field surveys within the Subtropical Rainforest of Santa
Catarina State. We recommend the use and testing of
this equation in other areas under different conditions of
degradation or conservation, aiming at its improvement.
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