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Abstract. This work presents indicators to assess the conservation status of forest patches in fragmented
landscapes. However, how can we evaluate the conservation status of forest patches in order to compare it
to a hypothetical situation of well-preserved vegetation without human disturbance? It is possible to
measure some ecological processes, like nutrient cycling, canopy, edaphic, topographic and hydrological
parameters, as well as landscape attributes, and associate them to conservation status. When the attributes
of original well-preserved forest are unknown because they are seldom found, it is possible to compare
patches by assessing the variability of their attributes. To this end, parameters related to canopy, soil,
topography and landscape were analyzed to establish indicators and their integrated analysis was
developed to assess the conservation status of forest patches and identify possible causes of shortcomings
or obstacles to reach the conservation status. The study area is located in a Semidecidual Forest region, in
Brazil. The methodology was developed considering plots distributed in sites within forest patches. The
results allowed the identification of patches in different conditions of conservation and provided
information of the factors that contribute to this status, in order to help guide and select the most
appropriate measures to mitigate degradation and identify forest conservation strategies.
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Introduction

Many strata of society have sought valuation, restoration and maintenance of forests
and have set them as goals in political agendas. Protection strategies converge as lines
of preservation, conservation, ecosystem restoration and, most recently, ecosystem
services, such as nutrient flows into neighboring areas, capture and sequestration of
carbon by biomass and soil, water storage and purification, organic waste
decomposition and detoxification, flood and drought mitigation, soil fertility renewal,
food production, biological pest control and conservation of pollinators and seed
dispersers (Zhang and Swintow, 2009; Altieri, 1999).

The maintenance of forest ecosystems depends on physical factors which influence
the colonization, permanence and dynamics of potential plant species, and also
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influence the biological rhythms of the plants in the biomes (Machado and Lopes, 2002;
Araujo and Ferraz, 2003). Rainfall, as well as geographical location, topography
configuration and soil conditions (fertility and organic matter, soil depth, among others)
have a link with the distribution of species and biomass production (Sampaio, 2003).
The factors that affect forests are human activities, which reduce biomass and floristic
composition, changing vegetation structure and dividing forest ecosystems into mosaic
forms (Oliveira, et al., 2000).

How can a forest patch be evaluated comparing it to its hypothetical full potential, in
which it would have attributes with maximum values, without human interference or
environmental constraints? At a forest ecosystem, assigning reference values for the
productivity of sites is not possible because the combination of environmental
constraints and ecological requirements of species result in the variability of the
productivity in each site, even considering the cases they are almost undisturbed. Thus,
it is not feasible to select a supposed preserved or a less changed forest patch and use it
to know the succession stage of other patches. But the comparison among relative
conditions of the sites seems a good way to understand the conditions of conservation of
patches.

Then, the alternative to compare forest patches would be to measure some ecological
processes, such as nutrient cycling, and landscape and canopy parameters (dendrometry,
biophysics, diversity), as well as edaphic, topographical and hydrological processes.
The variability of these parameters can be used to produce relative valuation of the
patches of a certain type in the same biome on a local scale, considering a constant
climate. This information can be used to assess the intensity of patch degradation.

These parameters can be considered indicators, with the ability to summarize, to
focus and to condense the complexity of the dynamic environment to a manageable
amount of meaningful information (Godfrey and Todd, 2001; apud Singh et al., 2009).

Many organizations are turning to a criteria and indicators (C&l) approach to assess
and plan for forest sustainability. Under this approach, criteria define broad categories
of sustainability, and indicators are specific measurements (quantitative or qualitative)
within each category. A framework of criteria and indicators is a valuable tool when
used for assessments, planning, issue management, inventory and monitoring, and
communicating with others (USDA, 2003).

A set of indicators has to be wisely selected (Niemeijer and De Groot, 2008; Van
Oudenhoven et al., 2012; apud Kandziora et al., 2013), based on specific management
purposes, with an integrating, synoptical value, which (in the best case scenario) shows
the difference between existing states and aspired target situations. Indicators are also
comprehended as depictions of qualities, quantities, states or interactions that are not
directly accessible (Kandziora et al., 2013).

For especific forest case a approach of indicators in large scale was proposed by
Noss (1999). But when we think on evaluate the forest structure, biodiversity,
associated with site quality, it is necessary increase detail to measure variables in the
forest, that is, big scale.

The classification of vegetation in phytogeographic systems is a way to associate the
knowledge of flora and vegetation types to climate and geomorphological conditions on
a large-scale, in order to group similar ecosystems together (IBGE, 2012; Oliveira et al.,
2010). Otherwise, on a local scale it is possible to indirectly assess the conservation
status of these typologies by analyzing environmental and anthropogenic parameters
(Costa, et al., 2009a; Costa et al., 2009b).
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In forest inventories, the main dendrometric parameters used as aboveground
biomass and forest development indicators are: basal area (B), density of individuals
(D) and average height (h). The botanical identification of species makes it possible to
obtain floristic diversity indexes such as the Shannon-Weaver (H') and the Simpson’s
Dominance (C). Among the biophysical indicators, there is the leaf area index (LAI),
related to plants’ physiological processes, such as photosynthesis, respiration and
transpiration to produce biomass.

Nutrient cycling is one of the most studied ecological processes in forest ecosystems
controlled by litter (Costa et al., 2014; Valenti et al., 2008; Moreira and Siqueira, 2002;
Paula and Lemos Filho, 2001; Barichello et al., 2000; Poggiani and Schumacher, 2000;
Brun et al., 1999; Feger and Raspe, 1998; Cunha, 1997). One of the purposes of
measuring litter deposition is to estimate the efficiency of natural ecosystems to provide
soil with the nutrients needed for its maintenance (Silva et al., 2009). Two parameters
used to evaluate nutrient cycling are litterfall, decomposition rate and leaf nutrients.

Regarding the edaphic component, we can mention fertility and grain size parameters
and decomposition activators, which are organisms of the meso-fauna and micro-fauna.
A part of the decomposition process can be measured by enzyme activity, such as
urease, arginase, acid phosphatase, alkaline phosphatase, hydrolases in general and
basal soil respiration (Silveira and Freitas, 2007; Marriel, 2008; Aquino and Assis,
2005). In theory there is a relationship between the quantity of the fallen leaves of the
canopy, the decomposition rate and the microbial activity, due to the lack of litter
accumulation on forest soils.

Topographical conditions, such as altitude, slope, aspect and slope curvature
determine microclimates, storage, runoff and the amount of incident solar radiation.
Regarding the hydrological component, parameters such as distance and elevation of the
sites in relation to water bodies are related to water availability.

Patch size, shape and isolation are important to characterize landscape structure
(Turner, 1989; Sih and Luikart, 2000; Nascimento and Laurence, 2006; Mcgarigal,
2011). All parameters described at site or landscape scale are related to the conservation
and the succession stage.

All these parameters are affected by ecosystem heterogeneity which refers to
inconsistencies of the spatial and temporal distribution of abiotic and other habitat
parameters, indicated, for example, by landscape metrics related to soil conditions,
geomorphologic items, microclimate or hydrological characteristics (Burkhard et al.,
2011 and Eea, 2007 apud Kandziora et al., 2013).

Thus, considering the hypothesis that forest patches of the same biome, in better
conservation conditions, show the best results for the parameters related to canopy, soil
and landscape characteristics, the analysis of indicators associated to these
characteristics can demonstrate the conservation status of forest patches, as well as the
source of restrictions to its development. Also, considering the influence of local
topographic variations on the type of vegetation, the inclusion of an indicator
comprising topographic parameters completes this analysis.

Based on this premise, this study aims to analyze the behavior of various parameters
related to canopy, soil, topography and landscape to establish indicators and their
integrated analysis to assess the conservation status of forest patches and identify
possible causes of shortcomings or obstacles to its full development.
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Material and Methods

The study area is the experimental farm of Embrapa Milho e Sorgo, located in the
city of Sete Lagoas, Minas Gerais, Brazil in a region with the following vegetation
types: Savannah Park, Grassy-Woody Savannah, Savannah Tree, Savannah Woodland,
Lowland and Semideciduous Forest and Evergreen Seasonal Forest (IBGE, 1988).

The Koppen climate classification is Cwa (Peel et al., 2007), indicating Savannah
climate with dry winters and rainy summers. The average annual temperature is 21.1°C
+ 6.0°C. The average annual rainfall is 1,384 mm and the average annual potential
evapotranspiration is approximately 1,444 mm (Gomide et al., 2006).

The region is on the geological contact between the granites of the crystalline
basement (Belo Horizonte Supergroup), and sedimentary rocks of the Bambui Group;
the latter is the dominant lithology of the study area. The regional topography consists
of gently rolling hills.

Eight patches of forest physiognomy were selected for this study, characterized by
the absence of grass in the understory layer, the presence of straight tree trunks, high
canopy, non-coriaceous leaves, not in the early stages of the ecological succession, and
at least 50 years old of recovering from pasture.

Twelve sites were selected in these patches (Fig. 1) and 27 plots, 20 x 20 meters,
were marked in 100 meters from the edge of the patches. The number of sites and plots
is proportional to the size of the patches. There are: Patch 1: three sites (11, 12 and 13)
with two plots each; Patch 2: one site (21) with three plots; Patch 3: one site (31) with
one plot; Patch 4: one site (41) with three plots; Patch 5: two sites (51 and 52) with two
plots each; Patch 6: one site (61) with three plots; Patch 7: one site (71) with three plots;
and Patch 8: two sites (81 and 82) with two plots each.

The phytosociological inventory was carried out measuring trees with diameters over
5 cm at breast height (DBH), and the botanical collection of material was sent to the
PAMG-EPAMIG Herbarium of Minas Gerais, identified by the APGIII System (APG,
2009). The variables obtained by site were: density (D) ind.m™; basal area (B) m*.ha™;
average canopy height (h) m; Shannon diversity index (H") and Simpson dominance
index (C). The sites were then classified by forest type using the species ecology
information (IBGE, 2012).

In order to measure the leaf area index (LAI) we used the LAI 2200 (LI-COR, 2011).
The methodological procedure is described by Costa et al. (2014). The LAl was
measured per plot, then the average annual value per site was calculated, LAImd_anual
(m? of leaves.m™ of land).

The soils at each site were classified with profiles until 1.6 meters deep. At the
bottom of the profiles, boreholes were made to verify uniformity of the material. The
thicknesses of each Horizon was measured, and fertility and grain size parameters were
obtained accordingly to the brazilian official soil methods (DONAGEMA et al., 2011).
As the first contribution of the literfall to soil is on A thickness, we used the depth of
Horizon A, its fertility and its grain size parameters for the comparisons. And we used
the agricultural and planted forest references for the interpretation of the soil fertility
indicators due to the lack of detailed knowledge concerning the real nutritional needs of
these native species.
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Figure 1. Location of the sites in each patch (F1/1 to F8/2) on the experimental farm of
Embrapa, Sete Lagoas, Minas Gerais, Brazil. Source of image: Google Earth

In order to characterize nutrient cycling, we evaluated the deposition of leaf litter
(leaves), the dry weight of leaves g.m?.year™ (psfhanual) (described by Costa et al.,
2014), the leaf decomposition rate (k) and microbial activity indicators: arginase (ARG,
in pg NH4.gm.h™?), fluorescein diacetate hydrolysis (FDA in pg.g™h™), acid
phosphatase and alkaline phosphatase (FOSFacid and FOSFbas, respectively, both in
ng.gt.h™h), urease (UREAS in pg.g™.h™), basal respiration (COz, in ml.kg™.h™).

To obtain the litter decomposition rate, samples of 10 g were introduced into
litterbags which provide 75% shade, with a mesh of 1 mm x 5 mm, 25 x 25 cm total
size. The litterbags were distributed at 11 sites on Aug. 11, 2011, 12 bags at each site
(site 13, code for Path 1 and plot 3, was not sampled, because it is similar to site 11,
code for path 1 and plot 1). Samples were collected on Feb. 15, 2012, May 15, Sep.14,
and Dec.18 of the same year. Each collection had three repetitions and the collected
material underwent a screening process to remove soil residues, dead animal remains
and other impurities. After the cleaning, the material was placed in a kiln at 65°C for 48
hours. After weight was stabilized, the material was weighed. To estimate the litter
decomposition rate we used the simplified model x =b*e™ (Manzoni et al., 2012),
adjusted for each site, in which x is the dry weight of remaining litter at time t; and -k is
the rate of litter decomposition. The parameters evaluated were mean values and
confidence intervals of k and b.
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Microbiological analyses were performed by collecting four soil samples at each site
at 0-20 cm depth. The samples were stored and kept in the refrigerator at temperatures
between 7 and 10°C. These samples were obtained in the rainy season, in which there is
higher biological activity. The methods applied to quantify the parameters of microbial
activity are described by the authors mentioned: urease (Gerber and Kandeler, 1988),
arginase (Alef and Keiner, 1986), acid and alkaline phosphatase (Tabatai and Bremmer,
1969), FDA (Adam and Duncan, 2001), and basal respiration (Silva et al., 2007).

The topography parameters were obtained from a digital elevation model with five-
meter resolution, generated by the map of the farm with two-meter contour lines. The
parameters of altitude (Alt), slope, slope orientation (aspect), curvature profile (crprof)
and curvature plane (crplan) were generated after corrections to avoid spurious
depressions and other inconsistencies in the model. The values per site and patch were
then obtained using zonal statistic tools.

Considering that the regional climate has six dry months, the environments with
favorable topography for water accumulation are usually colonized by plant
communities of forest phytophysiognomies. The concavity and slope parameters were
used as topography indicators of nutrient and water accumulation, which could be
observed on concave surfaces.

Information on the hydrological influence obtained through water balance per site
and hydrogeological studies have very high costs. In this study, the groundwater supply
parameters used were the distance (distwat) and the altitude difference (altwat) between
the site and the nearest water bodies - perennial or intermittent streams.

The landscape parameters were obtained using land use/land cover data on the
experimental farm and its surroundings, delimited via visual interpretation of images
available on Google Earth from August 22, 2011 to April 16, 2013. The classes
delimited within the farm were: lake, lowland, railway, highway, urban (built area), bare
soil, experimental field, pasture, forest plantation, Savannah Park, Grassy-Woody
Savannah, Savannah Tree, Savannah Woodland, Semideciduous Forest and Evergreen
Seasonal Forest. Outside the farm borders, only the natural vegetation was mapped and
classified as Semideciduous Forest or Savannah.

The parameters that represent the extent and the shapes of patches of the sites as well
as their position in relation to other patches in the landscape were obtained using the
Fragstats program (McGarigal, 2011). To do so, the land use/land cover map was
rasterized at the same resolution as the digital elevation model, and then the parameters,
whose description can be found in McGarigal (2011), were calculated: Area (Area),
Circumscribed Circle (CIRCLE), Contiguity Index (CONTIG), Euclidean Distance of
Nearest Neighbor (ENN) and Proximity Index (PROX).

Whereas the use in patch surroundings affects the conditions of such patches
(Werneck., 2001; Tabarelli et al, 2008), we calculated the percentage of the patch
perimeters bordering natural vegetation (limAreNat), i.e., the land use/land cover that
does not represent a negative impact on patch conservation.

We did not joined these data in one integrated multivariate analysis, for example
Multiple Factor Analysis, due to the difficulty to extract relevant informations after the
number of transformations and because of the possible loss of variation of the original
data. And we noticed that some variables did not explain the expected relationships
among parameters because of the complex interation of the factors that drive forest
quality. Then, to compare the obtained parameters in the different patches and sites, we
used Principal Component Analysis (PCA) applied by group of variable to assess the
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magnitude of the correlation and the direction of each variable.To analyze the sites, we
worked with parameter groups:

* canopy - D, B, h, H', C and LAI;

* soil - pH in water (pHu20) with pHmeter (soil/water relation 1:2.5), phosphorus (P)
extracted by the Mehlich 1 solution, potassium (K) by HCI 0,05 M solution, calcium
(Ca) and magnesium (Mg) by the KCI 1 M extrator method and ICP-OES
determination, aluminum (Al) by the KCI 1 M extrator and titration method, potential
acidity (H+Al), sum of bases (SB), potential cation exchange capacity (CTC(T)) by the
Ca acetate at pH 7 extrator method, effective cation exchange capacity (CTC(t)) by the
KCI 1 M extrator method, organic matter (OM) by dry combustion method with an
elemental analyzer, percentage of base saturation (V), percentage of aluminum
saturation (m) , zinc (Zn), iron (Fe), manganese (Mn), copper (Cu), the last four
extracted by the Mehlich 1 solution, gravel, fine soil, coarse sand, fine sand, silt, clay
(by sieving and the pipete method) and horizon depth (Prof);

» nutrient cycling and microbial activity - leaves, k, ARG, FDA, FOSFacid,
FOSFbas, UREAS and CO; and

« topograph and water proximity - crprof, crplan, slope, aspect, distwat and altwat.

Regarding the patches, we worked with the groups of parameters related to the
landscape: Area, CIRCLE, CONTIG, ENN, PROX and LimAreNat.

After this exploratory analysis, knowing the a priori relevance relationship of each
parameter and the conditions of the forest patches, we obtained the evaluation indicators
that contained parameters of different types, units and scales and used simple support
decision methodology (Eastman et al., 1995). As we did not judge which parameter is
more important than others to conservation, we did not use weights, we considered the
simple average of the parameters.

Due to this diversity, it was necessary to standardize the response of the parameters
and establish relevant relationships to the goal (Eastman et al., 1995; Mello Filho et al.,
2007). The standardization was performed on a 0-1 scale, and the relevance
relationships adopted were linear and fuzzy trapezoidal with thresholds obtained from
the literature or from the data series. To promote conservation (S goal), the conservation
indicator was the average of the standardized parameters, S = mean (X;) considering that
they have the same importance.

Results and Discussion
Canopy

Regarding canopy, the magnitude and direction of the parameters in Component 1 of
the PCA (Fig. 2) show a cluster of sites 31, 81, 82, 41, 51 and 52 in relation to aerial
biomass, parameters B, D, h, LAI; and in relation to diversity, parameters H' and C. The
undesirable variable to conservation, C, is on the left, along with sites 11, 12, 13 and 71.
Sites 21 and 61 showed heterogeneity in plots 213 and 613, because these plots have a
more developed understore layer and higher density of individuals when compared to
the other plots of the respective sites. Plot 411 is not close to the other plots of Site 41
due to unfavorable topographical conditions, which reflected negatively on canopy
parameters.
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Figure 2. Joint dispersion of canopy parameters and plots in the sites for Components 1 and 2
(F1 and F2) of the PCA

Soils

In the evaluation of fertility, depth and grain size (Fig. 3), we found that the retention
of cations (CTC(t), CTC(T)) is more related to organic matter content (MO) than to clay
activity, because these soils, highly weathered, have low clay activity. Figure 3 shows
the vector of the proportion of clay in the direction approximately orthogonal to the
main fertility parameters, including the vector of organic matter. This is evidence that
the fertility of Horizon A is mainly supplied by nutrient cycling processes, not by the
source material which forms the soils of the study area.

This indicates that the biotic ecosystem components affect the spatial and temporal
patterns of the abiotic habitat components of ecosystems, which can be indicated by
measuring ecosystem heterogeneity (Miiller, 2005 apud Kandziora et al., 2013).

Comparing canopy parameters and those of fertility (Fig. 4), we found that the aerial
biomass and diversity do not correlate to the fertility levels of Horizon A at the sites,
indicating the existence of other factors which affect structure and floristic diversity.
Sites 11, 13 and 71 have higher fertility levels in Horizon A, although their canopy
parameters indicate an unfavorable condition for conservation. Sites 11 and 13, may
have received fertilization for a long time, as there are records that this area has been
used for pasture. Due to its favorable topographic conditions, it may also have been
previously cultivated.
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The sites 21 (F 2/1), 61 (F 6/1) and 81 (F 8/1) have less favorable fertility
characteristics. The site 21 (F 2/1) is on a Typic Haplustox (USDA, 1999) (weathered
soil with low cation exchange capacity), site 61 (F 6/1) is on Humic Haplustox and site
81 (F 8/1) is on Humic Haplustox (soils with low base saturation). The vegetation in
Site 21 is a transition from Semideciduous Forest to Savannah - common in weathered
soils with surface acidity; Site 61 is Semideciduous Forest and Site 81 is Evergreen
Seasonal Forest. One factor that differentiates Sites 61 and 81 is the presence of
groundwater in most favorable conditions in Site 81. It is likely that fertility indicators
and groundwater are compensations, as observed at Sites 31 (F 3/1) and 81, which
present low fertility, but good water supply, which may have led to a greater structure
and diversity of the vegetation in those sites.

Nutrient cycling and microbial activity

We did not find logical correlations in the vector positions when nutrient cycling
parameters were evaluated (Fig. 5). We expected that the amount of annual deposition
of leaf litter (leaves) would correlate positively with the leaf decomposition rate (k) and
microbial activity parameters (ARG, UREAS, FDA FOSFacid, FOSFbas, CO,),
because microbial activity is a component in mineralization of organic matter. We
expected all these vectors in the PCA to be oriented to sites with higher biomass,
diversity and fertility.
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Figure 5. Joint dispersion of cycling parameters and sites for Components 1 and 2 (F1 and F2)
of the PCA

The mismatch may be due to low sensitivity of the method to detect differences
in the speed of leaf mineralization. Figure 6 shows the leaf decomposition rate (k)
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for each site. We observed that, although rates vary from -0.002 to -0.005, their
dispersion is high and the statistical difference only appears between Sites 81 and
52. The low sensitivity to detect differences in forest ecosystems is due primarily
to the similarity between environments, although Sites 11, 12, 13 and 21 are
secondary forests at an earlier stage. By using this method, Hayashi (2006) could
detect higher annual litter production and higher decomposition rates in primary
forests compared to regenerated forests. The accuracy of the procedure also may
have affected the results. The material in the litterbags taken in each analysis did
not return. Other samples were taken for analysis in the following period.
Differences in the decomposition intensity occur because there are variations of
fungi and bacteria colonies in the soil. And, finally, the longer the material remains
on the ground, the harder it is to identify what leaves are, adding more uncertainty
to the outcome. Therefore, the decomposition rate did not show good sensitivity to
detect differences between forest ecosystems.

Site
81 11 21 31 82 61 71 51 12 41 52
0,000 T T T T T T T T T T

-0,0601

-0,002 - -
-0,003
=
-0,004
-0,005 -

-0,006 |

-0,0607 -

Figure 6. Leaf decomposition rate (k) and its lower and upper limits at 95% confidence interval

Regarding microbial activity, Figures 7, 8 and 9 show the mean values and
standard deviation for the ARG, UREAS, FDA, FOSFacid, FOSFbas and CO;
parameters. Analyses of variance, considering treatments (sites) with four replicates
per parameter, did not detect significant differences in the levels of UREAS, FDA,
FOSFacid and CO,. For ARG, the Scott — Knott means test detected differences
between Sites 11/13 and others.

Microbial activity when comparing the different sites showed similarities.
Regarding ARG and FOSbas parameters, there were no reasons for ARG to be an
outlier at Sites 11/13, nor for the statistically equal results of FOSFbas at Sites 82,
61 and 51, which are different from the other sites.

We could not confirm the hypothesis, with use of this method that higher leaf
deposition, nutrient content and microbial activity would lead to higher
decomposition rate and soil fertility in Horizon A.
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Figure 7. Arginase activity, ARG (ug NH4/g/h); urease, UREAS (ug/g/h) and hydrolysis of
fluorescein diacetate; FDA (ug/g/h) in soil samples at eleven sites (Site 13 is represented by Site 11)
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Figure 8. Acid phosphatase activity (FOSFacid) and basic phosphatase (FOSFbas) (ug/g/h) in
soil samples at eleven sites
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Figure 9. Basal respiration, CO, (ml/kg/h) in soil samples at eleven sites
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Topography and water proximity

The main water bodies on the Embrapa farm are the Matadouro, Jequitiba, Marinheiro and
Papuda streams. The Matadouro stream is at least 600 meters from the nearest sites (in
Patches 4, 5, 6 and 7) with an altitude difference between 30 and 50 meters. The Jequitiba
stream flows in Patch 8, 150 to 160 meters from the sites, with altitude differences between 7
and 10 meters. The sites of Patch 1 are close to the Papuda stream, between 100 and 200
meters, with altitude differences of 10 meters (Sites 12 and 13) and 30 meters (Site 11), and it
is dammed 100 meters upstream from Site 13. In Patch 2, the distance to the Marinheiro
stream is 400 meters with an altitude difference of 40 meters. In Patch 3, there is ground water
two meters deep and a stream spring downstream. Except for Patches 2, 3 and 6, the others
present intermittent drainage.

The parameters related to topography and water proximity (Fig. 10) show that there is a
clear difference between Sites 13, 31, 81, 82, which are closer to water and have favorable
topographic conditions, and Sites 41, 51, 52, 61 and 71, which are on sloping areas and far
from water bodies. An inverse relation is also observed between curvature plane and profile.
The sediment accumulation condition is not present simultaneously on both axes for most
sites. Very often, one curvature is convex and the other is concave.

a
T1A
-
2 T 41A
aspect “7 slope
13A 12A Alt
. * 21A
crplan . Distwat
_ Altwat
Ed
3
o 61A =
o . 52A
31A
. crprof
. 11A
82A
2 ¢
51A
-
81A
4
8 6 4 2 0 2 4 6 8
F1(37.95 %)

Figure 10. Joint dispersion of topography and water availability parameters and sites for
Components 1 and 2 (F1 and F2) of the PCA

Analysis of the patches in the landscape

The metrics and topography for the forest patches and correlations between variables
were strongly represented in the first two components, which concentrate 81.55% of the
total variation (Fig. 11).
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The distribution of the parameters shows that the patches have different factors
which are favorable to conservation. Regarding size (Area), the largest patches are 1
and 8, and Patches 4, 5 and 7 have a higher percentage of perimeter bordering natural
vegetation (LimAreNat). The last three patches are also more aslope, which is a
common feature in the Atlantic Forest landscape, where the remaining natural
vegetation is located in areas hard to reach and restricted to human use due to their
harsh topographic conditions. The metrics related to shape, CIRCLE and CONTIG did
not stand out in any patch. Regarding unfavorable conservation features, we highlight
Patch 3 which is the lowest and most isolated.

3 T LimAreNat
slope

crprof

crplan

F2(33.29%)
N

CONTIG

CIRCLE

1 il . PROX

F1(48.26 %)

Figure 11. Joint dispersion of topography parameters, landscape metrics and patches for
Components 1 and 2 (F1 and F2) of the PCA

Favorable indicators for conservation

After the PCA analysis, we found that the parameters considered were not enough to
explain the current state of conservation of forest patches. Other factors such as water
dynamics in soil and subsoil, human interventions, especially fires, wood removal and
land use before regeneration may have contributed to the definition of current forest
structures and floristic composition. Some of these factors are not available due to the
lack of historical record.

However, that does not prevent the use of the selected parameters and their
conversion into conservation indicators, as they constitute measurements of the
ecosystem. The indicators show the relative degree of conservation of each patch as
well as the most favorable or unfavorable factors for conservation. The thresholds for
each parameter and their groupings are described in Table 1.
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Table 1. Selected parameters for conservation and ecological stability assessment of
Semideciduous Forest patches, with minimum and maximum limits, and its relevance
according to goals

Group Original Lim. Lim. Relation to
Variable Min. Max. conservation
Canopy LAI (m°.m™) Data series Linear increase
h (m) Linear increase
D (Ind.m") Linear increase
B (m°.ha™) Linear increase
H’ Linear increase
C Linear decrease
Soil fertility PHH20 Wa=3 | “n=65 Trapezoidal fuzzy
(1)m=6 (1)b=9
P (mg.dm™) 0 15@ Sites 11,12,13,2,3,6
Argila>60 Linear increase
P (mg.dm?) 0 20 Sites 4,51,52,7,82
41<Argila<60 Linear increase
P (mg.dm™) 0 30¢ Linear increase
21<Argila<40 Site 81
K (mg.dm™) a=0 | b=2509 Triangular fuzzy
CTC>15 Sites 11,13,4,7
K (mg.dm™) 0 2009 Triangular fuzzy
5<CTC+<15 Sites 12,2,3,51,52,6,81,82
Ca (cmol, dm™) 0 10 Linear increase
Mg (cmol, dm™) 0 20 Linear increase
H+AlI (cmol, dm™) 0 9® Linear increase
V% (V) 0 100 Linear increase
m% (m) 0 100 Linear decrease
M.O. (dag.kg™) 0 15 Linear increase
Cu (mg.dm™) 0 20 Linear increase
Profundity H. A Data series Linear increase
(prof)(cm)
Nutrient Leaves (g.m~year™) 100 900 Linear increase
cycling
Decomposition rate 0 -0.007 Linear decrease
(K)
Curvature plane 069 | 06@ Linear decrease
(crplan)
Topography Curvature profile 069 | 06@ Linear decrease
(crprof)
Slope (°) 0 25 Linear decrease
Distance of water Data series Linear decrease
resources (distwat)
(m)
Water Altitude difference in Data series Linear decrease
proximity relation to water
resources (altwat) (m)
Patches in the Area (ha) Data series Linear increase
landscape CIRCLE 0 1 Linear decrease
CONTIG 0 1 Linear increase
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ENN 0 | 100 Linear decrease
PROX Data series Linear increase
Proportion of patch 0 100 Linear increase

perimeter bordering
natural vegetation
(LimAreNat)

Obs.
) a, b, m, nare inflection points of the curves.
) Minimum and maximum limits proposed by Ribeiro et al. (1999) and SBCS (2004).
) associated with concave forms, favoring water and sediment convergence.
) associated with convex forms, favoring water and sediment divergence.

After selecting the parameters, indicators were calculated for each group. For the
canopy group, the canopy conservation indicator (canopy ind.) is presented in Table 2.
The proximity of values of some sites groups them in a similar way to the distribution
observed in Figure 2. For example, 81 and 82 with best canopy quality and Sites 11, 12,
13, 61, 71 with lower canopy quality.

Table 2. Standardized canopy parameters (0-1) and canopy conservation indicator (canopy
ind. ) per site. Lower values close to zero indicate unfavorable for conservation and values
close to 1, favorable for conservation

Site LAl h D B H’ C canopy ind.
11 0.12 0.05 032 021 042 057 0.28
12 026 03 0.2 0 034 055 0.28
13 0.17 0 07 007 0 0.00 0.16
21 012 039 063 066 0.71 0.75 0.54
31 1 034 051 0.7 069 0.75 0.67
41 07 03 0.76 053 0.66 0.64 0.60
51 04 073 022 068 0.73 0091 0.61
52 069 054 052 072 051 0.63 0.60
61 035 065 021 037 057 071 0.48
71 0 0.62 0 022 03 0.67 0.30
81 0.75 0.22 1 1 095 0.90 0.80
82 08 1 056 0.88 1 1.00 0.87

In order to calculate the soil fertility indicator (Soil ind.), we disregarded parameters
Fe, Zn and Mn due to their high levels in the soil, and because there are no references to
toxic levels for trees. Texture parameters were not considered because only Horizon A
was studied and the parameters were unexpressive. The fertility indicator (Table 3) did
not follow the same trend as the canopy indicator. Site 31 was in Typic Haplustox (soil
with low base saturation and low fertility), but that soil sustained vegetation with good
canopy and diversity, helped by the existence of groundwater 2 meters below it. On the
contrary, Sites 41 and 51, with good fertility indicators, were among the most affected
by drought, the distance from water bodies and their topographical position, with
intermediate values of canopy indicators.

It is important that even the lower soil fertility indicators still had reasonable fertility
levels in Horizon A supplied by nutrient cycling.
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Table 3. Soil fertility parameters of Horizon A selected and standardized (0-1) and soil
fertility indicator (Soil ind.) per site. Result of Site 11 also represents Site 13

Site P K Ca Mg H+AI M.O. Cu  Prof pHuo \Y m  Soil ind.
11 035 042 091 041 0.50 062 013 047 0.86 062 1.00 0.57
12 040 0.49 041 041 0.42 041 019 0.77 0.86 039 086 0.52
13 035 042 091 041 0.50 062 0.13 047 0.86 0.62 100 0.57
21 022 0.31 0.09 0.09 0.28 030 045 067 0.74 012 046 0.39
31 058 0.22 059 0.20 0.50 043 035 0.00 0.85 052 1.00 0.48
41 0.67 1.00 0.66 0.86 0.42 082 040 047 0098 056 1.00 0.70
51 026 041 0.64 0.72 0.43 059 049 085 0.88 050 0.84 0.58
52 0.20 0.67 0.63 0.89 0.55 064 086 017 1.00 061 1.00 0.60
61 031 043 029 0.17 0.05 059 012 100 0.69 019 041 043
71 053 0.81 0.82 0.63 0.54 050 031 0.09 0.89 0.64 099 0.59
81 018 0.56 0.14 0.34 0.29 037 042 061 0.63 020 053 041
82 036 1.00 0.82 0.81 0.90 041 074 0.82 0.74 089 100 0.74

The nutrient cycling indicator (Cycl ind.) (Table 4) showed that the response to
cycling was similar at most sites, having its lowest limit observed at Site 12, and its
highest limit at Site 31.

Table 4. Parameters of cycling selected and standardized (0-1) and the nutrients cycling
indicator (Cycl ind.) per site

Site leaves k Cycl ind.

11 0.30 0.72 0.51
12 0.19 0.44 0.32
13 0.30 0.72 0.51
21 0.33 0.55 0.44
31 0.77 0.69 0.73
41 0.37 0.42 0.39
51 0.45 0.54 0.49
52 0.30 0.38 0.34
61 0.35 0.44 0.39
71 0.18 0.57 0.37
81 0.46 0.67 0.57
82 0.54 0.60 0.57

The topography indicator (Topo ind.) (Table 5) displayed no major differences
between the sites. An exception occurred at Site 71, where unfavorable canopy
parameters also were found. In that case, the low topography indicator may have
contributed to the poor forest development at the site.

The water proximity indicator (Wat ind.) (Table 5) shows that Sites 21, 41, 51, 61
are less likely to have underground water supply, even though their 1Cds showed
intermediate values. Sites of Patches 1 and 8 presented close Wat ind. values, although
their responses, in terms of 1Cd, were very different, which shows that the proximity to
an isolated water resource cannot respond to the level of forest conservation.
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Table 5. Standardized parameters of topography and water proximity (0-1) and topography
(Topo ind.) and water proximity (ICwat) indicators per site

Site  crprof crplan slope distwat altwat

Topo ind. Wat ind.
11 0.36 0.52 0.70 0.53 0.75 0.26 0.51
12 0.64 0.51 0.35 0.50 0.75 0.79 0.77
13 0.76 0.41 0.74 0.64 0.75 0.79 0.77
21 0.69 0.37 0.71 0.59 0.33 0.00 0.17
31 0.71 0.25 0.73 0.56 1.00 1.00 1.00
41 0.64 0.41 0.54 0.53 0.00 0.00 0.00
51 0.36 0.74 0.68 0.59 0.00 0.00 0.00
52 0.55 0.92 0.42 0.63 0.00 0.00 0.00
61 0.55 0.52 0.61 0.56 0.00 0.00 0.00
71 0.42 0.07 0.11 0.20 0.00 0.00 0.00
81 0.52 0.53 0.76 0.60 0.75 0.84 0.80
82 0.53 0.48 0.90 0.64 0.75 0.84 0.80

The landscape indicator (Landsc ind.) was obtained from the selected parameters
related to patches (Table 6). The highest value was that of Patch 8, due to its size and
proximity to other patches, although its border with natural areas is not relatively high:
49%. The low value for this metric also shows the risk of harmful interference in forest
conservation. In the case of the study area, livestock from a surrounding pasture area
often escapes causing damage to patch regeneration. Patch 7, a smaller area, has a large
border with natural areas, 90%, indicating that the change from Semideciduous Forest
to Savannah Woodland, Grassy-Woody Savannah, may be a result of soil and
topographical conditions -- in other words, natural constraints.

Table 6. Standardized parameters and landscape indicator (Landsc ind.) per patch

Fragg Area CIRCLE CONTIG ENN PROX LimAreNat Landsc ind.

1 1.00 0.26 0.98 1.00 0.44 0.24 0.65
2 0.12 0.35 0.98 0.63 0.41 0.58 0.51
3 0.00 0.61 0.98 0.00 0.00 0.44 0.34
4 0.28 0.21 0.98 0.67 0.08 0.84 0.51
5 0.21 0.36 0.98 0.85 0.18 0.70 0.55
6 0.09 0.28 0.98 0.85 0.50 0.58 0.55
7 0.08 0.14 0.97 0.82 0.68 0.90 0.60
8 0.92 0.14 0.98 0.98 1.00 0.49 0.75

When considering the joint analysis of indicators (Fig. 12), we can assess their
contribution, identifying weaknesses and strengths. Knowledge on the factors limiting
conservation allows selecting the most appropriate measures to mitigate degradation
and promote conservation of forest patches.
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Figure 12. Favorable indicators for conservation at each site

Concerning the canopy indicator, the lowest values were observed on Sites 11, 12,
13 and 71. With the exception of Site 71, which had great topographic limitations, the
others had been pasture areas regenerating for the last 50 years. Sites 21 and 61
combined low values for the canopy, fertility and access to groundwater indicators. At
Site 41, there is evidence that favorable fertility combined with unfavorable water
conditions accounted for the moderate canopy indicator.

Site 82 coupled the best canopy indicator with good results for the other indicators,
showing the positive effect of the set of indicators for conservation. Sites 51 and 52 had
intermediate values for most indicators, including canopy.

The nutrient cycling indicator presented a tendency towards lower values in sites
with higher slope parameters. Its best performance was at Site 31, which also performed
well for the water proximity and canopy indicators.

We observe that the lowest value for landscape indicator was obtained at Patch 3,
contributing to its small size and isolation in the landscape. Its high conservation
indicator associated with canopy was probably due to the moisture caused by the 2-
meter-deep groundwater and a likely recent isolation. This result shows that although
this patch presented good conditions, it is at risk due to the edge effect, reduction of
some fauna groups and barriers to gene flow.

Patch 1 had low conservation values for the proximity and percentage of border with
natural areas parameters. However, the integrated result of the landscape indicator was
satisfactory due to the positive influence of the area parameter.

Patch 8 had the best attributes on the site and landscape scales, showing favorable
characteristics for conservation. In this case, the maintenance of these characteristics
requires actions to prevent degradation by hunting, cattle invasion and fires.
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The edaphic, water, topography and landscape qualities are not the only qualities
affecting the structure and diversity of the patch, but also the age and history of human
interventions such as logging and, especially, fire.

The age of the patches is unknown. Using aerial photographs from 1964
(photography n. 11591 / VM AST - 10 1370PMW R-82 of 09.02.1964) we observed
that the remaining patches at that time were 2, 3, 4, 5, 7 and 8. Patch 6 was partially
covered and Patch 1 was fully covered by pasture or other agricultural activity.

The farm has belonged to Embrapa Milho e Sorgo since 1976 and was formed by
cotton test fields, corn fields for breeding and pastures at different times, as well as the
acquisition of neighboring lands (Embrapa Milho e Sorgo, 2000). Therefore, we
estimated that parts of Patches 1 and 6 are between 40 and 50 years old.

There are no historical records of anthropogenic interference in the natural
environment. The reports are inaccurate, making it impossible to measure their
influence on vegetation. All patches had traces of fire, some had small fragments of
charcoal, bark or pieces of charred trunks in their first layers of soil, showing that fire
has occurred at different times, but its intensity and scope could not be measured. The
last fire was in September 2012 in Patches 1 and 2, causing burning of litter, the base
of some trees, lianas and dead trees, reaching the treetops. That fire induced strong
leaf fall because of stress. At the end of the rainy season, in March 2013, few traces of
fire were visible.

Although the effects of human impacts and environmental conditions could not be
isolated to know their influence on the current conservation status, the analysis showed
some factors which contributed to the conservation of the patches. For example,
favorable canopy parameters with unfavorable edaphic quality at Site 31 indicated the
importance of considering a third factor, in this case, water proximity as a parameter
related to groundwater supply.

The purpose of this study is not to clarify all the complex interactions between
environmental components, which would require a long-term multidisciplinary survey
and a control of all ecosystem dynamics phenomena. Our proposal is the relative
evaluation of patch conservation by using groups of parameters, which indicate
strengths and weaknesses for decision making regarding their conservation.

Conclusion

The methodology for the assessment of forest conservation in fragmented
landscapes allowed gathering information on factors that express their weaknesses and
strengths.

The results obtained from the application of the method did not express exactly the
current conditions of the patches and sites studied in some cases. The limitations are
inherent to natural conditions, lack of record of human activities in the area and
restriction of sampling considering the diversity of the environmental conditions.

In the overall assessment, the applied method and the achieved results reached the
proposed goal as its application allowed the identification of patches in better and worse
condition, and provided information on the factors that contribute to this status. This
knowledge can help guide and select the most appropriate measures to mitigate
degradation and identify forest conservation strategies.
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