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a b s t r a c t
The substitution of natural ecosystems with agriculture has led to the establishment of human-modified
landscapes globally. In some tropical regions, this process is decades-old, allowing for the study of the
effect of such modifications on the remaining biodiversity. However, unlike forest fragments inside
regions with extensive primary coverage, the conservation value of ecosystems embedded within intensive farming, i.e., the anthropogenic matrices, has long been ignored, as have the effects of the landscape
on such disturbed forest communities. Since the degradation process is predicted to cause the collapse of
these fragmented forests, we can choose either to neglect them or to attempt the reversal of the degradation process for biodiversity conservation. Here we investigated the possible influence of landscape
predictors on numerous plant species and on the relative proportions of different functional groups.
Our results revealed that the richness found in human-modified landscapes had significantly more species than the protected reserves (+90%). The distribution of species suggested that any forest patch is
likely to harbour a rare species. Generalised linear models and quantile regressions showed that forest
cover and connected area influences the persistence of pioneer species and non-pioneer species of the
canopy and zoochorics, with the latter also depending on slope. Rarefaction analysis revealed that natural
remnants retain many species, even in sites with less than 20% forest cover. The presence of many zoochoric and non-pioneer canopy species may indicate a qualitative aspect to support conservation–restora
tion efforts. These results indicate that the current strategy, which is limited to the preservation of biodiversity in public conservation reserves, should be reconsidered and should include smaller remnants of
the natural ecosystem in a regional context and adopt large-scale restoration strategies to preserve the
species pool.
Ó 2017 Elsevier B.V. All rights reserved.

1. Introduction
Conservation studies of forest ecosystems have traditionally
been conducted in tropical regions with extensive natural forest
cover, particularly primary forests (Gibson et al., 2011; ter Steege
et al., 2013). Such studies have also been conducted in wildlife permeable landscapes with large habitat areas; these constitute a
favorable scenario for ecological processes in the remaining forest
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patches (Norden et al., 2009; Pardini et al., 2009). However,
human-modified landscapes often house numerous relatively
small remnants of ecosystems that deserve a closer look. These
ecosystems can be of great importance for the conservation of soil
and water resources (Ehrlich, 2008; Neary et al., 2009; Rey Benayas
and Bullock, 2012; Zhang et al., 2001). Moreover, they may harbour
important gene pool sets, and if properly protected, can contribute
to the conservation of biodiversity (Chazdon et al., 2009b;
Tscharntke et al., 2012) by preventing the mass extinction of species (Wright and Muller-Landau, 2006), as well as contributing to
ecological restoration (Krauss et al., 2013; Rodrigues et al., 2009;
Tambosi et al., 2014). Furthermore, secondary forests are important for the global carbon cycle (Martin et al., 2013; Pan et al.,
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2011; Poorter et al., 2016), as even small remnants of ecosystems
will take on increasing importance once the current global network
of reserves for conservation becomes insufficient to effectively offset predicted global climate changes (Lee and Jetz, 2008; Putz et al.,
2001).
As the result of extensive fragmentation and the limited areas of
the remaining patches, a large number of tropical forest ecosystems are threatened, especially since these are highly disturbed
(Arroyo-Rodríguez et al., 2013; Solar et al., 2015; Turner and
Corlett, 1996). The conservation value of these remaining forest
patches varies with the type of species present, since many are naturally restricted to mature forests because they depend on environmental conditions found basically in conserved ecosystems
(Wright, 2005; Oliveira et al., 2008); their presence may depend
largely on the intensity of the disturbance of the surrounding agricultural matrix (Sodhi et al., 2010). Even though many of the landscapes in tropical regions are dominated by agriculture, frequently
monocultures, and natural remnants are often disconnected
(Chazdon et al., 2009a; Tabarelli et al., 2010)– the ecosystems have
not yet become classical secondary forests (Barlow et al., 2007; Van
Breugel et al., 2013). They may be declining old-growth forests,
with a vegetation structure still containing elements resistant to
fragmentation, such as long-lived trees (Metzger et al., 2009;
Farah et al., 2014). Although the negative impacts of habitat loss
in landscapes dominated by monocultures on biodiversity are clear
(Immerzeel et al., 2014; Karp et al., 2012), secondary or old-growth
remnant forests can still preserve an important and often overlooked richness, maintaining much of the regional flora and fauna
(Arroyo-Rodriguez et al., 2009; Dahal et al., 2014; Dent and Wright,
2009). In regions with only small amounts of native forest cover,
these remaining forests should be considered in policies for conservation, not only for their richness, but also their potential role in
reducing isolation by serving as habitat bridges in the formation
of a network of functionally connected areas, stepping stones
assisting in the movement of fauna (Boscolo et al., 2008; Fischer
and Lindenmayer, 2002; Martensen et al., 2012; Mueller et al.,
2014). If all remnants smaller than 200 ha are considered, the
mean isolation of remnants would decrease from over 9112 m to
less than 1344 m (Ribeiro et al., 2009).
Many of the forest remnants surrounded by monocultures
should be actively conserved because they provide key environmental services to society, especially when they are located in densely populated areas. The Brazilian Atlantic Forest is one example
of a biome that has suffered intense pressure from human occupation. Approximately 88% of the original forest area has been lost,
and nature reserves protect only 2.6% of it (Soares-Filho et al.,
2014). Moreover, more than 80% of the remaining forest patches
are smaller than 50 ha (Ribeiro et al., 2009). Indeed, large remnants
of the Atlantic Forest are rare, and conservation of biodiversity will
only be possible if these small- and medium-sized forest remnants
can be protected and restored.
The massive changes suffered by forest remnants of tropical
ecosystems have gradually led to their disruption and a decrease
in the number of individuals of different plant species, especially
late successional and very large-fruited trees (Karp et al., 2012;
Magnago et al., 2014; Oliveira et al., 2008). A similar loss has been
observed for animals of the various trophic levels (Canale et al.,
2012; Gibson et al., 2013; Terborgh et al., 2001), although the true
extent of such alterations in small patches is unknown. These
changes can be viewed as a track record of disturbances that will
eventually lead to the collapse of ecosystems (Rietkerk et al.,
2004). In fact, ecosystems with low intactness have traditionally
been ignored in conservation policies (Newbold et al., 2016). However, the investment in their restoration through adaptive management may be able to reverse the environmental changes, thus
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promoting the conservation of biodiversity and the provision of
environmental services.
Many studies recommend the priorization of conservation or
restoration only of those ecosystems that meet a minimum landscape natural cover criterion (Tambosi et al., 2014), often considered to be a minimum of 30% of the forest cover in a landscape
in order to avoid the extinction of animal and plant species
(Banks-Leite et al., 2014; Lima and Mariano-Neto, 2014), although
Muylaert et al. (2016) report the decline of bat richness at such a
low threshold. Such an approach can cause environmental decision
makers to recommend the abandonment of numerous natural
remnants which are considered useless for conservation, thus leaving them to continue on their course to collapse.
The effects of landscape attributes on fauna have been extensively studied for birds (Banks-Leite et al., 2014; Estavillo et al.,
2013; Magioli et al., 2015; Martensen et al., 2012). However, little
is known about the relationship between landscape and the species and functional groups of plants in forest remnants, yet there
is a lack of studies considering the variability of ecosystem descriptors (Karp et al., 2012; Mühlner et al., 2012). Most of the studies
which do exist have focused on plots within large, well conserved
areas (Gibson et al., 2011; ter Steege et al., 2013). Rarely is the relationship between landscape and plant diversity studied within
highly fragmented areas, where the forest cover and patch size
are reduced, and where isolation and edge effects are more severe
(Magnago et al., 2014; Rodríguez-Loinaz et al., 2012). These natural
remnants are not necessarily a lost cause, however, although their
ability to contribute to conservation and to provide environmental
services will depend on their structural integrity and biodiversity
(Ferraz et al., 2014; Honey-Rosés et al., 2013; Lopes et al., 2009).
The present study was designed to promote the understanding of
the effects of landscape on the richness of tree-like plants and their
proportions; aspects considered included mode of seed dispersal
and ecological category. An attempt was made to answer the following questions for a monoculture matrix region: (1) What is
the influence of landscape structure on plant richness and the proportion of species of different ecological groups? (2) Is the plant
richness different for sites with different amounts of forest cover?
(3) Does the regional pool of species, distributed in several small
disturbed patches, increase total richness above that provided by
large areas of protected forest? We hypothesized an increase in
overall richness, especially that of zoochoric species, non-pioneer
species of the canopy, and understory species, with an increase
in the forest coverage of the site, even if it has been subjected to
anthropogenic influences; we further hypothesized that it would
increase with connectedness. This is one of the few studies evaluating the role of remaining fragments in the conservation of plant
diversity in highly fragmented landscapes dominated by intensive
agriculture for many decades.
2. Material and methods
2.1. Study site
The study was conducted in the domain of a seasonal semideciduous forest of the Atlantic Forest in a broad area of the interior
of the state of São Paulo in Brazil (Fig. 1), an area with Cwa climate
(Alvares et al., 2013) and altitudes of 400–550 m above sea level.
The studied landscapes cover 300 km in the N-S direction and
400 in the W-E direction. The average distance between sites and
reference reserves is 140 km. Since the colonial period, native forests have gradually given way to monoculture plantations –mainly
coffee in the past, and sugarcane at present. This has led to intense
devastation of the landscape since 1850. The first forest inventories
estimated a loss of more than 80% of the forests by the 1950s
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Fig. 1. Location of the 147 sites where plant communities were sampled and public conservation units in state of São Paulo in southeastern Brazil. The classes of fragments
are presented in different colors according to the number of species. Forest patches marked with stars harboured rare species (those that occurred in only one patch).

(Victor et al., 2005). The remaining patches are highly heterogeneous, with varying status of conservation, connectivity and size,
and have for decades been part of a matrix dominated by sugarcane, or, much less frequently, cultivated forests (Eucalyptus
spp.), fruit crops (Citrus spp.) and cattle pastures. There is no precise historical record of the extent of these particular fragments,
since the first aerial images date back to the 1960s and the fragmentation process is older (Victor et al., 2005). The predominance
of the sugarcane matrix has homogenised the main anthropic factors, such as recurrent fires and the use of pesticides, which are
known to have an noxious effect on natural areas (Goldemberg
et al., 2008; Martinelli and Filoso, 2008). Most of the forest patches
reflect the present state of most remnants of the interior Atlantic
Forest and represent a reduced and disturbed fraction of the original cover (Joly et al., 2014), with more than 80% of the patches
being smaller than 50 ha (Ribeiro et al., 2009).
2.2. Plant data collection
Among hundreds of rural properties included in the LERF (Laboratory of Ecology and Forest Restoration) environmental adequacy program, we randomly selected fragments based on the
criterion of a common landscape dominated by sugarcane, in a
wide geographical area in the State of São Paulo.
The sampling consisted of transects, hereafter called ‘sampling
sites’, each one covering both edge and interior of each forest fragment. For each transect, a maximum period of four hours was
invested (discounted the time to manually open tracks), although
shorter periods were sufficient for very small fragments (i.e.
<1 ha). The time spent in each site was recorded as sample effort.
Each track crossed the fragment in one or more directions and
had no width limitation, making it possible to maximize species
observation. Whenever an environmental difference was observed
(especially moist, soggy or shallow soil), a new transect was initiated; each local subtype of forest (deciduous, semideciduous,
riparian or paludiculous forest) was then related to the floristic list.
Thus, in some fragments two tracks were made (eg, one track in
dry soil and the other in soaked soil), and the total number of sites
(147) exceeded the number of fragments (134) ranging from 1 to
287 ha (mean 35.9 ha, SD 47.2). Sampling took place during 2009

and 2010, with samples of 7380 arborescent individuals collected
(shrubs, trees, palms, ferns and bamboos, with no distinction made
for young and adult plants), considering a minimum height of
0.5 m (seedlings were not included). Species identification was
conducted at the ESA herbarium (ESALQ/University of São Paulo),
in Piracicaba in the state of São Paulo.
2.3. Forest classification
Plant species were classified into ecological groups according to
type of dispersal (zoochoric, anemochoric or autochoric) and stage
of succession (pioneer species, non-pioneer species of the canopy
and understory specialist) (Martins and Rodrigues, 2002). The forest sites were also classified according to conservation status, with
the following local descriptors calculated for each site: canopy continuity, stratification, hyperabundance of liana cover, presence of
invasive herbaceous species and signs of the presence of cattle
(Gerwing and Farias, 2000). Sites with little disturbance where
conservation would require only the removal of eventual disturbing factors such as the prevention of cattle or control of herbs
on forest edges, were classified as ‘partially disturbed”, whereas
those with greater structural changes, large gaps and hyperabundance of lianas were classified as ‘disturbed” (Rodrigues et al.,
2011). Sites with no signs of disturbance were classified as ‘conserved’. An image of one of the sampled fragments can be seen
in Appendix A, Fig. 1.
2.4. Control sites
Two reference sites of public reserves were used as ‘‘control
areas” for this study, both correspond to large remnants of the seasonal semideciduous Atlantic Forest: (1) Caetetus Ecological Station (EEC; 2179 ha) in the municipalities of Gália and Alvinlândia
(mean altitude 590 m) and (2) Barreiro Rico Ecological Station
(EBR; 1451 ha) in Anhembi (mean altitude 500 m). The plant lists
used of these reserves were available from previous floristic
assessments, carried out more intensively in specific studies by
other authors (Assumpção et al., 1982; Cesar, 1988; Durigan
et al., 2000; Franco, 2002; Barreto, 2015). We resolved the synonymies of their species, which resulted in a list per reserve.
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2.5. Landscape selection and calculation of habitat cover
Before calculation of the landscape metrics, a map of land use
and forest cover was generated (scale of 1:5000). Circular buffers
of different sizes were defined around the sampled sites, measured
from the centroid of the forest patch. For each site, buffers of three
different radii were defined (0.5, 1 and 1.5 km). These radii correspond to the potential dispersal of plants within an area (Wu and
Hobbs, 2007). We considered the area covered by forest within
the buffer, making it possible to incorporate the fragment area
for almost all fragments in the 1500 m buffer, since they are fragments of small to medium size. For each sampling site, the following landscape metrics were calculated: forest coverage; functional
connectivity; slope of terrain.
Forest cover was considered to be the amount of habitat necessary for plants. This descriptor was estimated for each site using a
vegetation cover map and dividing the total area of the circle
defined by the buffer on the respective scale by the forest area
within the buffer. Three classes of vegetation were used to indicate
forest habitat: early forest, medium or advanced deciduous forest
and transition to forested savanna. Connectivity was measured as
the functional connectivity or the area between forest patches,
with those closer than 50 m being considered connected. This cutoff distance is based on the movement of forest-dwelling animals
and gap-crossing distance for seed dispersers in the Atlantic Forest
(Uezu et al., 2005; Boscolo et al., 2008; Metzger et al., 2009). It corresponds to the distance seeds are dispersed from a seasonal
semideciduous forest remnant (Bertoncini and Rodrigues, 2008).
All metrics were calculated using VLATE extension in ArcGIS
(Lang and Tiede, 2003).
2.6. Data analysis
The models designed included all of the different predictors
defined as potentially important for the prediction of the frequency
of different species and ecological groups: slope of the terrain, local
and regional coverage of forest, and connectivity. The area of fragment was contemplated by the percentage of forest cover in circular buffers of different sizes (0.5, 1 and 1.5 km), measured from the
centre of the sampled site. The response variables were the number of species of trees of different successional groups (pioneer
species, non-pioneer species of the canopy, and understory specialists), mode of seed dispersal (autochory, anemochory and zoochory) and total number of species.
2.6.1. GLM, quantile regressions and model selection
All analyses performed for selection and evaluation of models
included generalised linear models (glms) and quantile regressions. The data are very scattered, for this reason, quantile regressions applies to use. Predictor effects for plant attributes were
based on slope-estimated values of regressions and their effect
direction. Both glms and quantile regressions were constructed
for the following response variables: absolute and relative values
of the dispersal mode and position in succession. The number of
species per site was also analysed as a response variable. For all
buffers sizes, the richness used was the same. Because the absolute value of the dispersal mode, position in succession and total
richness can be influenced by sampling effects, these were factored out using the residuals of these variables in a glm for each
as a function of the sampling effort as new response variables, as
the residue is the part not explained by the sample effort. The fact
that the study does not have standardised effort prevents us from
using richness in modeling, so the use of residual of richness.
Thus, seven of the response variables were residuals (autochorics,
anemochorics, zoochorics, pioneers, non-pioneers of the canopy,
understory and total richness). All the predictors were standard-
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ised prior to modelling. For the response variables that were
absolute numbers transformed into residuals, glms were concurred with Gaussian distribution and quantilic regressions
through model selection via Akaike Information criteria. The data
are very scattered, so quantile regressions applies to use. Because
many of the landscape predictor variables were correlated to
some degree, all the variables were recasted at 500 m and at
1000 m to remove the effect of nestedness. Fig. A2 (Appendix
A), shows the correlation values before and after this procedure
(Rhodes et al., 2009).
For each response variable, there were 10 concurrent models:
the models containing the univariate effect of slope and functional
connectivity and their quantile version (1, 2, 3, 4), the models
accounting for forest cover and their quantile versions at 500 m
(5 and 6) at 1000 m (7 and 8) and at 1500 m (9 and 10); an eleventh model corresponding to no effects (function of 1) was also
generated (11). Those models below Akaike information criterion
dAICc < 2.1 were considered to be plausible, but only when the
no-effect model was not plausible. Model strength was evaluated
by Akaike weights (Wi). Model strength was assigned for each predictor within the model. Plausible models (AICc < 2.1) were validated by visual inspection and leverage evaluation.

2.6.2. Alpha and gamma richness: Potential additional richness
In order to reveal potential additional richness for anthropogenic sites in relation to those of conservation units, rarefaction
analyses were performed for (1) all sites, (2) all sites plus both
units of conservation (Barreiro Rico and Caetetus), (3) sites below
the threshold of 20%, of forest cover, (4) sites above the threshold
of 20%, (5) sites below the traditional threshold of 30% and (6) sites
above the threshold of 30%. Venn diagrams were constructed to
identify the intersection of components (Chen, 2016). The sample
rarefaction curve was constructed with 500 permutation with
specaccum function in the vegan package of R (Oksanen et al.,
2016).

2.6.3. Redundancy constrained analysis (RDA) and multivariate
analysis of variance: Variance partition with permutation
Using presence/absence matrices for arborescent species
across forests sites in the anthropogenic landscape, the extent
of change in community composition among sites was compared
by beta diversity decomposition in turnover and nestedness components (Baselga, 2010). The overall variance in species composition was studied through beta diversity indicators (Jaccard index
for turnover and nestedness components) (Magurran, 1988). Rare
species (those sampled only once) were also evaluated. The concentration of rare species in space was investigated by the Moran’s I index using the SAM software (Rangel et al., 2010). A
redundancy constrained analysis (RDA) was conducted to verify
possible spatial structure and environmental influences on community composition (presence or absence of each species), with
all predictors combined (both noncorrelated and standardised)
and coordinates of sites as the spatial components; its significance was checked with 999 permutations. The predictors used
for the environmental component were slope, accumulated
slope-related flow, forest cover (with 500, 1000 and 1500 m buffers) and connectedness. Variance partition (function varpart) was
used to check individual and shared components in relation to
variance explained by space (geographic coordinates) and environmental predictors (relief and landscape). Statistical analyses
were conducted using R 3.1.3 (R Development Core Team, 2016)
and the following packages: bbmle (Bolker, 2016), quantreg
(Koenker et al., 2016), betapart (Baselga et al., 2013) and vegan
(Oksanen et al., 2016).

82

F.T. Farah et al. / Forest Ecology and Management 397 (2017) 78–88

2.6.4. Permutational multivariate analysis of variance and community
composition
Community composition for different sites above and below the
theoretical threshold values for remaining forest cover, both the
30% recommended by conservation scientists and the 20% actually
found with long-standing agricultural use in Brazil, were compared
for buffer areas of 1000 and 1500 m. Permutations (999) were used
to calculate the significance of differences between multivariate
variance homogeneity on community composition using Jaccard
dissimilarity (functions betadisper and permutest in R).

3. Results
The field evaluation of the 147 sampling sites resulted in the
classification of most remnants as ‘disturbed” (needing restoration; 95.2%), but some (4.1%) were classified as ‘only partially
degraded”; a single patch was considered ‘conserved’ (0.7%).
The total richness varied from seven to 115 species per patch
(mean 35.50, SD 20.25, median 52). Overall, 521 plant species were
found distributed among the 147 sites. Most of these species were
zoochoric (65%), and almost half were canopy trees (47%).
In total, 118 species (23%) were found only once and were considered rare. The forest patches harbouring these species are
shown in Fig. 1, while the frequency of rare species in the forest
patches is shown in Table A3 (Appendix A). The distribution of
these rare species did not show any apparent relation to spatial
structure variables, suggesting that any forest patch can harbour
a rare species (Table A4, Appendix A; P value for all distances
>0.05).
The percentage of forest cover per site declined from 23% (variance 164) for a buffer of 500 m to 17% (var. 81) for 1000 m and 14%
for 1500 m (var. 61). The connected area varied from zero (for
patches that were not connected to another patch within a search
distance of 50 m) to 205 ha (mean 18.65 ha).
Some of the many plausible models relating landscape and
environmental factors to response variables were quite strong.

Fig. 2 presents only the models that were more plausible than
the no-effect model. The connected area accounted for the strongest association; it was related to number of pioneer species, proportion of pioneers and percentage of zoochorics. The slope
influenced the number and proportion of zoochoric species. The
forest cover was positively correlated with the percentage of
non-pioneer species in the canopy for all landscape scales, whereas
it was negatively correlated to total richness for the 500 m and
positively correlated for 1000 m and 1500 scales.
For the regions studied, the majority of the sites found were
located in landscapes with a low forest cover (<20%) for sites with
1000 m and 1500 m buffers (Table A6, Appendix A). They were
consequently represented by more transects per landscape category than were those with more forest cover. Integrating the 521
species from the sites sampled with the 310 species from the conservation units raised the regional pool of species to 589. Thus,
human-modified landscapes did indeed contribute an additional
richness of 290 species to the regional pool, an increase of more
than 90% (Figs. 3a and 4). In relation to the successional category,
most of these 290 species are non-pioneers of canopy species
(40%), followed by understorey specialists (25%), unclassifieds
(24%) and pioneers (12%). In the dispersion categories we observed
zoochorics (66%), anemochorics (19%), autochorics (13%) and
unclassifieds (2%). Although sites with 30% forest cover revealed
some 300 species, those with <20% revealed some 400 species
(Fig. 3b). More statistical details are given in Table A7, Appendix A.
Beta diversity analysis showed a strong turnover component
(0.987), indicating the replacement of species along the landscape.
At the same time, analysis showed a very weak nestedness component (0.004), pointing that the pools of sites with smaller numbers
of species are not subsets of the pools at richer sites, for the overall
variance explained by high Jaccard dissimilarities (0.9912). The
Whittaker global beta dissimilarity was 9.35, representing
the number of distinct compositional units in the landscape.
Constrained redundancy analysis (RDA) showed weak influences of both spatial and environmental predictors on plant community composition (adjusted R2 = 0.0679, F = 1.17, P = 0.016).

Fig. 2. Akaike weights for each predictor variable for each response variable. Figure refers to all competing plausible models. Response variables: percentage of species in
each group of response variables (% autochorics, % non-pioneers of canopy, % pioneers and % zoochorics, number of pioneer and understory species and zoochorics, and
richness). Predictors: slope of terrain, connected area (<50 m separation), % nested forest cover for 500 m buffer, % forest cover for 500 m buffer, % forest cover for 1500 m
buffer, % nested forest cover for 1000 m buffer, and % forest cover for 1500 m buffer.
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4. Discussion

Fig. 3. Sample rarefaction curves for different situations. (a) Curve for the 147
forest patches compared with reference lines for the number of species found in
public conservation reserves. (b) Light blue = all 147 forest patches; green = patches
with <20% forest cover at 1000 m scale; orange = patches ranging from <20% forest
cover but <30% forest cover at 1000 m scale; dark blue = patches with 30% forest
cover at 1000 m scale.

Fig. 4. Intersection of plant species found in the 147 sites with those found in the
two main conservation units in the interior of the state of São Paulo in southeastern Brazil.

The fraction of variance for individual predictors resulting from
variance partitioning was higher for the spatial component alone
(adjusted R2 = 0.057, F = 5.65, df = 144, P = 0.001) than for environmental variables (adjusted R2 = 0.008, F = 1.22, df = 139, P = 0.009),
and the shared variance for environmental variables structured in
space was low (adjusted R2 = 0.01047, F = 1.17, P = 0.016). The plot
shows the score for each species (Fig. A5, Appendix A).
The composition of sites in landscapes above the 30% threshold
of forest cover was positively influenced by slope-influenced flow,
patch area, forest cover in a 500-m buffer area, and forest cover in
1000 m buffer, whereas the sites in landscapes with forest cover
below the threshold responded more heterogeneously to these
and other landscape factors (Fig. A5, Appendix A).

The results of this study have shown that in the context of a 60to 100-year-old sugarcane monoculture matrix, important vegetal
richness still survives in fragments of native forest; moreover, this
richness can be related to landscape predictors. The possibility of
conserving biodiversity in such forest fragments was seen in the
large number of tree species (a total of more than 500) found in
the 147 forest patches studied, a number which exceeds that of
species found in units of public conservation by 90%. Thus, biodiversity conservation does not depend solely on public reserves,
because small remnants in the agricultural matrix have the potential for preserving an even greater number of species if actions are
directed toward the conservation and restoration of these remnants. The great heterogeneity of the fragments in relation to the
number of species, as well as the low nestedness and the presence
of rare species showed that even smaller fragments can play a crucial role in the conservation of landscapes dominated by intensive
agriculture. This richness of the flora in forest patches was important, even for sites with an extremely limited forest cover (<20%).
The presence of non-pioneer canopy species in all patches may
indicate a qualitative aspect to support conservation–restoration
efforts. In addition to common disturbance factors affecting all
the agricultural landscapes studied (occupancy by monoculture
for several decades), the patterns based on landscape parameters
indicate the stochastic permanence of certain species after specific
events of disturbance in forest remnants, such as fire, the incursion
of cattle, and the selective cutting of wood. The permanence of
individuals of long-lived species (non-pioneer canopy species) in
these disturbed remnants probably indicates that mortality occurs
only after a long time lag after the disturbance (Metzger et al.,
2009). The populations of the individuals sampled were probably
went into decline after the death of their mother trees; yet, many
adult representatives can be saved by restoration strategies, which
should make possible the establishment of their seedlings. This
feature of the fragments is also indicated by another qualitative
component: the high proportion of zoochoric species. This shows
the potential for recovery of the natural dynamics by the fauna
in these fragments. The presence of these key species as seed
sources may subsidise the restoration of ecological processes of
these remnants if they are included in a broad program of ecological restoration.
It should be emphasized that the study was conducted in the
lower end of the gradient of forest cover in the Atlantic Forest
biome, with almost all sampled remnants highly disturbed. There
is a pressing need for ecological restoration in most anthropogenic
landscapes. Most conservation efforts nowadays ignore the smallor medium-sized remnants scattered in the predominantly agricultural matrix. At the same time the typical populations of mature
ecosystems (both fauna and flora) actually found in the small remnants will face great difficulties in persisting (Galetti and Dirzo,
2013; Kurten, 2013). The maintenance of ecological interaction
networks sustaining these ecosystems has become impossible,
and as a result, their collapse is expected (Tabarelli et al., 2012).
On the other hand, these remnants are located in the most populated regions, and the provision of basic ecosystem services for
society depends on a program of environmental conservation
based on regional planning (e.g. watersheds). The support of such
ecosystems depends on the maintenance of biodiversity, which
must be provided by effective actions for conservation and restoration (Rodrigues et al., 2009, 2011). Prioritizing the conservation or
restoration of remnants according to a given criterion, e.g. the
regional percentage of area covered by native vegetation, should
not inhibit the adoption of initiatives aiming at the conservation
and restoration of remnants in situations considered unfavourable,
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Fig. A1. Example of a forest fragment corresponding to a sampling site in the anthropogenic landscape dominated by sugarcane, state of São Paulo, Brazil.

Fig. A2. Correlation among all predictors used to explain aspects of plant communities before and after the use of the procedure of Rhodes et al. (2009). The correction is
represented by the nested variables.

as in the case of landscapes with low coverage of native vegetation;
it is important to keep this condition in mind because the remnants constitute a very large portion of what is left of the Atlantic
Forest. It is essential to manage the remnants of ecosystems
located on private properties adequately because they account

for nearly 90% of the remaining Atlantic Forest (Ribeiro et al.,
2009).
By restoring forests in anthropic landscapes and planning for
each property and its surroundings in order to achieve at least
30% of regional coverage, it should be possible to maintain a large
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Fig. A5. Plot of constrained redundancy analysis for environmental components and plant community composition in a fragmented landscape.

Table A3
Prevalence of number of rare species (singletons) in forest remnants.

Total

Number of rare species

Number of patches

1
2
3
4
5
12
14

27
15
6
3
1
1
1

118

54

number of species, as has been ascertained for the conservation of
fauna (Banks-Leite et al., 2014) In these moderately deforested
landscapes, the individuals remaining can significantly contribute
to the maintenance of regional biodiversity (Hernández-Ruedas
et al., 2014; Pardini et al., 2009). At the same time, the remnant

patches in landscapes with little (<20%) forest cover can play an
important role in the conservation of diversity, and this contribution can be increased with programs of restoration. The network
of disturbed fragments within landscapes of low intactness
(Newbold et al., 2016) are the key to enable the conservation of
biodiversity in anthropogenic landscapes, and ignoring them may
lead to a reduction in overall biodiversity.
Given the association between agricultural production and
environmental degradation and the need for the conservation of
natural resources in agricultural landscapes, it is important to
adopt strategies that promote the multifunctionality of the landscape, integrating the various functions harmoniously through agri
cultural–environmental programs (Galler et al., 2015). Local managers should propose recommendations for more efficient use of
cultivated areas and limit agricultural expansion (Phalan et al.,
2016) so that the remaining natural areas can be preserved and
degraded areas restored ecologically (Latawiec et al., 2015; Melo
et al., 2013; Rodrigues et al., 2011; Vidal et al., 2016). However,

Table A4
Moran’s I index of spatial autocorrelation for the 147 forest sites in the interior of the state of São Paulo in south-eastern Brazil. Fragments with rare species were not concentrated
in space. Negative values of I indicate negative spatial autocorrelation and positive values indicate positive spatial autocorrelation.
Distance classes

Moran’s I

P value

I (max)

I/I(max)

1
2
3
4
5
6
7
8
9
10

0.033
0.018
0.074
0.104
0.023
0.007
0.042
0.007
0.048
0.131

0.63
0.71
0.28
0.11
0.50
0.85
0.34
0.88
0.38
0.07

0.414
0.467
0.67
0.935
0.921
0.303
0.469
0.417
0.853
1.502

0.081
0.038
0.111
0.112
0.025
0.022
0.09
0.018
0.056
0.087

Expected overall
0.019

86

F.T. Farah et al. / Forest Ecology and Management 397 (2017) 78–88

Table A6
Percentage of forest patches in landscapes with different forest cover for different
buffer radii.
Scale (m)

500
1000
1500

Landscape forest amount (%)
<20

20–30

46
72
71
90
78
97

54

30
28

29
10
22
3

the current policies of conservation focus only on alpha diversity
and the protection of large remnants of vegetation that still preserve many species. The present study has proposed the importance of going beyond traditional theoretical assumptions
(Tscharntke et al., 2012), by highlighting the importance of beta
diversity in a wide range of landscapes, suggesting the existence
of another perspective for conservation in agricultural properties
that is not being contemplated. It seems likely that a strategy of
beta diversity restoration and the connection of scattered patches
can re-establish the gene flow, with enrichment of the remnants
adopted when necessary. Once properly restored, these scattered
remnants can undergo alpha restoration at the local level. It is
argued here that the importance of such an approach for the
restoration of diversity at a regional level is even necessary to
enable the maintenance of diversity in large remnants and protected reserves. We thus advocate a broad-scale conservation and
restoration policy that considers the entire regional landscape.
5. Conclusions
The present study has shown that degraded forest remnants
within a matrix dominated by agriculture for many decades retain
a great richness which can still be rescued. This richness exists
even in landscapes with low forest cover (<20%). This surprising
richness should encourage restoration projects in forests harbouring large numbers of species, going beyond the numbers recorded
in protected reserves. Many of these species are rare, but independent of spatial location, which suggests that species conservation
depends on a regional-scale approach promoting the maintenance
of the many scattered remnants in the landscape.
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