Natureza & Conservagéo 11(2):145-151, December 2013
Copyright© 2013 ABECO

Handling Editor: Pedro Brancalion
http://dx.doi.org/10.4322/natcon.2013.023

Brazilian Journal of Nature Conservation

Micro- and Meso-Scale Factors Affect the Restoration of
Atlantic Forest

Erico E. Kauano'3, Fernanda C. G. Cardoso', José Marcelo D. Torezan? &
Marcia C. M. Marques™

! Laboratério de Ecologia Vegetal, Departamento de Botanica, Setor de Ciéncias Agrdrias - SCB, Universidade Federal
do Parand — UFPR, Curitiba, PR, Brazil

2 Laboratorio de Biodiversidade e Restauragio de Ecossistemas, Departamento de Biologia Animal e Vegetal, Centro de
Ciéncias Biolégicas — CCB, Universidade Estadual de Londrina - UEL, Londrina, PR, Brazil

? Instituto Chico Mendes de Conservagdo da Biodiversidade — ICMBio, Floresta Nacional do Amapd, Macapd, AP, Brazil

Abstract

Ecological restoration is potentially affected by factors acting at both micro- (characteristics of the site for seedling establishment)
and meso-scales (landscape features). We evaluated areas undergoing restoration to define the relative importance of some
micro-scale factors (soil type, restoration strategy, pasture type) and macro-scale factors (proportion of old-growth forest, immature
forest, degraded and humid areas, and the nearest-neighbor distance) at determining forest structure (tree abundance, basal
area and species richness) of young (3-11 years) restoration areas. We found that the areas under restoration have higher tree
species richness and abundance if old-growth forests are present within distances up to 200 m. We also found that the use
of non-invasive fodder grass species in the pasture prior to restoration resulted in higher abundance and basal area of native
trees in restoration sites; other factors were less important. These results point to the importance of certain landscape features
for the success of restoration, and that the presence of preserved forests nearby is a key factor to be considered when planning
recovery of tree species diversity in forest restoration.
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Introduction

Ecological restoration is an important activity to return
ecosystem function and biological diversity to fragmented
landscapes (Huxel & Hastings 1999; Fahrig 2003). By
connecting fragments, restoration practices increase the
propagule flux and animal movement, and reduce the
effects of genetic drift and local extinctions (Bell et al.
1997). However, the efficiency of restoration in biodiversity
conservation is potentially affected by factors acting in
both micro- and meso-scales. For example, while the local
conditions (soil characteristics, restoration strategy, etc.)
for seedling survival and growth are a first step for the
establishment of the restored ecosystem, the landscape

and regional factors is an important issue to assure the
effectiveness of restoration for biodiversity conservation.

Soil characteristics and water availability, historical land
use, and disturbance regime are important filters to seedling
establishment in forests undergoing restoration (Holl et al.
2000; Brudvig 2011). They affect seedling micro-habitat and,
consequently, influence plant ability for survival and growth
(Holl et al. 2000). In fact, avoiding seedling mortality and
improving seedling growth is a key factor for restoration
success, since they affect the forest biomass, guarantee
the environment for the establishment of arriving species,
and ultimately, create conditions for restoring ecosystem

characteristics (presence of propagule sources, type of matrix,
etc.) are important for determining if areas undergoing
restoration will be able to follow the expected successional
trajectory. Thus, assessing the proportional role of local
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functions (Holl et al. 2000).

The quality of the matrix and the patches around the
restoration area are key determinants of forest structure and
composition. While matrix characteristics are important for
animal movement, affecting seed dispersal and predation
as well as pollination services and herbivory, patch size
and distance are associated with the source of propagules
for the restoration areas (Jules & Shahani 2003). Small
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and disturbed forest fragments are characterized by the
dominance of a reduced number of pioneer tree species, or
by ruderal and exotic species that are not historically related
to the plant community trajectory (Uhl et al. 1998). On the
other hand, larger fragments are habitat for non-pioneer
tree species that are determinants of the maintenance of
regional plant diversity (Turner et al. 2001). The relative
abundance of patches, as well as their quality, size, and
distance to the restoration area are important factors acting
on meso-scales and their estimation is crucial for predicting
restoration success.

The Brazilian Atlantic Forest is considered one of the
hotspots for global biodiversity conservation (Myers et al.
2000), with only 16% of its original cover still remaining
in a highly fragmented landscape (Ribeiro et al. 2009). In
this scenario, several restoration projects and experiments
aiming to connect remaining fragments have been developed
over the years in degraded areas of the coastal region
of southeast Brazil (Zamith & Scarano 2006; Ferretti &
Britez 2006; Bruel et al. 2010). Most of these experiments
tested the efficacy of different restoration strategies and
methods (for example, direct seeding, seedling plantation,
passive restoration, nucleation), but it is still unclear which
factors limit the success of restoration. In the present study
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we evaluated restoration areas of the Atlantic Forest in
southern Brazil with the objective of defining the relative
importance of meso- (landscape) and micro-scale (site
conditions and restoration characteristics) factors that
determine the forest structure of restoration areas. The
hypothesis tested was that tree abundance, basal area and
tree species richness in restoration areas increase when
they are close to forest remnants, and in sites with better
conditions for seedling establishment (non-invasive grass
species, restoration by means of seedling planting, and
drained and nutrient-rich soil).

Material and Methods

Study site

The study was conducted in the northern coast of the
state of Parana in two protected areas (Rio Cachoeira and
Morro da Mina reserves), located in the municipalities of
Antonina and Morretes, southern Brazil (Figure 1). This
region comprises a forest matrix, with 68% of the area
still occupied by late-successional and old-growth forest
(Kauano et al. 2012).
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Figure 1. Studied region in the Rio Cachoeira and Morro da Mina reserves, Parana State, southern Brazil. Landscape windows of
different sizes: 200, 500 and 1000 m in radius. Composition of RGB (bands 5, 4 and 3) from image mosaics LANDSAT-5-TM from 5th
March 2009, orbit/point 220 /77 and 220/78. Universal Transverse Mercator Projection, Central Meridian - 51 °W.GR, Datum SAD 69.
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Restoration areas

The reserves and their surroundings have a history of
selective logging and deforestation, especially along the
plains, driven largely by the conversion of native forest
to pastures (mainly Urochloa spp.) for buffalo breeding
and agricultural crops (Ferretti & Britez 2006; Bruel et al.
2010). These areas were used as non-intensive pasture for
approximately 30 years. Since 1999, ecological restoration
projects have been developed on a total area of 19,000 ha,
aiming to restore the biodiversity of the Atlantic Forest
and promote carbon sequestration through forest regrowth
(Ferretti & Britez 2006). These areas under restoration are
still young (3 to 11 years), and vary in their conditions
before the restoration occurred (e.g., soil type, grass
species used previously in the pastures). They also varied
in restoration strategy (active and passive restoration). We
selected 39 areas that combine these different variables.
The soil types in the restoration areas include Argisol
(deep and clay rich soil; present in six restoration areas),
Cambisol (well drained soil; n=10), Gleysol (humid soils,
with water table ~50 cm; n=17), and Neosol (sandy and
organic matter, poor soil; n=6).

The sites were covered by three major grass cover types:
1) grass cover dominated by the African grasses Urochloa
cf humidicola (Stapf) (Rendle) (Morrone & Zuloaga) and
Urochloa arrecta (Hack. ex T. Durand & Schinz) Morrone
& Zuloaga), (found in 13 sites). 2) a non-invasive and less
aggressive fodder grass species Paspalum species (n=11). 3)
a mixture of different grasses including Urochloa spp. and
Paspalum sp (n=15). Urochloa grasses were introduced for
pasture in Brazil, and are highly adaptable to nutrient-poor
and high humidity soils.

Two restoration strategies were used: active (seedling
plantation) and passive (isolation for forest regeneration).
Active restoration was present in 12 areas, where seedlings
of 15 fast-growing species were planted in 1.5 x 2.5 m grids,
resulting in a density of 2,666 seedlings.ha™'. Seedlings were
produced in a local nursery, and were transplanted when
they were 5-months old (~15 cm in height). Soil preparation
included roto-tilling; fertilizers were not used. Seedlings were
hand-planted in small (~800 ml) hand-made holes. Plot-
monitoring process included hand-weeding in the summer
of the first year after seedlings were planted. The passive
restoration consisted only of pasture abandonment and
cattle isolation by fences (n=27). Areas in both restoration
strategies were similar prior to the restoration. Details of
the study area and restoration characteristics can be found
in Ferretti & Britez (2006) and Bruel et al. (2010).

Definition of landscape and vegetation plots

We selected 39 circular restoration plots in the reserve maps
and assessed the landscape characteristics around them
(Figure 1). Each circular plot was 14 m in radius (615.44
m?) and was used to evaluate the plant community in forests

under restoration. Circular cutouts of landscape (hereafter,
landscape windows) around plots were designed to assess
the landscape characteristics (see below). We established
39 circular landscape windows of 200 m radius each. In
eight of these, we also established concentric windows of
500 m and 1000 m radius in order to verify if scale affects
results (see below). All windows were chosen in order to
avoid overlapping between landscape windows of the same
radius size (Figure 1).

Survey and analysis of vegetation

In the 39 plots all trees with diameter at breast height
(DBH) > 5 cm were identified and their DBH measured.
We calculated total tree abundance, species richness and
basal area for each plot.

Landscape analysis

We used maps from two reserves (scale 1:25,000) to
classify landscape units. The four resulted classes were: 1)
wetlands (including ponds, swamps and grasslands with
fluvial influence), 2) disturbed areas (agriculture, pastures,
anthropogenic areas), 3) immature forest (young secondary
forest), 4) old growth forest (alluvial, submontane and
lowland forests, undisturbed or resulted from a secondary
succession with more than 100 years). Each landscape
window was then individually analyzed according to the
following landscape metrics (McGarigal & Marks 1995):
proportion of land use and land cover classes (four landscape
classes) and nearest-neighbor distance (distance from the
nearest old-growth forest). Variables were produced with
the application Vlate (Lang & Blaschke 2007) in ArcGIS
software.

Analysis

We analyzed any possible spatial structure in the data using
Moran’s I test for spatial autocorrelation in the software
SAM 4.0 (Rangel et al. 2006). Since Moran’s I was not
significant in any of the three landscape window sizes,
we assumed no spatial structure in our data. Then, we
constructed models using the meso-scale (four landscape
classes, nearest-neighbor distance) and micro-scale (soil
type, pasture type and restoration strategy) as explanatory
variables, and tree abundance, species richness and basal
area as response variables. We used model selection and
multi-model inference approaches to compare the likelihood
of different models. Models were compared based on Akaike
Information Criterion (AIC) and multi-model inference
values based on model averaging were estimate for the
relative importance of each explanatory variable. Complete
method description is in Supplementary Material**.

**see supplementary material available at abeco.org.br.
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After choosing the best explanatory variables, we compared
the differences of these variables with linear models (ANOVA
and regression).

Effects of landscape scale: Considering that the area of
the landscape window affects the inclusion of landscape
characteristics, we tested the effects of each landscape variable
on the response variables and compared them in windows
0f 200 m, 500 m and 1000 m (Figure 1). We did not find any
significant pattern among variables and scales; therefore
we showed these results only in Supplementary Material.

Results

The best models selected to describe tree abundance, species
richness and basal area include the following explanatory
variables: proportion of old-growth forest, disturbed areas,
immature forest, restoration strategy and pasture type
(Table 1). Proportion of old-growth forest was present
in two models (for abundance and species richness) and
pasture type also appeared in two models (for abundance
and basal area).

According to the model averaging procedure, the proportion
of old-growth forest and pasture type (i.e. grass species
covering the area prior to restoration) were consistently
the explanatory variables that more significantly affected
the abundance, species richness and basal area of trees
(Table 2). High importance values do not necessarily mean
that variables have a good predictive power, but combining
this result with the AIC models (Table 1) suggests that the
proportion of old-growth forest and pasture type stand out
as important factors for restoration success.

Analyzing each variable resulting from the models, we
observed that the increased proportion of old-growth forest
was positively related to tree abundance and species richness
(Figures 2a and 2b). Restoration areas previously covered
with non-invasive grass species had, in average, higher
abundance and basal area than areas with a mixture of grass
species or with Urochloa spp. (Figures 2¢ and 2d). Areas
restored using planting seedlings had higher abundance
than those restored by passive restoration (Figure 2e).
Finally, no significant relationships were found between
the proportions of disturbed areas and immature forest,
and basal area in these restoration areas (Figures 2f and 2g).

Discussion

The study of the relative importance of micro- and meso-scale
factors determining the forest structure of the restoration
sites of the Atlantic Forest in southern Brazil showed that
forests under restoration have higher species richness and
abundance if preserved habitat areas (old-growth forests)
are present in distances up to 200 m. These results suggest
that the presence of preserved forests is a key factor to be
considered when planning forest restoration.

Old-growth and mature forests are characterized by a greater
variety of habitats for animals and plants (Liebsch et al. 2008;
Pardini et al. 2010) and by complex structure and diverse
plant communities with higher availability of propagules
(Holl et al. 2000), compared to immature or young forests.
It is possible that these characteristics strongly affected
forest structure in the studied restoration areas, since the
proportion of old-growth forest was the most important
explanatory variable in most of the models. Old-growth

Table 1. Model selection using Akaike Information Criterion (AIC). The best model consisted of different meso- and micro-scale
explanatory variables, affecting tree abundance, species richness and basal area. AIC w, = Akaike Information Criterion weight.

Explanatory variables
Response variables P Y ; R? AIC AICw,
Meso-scale Micro-scale !
Abundance old-growth forest restoration strategy, 0.47 350.5 0.07
pasture type
Species richness old-growth forest none 0.36 220.8 0.08
Basal area disturbed areas, immature forest pasture type 0.39 222.9 0.05

Table 2. Multi-model inference showing the importance value of each explanatory variable. Bold: highest importance values for each

response variable.

Explanat iabl Response variables
apanatory vasabies Abundance Species richness Basal area
Meso-scale Wetlands 0.40 0.31 0.45
Disturbed areas 0.45 0.32 0.50
Immature forest 0.50 0.39 0.52
Old-growth forest 0.70 0.90 0.67
Nearest-neighbor distance 0.25 0.27 0.22
Micro-scale Restoration strategy 0.53 0.22 0.45
Soil type 0.21 0.24 0.22
Pasture type 0.90 0.45 0.55
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forest affected not only species richness, but also forest
abundance and basal area of restored forests. It is relatively
well documented that tree species diversity in fragmented
forests declines with lower proportions of natural habitats
(Bascompte & Rodriguez 2001), but the positive effects of
forested landscapes in forest species richness and structure
(abundance and basal area) is possibly new important
empirical support for restoration ecology. However, it is
important to notice that the studied region is located in a
large and well-preserved fragment of Atlantic forest, where
the landscape consists of 68% forested areas (Kauano et al.
2012). The positive effects of surrounding areas on the
structure of restored forests are likely to be more evident
in highly fragmented landscapes.

Other meso-scale variables were less frequently included
in the models: the nearest-neighbor distance and the
proportions of wetlands, disturbed areas and immature
forests. High distances of a source of propagules are one
of the factors affecting negatively ecological succession in
restoration areas (Uhl et al. 1988; Galanes & Thomlinson
2009; see also Pereira et al. 2013 in this issue) and abandoned
pastures (Dosch et al. 2007). Also, wet and more disturbed
areas limit the plant occurrence and species diversity
surrounding the restoration area, possibly affecting the
results of restoration (Holl 1999). Nonetheless, our results
did not support these previous studies, probably because
these landscape features are underrepresented in the region,
comparatively to old-growth forests.

From all micro-scale explanatory variables, pasture type
and restoration strategy were the most important factors
to explain the response variables (abundance, species
richness and basal area). The restoration in pastures
planted with the non-invasive grass species (possibly
Paspalum sp) showed a higher abundance and basal area
than pastures where Urochloa spp. (former Brachiaria) or
a mixture of grass species were used, possibly because the
invasive and fast-growing Urochloa spp. limited seedling
establishment. Some species of Urochloa limit tree growth
and survival by allelopathy or physical impediment to
root growth (Pivello et al. 1999). It is also reported that
tree seed germination is limited in pastures with exotic
grasses (Florentine & Westbrooke 2004). Thus, pasture
type can strongly influence restoration results and have
to be considered in restoration projects.

We found higher tree abundance in restoration using the
seedling planting strategy compared to the passive restoration
strategy. Considering that seed dispersal is not limited in
the region (because of the forested matrix, Kauano et al.
(2012)), both planted and naturally regenerated areas
have the same probability of propagule arrival, resulting
in sites with similar species richness (unpublished data).
Nonetheless, by planting seedlings a higher initial stem
density is achieved, speeding soil coverage and microclimate
improvement. However, passive restoration, which also
showed good results in the studied region, can be preferred
if budgets are limited.

Surprisingly, soil type was only marginally included in
the models. Humid soils (such as Gleysol) can drastically
affect tree growth in restoration areas (Cardoso et al. 2012).
Well-drained soils (such as Cambisol, Argisol and Neosol)
promote a more suitable microsite for seedling growth in
the region (Cardoso et al. 2012 and personal observation).
Thus, the weak effect of soil types in our models must
be interpreted with caution since strong soil effects on
restoration were reported elsewhere.

Studies have suggested that the interaction between landscape
ecology and restoration ecology are fruitful for both
disciplines and may be a necessary approach in the current
scenario of fragmentation (Bell et al. 1997; Holl & Crone
2004). Historically, restorationists were concerned with
micro-scale effects on restoration effectiveness, and study
designs eclipsed the negative factors acting in the habitat
scale. Our results support the vision that meso-scale is
important in ecological restoration, which can be more
ecologically and economically effective if the landscape
is considered in the planning of restoration projects and
programs.
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