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How bird community responds to different
ages of reforestation? Implications

for restoration of a highly threatened
Atlantic Forest phytophysiognomy
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Abstract: We evaluated the bird composition, forest dependence, trophic guilds and
avian representativeness associated with 7, 10 and 15 years old reforestations and
mature forest patches in order to verify the successional process and avian contribution

to the forest restoration. Analyses revealed a segregation of bird composition with a

gradual increasing in forest dependent species from 7 years to mature forest. Detrended

Correspondence Analysis ranged from those birds often present in semi-open habitats

to forest birds, canopy frugivorous and understory insectivorous as the successional
stages progressed from the most recent reforestation to the most mature. Although 7
and 10 years of reforestation had the largest composition range, the more generalist,

granivorous and forest independent birds, three years were enough to have different

bird diversity between them. Avifauna of 15 years patches resembled most closely
that of mature forest but still lacked 18 species. In this way, we addressed: 1) planting
of herbaceous/shrub and freshy-fruited species in reforestations and; 2) establish
riparian forest corridors along the Parana river to connect these reforestation patches

with mature forest. These measures will allow higher avian beta-diversity to maximize
the diaspores dispersed by birds to expand and accelerate the rehabilitation of this

threatened for forest.

Key words: bird-plant interactions, community ecology, Neotropical forests, forest

rehabilitation.

INTRODUCTION

The Brazilian Atlantic Forest is one of the most
diverse and also one of the most devastated
biomes of the planet given that only 12% of its
original extension remains (Ribeiro et al. 2009).
As a result, the Atlantic Forest is one of the three
biodiversity hotspots most vulnerable to global
change (Bellard et al. 2014), and many numerous
endemics that are essential to ecological
processes could be lostin the near future (Brooks
et al. 2002). In addition to habitat loss, many
remnants correspond to small, isolated, and/

or unprotected forest fragments (Fonseca 1985,
Silva & Tabarelli 2000), that make fragmentation-
sensitive species to extinction (Whitmore &
Sayer 1992, Brooks & Balmford 1996, Metzger
et al. 2009). The Seasonal Deciduous Alluvial
Forest, at type of Atlantic Forest located along
the Parana River, has been highly fragmented
due to anthropogenic activities and it is highly
threatened with only 1% of the original forest
remaining (IPARDES 1992).

We had an increase in initiatives to restore
forests in the last decade, such as ecological
restoration (i.e. the process of assisting
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ecosystems recovery — SER 2004), a main
alternative to promote biodiversity renewal and
to safeguard natural resources (Dobson et al.
1997, Young 2000, Lamb et al. 2005). However,
it is essential to understand the plant-animal
interactions in effective restoration strategies
(Munro et al. 2007), indispensable and
invaluable to establish a continuous process of
regeneration, possible to sustain itself (Reis et
al. 2003). In this regard, reforestation efficiency
can be also measured by the environmental
species values dependent on the vegetation
quality, such as bird communities (Garcia
2016). Nevertheless, little is known about the
complex interactions that maintain the stability
of Neotropical ecosystems and their important
connections between birds and vegetation
(Ortega-Alvarez & Lindig-Cisneros 2012).
Regarding the Atlantic Forest, only Melo et al.
(2020) directed efforts to better understand how
birds respond to different regeneration stages,
but they did not included the highly threatened
Seasonal Deciduous Alluvial Forest.

Moreover, most studies have focused on
species richness and abundance of birds, but
functional groups have been largely ignored
(Coelho et al. 2016). Studies on functional
groups of avifauna are important to assist
decision-makers in managing landscape
features that favor ecosystem functioning. They
also contribute to catalyze the rehabilitation
of current areas of forest loss and degradation
(Child et al. 2009).

Thus, we addressed the following questions in
this study:

(1) Are the avifauna composition, degree of forest
dependence and bird trophic guilds associated
to the reforestation stages?

(2) Is the avifauna composition of older
reforestation patches more similar to that of
mature forest?

BIRDS AND BRAZILIAN ATLANTIC FOREST RESTORATION

(3) Are there bird species indicators for each
reforestation stages?

(4) What measures can be applied to aid,
expand and accelerate the reforestation of this
Atlantic forest based on avian composition and
functional groups?

MATERIALS AND METHODS
Study area

The studied was carried out in a protected area
(RPPN Cisalpina, Companhia Energética de Sao
Paulo) with 22,886.12 ha (21°16'43.3"S 51°58'29.7"W
and 21°16'12.6"S 51°51" 43.8"W) located on the
drainage basin of Parana River (Andrade et al.
2022) (Figure 1).

The focus of our study was the Seasonal
Deciduous Alluvial Forest (from now SDAF) with
6,465 ha and distributed throughout the most
eastern region of the RPPN Cisalpina, along to
the Parana River (Figure 1) (Andrade et al. 2022).
The SDAF is in an alluvial plain area remaining
fromthe low river terraces, dominated by pioneer
vegetacional formation (floodplain or vegetation
in areas subject to flooding), interspersed
with areas of this alluvial forest (Campos &
Souza 1997, 2002). This forest is composed of
deciduous hydrophytic plants (20-50% of the
tree community composed of deciduous trees),
adapted to the alluvial environment, where
mesophanerophytes and nanophanerophyte
dominate (Andrade et al. 2022). The SDAF has
three well-defined vegetation strata, with a
canopy with an average height of ~13 m, tree
cover between 50% and 90% and emergent
individuals reaching ~18 m (Morante-Filho et al.
2014).

In the beginning of 2003, the RPPN Cisalpina
was submitted to a reforestation program by
adopting the high diversity of trees strategy
(sensu Reis et al. 2003). Thus, the high-diversity
plantation treatment was applied by planting
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Figure 1. RPPN Cisalpina (area of study) in Brasilandia, MS, Brazil. Caption: R7, R10, R15 = reforestation ages (7, 10
and 15 years) and SDAF = mature Seasonal Deciduous Alluvial Forest.

104 native tree species, intercalating pioneer,
fast-growing, shade species (“filling species”)
and slow-growing species (“diversity species”)
within planting lines. The most common species
were Trema micrantha, Croton urucurana,
Guazuma ulmifolia, Cecropia pachystachya and
Inga uruguensis (Andrade 2011).

Birds were sampled in the reforestations
areas of 7, 10 and 15 years of reforestation (R7,
R10, and R15, respectively) and in the SDAF (Figure
1), according to the database from the area
restoration program (Andrade et al. 2022). The
R7, R10, R15 areas are similar in size (41.55, 441
and 43.6 ha, respectively) and the mature SDAF
is larger (66,1 ha). The R7 had young trees (four to
six meters high) and the canopy cover was very
reduced, with large sunlight area on the ground
(80-90%) (Figure 2a). This condition allowed

the dominance of exotic grasses, particularly
Brachiaria decumbens predominated among
the planted trees (Andrade et al. 2022). The R10
presented taller trees (six to 10 meters) and the
canopy cover was larger than R7 (Figure 2b).
Thus, although the grassland in R10 was reduced
in relation to R7 (Andrade et al. 2022) the tree
canopy did not completely prevent sunlight,
allowing the presence of invasive grasses. In
these patches, as well as in R7, the herbaceous
and arboreal strata showed low density. The
R15 reforestation area presented more complex
vegetation structure than R7 and R10, with a
predominance of taller trees (10 to 15 meters),
more canopy coverage (between 50% and
90%) and absence of exotic grasses (Figure 2c)
(Andrade 2011), similar condition to the mature
SDAF (sensu Morante-Filho et al. 2014). The main
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Figure 2. Areas of study of the RPPN Cisalpina (Brasilandia, MS, Brazil). Caption: a - 7 years of reforestation; b - 10
years of reforestation; c - 15 years of reforestation; d - SDAF = mature Seasonal Deciduous Alluvial Forest.

differences among these two areas were: 1) the
mature SDAF had more complex vegetation
structure (e.g. herbaceous and arboreal strata)
(Figure 2d) and; 2) it showed taller tress with a
height of ~13 meters and emergent individuals
reaching ~18 meters (Morante-Filho et al. 2014).

Data collection

The avifauna was sampled during the rainy
(October to December/2018) and dry (April to
September/2019) seasons.

We used the point-counting method
(Bibby et al. 2000) adapted to the Neotropical
forests, as follows. The SDAF showed
high dense vegetation occurring along the
point counts which made difficult to detect

birds at distances of > 50 meters, but SRP is
highly familiarized with bird species in this
area and easily detect birds within the short
30 meters of radius in every vegetation density.
In this way, we established 30-m radius point
count locations evenly spaced within each
reforestation age and SDAF. As point count
locations were at least 200 m apart, the counting
areas for adjacent points did not overlap,
helping to ensure that individual birds were
not counted at more than one point (i.e. points
were independent to each other with respect to
birds). In each area of reforestation and mature
SDAF, bird counting was conducted at eight
points for 10 min each. All birds seen or heard
were recorded. Results from the two counts (rainy
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and dry seasons) at each point were combined
by using the maximum number of individuals
recorded for each species as an estimate of the
number of individuals of that species at that
point.

The sampling was performed in the early
morning (6:00 am to 8:00 am) and in the late
afternoon (4:00 pm to 6:00 pm). We performed
16 point counts per day (eight in the morning
and eight in the afternoon). The points were
randomly selected by sampled area and the data
were always obtained by the same observers
(SRP and RRLB). We excluded birds that flew over
the reforestations and the mature SDAF and we
also did not perform the surveys on rainy days
and/or strong winds. We adopted the avian
nomenclature from the Brazilian Committee of
Ornithological Records (Pacheco et al. 2021).

Data analysis

We estimated the sampling sufficiency by
species accumulation per point counting
during all the study period. We used a 1** order
Jackknife richness estimator. Thus, we assessed
the data normality with a Shapiro-Wilk test and
compared the avifauna richness and abundance
among the areas using a one-way ANOVA (Tukey-
HDS post hoc). Additionally, we calculated the
rarefied richness adjusted for the smallest
abundance of birds observed.

The degree of forest dependence (DFD)
of bird species was classified based on
Silveira & Machado (2012), as it follows: 1 -
independent species (open-country birds), 2
- semi-dependent species and 3 — dependent
species. Then, we performed a Chi-square
contingency analysis to compare the bird
species proportions and abundance associated
to DFD at each forest reforestation stage and
SDAF. In the contingency table, rows represent
the different states of reforestation stages and
columns the states of DFD. Then, cells contain

BIRDS AND BRAZILIAN ATLANTIC FOREST RESTORATION

specific state occurrences (row, column) of the
variables reforestation stages and DFD. The
significance of the association between the two
variables (based on chi-squared) is then given,
with p values from the chi-squared distribution.
In this analysis, we used the accumulated bird
species and individual sampled by point at each
reforestation stage. The trophic guild from each
bird species were obtained from Motta Junior
(1990) and Sick (1997).

We used an analysis of similarity (ANOSIM)
to verify differences in the bird species
composition among reforestation areas and
SDAF (Clarke 1993). The ANOSIM procedure uses
Monte Carlo randomization of observed data to
assess whether rank similarities within groups
(point counts = 8) are higher than among groups
(habitattypes: R7,R10,and R15 reforestation areas
and SDAF). To further explore differences in bird
community composition, we ran a non-metric
multidimensional scaling ordination (NMDS;
Bray-Curtis dissimilarity, Clarke 1993) using
bird species abundance resulting from the bird
survey at point counts.

We used a similarity percentages procedure
(SIMPER, Clarke 1993) in order to explore
the association between bird species and
reforestation areas and SDAF. Additionally,
we performed a Detrended Correspondence
Analysis (DCA, Hill 1974) to analyze the
association between bird species and habitat
type. The DCA is an ordination method adequate
for comparing associations between each bird
species and a given habitat type (number
of individuals recorded per site). Like other
ordination methods, DCA attempts to place
similar sampling sites in similar positions in
the ordination plot. Bird species are positioned
in the graph in accordance to their abundance
in relation to other species’ abundance.
We included only 17 species that explained
differences in community composition among
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each pair of habitat types (based on SIMPER
results) (Clarke 1993) in the DCA.

RESULTS

We spent a total of 64 hours of observations
(16 hours in each reforestation area and SDAF)
during 24 days in 384 point counts, with 2 hours
and 40 minutes (16 points) per day. We recorded
107 species (971 contacts), 18 of which were
restricted to the mature SDAF (Supplementary
Material - Table SI). We reached the asymptote
from the 30th point count in the species
accumulation curve (Figure 3a).

Abundance and richness in initial
reforestation stages (R7 and R10 years) showed
significantly lower values than the advanced
reforestation stage (R15 years) and SDAF (Figure
3b and 3c). We recorded 178 contacts in R7, 199
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in R10, 267 in R15 and 329 in SDAF (Table SI). The
bird species richness was 39 species in R7, 42 in
R10, 50 in R15 and 58 in SDAF (Figure 3c). As we
observed a wide variation in bird abundance
across the studied areas (178 in R7 and 329 in
SDAF), we performed an interpolation to verify
species richness corrected from the abundance.
Thus, the rarefied richness maintained the
pattern of observed richness, where we observed
39 species in R7, 42 in R10, 50.4 in R15 and 58.7 in
SDAF (Figure 3d).

DFD 3 bird abundance was higher either at
older reforestation stages, including the SDAF
(X* = 1574, P < 0.0001, df = 6, Figure 4a), or when
comparing only the reforestation stages (X =
105.6, P<0.0001, df = 4, Figure 4a). DFD bird species
distribution differed across reforestation stages,
in which higher proportions of DDF 3 species
occurred at older reforestation stages, including
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Figure 3. a) Collector curve, b) abundance values, c) richness values and d) rarefy richness curve. R7, R10, R15 =
reforestation ages (7, 10 and 15 years) and SDAF = mature Seasonal Deciduous Alluvial Forest.
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the SDAF (x’ = 25.6, P = 0.0003, df = 6, Figure 3b).
The same trend persisted while comparing only
reforestation stages (x° = 11.9, P = 0.016, df = 4,
Figure 4b).

Differences in bird species composition
were greater between than within studied
sites (ANOSIM, r = 0.63, P < 0.0001). This result
reflected the coherence of sampling sites
dispersionintheordination plotaccordingto bird
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Figure 4. Proportion of both bird species (a) and
number (b), according to the degree of forest
dependence (DFD) along reforestation stages

plus seasonal forest (SDAF), in the RPPN Cisalpina
(Brasilandia, MS, Brazil). Degree of forest dependence
for birds A) abundance and B) richness in R7, R10,

R15 and SDAF. Caption: DFD 1= Degree of Forest D
Dependence 1; DFD2 = Degree of Forest Dependence

2 and DFD3 = Degree of Forest Dependence 3. R7, R10,
R15 = reforestation ages (7, 10 and 15 years) and SDAF =
mature Seasonal Deciduous Alluvial Forest.
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species composition in each area. Some species
were entirely restricted to a given area which
shared different complements of its avifauna
with other sampling sites (Table SI). The most
pronounced contrast in species composition
was therefore between the bird assemblages of
SDAF and R7, with R15 positioned close to SDAF
(NMDS ordination, stress = 0.243, Figure 5).

The SIMPER analysis showed dissimilarities
among the studied sites ranging from 64.91
(SDAF x R15) to 85.92 (SDAF x R7; intermediate
values emerged within these extremes: R15 x
R7 = 85.24, R10 x R7 = 82.60, SDAF x R10 = 73.28,
R15 x R10 = 70.44). In this respect, dissimilarities
in community composition were mostly due to
species recorded more often or exclusively at
a given area. The Axis 1 of DCA (eigenvalue =
0.56) described a species gradient that ranged
from those ones often registered in semi-open
habitats to forest dependent birds (Figure 6).
Indeed, in one extreme of DCA 1 (most closely
related to R7) were granivorous as V. jacarina
and insectivorous of semi-opened habitats (C.
gujanensis and T. doliatus) while in the opposite
extreme (SDAF) were understory species as the
insectivorous M. flaveola and H. longirostris,
besides the nectarivorous C. lucidus and the
omnivorous I. cayanensis. On the other hand
(R15), DCA 2 (eigenvalue = 0.13) separated a
gradient including canopy species such as N.
pileata, R. toco (omnivorous) and C. speciosum
(insectivorous) to the small understory
insectivorous C. rufus. In fact, C. speciosum can
explore all vertical gradients - from canopy to
the ground (Ribon & Simon 1997) - and also it
was frequently observed in both strata by SRP in
the R15. In the intermediate values of Axis 1 and
2 (R10) the most representative were species
of semi-opened habitats: the insectivorous P.
albosquamatus, H. margaritaceiventer and
M. tyrannulus, the omnivorous T. sayaca, the
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Figure 5. Non-metric multi-
dimensional scaling (NMDS;
stress = 0.243) ordination of

bird communities’ composition
along a gradient of reforestation
stage, plus seasonal forest
(SDAF), recorded at point counts
(n =16, per habitat type) in the
RPPN Cisalpina (Brasilandia,

MS, Brazil). Caption: triangle = 7,

-0.40 -0?%5 -024 016 -0.08
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nectarivorous C. flaveola and the frugivorous T.
leucomelas (Figure 6).

DISCUSSION

According to the beta-diversity predictions
(Baselga 2010), the vegetation structure is one of
the main factors in determining animal species
composition at the local level. Munro et al. (2011)
found greater bird richness in old revegetation
associated with high structural complexity of
the vegetation in Australia. Our study revealed
strong segregation of bird composition
among the reforestation ages and a gradual
increasing in forest dependent species, canopy
frugivorous and understory insectivorous as
the successional stages progressed. This is not
surprising given the structural complexity in
plantings increased with age: the vegetation
gradient ranged from the young trees immersed
in a grassland matrix (R7) to dense and tall trees
in mature SDAF (Andrade 2011 and Andrade et

0.24 square =10, diamond = 15 years
of reforestation stage, and circle
= Seasonal Deciduous Alluvial
Forest (SDAF).

al. 2022). In addition to serving as a food source
for several bird species, plants contribute to
several other aspects of Neotropical bird life,
such as protection, roosting sites, nesting sites,
among other factors (Garcia 2016). As a result,
mature reforestation areas have birds more
adapted to the forests and more homogeneous
in composition, as found in the present study.
In R7 granivorous birds were attracted by
colonization of opportunistic plant species
(mainly grasses) growing among the planted
trees, a common condition found in recent
reforestations (Melo et al. 2020). So, these
grasses harbor forest independent granivorous
and/or omnivorous birds with high tolerance to
environmental disturbance (Casas et al. 2016).
This is confirmed by the fact that the most
representative and the most exclusive species
of R7 reforestation area were predominantly
granivorous, including many species of
Columbidae. In addition, we detected understory
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Figure 6. Association between

each reforestation stages (7, 10
and 15 years) and mature forest
(SDAF). Detrended Correspondence
Analysis axis 1 (eigenvalue =

0.26) and axis 2 (eigenvalue =

0.3). Caption: 7 years (V. jac = V.
jacaring; C. guj = C. gujanensis;

T. dol = T. doliatus); 10 years (P.

alb = P. albosquamatus, H. mar =

H. margaritaceiventer; M. tyr = M.
tyrannulus; T. leuc = T. leucomelas;
T.say = T. sayaca); 15 years (C.fla _C.
flaveola; N.pil = N. pileata; R. toc =
R. toco; C. sp = C. speciosum, C. ruf
= C. rufus); SDAF = mature Seasonal
Deciduous Alluvial Forest (M. fla =
M. flaveola; H. lon = H. longirostris,
C. luc = C. lucidus; I. cay = I.
cayanensis).
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insectivores tolerant to more open areas, such
as L. angustirostris and T. doliatus.
Ourresultsindicated thataninterval of three
years is enough to make the avifauna dissimilar
in composition among recent reforestations
areas. In R10 the proportion of birds that are
more forest dependent and able to feed on
fruits (T. sayaca and T. leucomelas) and nectar
(C. lucidus) increased. This last hummingbird fed
intensely on the nectar of the Inga uruguensis
flowers in September and October (SRP, pers.
obs), a plant with high density in the RPPN
Cisalpina reforestation areas (Andrade 2011,
Andrade et al. 2022). Insectivorous birds from
semi-dependent understory forests such as P
albosquamatus, H. margaritaceiventer and M.
tyrannulus also appear as key species in R10.
However, omnivorous/granivorous species, such
as Z capensis, are still present in R10. Although
the grassland in R10 is reduced in comparison to

T

320 400

R7 (Andrade 2011), at this stage the tree canopy
does not completely prevent enough sunlight to
avoid exotic grasses and thus, providing seeds
to the granivorous birds.

Although there were rare frugivorous species
in R7 and R10, omnivorous can also disperse
seeds, such as C. gujanensis, P. sulphuratus, N.
pileata and I. cayanensis (Camargo et al. 2020).
The latter two were frequently observed feeding
on fruits of Cecropia pachystachya (SRP, pers.
obs.), a pioneer plant (Charles-Dominique 1986)
widely used in these reforestations (Andrade
2011) and with strong mutualistic interactions
with birds (Camargo et al. 2020). There were also
some granivorous/omnivorous birds that can
disperse seeds from the ground (Columbidae
species and C. parvirostris), and from the
understory (T. leucomelas). The high abundance
of these dispersers bird species in recent
reforestation areas is relevant because they
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play a key role during the early stages of forest
regeneration, such as R10, by delivering seeds
(Carlo et al. 2022).

The R15 reforestation area is more
phytostructured than R7 and R10, with a
predominance of taller trees, more canopy
coverage and absence of exotic grasses (Andrade
2011, SRP pers. obs.). Older reforestations are
expected to add more vegetation structure
(e.g. herbaceous and arboreal strata) and they
provide additional microhabitats that harbors
higher bird diversity (Batisteli et al. 2018). This
probably explains why R15 appears as a more
cohesive bird group than the R7 and R10. In
fact, R15 showed more homogeneous species
assemblage compared to the bird assemblages
in younger restoration areas. In addition, R15
harbors a more diverse bird community with
higher forest dependent species than R7 and R10.
Most probably R15 vegetation provides higher
forested niches and additional resources for
the bird community, especially higher diversity
of insects (Tubelis & Cavalcanti 2000, Ramirez-
Albores 2006, Posso et al. 2014). However, a
test that adequately measure those attributes
should be performed on further analysis to
corroborate or not this assumption.

Our study showed a decline in seed-
dispersing bird species as we considered
the oldest to the most recent reforestation
maturation. In R15, there are abundant
frugivorous/omnivorous species (T. leucomelas,
N. pileata, M. momota, R. toco and M. pitangua)
responsible for distribution of seeds and
expansion of second-growth forests (Camargo
et al. 2020). According to Handel (1997), these
birds introduce in reforestation areas a number
of seeds much higher than the total produced
by young plants. Thus, these abundant seed
dispersers in R15 are strongly contributing to the
recovery of the forest.

BIRDS AND BRAZILIAN ATLANTIC FOREST RESTORATION

Although R15 had the most similar avifauna
community in relation to the mature SDAF, it still
had a bird assemblage with lesser diversity and
different composition. In fact, 18 species found
in SDAF were not detected in R15, so 15 years of
reforestation are still insufficient to restore the
SDAF avifauna. We have no Neotropical data to
indicate how many years would be necessary to
reforestations reach similar bird composition
of a mature forest. According to Munro et al.
(2011) it may take approximately 20-30 years
for reforestations to show similar bird species
richness as that of forest remnants in Australia.
Many Neotropical bird species are relatively
sensitive and dependent on mature forested
environments (Korfanta et al. 2012), therefore,
they probably donotfind key ecological resources
to support their colonization in these emerging
forests. This fact is corroborated by the absence
of several forest-dependent species in R15
when compared with the mature SDAF. Although
there were abundant understory insectivorous
birds in R15 (C. speciosum and C. rufus), they
are semi-dependent of forests. In fact, there are
not abundant understory insectivorous birds,
dependent of forests in R15. We recorded these
birds exclusively in SDAF: A. polionotus, E. varius,
G. ruficauda, L. leucophaius, M. viridicata, M.
flaveola, P. polychopterus, S. griseicapillus and
S. frontalis. They are bioindicators of mature
forest in Neotropical forest environments, as
they are the most sensitive to environmental
disturbances and the first to decline or
disappear under such circumstances (Stouffer
& Bierregaard 1995, Sekercioglu 2006). Moreover,
hummingbirds (Trochilidae) presented high
diversity with five key species for the mature
SDAF; C. mosquitus, P pretrei and T. glaucopis
were found exclusively in SDAF. This mature
forest harbors high angiosperms diversity in
reproductive age, capable of offering nectar
frequently and abundantly, especially species
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of Bromeliaceae, with closely co-evolving
relationships with hummingbirds (Givnish et
al. 2014). We also detected a high diversity of
frugivorous species in mature SDFA. A. galeata, E.
penicilata, L. leucophaius, T. rufus, T. leucomelas
and L. rufaxilla are seed dispersers (Carlo et
al. 2022) and they were found exclusively in
mature SDAF. This high diversity of frugivorous
is expected in mature Neotropical forests
(Camargo et al. 2020).

Implications for reforestation programs

The crucial question about reforestation with
nativetreespeciesisdeterminewhich parameters
should be monitored to provide useful and cost-
effective information on the development of
biodiversity during the environmental recovery
process (Piper et al. 2009). In this way, our
results showed that birds constitute a reliable
group to determine if the reforestation is in
continuous ecological succession. They can
rapidly recolonize many diverse reforestations
habitats and they are also easily detected
(Munro et al. 2011). Thus, the results indicate a
natural and expected succession, starting from
the most recent reforestations to the most
mature. We recommended maintaining this
system, in addition to preventive measures to
avoid human actions such as fire, hunting and
vegetation suppression in reforested areas.

The reforestation strategy that involves
planting high diversity trees is the most
common in Brazil and provides high diversity
and floristic richness in the long term (Reis et al.
2003). This diversity and richness is optimized
in environments where natural vectors, that
promote pollen and seed dispersal, are available
in the vicinity. This potential is pointed outin our
study for the mature SDAF. Although we detected
diaspore dispersing birds in the reforested areas,
SDAF has higher diversity of frugivorous and,
particularly, nectarivorous species . However,

BIRDS AND BRAZILIAN ATLANTIC FOREST RESTORATION

as reforestation ages and the canopy (and its
resources) develop, there are still open spaces
among plants, specially in the most recent
reforestation. In this way, there will be a need to
increase the number of vertical strata for plants
to occupy this space. It consequently increases
the bird species richness associated with this
vertical stratum, especially seed and pollen
dispersers. Thus, although the emergence of
middle strata occurred naturally, we recommend
the additional planting of herbaceous-shrubby
species in the reforestation projects of the
RPPN Cisalpina. These plants were neglected
in the reforestation program of RPPN Cisalpina
(Andrade et al. 2022) and they should be mixed
with tree species. Munro et al. (2011) also
recommended the woodlot plantings enhanced
with shrubs in order to benefit bird community
in restoration plantings. In fact, birds are
recognized for their key role in pollination and
seed dispersal, showing great effect on helping
forest succession and ecosystem restructuring
and provide a foundational ecosystem process
that structure Neotropical plant communities
(Sekercioglu 2006, Camargo et al. 2022). Bird
species in different trophic levels represent
essential allies in forest restoration management
(McClanahan & Wolfe 1993, Ortega-Alvarez &
Lindig-Cisneros 2012) as they are the most
effective, abundant and diversified dispersers
(Fleming & Kress 2011) and exploit a wide variety
of plant species (Snow 1981, Wheelwright et al.
1984). In Neotropical forests, about 25-30% of the
avifauna include fruits in their diet to a lesser
or larger extent (Pizo & Galetti 2010). Through
bird dispersal, seeds have a greater chance
of surviving and reaching the site with more
favorable conditions for their establishment
and germination (Howe & Smallwood 1982,
Galetti et al. 2006). In addition, by feeding on
nectar (particularly hummingbirds) birds also
contribute to the pollination of several species of

An Acad Bras Cienc (2024) 96(1)  €20220691 11| 15



SERGIO ROBERTO POSSO et al.

these plants, a fact documented for Neotropical
forests in general (Piacentini & Varassin 2007).
Thus, planting of herbaceous-shrubby species,
especially fleshy-fruited plants (Camargo et al.
2020), in these reforestations can accelerate and
increase the structural complexity by promoting
greater bird activity and seed dispersal, thus
recruiting pollen and seeds of more plant
species to reforestations patches.

Intropical regions, many frugivorous species
perform movements for several reasons, such as
structural change in habitat (Borghesio & Laiolo
2004) and mainly in relation to seasonality in
fruit abundance (Camargo et al. 2020). Thus,
mature forest areas are fundamental. They can
offer a larger supply of food for a longer period
of time, maintain frugivorous bird populations
throughout the year, which can disperse seeds
after rapid displacements over long distances,
facilitated by the flight (Camargo et al. 2020).
Godinez-Alvarez et al. (2020) demonstrated that
small/medium birds, similar to those found
in SDAF (A. galeata, A. polionotus, D. cayana,
S. similis and T. inquisitor), are more effective
dispersers of plants than large birds. Thus,
the mature SDAF should be protected, mainly
because frugivorous and nectarivorous birds
will promote the reproduction process and
acceleration of regeneration of the reforested
areas (R7, R10 and R15). Nevertheless, many
Neotropical bird species do not travel across
open areas between patches, due to their
high fidelity to the forest environment (Harris
& Reed 2002). In this sense, the establishment
of ecological corridors among the reforestation
areas studied and the remaining mature and
natural fragments of SDAF is crucial to restore
this threatened Atlantic Forest. The RPPN
Cisalpina is near to other protected SDAF areas,
such as the Rio do Peixe State Park, the Aguapei
State Park and the RPPN Foz do Rio Aguapei
and they are located along the Parana River.

BIRDS AND BRAZILIAN ATLANTIC FOREST RESTORATION

This situation represents a precious opportunity
for conservation actions, cooperating to
the formation of an ecological corridor of
elementary biodiversity. In this way, we strongly
recommend restoration measures to recover the
Riparian vegetation of the Parana River in order
to guarantee higher species transit among these
large areas of SDAF. The restoration of Riparian
vegetation is one of the easiest, cheapest and
most effective methods to promote connectivity
(Corenblit et al. 2007); restored patches act as
corridors to connect isolated fragments. They
are also essential for the transit of forest bird
species that disperse diaspores to new areas.
Birds assist in the regulation of the new system,
in the acceleration of the reproduction process
and forest regeneration of the planted areas
(Camargo et al. 2022).

As mentioned above, the SDAF is nearly
decimated, as less than 1% of the original forest
cover remains and it has high faunal richness
including endangered animal species (Godoi et
al. 2014). Thus, we hope that the insight from
this study and the derived implications and
recommendations for restoration will be useful
for evaluation and decision making regarding
future reforestation strategies of this highly
threatened forest in Brazil.
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