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Abstract

Ecological restoration encourages management for the complexity and heterogeneity of habitats, which are crucial for
avian fauna structure. Two-year-old bird assemblages were evaluated based on diversity parameters of three different
ecological restoration technologies applied in southern Brazil: passive restoration (PR), nucleation (NC) and high diversity
plantation (HD). Richness, abundance and diversity were compared using ANOVA factorial design (three treatments x
four seasons, with six samplings per season). The highest richness was observed for NC (49 + 2.45 SD species) and the
lowest richness occurred in the HD treatment (37 + 3.14 SD species), with a similar statistical pattern for abundance and
diversity (NC>PR>HD). NC responded favorably to the hypotheses of dynamic equilibrium, heterogeneity and habitat
complexity, which are the probable mechanisms that influence primarily assemblage richness. Due to the presence of
exclusive species for each treatment, we recommend the application of a mix of the different techniques tested to
maximize the number of habitats and their interactions with birdlife.

Keywords: neotropical forest, ecological restoration, avian fauna.

Resumo

A restauragao ecoldgica estimula o manejo da complexidade e heterogeneidade de habitats, os quais sdao decisivos para
a estruturagdo da avifauna. Foram avaliadas assembleia de aves com dois anos de idade segundo parametros de
diversidade de trés diferentes tecnologias de restauragdo ecoldgica aplicadas no sul do Brasil: restauragdo passiva (PR)
nucleagdo (NC), e plantio de alta diversidade (HD). Os pardametros de riqueza, abundancia e diversidade foram
comparados por meio de ANOVA em arranjo fatorial (trés tratamentos x quatro estacdes com seis amostragens por
estacdo). A maior riqueza observada foi constatada na NC (49 + 2,45 espécies) e a menor riqueza ocorreu no tratamento
PAD (37 % 3,14 espécies) com um padrdo estatistico semelhante para abundancia e diversidade. NC respondeu
favoravelmente as hipdteses do equilibrio dinamico, heterogeneidade e complexidade de habitats, sendo estes os
provaveis mecanismos que influenciaram principalmente na riqueza da assembleia. Devido a presenga de espécies
exclusivas a cada um dos tratamentos, recomenda-se a aplicagdo conjunta das técnicas testadas para maximizar o
numero de habitats e suas interagées com a avifauna.

Palavras chave: floresta neotropical, restauracdo ecoldgica, avifauna.
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Introduction

The increase in agricultural and urban areas is eliminating most of the tropical and subtropical
forest remnants of the world [1, 2]. Deforestation influences global changes that affect
biodiversity and causes alteration of the carbon cycle, increased erosion, and lack of
connectivity between habitats [3]. There is therefore an urgent need to restore biotopes of
terrestrial ecosystems [4, 5]. Many efforts are being made on a global scale to restore diverse
environments to their natural, unaltered state [6, 7]. Determining the natural processes of
revegetation is extremely important, because little is known about the complex interactions
that maintain the stability of tropical and subtropical ecosystems [8], and the diversity of
species [9, 10].

Restoration efficiency may be measured by the environmental value of species dependent on
the quality of the vegetation, especially birds [10-12]. Birds are preferentially used to evaluate
the effectiveness of restored areas because of their mobility, the speed at which they colonize
new environments, their ability to connect habitats through seed dispersal, and their
maintenance of gene flow among plant populations [13, 14].

Independent of the forest restoration technique, ecosystems restored under different
procedures may gradually converge to form an ecosystem characteristic of the regional flora,
due to the climax forest tendency [6, 13]. However, this is not such an obvious pattern,
principally because of the stochasticity and randomness of environmental vectors, which tend
to increase the floristic richness of the habitat [2, 13]. Nevertheless, the initial restoration
plantings may be crucial to future successional processes [8, 17, 18].

Restoration using natural processes may be an important alternative, maintaining
interdependence with the fauna and preserving the complex relationships in each phase of
succession [18-19]. However, passive restoration is only possible in a highly resilient
environment where natural vectors that promote seed dispersal are available nearby [16, 20].
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Among the diverse active restoration techniques, tree planting is the most common and can
provide great diversity and floristic richness over the long term [19, 21]. Nucleation techniques
establish vegetation in small habitat patches, gradually restoring the environment and
ecological relationships [22]. These techniques can offer extensive structural complexity
through their own spatial configuration and insertion of structural elements into the
landscape (e.g., artificial perches, planting of seedlings in nuclei, etc.) [18, 20, 23]. According
to Boanares and Azevedo [24], these techniques are more common in Brazil than in other
countries, and all possible uses are as yet unknown. Based on the premise that complexity and
heterogeneity directly affect the creation of niches, we tested different restoration techniques
(nucleation, passive restoration and high diversity planting) and their effects on the richness,
abundance and diversity of birds. In addition, we determined the bird assemblage structure
and evaluated the degree of individual species’ preferences for the experimental treatments.

Methods

Study area

The study was designed and conducted by F.C.B. on the experimental farm of the Universidade
Tecnoldgica Federal do Parand in the municipality of Dois Vizinhos, state of Parana, Brazil (Fig.
1). The region was originally dominated by subtropical Atlantic Forest in the transition zone
between the Araucdria moist forest and seasonal semi-deciduous forest. The climate is Cfa
(according to Kbppen), with a mean temperature of 20 °C, at least one frost every two years,
annual precipitation of about 2,000 mm, an altitude of nearly 500 m, and predominance of
generally deep oxisols (Bw). The experimental area was historically used for agricultural
purposes and pastures. In October 2010, during the last crop harvest of the year, the 7.2 ha
experimental area was cleared using a tractor-mounted brush cutter to begin the treatment
planting (restoration techniques) at the same time.

Experimental design

In a randomized block design, we tested four plot replications (40 x 54 m) of three treatments
(each treatment totaling 0.86 ha): 1) passive restoration (PR); 2) nucleation (NC); and 3) high
diversity planting (HD) (Fig. 1). A distance of 13+5 SD m (SD = standard deviation) was
maintained between plots and 20.6+5.7 SD m from the nearby forest fragment.

The passive restoration (PR) treatment was also considered a control, and its plots, along with
the plots of the other treatments, were protected against disturbances (fire, grazing, etc.).

In the nucleation (NC) plots, a set of seven techniques based on Reis et al. [18] was used (Fig.
2a) in six 3 x 40 m-strips occupying 1/3 of the total plot area. We used structural and functional
techniques. For the structural sets we built: 1) six artificial shelters for fauna (1 m3-woodpile);
2) two artificial perches (10 m high) made of Eucalyptus poles (including dried crowns and
cultivating native climber Sweet-passion-fruit, Passiflora alata). The functional sets
consisted of: 3) six 1 m2-topsoil seed bank sod blocks (topsoil collected from a nearby
secondary forest remnant - 25°36’83” S; 53°04’10” W - and deposited in trays to cultivate
regenerating seedlings, which were planted in the field as sod blocks); 4) six 1-m? seed rain
sod blocks (seed rain was collected in thirty 1 m2-seed traps in the same nearby forest
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remnant, and like the seed bank, sowed in trays to cultivate regenerating seedlings, which
were planted in the field as sod blocks); 5) Cover-crop of Pigeon pea (Cajanus cajan) was sown
in twelve 3 x 4 m-nuclei; 6) six bromeliad (Bromelia antiacantha) islets were planted (five
seedlings 0.5 m apart in a "+" shape); and lastly, 7) 24 native tree islets composed of five
seedlings planted 1 m apart in a "+" shape formed by four rapid-growth pioneer seedlings at
the edges and a shaded non-pioneer species in the center (we used 556 seedlings.ha, 12
pioneer species and 24 non-pioneer, listed in Appendix 1).
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Fig. 1: Map indicating the location of the study area and arrangement of experimental plots:
nucleation (NC), passive restoration (PR) and high diversity plantation (HD).
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The high diversity plantation (HD) design was based on the Brazilian filling and diversity lines
technique [17, 25-26], where a total of 70 native tree species were planted (10 fast-shading
filling species interspersed within the lines of 60 non-pioneer shaded species, listed in the
Appendix 1 supplementary document) in a 3 x 2 m-spacing (Fig. 2b). NC and HD were mowed
twice a year using a portable brush cutter, followed by the application of glyphosate (2.5 kg
of Roundup WG®. ha! applied using a hand sprayer in dry, non-windy conditions, excluding
drift between plots) for weed control, throughout the duration of the study. The mowing and
subsequent herbicide application was done each time in the entire area of the HD plots, and
just inside the NC area occupied by the six 3 x 40 m-strips. PR received no herbicide, and the
herbicide’s environmental impacts were not evaluated here.
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Fig. 2: Nucleation (a) and high diversity plantation (b) designs made by F.C.B. The numbers
correspond to the species described in the supplementary document (Appendix 1).
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Data collection

There were 24 samplings (six per season), with a sampling effort of eight hours per plot or
96 hours during the entire experiment, between January and December 2012. A bird census
was carried out one year after the beginning of the restoration. The species were recorded
only when they occurred within the limits of the plots (e.g., on their perches, on the ground
or on shrubs). They were recorded in flight when foraging at a height lower than the
artificial perches. We obtained estimates of richness and abundance using straight counting
of a single sampling point in the center of each experimental plot, with observers’
movements allowed to obtain a visual record of the species [27]. The samplings occurred
every fifteen days; however, some observations were delayed by meteorological events
(e.g., rain and wind), so that the samplings were standardized on sunny days or days with
light rain (< 5 mm). Each sampling lasted 20 minutes (10 in the morning and 10 in the
afternoon). The beginning of the census occurred when the sun was at an angle of
approximately 5° on the horizon, and in the afternoon at 45°. This arrangement was chosen
because 20 consecutive minutes would greatly increase the chance of resampling the same
individuals. Dividing the 20 minutes into two 10-minute periods may lead to an
overestimation of abundance, but it increases the chance of detecting discrete species [28].
However, abundance should be interpreted with caution due to a bias caused by
differences in detectability of species. Even so, it is a relevant metric for comparisons
between plots. The nomenclature used to identify the birds is according to the Brazilian
Committee of Ornithological Records of 2014.

Data analysis

We did the Shapiro-Wilk test (for normality) and the Bartlett test (for homogeneity of the
variances) to explore the data [29]. In addition to richness (S) and abundance (N), diversity
was obtained by means of the Shannon-Weaver (H’) index and Pielou estimating for
uniformity (e"/%), according to Krebs [30]. Berger-Parker dominance (D) was estimated for the
total of contacts between treatments, with later ordination, using the Whittaker diagram [31].
Based on the rank of dominance (D), the use of the scree test was adapted [32]. This test was
used as a criterion to determine which species possess greater representativeness in
abundance for each treatment. The mean values per sampling of the parameters of richness,
abundance and diversity were subjected to an analysis of variance (ANOVA) factorial design
(three treatments x four seasons with six samplings per season). A post hoc Tukey test was
carried out next.

Rarefaction curves were carried out for observed richness of both the samplings and the
abundance of the individuals, using the software EstimateS’ v.8.2.
[http://viceroy.eeb.uconn.edu/stimates]. Additionally, richness estimates, richness estimates
were obtained (estimators Chao 2 and Jacknife 1) using the procedure of 10,000
randomizations, which are indicated for situations in which the sampled populations are
composed of several unidentified subpopulations [33].

The total abundance data (sum of the 24 samplings) in the 12 restored plots were grouped
(Bray-Curtis coefficient) through the UPGMA (Unweighted Pair Group Method with Arithmetic
Mean) in order to show the patterns of similarity in the species composition. The UPGMA was
chosen to minimize the distortion of the initial matrix of similarity in the construction of the
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dendrogram without a defined cutting height, prioritizing natural groupings. The Bray-Curtis
coefficient was used because it was considered the most efficient to carry out the analysis of
similarity (ANOSIM), using 10,000 permutations and comparing the similarity among the
treatments to the post hoc test of pairwise comparisons of Mann-Whitney [34].

In order to evaluate the possibility of individual species’ preferences for the treatments [35]
we used a species indicator analysis (IndVal). This method combines the degree of specificity
of a species to the habitat (in this case, different treatments) and its fidelity, assuming two or
more groups established a priori [36]. The indicator index (IV) was obtained for each species
(the group with the highest association value was identified). A total of 10,000 permutations
were carried out again to test the significance of the values through the Monte-Carlo statistic
(a<0.05).

The species were classified according to preferential habitat, based on Ries and Sisk [37] and
Scherer-Neto and Toledo [38]: 1) open areas (OA) - species that occur in agricultural areas,
abandoned fields, pastures; 2) forest (FO) - species that occur in canopy and understory); and
3) edges (ED) - species common to the margin of the forest, with little sensitivity to the edge
effect and tolerant of small gaps. Birds were classified in trophic groups, based on Cueto and
Casanave [39] and Telino-Junior et al. [40], according to the predominant feeding (omnivores,
nectarivores, insectivores, granivores, frugivores and carnivores). For the status of their
occurrence, based on Cueto and Casanave [39] and Bencke [41], we classified: 1) migrants
(M); and 2) residents (R). The frequency of occurrence index [42] was based on the
nomenclature used by Lack and Venables [43]: 1) very abundant (80 + 100%); 2) abundant (60
+ 80%); 3) frequent (40 + 60%); 4) occasional (20 + 40%); 5) rare (1 + 20%); and 6) very rare (<
1%). Species abundance was based on Berger-Parker dominance, by grouping in classes of
dominance, according to Palissa et al. [44]: 1) eudominant (> 10%); 2) dominant (10 + 5%); 3)
subdominant (2 + 5%); 4) recessive (1 + 2%); 5) rare (< 1%). The proportions of species in the
categories of preferential habitat, trophic groups, status of occurrence, frequency of
occurrence, and frequency of dominance were compared among treatments and categories
through the chi-square (x?) test, with the null hypothesis of equality (a=0.05) using the Yates
correction [45].

Results

A total of 58 species were recorded, and 48.28% (n = 28) were present in all treatments. The
birds were grouped in 22 families: Thraupidae (n = 14; 24.14%) and Tyrannidae (n = 10;
17.25%) were the most representative (Appendix 2). The highest richness was verified for the
NC treatment (Sobs. = 49 * 2.45 species) and the lowest in HD (Sobs. = 37 + 3.14 species). The
comparison between the mean richness presented a high value of statistical divergence (F 2,
276) = 61.79; P < 0.01). Abundance and diversity were also superior in the group of nucleation
techniques (NC > PR > HD). The Tukey test indicated that the PR treatment at all times
assumed intermediate values between NC and HD (Tables 1-2). Seasonality had an influence
because higher means of the studied parameters always occurred in the summer and in the
spring (Table 1 and Fig. 3a-c).

Based on the ordination of dominance (Fig. 3d), the scree test indicated the selection of four
species that, together, represented 60% of the total of records in the NC treatment: Blue-black
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Grassquit (Volatinia jacarina, D=16%), Red-crested Finch (Lanio cucullatus, D=16%), Double-
collared Seedeater (Sporophila caerulescens, D=15%) and Ruddy Ground-dove (Columbina
talpacoti, D=12%). In PR, according to the criteria of ranking, the three most abundant species
were selected (62% of the total): Blue-black Grassquit (D=24%), Red-crested Finch (21%) and
Double-collared Seedeater (17%). In HD, three species were also selected (47% of the total):
Red-crested Finch (D=19%), Ruddy Ground-dove (15%) and White-tipped Dove (Leptotila
verreauxi, 13%). Exclusively in the NC treatment were: White-tailed Kite (Elanus leucurus),
Yellow-headed Caracara (Milvago chimachima), Picazuro pigeon (Patagioenas picazuro),
Boat-billed Flycatcher (Megarynchus pitangua), Variegated Flycatcher (Empidonomus varius),
Grassland Sparrow (Ammodramus humeralis), Swallow Tanager (Tersina viridis), and Bay-
winged Cowbird (Agelaioides badius). Planalto Hermit (Phaethornis pretrei), Ochre-collared
Piculet (Picumnus temminckii), Yellow-browed Tyrant (Satrapa icterophrys), Black-goggled
Tanager (Lanio melanops) and Yellow-bellied Seedeater (Sporophila nigricollis) occurred only
in PR. Burrowing Owl (Athene cunicularia), Slaty-Breasted Wood-rail (Aramides saracura), and
Pauraque (Hydropsalis albicollis) were exclusive to HD.

By means of rarefactions, the highest observed richness occurred in NC (Fig. 3e and f). The
estimated richness was also superior in NC [50.38 + 3.50 species (SD), through Jacknife 1; and
48.14 + 5.45 species (SD), using Chao 2]. The values were always higher than the observed for
the estimator Jacknife 1, with lower estimates for the estimator Chao 2. The graphic analysis
of the accumulation curves allows the inference that a satisfactory asymptote of richness was
not observed in any of the treatments.

Table 1. Descriptive statistics and results of the factorial variance analysis for the parameters
richness, abundance and diversity between nucleation (NC), passive restoration (PR) and high
diversity plantation (HD). Legend: MS = mean square; F = value of the ANOVA test; P = value of
probability (95%); SD = standard deviation. Means followed by the same letter do not differ
through the Tukey test (95%).

Parameters Variation source DF MS F P Treatments Mean SD
Richness (S) Treatments 2 410.45 83.68 0.00 NC 6.83(a) 0.23
Seasons 3 97.06 19.79 0.00 PR 478 (b) 2.60
Interaction 6 7.17 146 0.19 HD 2.70 (c) 1.97
Error 276 4.90 - - - - -
Abundance (N) Treatments 2 3292.30 50.25 0.00 NC 16.48(a) 0.83
Seasons 3 727.07 11.10 0.00 PR 11.43 (b) 11.01
Interaction 82.66 1.26 0.28 HD 480(c) 4.42
Error 276 65.51 - - - - -
Diversity (H') Treatments 2 18.79 78.40 0.00 NC 1.63(a) 0.46
Seasons 3 4.37 18.22 0.00 PR 1.24(b) 0.51
Interaction 6 0.36 1.51 0.17 HD 0.75(c) 0.61
Error 276 0.24 - - - - -
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Table 2. Descriptive statistics and Tukey test to compare the parameters richness (S), abundance
(N) and diversity (H’) between seasons based on general means of the treatments. Means
followed by the same letter do not differ through the Tukey test (95%).

Seasons Mean S S Mean N N Mean H’ H’
-95% 95% -95% 95% -95% 95%
Summer 5.65a 5.00 6.30 1396 a 11.77 16.14 1.36a 1.21 1.50
Autumn 3.68b 3.03 4.33 8.79b 6.61 10.98 0.94b 0.80 1.08
Winter 3.86b 3.21 4.51 7.60b 5.41 9.78 1.06 b 091 1.20
Spring 5.89a 5.24 6.54 13.26 a 11.08  15.45 1.47 a 132 161

Evenness (J’) was more stable over the samplings in NC [J’ = 0.87 £ 0.06 species (SD)], with a
coefficient of variation of 6.84%, very similar to the pattern observed in PR [J’ = 0.84 + 0.08
species (SD)], with a coefficient of variation of 9.64%. However, the fluctuation of the
evenness in HD was highly variable, reaching a mean of J' = 0.63 + 0.27 species (SD), with a
coefficient of variation reaching 43.10% (Fig. 3g).

The similarity analysis among plots pointed to the formation of two distinct groups [(ANOSIM),
R=0.51; P <0.01]. One of the formed groups contained restored plots with applied nucleation
and passive restoration. Plots restored on high diversity plantations formed an external group,
distinct from the other treatments (Fig. 2h).

IndVal analysis allowed the selection of 10 indicator species, with only one, the Striped Cuckoo
(Tapera naevia, IV=75) in the PR treatment, while another nine species were associated with
NC: Ruddy Ground-dove (IV=59.5), Smooth-billed Ani (Crotophaga ani, 1V=61.7), Shiny
Cowbird (Molothrus bonariensis, 1V=80), Great Kiskadee (Pitangus sulphuratus, 1V=67),
Roadside Hawk (Rupornis magnirostris, IV=80), Fork-tailed Flycatcher (Tyrannus savana,
IV=85), Tropical Kingbird (Tyrannus melancholicus, IV=65), Eared Dove (Zenaida auriculata,
IV=73.3) and Yellow-bellied Elaenia (Elaenia flavogaster, IV=75). Seven species were
considered migratory (12%). This pattern was maintained among treatments (Table 2).

There was a predominance of 57% of species characteristic of open areas (n = 33), while the
characteristics of edges and forest environments (n = 14 and 11, respectively) completed the
sampling total. Variations in the quantity of species among the different classes of preferential
habitats in the same treatment were detected by means of the x? test; however, no variations
were verified in the proportions within each class among treatments (Appendix 3). A
predominance of species characterized as rare occurred in all treatments (NC: x? = 40.76, df =
5,P<0.01; PR:x*=47.63,df =5, P=0.00; HD: x> =67.94, df =5, P < 0.01). There was a variation
between treatments only in the class of frequent species, with 10 species in NC (x? = 8.78, df
=2, P<0.05). Other classes were constant (Appendix 3).
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ordination through the
UPGMA.
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Discussion

Within 58 bird species recorded, the families Thraupidae and Tyrannidae represented 41% of
the richness. These families are characteristic of open, altered, or disturbed environments,
common in areas in the early stage of ecological succession, and are also the most abundant
in forest habitats in the Neotropical region [46-47]. The elevated species richness of the family
Tyrannidae is directly related to the variation observed in the seasonality, because this
group corresponds to one third of the austral migrants [48], with preference for open areas
[49]. The seasonal variation found for the parameters of diversity has practical implications
for ecological restoration, as some studies have indicated a direct relationship between the
presence of migratory species and a seasonal increase in the deposition of seeds dispersed by
birds [50-51].

Tyrannidae species found in this work are considered by many authors to be insectivores or
omnivores (generalists), efficiently dispersing seeds by removing them from canopies and
edges and depositing them in viable conditions along open landscapes [52-53]. This
ecosystemic function is very important for ecological restoration, as specialized frugivores
generally occur in low density or do not occur at all in altered landscapes [9, 13, 54].

The pattern observed for richness, diversity and abundance follows a gradient (NC > PR > HD),
corroborating the hypothesis that higher levels of complexity and heterogeneity in NC can
increase richness, which influences diversity and abundance (dependent parameters). In
summary, studies that link bird assemblages to environmental factors find direct relationships
between increase in the structural complexity and increase in the diversity of birds [12, 55,
56].

Dominance analysis demonstrated that only five species represent 47% in HD and up to 60%
in NC: Blue-black Grassquit, Red-crested Finch, Double-collared Seedeater, Ruddy Ground-
dove and White-tipped Dove. Except for White-tipped Dove, these species commonly occur
in open areas [57]. They are ruderal and granivorous and adapt well to environments in early
stages of succession [58].

A total of 78% of the species occurring in HD were characteristic of open areas or on the edges.
The composition of the assemblage composed of generalist species affected the avian fauna
analysis of similarity, where the HD plots recorded a pattern that was different from NC and
PR. According to Munro et al. [11], the richness of the avian fauna in forest habitats actively
restored by different techniques can be similar, but the faunal composition can be different,
with a predominance of more generalist species in large scale plantations. On the other hand,
species of forest birds are more associated with plantations that have undergone minor
interventions [59, 60].

The occurrence of Ruddy Ground-dove and White-tipped Dove among the higher dominance
species in HD and NC treatments is due to the biology of the species themselves, since they
benefit from the mowing and chemical weeding of the clearing management procedures (bare
soil is the predominant habitat where Columbiformes obtain small fallen fruits and seeds [61,
62]). These data demonstrate that the preference for a certain procedure may involve
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biological and ecological characteristics of the species, as discussed by Baldi and Batari [63],
who pointed out that grassland birds may be benefited by the homogenization of the
environment. Specialization by a certain stage of the ecological succession process was
observed, corroborating Sanderson et al. [56], who demonstrated the relationship between
the decrease in the pioneer vegetation and the decline of some bird populations.

Evenness in HD was more variable. Theoretically, lower levels of evenness are caused by
assemblages of a smaller number of species (but with high dominance, common in unstable
environments) [9]. Instability in early-restoration habitats can be strongly favored by the edge
effect, which is a result of management of the vegetation, as well as environments in the initial
stages of ecological succession with variations in environmental conditions (e.g., luminosity
and humidity) [15, 17], which restrict the availability of resources for birds [64].This tendency
might be reversed with the growth of the vegetation over the ecological succession [2, 6], but
these first two years of monitoring are not sufficiently conclusive to determine the importance
of HD in the maintenance of bird diversity.

Articles about the persistence of birds in restored landscapes demonstrate alteration in the
community over the ecological succession [14, 56]. This tendency is reinforced by the
accumulation curves obtained in this paper, showing that the process of succession and arrival
of new colonizers is in full swing. It is important to emphasize that in the dynamics of
colonization, in some situations the bird assemblage converges rapidly to a structure similar
to that of nearby forest fragments [65]. On other occasions the structure of the avian fauna
may take different directions, with species adapted to the structure of the vegetation [12, 66],
generally influenced by the distance between forest fragments or by the change in the
structure of the vegetation [23, 67].

IndVal analysis demonstrated the preference of nine species for the NC treatment, which
when added to the exclusive species, totaled 17 birds (29.3%) that have preferences for
different nucleation strategies and management intensities. However, generalizations should
be avoided, since some species had few records, while others had a low value of association.

We recorded Ochre-collared Piculet and Yellow-browed Tyrant exclusive to PR. Despite
occupying distinct niches, they are predominantly insectivores, a guild shared with Striped
Cuckoo [68, 69], which was associated with PR in the IndVal test. Although insectivore richness
was the same between NC and PR, the specific composition was different.

Exclusive to HD, Burrowing Owl, Slaty-breasted Wood-rail, and Pauraque have a high tolerance
to habitat disturbances and forage in open environments. Burrowing Owl is carnivorous and
insectivorous, while Pauraque is insectivorous in open areas. Both are nocturnal [70, 71].
Although the richness of forest species is also similar among the treatments, these species
have low sensitivity to habitat disturbance [72] and are probably not good indicators in early
succession.

The analysis of the frequency of occurrence demonstrated variations in the category of
frequent species (between 40 and 60% of the samples), with a higher quantity in NC. This
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observation suggests that the habitat supplies resources in a more constant way [73, 74],
conferring an important role in the local maintenance of the avifauna.

NC responded sufficiently well to richness, abundance, and diversity. The intermediate
vegetation management in NC can be an important variable to be measured in later studies,
because it causes less intense disturbance than HD. Increased functional heterogeneity in NC
is possibly promoted through modification of the spatial and temporal variability of the
resources [75-76]. On the other hand, increasing the structural complexity of the habitat, as
well as the spatial arrangement of the techniques used in the NC restoration, allows a rapid
increase in available niches, which is controlled by the availability of structural resources [77-
78]. Thus, the use of perches, tree islets, and shelters for the fauna, and the recurring exposure
of part of the soil, can bring about a larger number of environmental niches, and therefore,
more species could benefit, discretely increasing richness and diversity in habitats restored
under nucleation. However, monitoring of the three treatments should be continued, to
evaluate whether with time, the tendency verified in NC will be maintained or the other
methods increase in their ecosystemic value [21, 79].

Implications for conservation

Nucleation techniques presented higher richness, abundance and diversity of birds than the
passive and plantation techniques during the first two years of ecological succession. We
suggest that both restoration methods responded favorably to the habitat complexity
hypotheses and to the dynamic equilibrium hypothesis, and are the probable mechanisms for
increasing richness and controlling the diversity of bird species in ecosystems under ecological
restoration. In order to guarantee the largest number of niches for birds in restoration, we
recommend a mix of the three technologies tested, combined in the same space and time,
since each one presented exclusive species and because some bird species still lack studies
about their ecological behavior.

Acknowledgments

We thank CNPQ - Conselho de Desenvolvimento Cientifico Tecnolégico - for financing the
project (process no. 575081/2008-2) and COPEL (Copel - Companhia Paranaense de Energia),
especially Murilo Barddal, for logistical support and forest implantation and maintenance. We
also thank forest technician Gilmar Brizola for help in the field and Daniela Aparecida Estevan
for botanical identifications. We are also grateful to the Programa em Ecologia de Ambientes
Aqudticos Continentais (PEA) and the Universidade Tecnoldgica Federal do Parana for
logistical support. HFV thanks CAPES (Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior) for the scholarship.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

924


http://www.copel.com/
http://www.capes.gov.br/
http://www.capes.gov.br/

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
—

References

[1] Houghton, R.A. 1994. The extent worldwide land-use change of in the last few centuries,
and particularly in the last several. BioScience 44: 305-313.

[2] Rey-Benayas, J.M., Bullock, J.M. and Newton, A.C. 2008. Creating woodland islets to
reconcile ecological restoration, conservation, and agricultural land use. Frontiers in
Ecology and the Environment 6: 329-336.

[3] Foley, J.A., Defries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter S.R., Snyder et al. 2005.
Global consequences of land use. Science 309: 570-574.

[4] Holl, K. D., Crone, E.E. and Schultz, C.B. 2003. Landscape Restoration: moving from
Generalities to Methodologies. BioScience 53: 491-502.

[5] Van-Andel, J. and Aronson. J. 2012. Restoration Ecology: The New Frontier. Blackwell
Science, Oxford.

[6] Shono, K., Cadaweng, E.A. and Durst, P.B. 2007. Application of assisted natural
regeneration to restore degraded tropical forestlands. Restoration Ecology 15: 620-626.
[7] Chazdon, R. L. 2008. Beyond deforestation: restoring forests and ecosystem services on

degraded lands. Science 320: 1458-1460.

[8] May, R. M. 1974. Stability and Complexity in Model Ecosystems. Princeton University Press.
Princeton.

[9] Sekercioglu, C.H. 2006. Increasing awareness of avian ecological function. Trends in ecology
& evolution 21: 464-71.

[10] Ortega-Alvarez, R. and Lindig-Cisneros, R. 2012. Feathering the scene : the effects of
ecological restoration on birds and the role birds play in evaluating restoration outcomes.
Ecological Restoration 30: 116-127.

[11] Munro, N. T., Fischer, J., Barrett, G., Wood, J., Leavesley, A. and Lindenmayer, D.B. 2011.
Bird’s response to revegetation of different structure and floristics - are “restoration
plantings” restoring bird communities? Restoration Ecology 19: 223-235.

[12] Catterall, C.P., Freeman, A.N.D., Kanowski, J. and Freebody, K. 2012. Can active
restoration of tropical rainforest rescue biodiversity? A case with bird community
indicators. Biological Conservation 146: 53-61.

[13] Campos, W.H., Miranda-Neto, A., Peixoto, H.J.C., Godinho L.B. and Silva. E. 2012.
Contribuicdo da fauna silvestre em projetos de restauracdo ecoldgica no Brasil. Pesquisa
Florestal Brasileira 32: 429-440.

[14] Cavallero, L., Raffaele, E. and Aizen, M.A. 2013. Birds as mediators of passive restoration
during early post-fire recovery. Biological Conservation 158: 342-350.

[15] Clements, F.E. 1936. Nature and structure of the climax. Journal of Ecology 24:252-284.

[16] Lundberg, J. and Moberg, F. 2003. Mobile link organisms and ecosystem functioning:
implications for ecosystem resilience and management. Ecosystems 6: 87-98.

[17] Gandolfi, S., Joly, C.A., Rodrigues, R.R. and Martins, S.V. 2007. Forest restoration: many
views and objectives. In: High diversity forest restoration in degraded area. R.R. Rodrigues,
S.V. Martins and S. Gandolfi (Eds.), pp. 3-26. Nova Science Publishers, New York.

[18] Reis, A., Bechara, F.C. and Tres, D.R. 2010. Nucleation in tropical ecological restoration.
Scientia Agricola 67: 244-250.

[19] Reis, A. Bechara, F.C., Tres, D.R. and Trentin, B.E. 2014. Nucleagao: concepg¢do biocéntrica
para a restauracao ecoldgica. Ciéncia Florestal 24: 509-518.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

925



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
—

[20] Reis, A., Bechara, F.C., Espindola, M. B., Vieira N.K. and Sousa, L.L. 2003. Restauracao de
areas degradadas: a nucleacdo como base para incrementar os processos sucessionais.
Natureza & Conservagdo 1: 28-36.

[21] Rey-Benayas, J.M., Galvan, |. and Carrascal, L.M. 2010. Differential effects of vegetation
restoration in Mediterranean abandoned cropland by secondary succession and pine
plantations on bird assemblages. Forest Ecology and Management 260: 87-95.

[22] Corbin, J.D. and Holl, K.D. 2012. Applied nucleation as a forest restoration strategy. Forest
Ecology and Management 265: 37-46.

[23] César, R.G., Viani, R.A.G., Silva, M.C. and Brancalion, P.H.S. 2014. Does a native grass
(Imperata brasiliensis Trin.) limit tropical forest restoration like an alien grass (Melinis
minutioflora P. Beauv.)? Tropical Conservation Science 7 (4): 639-656.

[24] Boanares, D. and Azevedo, C.S. 2014. The use of nucleation techniques to restore the
environment: a bibliometric analysis. Natureza & Conservagdo 12: 93-98.

[25] Rodrigues, R.R., Lima, R.A.F., Gandolfi, S. and Nave, A.G. 2009. On the restoration of high
diversity forests: 30 years of experience in the Brazilian Atlantic Forest. Biological
Conservation 142: 1242-1251.

[26] Rodrigues, R.R., Gandolfi, S., Nave, A.G., Aronson, J., Barreto, T.E., Vidal, C.Y. and
Brancalion, P.H.S. 2011. Large-scale ecological restoration of high diversity tropical forests
in SE Brazil. Forest Ecology and Management 261: 1605-1613.

[27] Bibby, C.J., Burgess, N.D., Hill, D.A. and Mustoe, S.H. 2000. Bird Census Techniques. 2nd
ed. Academic Press, London.

[28] Vielliard, J.M.E., Almeida, M.E.C., Anjos, L. and Silva, W.R. 2010. Levantamento
quantitativo por pontos de escuta e o indice Pontual de Abundancia (IPA). In: Ornitologia e
Conservacgdo: ciéncia aplicada, técnicas de pesquisa e levantamento. Von Matter, S.,
Straube, F.C., Accoerdi, |., Piacentini, V. and Candido-Jr. J. F. (Eds.), pp. 45-60. Technical
Books Editora, Rio de Janeiro.

[29] Quinn, G.P. and Keough, M.J. 2002. Experimental Design and Data Analysis for Biologists.
Cambridge University Press, New York.

[30] Krebs, C.J. 1999. Ecological Methodology. Ecological Methodology. New York: Harper and
Row.

[31] Melo, A.S. 2008. O que ganhamos “confundindo” riqueza de espécies e equabilidade em
um indice de diversidade? Biota Neotropica 8: 21-27.

[32] Cattell, R.B. 1966. The scree test for the number of factors. Multivariate Behavioral
Research 1: 245-276.

[33] ColwelL, R.K., Mao, C.X. and Chang, J. 2004. Interpolating, extrapolating, and comparing
incidence-based species accumulation curves. Ecology 85: 2717-2727.

[34] Clarke, K. R. 1993. Non-parametric multivariate analyses of changes in community
structure. Austral Ecology 18: 117-143.

[35] McCune, B. and Mefford, M.J. 2011. PC-ORD. Multivariate Analysis of Ecological Data.
MjM Software, Oregon.

[36] Dufréne, M. and Legendre, P. 1997. Species assemblages and indicator species: the need
for a flexible asymmetrical approach. Ecological Monographs 67: 345-366.

[37] Ries, L. and Sisk, T. D. 2010. What is an edge species? The implications of sensitivity to
habitat edges. Oikos 119: 1636-1642.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

926



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
—

[38] Scherer-Neto, P. and Toledo, M.C.B. 2012. Bird community in an Araucaria forest
fragment in relation to changes in the surrounding landscape in Southern Brazil. lheringia.
Série Zoologia 102: 412-422.

[39] Cueto, V.R. and Casanave, J.L. 2000. Seasonal changes in bird assemblages of coastal
woodlands in east-central Argentina. Studies on Neotropical Fauna & Environment 35: 173-
177.

[40] Telino-Junior, W.R., Dias, M.M., Junior, S.M.D.A., Lyra-Neves, R.M. and Larrazabal, M.E.L.
2005. Estrutura tréfica da avifauna na Reserva Estadual de Gurjaul, Zona da Mata Sul,
Pernambuco, Brasil. Revista Brasileira de Zoologia 22: 962-973.

[41] Bencke, G.A. 2001. Lista de Referéncia das Aves do Rio Grande do Sul. Fundacao
Zoobotanica. Porto Alegre. http://www.atividaderural.com.br/artigos/4f59496946d98.pdf
[Downloaded on 25 January, 2013].

[42] Linsdale, J.M. and Rodgers, T.M. 1937. Frequency of occurrence of birds in Alum Rock
Park, Santa Clara County, California. The Condor 39:108-111.

[43] Lack, D. and Venables, L.S.V. 1939. The habitat distribution of British woodland birds. The
Journal of Animal Ecology 8: 39-71.

[44] Palissa, A.E., Wiedenroth, M. and Klimt, K. 1977. Anleitung zum d&kologischen
Gelédndepraktikum. Wissenschaftliches Zentrum der Padagogischen Hochschule, Potsdam.

[45] Preacher, K. J. 2001. Calculation for the Chi-Square test: an interactive calculation tool for
chi-square tests of goodness of fit and independence. http://quantpsy.org [Downloaded on
25 May, 2013].

[46] Antunes, A.Z. 2005. AlteragGes na composi¢cdao da comunidade de aves ao longo do tempo
em um fragmento florestal no sudeste do Brasil. Ararajuba 13: 47-61.

[47] Blake, J.G. 2007. A comparison of species richness and composition at local and regional
scales of species richness and composition at local and regional scales. The Wilson: 109:
237-255.

[48] Chesser, R.T. 1994. Migration in South America: an overview of the austral system. Bird
Conservation International 4: 91-107.

[49] Alves, M.A.S. 2007. Sistemas de migracoes de aves em ambientes terrestres no Brasil:
exemplos, lacunas e propostas para o avan¢o do conhecimento. Revista Brasileira de
Ornitologia 15: 231-238.

[50] Tomazi, A.L., Zimmermann C.E. and Laps, R.R. 2010. Poleiros artificiais como modelo de
nucleacdo para restauracdo de ambientes ciliares : caracterizacdo da chuva de sementes e
regeneracdo natural. Biotemas 23: 125-135.

[51] Hartz, S.M., Pinheiro, G.C. Mendonca-Lima A.D. and Duarte, S. 2012. The potential role of
migratory birds in the expansion of Araucaria Forest. Natureza & Conservagdo 10: 52-56.
[52] Howe, H.F. 1977. Bird activity and seed dispersal of a tropical wet forest tree. Ecology 58:

539-550.

[53] Holl, K.D. 1998. Do Bird perching structures elevate seed rain and seedling establishment
in abandoned tropical pasture? Restoration Ecology 6: 253—-261.

[54] Pizo, M.A. 2004. Frugivory and habitat use by fruit-eating birds in a fragmented landscape
of southeast Brazil. Ornitologia Neotropical 15: 117-126.

[55] Morelli, F. 2013. Quantifying effects of spatial heterogeneity of farmlands on bird species
richness by means of similarity index pairwise. International Journal of Biodiversity 2013:1-
9.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

927


http://www.atividaderural.com.br/artigos/4f59496946d98.pdf
http://quantpsy.org/

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
—

[56] Sanderson, F.J., Kucharz, M., Jobda M. and Donald, P.F. 2013. Impacts of agricultural
intensification and abandonment on farmland birds in Poland following EU accession.
Agriculture, Ecosystems & Environment 168: 16-24.

[57] Manhdes, M. A. and Loures-Ribeiro, A. 2005. Spatial distribution and diversity of bird
community in an urban area of Southeast Brazil. Brazilian Archives of Biology and
Technology 48: 285-294.

[58] Anjos, L. 1990. Distribuicdo de aves em uma floresta de araucarias da cidade de Curitiba
(Sul do Brasil). Acta Bioldgica Paranaense 19: 51-63.

[59] Albanesi, S., Dardanelli, S. and Bellis, L.M. 2013. Effects of fire disturbance on bird
communities and species of mountain Serrano forest in central Argentina. Journal of Forest
Research 19: 105-114.

[60] O'Meara, J. and Darcovich, K. 2014. Twelve years on: ecological restoration and
rehabilitation at Sydney Olympic Park. Ecological Management & Restoration 16: 14-28.
[61] Devi, O.S. and Saikia, P.K. 2012. Diet composition and habitat preferences of fruit eating

pigeons in a tropical forest of eastern Assam, India. NeBio 32(2): 51-57.

[62] Fontoura, P.M. and Orsi, M.L. 2013. Reparticdo ecoldgica de trés espécies de Columbidae
no Norte do estado do Parand, Sul do Brasil. Biota Neotropica 13: 44-49.

[63] Baldi, A. and Batdri, P. 2011. Spatial heterogeneity and farmland birds: different
perspectives in Western and Eastern Europe. /bis 153: 875-876.

[64] Banks-Leite, C. Ewers, R.M. and Metzger, E.J.P. 2010. Edge effects as the principal cause
of area effects on birds in fragmented secondary forest. Oikos 112: 914-926.

[65] Gardali, T., Holmes, A.L., Small, S. L., Nur, N. Geupel, G.R. and Golet, G.H. 2006.
Abundance patterns of landbirds in restored and remnant riparian forests on the
Sacramento River, California, USA. Restoration Ecology 14: 391-403.

[66] Brady, C.J. and Noske, R.A. 2010. Succession in bird and plant communities over a 24-Year
chronosequence of mine rehabilitation in the Australian Monsoon Tropics. Restoration
Ecology 18: 855-864.

[67] Elgar, A.T., Freebody, K., Pohlman, C.L., Shoo, L.P. and Catterall, C.P. Overcoming barriers
to seedling regeneration during forest restoration on tropical pasture land and the
potential value of woody weeds. Frontiers in Plant Science 5: 1-10.

[68] Willis, E.O. 1979. The composition of avian communities in reminiscent woodlots in
southern Brazil. Papéis Avulsos de Zoologia 3: 1-25.

[69] Ridgely, R.S. and Tudor, G. 2001. The Birds of South America. Vol Il. The Oscine Passerines.
University of Texas Press, Austin.

[70] Vieira, L.A. and Teixeira, R.L. 2008. Diet of Athene cunicularia (Molina, 1782 ) from a
sandy coastal plain in southeast Brazil. Boletim do Museu de Biologia Mello LeitGo 23: 5-14.

[71] Kilpp, J.C. and Prestes, N.P. 2013. Aspectos comportamentais de espécies da familia
Caprimulgidae na Estacdo Ecoldgica de Aracuri, Rio Grande do Sul. Ornithologia 5: 108-114.

[72] Anjos, L. 2006. Bird species sensitivity in a fragmented landscape of the Atlantic Forest in
Southern Brazil. Biotropica 38: 229-234.

[73] Antongiovanni, M. and Metzger, J.P. 2005. Influence of matrix habitats on the occurrence
of insectivorous bird species in Amazonian forest fragments. Biological Conservation 122:
441-451.

[74] Bispo, A.A and Scherer-Neto, P. 2010. Avian assemblage in a remnant of the Araucaria
Forest in the Southeast Parana, Brazil. Biota Neotropica 10:121-130.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

928



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
—

[75] Odion, D.C. and Sarr, D.A. 2007. Managing disturbance regimes to maintain biological
diversity in forested ecosystems of the Pacific Northwest. Forest Ecology and Management
246: 57-65.

[76] Mcwethy, D.B., Hansen A.J. and Verschuyl, J.P. 2009. Bird response to disturbance varies
with forest productivity in the northwestern United States. Landscape Ecology 25: 533-549.

[77] Willson, M.F. 1974. Avian community organization and habitat structure. Ecology 55:
1017-1029.

[78] Hurlbert, A.H. 2004. Species-energy relationships and habitat complexity in bird
communities. Ecology Letters 7: 714-720.

[79] Lindenmayer, D.B., Knight, E.J., Crane, M.J., Montague-Drake, R., Michael, D.R. and
Macgregor, C.l. 2010. What makes an effective restoration planting for woodland birds?
Biological Conservation 143: 289-301.

[80] APG Ill. 2009. The angiosperm phylogeny group lll. An update of the angiosperm
phylogeny group classification for the orders and families of higher plants: APG
lll. Botanical Journal of the Linnean Society 161:105-121.

[81] Pijl, L. V. D. 1982. Principles of dispersal in higher plants. 2. ed. Springer Verlag, Berlin.

[82] Fonseca, R.C.B. and Rodrigues, R.R. 2000. Analise estrutural e aspectos do mosaico
sucessional de uma floresta semidecidua em Botucatu, SP. Scientia Forestalis 7:1-11.

[83] Nascimento, A.R.T., Longhi, S.J. and Brena, D.A. 2001. Estrutura e padrdes de distribuicao
espacial de espécies arbdreas em uma amostra de Floresta Ombréfila Mista em Nova Prata,
RS. Ciéncia Florestal 11: 105-119.

[84] Andreis, C., Longhi, S.J., Brun, E.J., Wojciechowski, J.C., Machado, A.A., Vaccaro, S. and
Cassal, C.Z. 2005. Estudo fenoldgico em trés fases sucessionais de uma Floresta Estacional
Decidual no municipio de Santa Tereza, RS. Arvore 29: 55-63.

[85] Yamamoto, L.F., Kinoshita, L.S. and Martins, F.R. 2007. Sindromes de polinizacdo e
dispersao em fragmentos da Floresta Estacional Semidecidua Montana, SP, Brasil. Acta
Botanica Brasilica 21: 553-567.

[86] Liebsch, D. and Mikich, S.B. 2009. Fenologia reprodutiva de espécies vegetais da Floresta
Ombréfila Mista do Parand, Brasil. Brazilian Journal of Botany 32: 375-391.

[87] Prado Junior, J. A,, Lopes, S.F., Schiavini, I. V., Vagner, S., Oliveira, A. P., Gusson, A. E., Dias
Neto, O. C. and Stein, M. 2012. Fitossociologia, caracterizacdo sucessional e sindromes de
dispersdo da comunidade arbdrea de remanescente urbano de Floresta Estacional
Semidecidual em Monte Carmelo, Minas Gerais. Rodriguésia 63: 489-499.

[88] NBL and TNC. 2013. Manual de Restauracdo Florestal: Um Instrumento de Apoio a
Adequagao Ambiental de Propriedades Rurais do Para. The Nature Conservancy, Belém.
http://www.nature.org/media/brasil/manual-de-restauracao-florestal.pdf. [Accessed on 26 May
2014].

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

929


http://www.nature.org/media/brasil/manual-de-restauracao-florestal.pdf

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
S ____________________________________________

APPENDIX 1
List of species planted in high diversity plantation (HD) and nucleation (NC). The nomenclature adopted for families and genera follow the
Angiosperm Philogeneny Group IIl [86]. Species identification (epithets) follows the List of Flora of Brazil -2013 [http://floradobrasil.jbrj.gov.br]
and The International Plant Names Index — 2013 [http://www.ipni.org]. The period of fructification and dispersal syndrome were based on specific
literature [80-88]. Silvicultural groups, where “filling” is fast-shading pioneer trees; and “diversity” is non-pioneer trees.

Code Family Species Fruiting season Seed dispersal ways Silvicultural
group
1 Euphorbiaceae  Croton floribundus Spreng. summer/autumn autocory filling
2 Fabaceae Mimosa scabrella Benth. summer/autumn autocory filling
3 Primulaceae Myrsine coriaceae (Sw.) R. Br spring/summer zoochory diversity
4 Myrtaceae Psidium cattleyanum (Mart. ex O. Berg) Kiaersk. spring/summer zoochory diversity
5 Phytolaccaceae Gallesia integrifolia (Spreng.) Harms winter/spring anemochory diversity
6 Myrtaceae Myrcianthes pungens (O.Berg) D.Legrand spring/summer zoochory diversity
7 Aquifoliaceae llex paraguariensis A.St.-Hil. summer/autumn zoochory diversity
8 Laminaceae Vitex megapotamica (Spreng.) Moldenke spring/summer zoochory diversity
11 Cannabaceae Trema micrantha (L.) Blume summer zoochory filling
12 Annonaceae Annona cacans Warm. summer/autumn zoochory diversity
15 Caricaceae Jaracatia spinosa (Aubl.) DC. summer zoochory diversity
16 Euphorbiaceae  cf. Croton urucurana Baill. summer/autumn autocory diversity
18 Sterculiaceae Guazuma ulmifolia Lam. autumn/winter zoochory filling
19 Fabaceae Piptadenia gonoacantha (Mart.) J.F. Macbr. spring autocory filling
23 Loganiaceae Strychnos brasiliensis (Spreng.) Mart. spring/summer zoochory diversity
24 Fabaceae Machaerium stipitatum (DC.) Vogel autumn anemochory diversity
25 Rosaceae Prunus myrtifolia (L.) Urb. summer zoochory diversity
26 Rubiaceae Randia ferox (Cham. & Schltdl.) DC. winter/spring zoochory diversity
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
44
45
47
48
50
53
54
55
56
57
58
58
59
60
63

Sapindaceae
Fabaceae
Lauraceae
Elaeocarpaceae
Cannabaceae
Lythraceae
Primulaceae
Euphorbiaceae
Myrtaceae
Fabaceae
Bignoniaceae
Asteraceae
Meliaceae
Lauraceae
Fabaceae
Podocarpaceae
Canellaceae
Salicaceae
Euphorbiaceae
Boraginaceae
Euphorbiaceae
Myrtaceae
Sapindaceae
Meliaceae
Malvaceae
Bignoniaceae
Rutaceae
Rutaceae
Anacardiaceae
Moraceae
Fabaceae
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Allophyllus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk.

Cassia leptophylla Vogel.

Ocotea porosa (Nees) Barroso

Sloanea monosperma Vell.

Celtis iguanaea (Jacg.) Sargent

Lafoensia pacari A.St.-Hil

Myrsine umbellata Mart.

Alchornea triplinervia (Spreng.).

Campomanesia xanthocarpa O.Berg

Inga vera Willd.

Jacaranda micrantha Cham.

Moaquiniastrum polymorpha (Less.) Cabr.
Cabralea canjarana (Vell) Mart

Ocotea puberula (Rich.) Ness

Calliandra tweedii Benth.

Podocarpus lambertii Klotzsch

Cinnamodendron dinisii Schwacke

Xylosma sp.

Sebastiania commersoniana (Baill.) L.B. Sm. & Downs
Cordia americana (L.) Gottshling & J.E.Mill.
Sebastiania schottiana (Mill.Arg.) Mull.Arg.
Campomanesia guazumifolia (Cambess.) O.Berg.
Cupania vernalis Cambess.

Cederela fissilis Vellozo

Ceiba speciosa (A. St.-Hil.) Ravenna
Handroanthus chrysotrichus (Mart. ex A.DC.) Mattos
Zanthoxylum rhoifolium Lam.

Balfourodendron riedelianum (Engl.) Engl.
Schinus terebinthifolius Raddi

Ficus enormis (Mart. ex Miqg.) Mart.
Peltophorum dubium (Spreng.) Taub.

spring/summer
autumn winter
spring/summer
spring/summer
winter/spring
autono/winter
summer
summer
spring/summer
spring/summer
spring/summer
spring/summer
winter/spring
spring/summer
summer/autumn
summer/autumn
summer
spring/summer
spring/summer
spring/summer
spring/summer
spring/summer
summer
spring/summer
summer
spring/summer
summer
summer
summer/autumn
autumn/winter
summer

zoochory
autocory
anemocoric
autocory
zoochory
anemochory/autocory
anemocoric
zoochory
zoochory
zoochory
zoochory
anemochory
zoochory
zoochory
autocory
zoochory
zoochory
zoochory
autocory
anemochory
autocory
zoochory
zoochory
anemochory
anemochory
anemochory
zoochory
anemochory
zoochory
zoochory
autocory

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

931

diversity
diversity
diversity
diversity
diversity
diversity
diversity
filling
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
diversity
filling
diversity
diversity



64
66
67
68
69
72
73
74
75
76
77
79
101
103
104
110
120
121
122
123
124
125

Fabaceae
Sapindaceae
Fabaceae
Fabaceae
Salicaceae
Meliaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Solanaceae
Apocynaceae
Fabaceae
Araucariaceae
Fabaceae
Fabaceae
Arecaceae
Celastraceae
Polygonaceae
Arecaceae
Fabaceae
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Lonchocarpus sp.

Diatenopteryx sorbifolia Radlk.

Erythrina falcata Benth.

Bauhinia forficata Link

Casearia decandra Jacq.

Trichilia claussenii C. DC.

Myrceugenia euosma (0.Berg) D. Legrand
Eugenia pyriformis Cambess.

Eugenia uniflora L.

Eugenia involucrata DC.

Plinia peruviana (Poir.) Govaerts
Solanum bullatum Vell.

Aspidosperma polyneuron Mill.Arg.
Albizia polycephala (Benth.) Killip
Araucaria angustifolia (Bertol.) Kuntze
Parapiptadenia rigida (Benth.) Brenan
Mimosa bimucronata (DC.) Kuntze

Butia capitata (Mart.) Becc.

Maytenus aquifolia Mart.

Ruprechtia laxiflora Meisn.

Syagrus romanzoffiana (Cham.) Glassman
Enterolobium contortisiliquum (Vell.) Morong

spring/summer
spring/summer
summer
summer
summer
spring/summer
summer/autumn
summer/autumn
summer/autumn
summer
summer
winter/spring
summer
autumn/winter
spring/summer
summer/autumn
autumn
spring/summer
summer
summer/autumn
autumn

autocory
anemochory
autocory
autocory
zoochory
zoochory
zoochory
zoochory
zoochory
zoochory
zoochory
zoochory
anemocorica
anemochory
zoochory
autocory
autocory
zoochory
zoochory
anemocoric
zoochory
zoochory
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APPENDIX 2

List of species (Brazilian Committee of Ornithological Records of 2014) for birds occurring in nucleation (NC), passive restoration (PR) and high
diversity plantation (HD). The code (D) represents the main diet of the species: C = carnivorous, F = frugivorous, G = granivorous, | = insectivorous,
N = nectarivorous and O = omnivorous. The code (H) corresponds to the preferential habitat of the species (Oa = open areas; Ed = forest edges
and Fr = forests). The code (S) represents status of occurrence (R = resident and M = migratory). The abbreviations fo% and fd% correspond,
respectively, to frequency of occurrence and frequency of dominance in percentage. For IndVal (indicator species analysis), the value of the
indicator (IV) is presented, followed by the standard deviation. (*) level of statistical acceptance at 5% of probability (P < 0.05) and (**) the level
of 1% of probability of the Monte Carlo test for the association between treatments (groups). SD = standard deviation.

Code NC PR HD IndVal
Species
D H S fo% fd% fo% fd% fo% fd% IV+SD Groups
Crypturellus parvirostri (Wagler, 1827) Fr R 417 0.06 4.17 0.06 4.17 0.21 12.50 # 16.13 NC
Small-billed Tinamou
Elanus leucurus (Vieillot, 1818)
- - - - +
White-tailed Kite C Oa R 16.67 0.25 33.3+£14.99 NC
Rupornis magnirostris (Gmelin, 1788) - . ¢ 1667 0.25 4.17 0.09 . . 80.00 # 14.70* NC
Roadside Hawk
Milvago chimachima (Vieillot, 1816) C 0a R 417 0.06 i ) ) ) 2500 £ 0.79 NC
Yellow-headed Caracara
Athene.cun/cu/arla (Molina, 1782) c  Oa R i i i i 4.17 043 50.00 + 16.95 HD
Burrowing Owl
Clieleelhio6 Geiiie R a3 O F R ; ; ; ; 4.17 0.21 25.00 £ 0.79 HD

Slaty-breasted Wood-Rail

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

933



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.8 (4): 912-939, 2015
S ____________________________________________

Columbina talpacoti (Temminck, 1811)
Ruddy Ground-Dove

Patagioenas picazuro (Temminck,
1813) G Ed R 4.17 0.13 - - - - 16.7 £14.91 NC
Picazuro Pigeon

Zenaida auriculata (Des Murs, 1847)

G Oa R 100 12.22 87.50 7.38 79.17 14.56 59.5 #5.31** NC

G 0a R 2917 0.69 8.33 0.18 8.33 0.43 73.3 +11.98* NC
Eared Dove
Leptotila verreauxi Bonaparte, 1855 G Fr R 4583 0.88 20.83 0.46 8333  13.28 55.7 +11.19 HD
White-tipped Dove
Coccyzus melacoryphus Vieillot, 1817 =y 4 47 0.06 . ; 4.17 0.43 16.7 + 14.86 HD
Dark-billed Cuckoo
Crotophaga ani Linnaeus, 1758 | 0a R  50.00 3.65 33.33 2.64 25.00 2.14 61.7 £8.22* NC
Smooth-billed Ani
Guira guira Leach, 1820 | 0a R 4.17 0.06 4.17 0.55 4.17 1.28 32.5 +14.07 HD
Guira Cuckoo
Hepps e (s, oGkl | Ed R . . 1667  0.36 . . 75.00 + 14.25* HD
Striped Cuckoo
Hydropsalis albicollis (Gmelin, 1789) | Ed R i i i i 333 0.64 25.00 +0.79 HD
Pauraque
Phaethornis pretrei (Lesson & Delattre,

= = = = 4

o) P et N Ed R 4.17 0.09 25.00 +0.79 PR
Chlorostilbon lucidus (Shaw, 1812) N Oa R 4583 1.64 20.83 0.46 20.83 1.93 48.3+7.56 HD
Glittering-bellied Emerald
Picumnus temmlfn:ku Lafresnaye, 1845 | Ed R i i 333 018 i i 25.00 +0.79 PR
Ochre-collared Piculet
Colaptes melanochloros (Gmelin, 1788) ¢y g 447 0.06 . . 4.17 1.28 21.4+12.31 HD
Green-barred Woodpecker
Thamnophilus ruficapillus Vieillot, 1816 = ¢ 35 ¢4 0.63 37.50 1.00 8.33 0.64 45.5 +8.66 PR
Rufous-capped Antshrike
Furnarius rufus (Gmelin, 1788) | 0a R 1667 0.44 12.50 0.36 4.17 0.43 47.7 +14.10 NC
Rufous Hornero
Synallaxis spixi Sclater, 1856 | Ed R 3750 0.88 70.83 237 4.17 0.21 63.4 +10.94 PR
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Spix's Spinetail
Myiornis auricularis (Vieillot, 1818)

| Ed R 8.33 0.13 25.00 0.64 - - 58.8 + 15.60 PR
Eared Pygmy-Tyrant
Camptostoma obsoletum (Temminck,

- = +

N e 0a R 1250 0.25 8.33 0.18 33.3+14.96 NC
Elaenia flavogaster (Thunberg, 1822) ¢y ¢ 1567 0.38 ; - 4.17 0.43 75.00 + 14.22* NC
Yellow-bellied Elaenia
Seypeplisys auladbiote (Welled, 158020 5 5 e 0.63 37.50 1.09 8.33 0.64 46.2+11.78 PR
White-crested Tyrannulet
Pitangus sulphuratus (Linnaeus, 1766) . ¢ gg33 1.83 25.00 0.64 33.33 2.36 67.4 +10.31* NC

Great Kiskadee

Megarynchus pitangua (Linnaeus,
1766) O Ed M 8.33 0.13 - - - - 25.00 +0.79 NC
Boat-billed Flycatcher

Tyrannus melancholicus Vieillot, 1819

. . . | Oa M 58.33 3.27 4,17 0.18 4,17 0.86 65.9 + 11.25* NC
Tropical Kingbird
Tyrannus savana Vieillot, 1808 | 0a M 2917 1.83 4.17 0.09 29.17 3.85 85.2 + 12.57%* NC
Fork-tailed Flycatcher
Myiophobus fasciatus (Statius Muller,

| R 12. 44 12. . - - 8+14.11 N

1776) Bran-colored Flycatcher O3 >0 0 >0 0.55 238 ¢
Em,t.udonomus varius (Vieillot, 1818) | 0a M 16.67 0.95 i i i i 50.00 + 14.02 NC
Variegated Flycatcher
Satrapa icterophrys (Vieillot, 1818) | 04 R i i 417 0.09 i i 25.00 +0.79 PR
Yellow-browed Tyrant
Progne tapera Vieiliot, 1817) | 0a M 833 0.19 4.17 0.18 ; ; 10.7 + 14.90 NC
Brown-chested Martin
Troglodytes musculus Naumann, 1823 = = g g3 233 79.17 2.55 16.67 2.78 45.1+4.75 NC
Southern House Wren
Turdus rufiventris Vieillot, 1818 O F R 833 0.13 ; ; 8.33 0.43 37.5+16.72 HD
Rufous-bellied Thrush
Turdus leucomelas Vieillot, 1818 O Ffr R  16.67 031 16.67 0.36 20.83 1.50 32.8+10.84 HD

Pale-breasted Thrush
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Turdus amaurochalinus Cabanis, 1850
Creamy-bellied Thrush

Mimus saturninus (Lichtenstein, 1823)
Chalk-browed Mockingbird

Saltator similis d'Orbigny & Lafresnaye,
1837 Green-winged Saltator
Tachyphonus coronatus (Vieillot, 1822)
Ruby-crowned Tanager

Lanio cucullatus (Statius Muller, 1776)
Red-crested Finch

Lanio melanops (Vieillot, 1818)
Black-goggled Tanager

Tangara sayaca (Linnaeus, 1766)
Sayaca Tanager

Tersina viridis (llliger, 1811)

Swallow Tanager

Conirostrum speciosum (Temminck,
1824) Chestnut-vented Conebill
Ammodramus humeralis (Bosc, 1792)
Grassland Sparrow

Sicalis flaveola (Linnaeus, 1766)
Saffron Finch

Sicalis luteola (Sparrman, 1789)
Grassland Yellow-Finch

Embernagra platensis (Gmelin, 1789)
Great Pampa-Finch

Volatinia jacarina (Linnaeus, 1766)
Blue-black Grassquit

Sporophila nigricollis (Vieillot, 1823)
Yellow-bellied Seedeater

Sporophila caerulescens (Vieillot, 1823)
Double-collared Seedeater

O Fr
O Oa
O Fr
O Fr
G Ed
(0] Fr
O Fr
F Ed
| Fr
G Oa
G Oa
G Oa
G Oa
G Oa
G Oa
G Oa

54.17

4.17

41.67

25.00

100.00

8.33

4.17

4.17

20.83

41.67

8.33

50.00

95.83

95.83

2.02

0.25

1.26

0.50

15.81

0.25

0.06

0.13

0.50

2.71

0.25

1.76

16.18

15.30

54.17

54.17

33.33

100.00

4.17

4.17

8.33

4.17

8.33

16.67

91.67

8.33

87.50

1.55

1.73

1.19

20.69

0.09

0.09

0.46

0.09

0.64

0.55

24.25

0.18

16.68

62.50

4.17

16.67

4.17

75.00

8.33

12.50

12.50

16.67

41.67

37.50

5.78

0.21

1.07

0.43

19.49

0.86

1.50

1.07

1.07

8.78

4.50
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47.1+4.43

20.00+13.14

47.6 £5.94

42.2£12.15

45.5+4.83

25.00+£0.79

40.00 £ 15.80

20.80 + 8.66

13.9415.87

50.00 £ 13.90

84.3 1+16.72

13.3+£15.38

47.7 +13.15

47.4+£7.89

25.00£0.79

54.4 +9.94

NC

NC

NC

PR

NC

PR

NC

NC

PR

NC

NC

NC

NC

PR

PR

NC
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Cyanoloxia brissonii (Lichtenstein,

+
o) Ul o S G 0a R 8.33 0.13 16.67 0.46 4.17 0.21 12.5+16.13 PR
Geothlypis aequinoctialis (Gmelin,

+

1759) Masked Yellowthroat | Ed R 8750 3.27 79.17 5.01 25.00 257 42.00 # 4.29 PR
ARSI A, L) G 0Oa R 417 0.69 - . . . 80.0 + 13.98* NC
Bay-winged Cowbird
Molothrus bonariensis (Gmelin, 1789) . ¢ 5599 0.50 4.17 0.18 ; ; 25.00 #0.79 NC
Shiny Cowbird
Juargrlitealenes (elen ey g g n e 3.97 37.50 3.46 16.67 1.50 57.3+7.18 NC

Hooded Siskin
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APPENDIX 3
General data corresponding to status of occurrence, classes of occurrence, classes of dominance, preferential habitat and trophic guilds in the
treatments applied nucleation (NC), passive restoration (PR) and high diversity plantation (HD). The abbreviations (n and fr) correspond,
respectively, to total number of contacts and relative frequency. (*) signifies level of statistical acceptance at 5% of probability (P < 0.05) and (**)
the level of 1% of probability (P < 0.01), as well as non-significant values (ns = P > 0.05) for the y? test. SD = standard deviation.

Categories NC PR HD Test
N fr n fr n fr X
Status of occurrence x> 23.59%* - 28.19** - 23.36** - -
Resident 42 0.86 38 0.93 33 0.89 0.58ns
Migratory 7 0.14 3 0.07 3 0.08 1.40ns
Classes of occurrence x? 32.16** 33.27%* 50.98** - -
Very abundant (80 +100%) 6 0.12 4 0.10 1 0.03 2.20ns
Abundant (60 + 80%) 0 0 3 0.07 3 0.08 1.37ns
Frequent (40 + 60%) 10 0.2 2 0.05 1 0.03 11.18**
Occasional (20 + 40%) 8 0.16 9 0.22 7 0.19 0.09ns
Rare (1 +20%) 25 0.51 23 0.56 25 0.68 0.25ns
Very rare (< 1%) - - - - - - -
Classes of dominance x> 71.30** - 54.48** - 19.62** - -
Eudominant (> 10%) 4 0.08 3 0.07 3 0.08 0.02ns
Dominant (10 + 5%) 0 0 2 0.05 2 0.05 0.56ns
Subdominant (2 + 5%) 7 0.14 4 0.10 6 0.16 0.36ns
Recessive (1 +2%) 5 0.1 5 0.12 9 0.24 0.96ns
Rare (< 1%) 33 0.67 27 0.66 17 0.46 4.44ns
Preferential habitat x? 15.55%* - 14,98** 7.79*% - -
Open areas 30 0.61 26 0.63 21 0.57 1.25ns
Forest 10 0.2 7 0.17 8 0.22 0.62ns
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Edges 9 0.18 8 0.20 8 0.22 0.01ns
Trophic guilds x? 29.79%* 34.14%* 25.83** -
Omnivores 11 0.22 7 0.17 10 0.27 0.50ns
Nectarivores 1 0.02 2 0.05 1 0.03 0.06ns
Insectivores 18 0.37 18 0.44 14 0.38 0.65ns
Granivores 15 0.31 13 0.32 11 0.30 0.36ns
Frugivores 1 0.02 0 0.00 0 0.00 -
Carnivores 3 0.06 1 0.02 1 0.03 0.45ns
Exclusive species 8 6 3 1.43 ns
Total number of contacts 1582 1097 467 594**
Observed richness (Mao Tau) + SD 49 +2.45 41 +2.79 37+3.14 -
Richness (Jacknife 1) + SD 50.38%3.50 42.3+3.62 38.2+4.06 -
Richness (Chao 2) + SD 48.14+5.45 40.01+4.58 36.17+ 6.45 -
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