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Abstract: Ecological restoration is increasingly used to recover biodiversity in degraded ecosystems, yet its
effectiveness for avifauna varies across contexts. We conducted an integrative review of studies assessing the
effects of restoration on bird populations and communities worldwide. Search in Scopus, Web of Science, and
Google Scholar yielded 192 studies, covering forests, savannahs/grasslands, and wetlands across 37 countries.
Most studies implemented active restoration, with fewer using passive or mixed approaches. Overall, restoration
effects on birds were predominantly positive (81.3%) with neutral outcomes reported in 16.1% of studies
and negative outcomes in 2.6%. Positive responses included increases in species richness, abundance, and
community resemblance to reference habitats; however, parity with native systems often depended on long-
term maintenance and successional development. Time from intervention strongly modulated outcomes, with
older plantings consistently supporting higher richness and abundance. Projects relying on native vegetation
tended to outperform those dominated by exotic species. Beyond taxonomic metrics, most studies assessing
functional and phylogenetic diversity reported convergence toward native reference communities, though some
documented losses of evolutionary history and specialization. Geographically, publications were concentrated
in the United States and Australia, underscoring gaps in tropical and Global South biomes. Collectively, the
evidence indicates that restoration can meaningfully advance avian conservation when actions prioritize native
species, structural heterogeneity, and landscape connectivity, and when monitoring spans sufficient temporal
scales to capture community assembly and demographic viability. These findings provide actionable guidance
for restoration design and evaluation, and highlight priorities for future research on long-term dynamics, edge
effects, predation, and specialist taxa.
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Efeitos da restauracio sobre populacoes e comunidades de aves: Revisao Integrativa

Resumo: A restauragdo ecoldgica ¢ cada vez mais utilizada para recuperar a biodiversidade em ecossistemas
degradados, mas sua eficacia para a avifauna varia entre os contextos. Realizamos uma revisao integrativa de
estudos que avaliam os efeitos da restauragdo em populagdes e comunidades de aves em todo o mundo. Buscas
no Scopus, Web of Science ¢ Google Académico resultaram em 192 estudos, abrangendo florestas, savanas/
campos e areas imidas em 37 paises. A maioria dos estudos implementou a restauragdo ativa, com menos estudos
usando abordagens passivas ou mistas. No geral, os efeitos da restauragdo sobre as aves foram predominantemente
positivos (81,3%), com resultados neutros relatados em 16,1% dos estudos e resultados negativos em 2,6%. As
respostas positivas incluiram aumentos na riqueza de espécies, abundancia e semelhanga da comunidade com
habitats de referéncia; no entanto, a paridade com sistemas nativos frequentemente dependia da manutengao a
longo prazo e do desenvolvimento sucessional. O tempo desde a intervengdo modulou fortemente os resultados,
com plantagdes mais antigas consistentemente suportando maior riqueza ¢ abundancia. Projetos que dependem
de vegetacdo nativa tendem a superar aqueles dominados por exdticas. Além das métricas taxondmicas, a maioria
dos estudos que avaliam a diversidade funcional e filogenética relatou convergéncia em dire¢@o a comunidades
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nativas de referéncia, embora alguns tenham documentado perdas de histéria evolutiva e especializagdo.

Geograficamente, as publica¢des concentraram-se nos Estados Unidos e na Australia, ressaltando lacunas nos

biomas tropicais e do Sul Global. Coletivamente, as evidéncias indicam que a restauracdo pode promover

significativamente a conservagao de aves quando as a¢des priorizam espécies nativas, heterogeneidade estrutural

e conectividade da paisagem, e quando o monitoramento abrange escalas temporais suficientes para capturar a

montagem da comunidade e a viabilidade demografica. Essas descobertas fornecem orientagdes praticas para

o projeto e a avaliagdo da restauragdo e destacam prioridades para pesquisas futuras sobre dinamica de longo

prazo, efeitos de borda, predagdo e taxons especialistas.

Palavras-chave: Restauragdo ecologica; Aves; Biodiversidade; Paisagem,; Conservagdo.

Introduction

Habitat destruction, particularly of forests and other natural
ecosystems, often results in remnant areas that are too small to sustain
viable populations of the species that depend on them (Pimm 1991). In
this context, habitat conversion and degradation have been recognized
as primary drivers of global biodiversity loss (Newbold et al. 2015).
The reduction or elimination of suitable habitat leads to population
decline and, in many cases, to species extinction. Consequently,
maintaining enough suitable habitat is essential for ensuring the long-
term persistence of species (Ma et al. 2022).

According to the Living Planet Report (2024), the average size of
monitored wildlife populations decreased by 73% between 1970 and
2020, revealing that birds have suffered substantial losses. According
to BirdLife International (2024), 1,354 species are currently classified
under some category of extinction risk. The main drivers include
agricultural expansion (affecting 73% of species), logging (51%),
invasive alien species (42%), hunting and trapping (39%), and climate
change (37%). However, habitat is not static; it changes over time due
to both natural and anthropogenic disturbances. Thus, restoring wildlife
habitat requires not only understanding the ecological requirements
of species but also the processes that sustain these habitats over time
(George and Zack 2001).

According to the Society for Ecological Restoration International
(2004), ecological restoration is the process of assisting the recovery
of an ecosystem that has been degraded, damaged, or destroyed. In
this sense, restoration acts as an ally of biodiversity, by promoting the
recovery of altered ecosystems and conserving those that remain intact
(United Nations 2021). The restoration of degraded areas is currently
an international priority to both mitigate climate change and protect
biodiversity (Schiiler and Bustamante 2022). To understand the effects
of restoration on ecosystems, it is essential to evaluate faunal responses.
According to Burnett et al. (2005), birds are a suitable model group for
assessing the success of restoration efforts and land-use changes. They
are also useful indicators of habitat value in restored areas, as they are
easily detected and sufficiently abundant to provide quantitative data
(Gould and Mackey 2015). Moreover, as emphasized by Gardali et al.
(2006), birds are relatively easy to detect and identify, can be efficiently
surveyed, and their demographic parameters can be directly assessed.
Researchers also benefit from the existence of standardized programs
and guidelines that facilitate monitoring and analysis.

In this study, we conducted an integrative literature review to
understand how the restoration of different natural ecosystems influences
bird populations and communities on a global scale. To achieve this
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objective, we structured the research questions into two complementary
axes: (i) characterization of the scientific production and (ii) synthesis
of'the ecological effects of restoration on avifauna. Together, these axes
allow us to contextualize the development of the field while synthesizing
the main ecological outcomes of restoration.

1. Patterns of scientific production

1. What is the temporal trend in publications investigating the
effects of restoration on bird populations and communities?

2. Which countries concentrate the highest number of studies on
the effects of restoration on avifauna?

3. Which types of ecosystems concentrate the greatest number of
studies assessing the effects of restoration on bird populations
and communities?

2. Ecological effects of restoration on avifauna

1. What are the main restoration techniques employed in the
studies? Are there differences between active and passive
restoration in terms of their effects on avifauna?

2. What is the overall effect of restoration on bird diversity
(positive, negative, or neutral)? Can restored ecosystems sustain
levels of diversity comparable to those found in native habitats?

3. How does time since restoration influence the successional
trajectories of bird communities?

4. Do the studies prioritize the use of native or exotic plant species?
Which type of vegetation is associated with more favorable
outcomes for avifauna?

5. What are the effects of restoration on specialist, threatened, and
endemic bird species? Do the studies go beyond taxonomic
diversity to include functional and genetic diversity metrics?

Material and Methods

1.1. Literature search

We conducted a structured literature search as part of an integrative
review. to answer the question: “What is the influence of ecological
restoration on bird communities?”” This question was developed based
on the PICOS framework—Population, Intervention, Comparison,
Outcome, and Study—type recommended for systematic reviews
(Eriksen and Frandsen 2018). In this context, the population was defined
as bird species, the intervention referred to ecological restoration
projects, and the comparison involved restored areas, areas with exotic
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vegetation, and areas with native vegetation. The outcome focused
on understanding how and under what conditions restoration benefits
bird communities. We included both experimental and observational
study types.

Although this review is integrative rather than a formal systematic
review, we used the PICOS framework to structure the question and
eligibility criteria, and we present the screening process using PRISMA
flowchart (Page et al. 2022) and adapted to include grey literature
sources.

The literature search was conducted between June and September
2024 using three databases: Web of Science (www.webotknowledge.
com), Scopus (wWww.scopus.com), and Google Scholar (scholar.google.
com). The search strings applied were as follows: Web of Science: TS =
(“ecological restoration” OR restoration) AND TS = (bird* OR avian),
where TS refers to topic searches including title, abstract, and keywords;
Scopus: TITLE-ABS-KEY ((“ecological restoration” OR restoration)
AND (bird* OR avian)), which includes searches in titles, abstracts,
and keywords. In Google Scholar, the same terms were applied without
field restrictions. Although a limited number of synonyms was used,
the selected terms are widely employed in restoration ecology and
avian studies, ensuring the retrieval of studies directly aligned with the
objectives of this review.

1.2. Publications screening

After compiling the initial set of records, we applied a first-level
screening based on article titles, which had to include the terms
“restoration” and “birds”, or the name of a specific bird species, since
some studies focused on individual taxa. We then used the Rayyan
platform (Ouzzani et al. 2016) to detect and remove duplicates.
Additional exclusions were made manually, based on the inclusion
and exclusion criteria.

Next, we conducted an abstract screening to identify studies
addressing the relationship between habitat restoration and bird
communities. We included studies from both terrestrial and aquatic
environments. Eligible sources included peer-reviewed scientific
papers, book chapters, and selected gray literature such as technical
reports and unpublished theses, provided they offered relevant insights
into the topic. Grey literature was identified through targeted searches
in Google Scholar, screening of reference lists from key articles, and
consultation of institutional repositories and databases. The same
inclusion and exclusion criteria applied to peer-reviewed studies were
also applied to these sources.

A full-text review was then carried out for the remaining papers.
We excluded literature reviews, studies that did not present empirical
results on birds, forecasting studies that only modeled potential
outcomes without implementing restoration actions, preliminary studies,
commercial articles promoting revegetation services, and studies
focusing on products or equipment. Study selection was conducted by a
single reviewer. To ensure consistency, the screening process followed
predefined criteria and was applied systematically across all stages.

The final set of references included studies that reported empirical
responses of bird communities to different restoration initiatives.
Information from each study was organized into a table, which included:
(1) the study location and year; (2) restoration techniques employed;
(3) type of environment; (4) age of the restored plots at the time of
bird sampling; (5) presence of structural habitat changes; (6) types of
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environments compared; (7) whether the study focused on communities
or single species; (8) main ecological responses observed; and (9) the
overall effect of restoration on birds.

For each study, the following were recorded: (i) the type of
restoration technique (active, passive, or a combination of both), (ii) the
type of vegetation or intervention applied (e.g., use of native or exotic
species, hydrological restoration, or natural regeneration), and (iii) the
reported effect on bird communities (positive, neutral, or negative).

For comparative analyses, positive and neutral effects were grouped
and classified as favorable responses, while negative effects were classified
as unfavorable. This approach has been adopted in previous ecological
syntheses to distinguish between detrimental and non-detrimental
outcomes of restoration. Neutral responses were considered favorable
because they do not indicate harm to avifauna and may reflect early
stages of ecological recovery. We acknowledge that this classification
may influence the interpretation of results by potentially overestimating
favorable outcomes; therefore, the results should be interpreted
with caution, and alternative classifications (e.g., treating neutral
responses as a separate category) were considered during data exploration.

Proportions of favorable and unfavorable responses were calculated
for each category analyzed. To quantify the association between the
type of restoration technique (active vs. passive) and the probability of
favorable avifauna responses, the odds ratio (OR) was estimated from
2 x 2 contingency tables (Agresti 2007). In situations where zero
frequencies occurred (absence of negative effects in one of the
categories), the Haldane—Anscombe correction was applied, adding
0.5 to all cells in the table (Haldane, 1956; Anscombe, 1956), to avoid
bias in the OR estimation. Analyses were conducted in a descriptive-
comparative framework using R version 4.3.1. When applicable,
confidence intervals were calculated to support interpretation of the
estimates. Results were interpreted using a structured narrative approach,
taking into account the historical context of land use, the temporal scale
of restoration processes, and methodological differences among studies.

To identify predominant research themes, the abstracts of all
included studies were used to generate a word cloud representing the
45 most frequent terms. This analysis aimed to provide a descriptive
overview of recurring topics and research focus areas within the
literature on ecological restoration and avifauna. The word cloud was
generated using the WordArt platform (www.wordart.com).

Finally, the geographical distribution of the studies was represented
by a thematic map created on the online platform MapChart (https://
www.mapchart.net). Countries were manually highlighted according to
the number of publications identified, using a color scale to represent
different frequency classes.

The map is descriptive and illustrative in nature, with the aim of
visually summarizing the spatial patterns of research distribution on a
global scale. The information presented is based on absolute counts of
studies per country and does not constitute a quantitative or inferential
spatial analysis, nor does it involve statistical modeling of geographical
distribution.

Results

Using the defined search terms to identify studies evaluating the
effects of terrestrial and aquatic landscape restoration on avifauna,
we retrieved 809 records from Scopus, 383 from Web of Science, and

http://www.scielo.br/bn


http://www.webofknowledge.com
http://www.webofknowledge.com
http://www.scopus.com
scholar.google.com
scholar.google.com
http://www.wordart.com
https://www.mapchart.net
https://www.mapchart.net

Biota Neotrop., 26(2): €20251865, 2026

Bernardes M.M., Braz V.S. & Franga F.G.R

Records enuted rom Records ramoved beftre Records e rom
Scopus: (n=809) Google Scholar: ( )
Web of Science: (n=383) gt records removed Records available on Google
Schotar: (1.000)
J l
(n=1.054) (n=906)

l

|

Reports sought for retrneval Reports not retrieved Reports sought for retrieval Reports not retrieved
(n=158) (n=66) (n=205) (n=105)

Reports assessed for eligioaty Reports assessed for elgoity

(n=92) (n=100)

—J
—_

g Studies Included in review
)

(n=192)
Article (n= 173)
Book chapter (n=3)
Report (n=6)

Thesis (n= 10)

Figure 1. Flowchart of the study selection process based on predefined inclusion and exclusion criteria, adapted from the PRISMA guidelines. The diagram summarizes
the identification, screening, eligibility, and inclusion stages, including records obtained from databases and other sources.

1,000 from Google Scholar. In total, 2,192 records were screened. The
main reasons for exclusion included lack of empirical data on birds,
review articles, modeling studies without implemented restoration,
and studies not directly related to habitat restoration. After applying
inclusion and exclusion criteria, 192 studies met the eligibility
requirements and were included in this review. These comprised
173 peer-reviewed articles, three book chapters, six technical reports,
and ten academic theses (Figure 1).

The word-cloud analysis revealed that the most frequent terms
across the corpus were “restoration” (frequency = 851), “bird” (798),
“species” (770), “habitat” (440), “sites” (305), “forest” (300), “area”
(240), “grassland” (240), “community” (227), “abundant” (216),
“change” (100), “success” (84), “biodiverse” (80), “revegetated” (57),
and “ecology” (56) (Figure 2).

The most frequent terms were related to habitat restoration, species
diversity, and community-level responses. This analysis provides a
descriptive overview of the main research themes in literature and helps
identify dominant topics and potential gaps related to the objectives
of this review.

In terms of publication trends, the studies included in this review
were published between 1980 and mid-2024 (Figure 3). Notably,
58.9% of the publications appeared in the last decade, indicating a
marked increase in the number of publications on ecological restoration
and avifauna.

Geographically, the studies encompassed research conducted in
37 countries (Figure 4). The United States accounted for the largest
share, representing 49.5% of all publications, followed by Australia
(13.5%) and Brazil (4.2%).

To assess which environments are most frequently represented in
restoration studies, study sites were categorized into forest, savannah/
grassland, and wetland ecosystems. Forest environments accounted
for 52.6% of the studies representing the most frequently studied
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Figure 2. Word cloud representing the most frequently mentioned words
in 192 abstracts of publications on the effects of ecological restoration on
bird populations and communities around the world. The size of the word is
proportional to its frequency in the abstracts.

ecosystem type inrestoration initiatives involving birds. Savannah and
grassland ecosystems represented 25%, while wetlands accounted for
22.4% of the records.

2.1. Restoration techniques

Among the reviewed studies, 85.4% reported the use of active
restoration techniques, involving direct human intervention to
accelerate recovery through methods such as seedling planting, direct
seeding, prescribed burning, vegetation cutting, and construction
of physical structures. In contrast, 6.3% of studies reported passive
restoration, where ecosystems regenerate naturally without direct human
intervention, while 8.3% combined both strategies.

Comparative analysis using odds ratios indicated that, when
grouping positive and neutral responses as favorable, the probability
of beneficial effects from restoration was high in both strategies. After
applying the correction for zero frequencies (Table 1), the estimated
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Figure 3. Temporal distribution of publications on the effects of ecological restoration on bird communities between 1980 and September 2024. Values represent
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Figure 4. Global distribution of studies by country, illustrating the number of publications on ecological restoration and bird communities. Countries are shaded
according to the number of studies identified, representing different frequency classes.

Table 1. Contingency table used for the estimation of the odds ratio comparing
active and passive restoration techniques. Values include the Haldane—Anscombe
correction applied to account for zero frequencies.

Restoration technique Favorable Unfavorable
Active 167.5 5.5
Passive 20.5 0.5

Odds Ratio (OR = 0.74) indicates similar probabilities of favorable
responses between active and passive restoration.

2.2. Overall effects of restoration on birds

Across all ecosystems and regions, 81.3% of the studies reported
beneficial outcomes for bird diversity and community structure. In
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contrast, 16.1% reported neutral effects, with no significant changes in
bird communities following restoration. Only 2.6% of studies (n = 5)
reported negative outcomes. Of these, three evaluated restoration effects
at the population level of a single species, while two reported negative
effects on both vegetation and avifauna.

Among studies providing information on restoration age, time since
intervention ranged from 1 to 111 years.

Most restoration projects emphasized the use of native plant species.
In forest ecosystems, 70 studies reported the exclusive use of native
trees, while only six combined native and exotic species. In savannah
and grassland restorations, 22 studies used native grasses exclusively,
and eight used mixed species compositions) (Table S1.)

A subset of 18 studies specifically examined restoration effects on
conservation-priority bird species including specialists, endangered,
and endemic taxa. Of these, 14 reported positive outcomes, such as
increased reproductive success, population growth, improved habitat
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quality, and enhanced body condition. The remaining four studies
reported neutral effects.

Finally, ten studies addressed the influence of restoration on
functional and phylogenetic diversity. Nine of these detected positive
effects, while one study reported a loss of functional diversity.

Discussion

The results of this integrative review indicate that ecological
restoration has a strong potential to promote the recovery of bird
communities across diverse ecosystems. Across all ecosystems and
regions, 81.3% of the studies reported beneficial outcomes, while 16.1%
reported neutral effects and only 2.6% reported negative responses.
These findings suggest that restoration generally supports avian
diversity and community structure, although outcomes vary depending
on ecological and methodological contexts.

The geographical and temporal patterns identified in this review also
reveal important biases in the literature. Most studies were conducted
in temperate regions, particularly in the Northern Hemisphere, while
tropical and developing regions remain underrepresented. Additionally,
the increase in publications over recent decades reflects growing
scientific interest in ecological restoration, which has been further
reinforced by global initiatives such as the United Nations Decade on
Ecosystem Restoration, which has expanded investments and priorities
in ecosystem recovery (UNEP & FAO, 2020).

In most studies, active restoration techniques — involving
direct human intervention, such as planting, seeding, or structural
modifications- were most frequently employed. Latja et al. (2016)
observed rapid responses from bird communities in tropical forests
after anthropogenic disturbances; similarly, Helms IV et al. (2018)
documented increases of up to 94% in species richness in reforested
areas, with average annual increments of 27% in years without fire
occurrence. In general, active restoration techniques produced positive
effects on bird richness, abundance, and diversity (Wilson, Masters
and Bukenhofer, 1995; Canales-Delgadillo et al. 2019; Gamblin
et al. 2023).

Neutral responses were frequently associated with short monitoring
periods, as vegetation establishment and successional processes require
time to reach maturity. Negative outcomes were rare and often linked to
studies focusing on single species or to restoration practices that altered
vegetation structure in ways that were unfavorable to avifauna. For
example, inappropriate management practices, such as canopy reduction
or burning outside appropriate seasonal windows, may negatively
affect bird communities (Barrioz et al. 2013). According to Da Silva,
Lindenmayer and Fontana (2019), passive restoration can be effective
and economically advantageous when local conditions favor natural
regeneration. Although active and passive approaches often result in
distinct plant structures, resource availability may converge over time
(Morrison and Lindell 2011).

The time elapsed since restoration also emerged as an important
factor influencing avian recovery. Ecological succession plays a central
role in this process, as bird communities tend to stabilize gradually over
time (Miranda 2009). Studies have shown that older restored areas
support higher richness and abundance than recently restored sites,
Kavanagh, Stanton and Herring (2007) reported that older plantations
(10-25 years) supported greater bird richness and abundance than
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younger sites (< 10 years), although the time required for recovery varies
widely depending on environmental conditions and land-use history. In
addition to the restoration method, the timing of restoration, proximity
to remnant native habitats, and successional stage of restored areas were
consistently identified as key determinants of avian recovery (Paxton
et al. 2018; Olechnowski et al. 2009; Haslem et al. 2023).

Long-term maintenance and temporal continuity are also essential
for sustaining bird diversity in restored habitats. As highlighted by
Lindenmayer et al. (2016), supporting a range of vegetation age classes
within restored forests is crucial; species associated with younger stands
may abandon the area if new plantations are not periodically established.
Similarly, restored wetlands often harbor rich waterbird assemblages
but seldom replicate the ecological functions of natural wetlands, as
they typically lack seasonal hydrological fluctuations essential for many
tidal specialists such as shorebirds (Fan et al. 2021).

Consistent with the patterns observed in this review, most
restoration projects prioritized the use of native plant species. Selecting
appropriate sites and considering the surrounding landscape matrix
are critical components of restoration success. According to Silva and
Fontana (2021), the amount of adjacent native habitat can strongly
influence bird diversity in restored areas. Integrating landscape-level
planning into restoration projects can thus enhance connectivity
and facilitate species dispersal. As suggested by Ma et al. (2022),
restoration between forest fragments should be prioritized to increase
habitat connectivity, while degraded monospecific plantations can be
converted into mixed species stands through replanting to optimize
vegetation structure and ecological function.

The use of native plant species is generally more beneficial for
avifaunal recovery than the introduction of exotic species. Werema
(2021) demonstrated that restorations dominated by exotic vegetation
exhibited lower bird species richness, abundance, and diversity
compared to those using native flora. Similarly, Becker, Paise, and
Pizo (2019) reported that even a decade after revegetation with
exotic grasses, restored areas still did not resemble natural pastures
in terms of bird composition. Exotic grass species can also alter
plant community dynamics, degrading habitat quality for both birds
and other faunal groups (Lituma, 2010). These findings collectively
underscore the ecological risks of relying on non-native species in
restoration projects.

Restoration also showed positive effects on conservation-priority
species, including specialists, endangered, and endemic birds. Most
studies reported improvements in parameters such as reproductive
success, population trends, and habitat quality, although some neutral
responses were observed, particularly in studies with limited post-
restoration monitoring. Beyond species richness, restoration can
influence the functional and phylogenetic dimensions of biodiversity.
Ikin et al. (2019) provided clear evidence that large-scale restoration
enhances functional complementarity and redundancy among bird
assemblages in degraded agricultural landscapes. Structural complexity
of vegetation promotes the reorganization and addition of functional
traits such as diet, habitat preference, body mass, environmental
sensitivity, and foraging stratum that together increase functional
richness and evenness (Melo, Silva and Piratelli 2020).

However, contrasting results have also been reported. Cosset and
Edwards (2017) found that restoration led to a loss of evolutionary
history and functional specialization, suggesting that certain practices
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may favor generalist species over specialists. This highlights the need
for holistic ecosystem-based approaches that prevent restoration from
inadvertently reducing functional diversity. As Tilman et al. (2017)
emphasize, the policies and restoration strategies adopted today will
decisively shape which species and how many persist through ongoing
environmental change.

Despite the consensus on restoration’s positive influence, important
gaps remain. Few studies have conducted long-term monitoring of bird
assemblages, limiting our understanding of whether specialist species
can maintain viable populations over time (Waldén and Lindborg 2018).
Moreover, key ecological processes such as nest predation, edge effects,
and matrix pressure, which are often intensified in restored landscapes,
remain underexplored (Pass, Pensa and Lohmus 2022; Whittingham
and Evans 2004). Understanding these dimensions is fundamental
to determining whether increases in abundance genuinely represent
conservation success.

Conclusions

Overall, the results reinforce that restoration should be viewed as a
dynamic, multi-scalar process. At the local scale, structural heterogeneity
of vegetation supports different bird guilds and ecological functions.
At the landscape scale, habitat connectivity and spatial configuration
play decisive roles, although their effects vary among biomes. Clearly
defining target species, ecological functions, and management objectives
is therefore essential to ensure that restoration outcomes extend beyond
assemblages dominated by generalists.

However, the available evidence presents important limitations
that should be considered when interpreting these findings. The studies
included in this review show considerable heterogeneity in terms of
ecosystems, methodologies, and restoration approaches, which may
influence the comparability of results. In addition, the scarcity of
long-term monitoring limits our understanding of whether observed
positive responses are sustained over time, particularly for specialist
and conservation-priority species.

Finally, birds remain valuable bioindicators of ecological
restoration, reflecting environmental quality and successional progress.
However, their responses must be interpreted with caution, because
numerical increases do not always translate into real conservation
gains. Integrating functional, phylogenetic, and behavioral metrics into
future studies will provide a more comprehensive understanding of how
restoration contributes to avian biodiversity and ecosystem resilience.

Supplementary Material

The following online material is available for this article:
Table S1. List of studies included in this integrative review.
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