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bird-mediated seed dispersal for natural forest
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Abstract

Background Forest landscape restoration (FLR), often through tree planting, is one of the priorities in many global
and national initiatives for carbon offsetting as part of climate change mitigation and biodiversity conservation. How-
ever, active efforts to meet FLR objectives entail substantial costs for the procurement of planting stocks and require
an experienced workforce for planting and nurturing tree seedlings. Alternatively, restoration projects can be more
cost-effective and potentially may have greater biodiversity gain through assisting and accelerating natural for-

est regeneration. The use of perches is one of the strategies under Assisted Natural Regeneration (ANR) and is used
to attract avian seed dispersers to degraded habitats for increased tree seed supply and seedling establishment. This
systematic review and potential meta-analysis aim to determine the effectiveness of artificial and natural perches

in promoting natural forest regeneration. Specifically, we will evaluate their effectiveness in driving seed richness, seed
density, seedling richness, and seedling density. The results will synthesize available evidence on the topic, identify
knowledge gaps we need filling to upscale the strategy, and inform their use in concert with other ANR strategies.

Methods The search strategy was informed through a literature scan and discussions with stakeholders and experts.
A total of eight databases, which include an organizational library and a web-based search engine, will be searched
using the refined search string in English. The search string was formed using keywords corresponding to the PICO
structure of the research question, and its comprehensiveness was evaluated using 10 benchmark articles. The
search results will be screened by the review team (composed of a primary and at least two secondary review-

ers) using the set eligibility criteria at the title and abstract level, followed by the full-text screening. The screened
studies will then undergo critical appraisal using the assessment criteria based on risk of bias and methods. Data
from the accepted studies will be extracted to the standard data sheet for meta-analysis. Effect size (Hedges'g) will
be computed to determine whether perches are effective in increasing seed dispersal and seedling establishment

in degraded sites. The effect of potential modifiers relating to the landscape will be explored via mixed models.
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Tropical forests account for more than 90% of the global
deforestation, with 157 Mha of forest area lost from 2000
to 2018 [11]. If left unabated, such rapid forest loss is
likely to result into a protracted mass extinction of forest
dependent species [2] and impaired ecosystem function-
ing [12].

International and national institutions alike have rec-
ognized the urgency of protecting remaining forests
and restoring degraded lands. Net zero forest loss is a
key target in international conventions and declarations
(e.g., Bonn Challenge, United Nations Sustainable Devel-
opment Goals, COP26 climate summit) [13]. Reflecting
the critical need to reverse and mitigate deforestation to
meet commitments, forest landscape restoration is gain-
ing more attention in research and practice at national
and local scales [13, 14]. However, widely used reforesta-
tion activities such as monoculture or mixed planting of
exotic and/or commercially valuable species in degraded
habitats [15, 16] produced ineffective ecological out-
comes, failing to restore biodiversity and ecosystem func-
tioning to levels observed in natural forests [15]. This was
partly due to poor species—site matching and lack of
understanding of the natural forest structure [17]. These
activities were also costly, trying to ensure sourcing good
planting stock and using extensive manpower for plant-
ing and nurturing [18].

Reforestation projects can be more cost-effective and
potentially have greater biodiversity gains through accel-
erating natural forest recovery [14, 19]. Most forests are
able to recover on its own, although the speed of recov-
ery is dependent on intensity of past land use and time
since restoration, among other factors [20, 21]. Assisted
Natural Regeneration (ANR) is a reforestation strategy
that accelerates forest succession by minimizing distur-
bances (i.e., fire, livestock) and competition (i.e., invasive
species, weeds, vines) to the naturally regenerating trees
[22-24]. ANR can also improve seed supply by promot-
ing seed dispersal by animals such as birds, with bird dis-
persers shown to increase plant species richness in forest
gaps and regenerating forests [25, 26].

Seed dispersal is a crucial process that has far-reaching
effects on the plant population dynamics and ecological
interactions [26]. This process of moving seeds away from
the mother plant is often mediated by birds [27, 28], a
service not exclusively provided by frugivores but also by
omnivores. Generalist birds have been shown to improve
forest regeneration through increasing abundance and
diversity of the seed rain in degraded areas [25]. This
bird-mediated process can also positively influence seed
germination and seedling establishment, although results
have been varied and species-specific [29-31].

However, birds in the forest are generally hesitant to
visit degraded sites, because of increased risks from
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predation, harsher conditions, and lack of resources
[32]. Several strategies have been tested to attract birds
into the degraded areas as an ANR strategy. Methods
include the use of artificial perches [33], applied nuclea-
tion or tree islands [34], planting of fruit trees [35, 36],
and other natural structures used by birds as perches,
sometimes in conjunction with supplemental water [37]
and playback luring [38]. However, results from the habi-
tat fragmentation literature suggest that the effectiveness
of these perches may be affected by landscape and habitat
factors. Birds may visit perches placed nearer the forest
edge than those farther away [39]. The habitat around the
perches also matters, as birds would prefer to move in
areas structurally similar to their native habitat [40]. Veg-
etation structure, at perches and around them, will also
alter water availability and soil moisture, known to affect
the successful recruitment of seedlings from seeds [41].

To consolidate ANR strategies focused on attracting
bird dispersers and thus to facilitate the upscaling of ANR
across regions, an evidence synthesis is needed evaluat-
ing the effectiveness of various perching structures at
degraded areas in promoting forest regeneration. Sys-
tematic reviews collate and synthesize critically appraised
evidence to inform conservation practice, identifying
interventions that are effective as well as knowledge gaps
[42]. Contingent on data availability, a meta-analysis
can also be performed by pooling data across studies to
determine the overall effectiveness of the intervention on
the outcome of interest and to explore potential modifi-
ers or sources of heterogeneity. Guidetti et al. [33] con-
ducted a meta-analysis on the use of artificial perches
in 2015, but they neither included natural perches nor
examined moderator effects of the landscape structure
(e.g., matrix type, distance of perch to edge). This system-
atic review will summarize the importance of bird perch-
ing structures and discuss their effectiveness, advantages,
and disadvantages, ultimately to guide interventions
using perches in future ANR programs.

Stakeholder/expert engagement

We have created an online stakeholder survey to seek
insights and suggestions for our meta-analysis (Addi-
tional file 4). This was disseminated through email to
experts in the field of forestry, ornithology, wildlife biol-
ogy/ecology, restoration ecology, conservation science,
and other relevant fields. To date, we have received nine
responses from participants who were affiliated with dif-
ferent universities (based in UK, Thailand, Philippines)
and environmental conservation organizations (BirdLife
International, Instituto Claravis, Royal Society for the
Protection of Birds). After explaining to them the overall
research question and outlining the PICO (Table 1), they
found the research question relevant and have suggested
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Table 1 The PICO structure of the systematic review research question
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Question key elements

Population (P)
Intervention (I)

Comparator (C)

Outcome (O)

Moderator

Degraded areas near a forest

Artificial perches (e.g.,, wooden posts, wires)
Natural perches (e.g., single trees, shrubs)

Temporal: before and after intervention at the same site
Spatial: with and without intervention at adjacent sites
with the same expected seed source and ecoregion

Seed richness
Seed density
Seedling richness
Seedling density

Matrix type (e.g., agriculture, grassland, regenerating landscape)
Distance of perch to forest edge

Precipitation variation

Bioclimatic region (tropical, subtropical, temperate, boreal)

CEE Risk of Bias score (low, medium, high)

Methods validity score (low, high)

Table 2 The proposed databases to search studies examining bird-mediated seed dispersal on perches

Source

Institutional subscription

Search fields

Databases
Web of Science Core Collection

- Science Citation Index Expanded (SCI-EXPANDED)
1970-present

- Social Sciences Citation Index (SSCI) 1970-present
« Arts & Humanities Citation Index (AHCI) 1975—present

- Conference Proceedings Citation Index—Science
(CPCI-S) 1990—present

- Conference Proceedings Citation Index—Social Sci-
ence & Humanities (CPCI-SSH) 1990-present

- Emerging Sources Citation Index (ESCI) 2015—present
Zoological record

SciELO Citation Index
Scopus
CAB Abstracts

ProQuest Natural Science Collection
Websites
Conservation evidence

Web-based search engine
Google Scholar

Newcastle University

Newcastle University

Newcastle University
Newcastle University
Newcastle University

Newcastle University

Open Access

Open Access

Topic (includes title, abstract, author keywords, and key-
words plus)

Topic (includes title, book title, abstract, broad terms,
descriptors data, super taxa, systematics, taxa notes)

Topic (includes title, abstract, author keywords)

Article Title, Abstract, Keywords

WOK Free-Text index (English Item Title, Original ltem Title,

Source Abstract, CABICODE Names, Descriptors, Organism
Descriptors, Geographic Location, Identifiers, Broad Terms)

Title, Abstract, Keywords

NA
Search studies using keyword “perch”and under category
"birds”

NA
Search term: Bird AND perch AND “seed dispersal” (in
English)

This list was compiled with the help of experts and stakeholders (see “Methods")
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sub-topics for further exploration, including the disper-
sal distance of seeds from the forest. They have also sug-
gested including ‘forest* (locator), ‘scrub® (intervention),
and ‘regenerat* (outcome) as part of the search terms,
which we have subsequently incorporated into the study
design (Table 2).

Objective of the review

This systematic review aims to provide a comprehen-
sive summary on the common perches that can be
used to attract bird dispersers for natural forest regen-
eration. It will assess the effectiveness of both artificial
and natural perches in promoting seed dispersal and
seedling establishment by examining evidence from
literature and potentially through meta-analysis, data-
permitting. We will also test if landscape and biocli-
matic features are important covariates to observed
effects. Seed germination as an outcome is not
included, because it has been covered by Rogers et al.
[30] in their meta-analysis.

Primary question

How effective are natural and artificial perches in pro-
moting bird-mediated seed dispersal and seedling
establishment in degraded habitats? (Table 1).

Secondary question
How do landscape and bioclimatic features alter the
effectiveness of natural and artificial perches?

Methods

This protocol follows the RepOrting standards for
Systematic Review Syntheses (ROSES) for systematic
review protocols (Additional file 5). The search strategy
and search strings were discussed and improved upon
with the help of an information specialist (Julia Robin-
son from Newcastle University Library).

Search strategy

We will search for literature (e.g., articles, books, the-
ses, institutional reports) through several databases
(Table 2) and solicited calls for relevant papers. We will
supplement this with searching of relevant references
from review articles, including the references used by
Guidetti et al. [33] in their review paper. No time lim-
its will be applied in our search. A search update will
be performed every year, if resources allow, until the
review is published.

We expect to find most studies from the Web of Sci-
ence Core collection and Scopus based on our initial
scoping. We chose ten benchmark articles that pro-
vided evidence for different intervention types (i.e.,
artificial perches, shrubs, isolated trees, tree islands),
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to test the comprehensiveness of the proposed search
string. All ten articles in the benchmark list were found
in the former database, but one was missed in the Sco-
pus search due to the lack of abstract. We included Sci-
ELO Citation Index to find regional studies from Latin
America, Spain, Portugal, the Caribbean and South
Africa, as well as ProQuest Natural Science Collection,
CAB Abstracts, and Conservation Evidence for theses,
reports, and conference proceedings that may not have
been published and indexed. Web-based searches will
also be done on Google Scholar engine as a supplemen-
tary source using terms in English. We will use main
search terms from population, intervention, and out-
come components, but only the first 200 results, sorted
by relevance, will be examined. Lastly, to expand our
search further, a public call for literature will be done
through relevant mailing lists and social media (i.e.,
Facebook, Twitter).

Search strings

Based on the elements of the question, we identified key
terms that refer to the population, intervention, and out-
come (Table 3). These were combined using ‘OR’ within
each element and with ‘AND’ across to form the search
string, such that an article will be returned if it referred
to birds (and its synonyms), a type of perch, and a term
about seed dispersal or seedling establishment.

The search string was optimized for the Web of Sci-
ence Core Collection by testing it against ten benchmark
articles (Additional file 1). We included “disperse*” in the
population term, because a paper in the benchmark list
did not refer to birds specifically at the title, abstract, and
keywords. For intervention, we added “roost*” to what
Guidetti et al. [33] used for artificial perches and also
included terms for natural perches. We used “forest*” and
“woodl*” as the location term to exclude other habitats,
such as grasslands or wetlands.

The final search string was then adjusted accordingly
to the syntax of other databases. Due to resource con-
straints, we will restrict our search to publications in
English, including literature with abstracts published
in English but using other languages in the full text. We
acknowledge that our search strategy may miss regional
studies, but we tried to limit this bias by including refer-
ences cited in review papers.

Screening process

The screening of eligible studies will be done by the
review team using a pre-defined inclusion/exclusion cri-
terion, in accordance with Collaboration for Environ-
mental Evidence (CEE) guidelines. We will create the
ROSES flow diagram in ROSES flowchart R package [43]
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Table 3 Search terms and search strings to be used for the meta-analysis

Elements

Search terms

Population

Intervention
Artificial perches

Natural perches

Outcome

Locator

Search string

bird*
avian
aves
disperse*

perch*
artificial perch*
roost*

wire*

post*

palm*

fruit*
nucleation®
nuclei

tree isl*
woodland isl*
habitat is*
remnant tree*
isolated tree*
single tree*
shrub*

scrub®

seed dispers*
seed rain*
seedling®
regenerat*

forest*
wood/*

(bird* OR avian OR aves OR disperse*) AND (palm* OR fruit* OR perch*

OR “artificial perch*"OR roost* OR nucleation* OR nuclei OR “tree is|*”
OR"woodland isI*" OR “habitat isI*" OR “remnant tree*” OR “isolated tree*”
OR“single tree*" OR shrub* OR wire* OR post* OR scrub*) AND (“seed dis-
pers*” OR "seed rain*" OR seedling* OR regenerat*) AND (forest* OR woodI*)

The final list of terms was generated through fine-tuning against ten benchmark articles and by working with stakeholder consultation

to report the number of papers excluded at every stage of
screening—title and abstract, full text.

The inclusion review of the amassed library will be
done in three parts. First, the library will be cleaned of
duplicates based on DOI and title matches using the R
package ‘revtools’ [44] and further screened using the de-
duplication algorithm in the software Rayyan [45]. We
have conducted a pilot run of the de-duplication process.
From 11,801 articles collated from the databases (Addi-
tional file 1), the number of unique studies after DOI and
title-matching was 5019. We then used Rayyan’s dedupli-
cation tool, and the program flagged 294 potential dupli-
cates, which will be manually screened.

After the de-duplication process, we will conduct title
and abstract filtering using the eligibility criteria below as
guide, retaining uncertain ones for the next step. Lastly,
we will conduct full-text filtering, primarily through
reviewing the methods and results sections, as guided
by the study inclusion criteria. The two-step filtering will
be done in Rayyan to facilitate parallel screening, but we
will manage the full-text articles in a separate reference

management tool (e.g., Mendeley, EndNote). We will pro-
vide a supplementary list of articles that were excluded at
this stage with reasons for exclusion.

All studies will undergo double-screening at both levels
of filtering, following best practices guidelines [46]. The
review team will consist of the primary reviewer and sev-
eral secondary reviewers. The former will be leading and
conducting most of the screening process, while the lat-
ter will conduct independent parallel screenings of sub-
sets of the literature searches. The reviewers will evaluate
each study and tag it as accept, reject, or unsure based
on the eligibility criteria. The screening results, specifi-
cally the group disagreement rates, will be monitored
weekly by the primary reviewer. If there is high disagree-
ment rate (>15%), the eligibility criteria will be re-eval-
uated and refined. Reconciliation meetings will be done
after every 30% of the studies have been screened. Con-
flicting decisions will be discussed with the whole team
until a consensus is reached. Reconciling decisions as
the screening progresses, instead of tackling all conflicts
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at the end, reportedly saves time and improves the deci-
sion-making accuracy of the reviewers in the process
[46]. This will be documented and made accessible as
supplementary material. Meanwhile, studies tagged as
unsure at title and abstract stage will be accepted to the
next level of filtering and assessed at the full-text filter-
ing stage. Those tagged as unsure at this final stage will be
reviewed by the whole team.

Eligibility criteria

We will review the collated studies obtained from the
searches using the criteria set below (Additional file 2).
This has been refined through pilot-testing on 20 arti-
cles selected from the initial search, intentionally cho-
sen to represent articles that are clearly eligible, clear
ineligible, and the in-between or unsure.

Title and Abstract Filtering

1. Was effect of bird perches, either natural or artificial,
on any measure of seed dispersal or seedling estab-
lishment evaluated?

2. Did the study mention bird dispersers?

3. Was the study conducted in a degraded habitat near/
adjacent a forest, regardless of type?

4. Is there full text available in English?

Full text filtering criteria

1. Was there a comparison of measurement between
control (degraded area without perches) and treat-
ment (degraded area with perch)?

2. Did the study reported data mostly contributed by
birds, as justified by observations, previous literature,
or pilot studies?
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3. Did it provide raw data, descriptive and/or inferen-
tial statistics in Figure, Table, or text on at least one
of the following: seed richness, seed density, seedling
richness, and seedling density?

We will include studies that used a combination of
perches and another attractor (i.e., food, water) in the
review and consider their interacting effects in the
meta-analysis, if possible.

Study validity assessment

We will assess the quality of the studies accepted after
full-text filtering based on risk of bias and method valid-
ity. We will use the CEE Critical Appraisal Tool [47] and
assess the risk of bias using seven sub-criteria. As with
most ecological studies, we expect a lot of studies to lack
a blinding process during sample selection, interven-
tion application, and/or outcome assessment, and hence
contribute to the overall risk of bias assessment. We will
use Criteria 3 for observational studies involving existing
perches (e.g., tree islands) and Criteria 4 for experimen-
tal studies that modified or added perches (e.g., artificial
posts). Lastly, we are interested in the raw data and/or
descriptive statistics of the studies provided in the stud-
ies. But for studies where these are unreported, we will
extract effect sizes from the inferential statistics and
assess them under Criteria 7.

The method used to measure the effect of interest
affects the reliability of the meta-analysis, hence we
will adapt the second criteria to appraise method valid-
ity (Table 4). We assume that the best method for this
kind of study (i.e., high validity) is the use of field-based
observations of birds defecating seeds on the perches,
because this allows us to establish for certain that the
seeds or seedlings examined were from birds. However,
we expect to find only a handful of studies with this ‘gold
standard. We also expect that the majority of studies will

Table 4 Study quality assessment based on external validity of methods

Method validity High

Low

Methods to measure species richness and density

of bird-dispersed seeds on perches

Seed rain collection representing disper-

Field observation of seed dispersal by birds

Seed rain collection representing dispersal by ani-
mals and non-specific to birds (i.e, open at night,
non-exclusion of other potential dispersers)

sal by birds (i.e., daytime only to exclude
bats, exclude non-bird dispersers

through method)
Methods to measure seedling species richness

Long-term monitoring of plots

Sampling under perch sites without known seed
rain data

and density

under perches with known seed rain data
and with predator and herbivore exclusion
set-up
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have employed seed rain collection as a method, which
can produce varying data quality depending on the speci-
ficity of the sampling design. We note, however, that
this method can be considered as high validity if it was
designed to be bird-specific (Table 4).

Both overall risk of bias and method validity will be
included as an exploratory or sub-grouping variable in
the meta-analysis to check the sensitivity of the results.
We will assign each study an overall risk of bias score of
low, medium, and high following the CEE tool guidelines.
The results and conclusion will be presented with consid-
eration to the risk of bias and limitations among the col-
lated evidence. For consistency checking, all assessments
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will be cross-checked by a second reviewer, and disagree-
ments will be discussed as a team.

Data coding and extraction strategy

We will extract data from the accepted list of articles
using a pre-designed datasheet with pre-coded options
for a subset of the 34 columns to standardise data extrac-
tion for analyses (Table 5; Additional file 3). This data
sheet has been pilot-tested with the 10 benchmarking
articles. The study detail component of the data extrac-
tion will include details pertaining to the attributes of
the study setting. The set-up fields refer to details on the
methods and potential effect modifiers, namely matrix

Table 5 Pre-tested data sheet for extracting data from the final list of accepted articles

Component Label Type Description
Publication details Study_no Numerical ID number
Title Free text Title of the publication
Lead_author Free text Name of the primary/first author
Email Free text Email address of the primary/first author
Pub_Year Date Year of publication
Pub_type Categorical Type of publication
Study details Year Date Year study was conducted
Country Categorical Country where the study was conducted
Lat Numerical Latitude in decimal degrees
Long Numerical Longitude in decimal degrees
Elevation Numerical Elevationin m.as.l
Set-up Int_type Categorical Intervention type
Height Numerical Perch height in meters
Treesp Free text If intervention is isolated tree, indicate tree species
Matrix Categorical Habitat type of the matrix
Forest Categorical Type of forest
Ctrl_size Numerical Number of samples for the control
Int_size Numerical Number of samples for the intervention
Distance Numerical Distance of perch to nearest forest in meters
Length Numerical Length of experiment in days
Method Categorical Method used in the study
Outcome Out_type Categorical Type of outcome measured
Out_spec Free text Notes on the specificity of outcome measured, whether the seeds or seedlings are native
species, bird-dispersed, etc
Unit Free text Unit of the mean values
Int_mean Numerical Mean value of the intervention
Ctrl_mean Numerical Mean value of the control
Variance Categorical Type of variance measured
Int_var Numerical Variance of the intervention
Ctrl_var Numerical Variance of the control
Stat_test Free text If mean and error not provided, input test statistics used for analysis and degrees of freedom
Stat_value Numerical If mean and error not provided, input value of the statistical test used
p-value Numerical If mean and error not provided, input probability measure used for hypothesis testing
Other_var Free text Confounding variable that may affect the results
Notes Free text General notes on reliability, data availability, limitations, assumptions

Categorical data fields have pre-coded options available
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habitat type and distance of perch to forest. The outcome
fields contain information about the data that are being
compared. An open field (‘Notes’) allows to track unusual
attributes associated with a specific study.

Data will be taken from the text, figures, and tables in
the publication. Data reported in figures will be extracted
using the metaDigitise package in R [48]. If the data is
not readily available (i.e., incomplete parameters, trans-
formed data), we will try to reach out to the correspond-
ing author/s and ask for the missing data. As a back-up
solution, missing data will be estimated through recal-
culation of statistics and data imputation methods, and
these will be tagged via an accuracy column and checked
for bias via sensitivity analysis [49]. The extracted data
records, both raw and processed, will be uploaded in Fig-
share for data archiving and sharing and cited as part of
the supplementary materials of the review.

We expect that some studies will contribute multiple
effect sizes and steps will be taken to minimize effect
size dependency. Results from studies that reported
more than one outcome measure (e.g., seed richness and
seedling density), collected data from several independ-
ent study sites, and used different perch types will be
encoded separately with distinct effect sizes. Addition-
ally, studies that specifically tested perches at varying
distances from the forest will be considered as distinct
results, if they have replicates, and stored as such in the
data sheet. For example, a study that collected data from
the control and perches at three different distances away
from the forest (e.g., 5 m, 10 m, 15 m) will be treated as
three distinct responses in the overall analyses. Some
studies classified and reported seed rain data based on
seed dispersal mode, type of plant (e.g., shrub, tree),
and species residency status (e.g., native or non-native).
For such cases, we will only use those specific to animal
or bird dispersal, to seeds of forest tree species, and to
native species, respectively, because these are the out-
comes that are relevant to our question.

Two reviewers will independently extract data from
all eligible studies, unless the number of studies exceeds
50. In that case, only one reviewer will extract the data
and it will subsequently be cross-checked by a secondary
reviewer. Discrepancies from the cross-checking will be
discussed within the team for consensus building.

Potential effect modifiers/reasons for heterogeneity

We will test for potential impacts of landscape context
and environment on the relationship between perches
and seed rain and seedling establishment. We will con-
sider distance of perch to forest patch and type of matrix
as landscape context specific effect modifiers, because of
their role in facilitating or hampering movement of birds
through the landscape [40, 50] and their relevance to
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addressing biodiversity threats from forest loss and frag-
mentation, globally [51]. We will also consider anoma-
lies in annual rainfall and bioclimatic region as potential
modifiers for the effect size estimates on seedling estab-
lishment outcomes because of the role of water availabil-
ity in seed germination and survival [41].

The reported effect of distance to forest patch on ver-
tebrate-dispersed seed rain in literature is mixed, with
some reporting negative [52] or no effect [37]. Bird traits
are important in this context [53]. In general, forest
birds tend to stay within or near vegetated areas and are
reluctant to venture into matrix habitats (i.e., degraded
or open areas) due to increased risks from predation
and reduced availability of resources [40]. Therefore, we
expect that the probability of forest birds to cross the
matrix is inversely associated with gap width (defined as
distance from one patch to the nearest patch), and that
the likelihood of birds to use perches is higher closer to
forests overall. Matrix type in turn can affect movement
decisions of birds by influencing the cost and benefit of
movement steps when travelling between patches [54].
Matrix habitat comprising dense, tall vegetation for
example, can provide cover from predators (lower cost)
but can also limit visual perception of the landscape
(higher cost). Whilst matrix habitat of similar structure
to habitat associated with a specific bird species has been
confirmed to allow for increased movement rates in a
recent meta-analysis [40].

We will compile the rainfall data from the weather sta-
tion located nearest to each study location and we will
compute a long-term historic probability distribution of
total annual rainfall for each site. We will subsequently
identify whether the year of the study (or any of the pre-
ceding 2 years) fell within extreme wet, very wet, extreme
dry, or very dry years, defined as those with total annual
precipitation >90th percentile of the historical distribu-
tion, 55th—90th, < 10th and 10th—55th percentile, respec-
tively [55]. Average rainfall years will be defined as those
where total annual precipitation is between the 45th and
55th percentile. We will also examine whether effects will
vary among bioclimatic regions (i.e., tropical, subtropical,
temperate, and boreal), which differ due to differences in
geology, biodiversity, disturbance regimes, and land use
history.

Lastly, we will assess to what extent the quality assess-
ment scores (Table 4 and CEE Critical Appraisal Tool)
will influence the effect size estimates.

Data synthesis and presentation

We will provide a narrative synthesis and—if data allow—
a quantitative synthesis (sensu meta-analysis) of the
studies included in the final list. The narrative synthesis
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will report on the distribution of studies that have been
conducted thus far and data availability. Based on the
representation in the study details of the studies, we can
identify sub-topics and research gaps that warrant fur-
ther research. The meta-analysis is dependent on the
number of studies with extractable data.

The effect size will be computed as the unbiased
standardized mean difference Hedges’ g [56]. Positive
g values indicate higher seed richness, seed density,
seedling richness, and seedling density in areas with
perches than in those without perches, and vice versa.
This metric has the following equation

Xt - x¢
g = 71:
s
representing the difference in the mean (X) of the experi-
mental (E) and control group (C), standardized by the
pooled standard deviation (s) and includes a correction
factor (J) for small sample size [49] which are computed
as

(ng — 1)s + (nc — 1)s%

- ’

ng+nc—2

3
Cdmp+nc—2)—1

J=1

where sg and sc correspond to standard deviations, and
ng and n¢ to sample sizes of the two groups. The effect
size variance (v;) will be obtained, using

2

o ME +nC g
Vg = + .
«=/ < HENC 2(”E+”C)>

We will estimate the effect sizes for two seed-related
outcomes (i.e., seed density and seed richness) and
two seedling-related outcomes (i.e., seedling density
and seedling richness). Both seed supply and seedling
recruitment need to be improved for perches to be con-
sidered effective for ANR [57]. To handle effect size
dependency, we will use a multi-level random-effects
meta-analytical model approach with study identifi-
cation as a random effect. Variance will be estimated
using multiple estimators, namely DerSimonian-Laird,
Paule-Mandel, Maximum Likelihood, Restricted Maxi-
mum Likelihood and Sidik-Jonkman estimators, as part
of a sensitivity analysis to check how estimation meth-
ods may influence the results [58]. The distribution of
the total variance across the levels will be examined,
and the three-level model will be compared with null
models, where the variance of one or both levels are
held constant (i.e., within-study variance constrained,
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between-study variance constrained, and both
level variance constrained), following the approach
described in Assink and Wibbelink [59]. The fit of the
four models will then be compared using ANOVA and
evaluated using AIC values.

We will also assess the effect of potential modifiers
through a mixed-effects meta-regression approach. We
will fit the effect size estimates for seed-related out-
comes to distance to forest and matrix type as fixed
effects, and similarly for the seedling-related outcome
but with the addition of precipitation variation. All
computations and visualization of forest plots will be
done in R using the metafor package [60].

Small study effects, including publication bias and
time-lag bias, will be tested using multilevel meta-
regression following Nakagawa et al. [61]. For this, we
will fit meta-regression models with the square root
of the inverse of effective sample size and publication
year as moderators [61]. We selected this test given its
performance in handling heterogenous and non-inde-
pendent data, mainly to detect bias and secondarily to
compute bias-corrected effect size estimates as part of
a sensitivity analysis. We acknowledge that the ‘cor-
rected’ estimates may still be overestimated or under-
estimated and these will be interpreted cautiously. The
resulting systematic review and/or meta-analysis will
be reported with the PRISMA-EcoEvo checklist [62].

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513750-023-00308-z.

Additional file 1. Search string and database searches. List of benchmark
articles, search string development, and databases included in the search.

Additional file 2. Eligibility criteria and pilot-testing. The eligibility criteria
for title and abstract level and full-text screening level and the pilot-
testing results on 20 articles.

Additional file 3. Data extraction sheet. The standard data sheet for data
extraction and the pilot-tested data extracted from 10 benchmarking
articles.

Additional file 4. Systematic review stakeholder survey. The question-
naire used for the stakeholder survey.

Additional file 5. ROSES for systematic review protocols. The ROSES
checklist.

Acknowledgements

We would like to thank Julia Robinson (Newcastle University Library) for
reviewing the protocol and Roy Sanderson (Newcastle University—School of
Natural & Environmental Sciences) for providing advice about data analysis.
We are also grateful to the experts and stakeholders who answered our
survey.

Author contributions

JLG, MS, and MP conceptualized the research question and scope of the
study. JLG led the development of the protocol, on designing the stakeholder
survey, search strategy, data coding strategy, data analysis, and drafted the
manuscript with support from MS and MP. JLG, MP, and MJG pilot-tested the


https://doi.org/10.1186/s13750-023-00308-z
https://doi.org/10.1186/s13750-023-00308-z

Gan et al. Environmental Evidence (2023) 12:15

eligibility criteria and reviewed the meta-analysis protocol. All authors edited
and approved the final manuscript.

Funding

JLGis funded by University of the Philippines Office of the Vice President
for Academic Affairs (UP-OVPAA) PhD Fellowship Program. MP was funded
through BBSRC Global Challenges Research Fund (Project Number: BB/
S014586/1).

Availability of data and materials
All data generated or analysed from the pilot testing are included in this
published article and its Additional files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests. Authors of
research studies included in this review will not be involved in any decisions
regarding their own work. Procedural independence is guaranteed as none of
the authors has (co-)authored studies which could be included in this review.

Received: 10 December 2022 Accepted: 14 July 2023
Published online: 03 August 2023

References

1. Myers N, Mittermeler RA, Mittermeler CG, Da Fonseca GAB, Kent J.
Biodiversity hotspots for conservation priorities. Nature. 2000;403:853-8.
https://doi.org/10.1038/35002501.

2. Giam X. Global biodiversity loss from tropical deforestation. Proc Natl
Acad Sci. 2017;114:5775-7. https://doi.org/10.1073/pnas.1706264114.

3. Hansen MC, Wang L, Song XP, Tyukavina A, Turubanova S, Potapov PV,
et al. The fate of tropical forest fragments. Sci Adv. 2020,6:8574-85.
https://doi.org/10.1126/sciadv.aax8574.

4. Saatchi SS, Harris NL, Brown S, Lefsky M, Mitchard ETA, Salas W, et al.
Benchmark map of forest carbon stocks in tropical regions across three
continents. Proc Natl Acad Sci USA. 2011;108:9899-904. https://doi.org/
10.1073/pnas.1019576108.

5. Mitchard ETA. The tropical forest carbon cycle and climate change.
Nature. 2018;559:527-34. https://doi.org/10.1038/541586-018-0300-2.

6. Longo M, Saatchi S, Keller M, Bowman K, Ferraz A, Moorcroft PR, et al.
Impacts of degradation on water, energy, and carbon cycling of the Ama-
zon tropical forests. J Geophys Res Biogeosci. 2020;125: €2020JG005677.
https://doi.org/10.1029/2020JG005677.

7. Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, Tyukavina
A, et al. High-resolution global maps of 21st-century forest cover change.
Science. 2013;342:850-3. https://doi.org/10.1126/science.1244693.

8. Matricardi EAT, Skole DL, Costa OB, Pedlowski MA, Samek JH, Miguel EP.
Long-term forest degradation surpasses deforestation in the Brazilian
Amazon. Science. 2020;369:1378-82. https://doi.org/10.1126/science.
abb3021.

9. ZengZ Estes L, Ziegler AD, Chen A, Searchinger T, Hua F, et al. Highland
cropland expansion and forest loss in Southeast Asia in the twenty-
first century. Nat Geosci. 2018;11:556-62. https://doi.org/10.1038/
541561-018-0166-9.

10. Seto KC, Glneralp B, Hutyra LR. Global forecasts of urban expansion to
2030 and direct impacts on biodiversity and carbon pools. Proc Natl Acad
Sci USA. 2012;109:16083-8. https://doi.org/10.1073/pnas.1211658109.

11. FAO. FRA 2020 remote sensing survey. Rome; 2022. https://www.fao.org/
documents/card/en/c/cb9970en. Accessed 17 Nov 2022.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 10 of 11

Morris RJ. Anthropogenic impacts on tropical forest biodiversity: a net-
work structure and ecosystem functioning perspective. Philos Trans R Soc
B Biol Sci. 2010;365:3709-18. https://doi.org/10.1098/rstb.2010.0273.
Chazdon RL. Towards more effective integration of tropical forest restora-
tion and conservation. Biotropica. 2019;51:463-72. https://doi.org/10.
1111/btp.12678.

Lamb D, Erskine PD, Parrotta JA. Restoration of degraded tropical forest
landscapes. Science. 2005;310:1628-32. https://doi.org/10.1126/science.
1111773,

Hua F, Bruijnzeel LA, Meli P, Martin PA, Zhang J, Nakagawa S, et al. The
biodiversity and ecosystem service contributions and trade-offs of forest
restoration approaches. Science. 2022;376:839-44. https://doi.org/10.
1126/science.abl4649.

Zhang J, Fu B, Stafford-Smith M, Wang S, Zhao W. Improve forest restora-
tion initiatives to meet Sustainable Development Goal 15. Nat Ecol Evol.
2020;5:10-3. https://doi.org/10.1038/541559-020-01332-9.

Alexander S, Nelson CR, Aronson J, Lamb D, Cliquet A, Erwin KL, et al.
Opportunities and challenges for ecological restoration within REDD+.
Restor Ecol. 2011;19:683-9. https://doi.org/10.1111/J.1526-100X.2011.
00822.X.

de Rezende CL, Uezu A, Scarano FR, Araujo DSD. Atlantic forest spontane-
ous regeneration at landscape scale. Biodivers Conserv. 2015;24:2255-72.
https://doi.org/10.1007/510531-015-0980-y.

Chazdon RL, Guariguata MR. Natural regeneration as a tool for large-scale
forest restoration in the tropics: prospects and challenges. Biotropica.
2016;48:716-30. https://doi.org/10.1111/btp.12381.

Meli P, Holl KD, Benayas JMR, Jones HP, Jones PC, Montoya D, et al. A
global review of past land use, climate, and active vs. passive restoration
effects on forest recovery. PLoS ONE. 2017;12: e0171368. https://doi.org/
10.1371/journal.pone.0171368.

Poorter L, Craven D, Jakovac CC, van der Sande MT, Amissah L, Bongers F,
et al. Multidimensional tropical forest recovery. Science. 2021,374:1370-6.
https://doi.org/10.1126/science.abh3629.

FAO. Restoring forest landscapes through assisted natural regeneration
(ANR)—a practical manual. Bangkok; 2019. https://www.fao.org/docum
ents/card/es/c/ca4191en/. Accessed 17 Nov 2021.

Shoo LP, Catterall CP. Stimulating natural regeneration of tropical forest
on degraded land: approaches, outcomes, and information gaps. Restor
Ecol. 2013;21:670-7. https://doi.org/10.1111/rec.12048.

Carandang WM, Paelmo RF, Lee DK, Carandang VQ. Assisted natural
regeneration as affected by lodging and slashing vegetation in a grass-
land in the Philippines. For Sci Technol. 2007;3:47-52. https://doi.org/10.
1080/21580103.2007.9656318.

Carlo TA, Morales JM. Generalist birds promote tropical forest regenera-
tion and increase plant diversity via rare-biased seed dispersal. Ecology.
2016;97:1819-31. https://doi.org/10.1890/15-2147.1.

Wandrag EM, Dunham AE, Duncan RP, Rogers HS. Seed dispersal
increases local species richness and reduces spatial turnover of tropical
tree seedlings. Proc Natl Acad Sci USA. 2017;114:10689-94. https://doi.
org/10.1073/pnas.1709584114.

Jordano P, Fruits and frugivory. In: Gallagher RS, editor. Seeds: the ecology
of regeneration in plant communities. Boston: CABI; 2009. p. 125-65.
Corlett RT. Frugivory and seed dispersal by vertebrates in tropical and
subtropical Asia: an update. Glob Ecol Conserv. 2017;11:1-22. https://doi.
org/10.1016/j.gecco.2017.04.007.

Traveset A, Riera N, Mas RE. Passage through bird guts causes inter-
specific differences in seed germination characteristics. Funct Ecol.
2001;15:669-75. https://doi.org/10.1046/j.0269-8463.2001.00561 X.
Rogers HS, Cavazos BR, Gawel AM, Karnish A, Ray CA, Rose E, et al. Frugi-
vore gut passage increases seed germination: an updated meta-analysis.
bioRxiv. 2021. https://doi.org/10.1101/2021.10.12.462022.

Bleher B, Bohning-Gaese K. Consequences of frugivore diversity for seed
dispersal, seedling establishment and the spatial pattern of seedlings and
trees. Oecologia. 2001;129:385-94.

Silva CM, Pereira JAC, Gusmdes JDSP, Mendes BEP, Valente H, Morgan AP,
et al. Birds' gap-crossing in open matrices depends on landscape struc-
ture, tree size, and predation risk. Perspect Ecol Conserv. 2020;18:73-82.
https://doi.org/10.1016/j.pecon.2020.02.001.


https://doi.org/10.1038/35002501
https://doi.org/10.1073/pnas.1706264114
https://doi.org/10.1126/sciadv.aax8574
https://doi.org/10.1073/pnas.1019576108
https://doi.org/10.1073/pnas.1019576108
https://doi.org/10.1038/s41586-018-0300-2
https://doi.org/10.1029/2020JG005677
https://doi.org/10.1126/science.1244693
https://doi.org/10.1126/science.abb3021
https://doi.org/10.1126/science.abb3021
https://doi.org/10.1038/s41561-018-0166-9
https://doi.org/10.1038/s41561-018-0166-9
https://doi.org/10.1073/pnas.1211658109
https://www.fao.org/documents/card/en/c/cb9970en
https://www.fao.org/documents/card/en/c/cb9970en
https://doi.org/10.1098/rstb.2010.0273
https://doi.org/10.1111/btp.12678
https://doi.org/10.1111/btp.12678
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.abl4649
https://doi.org/10.1126/science.abl4649
https://doi.org/10.1038/s41559-020-01332-9
https://doi.org/10.1111/J.1526-100X.2011.00822.X
https://doi.org/10.1111/J.1526-100X.2011.00822.X
https://doi.org/10.1007/s10531-015-0980-y
https://doi.org/10.1111/btp.12381
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1126/science.abh3629
https://www.fao.org/documents/card/es/c/ca4191en/
https://www.fao.org/documents/card/es/c/ca4191en/
https://doi.org/10.1111/rec.12048
https://doi.org/10.1080/21580103.2007.9656318
https://doi.org/10.1080/21580103.2007.9656318
https://doi.org/10.1890/15-2147.1
https://doi.org/10.1073/pnas.1709584114
https://doi.org/10.1073/pnas.1709584114
https://doi.org/10.1016/j.gecco.2017.04.007
https://doi.org/10.1016/j.gecco.2017.04.007
https://doi.org/10.1046/j.0269-8463.2001.00561.x
https://doi.org/10.1101/2021.10.12.462022
https://doi.org/10.1016/j.pecon.2020.02.001

Gan et al. Environmental Evidence (2023) 12:15

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Guidetti BY, Amico GC, Dardanelli S, Rodriguez-Cabal MA. Artificial
perches promote vegetation restoration. Plant Ecol. 2016,217:935-42.
https://doi.org/10.1007/511258-016-0619-4.

Cole RJ, Holl KD, Zahawi RA. Seed rain under tree islands planted to
restore degraded lands in a tropical agricultural landscape. Ecol Appl.
2010;20:1255-69. https://doi.org/10.1890/09-0714.1.

Wunderle JM. The role of animal seed dispersal in accelerating native
forest regeneration on degraded tropical lands. For Ecol Manag.
1997;99:223-35.

Vieira ICG, Uhl C, Nepstad D. The role of the shrub Cordia multispicata
Cham. as a‘succession facilitator'in an abandoned pasture, Paragominas,
Amazodnia. Vegetatio. 1994;115:91-9. https://doi.org/10.1007/BFO00
44863.

Freeman AND, Freebody K, Montenero M, Moran C, Shoo LP, Catterall CP.
Enhancing bird-mediated seed dispersal to increase rainforest regenera-
tion in disused pasture—a restoration experiment. For Ecol Manag.
2021;479: 118536. https://doi.org/10.1016/j.foreco.2020.118536.
MacDonald SE, Ward MP, Sperry JH. Manipulating social information to
promote frugivory by birds on a Hawaiian Island. Ecol Appl. 2019;29:
€01963. https://doi.org/10.1002/eap.1963.

Parejo SH, Ceia RS, Ramos JA, Sampaio HL, Heleno RH, Parejo SH, et al.
Tiptoeing between restoration and invasion: seed rain into natural

gaps within a highly invaded relic forest in the azores. Eur J For Res.
2014;133:383-90. https://doi.org/10.1007/510342-013-0769-z.

Eycott AE, Stewart GB, Buyung-Ali LM, Bowler DE, Watts K, Pullin AS. A
meta-analysis on the impact of different matrix structures on species
movement rates. Landsc Ecol. 2012;27:1263-78. https://doi.org/10.1007/
$10980-012-9781-9.

Lebrija-Trejos E, Herndndez A, Wright SJ. Effects of moisture and density-
dependent interactions on tropical tree diversity. Nature. 2023;615:100-4.
https://doi.org/10.1038/541586-023-05717-1.

Pullin AS, Knight TM. Support for decision making in conservation prac-
tice: an evidence-based approach. J Nat Conserv. 2003;11:83-90. https://
doi.org/10.1078/1617-1381-00040.

Haddaway NR. ROSES_flowchart: R package and Shiny app for generating
systematic review and map flow diagrams. 2020. Zenodo. https://doi.org/
10.5281/ZENODO.4294810.

Westgate MJ. revtools: an R package to support article screening for
evidence synthesis. Res Synth Methods. 2019;10:606-14. https://doi.org/
10.1002/jrsm.1374.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web
and mobile app for systematic reviews. Syst Rev. 2016;5:210. https://doi.
0rg/10.1186/513643-016-0384-4.

Polanin JR, Pigott TD, Espelage DL, Grotpeter JK. Best practice guidelines
for abstract screening large-evidence systematic reviews and meta-
analyses. Res Synth Methods. 2019;10:330-42.

Konno K, Livoreil B, Pullin AS. Collaboration for environmental evidence
critical appraisal tool version 0.3 (prototype). 2021. https://environmen
talevidence.org/cee-critical-appraisal-tool/. Accessed 11 May 2023.

Pick JL, Nakagawa S, Noble DWA. Reproducible, flexible and high-
throughput data extraction from primary literature: the metaDigitise R
package. Methods Ecol Evol. 2019;10:426-31. https://doi.org/10.1111/
2041-210X.13118.

Koricheva J, Gurevitch J, Mengersen K. Handbook of meta-analysis in
ecology and evolution. Princeton: Princeton University Press; 2013.
Awade M, Metzger JP. Using gap-crossing capacity to evaluate functional
connectivity of two Atlantic rainforest birds and their response to frag-
mentation. Austral Ecol. 2008;33:863-71. https://doi.org/10.1111/j.1442-
9993.2008.01857 X.

Pfeifer M, Lefebvre V, Peres CA, Banks-Leite C, Wearn OR, Marsh CJ, et al.
Creation of forest edges has a global impact on forest vertebrates. Nature.
2017,551:187-91. https://doi.org/10.1038/nature24457.

Ingle NR. Seed dispersal by wind, birds, and bats between Philip-

pine montane rainforest and successional vegetation. Oecologia.
2003;134:251-61. https://doi.org/10.1007/500442-002-1081-7.

Weeks TL, Betts MG, Pfeifer M, Wolf C, Banks-Leite C, Barbaro L, et al.
Climate-driven variation in dispersal ability predicts responses to forest
fragmentation in birds. Nat Ecol Evol. 2023,7:1079-91. https://doi.org/10.
1038/541559-023-02077-x.

Page 11 of 11

54. Biz M, Cornelius C, Metzger JPW. Matrix type affects movement
behavior of a neotropical understory forest bird. Perspect Ecol Conserv.
2017;15:10-7. https://doi.org/10.1016/j.pecon.2017.03.001.

55. Knapp AK, Hoover DL, Wilcox KR, Avolio ML, Koerner SE, La Pierre KJ, et al.
Characterizing differences in precipitation regimes of extreme wet and
dry years: implications for climate change experiments. Glob Change Biol.
2015;21:2624-33. https://doi.org/10.1111/gcb.12888.

56. Hedges LV. Distribution theory for Glass's estimator of effect size and
related estimators. J Educ Stat. 1981;6:107-28. https://doi.org/10.3102/
10769986006002107.

57. Reid JL, Holl KD. Arrival # survival. Restor Ecol. 2013;21:153-5. https://doi.
org/10.1111/J.1526-100X.2012.00922.X.

58. Petropoulou M, Mavridis D. A comparison of 20 heterogeneity variance
estimators in statistical synthesis of results from studies: a simulation
study. Stat Med. 2017,36:4266-80. https://doi.org/10.1002/sim.7431.

59. Assink M, Wibbelink CIM. Fitting three-level meta-analytic models in R:a
step-by-step tutorial. Quant Methods Psychol. 2016;12:154-74. https://
doi.org/10.20982/tgmp.12.3.p154.

60. Viechtbauer W. Conducting meta-analyses in R with the metafor package.
J Stat Softw. 2010;36:1-48. https://doi.org/10.18637/jss.v036.i03.

61. Nakagawa S, Lagisz M, Jennions MD, Koricheva J, Noble DWA, Parker TH,
et al. Methods for testing publication bias in ecological and evolutionary
meta-analyses. Methods Ecol Evol. 2022;13:4-21. https://doi.org/10.1111/
2041-210X.13724.

62. O'Dea RE, Lagisz M, Jennions MD, Koricheva J, Noble DWA, Parker TH,
et al. Preferred reporting items for systematic reviews and meta-analyses
in ecology and evolutionary biology: a PRISMA extension. Biol Rev.
2021;96:1695-722. https://doi.org/10.1111/brv.12721.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s11258-016-0619-4
https://doi.org/10.1890/09-0714.1
https://doi.org/10.1007/BF00044863
https://doi.org/10.1007/BF00044863
https://doi.org/10.1016/j.foreco.2020.118536
https://doi.org/10.1002/eap.1963
https://doi.org/10.1007/s10342-013-0769-z
https://doi.org/10.1007/s10980-012-9781-9
https://doi.org/10.1007/s10980-012-9781-9
https://doi.org/10.1038/s41586-023-05717-1
https://doi.org/10.1078/1617-1381-00040
https://doi.org/10.1078/1617-1381-00040
https://doi.org/10.5281/ZENODO.4294810
https://doi.org/10.5281/ZENODO.4294810
https://doi.org/10.1002/jrsm.1374
https://doi.org/10.1002/jrsm.1374
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://environmentalevidence.org/cee-critical-appraisal-tool/
https://environmentalevidence.org/cee-critical-appraisal-tool/
https://doi.org/10.1111/2041-210X.13118
https://doi.org/10.1111/2041-210X.13118
https://doi.org/10.1111/j.1442-9993.2008.01857.x
https://doi.org/10.1111/j.1442-9993.2008.01857.x
https://doi.org/10.1038/nature24457
https://doi.org/10.1007/s00442-002-1081-7
https://doi.org/10.1038/s41559-023-02077-x
https://doi.org/10.1038/s41559-023-02077-x
https://doi.org/10.1016/j.pecon.2017.03.001
https://doi.org/10.1111/gcb.12888
https://doi.org/10.3102/10769986006002107
https://doi.org/10.3102/10769986006002107
https://doi.org/10.1111/J.1526-100X.2012.00922.X
https://doi.org/10.1111/J.1526-100X.2012.00922.X
https://doi.org/10.1002/sim.7431
https://doi.org/10.20982/tqmp.12.3.p154
https://doi.org/10.20982/tqmp.12.3.p154
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1111/2041-210X.13724
https://doi.org/10.1111/2041-210X.13724
https://doi.org/10.1111/brv.12721

	How effective are perches in promoting bird-mediated seed dispersal for natural forest regeneration? A systematic review protocol
	Abstract 
	Background 
	Methods 

	Background
	Stakeholderexpert engagement
	Objective of the review
	Primary question
	Secondary question

	Methods
	Search strategy
	Search strings
	Screening process
	Eligibility criteria
	Study validity assessment
	Data coding and extraction strategy
	Potential effect modifiersreasons for heterogeneity
	Data synthesis and presentation

	Anchor 19
	Acknowledgements
	References


