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ABSTRACT

Background. Globally, biodiversity is declining rapidly, including tropical forests
ecosystems in particular. To stop and reverse this trend, governments worldwide signed
up to international agreements and initiatives, but success to date has been limited. In
this context, reviewing pioneer trees’ ecology, particularly the most widespread species,
can help gauge their pros and cons and guide their judicious use for cost-effective
ecological restoration projects.

Objectives. This study aims to review the potential of pioneer tree species for biodiver-
sity conservation and forest restoration and identify eventual knowledge gaps, using a
widespread species from Africa, Harungana madagascariensis Lam. (Hypericaceae), as
a model. Our specific objective was to synthetize information on the distribution and
habitat of H. madagascariensis; its documented interspecific ecological interactions; and
its potential for forest restoration.

Methodology. A scoping review was conducted using multiple databases to identify
relevant papers, supplemented by the Global Biodiversity Information Facility database
(GBIF) to extract distribution records of H. madagascariensis. Following the PRISMA
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Conclusion. The widespread African pioneer tree H. madagascariensis plays a critical
role in vegetation dynamic and holds great potential for fostering forest restoration and
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biodiversity conservation in its range of nearly 13 M km?. Its greater use in restoration
projects could significantly accelerate ecological restoration, decrease its costs, and
increase benefits to biodiversity, leading to larger areas being restored, contributing
effectively to national and international objectives. However, a number of aspects
deserve further studies, such as the species’ role in multitrophic interactions and its
precise interactions, and their strengths, with species in each of its specific geographical
contexts and through different temporal scales.

Subjects Biodiversity, Conservation Biology, Ecology, Ecosystem Science

Keywords Africa, Biodiversity conservation, Ecological interactions, Ecological succession,
Ecological restoration, Oceanic island, Scoping review

INTRODUCTION

Globally, biodiversity is decreasing rapidly driven by a variety of human activities and
impacts (Baillie, Hilton-Taylor & Stuart, 2004; Vie, Hilton-Taylor & Stuart, 2009; Barnosky
et al., 2011). Without further efforts to counteract those drivers, it has been shown that this
trend will continue, reaching peak losses of 12% for global species extinction and 63% for
wildlife population density by 2100 (Leclere et al., 2020). In the past 20 years, remarkable
progress has been made towards understanding how the loss of biodiversity affects the
functioning of ecosystems and thus affects society and human well-being (Cardinale et
al., 20125 Pimm et al., 2014). Changes to land cover only from the past twenty years have
reduced the value of the annual flow of ecosystem services by USD 4-20 trillion/yr (Costanza
et al., 2014) and in this context, it is important to promote greater efforts of conservation
and ecological restoration.

From all ecosystems, tropical forests contain some of the greatest concentrations of
biodiversity on the planet. But over the past two decades, up to 80 million hectares of tropical
forest have been destroyed, and a further 3.7 million hectares has been lost in 2023 (Weisse,
Goldeman ¢ Carter, 2024). As a result, secondary forests are on the rise and estimated
to comprise >60% of tropical forest landscapes (Chazdon, 2014), gradually replacing
primary forests throughout the tropics (Wright, 2005). Oceanic islands in particular are
most subjected to this situation (Rull, 2020) due to their physical isolation that prevents
recolonization from other potential forest sources. This is epitomized by Mauritius,

a 1,865 km?2 volcanic island in the Western Indian Ocean, which lost over 95% of its
original vegetation cover (Hammond et al., 2015), and where despite the implementation
of internationally recognized conservation efforts and the creation of protected areas,
native forests and biodiversity continue to decline (Florens ¢ Baider, 2013; Florens et al.,
2017; Bissessur et al., 2023).

To stop and reverse the loss of biodiversity, including tropical forest cover, governments
worldwide have subscribed to multiple international agreements, including the Convention
on Biological Diversity (CBD) and the United Nations Sustainable Development Goals
(SDG) frameworks (Convention on Biological Diversity, 2011; United Nations, 2015). In
2022, the UN developed a new Global Biodiversity Framework (https:/swww.cbd.int/gbf)
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setting new targets for effective restoration of degraded areas (e.g., Target 2), including
terrestrial ecosystems. To achieve these, international initiatives like the 2011 Bonn
Challenge and the 2021-2030 UN Decade on Ecosystem Restoration were launched but
success to date has been limited (Hoffmann et al., 2010; Pimm et al., 20145 Tittensor et al.,
2014; Waring, 2024). As those ambitions could even be impaired by projects that ignore
key principles such as inclusion of communities, equitable benefit sharing, and the use of
evidence-based management (Florens ¢» Baider, 2013; Hohl et al., 2020), there is still much
room to improve and upscale restoration projects worldwide (Suding, 2011).

One of the tools that has been recommended to facilitate forest restoration initiatives
is the adequate selection of species and the use of pioneer trees (Viani et al., 2015; Spinu
et al., 2023). Pioneer species have been recognized as a potential tool to foster ecological
restoration because of their rapid growth and maturation, capacity to rapidly form a
canopy, ability to grow on relatively poor soils, and their large production of seeds.

In addition, some may serve as useful nurse trees (Binggeli, 1989; Jones, 2008) or even
suppressors of heliophilous invasive alien plants where these can be problematic (Otuoma
et al., 2020). However, those benefits have rarely been quantified and as a result, pioneer
trees are still often undervalued or disregarded by conservation managers who sometimes
prefer to plant species without much considerations of habitat requirements, especially on
islands (Baguette et al., 2022) or even control them to open space for planting other species
(Florens ¢ Baider, 2013) or because they are perceived as invasive (Strahm, 1993; Ragen,
2007; Swinfield et al., 2016) despite the absence of evidence for that and their potential of
being an asset to lower forest restoration costs and upscale restoration projects.

Based on this context, a scoping review was conducted to quantify the potential of pioneer
tree species for biodiversity conservation and forest restoration, using a widespread species
from Africa, Harungana madagascariensis Lam. (Hypericaceae), as a model, as well as
identify any existing gaps in knowledge. Our objectives were to synthetize the literature on
(1) the distribution and habitat of H. madagascariensis; (2) its documented interspecific
ecological interactions; and (3) its potential for forest restoration, specifically to explore the
extent to which pioneer tree species may support ecological restoration and biodiversity
conservation. We compiled information from all its range, including where it has been
introduced, and summarized the current state of knowledge on H. madagascariensis. The
study thus allowed us to examine the influence that a pioneer tree species may have on
biodiversity, and define its role in forest restoration. This information can help to support
forest restoration strategies, especially in tropical regions and the African continent, which
is relatively less studied compared to other regions of the world, and help identify gaps in
the literature which may guide further research.

METHODOLOGY

Literature selection

The review protocol followed the PRISMA for Scoping Reviews (PRISMA-ScR) guidelines
(Tricco et al., 2018 see Fig. 1 for PRISMA flow diagram and Table S1 for PRISMA
checklist). The search strategy was drafted by the first author and further refined
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Figure 1 PRISMA diagram for the progression of papers included in this scoping review.
Full-size &l DOI: 10.7717/peerj.19458/fig-1

through team discussion. To identify potentially relevant documents on the ecology

of H. madagascariensis, its distribution, role for biodiversity and restoration potential,
four scientific databases, namely Google Scholar, ScienceDirect, SpringerLink, and Scielo
were searched in November 2023 by the first author of this study (FB). The search
terms “Harungana madagascariensis” AND “ecology” OR “habitat” OR “host” OR
“herbivory” OR “dispersal” OR “forest succession” OR “pollination” OR “phylogeny” OR
“restoration” were used in all databases and the same string of search terms was used with
all synonyms of the species and alternative spellings. The final search results were exported
into Zotero, and duplicates were removed by FB. The electronic database search was
supplemented by searching for records of H. madagascariensis in the Global Biodiversity
Information Facility database (GBIF) and relevant articles found from the references of
the search results have also been included, as well as 17 additional articles retrieved from
preliminary searches. This resulted in a total of 1,159 unique articles and 5,230 records
(GBIE, 2023).

Our intention was to review all the literature available and therefore no restriction
on the type of publication was applied. To be included in the analysis, papers and GBIF
records had to meet the following inclusion criteria: (1) specifically address at least one of
the above-mentioned objectives; and (2) be written in English or French. Papers focusing
on other subjects such as medicine, ethnobotany, or pharmacology were excluded, as well
as papers only referring to other references or only mentioning H. madagascariensis as
example. We used a two-phase screening process to remove irrelevant material, first based
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on title and abstract and then on full-text screening. Prior to screening, 112 duplicates were
removed using the R package “revtools” (Westgate, 2019).

For the first phase of the screening, two coders (the first author, FB, and second author,
CB) both assessed the first 579 abstracts of the search results (55.1%). Based on these 579
abstracts, a high level of inter-rater reliability was found between coders for accept/reject
decisions (x? = 0.016, p=0.9005), hence the remaining abstracts were coded by FB. To
ensure the reliability of the criteria for full-text screening, FB and CB both assessed 86 full-
texts out of the 283 available from the initial inter-screening phase (30.4%). Disagreement
was found for only three articles (3.5%), of which two were due to coding mistake by
one of the coders. Hence, as there was a near complete inter-rater reliability ( x? = 0.068,
p=0.7946) between coders for accept/reject decisions on the basis of these 86 full-texts,
the remaining full-texts were coded by FB. Any disagreements over the relevancy of a given
article in either phase were resolved with the full screening team through consensus among
the authors. After review, 398 papers were included in the final analysis (Table 52), as well
as 4,379 records from GBIF (Table S3).

Data collection

A data-charting form was jointly developed a priori to determine which variables to extract.
All data were then extracted by the first author, verified by the others, and validated together
before analysis. Any disagreements over the relevance of the data extracted were resolved
through consensus among the authors. First, general data on article type (e.g., peer-reviewed
article, review, book, book chapter, conference paper, Master thesis, PhD thesis, project
report, colloquium article, and workshop proceedings) have been recorded for each search
result as well as the geographic scope it was covering. For scientific articles, studies, and
project reports, the locations in which the works were conducted were recorded. For
reviews and more general documents, the geographic range covered was recorded only
when clearly mentioning the presence of H. madagascariensis. The number of publications
per country was then compiled, as well as the percentage of each publication type per
country. This information was used as proxy to evaluate the research effort devoted to
H. madagascariensis across its range, and identify areas where knowledge gaps exist. All data
were consolidated into Microsoft Excel and analyses were done using the same software.
Maps were produced in QGIS 3.28.15 Firenze.

We then made a detailed assessment of the geographic range of H. madagascariensis,
extracting the locations where it was recorded from each paper, as well as the habitat
characteristics of where it was observed such as ecosystem type, elevation range, annual
rainfall, soil type, and temperature range whenever clearly defined. Multi-location papers
that dealt with more than one study area were only included where it was possible to assign
H. madagascariensis to specific locations. Additionally, records from GBIF (GBIF, 2023)
that clearly mentioned either the location or the habitat or any of the above-mentioned
habitat characteristics from which H. madagascariensis had been observed, were included
in the analysis. Finally, information on its position within forest succession as well as its
status (native or introduced) in each country, and whether the species was considered
invasive or not, was also recorded from all search results and GBIF (2023) records.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 5/32


https://peerj.com
http://dx.doi.org/10.7717/peerj.19458#supp-2
http://dx.doi.org/10.7717/peerj.19458#supp-3
http://dx.doi.org/10.7717/peerj.19458

Peer

Table 1 Definitions and study counts of all types of ecological interactions involving Harungana madagascariensis and included in this review.

Flower visitation has been defined as potential mutualism as it could be either mutualistic (leading to pollination) or not (if nectar is consumed

without leading to pollination). Frugivory has been defined as predation or mutualism as it could either lead to seed dispersal (mutualism) or seed
damage (predation). The list of all publications linked to each interaction is available in Table S2.

Interaction type Definition Number of studies

Ammensalism Interaction in which one organism is unaffected while the 0
other is suffering (e.g., allelopathy)

Commensalism Interaction in which one organism serves as a host for 6
another one, benefiting one while the other is unaffected
(e.g., host for epiphyte and saprophytic fungi)

Competition Interaction in which two organisms compete with each 4
other and affect each other negatively

) Mycorrhizal association Symbiotic association between plant roots and fungi
Mutualism ) ] 8
Myrmecochory Dispersal of fruits and seeds by ants
Mutualism (potential) Flower visitation Interaction in which one organism visits the flowers of a 12

(potential pollination)

plant.

Predation

Stem damage

Florivory Flower consumption, including removal of flower buds,
flowers, and inflorescences (complete or incomplete)

Folivory Leaf consumption

Parasitism Interaction between two living species in which one

organism is benefitted at the expense of the other. In this
study, interactions with plant, animal or fungal parasites 13
have been included in this category

Damage to the stem, including puncture damage and
meristem removal

Predation or mutualism

Frugivory Fruit consumption 29

Undefined

Undefined Interaction recorded in which one organism is interacting 21

with the other without specifying the nature of interaction

Following this, the interspecific ecological interactions in which H. madagascariensis
was involved were compiled from all results and classified following a general textbook of
ecology (Begon, Townsend ¢ Harper, 2012). The definitions and study count of all types
of interactions included in this review are summarized in Table 1, and the reference of all
associated publications made available in Table S2. Study counts apply to all versions for
each broad interaction category (for example, florivory, folivory, and stem damage all fall
under “herbivory” which is itself a form of “predation”; frugivory on the other hand can
be considered either as a form of predation if seeds are destroyed or of mutualism if seed
dispersal is promoted and therefore has been listed separately). In addition, the number
and list of species linked to each interaction has been recorded, as well as the part of the
plant involved in the interaction, whenever this information was made available. In cases
where species were mentioned interacting with H. madagascariensis without specifying the
nature of the interaction, these were recorded as “undefined”.

Finally, search results including information on the benefits of H. madagascariensis for
forest restoration have been compiled and data thereon extracted. Here, forest restoration
is understood as any action or project that aims to improve the biodiversity, ecological
integrity and provision of services in forest ecosystems. As such, actions such as rewilding,
reforestation, afforestation, remediation, rehabilitation, prestoration (restoration that
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specifically includes climate change adaptation), or any shift in direction towards a
closer-to-nature forest management, was included within the term restoration. Similarly,
information on any threat arising from the presence of H. madagascariensis for biodiversity
and forest restoration was also recorded. All perceived or proven benefits and threats were
paired with the specified locations.

RESULTS

General search results

In all, 398 search results met all criteria to be included in the final analysis, as well as 4,382
records from GBIF (2023). The majority of the search results included journal articles
(244), followed by PhD theses (38), Master theses (37), reports (37), books and book
chapters (35), conference papers (four), colloquium article (one), scientific note (one),
and workshop proceeding (one). These results ranged from 1935 to 2023 spanning 32
different countries and two (of 14) different biomes. The majority of the results originated
from tropical mainland Africa (309), followed by Madagascar (75), and the Mascarenes
(nine) where it is native (Fig. 2), and Australia where it has been introduced (five). From
GBIF (2023), out of the 4,379 records that were included in the final distribution analysis,
only 824 included clear information on the habitat of H. madagascariensis. Most GBIF
records of the species originated from the Democratic Republic of Congo (782), Gabon
(657) and Madagascar (625), with Mauritius (14), Mali (six), Reunion (three), Guinea
Bissau (three), and Gambia (one) being the least documented.

From all search results included in the analysis, 58.0% (N = 231) contained clear
information on habitat characteristics and ecology of H. madagascariensis and were used
to review its distribution and habitat with the additional 4,382 records from GBIF (2023).
Beside these, 23.4% of the results (N = 93) provided information on ecological interactions
involving H. madagascariensis. Out of all defined interactions (Table 1), frugivory was
the most reported (N = 29), followed by flower visitation (N = 12), and mycorrhizal
association (N = 8). Competition, parasitism and myrmecochory were the least cited,
with respectively only four, three and two studies mentioning those interactions. Neither
amensalism nor interactions with endophytes have been recorded in this study, and 21
results included undefined interactions (5.3%). Finally, information on the potential of
H. madagascariensis for forest restoration was obtained in 9.8% of the results (N = 39),
including only one warning about its invasiveness and the threats it might pose to
biodiversity.

Distribution and habitat

Our results show that the natural distribution of H. madagascariensis spans across tropical
Africa, Madagascar, and the Mascarenes (even though likely extinct on Réunion and
absent from Rodrigues); and only introduced to Australia. It is found across tropical
rainforests and savannahs and is native to 34 countries. Among the search results used
to analyse its distribution and habitat, 57.6% (N = 133) recognized its pioneer status

in the tropical forest succession, with the species typically dominating young secondary
forests (0—12 years) (Ndam ¢ Healey, 2001; Hervé et al., 2015) and declining afterwards
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Figure 2 Geographical distribution of studies retrieved under this review across Harungana madagas-
cariensis native range (dashed line, N = 398). Studies spanned over 32 countries and two biomes. Cir-
cles represent study counts per country, colored as white (only GBIF record), beige (1-10 studies), orange
(11-40), red (41-60) and brown (61-80 studies). Biomes were generated from Terrestrial Ecoregions of
the World, from the World Wildlife Fund database (Olson David et al., 2001).

Full-size ) DOI: 10.7717/peerj.19458/fig-2

even though some individuals may survive up to 30—40 years (Randriamalala, 2009). In
Australia, where it has been introduced, it is considered as an invasive species excluding
native ones of unspecified ecology (Humphries, Groves ¢ Mitchell, 1991), growing mostly
after disturbances like in cyclone-damaged forests, as well as along forest fringes, roadsides
and drains (Vitelli ¢&» Van Haaren, 2001). Even though it has also been said to be invasive
in Mauritius (Ragen, 2007), all local Floras considered it native (Bojer, 1837; Baker, 1877;
Robson & Stevens, 1980). Harungana madagascariensis together with Vismia rufenscens
forms a clade related to the American Vismia, supporting its African origin (Ruhfel et al.,
2011), and no studies reported the presence of ecotypes or genotypic variation within the
species despite its very large geographical native range spanning over 12 million square
kilometres (BGCI et al, 2019).

In all, nine broad ecosystems harbouring H. madagascariensis have been compiled from
the search results and GBIF (2023) records. Forests and savannahs are the most cited
ecosystems, with respectively 43.7% (N =475) and 15.9%, (N = 173) of the citations
compiled. Despite the fact that it grows primarily from coastal to montane forests, and
from herbaceous to woody savannahs, it often also inhabits disturbed anthropogenic areas
(including roadside, old quarry, mines, and nearby habitation) (14.7%, N = 160), wetlands
(bordering creeks, lagoon, lakes, marshes, ponds, rivers and swamps) (11.2%, N = 122),
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Figure 3 Habitats of Harungana madagascariensis. (A) Tree trunk of Harungana madagascariensis
within a stand of invasive alien species within its native range, showing its relatively large size (here about
30 cm in diameter) and fissured bark conducive to retaining water, relative to the alien invasive weeds
around. (B) Harungana madagascariensis dominating regrowth following a major disturbance several
years earlier. Photos by Frangois Baguette.

Full-size Gl DOI: 10.7717/peerj.19458/fig-3

fallows and cultivated land (9.1%, N =99), agroforestry systems (2.1%, N = 25) and
woodlands (1.8%, N = 20). As an heliophilous species, it is commonly found in forest
edges and gaps (6.2%, N = 67) and constitutes a characteristic species of secondary and
disturbed forests and savannahs (17.5%, N =190) (Fig. 3).

With regards to habitat characteristics, 37.3% (N = 148) of our results included relevant
information either on the elevation range, annual rainfall, temperature range, or the soil
type where H. madagascariensis was observed, as well as 45 records from GBIF (2023).
They show that H. madagascariensis grows in areas ranging from 10 to 2,467 m elevation
and receiving an average of 740 to 12,500 mm of rain annually. Our results show however
that H. madagascariensis grows mostly between 500 and 1,500 m elevation, and in areas
receiving >1,500 mm of rain annually. It grows on a variety of soil types as defined by the
TUSS Working Group WRB (2022) with a predominance on ferralsols, mostly yellow-red,
red, red-yellow, and brownish tropical clay soils, that are well-drained and hydromorphic,
but is also found in deep moderately drained soils (such as Haplic Alisols and Acrisols),
on dystro-mollic Nitisols, ferric Luvisol, Arenosols and greyish alluvial soils restricted
to alluvial plains and valley bottoms. As such, it grows mostly on poor, acidic and fragile
substrate but can also be found on black deep humic soil and occasionally on soil of lateritic
and volcanic origins.

Ecological interactions
In all, we recorded 11 different interspecific ecological interactions between
H. madagascariensis and 125 species (Table 1). Interactions recorded were grouped in
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Figure 4 Interaction network showing the different groups of organisms interacting with Harungana
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categories denoted as “+/+” for mutualistic interactions, “+/0” for commensalism,
“4/—="" for predatory interactions, “—/0” for amensalism, and “—/—"" for competition.
Other interactions which could not clearly be classified as above were recorded as
“undefined”. The main types of interactions recorded were “predation or mutualism”
(frugivory), mutualism (potential) (flower visitation), predation (including florivory,
folivory, parasitism, and stem damage), mutualism (including mycorrhizal association and
myrmecochory), commensal interactions with birds, epiphytes, as well as saprophytic fungi
and their host, and competition. Harungana madagascariensis was also used as a host for
insects but without information on the nature of their interactions. The list of all species
and their respective interactions with H. madagascariensis is provided in Table S4 and the
network of interactions is illustrated in Fig. 4.

Harungana madagascariensis is known as a highly polliniferous and nectariferous species
(Akunne, Akpan & Ononye, 2016). In all, 24 species from 12 genera and five families have
been recorded visiting its flowers. Bees were by far the most diverse group of organisms
recorded visiting flower, with 21 species from three families, (Apidae, Halictidae and
Megachilidae). Two species of nectarivorous sunbirds, Cinnyris venustrus and C. reichenows,
were also recorded as well as one species of mosquito, Anopheles implexus. No reptiles were
recorded visiting flowers of H. madagascariensis despite being important plant pollinators
and seed dispersers in the tropics and especially on islands. Out of those species, only
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Figure 5 Herbivory on Harungana madagascariensis. (A) Leaves of Harungana madagascariensis
bearing marks by folivore. (B) Caterpillar feeding on a leaf of H. madagascariensis. Photos by Frangois
Baguette.

Full-size Gl DOI: 10.7717/peerj.19458/fig-5

the sunbirds were identified as part of the pollinator network of H. madagascariensis. No
studies looking at the role of insects as pollinators could be found.

Besides flower visitation, herbivory was another important interaction involving
H. madagascariensis (Fig. 5) as 50 species were recorded throughout its range consuming
its fruits mainly (frugivory), but also its leaves (folivory), flower buds (florivory), and stem.
In all, 36 species of birds have been recorded feeding on H. madagascariensis, as well as
12 species of primates (five cercopithecid, three hominid, and four lemurs), one species
of Elephantidae, and the Silk moth Borocera marginepunctata (Lasiocampidae). A total
of 83% of those species consumed only fruits, while others consumed fruits and young
leaves (3.7%), fruits, flower buds and young leaves (1.9%), only leaves (3.7%), or stem
and leaves (1.9%). Only the Grauer’s gorilla, Gorilla beringei graueri, was recorded feeding
on H. madagascariensis but without specifying the part of the plant that was consumed. In
addition, 22 species of insects have been recorded using H. madagascariensis as a host but
without clear information on the nature of their interactions. Among those, Hemiptera,
Hymenoptera, and Coleoptera were the most represented orders with respectively eight,
five and five species recorded, followed by Phasmatodea (two), Lepidoptera (one) and
Orthoptera (one).

Other types of interactions included commensal interactions with birds, epiphytes,
and saprophytic fungi, mutualistic interactions with mycorrhizae and two species of ants
(myrmecochory), as well as predatory ones with parasitic plant species and fungal diseases,
and competition. Indeed, H. madagascariensis has been considered as a good phorophyte for
orchids, ferns, fern allies and bryophytes throughout its range (Malombe, 2009; Mangambu
Mokoso de et al., 2015; Baider ¢ Florens, 2022), and even the species holding the highest
diversity of mistletoes in a study conducted in the Bwindi Impenetrable Forest in Uganda

Baguette et al. (2025), PeerdJ, DOI 10.7717/peerj.19458 11/32


https://peerj.com
https://doi.org/10.7717/peerj.19458/fig-5
http://dx.doi.org/10.7717/peerj.19458

Peer

(Kamusiime ¢ Sheil, 2021). Different types of fungi also grow on H. madagascariensis,
some colonizing its roots and forming dense ecto-mycorrhizae, others saprophytic with
some present exclusively on that species, and coelomycetes, such as Idiocercus pirozynskii,
growing on its leaves (Mulas ¢ Rambelli, 1995; Wu ¢ Sutton, 1995; Gibby, 2023). On
the other hand, H. madagascariensis has been found competing for light resources with
heliophilous species such as Psidium guajava (an alien small tree in Africa) and Baillonella
toxisperma (Kouadio & Doucet, 2009; Otuoma et al., 2020).

Restoration potential

In all, 39 publications contained information on the potential of H. madagascariensis for
forest restoration. Harungana madagascariensis was recognized as a good restoration tool
in the majority of them (N = 38, 97.4%), with a single publication considering it as a
threat to biodiversity (2.6%). Within those the former 13 publications (33.3%) attributed
its benefit to the heliophilous and pioneer trait of the species and its rapid growth rate
(Fig. 6). Indeed, when colonizing a new area, H. madagascariensis can rapidly become
dominant and form a closed canopy forest within four to six years (Ndam ¢ Healey, 2001),
growing at a rate 0.72 cm/year in trunk diameter and reaching 12 m high in five years
(Swaine & Hall, 1983; Manjaribe et al., 2013). By doing so, it allows for a rapid shading of
open areas, reducing the ability of potentially invasive species to grow. However, this rapid
growth, assisted by the high network of mycorrhizae present on its roots and its capacity
to reproduce vegetatively via root suckering (Bellefontaine ¢» Malagnoux, 2009), also led
some managers to control it, considering the species as invasive even in its native range
(Ragen, 2007) and, in its introduced range, it has been reported to exclude native species
establishment in recently opened areas (Vitelli ¢~ Van Haaren, 2001).

Other reasons recognized in the literature to use H. madagascariensis as a restoration
tool included the following (in order of most to least common): nurse tree potential;
capacity to improve or indicate soil fertility; capacity to compete with other heliophilous
species; economic potential (e.g., for honey production, timber, medicine and dye) (N =4,
8.8% each); high seedling survival rate (N = 3, 6.7%); potential for low-cost restoration;
capacity to suppress grasses; high resilience against disturbances (e.g., fire and grazing);
carbon sequestration potential (N =2, 4.4% each); benefits for wildlife; phytoremediation
potential; and supporting bio-control agent (N =1, 2.6% each). Only one publication
(N =1, 2.6%) did not mention any specific reason. However, except for the survival
rate of its seedlings, most of the other potential benefits of using H. madagascariensis for
restoration either have not been quantified specifically (e.g., nurse tree potential, ability to
compete with heliophilous species), or have been estimated along with other species (e.g.,
carbon sequestration, Van Rooyen et al., 2023).

DISCUSSION

In this scoping review we identified 398 studies that provided information on

H. madagascariensis habitat and distribution (as well as 4,379 records from GBIF), the
ecological interactions it is involved in, and its potential roles for restoration. Our findings
indicate a wide distribution across tropical Africa, Madagascar and the Mascarenes. We
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Figure 6 Reasons to support and oppose the use of Harungana madagascariensis in restoration
projects. Number of citations (N = 45) per reason given to support (in green) and oppose (in yellow) the
use of H. madagascariensis in restoration projects. One publication (in blue) only considers the species as
a restoration tool without mentioning any supporting reason. All reasons relate to the species in its native
range. The list of all publications linked to each restoration potential is available in Table S2.

Full-size & DOTI: 10.7717/peerj.19458/fig-6

also found that H. madagascariensis interacts with at least 125 species over its range in
different ways and is widely recognised as a good ecological restoration tool. However,
against this background of positive influence, it has rarely been the focus of dedicated
scientific research, and focussed studies are therefore needed to more fully characterise
and precisely quantify its direct and indirect contributions to biodiversity conservation.
To make our review of pioneer tree roles for biodiversity conservation and restoration
more feasible and improve its potential usefulness, we decided to use H. madagascariensis
as a model because of its wide native distribution but by doing so, our scoping review has
some limitations. As such, our results might omit certain additional benefits or problems
that other pioneer tree species (though generally less widespread than H. madagascariensis)
could have or pose but which are absent or imperceptible in H. madagascariensis.

Spatio-temporal distribution

Pioneer tree species are known for their ability to tolerate a wide range of environmental

conditions (Seidler ¢ Bawa, 2001), which allows them to grow in many different habitats

and on a variety of substrates. In the case of H. madagascariensis, this review shows that its
native range spans throughout tropical Africa, Madagascar and the Mascarenes, and that it
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grows from coastal to montane forests, and from poor hydromorphic soils to deep humic
soils. Indeed, due to its high association with mycorrhizae (Rasoamampionona et al., 2008;
Ramanankierana et al., 2013) and its capacity to reproduce vegetatively via root-suckering
(Bellefontaine ¢» Malagnoux, 2009), H. madagascariensis can rapidly colonize disturbed
ecosystems such as degraded forests (e.g., exploited or damaged by natural weather
events like cyclones), savannahs, and anthropogenic areas such as road sides, drains, and
abandoned land. Due to the photosensitivity of its seeds (Breyne, 1976), it germinates and
grows primarily in early successional and secondary forests, as well as in wetlands and
savannahs, in other words in situations where light is abundant. Within late-successional
forests, it typically grows in forest gaps and edges and despite the fact that it can dominate
secondary forests up to ten years old, it is then progressively replaced by post-pioneer and
late-successional species and therefore does not remain dominant in the longer term (past
10-20 years) (Guelly et al., 2000; Foumier, Floret ¢ Gnahoua, 2001; Hervé et al., 2015), and
it is not considered as one of the hyper dominant species of Africa (Cooper et al., 2024).

Even if some might argue that pioneer tree species generally compete with and sometimes
even out-compete native forest species in its introduced range (Vitelli ¢ Van Haaren, 2001)
and even in its native range (Ragen, 2007; Swinfield et al., 2016), they can only do so during
early forest succession stages or in specific non-forest ecosystems that suffered from
disturbances and with species having similar resource requirements. Indeed, once they
shade the ground, shade-tolerant species start germinating and the germination rate of
heliophilous species like H. madagascariensis declines due to the reduced amounts of
sunlight reaching the ground (Swaine & Hall, 1983; Vroh ¢ Yao, 2018). Over the tropical
forest succession dynamic, it is therefore normal that pioneer tree species dominate
early-successional forest stages, to then gradually decline as more competitive species take
their place. In other type of ecosystems however, and outside its native range, careful risk
assessment should be implemented as their heliophilous trait and rapid growth rate could
make them become invasive, competing with other light-demanding species of the native
flora (e.g., in Australia).

Biological implications

Harungana madagascariensis plays a critical role in supporting biodiversity with at least
125 species interacting with it across its native range in one way or another, including
endangered species such as chimpanzees and bonobos (Yamakoshi, 1998; Trolliet et al.,
2016). The species particular importance lies in the fact that it brings its benefits over a large
area (12,948,127.04 km? EEO) (BGCI et al., 2019) to which it is native and also over a wide
range of ecosystem types where it naturally grows. The most cited ecological interaction
benefiting biodiversity in which H. madagascariensis played a major role is herbivory.
Indeed, virtually all parts of the tree constitute a resource for different organisms; its
numerous small-fleshy fruits, rich in energy (Atsalis, 1999; Donadeo, 2013) being the most
prevalent resource attracting many different species that in turn help disseminate its seeds
and increase seed germination rate (Bussmann ¢ Lange, 2000). However, no studies were
found that quantified the relative frequency of herbivory on H. madagascariensis compared
to other species nor measured whether it influences on seed dispersal of other species (for
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example through attracting seed rain to the canopy shadow of H. madagascariensis trees)
and to support herbivore communities.

The potential of H. madagascariensis to provide significant resources to pollinators
(in the form of nectar and pollen) is also real as 24 species have been recorded visiting
its flowers, but more studies are needed to capture the full extent of this ecological role
because very few of the studies were specifically dedicated to flower visitation. Indeed, all
species that were recorded visiting H. madagascariensis’ flowers under this review have been
extracted from studies treating of various other aspects (e.g., studying pollen morphology
of melliferous plants or the behavioural ecology of host selection of Anopheles implexus) but
very few studies addressed specifically the question of pollination of this pioneer tree species
or investigated flower visitor and pollen transport networks. Overall, H. madagascariensis
was included in only two studies out of 12 that specifically addressed this topic, which
identified sunbirds as part of flower visitation and pollen transport networks (Nsor, 2014;
Nsor, Godsoe & Chapman, 2019). Out of eight studies identifying various species of bees
visiting H. madagascariensis’ flowers, only two specifically reported bees consuming nectar
(Latham ¢ Mbuta, 2005; Akunne, Akpan ¢ Ononye, 2016) and one reported the presence
of pollen of H. madagascariensis in honey (Rasoloarijao, 2018) but none of them studied
their role in pollen transport networks.

Finally, this review also shows that other plant species benefit from the presence of
H. madagascariensis, as it is known as a good phorophyte for epiphytic species such
as orchids (Baider ¢ Florens, 2022), ferns (Mangambu Mokoso de et al., 2015), as well as
parasitic plants (Kamusiime ¢ Sheil, 2021) and bryophytes (Malombe, 2009). Dedicated
studies are however needed to more fully characterize epiphytic communities in relation
to their phorophytes including H. madagascariensis, and overall, knowledge gaps on the
extent to which pioneer trees foster epiphytes and parasitic plants still remain, especially
in the context of forests facing high threats by invasive alien plants such as in Mauritius.
Nevertheless, our review shows that pioneer tree species such as H. madagascariensis can
provide a wide range of benefits on a large spatial scale in a very short period of time
compared to other later successional species (Piovesan ¢ Biondi, 2021; Condit, 2022).

Management implications for biodiversity conservation

The increasing human pressures on forest ecosystems and biodiversity worldwide (Chu
& Yu, 2002; Cardinale et al., 2018), make forest restoration increasingly important and
urgent if we are to reach the 2030 UN Global Biodiversity Framework and its global targets
on ecosystem restoration (Aronson & Alexander, 2013; Gann et al., 2019). Restoration
efforts must therefore be substantially increased and for that, effective solutions to reduce
forest restoration costs are much needed (Crouzeilles et al., 2020; Cook-Patton et al., 2020).
Current restoration projects often use radically opposed methodologies, which at the
extremes, include some aiming to maximise plant diversity and are resource intensive
through high maintenance that require capacity and funding (up to 9,922$/ha), while
others promote methods that are less intensive and cheaper such as the nucleation and
assisted natural regeneration methods (between 638 and 4,654$/ha) (Elliott, Blakesley ¢
Hardwick, 2013; Campanha Bechara et al., 2021). Even though this variety of methodologies
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can help address different local issues, science-based and cost-effective projects still need
to be deployed more widely to effectively conserve biodiversity and restore much larger

areas than is currently the case (Perring et al., 2015; Mansourian, Dudley ¢ Vallauri, 2017;
Lewis, 2022; Marshall et al., 2022).

One way to move towards more science based and cost-effective restoration projects is
to include common tree species, including species like H. madagascariensis in restoration
projects. Indeed, despite the fact that common tree species constitute only 2.2% of tropical
forest tree species, they account for 50% of all individual trees that structure those forests
(Cooper et al., 2024). As such, they fit the ‘rare is common, common is rare’ natural pattern
(McGill, 2010) also documented in many other taxa (McGill et al., 2007; McGill, 2010;
Henderson ¢ Magurran, 2010; Baldridge et al., 2016; Enquist et al., 2019) and constitute
a critical component of natural tropical forests. Including such species further in forest
restoration would therefore align ecosystem-level biodiversity and function closer to natural
and more stable situations while substantially reducing restoration costs hence increasing
our chances to upscale forest restoration worldwide. Although this does not detract
from the importance of rare species, it puts emphasis on the importance to incorporate
pioneer species and their ecological roles in ecological restoration if we are to optimize our
response to future environmental change and support the efforts to stop biodiversity loss
and enhance ecosystem restoration and function worldwide.

In line with the above, our study underscores the disproportionately large role that
pioneer tree species can have towards biodiversity conservation and ecological restoration,
despite the fact that they live for a much shorter time period compared to later successional
species. This situation is particularly true for H. madagascariensis because Africa has a
much lower tree diversity compared to tropical America and Asia, including of pioneer tree
species (Swaine ¢ Hall, 1983; Pearson et al., 2002; Parmentier et al., 2007; Goodale et al.,
2012; Sosef et al., 2017). Major advantages to use the tree as a tool for ecological restoration
projects have been acknowledged, such as its rapid growth, rapid maturation, and its
attractiveness to a wide range of frugivores that can enhance seed dispersal (Swaine ¢ Hall,
19835 Bellefontaine ¢ Malagnoux, 2009; Konersmann et al., 2022). It shows that pioneer
trees like H. madagascariensis therefore constitute a real asset to lower restoration costs
and upscale projects globally, while also benefiting numerous other species that naturally
interact with it. However, despite all those benefits, the species is still somehow considered
as invasive by some conservation practitioners based on old reports that either consider
it as such without reference (Ragen, 2007) or recommend its control based only on the
observation that “it grows like an introduced species” (Strahim, 1993). Examples of such
control come from Mauritius where trees are cut and uprooted (Florens ¢ Baider, 2013),
and more recently lopped or ring-barked (FMMP Baguette, C Baider, FB Vincent Florens,
pers. obs., 2022-2024).

Implications for reforestation and economic development
Reforestation in the tropics is considered as another important restoration tool for
climate change mitigation (Canadell ¢ Raupach, 2008) and biodiversity conservation
(Harrison, Wardell-Johnson ¢ McAlpine, 2003; Kemppinen et al., 2020; Andres et al.,
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2023). However, reforestation at a landscape scale is complex and challenging (Lamb,
2014), especially given its cost (Silva ¢& Nunes, 2017; Benini ¢ Adeodato, 2017) and the
increasing competition for land (Alves-Pinto et al., 2017). Typically, reforestation projects
using exotic species have been highly favored for a variety of economic, logistic and
environmental reasons (Davidson, 1989; Mehari, 1996; Richardson, 1998; FAO, 2010),
providing both socio-economic and ecological benefits (Senbeta ¢ Teketay, 20015 Le et al.,
2012; Randriambanona, Randriamalala & Carriere, 2019; Brancalion et al., 2020; Boissiére
et al., 2021; McElwee ¢ Nghi, 2021). However, negative impacts of this practice are also
increasingly being recognized (Dodet ¢ Collet, 2012; Wang, Wang ¢ Wang, 2013), and
therefore more cost-efficient and ecologically appropriate methods are now emerging
(Hanson et al., 2015). The use of native species for reforestation project has been recognised
as a solution (Butterfield, 1995; Stimm et al., 2008; Lampela et al., 2017; Jensen et al., 2021)
but many challenges still need to be addressed to implement it at large scales (Broadhurst,
Waters ¢» Coates, 2017; Nunes et al., 2020) as the practical sylviculture of many native
species remains poorly known (Fine, 2002; Onyekwelu, Stimm ¢ Evans, 20115 Le et al.,
2012).

Based on this context and on our results, H. madagascariensis could serve as a
potential candidate for native reforestation projects in tropical Africa. Indeed, its wide
distribution, high survival and germination rates, and pioneer status (Bussmann ¢ Lange,
20005 De Gouvenain, Kobe & Silander, 2007; Manjaribe et al., 2013) are promising traits for
reforestation projects. It is also known to be fire-tolerant (Orwa et al., 2010; Hill, 2018)
and resistant to heavy grazing and trampling (Hurault, 1998), but more studies are needed
to test these biological characteristics (Olupot, 2004; Hill, 2018) relative to other (though
less widespread) pioneer tree species that grow in tropical Africa (Ashton ¢ Hall, 2011;
Silander]r, Bond ¢ Ratsirarson, 2024) for large-scale reforestation (Negash, 2021), and
identify potential genetic variation or ecotypes in the species as no information on this
aspect has been found in the literature (Schoch et al., 2020). Finally, caution should be used
to avoid planting the species where it would not naturally occur, so as to limit possible
risks of damaging critical habitats (Culbertson et al., 2022) and avoid risking losing critical
biodiversity and ecosystem functionality (Bond, 2016; Parr, Beest ¢ Stevens, 2024).

Additionally, another important aspect that would deserve further study is the social
acceptation of H. madagascariensis for reforestation as community engagement is critical
for yielding success (Baynes et al., 2015; Herbohn et al., 2023; Bayne ¢ Grant, 2024). In
this review, 262 papers have been identified treating on the medicinal properties of H.
madagascariensis, including against various infectious diseases as well as skin and heart
problems (Happi et al., 2020). Twenty-nine other studies also highlighted its economic
importance, be it for the food (e.g., honey production) and dye industries, the production
of firewood and charcoal, the production of poles and planks, or as fuel in local metallurgy
(Lewis, 1986; Schure et al., 2009). However, none of those benefits for communities were
evaluated in the context of reforestation and therefore this knowledge gap remains to be
filled. Nevertheless, those additional benefits enhances the species value in addition to its
potential to promote faster, and cheaper hence more sustainable and wider-scale ecological
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restoration that is also directly beneficial, through the provision of various resources, to
many co-occurring species, including threatened ones.

CONCLUSION

Using H. madagascariensis as a model, we showed that pioneer tree species significantly
contribute to support biodiversity, providing resources to support many species over an
extended area that can reach millions of km?, and hosting important epiphyte communities,
as well as parasitic plants, insects, and fungi species. As they do so in a very short time period
after a disturbance compared to later-successional trees, and due to their high resilience to
disturbances, rapid growth, and ability to compete with other heliophilous species (which
are typically invasive alien species) among other benefits, they constitute a key species to
foster better ecological restoration at lower costs. However, pioneer tree species have rarely
been the focus of scientific research and dedicated studies are therefore needed to more fully
quantify their direct and indirect contributions and benefits to biodiversity conservation.
The extent to which they reduce ecological restoration costs would however depend much
on which restoration approach their use in restoration projects would be compared with.
Where non-pioneer species are favoured in restoration projects over pioneers, we hope that
this study will provide the necessary incentives to conservation managers and restoration
project funders to henceforth pay better attention to the importance of restoring ecological
function and more natural and sustainable systems than is currently the case. The use of
evidence-based management should promote the use of species like H. madagascariensis
in restoration projects at a larger scale, allowing for more efficient, more successful and
sustainable and more cost-effective conservation projects.

ACKNOWLEDGEMENTS

The authors are grateful to the partners of this project, especially the University of Mauritius
for its administrative support, Mr. Owen L. Griffiths and Mrs. Mary-Ann Griffiths for their
permission to access Mt. Camizard and CIEL Group for their permission to access the
Ferney Conservation Area. We would also like to thank the editor, Viktor Brygadyrenko,
and the anonymous reviewers for their comments that improved the manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This project was supported by the Agence Frangaise de Développement (AFD) under the
VARUNA Biodiversité programme (Project 22-SB3004) managed by Expertise France. The
funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

The Agence Francaise de Développement through the Varuna Biodiversité programme
(Project 22-SB3004).

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 18/32


https://peerj.com
http://dx.doi.org/10.7717/peerj.19458

Peer

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Francois M.M.P. Baguette conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Cldudia Baider conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

e F.B. Vincent Florens conceived and designed the experiments, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw data are available in the Supplementary Tables.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.19458#supplemental-information.

REFERENCES

Akunne C, Akpan A, Ononye B. 2016. Pattern of nectariferous plant diversity of African
honeybee (Apis mellifera adansonii L.) in Awka and Agulu Environs, Southeast
Nigeria. Journal of Apiculture 31:281-291 DOI 10.17519/apiculture.2016.11.31.4.281.

Alves-Pinto HN, Latawiec AE, Strassburg BB, Barros FS, Sansevero JB, Iribar-
rem A, Crouzeilles R, Lemgruber L, Rangel MC, Silva AC. 2017. Reconcil-
ing rural development and ecological restoration: strategies and policy rec-
ommendations for the Brazilian Atlantic Forest. Land Use Policy 60:419-426
DOI 10.1016/j.Jandusepol.2016.08.004.

Andres SE, Standish R], Lieurance PE, Mills CH, Harper RJ, Butler DW, Adams VM,
Lehmann C, Tetu SG, Cuneo P, Offord CA, Gallagher RV. 2023. Defining biodi-
verse reforestation: why it matters for climate change mitigation and biodiversity.
Plants, People, Planet 5:27—-38 DOI 10.1002/ppp3.10329.

Aronson J, Alexander S. 2013. Ecosystem restoration is now a global priority: time to roll
up our sleeves. Restoration Ecology 21:293-296 DOI 10.1111/rec.12011.

Ashton MS, Hall JS. 2011. Review the ecology, silviculture, and use of tropical wet
forests with special emphasis on timber rich types. In: Giinter S, Weber M, Stimm
B, Mosandl R, eds. Silviculture in the tropics. Berlin: Springer, 145-192.

Atsalis S. 1999. Diet of the Brown Mouse Lemur (Microcebus rufus) in Ranomafana
National Park, Madagascar. International Journal of Primatology 20:193-229
DOI10.1023/A:1020518419038.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 19/32


https://peerj.com
http://dx.doi.org/10.7717/peerj.19458#supplemental-information
http://dx.doi.org/10.7717/peerj.19458#supplemental-information
http://dx.doi.org/10.7717/peerj.19458#supplemental-information
http://dx.doi.org/10.17519/apiculture.2016.11.31.4.281
http://dx.doi.org/10.1016/j.landusepol.2016.08.004
http://dx.doi.org/10.1002/ppp3.10329
http://dx.doi.org/10.1111/rec.12011
http://dx.doi.org/10.1023/A:1020518419038
http://dx.doi.org/10.7717/peerj.19458

Peer

Baguette F, Harryba S, Baboorun T, Adam P-A, Senterre B. 2022. Characterization
and evolution of the lowland tropical rain forest of the smallest oceanic Gondwana
fragments, with implications for restoration and invasion ecology. Forest Ecology and
Management 504:119837 DOI 10.1016/j.foreco.2021.119837.

Baider C, Florens FBV. 2022. Diversity, ecology, and conservation of Mauri-
tius orchids. In: Mérillon J-M, Kodja H, eds. Orchids phytochemistry, biology
and horticulture: fundamentals and applications. Cham: Springer, 107-133
DOI 10.1007/978-3-030-38392-3_29.

Baillie J, Hilton-Taylor C, Stuart SN. 2004. 2004 IUCN red list of threatened species: a
global species assessment. Gland, Switzerland and Cambridge: TUCN.

Baker JG. 1877. Flora of Mauritius and the Seychelles: a description of the flowering plants
and ferns of those islands. London: L. Reeve and Co.

Baldridge E, Harris DJ, Xiao X, White EP. 2016. An extensive comparison of species-
abundance distribution models. Peer] 4:e2823 DOI 10.7717/peerj.2823.

Barnosky AD, Matzke N, Tomiya S, Wogan GOU, Swartz B, Quental TB, Marshall C,
McGuire JL, Lindsey EL, Maguire KC, Mersey B, Ferrer EA. 2011. Has the Earth’s
sixth mass extinction already arrived? Nature 471:51-57 DOI 10.1038/nature09678.

Bayne KM, Grant A. 2024. Who cares what happens with planted forests? A public
typology to assist community engagement and communication. Forest Policy and
Economics 169:103332 DOI 10.1016/j.forpol.2024.103332.

Baynes J, Herbohn J, Smith C, Fisher R, Bray D. 2015. Key factors which influence the
success of community forestry in developing countries. Global Environmental Change
35:226-238 DOI 10.1016/j.gloenvcha.2015.09.011.

Begon M, Townsend CR, Harper JL. 2012. Ecology: from individuals to ecosystems.
Malden: Blackwell.

Bellefontaine R, Malagnoux M. 2009. Vegetative propagation at low cost: a method to
restore degraded lands. In: Lee C, Schaaf T, eds. The future of drylands. Dordrecht:
Springer, 417—-433 DOI 10.1007/978-1-4020-6970-3_39.

Benini R, Adeodato S. 2017. Economia da restauragao florestal = Forest restoration
economy. Sao Paulo: The Nature Conservancy.

Binggeli P. 1989. The ecology of Maesopsis invasion and dynamics of the evergreen forest
of the East Usambaras, and their implications for forest conservation and forestry
practices. In: Hamilton AC, Bensted-Smith R, eds. Forest conservation in the East
Usambara mountains, Tanzania. Gland: ITUCN, 269-300.

Bissessur P, Reinegger RD, Baider C, Mamoodee R, Florens FBV. 2023. Invasive
alien plant control: the priority to save one of the most rapidly declining island-
endemic plant species worldwide. Journal for Nature Conservation 73:126417
DOI10.1016/j.jnc.2023.126417.

Boissiére M, Atmadja S, Guariguata MR, Kassa H, Sist P. 2021. Perspectives on the
socio-economic challenges and opportunities for tree planting: a case study of
Ethiopia. Forest Ecology and Management 497:119488
DOI 10.1016/j.foreco.2021.119488.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 20/32


https://peerj.com
http://dx.doi.org/10.1016/j.foreco.2021.119837
http://dx.doi.org/10.1007/978-3-030-38392-3_29
http://dx.doi.org/10.7717/peerj.2823
http://dx.doi.org/10.1038/nature09678
http://dx.doi.org/10.1016/j.forpol.2024.103332
http://dx.doi.org/10.1016/j.gloenvcha.2015.09.011
http://dx.doi.org/10.1007/978-1-4020-6970-3_39
http://dx.doi.org/10.1016/j.jnc.2023.126417
http://dx.doi.org/10.1016/j.foreco.2021.119488
http://dx.doi.org/10.7717/peerj.19458

Peer

Bojer W. 1837. Hortus Mauritianus, ou, énumération des plantes, exotiques et indigenes,
qui croissent a I'Ile Maurice : disposées d’apres la méthode naturelle. Mauritius:
Imprimerie d’Aimé Mamarot et Compagnie.

Bond WJ. 2016. Ancient grasslands at risk. Science 351:120-122
DOI 10.1126/science.aad5132.

Botanic Gardens Conservation International (BGCI), IUCN SSC Global Tree Specialist
Group. 2019. Harungana madagascariensis. The [UCN Red List of Threatened
Species 2019: . T62019179A146204258
DOI 10.2305/TUCN.UK.2019-2.RLTS. T62019179A146204258.en.

Brancalion PH, Amazonas NT, Chazdon RL, Van Melis J, Rodrigues RR, Silva
CG, Sorrini TB, Holl KD. 2020. Exotic eucalypts: from demonized trees
to allies of tropical forest restoration? Journal of Applied Ecology 57:55—66
DOI'10.1111/1365-2664.13513.

Breyne. 1976. Quelques observations sur la germination des graines d’ Harungana
madagascariensis Lam, ex Poir. (Guttiferae). Bulletin de la Société Royale de Botanique
de Belgique 109:109-116.

Broadhurst L, Waters C, Coates D. 2017. Native seed for restoration: a discussion of key
issues using examples from the flora of southern Australia. The Rangeland Journal
39:487-498 DOI 10.1071/RJ17055.

Bussmann R, Lange S. 2000. Germination of important East African mountain forest
trees. Journal of East African Natural History 89:101-111
DOI 10.2982/0012-8317(2000)89[101:GOIEAM]2.0.CO;2.

Butterfield RP. 1995. Promoting biodiversity: advances in evaluating native species for
reforestation. Forest Ecology and Management 75:111-121
DOI10.1016/0378-1127(95)03535-1.

Campanha Bechara F, Trentin BE, Lex Engel V, Estevan DA, Ticktin T. 2021.
Performance and cost of applied nucleation versus high-diversity plantations
for tropical forest restoration. Forest Ecology and Management 491:119088
DOI 10.1016/j.foreco.2021.119088.

Canadell JG, Raupach MR. 2008. Managing forests for climate change mitigation. Science
320:1456-1457 DOI 10.1126/science.1155458.

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, Narwani A,
Mace GM, Tilman D, Wardle DA, Kinzig AP, Daily GC, Loreau M, Grace JB,
Larigauderie A, Srivastava DS, Naeem S. 2012. Biodiversity loss and its impact on
humanity. Nature 486:59—67 DOI 10.1038/naturel1148.

Cardinale BJ, Gonzalez A, Allington GRH, Loreau M. 2018. Is local biodiversity
declining or not? A summary of the debate over analysis of species richness time
trends. Biological Conservation 219:175-183 DOI 10.1016/j.biocon.2017.12.021.

Chazdon RL. 2014. Second growth: the promise of tropical forest regeneration in an age of
deforestation. Chicago: University of Chicago Press
DOI 10.7208/chicago/9780226118109.001.0001.

Chu CYC, Yu RR. 2002. Population dynamics and the decline in biodiversity: a survey of
the literature. Population and Development Review 28:126—143.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 21/32


https://peerj.com
http://dx.doi.org/10.1126/science.aad5132
http://dx.doi.org/10.2305/IUCN.UK.2019-2.RLTS.T62019179A146204258.en
http://dx.doi.org/10.1111/1365-2664.13513
http://dx.doi.org/10.1071/RJ17055
http://dx.doi.org/10.2982/0012-8317(2000)89[101:GOIEAM]2.0.CO;2
http://dx.doi.org/10.1016/0378-1127(95)03535-I
http://dx.doi.org/10.1016/j.foreco.2021.119088
http://dx.doi.org/10.1126/science.1155458
http://dx.doi.org/10.1038/nature11148
http://dx.doi.org/10.1016/j.biocon.2017.12.021
http://dx.doi.org/10.7208/chicago/9780226118109.001.0001
http://dx.doi.org/10.7717/peerj.19458

Peer/

Condit R. 2022. Expected adult lifespan in tropical trees: long-term matrix demography

in a large plot. Forest Ecosysterns 9:100053 DOI 10.1016/j.fecs.2022.100053.

Convention on Biological Diversity. 2011. In: Conference of the parties decision X/2:

strategic plan for biodiversity 2011-2020. Available at https://www.cbd.int/decision/
cop?id=12268.

Cook-Patton SC, Gopalakrishna T, Daigneault A, Leavitt SM, Platt J, Scull SM, Amar-

jargal O, Ellis PW, Griscom BW, McGuire JL, Yeo SM, Fargione JE. 2020. Lower
cost and more feasible options to restore forest cover in the contiguous United States
for climate mitigation. One Earth 3:739-752 DOI 10.1016/j.oneear.2020.11.013.

Cooper DLM, Lewis SL, Sullivan MJP, Prado PI, ter Steege H, Barbier N, Slik F, Sonké

B, Ewango CEN, Adu-Bredu S, Affum-Baffoe K, De Aguiar DPP, Ahuite Reategui
MA, Aiba S-I, Albuquerque BW, De Almeida Matos FD, Alonso A, Amani CA,

Do Amaral DD, Amaral ILdo, Andrade A, De Andrade Miranda IP, Angoboy IB,
Araujo-Murakami A, Arboleda NC, Arroyo L, Ashton P, Aymard CGA, Baider C,
Baker TR, Balinga MPB, Balslev H, Banin LF, Banki OS, Baraloto C, Barbosa EM,
Barbosa FR, Barlow J, Bastin J-F, Beeckman H, Begne S, Bengone NN, Berenguer
E, Berry N, Bitariho R, Boeckx P, Bogaert J, Bonyoma B, Boundja P, Bourland N,
Boyemba Bosela F, Brambach F, Brienen R, Burslem DFRP, Camargo JL, Campelo
W, Cano A, Ciardenas S, Cardenas Lopez D, De Sa Carpanedo R, Carrero Marquez
YA, Carvalho FA, Casas LF, Castellanos H, Castilho CV, Cerén C, Chapman CA,
Chave J, Chhang P, Chutipong W, Chuyong GB, Cintra BBL, Clark CJ, Coelho De
Souza F, Comiskey JA, Coomes DA, Cornejo Valverde F, Correa DF, Costa FRC,
Costa JBP, Couteron P, Culmsee H, Cuni-Sanchez A, Dallmeier F, Damasco G,
Dauby G, Davila N, Davila Doza HP, De Alban JDT, De Assis RL, De Canniere

C, De Haulleville T, De Jesus Veiga Carim M, Demarchi LO, Dexter KG, Di

Fiore A, Din HHM, Disney MI, Djiofack BY, Djuikouo M-NK, Do TV, Doucet
J-L, Draper FC, Droissart V, Duivenvoorden JF, Engel J, Estienne V, Farfan-

Rios W, Fauset S, Feeley K], Feitosa YO, Feldpausch TR, Ferreira C, Ferreira J,
Ferreira LV, Fletcher CD, Flores BM, Fofanah A, Foli EG, Fonty E, Fredriksson
GM, Fuentes A, Galbraith D, Gallardo Gonzales GP, Garcia-Cabrera K, Garcia-
Villacorta R, Gomes VHF, Gomez RZ, Gonzales T, Gribel R, Guedes MC, Guevara
JE, Hakeem KR, Hall JS, Hamer KC, Hamilton AC, Harris DJ, Harrison RD, Hart
TB, Hector A, Henkel TW, Herbohn J, Hockemba MBN, Hoffman B, Holmgren M,
Honorio Coronado EN, Huamantupa-Chuquimaco I, Hubau W, Imai N, Irume
MYV, Jansen PA, Jeffery KJ, Jimenez EM, Jucker T, Junqueira AB, Kalamandeen
M, Kamdem NG, Kartawinata K, Kasongo Yakusu E, Katembo JM, Kearsley E,
Kenfack D, Kessler M, Khaing TT, Killeen TJ, Kitayama K, Klitgaard B, Labriére
N, Laumonier Y, Laurance SGW, Laurance WF, Laurent F, Le TC, Le TT, Leal ME,
Leao De Moraes Novo EM, Levesley A, Libalah MB, Licona JC, LimaFilho De AD,
Lindsell JA, Lopes A, Lopes MA, Lovett JC, Lowe R, Lozada JR, Lu X, Luambua NK,
Luize BG, Maas P, Magalhaes JLL, Magnusson WE, Mahayani NPD, Makana J-R,

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 22/32


https://peerj.com
http://dx.doi.org/10.1016/j.fecs.2022.100053
https://www.cbd.int/decision/cop?id=12268
https://www.cbd.int/decision/cop?id=12268
http://dx.doi.org/10.1016/j.oneear.2020.11.013
http://dx.doi.org/10.7717/peerj.19458

Peer

Malhi Y, Maniguaje Rincén L, Mansor A, Manzatto AG, Marimon BS, Marimon-
Junior BH, et al. 2024. Consistent patterns of common species across tropical tree
communities. Nature 625:728-734 DOI 10.1038/s41586-023-06820-z.

Costanza R, De Groot R, Sutton P, Van der Ploeg S, Anderson SJ, Kubiszewski I,
Farber S, Turner RK. 2014. Changes in the global value of ecosystem services. Global
Environmental Change 26:152—158 DOI 10.1016/j.gloenvcha.2014.04.002.

Crouzeilles R, Beyer HL, Monteiro LM, Feltran-Barbieri R, Pessoa ACM, Barros FSM,
Lindenmayer DB, Lino EDSM, Grelle CEV, Chazdon RL, Matsumoto M, Rosa M,
Latawiec AE, Strassburg BBN. 2020. Achieving cost-effective landscape-scale forest
restoration through targeted natural regeneration. Conservation Letters 13:¢12709
DOI10.1111/conl.12709.

Culbertson KA, Treuer TL, Mondragon-Botero A, Ramiadantsoa T, Reid JL. 2022. The
eco-evolutionary history of Madagascar presents unique challenges to tropical forest
restoration. Biotropica 54:1081-1102 DOI 10.1111/btp.13124.

Davidson J. 1989. The Eucalyptus dilemma. In: Arguments for and against Eucalyptus
plantation in Ethiopia. Seminar note series 1. Addis Ababa, Ethiopia: Forestry
Research Center.

De Gouvenain RC, Kobe RK, Silander JA. 2007. Partitioning of understorey
light and dry-season soil moisture gradients among seedlings of four rain-
forest tree species in Madagascar. Journal of Tropical Ecology 23:569-579
DOI 10.1017/50266467407004385.

Dodet M, Collet C. 2012. When should exotic forest plantation tree species be con-
sidered as an invasive threat and how should we treat them? Biological Invasions
14:1765-1778 DOI 10.1007/s10530-012-0202-4.

Donadeo B. 2013. Nutrient composition of foodstuffs available to wild lemurs living in
the Analamazaotra Special Reserve, eastern Madagascar, and a survey of diets fed
to captive black-and-white ruffed lemurs at United States zoological institutions.
Master Thesis, University of Illinois, Chicago, IL, USA.

Elliott S, Blakesley D, Hardwick K. 2013. Restoring tropical forests: a practical guide. Kew:
Royal Botanic Gardens.

Enquist BJ, Feng X, Boyle B, Maitner B, Newman EA, Jorgensen PM, Roehrdanz PR,
Thiers BM, Burger JR, Corlett RT, Couvreur TLP, Dauby G, Donoghue JC, Foden
W, Lovett JC, Marquet PA, Merow C, Midgley G, Morueta-Holme N, Neves DM,
Oliveira-Filho AT, Kraft NJB, Park DS, Peet RK, Pillet M, Serra-Diaz JM, Sandel
B, Schildhauer M, Simova I, Violle C, Wieringa JJ, Wiser SK, Hannah L, Svenning
J-C, McGill BJ. 2019. The commonness of rarity: global and future distribution of
rarity across land plants. Science Advances 5:eaaz0414 DOI 10.1126/sciadv.aaz0414.

Food and Agriculture Organization of the United Nations (FAO). 2010. Agriculture
Organization of the United Nations Forestry. Global forest resources assessment
2010: main report. Forestry Department. FAO, Rome: Food and Agriculture
Organization of the United Nations.

Fine PV. 2002. The invasibility of tropical forests by exotic plants. Journal of Tropical
Ecology 18:687-705 DOI 10.1017/50266467402002456.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 23/32


https://peerj.com
http://dx.doi.org/10.1038/s41586-023-06820-z
http://dx.doi.org/10.1016/j.gloenvcha.2014.04.002
http://dx.doi.org/10.1111/conl.12709
http://dx.doi.org/10.1111/btp.13124
http://dx.doi.org/10.1017/S0266467407004385
http://dx.doi.org/10.1007/s10530-012-0202-4
http://dx.doi.org/10.1126/sciadv.aaz0414
http://dx.doi.org/10.1017/S0266467402002456
http://dx.doi.org/10.7717/peerj.19458

Peer

Florens FBV, Baider C. 2013. Ecological restoration in a developing island nation: how
useful is the science? Restoration Ecology 21:1-5
DOI10.1111/j.1526-100X.2012.00920.x.

Florens FBV, Baider C, Seegoolam N, Zmanay Z, Strasberg D. 2017. Long-term declines
of native trees in an oceanic island’s tropical forests invaded by alien plants. Applied
Vegetation Science 20:94-105 DOI 10.1111/avsc.12273.

Foumier A, Floret C, Gnahoua G-M. 2001. Végétation des jacheres et succession post-
culturale en Afrique tropicale. In: Floret C, Pontanier R, eds. La jachére en Afrique
tropicale : roles, aménagement, alternatives : 2. De la jachére naturelle a la jachere
ameliorée : le point des connaissances. Paris: John Libbey Eurotext, 123-168.

Gann GD, McDonald T, Walder B, Aronson J, Nelson CR, Jonson J, Hallett JG,
Eisenberg C, Guariguata MR, Liu J, Hua F, Echeverria C, Gonzales E, Shaw N,
Decleer K, Dixon KW. 2019. International principles and standards for the practice
of ecological restoration. Restoration Ecology 27:51-546 DOI 10.1111/rec.13035.

GBIF. 2023. Occurrence download. Copenhagen: The Global Biodiversity Information
Facility DOI 10.15468/DL.2B7GJK.

Gibby S. 2023. Mycorrhizal fungi and reforestation in an eastern lowland rainforest of
Madagascar, 3583. Available at https://digitalcollections.sit.edu/isp_collection/3583.

Goodale UM, Ashton MS, Berlyn GP, Gregoire TG, Singhakumara BMP, Ten-
nakoon KU. 2012. Disturbance and tropical pioneer species: Patterns of asso-
ciation across life history stages. Forest Ecology and Management 277:54—66
DOI 10.1016/j.foreco.2012.04.020.

Guelly K, Puig H, Woegan AY, Koukou K. 2000. Les formations & Harungana mada-
gascariensis dans les jacheres du plateau Akposso (Togo). In: Floret C, Pontannier
R, eds. La jachere en Afrique Tropicale. Role, amenagement, alternatives. Paris: John
Libbey Eurotext, 400—407.

Hammond DS, Gond V, Baider C, Florens FBV, Persand S, Laurance SGW. 2015.
Threats to environmentally sensitive areas from peri-urban expansion in Mauritius.
Environmental Conservation 42:256-267 DOI 10.1017/50376892914000411.

Hanson C, Buckingham K, De Witt S, Laestadius L. 2015. The restoration diagnostic:

a method for developing forest landscape restoration strategies by rapidly assessing the
status of key success factors. Washington, D.C.: World Resources Institute.

Happi GM, Tiani GLM, Gbetnkom BYM, Hussain H, Green IR, Ngadjui BT, Kouam
SF. 2020. Phytochemistry and pharmacology of Harungana madagascariensis: mini
review. Phytochemistry Letters 35:103—112 DOI 10.1016/j.phytol.2019.11.015.

Harrison R, Wardell-Johnson G, McAlpine C. 2003. Rainforest reforestation and
biodiversity benefits: a case study from the Australian Wet Tropics. Annals of
Tropical Research 25:65-76.

Henderson PA, Magurran AE. 2010. Linking species abundance distributions in numer-
ical abundance and biomass through simple assumptions about community struc-
ture. Proceedings. Biological Sciences 277:1561-1570 DOI 10.1098/rspb.2009.2189.

Herbohn J, Ota L, Gregorio N, Chazdon R, Fisher R, Baynes J, Applegate G, Page T,
Carias D, Romero C, Putz FE, Firn J. 2023. The community capacity curve applied

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 24/32


https://peerj.com
http://dx.doi.org/10.1111/j.1526-100X.2012.00920.x
http://dx.doi.org/10.1111/avsc.12273
http://dx.doi.org/10.1111/rec.13035
http://dx.doi.org/10.15468/DL.2B7GJK
https://digitalcollections.sit.edu/isp_collection/3583
http://dx.doi.org/10.1016/j.foreco.2012.04.020
http://dx.doi.org/10.1017/S0376892914000411
http://dx.doi.org/10.1016/j.phytol.2019.11.015
http://dx.doi.org/10.1098/rspb.2009.2189
http://dx.doi.org/10.7717/peerj.19458

Peer/

to reforestation: a framework to support success. Philosophical Transactions of the
Royal Society B : Biological Sciences 378:20210079 DOI 10.1098/rstb.2021.0079.

Hervé D, Razanaka S, Rakotondraompiana S, Rafamantanantsoa F, Carriére S. 2015.
Transitions agraires au sud de Madagascar. Résilience et viabilité, deux facettes de la
conservation. Antananarivo: IRD-SCAC/ PARRUR.

Hill DM. 2018. Forest restoration in Eastern Madagascar: post-fire survival of select
Malagasy tree species. Master’s thesis, University of Minnesota, Minneapolis, MN,
USA.

Hoffmann M, Hilton-Taylor C, Angulo A, Bohm M, Brooks TM, Butchart SHM,
Carpenter KE, Chanson ], Collen B, Cox NA, Darwall WRT, Dulvy NK, Harrison
LR, Katariya V, Pollock CM, Quader S, Richman NI, Rodrigues ASL, Tognelli
MF, Vié J-C, Aguiar JM, Allen DJ, Allen GR, Amori G, Ananjeva NB, Andreone
F, Andrew P, Ortiz ALA, Baillie JEM, Baldi R, Bell BD, Biju SD, Bird JP, Black-
Decima P, Blanc JJ, Bolafios F, Bolivar GW, Burfield IJ, Burton JA, Capper DR,
Castro F, Catullo G, Cavanagh RD, Channing A, Chao NL, Chenery AM, Chiozza
F, Clausnitzer V, Collar NJ, Collett LC, Collette BB, Fernandez CFC, Craig MT,
Crosby MJ, Cumberlidge N, Cuttelod A, Derocher AE, Diesmos AC, Donaldson
JS, Duckworth JW, Dutson G, Dutta SK, Emslie RH, Farjon A, Fowler S, Freyhof],
Garshelis DL, Gerlach ], Gower DJ, Grant TD, Hammerson GA, Harris RB, Heaney
LR, Hedges SB, Hero J-M, Hughes B, Hussain SA, Icochea M]J, Inger RF, Ishii N,
Iskandar DT, Jenkins RKB, Kaneko Y, Kottelat M, Kovacs KM, Kuzmin SL, La
Marca E, Lamoreux JF, Lau MWN, Lavilla EO, Leus K, Lewison RL, Lichtenstein
G, Livingstone SR, Lukoschek V, Mallon DP, McGowan PJK, MclIvor A, Moehlman
PD, Molur S, Alonso AM, Musick JA, Nowell K, Nussbaum RA, Olech W, Orlov
NL, Papenfuss TJ, Parra-Olea G, Perrin WF, Polidoro BA, Pourkazemi M,

Racey PA, Ragle JS, Ram M, Rathbun G, Reynolds RP, Rhodin AGJ, Richards

SJ, Rodriguez LO, Ron SR, Rondinini C, Rylands AB, Sadovy de Mitcheson Y,
Sanciangco JC, Sanders KL, Santos-Barrera G, Schipper J, Self-Sullivan C, Shi

Y, Shoemaker A, Short FT, Sillero-Zubiri C, Silvano DL, Smith KG, Smith AT,
Snoeks J, Stattersfield AJ, Symes AJ, Taber AB, Talukdar BK, Temple HJ, Timmins
R, Tobias JA, Tsytsulina K, Tweddle D, Ubeda C, Valenti SV, Paul Van Dijk P,
Veiga LM, Veloso A, Wege DC, Wilkinson M, Williamson EA, Xie F, Young BE,
Akgakaya HR, Bennun L, Blackburn TM, Boitani L, Dublin HT, Da Fonseca GAB,
Gascon C, Lacher TE, Mace GM, Mainka SA, McNeely JA, Mittermeier RA, Reid
GM, Rodriguez JP, Rosenberg AA, Samways MJ, Smart J, Stein BA, Stuart SN.
2010. The impact of conservation on the status of the world’s vertebrates. Science
330:1503—-1509 DOI 10.1126/science.1194442,

Hohl M, Ahimbisibwe V, Stanturf JA, Elsasser P, Kleine M, Bolte A. 2020. For-
est landscape restoration—what generates failure and success? Forests 11:938
DOI 10.3390/f11090938.

Humphries SE, Groves RH, Mitchell DS. 1991. Plant invasions of Australian ecosystems:
a status review and management directions. In: Longmore B, ed. Plant invasions: the

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 25/32


https://peerj.com
http://dx.doi.org/10.1098/rstb.2021.0079
http://dx.doi.org/10.1126/science.1194442
http://dx.doi.org/10.3390/f11090938
http://dx.doi.org/10.7717/peerj.19458

Peer

incidence of environmental weeds in Australia. Kowari. 2. Canberra: Australian Parks
and Wildlife Service, 1-127.

Hurault J. 1998. Land crisis on the Mambila plateau of Nigeria, West Africa. Journal of
biogeography 25:285-299 DOI 10.1046/j.1365-2699.1998.252244 x.

IUSS Working Group WRB. 2022. World reference base for soil resources. In: Inter-
national soil classification system for naming soils and creating legends for soil maps.
Vienna: International Union of Soil Sciences (IUSS).

Jensen DA, Rao M, ZhangJ, Gren M, Tian S, Ma K, Svenning J-C. 2021. The potential
for using rare, native species in reforestation—a case study of yews (Taxaceae) in
China. Forest Ecology and Management 482:118816 DOI 10.1016/j.foreco.2020.118816.

Jones CG. 2008. Practical conservation on Mauritius and Rodrigues. Steps towards the
restoration of devastated ecosystems. In: Lost land of the dodo. London: T & AD
Poyser, 256-259.

Kamusiime E, Sheil D. 2021. Mistletoes and their diversity in the Bwindi Impene-
trable National Park, Uganda. GSC Advanced Research and Reviews 7:042—050
DOI 10.30574/gscarr.2021.7.2.0080.

Kemppinen KM, Collins PM, Hole DG, Wolf C, Ripple WJ, Gerber LR. 2020. Global
reforestation and biodiversity conservation. Conservation Biology 34:1221-1228
DOI 10.1111/cobi.13478.

Konersmann C, Noromiarilanto F, Ratovonamana YR, Brinkmann K, Jensen K,
Kobbe S, Kohl M, Kuebler D, Lahann P, Steffens KJE, Ganzhorn JU. 2022. Using
utilitarian plants for lemur conservation. International Journal of Primatology
43:1026-1045 DOI 10.1007/s10764-021-00200-y.

Kouadio YL, Doucet J-L. 2009. Etude du comportement de Baillonella toxisperma Pierre
(moabi) dans les trouées d’abattage enrichies. Biotechnologie, Agronomie, Société et
Environnement 13:317-324.

Lamb D. 2014. Large-scale forest restoration. London: Routledge.

Lampela M, Jauhiainen J, Sarkkola S, Vasander H. 2017. Promising native tree species
for reforestation of degraded tropical peatlands. Forest Ecology and Management
394:52—63 DOI 10.1016/j.foreco.2016.12.004.

Latham P, Mbuta KKA. 2005. Some honeybee plants of Bas-Congo province, Democratic
Republic of Congo. Democratic Republic of the Congo: Paul Latham. Available at
https://www.researchgate.net/publication/265411967_Some_honeybee_plants_of Bas-
Congo_province_Democratic_Republic_of Congo.

Le HD, Smith C, Herbohn J, Harrison S. 2012. More than just trees: assessing refor-
estation success in tropical developing countries. Journal of Rural Studies 28:5-19
DOI 10.1016/j.jrurstud.2011.07.006.

Leclére D, Obersteiner M, Barrett M, Butchart SHM, Chaudhary A, De Palma A,

De Clerck FAJ, Di Marco M, Doelman JC, Diirauer M, Freeman R, Harfoot M,
Hasegawa T, Hellweg S, Hilbers JP, Hill SLL, Humpendéder F, Jennings N, Krisztin
T, Mace GM, Ohashi H, Popp A, Purvis A, Schipper AM, Tabeau A, Valin H,

Van Meijl H, Van Zeist W-J, Visconti P, Alkemade R, Almond R, Bunting G,
Burgess ND, Cornell SE, Di Fulvio F, Ferrier S, Fritz S, Fujimori S, Grooten M,

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 26/32


https://peerj.com
http://dx.doi.org/10.1046/j.1365-2699.1998.252244.x
http://dx.doi.org/10.1016/j.foreco.2020.118816
http://dx.doi.org/10.30574/gscarr.2021.7.2.0080
http://dx.doi.org/10.1111/cobi.13478
http://dx.doi.org/10.1007/s10764-021-00200-y
http://dx.doi.org/10.1016/j.foreco.2016.12.004
https://www.researchgate.net/publication/265411967_Some_honeybee_plants_of_Bas-Congo_province_Democratic_Republic_of_Congo
https://www.researchgate.net/publication/265411967_Some_honeybee_plants_of_Bas-Congo_province_Democratic_Republic_of_Congo
http://dx.doi.org/10.1016/j.jrurstud.2011.07.006
http://dx.doi.org/10.7717/peerj.19458

Peer

Harwood T, Havlik P, Herrero M, Hoskins AJ, Jung M, Kram T, Lotze-Campen

H, Matsui T, Meyer C, Nel D, Newbold T, Schmidt-Traub G, Stehfest E, Strassburg
BBN, Van Vuuren DP, Ware C, Watson JEM, Wu W, Young L. 2020. Bending the
curve of terrestrial biodiversity needs an integrated strategy. Nature 585:551-556
DOI10.1038/s41586-020-2705-y.

Lewis SL. 2022. Realizing the potential of restoration science. Philosophical Transactions
of the Royal Society B: Biological Sciences 378:20210174 DOI 10.1098/rstb.2021.0174.

Lewis WH. 1986. The useful plants of West Tropical Africa. Economic Botany
40:176—-176 DOI 10.1007/BF02859140.

Malombe I. 2009. Studies on African Cheilolejeunea (Lejeuneaceae) I: New species and
new combinations. Acta Botanica Hungarica 51:315-328
DOI 10.1556/ABot.51.2009.3-4.8.

Mangambu Mokoso de DJ, Muhashy F, Robbrecht E, Janssen T, Ntahobavuka
Habimana H, Van Diggelen R. 2015. Ferns and fern allies: bio indicators of changes
occurred in the structure of the mountain forests within the Kahuzi-Biega National
Park in eastern DR Congo. International Journal of Innovation and Scientific Research
16:350-370.

Manjaribe C, Frasier CL, Rakouth B, Louis EE. 2013. Ecological restoration and
reforestation of fragmented forests in Kianjavato, Madagascar. International Journal
of Ecology 2013:726275 DOI 10.1155/2013/726275.

Mansourian S, Dudley N, Vallauri D. 2017. Forest landscape restoration: progress
in the last decade and remaining challenges. Ecological Restoration 35:281-288
DOI 10.3368/er.35.4.281.

Marshall AR, Waite CE, Pfeifer M, Banin LF, Rakotonarivo S, Chomba S, Her-
bohn J, Gilmour DA, Brown M, Chazdon RL. 2022. Fifteen essential science
advances needed for effective restoration of the world’s forest landscapes. Philo-
sophical Transactions of the Royal Society B: Biological Sciences 378:20210065
DOI 10.1098/rstb.2021.0065.

McElwee P, Nghi TH. 2021. Assessing the social benefits of tree planting by smallholders
in Vietnam: lessons for large-scale reforestation programs. Ecological Restoration
39:52-63.

McGill BJ. 2010. Biological diversity: frontiers in measurement and assessment. Oxford:
Oxford University Press.

McGill B, Etienne RS, Gray JS, Alonso D, Anderson MJ, Benecha HK, Dornelas M,
Enquist BJ, Green JL, He F, Hurlbert AH, Magurran AE, Marquet PA, Maurer BA,
Ostling A, Soykan CU, Ugland KI, White EP. 2007. Species abundance distribu-
tions: moving beyond single prediction theories to integration within an ecological
framework. Ecology Letters 10:995—-1015 DOI 10.1111/j.1461-0248.2007.01094.x.

Mehari A. 1996. Establishing fuelwood plantation and fire wood tree crop performance on
the highlands of Ethiopia: the case of Eucalyptus globulus Labill. ssp globulus. Umea:
Swedish University of Agricultural Sciences, Department of Silviculture.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 27/32


https://peerj.com
http://dx.doi.org/10.1038/s41586-020-2705-y
http://dx.doi.org/10.1098/rstb.2021.0174
http://dx.doi.org/10.1007/BF02859140
http://dx.doi.org/10.1556/ABot.51.2009.3-4.8
http://dx.doi.org/10.1155/2013/726275
http://dx.doi.org/10.3368/er.35.4.281
http://dx.doi.org/10.1098/rstb.2021.0065
http://dx.doi.org/10.1111/j.1461-0248.2007.01094.x
http://dx.doi.org/10.7717/peerj.19458

Peer

Mulas B, Rambelli A. 1995. Contribution to the study of the microfungi in the sapro-
trophic specialization in tropical forest litter. Plant Biosysterm 129:1225-1232

DOI 10.1080/11263509509436473.

Ndam N, Healey J. 2001. Woody plants recovery in abandoned farms of different ages
in the Mount Cameroon region. Systematics and Geography of Plants 71(2):817-826
DOI 10.2307/3668720.

Negash L. 2021. A selection of African native trees: biology, uses, propagation and restora-
tion techniques. Addis Ababa: Negash Legesse.

Nsor CA. 2014. Sunbird pollination and the fate of strong contributors to a mutualistic
network in a West African Montane Forest. PhD thesis, University of Canterbury,
Christchurch, New Zealand.

Nsor CA, Godsoe W, Chapman HM. 2019. Promiscuous pollinators—Evidence from
an Afromontane sunbird—plant pollen transport network. Biotropica 51:538-548
DOI 10.1111/btp.12669.

Nunes S, Gastauer M, Cavalcante RBL, Ramos SJ, Caldeira CF, Silva D, Rodrigues RR,
Salomao R, Oliveira M, Souza-Filho PWM, Siqueira JO. 2020. Challenges and op-
portunities for large-scale reforestation in the Eastern Amazon using native species.
Forest Ecology and Management 466:118120 DOI 10.1016/j.foreco.2020.118120.

Olson David M, Dinerstein E, Wikramanayake Eric D, Burgess Neil D, Powell George
VN, Underwood Emma C, D’amico Jennifer A, Itoua I, Strand Holly E, Morrinson
John C, Loucks Colby J, Allnutt Thomas F, Ricketts Taylor H, Kura Y, Lamoreux
John F, Wettengel Wesley W, Hedao P, Kassem Kenneth R. 2001. Terrestrial
ecoregions of the world: a new map of life on earth: a new global map of terrestrial
ecoregions provides an innovative tool for conserving biodiversity. BioScience
51(11):933-938 DOI 10.1641/0006-3568(2001)051[0933: TEOTWA]2.0.CO;2.

Olupot W. 2004. Boundary edge effects in Bwindi Impenetrable National Park. Unpub-
lished report. Institute of Tropical Forest Conservation, Kabale, Uganda.

Onyekwelu JC, Stimm B, Evans J. 2011. Review plantation forestry. In: Giinter S, Weber
M, Stimm B, Mosandl R, eds. Silviculture in the tropics. Berlin: Springer, 399-454.

Orwa C, Mutua A, Kindt R, Simons A, Jamnadass R. 2010. Agroforestree database: a tree
reference and selection guide version 4.0. Available at https://www.worldagroforestry.
org/output/agroforestree-database.

Otuoma J, Nyongesah JM, Owino J, Onyango AA, Okello VS. 2020. Ecological manipu-
lation of Psidium guajava to facilitate secondary forest succession in tropical forests.
Journal of Ecological Engineering 21:210-221 DOI 10.12911/22998993/125586.

Parmentier I, Malhi Y, Senterre B, Whittaker RJ, Alonso A, Balinga MPB, Bakayoko
A, Bongers F, Chatelain C, Comiskey JA, Cortay R, Kamdem M-ND, Doucet J-

L, Gautier L, Hawthorne WD, Issembe YA, Kouamé FN, Kouka LA, Leal ME,
Lejoly J, Lewis SL, Nusbaumer L, Parren MPE, Peh KS-H, Phillips OL, Sheil
D, Sonké B, Sosef MSM, Sunderland TCH, Stropp J, Ter Steege H, Swaine
MD, Tchouto MGP, Gemerden BSV, Van Valkenburg JLCH, Wéll H. 2007.
The odd man out? Might climate explain the lower tree a-diversity of African

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 28/32


https://peerj.com
http://dx.doi.org/10.1080/11263509509436473
http://dx.doi.org/10.2307/3668720
http://dx.doi.org/10.1111/btp.12669
http://dx.doi.org/10.1016/j.foreco.2020.118120
http://dx.doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://www.worldagroforestry.org/output/agroforestree-database
https://www.worldagroforestry.org/output/agroforestree-database
http://dx.doi.org/10.12911/22998993/125586
http://dx.doi.org/10.7717/peerj.19458

Peer

rain forests relative to Amazonian rain forests? Journal of Ecology 95:1058-1071
DOI'10.1111/§.1365-2745.2007.01273 x.

Parr CL, Beest MTe, Stevens N. 2024. Conflation of reforestation with restoration is
widespread. Science 383:698—701 DOI 10.1126/science.adj0899.

Pearson TRH, Burslem DFRP, Mullins CE, Dalling JW. 2002. Germination ecology of
neotropical pioneers: interacting effects of environmental conditions and seed size.
Ecology 83:2798-2807 DOI 10.1890/0012-9658(2002)083(2798: GEONPI]2.0.CO;2.

Perring MP, Standish RJ, Price JN, Craig MD, Erickson TE, Ruthrof KX, Whiteley
AS, Valentine LE, Hobbs RJ. 2015. Advances in restoration ecology: rising to the
challenges of the coming decades. Ecosphere 6:131 DOIT 10.1890/ES15-00121.1.

Pimm SL, Jenkins CN, Abell R, Brooks TM, Gittleman JL, Joppa LN, Raven PH, Roberts
CM, Sexton JO. 2014. The biodiversity of species and their rates of extinction,
distribution, and protection. Science 344:1246752 DOI 10.1126/science.1246752.

Piovesan G, Biondi F. 2021. On tree longevity. New Phytologist 231:1318-1337
DOI10.1111/nph.17148.

Ragen P. 2007. Tree diversity and alien encroachment in the native forest of Black
River Gorges National Park, Mauritius. Master thesis, Uppsala University, Uppsala,
Sweden.

Ramanankierana H, Baohanta R, Thioulouse J, Prin Y, Randriambanona H, Baudoin E,
Rakotoarimanga N, Galiana A, Rajaonarimamy E, Lebrun M, Duponnois R. 2013.
Early growth improvement on endemic tree species by soil mycorrhizal management
in Madagascar. In: Busso CA, ed. From seed germination to young plants : ecology,
growth and environmental influences. New York: Nova Science Publishers, 30.

Randriamalala R]J. 2009. Influence des pratiques agricoles et du milieu sur les dy-
namiques forestieres post-culturales dans le corridor Ranomafana-Andringitra. PhD
thesis, Université d’Antananarivo, Antananarivo, Madagascar.

Randriambanona H, Randriamalala JR, Carriére SM. 2019. Native forest regeneration
and vegetation dynamics in non-native Pinus patula tree plantations in Madagascar.
Forest Ecology and Management 446:20-28 DOI 10.1016/j.foreco.2019.05.019.

Rasoamampionona B, Rabeharisoa L, Andrianjaka A, Duponnois R, Plenchette C.
2008. Arbuscular mycorrhizae in Malagasy cropping systems. Biological Agriculture
¢ Horticulture 25:327-337 DOT 10.1080/01448765.2008.9755059.

Rasoloarijao TM. 2018. Ecologie de I’abeille, Apis mellifera unicolor Latreille, dans
les écosystemes forestiers naturels De Ranomafana (Madagascar) et Mare Longue
(Réunion): étude du comportement de butinage et de I'utilisation des ressources
florales par approche mélissopalynologique. PhD Thesis, Université de la Réunion,
Moufia, Saint-Denis, La Réunion.

Richardson DM. 1998. Forestry trees as invasive aliens. Conservation Biology 12:18-26
DOI10.1111/j.1523-1739.1998.96392.x.

Robson NKB, Stevens P. 1980. 49. Guttiferes. In: Bosser J, Cadet T, Guého J, Marais
WW, eds. 1976. Flore des Mascareignes: La Réunion. Marseille: IRD Editions.

Ruhfel BR, Bittrich V, Bove CP, Gustafsson MH, Philbrick CT, Rutishauser R, Xi Z,
Davis CC. 2011. Phylogeny of the clusioid clade (Malpighiales): evidence from

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 29/32


https://peerj.com
http://dx.doi.org/10.1111/j.1365-2745.2007.01273.x
http://dx.doi.org/10.1126/science.adj0899
http://dx.doi.org/10.1890/0012-9658(2002)083[2798:GEONPI]2.0.CO;2
http://dx.doi.org/10.1890/ES15-00121.1
http://dx.doi.org/10.1126/science.1246752
http://dx.doi.org/10.1111/nph.17148
http://dx.doi.org/10.1016/j.foreco.2019.05.019
http://dx.doi.org/10.1080/01448765.2008.9755059
http://dx.doi.org/10.1111/j.1523-1739.1998.96392.x
http://dx.doi.org/10.7717/peerj.19458

Peer

the plastid and mitochondrial genomes. American Journal of Botany 98:306-325
DOI 10.3732/ajb.1000354.

Rull V. 2020. The deforestation of Easter Island. Biological Reviews 95:124—141
DOI10.1111/brv.12556.

Schoch CL, Ciufo S, Domrachev M, Hotton CL, Kannan S, Khovanskaya R,

Leipe D, Mcveigh R, O’Neill K, Robbertse B, Sharma S, Soussov V, Sullivan
JP, Sun L, Turner S, Karsch-Mizrachi I. 2020. NCBI Taxonomy: a compre-
hensive update on curation, resources and tools. Database 2020:baaa062
DOI 10.1093/database/baaa062.

Schure J, Assembe-Mvondo S, Awono A, Ingram V, Lescuyer G, Sonwa D, Somorin O.
2010. L’état de Part du bois énergie en RDC: analyse institutionnelle et socio économique
de la filiere bois énergie. Brussels: CIFOR DOI 10.13140/2.1.3904.6726.

Seidler R, Bawa KS. 2001. Logged forests. In: Levin SA, ed. Encyclopedia of biodiversity.
New York: Elsevier, 747-760 DOI 10.1016/B0-12-226865-2/00178-4.

Senbeta F, Teketay D. 2001. Regeneration of indigenous woody species under the
canopies of tree plantations in Central Ethiopia. Tropical Ecology 42:175-185.

Silander Jr JA, Bond W], Ratsirarson J. 2024. The grassy ecosystems of Madagascar
in context: ecology, evolution, and conservation. Plants, People, Planet 6:94—115
DOI10.1002/ppp3.10417.

Silva D, Nunes S. 2017. Evaluation and economic modelling of forest restoration in the State
of Pard, Eastern Brazilian Amazon. Belém: Imazon.

Sosef MSM, Dauby G, Blach-Overgaard A, Van der Burgt X, Catarino L, Damen T,
Deblauwe V, Dessein S, Dransfield J, Droissart V, Duarte MC, Engledow H,
Fadeur G, Figueira R, Gereau RE, Hardy OJ, Harris DJ, De Heij J, Janssens S,
Klomberg Y, Ley AC, Mackinder BA, Meerts P, Van de Poel JL, Sonké B, Stévart
T, Stoffelen P, Svenning J-C, Sepulchre P, Zaiss R, Wieringa JJ, Couvreur TLP.
2017. Exploring the floristic diversity of tropical Africa. BMC Biology 15:15
DOI10.1186/s12915-017-0356-8.

Spinu AP, Mysiak W, Bauhus J, Bielak K, Niklasson M. 2023. Pioneer tree species
accelerate restoration of tree-related microhabitats in 50-year-old reserves of
Bialowieza Forest, Poland. Ecology and Evolution 13:e10238 DOI 10.1002/ece3.10238.

Stimm B, Beck E, Giinter S, Aguirre N, Cueva E, Mosandl R, Weber M. 2008. Refor-
estation of abandoned pastures: seed ecology of native species and production of
indigenous plant material. In: Beck E, Bendix J, Kottke I, Makeschin F, Mosandl R,
eds. Gradients in a tropical mountain ecosystem of Ecuador. Ecological Studies, vol. 198.
Berlin: Springer, 417-429.

Strahm. 1993. The conservation and restoration of the flora of Mauritius and Rodrigues.
PhD Thesis, University of Reading.

Suding KN. 2011. Toward an era of restoration in ecology: successes, failures, and
opportunities ahead. 42:465-487 DOI 10.1146/annurev-ecolsys-102710-145115.

Swaine MD, Hall JB. 1983. Early succession on cleared forest land in Ghana. Journal of
Ecology 71:601-627 DOI 10.2307/2259737.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 30/32


https://peerj.com
http://dx.doi.org/10.3732/ajb.1000354
http://dx.doi.org/10.1111/brv.12556
http://dx.doi.org/10.1093/database/baaa062
http://dx.doi.org/10.13140/2.1.3904.6726
http://dx.doi.org/10.1016/B0-12-226865-2/00178-4
http://dx.doi.org/10.1002/ppp3.10417
http://dx.doi.org/10.1186/s12915-017-0356-8
http://dx.doi.org/10.1002/ece3.10238
http://dx.doi.org/10.1146/annurev-ecolsys-102710-145115
http://dx.doi.org/10.2307/2259737
http://dx.doi.org/10.7717/peerj.19458

Peer

Swinfield T, Afriandi R, Antoni F, Harrison RD. 2016. Accelerating tropical forest
restoration through the selective removal of pioneer species. Forest Ecology and
Management 381:209-216 DOI 10.1016/j.foreco.2016.09.020.

Tittensor DP, Walpole M, Hill SLL, Boyce DG, Britten GL, Burgess ND, Butchart SHM,
Leadley PW, Regan EC, Alkemade R, Baumung R, Bellard C, Bouwman L, Bowles-
Newark NJ, Chenery AM, Cheung WWL, Christensen V, Cooper HD, Crowther
AR, Dixon MJR, Galli A, Gaveau V, Gregory RD, Gutierrez NL, Hirsch TL, Hoft R,
Januchowski-Hartley SR, Karmann M, Krug CB, Leverington FJ, Loh J, Lojenga
RK, Malsch K, Marques A, Morgan DHW, Mumby PJ, Newbold T, Noonan-
Mooney K, Pagad SN, Parks BC, Pereira HM, Robertson T, Rondinini C, Santini L,
Scharlemann JPW, Schindler S, Sumaila UR, Teh LSL, Van Kolck J, Visconti P, Ye
Y. 2014. A mid-term analysis of progress toward international biodiversity targets.
Science 346:241-244 DOI 10.1126/science.1257484.

Tricco AG, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, Moher D, Peters
MDJ, Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, Stewart L,
Hartling L, Aldcroft A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald
MT, Langlois EV, Soares-Weiser K, Moriarty J, Clifford T, Tungalp O, Straus
SE. 2018. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and
explanation. Annals of Internal Medicine 169:467—473 DOI 10.7326/M18-0850.

Trolliet F, Serckx A, Forget P-M, Beudels-Jamar RC, Huynen M-C, Hambuckers A.
2016. Ecosystem services provided by a large endangered primate in a forest-savanna
mosaic landscape. Biological Conservation 203:55—-66
DOI 10.1016/j.biocon.2016.08.025.

United Nations. 2015. Transforming our world: the 2030 agenda for sustainable develop-
ment. New York: UN General Assembly.

Van Rooyen MW, Miabangana ES, Nsongola G, Van Rooyen N, Orban B, Thomas A,
Drescher K, Vasicek Gaugris C, Gaugris JY. 2023. Carbon of Chaillu forests based
on a phytosociological analysis in Republic of Congo, more than meets the eye?
African Journal of Ecology 61:48—63 DOI 10.1111/aje.13086.

Viani RAG, Vidas NB, Pardi MM, Castro DCV, Gusson E, Brancalion PHS.

2015. Animal-dispersed pioneer trees enhance the early regeneration in At-
lantic Forest restoration plantations. Natureza ¢ Conservagio 13:41-46
DOI 10.1016/j.ncon.2015.03.005.

Vie J-C, Hilton-Taylor C, Stuart SN. 2009. Wildlife in a changing world: an analysis of the
2008 IUCN Red List of Threatened Species. Gland, Switzerland: TUCN.

Vitelli J, Van Haaren P. 2001. Chemical control of harungana (Harungana madagas-
cariensis) shrubs in Queensland. Plant Protection Quarterly 16:41—43.

Vroh BTA, Yao CYA. 2018. Successional dynamics of tree species during forest recovery
in the southeast of Cote d’Ivoire. Sciences de la Vie, de la Terre et Agronomie 5:30-38.

Wang X, Wang Y, Wang Y. 2013. Use of exotic species during ecological restoration
can produce effects that resemble vegetation invasions and other unintended con-
sequences. Ecological Engineering 52:247-251 DOI 10.1016/j.ecoleng.2012.11.007.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 31/32


https://peerj.com
http://dx.doi.org/10.1016/j.foreco.2016.09.020
http://dx.doi.org/10.1126/science.1257484
http://dx.doi.org/10.7326/M18-0850
http://dx.doi.org/10.1016/j.biocon.2016.08.025
http://dx.doi.org/10.1111/aje.13086
http://dx.doi.org/10.1016/j.ncon.2015.03.005
http://dx.doi.org/10.1016/j.ecoleng.2012.11.007
http://dx.doi.org/10.7717/peerj.19458

Peer

Waring BG. 2024. Grand challenges in ecosystem restoration. Frontiers in Environmental
Science 11:1353829 DOI 10.3389/fenvs.2023.1353829.

Weisse M, Goldeman E, Carter S. 2024. Global forest review. In: Tropical forest loss
drops steeply in Brazil and Colombia, but high rates persist overall. Washington, D.C.:
World Resources Institute.

Westgate MJ. 2019. revtools: an R package to support article screening for evidence
synthesis. Research Synthesis Methods 10:606—614 DOI 10.1002/jrsm.1374.

Wright SJ. 2005. Tropical forests in a changing environment. Trends in Ecology ¢
Evolution 20:553-560 DOI 10.1016/j.tree.2005.07.009.

Wu W, Sutton BC. 1995. Additions to the genus Xenidiocercus (coelomycetes) from
Ghana. Mycoscience 36:271-275 DOI 10.1007/BF02268601.

Yamakoshi G. 1998. Dietary responses to fruit scarcity of wild chimpanzees at Bossou,
Guinea: possible implications for ecological importance of tool use. American Journal
of Physical Anthropology 106:283-295
DOI 10.1002/(SICI)1096-8644(199807)106:3<283::AID-AJPA2>3.0.CO;2-0.

Baguette et al. (2025), PeerJ, DOI 10.7717/peerj.19458 32/32


https://peerj.com
http://dx.doi.org/10.3389/fenvs.2023.1353829
http://dx.doi.org/10.1002/jrsm.1374
http://dx.doi.org/10.1016/j.tree.2005.07.009
http://dx.doi.org/10.1007/BF02268601
http://dx.doi.org/10.1002/(SICI)1096-8644(199807)106:3<283::AID-AJPA2>3.0.CO;2-O
http://dx.doi.org/10.7717/peerj.19458

