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ABSTRACT

ARTICLE HISTORY

Background: Invasive alien species have transformed many natural ecosystems, especially on
islands where endemic species are critically endangered, and where habitat restoration is a
challenge.
Aims: We set up an experimental protocol to aid the restoration of a native remnant forest by
excluding feral ungulates and suppressing an invasive tree.
Methods: Sixteen plots of 144 m2 were delimited in a dry-mesic forest located on the small
oceanic island of Rapa Iti (South Paciﬁc) and half of them were fenced. The invasive tree
Psidium cattleianum was manually cut in four fenced and four unfenced plots. We monitored
understorey species diversity and abundance every 6 months for a period of 30 months in
twenty-four 4-m2 quadrats randomly selected in each plot.
Results: A signiﬁcant increase of native species richness occurred in the fenced plots where
the invasive tree was suppressed, and a decrease of alien species diversity in the fenced plots.
The abundance of native and alien species was signiﬁcantly reduced in the fenced plots,
where recruitment of endemic threatened species was observed.
Conclusion: Rapid vegetation change occurred in 30 months. The understorey plant community response to ungulate exclusion and invasive tree removal strongly diﬀered between
native and alien species, with the recovery of native vegetation.
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Introduction
The globalisation of Earth’s biota by introduced exotic
species has been transforming local and regional ﬂoras
and faunas (Wilson 1992; Davis 2003). One of its most
striking consequences has been the increase of invasive
alien plant and animal species (Soulé 1990; Perrings et
al. 2005; Meyerson and Mooney 2007) which are
recognised as a primary cause of the decline of native
and endemic species, and sometimes their complete
extinction (Mack et al. 2000; Vilà et al. 2011; Pyšek et
al. 2012), especially in the more vulnerable island
ecosystems (Paulay 1994; Cowie 2001; Steadman
2006; Castro and Jaksic 2008; Sax and Gaines 2008;
Caujapé-Castells et al. 2010; Kraus and Duﬀy 2010;
Kueﬀer et al. 2010). Restoration of island ecosystems
by controlling invasive species or excluding them can
signiﬁcantly contribute to in situ conservation and
recovery of rare endemic plants (Towns and
Ballantine 1993; Loope and Medeiros 1994; Medeiros
et al. 2014).
Monitoring plant succession, deﬁned as the
change in species composition and abundance
over time (Walker et al. 2007), is crucial to assess
the success of forest restoration programmes
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(Aronson and Van Andel 2006; Suding 2011).
However, controlling invasive alien plants can be
a long-term and diﬃcult process, especially when
they are widespread and dominant (Florens and
Baider 2013). Excluding feral ungulates through
fencing may facilitate the regeneration of native
plant species (Cabin et al. 2000; Cole et al. 2012).
However, the increase of both alien species diversity and cover after excluding ungulates and/or
controlling invasive plants has also been noticed
(Cabin et al. 2000; Cabin et al. 2002; Cuevas and
Quesne 2006; Shimizu 2006; Jäger and Kowarik
2010; Weller et al. 2011; Cole and Litton 2014).
Multiple studies have shown that once established,
alien herbaceous weeds and woody species can
increase in cover following the removal of feral
ungulates (Eckhardt 1972; Scowcroft and Hobdy
1987; Aplet et al. 1991; Scowcroft and Conrad
1992; Tunison et al. 1994; Zavaleta et al. 2001;
Kessler 2002). Moreover, even when alien grasses
are removed and native seed sources are present,
natural or passive regeneration (i.e. seedling
recruitment) may be rare (Loope and Medeiros
1994; Cabin et al. 2002). Nevertheless, when
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restoration eﬀorts have been maintained for several
years, recruitment of native species is stimulated
(Thaxton et al. 2010).
In this study, we conducted a relatively shortterm (2.5 years) plant recovery experiment using
two restoration treatments (fencing to exclude feral
ungulates and removing an invasive tree species by
cutting its trunks and stems) with a relatively high
frequency of surveys (every 6 months) to investigate the following questions:
– What are the eﬀects of ungulate exclusion
and/or invasive plant removal on both native
and alien plant communities?
– What are the short-term changes in species
diversity, composition, abundance and species
turnover following these restoration treatments?

Materials and methods
Study site

Rapa Iti (27°37ʹS; 144°20ʹW) is a small (40 km2) and
remote oceanic island (4.1–4.8 Myr old) in the South
Paciﬁc located at ca. 1200 km south-east of Tahiti,
French Polynesia (Meyer and Claridge 2014). The
climate is subtropical with a mean annual rainfall of
2560 mm and temperature of 20.6°C (with a recorded
absolute minimum of 8.5°C), and without a

pronounced dry or wet season (>150 mm monthly
rainfall) (Laurent et al. 2004). The island comprises
507 inhabitants (2017 census) living in two villages
(Area and Haurei), and is only accessible by a cargo
boat (a 36-h trip, once every 2 months) from the
neighbouring island of Raivavae located 550 km
north-west.
The native vascular ﬂora of Rapa Iti is unique in
the South Paciﬁc with ca. 60 local endemic species
(31% of endemism), three monotypic genera
(Apostates and Paciﬁgeron, Asteraceae; Metatrophis,
Urticaceae), and several other endemic species
belonging to four other south-eastern Polynesian
endemic genera (Fitchia and Oparanthus,
Asteraceae; Apetahia, Campanulaceae; Haroldiella,
Urticaceae) (Meyer 2011; Meyer et al. 2014; Motley
et al. 2014). The native forests of Rapa Iti have been
severely degraded by past and current anthropogenic
activities such as logging, ﬁres, feral ungulates (goats,
pigs and cattle) and invasive alien plants (Meyer et al.
2014). Dry-mesic forests are among the most threatened native habitats, and currently represent only
1% of the island surface, i.e. less than 40 ha (Motley et
al. 2014) (Figure 1). These remnant forests host several critically endangered taxa (considered CR using
IUCN Red List criteria) such as the island endemic
sandalwood Santalum insulare var. margaretae
(Santalaceae) with fewer than 10 plants known in
the wild, and thus are of crucial conservation

12 m

12 m
Fence

Uf
Uf x Tc
Non-native vegetation
Native cloud forest
Native rain forest
Native dry-mesic forest
Native coastal forest
Native strand vegetation
Mosaic of native and
non-native vegetation

F
F x Tc

Figure 1. Vegetation map of Rapa Iti, French Polynesia (after Motley et al. 2014) and the sampling design of the restoration
experiment.
The experimental treatments included: unfenced control (Uf), unfenced with removal of Psidium cattleianum (Uf × Tc), fenced (f), and fenced with
removal of Psidium cattleianum (F × Tc).
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importance (UICN France, MNHN, & DIREN
Polynésie française 2015).
The study site is a ca. 1-ha patch of dry-mesic forest
located on the north side of the island (27°34.922ʹS;
144°22.071ʹW; Figure 1), between 150 and 250 m elevation, and on a relatively steep slope (ca. 45° or 100%)
(Figure 2). It is only accessible by small motor boats
from the two villages (about 1 h) or by foot (several
hours hike) as there is no road or track crossing the
island. The forest is characterised by a semi-open
canopy, reaching 6–8 m in height (Motley et al.

Figure 2. A view of the study site, Rapa Iti, French Polynesia
in 2011 with the dry-mesic forest remnant on the right side
(photographic credit: T. Laitame).
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2014, and J.-Y.M., pers. obs.) with the presence of
threatened endemic trees such as Ixora stokesii
(Rubiaceae, endangered or EN according to IUCN),
Nesoluma (syn. Sideroxylon) polynesicum (Sapotaceae,
VU), Sophora rapaensis (Fabaceae, EN) and
Zanthoxylum sp. (Rutaceae, EN) and other native
species which are locally rare such as Metrosideros
collina (Myrtaceae) (Table 1). The overstorey vegetation is dominated by strawberry guava Psidium cattleianum (Myrtaceae), a small tree native to Brazil,
probably introduced in Rapa Iti in the 1930s (ﬁrst
collected by botanist Harold St-John in 1934) for its
edible ﬂeshy fruits. This shade-tolerant species with an
abundant fruit production (Wessels et al. 2007;
Uowolo and Denslow 2008) is particularly invasive
in tropical and subtropical rainforests of the Paciﬁc
islands, including the Bonin Islands (Shimizu 2006),
the Hawaiian Islands (Huenneke and Vitousek 1990;
Cole et al. 2012), Lord Howe (Auld and Hutton 2004)
and the Society Islands, French Polynesia (Meyer
2004), as well as in the Indian Ocean islands including
Mauritius (Lorence and Sussman 1986; Florens et al.
2010, 2016), La Réunion (McDonald et al. 1991; Baret
et al. 2006) and the Seychelles (Gerlach 2004;
Rocamora and Henriette 2015) where it forms dense
thickets excluding native and endemic plant species.
The second main threat to this remnant drymesic forest is grazing by feral ungulates which

Table 1. List of woody species recorded in the study and in surrounding areas, Rapa Iti, French Polynesia.
Species
Allophylus rhomboidalis
Alyxia stellata
Celtis paciﬁcaa
Cordyline fruticosaa
Fagraea berteroana
Ficus tinctoria
Freycinetia impavidaa
Glochidion longﬁeldiae
Heliotropium
foertherianum
Ixora stokesiia
Macropiper puberuluma
Meryta cf. choristantha
Metrosideros collinaa
Myoporum rapensea

Family
Sapindaceae
Apocynaceae
Ulmaceae
Liliaceae
Loganiaceae
Moraceae
Pandanaceae
Phyllantaceae
Boraginaceae

Chorology
IND
IND
IND
POL
IND
POL
IND
END Rapa
IND

Rubiaceae
Piperaceae
Araliaceae
Myrtaceae
Myoporaceae

END Rapa
IND
END Rapa
IND
END Rapa

Nesoluma polynesicuma
Pandanus tectorius
Psidium cattleianuma
Psydrax odorata
Sophora rapaensisa
Weinmannia rapensis
Zanthoxylum sp.a

Sapotaceae
Pandanaceae
Myrtaceae
Rubiaceae
Fabaceae
Cunoniaceae
Rutaceae

IND
IND
EUR
IND
END Rapa
END Rapa
END Rapa?

Conservation
status
LR

VU
VU
EN
VU
EN

EN
VU
NE

Habit (life form)
Tree
Shrub
Tree
Herb
Tree
Tree
Liana
Tree
Shrub
Tree
Shrub
Tree
Tree
Shrub
Tree
Tree
Tree
Tree
Tree
Tree
Tree

Elevation range
(habitat type)
Mid elev. (slope)
Mid elev. (slope)
Mid elev. (slope)
Mid elev. (cliﬀ)
Low elev. (valley)
Low elev. (valley)
Mid elev. (slope)
Mid elev. (slope)
Low elev.(littoral)
Mid elev. (slope)
Mid elev. (slope)
Mid elev. (slope)
Mid elev. (cliﬀ)
Low (littoral) and
mid elev. (slope)
Mid elev. (slope)
Low elev. (littoral)
Low and mid elev.
Mid elev. (cliﬀ)
Mid elev. (slope)
Mid elev. (slope)
Mid elev. (slope)

Frequency/abundance on
island
Rare
Common
Rare
Common
Common
Common
Abundant
Common
Common
Rare
Common
Rare
Common
Rare
Very rare
Common
Abundant
Common
Rare
Common
Very rare

For each species their chorology, conservation status, habit and habitat type (low elevation = 0–100 m; mid elevation >100–300 m) and frequency/
abundance (assessed at an island-scale and based on the authors’ personal observations). Chorology follows the ‘Inventaire national du Patrimoine
Naturel’, https://inpn.mnhn.fr/): EUR = European introduction; POL = Polynesian introduction; IND = Indigenous/Native; END Aust = Endemic to the
Australs; END Rapa = Endemic to the island of Rapa Iti. Conservation status is given for the endemic taxa only (according to the ‘Red Lists of
Threatened Species in France’, UICN France, MNHN, & DIREN Polynésie française 2015): CR = Critically endangered; EN = Endangered; VU = Vulnerable;
NT = Near threatened; LR = Low risk; NE = Not evaluated; DD = Data deﬁcient.
a
Species present in the study area (150–250 m a.s.l.)
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were introduced in the nineteenth century (Meyer
2011). About 50 heads of cattle, a dozen of horses
and 30 goats were free-roaming in the study site
and surrounding areas of the ca. 110 ha valley
during our study period (information supplied by
local hunters, T.L. pers. obs.). Feral ungulates also
facilitate the spread of strawberry guava by eating
the fruits and disturbing the soil, providing suitable
micro-habitats for establishment (Meyer 2004).
Restoration treatments and plant succession
study

A total of sixteen 12 m × 12 m (144 m2) plots were
established in the study site (representing a total
area of ca. 0.2 ha), eight were surrounded by a
fence and eight left unfenced. The fenced and
unfenced areas were adjacent because of the small
size of the selected dry-mesic forest remnant and to
avoid heterogeneity in plant species composition
due to topography (Figures 1 and 2). The fence was
made of stainless steel with a 30 mm × 30 mm wire
mesh, and 1.5 m tall iron fence posts were installed
every 2 m. In addition, strawberry guava was
manually cut in four fenced and four unfenced
plots (Figure 1).Their trunks and stems were cut
with a machete as low as possible to avoid
resprouts. Herbicide was not applied to avoid
potential detrimental eﬀects on native and endemic
plants found in the understorey.
In each plot, the density (number of stems m−2) of
each woody species (with a dbh ≥1.5 cm) and their
basal area (cm2 ha−1) were calculated before treatments. To study plant succession in the understorey,
we followed each individual (<1 m in height) in six
2 m × 2 m (4 m2) quadrats randomly chosen within
each plot, representing a total of 24 quadrats for each
of the four treatments: fencing (F), unfenced (Uf),
fencing with tree cutting (F × Tc) and unfenced with
tree cutting (Uf × Tc). Plant diversity or richness (i.e.
the number of species) was recorded and cover (i.e. the
percentage of area covered by all individuals of each
species) was estimated by eye in each quadrat. Plants
were identiﬁed at the species level or genus if they were
too small to identify to species. They were classiﬁed as
native, endemic or alien species, and by tolerance to
shade (light demanding, intermediate or shade-tolerant species) based on relevant literature. Plots were
monitored before and after fencing and tree removal
(weeding), for a total of four to ﬁve surveys (after 6, 12,
18, 24 and 30 months for the F and F × Tc treatments)
during the study period.

Data analysis

Because the initial surveys conducted in December
2011 (T0) in the fenced plots (F and F × Tc) were
made 6 months before the unfenced plots (Uf and
Uf × Tc) conducted in July 2012 (T1 = T0 + 6) due
to strong logistical constraints (restricted time
spent on Rapa Iti during each ﬁeld-trip, and a
small ﬁeld crew of local volunteers), understorey
species number and cover were only compared in
the F-F × Tc and Uf-Uf × Tc pair treatments.
We used a non-parametric Wilcoxon-test to
verify that species richness and plant cover for all
native and alien plants (total richness or cover), for
native species only (native richness or cover) and
for alien species only (alien richness or cover) were
not signiﬁcantly diﬀerent during the initial surveys
(T0 and T1) in order to be able to compare them
during the following surveys. As total cover, native
richness and alien cover were not signiﬁcantly different (P > 0.05), suggesting limited diﬀerences
between T0 and T1, they were compared over
time in all treatments.
In order to assess the eﬀects of treatments
and/or time on the understorey vegetation (for
natives, aliens and total species), we used permutational multivariate analysis of variance
(PERMANOVA) carried out with the ‘Adonis’
function of the R-vegan package which avoids
normality assumption by doing permutations
among our observations. A fourth-root transformation was applied on our data which were
permuted 999 times to calculate P values for a
pseudo F statistic (Anderson 2001). When
PERMANOVA was signiﬁcant, pair-wise tests
were computed using Wilcoxon-test to identify
signiﬁcant diﬀerences between treatments or survey times. All statistical analyses were conducted
in R v3.0.2.

Results
In the initial survey (i.e. before treatments), the
abundance of alien woody species (only represented by Psidium cattleianum with mean density
of 0.29 stem m−2 per plot for plants with a dbh
≥1.5 cm), was signiﬁcantly higher than the native
and endemic woody species in our study site.
The average basal area of P. cattleianum
(1.45 m2/ha) appeared to be lower than native
species, but the diﬀerence was not signiﬁcant
(Figure 3).
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Figure 3. Density (a) and basal area (b) (mean ± SE, N = 4 plots) of Psidium cattleianum and those of native species
(dbh > 1.5 cm) in the initial survey before applying the treatments, Rapa Iti, French Polynesia, 2012.
Signiﬁcant diﬀerences (T, P < 0.05) between natives and aliens are indicated by asterisks (n.s. for non-signiﬁcant).

Species composition and diversity after fencing
and weeding

time but showed a signiﬁcant decrease in the F treatment after 18–30 months, the Uf × Tc treatment after
12–18 months and in the Uf treatment after 18 months
only (Figure 4). Alien species richness remained
higher than that by native species in all treatments
over time. Native species richness showed a signiﬁcant
increase in F × Tc after 18–24 and 30 months (T,
P < 0.05). In contrast, alien species richness decreased
after 24 months for Uf (T, P < 0.01), and after 12–
18 months for Uf × Tc (T, P < 0.05) while this
statistical diﬀerence disappeared after 24 months. In
the F × Tc treatment, alien species richness was

A total of 56 vascular plant species was found in the
plots during the 30-month period, including 21 native
herbs and ferns, 5 native woody species (of which
three island endemics), 3 naturalised woody alien
species and 32 weedy alien herbs (Table S1).
By using PERMANOVA, the total, alien and native
plant species richness and cover showed a strong time
and treatment eﬀects, as well as a strong interaction
between time and treatment (Table 2). The total species richness did not diﬀer in the F × Tc treatment with

Table 2. Eﬀects of time and treatments on plant cover and species richness of understorey plants (PERMANOVA, N = 24
quadrats).
Unfenced plots
Total
Plant cover
Time
Treatment
Time*Treatment
Species richness
Time
Treatment
Time*Treatment

Fenced plots

Natives

Aliens

Total

Natives

Aliens

F

P

F

P

F

P

F

P

F

P

F

P

13.07
5.36
3.21

***
***
***

8.07
2.17
1.88

***
***
***

13.83
5.20
3.33

***
***
***

14.56
5.87
2.87

***
***
***

8.56
6.44
1.72

***
***
**

15.33
4.36
3.1

***
***
***

13.07
5.36
3.21

***
***
***

8.07
2.17
1.88

***
*
**

13.83
5.20
3.33

***
***
***

14.56
5.88
2.87

***
***
***

8.56
6.44
1.72

***
***
**

15.79
3.26
3.18

***
*
***

*P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 4. Comparison of species richness (mean ± SE; n = 24 quadrats) of understorey plants in the four treatments over 2 years.
A diﬀerent letter or group of letters indicates signiﬁcant diﬀerences between surveys in a given treatment (post-hoc pair-wise Wilcoxon-test).

signiﬁcantly higher after 6 months, then decreased
after 12 months with signiﬁcant diﬀerences observed
after 18 and 30 months. A signiﬁcant decrease of alien
species richness was observed in the F treatment at
each monitoring period during the 30 months survey
(Figure 4).
Plant cover after fencing and weeding

The species cover of understory plants varied according to treatments and over time. Indeed, there was a

signiﬁcant increase of the total cover after 6 months in
the Uf and Uf × Tc treatments but a strong decrease
for Uf and Uf × Tc after 12–24 months, and in F and
F × Tc after 6–30 months (Figure 5). The cover of alien
species, dominated by herbs (ca. 68%), was higher
than native species cover, dominated by ferns (ca.
80%), in all treatments over time. The signiﬁcant
decrease in the cover of native plants cover observed
in Uf after 12–18 months did not persist after
24 months. The Uf × Tc treatment did not change
the native species cover at the end of the study whereas
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Figure 5. Comparison of species cover (mean% ± SE; n = 24 quadrats) of understorey plants in the four treatments over time,
Rapa Iti, French Polynesia.
A diﬀerent letter or group of letters indicates signiﬁcant diﬀerences between surveys in a given treatment (post-hoc pair-wise Wilcoxon-test). Diagrams
indicate means of proportion of life forms (n = 22 surveys) regardless of treatments and time of survey.
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in F and F × Tc treatments, a signiﬁcant reduction (T,
P < 0.001) was observed after 30 months. Although
alien cover was signiﬁcantly higher in Uf × Tc after
6 months (T, P < 0.01), it signiﬁcantly decreased (T,
P < 0.05) after 12–24 months in Uf × Tc and Uf, as well
as in F and F × Tc at all dates (T, P < 0.0001)
(Figure 5).

Species turn-over after fencing and weeding

A rapid species turnover was observed during the
study period, characterised by the recruitment of seedlings of many native or endemic trees such as Pipturus
australium (Urticaceae), Celtis paciﬁca (Ulmaceae),
Sophora rapaensis, and Metrosideros collina in the
F × Tc plots after 30 months. Seedlings of S. rapaensis
and the sedge Carex stokesii (Cyperaceae) were also
recorded after 24 months in the untreated plots. The
appearance of new alien species was lower in the
fenced plots compared to unfenced plots. The alien
grass Melinis minutiﬂora (Poaceae), which was present
before the treatments but rather uncommon (mean
cover of 5%), has disappeared from the fenced plots
(Figure 6(a)). Recruitment of light-demanding species
was higher in unfenced plots than in fenced plots, and
new shade-tolerant species appeared only in the F × Tc
plots. A larger number of light-demanding species
disappeared in F whereas the higher disappearance
of shade-tolerant species was observed in Uf × Tc
(Figure 6(b) and Table S2).

7

Discussion
Plant succession and dynamics after restoration

This restoration experiment conducted in a dry-mesic
remnant forest of the island of Rapa Iti shows that
rapid changes may occur in plant cover, species composition and species diversity over a relative short
period of time (between 6 and 30 months), following
the exclusion of feral ungulates and/or the manual
control of the invasive Psidium cattleianum. The time
oﬀset of 6 months for the initial surveys of the understorey vegetation in the fenced and unfenced plots,
related to the strong logistic diﬃculties, might prevent
direct comparisons and robust statistical analyses
between the treatments, and thus alter the relevance
of our results. However, as no major ecological change
(e.g. local climate, feral animals pressure) occurred at
the study site during this relative short period of time,
we considered this time oﬀset to be negligible.
Habitat restoration by controlling invasive plants
has usually shown an increase of native species (Jäger
and Kowarik 2010; Baider and Florens 2011).
However, the increase of both alien species diversity
and cover after excluding ungulates and/or controlling
invasive plants has also been noticed (Cabin et al. 2000;
Zavaleta et al. 2001; Cabin et al. 2002; Shimizu 2006;
Jäger and Kowarik 2010; Weller et al. 2011; Cole and
Litton 2014). The major increase of the invasive alien
grass Melinis minutiﬂora after feral goat exclusion in
Hawaii (Scowcroft and Hobdy 1987) or the vine

(a)

(b)

Figure 6. Recruitment and loss of species between the initial surveys (T1 and T0) and the last survey (24 months for Uf and
Uf × Tc and 30 months for F and F × Tc) for each treatment, Rapa Iti, French Polynesia. Species were grouped by their
biogeographic origin (a) and shade tolerance.
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Operculina ventricosa after goat and pig eradication on
Sarigan, Northern Mariana Islands (Kessler 2002) are
striking examples of the complex eﬀects of conservation management actions on plant species recruitment.
Disturbances to soil and changes in the light regime
caused by weeding can also enhance alien species
dynamics (Cordell et al. 2009; Ostertag et al. 2009;
Jäger and Kowarik 2010) and fencing may promote
the release of invasive plants from grazing and browsing (Weller et al. 2011).
Our results showed that when P. cattleianum trees
are removed without fencing, the abundance of both
alien and native plants increased rapidly, probably
associated with an increase of light in the understorey.
It also reveals that the removal of invasive trees alone
was not suﬃcient to promote native species recruitment in Rapa Iti contrarily to Mauritius where native
rainforest regeneration was observed after controlling
P. cattleianum (Baider and Florens 2011). This can be
likely explained by the degree of invasion, the diversity
of other alien plants and how they aﬀect the native
species (Zavaleta et al. 2001), but also microclimates,
ungulates disturbance history, or site topography
(Beltran et al. 2014) prior to the management actions.
The exclusion of ungulates without the removal
of invasive species, resulted in a signiﬁcant
decrease of native plant cover 30 months after
treatment, as well as the reduction in the abundance and richness of alien species, including the
invasive alien sub-shrub Rubus rosifolius was
observed. However, occasional rockslides occurring just after the fencing treatment (T.L., pers.
obs.) may have altered our results by creating soil
disturbances and locally aﬀecting species composition and abundance (e.g. by crushing plants or
providing microsites for seed germination).
The eﬃciency of exclosures has been debated in
other short-term studies showing the spread of
alien plants after fencing (Cabin et al. 2000;
Donlan et al. 2003; Cuevas and Quesne 2006).
Despite the decrease of native species cover and
the recruitment of some alien plants, when both
treatments are combined, our results showed that
the reduction of alien species cover and the regeneration of native species are strongly improved.
Resilience of a native forest and recovery of
threatened endemic species

Seedling recruitment of several native and endemic
woody species which were absent from our monitored
quadrats before the treatments was observed during
the study period. The newly recorded species include

common native trees as well as rare threatened endemic taxa such as the shrub Pipturus australium (CR)
which is not present in the surrounding areas of our
study site. Whether their seedlings originated from the
soil seed bank or from seed dispersal (by wind or
frugivorous birds for the ﬂeshy-fruited plants such as
Pipturus and Celtis) has not been established. The Rapa
fruit-dove Ptilinopus huttoni, an endemic forest bird
feeding on fruits of many native and endemic tree
species (Thibault and Varney 1991) is classiﬁed as
EN because the population is very small (<250 mature
individuals) and conﬁned to undisturbed forest fragments. However, at present the population appears to
be stable (BirdLife International 2018), and thus longdistance seed dispersal may be attributed to this
species.
The appearance of M. collina is noteworthy, as it is a
common widespread native tree in lowland mesic and
montane rainforest of the high volcanic islands of
French Polynesia and other South Paciﬁc islands
(Mueller-Dombois and Fosberg 1998), and considered
as an umbrella species (Groom et al. 2006) for many
other native and endemic plants (mainly epiphytes)
and animals (nesting birds, arthropods, molluscs).
The relatively rapid colonisation by native and
endemic species following fencing and weeding measures shows the relative resilience of the dry-mesic
forest of Rapa Iti to initial recovery after threats are
controlled or removed. Without restoration eﬀorts on
the island, some species apparently more palatable to
ungulates and currently only found on cliﬀs, such as
the island endemic S. rapaensis, may be driven to
extinction in the near future. Indeed, the well-known
Sophora toromiro, endemic to Rapa Nui (Easter
Island) is probably extinct in the wild because of
browsing and grazing by sheep (Maunder 1997).
About 13 native or endemic plant species are considered critically endangered on Rapa Iti with less than
25 mature individuals in the wild (Motley et al. 2014),
and ex situ conservation (i.e. seed collection, plant
propagation in nurseries and reintroduction in the
wild) associated with habitat restoration seem the
best options for their recovery.
Logistical constraints meant that some aspects of
the experimental design were not ideal. These issues,
and their eﬀects on the interpretations of the results,
were considered at relevant points in this discussion.
Future management prospects

Long-term monitoring is needed to better understand
vegetation dynamics and native forest ecosystem resilience to disturbances, and also to verify if our
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experimental management eﬀorts have contributed to
the partial restoration of degraded habitat and threatened plant populations. The 6 monthly surveys conducted during our study period of 30 months was
crucial to observe changes in plant species composition and temporal and spatial variation in species
cover, especially for the ﬁrst year after fencing and
weeding where local disturbances may occur.
In order to avoid reinvasion by P. cattleianum in
the future, we recommend it to be cut every 2 years,
and treat stumps with chemicals to avoid resprouting
(Pratt et al. 1994) if permitted by local community, as
well as removing the seedlings which were observed
in the plots. Another potential eﬀective control
method is ring-barking and herbicide application
for larger plants (see Cronk and Fuller 1995;
Rocamora and Henriette 2015). The limited seed
bank and high seed germination rate of P. cattleianum (Uowolo and Denslow 2008; Cordell et al. 2009)
is an asset for the management success of this species
over a long-term period. In addition, the handremoval of the alien grass Sporobolus indicus which
dominated alien cover in fenced plots at the end of
the study might be important for the seedling
recruitment of native species. The control of rodents
(mainly rats Rattus spp.) in the fenced plots could
also be a critical component of sustainable restoration and conservation eﬀorts (Russell and Holmes
2015), especially for the recruitment of endangered
woody tree species with large seeds (Meyer and
Butaud 2009) which show no seedling recruitment
on our study site, such as the threatened tree
Nesoluma (syn. Sideroxylon) polynesicum.

Conclusions
This experimental study conducted in a small
remote island illustrates that rapid vegetation change
may occur when a native forest remnant is fenced oﬀ
to exclude feral ungulates and invasive tree species
are controlled. Results demonstrate a signiﬁcant
increase of native plant species richness, and the
recovery of both common native and rare threatened
endemic plant species in fenced and weeded areas,
indicating that species reintroduction is not necessarily required in forest restoration projects.
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