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ABSTRACT

Biological invasions are increasing globally, with species demonstrating differing responses to climate change
in their native and invaded ranges. Investigating how alien species respond to climate change is important
for planning management interventions. This study considered how the distribution of Sphaeropteris cooperi
(Hook. ex F.Muell.) R.M.Tryon, a widely cultivated invasive tree fern with a broad climatic tolerance, could
alter under climate change in two invaded southern hemisphere biodiversity hotspots: South Africa’s Garden
Route and La Réunion Island, Mascarene Archipelago. To determine the distributional changes of S. cooperi
under future climate change scenarios, its niche dynamics were assessed in its native range (Australia) and
two invaded southern hemisphere ranges using Schoener’s statistic for niche overlap and principal compo-
nent analyses. An ensemble modelling approach was used to predict the potential distribution of S. cooperi
under future (2041-2070 and 2071-2100) carbon emission scenarios (SSP1-2.6 and SSP 5-8.5) using five
global climate models. The results suggest that S. cooperi demonstrates some climatic niche overlap (17.6 %)
between the Garden Route and its native range (Australia), but less overlap (3.7 %) was found between La
Réunion Island and Australia. On La Réunion Island, little niche overlap together with niche expansion sug-
gests that S. cooperi occupies niches not occupied in its native range, and that niche conservatism does not
hold true for this location. Thus, under current climatic conditions, future spread may be anticipated in both
the Garden Route and La Réunion Island. However, climatic conditions are shifting making it important to
consider climate change when predicting how the range of this invader may change in the future. Species
distribution models revealed that for both biodiversity hotspots, regardless of climatic scenario or the time
frame considered, the range of S. cooperi is predicted to shrink, although the degree of decline is expected to

vary with time and climate scenario.
© 2025 The Authors. Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

generalizations (Ziska, 2023). This increased risk suggests that inva-
sions may expand into previously unaffected areas, posing threats to

The global extent and impacts of biological invasions are increas-
ing at an alarming rate (Pysek et al., 2020; Seebens et al., 2021).
Simultaneously, climate change is increasing in rate and severity (Lee
and Romero, 2023). Understanding the interaction between biologi-
cal invasions and climate change is crucial for developing effective
management strategies. Although climate change generally height-
ens the risk of biological invasions, responses vary significantly by
species and location (Zhu et al., 2007; Bradley et al., 2010; Bezeng et
al.,, 2017; Heshmati et al., 2019; Shrestha and Shrestha, 2019; Nikkel
et al, 2023), making it difficult to make broad predictions and
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native species (Bradley et al., 2009; Heshmati et al., 2019; Shrestha
and Shrestha, 2019). Therefore, modelling changes in the distribution
patterns of alien species under changing climatic conditions is crucial
for understanding the drivers of invasion success, anticipating future
changes, and informing management strategies (Chai et al., 2016;
Rouget et al., 2016; Essl et al., 2020; Ricciardi et al., 2021). This is par-
ticularly important because prevention is more cost-effective than
controlling biological invasions (Cuthbert et al., 2022).

Many studies have examined the impact of climate change on the
distribution of alien plants (Shabani et al., 2018; Turbelin and Catford,
2021; Xian et al,, 2023; Angel-Vallejo et al., 2024; Kolanowska et al.,
2024). These studies show that climate change can increase or
decrease the potential distribution of invasive plants. For example,
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Bezeng et al. (2017) found that most (63.3 %) of the >150 invasive
trees and shrubs included in their study are predicted to experience a
decline in suitable climates in South Africa, while Shrestha et al.
(2018) reported an increase in the distribution of most (75 %) invasive
plants in Nepal. Similarly, Hoveka et al. (2016) reported that the five
most damaging invasive aquatic plants are likely to expand their
invaded ranges in South Africa under climate change. Similarly, it is
unclear whether there are any discernible trends in the predictions
of range shifts for alien ferns. This has not been specifically investi-
gated, but McCulloch-Jones et al. (2023) showed that under current
climatic conditions, there were no observable trends in the potential
distribution of six different alien fern species. Compared to the num-
ber of studies on angiosperms and climate change, relatively few
studies have explored the effects of climate change on alien ferns.
Particularly, Kessler and Kluge (2022) highlight the difficulty of deter-
mining what factors constrain ferns, ultimately making it very chal-
lenging to understand how such constraints may in turn interact
with a changing climate. Akomolafe and Rahmad (2018) reviewed
fern invasions globally, highlighting a scarcity of studies considering
how alien ferns may be affected by climate change.

The Australian tree fern, Sphaeropteris cooperi (Hook. ex F.Muell.)
R.M.Tryon, has become invasive primarily due to its widespread use
as an ornamental plant in horticulture (McCulloch-Jones et al., 2021).
Its rapid growth and broad global distribution (indicating a poten-
tially broad climatic tolerance) further facilitate its spread and estab-
lishment (Durand and Goldstein, 2001a; Crouch et al, 2011).
Furthermore, the reproductive spores of S. cooperi are easily dis-
persed by wind and water, contributing to its invasive success (Ako-
molafe and Rahmad, 2018; Ricciardi et al., 2021). Sphaeropteris
cooperi has successfully invaded multiple regions, including the Gar-
den Route in South Africa (Baard and Kraaij, 2014; Jones et al., 2020),
the Azores and Mascarene Archipelagos (Baret et al., 2006; Arosa et
al., 2012), and Hawai'i (Medeiros et al., 1992; Daehler, 2009; Loope,
2011). In Hawai'i, negative impacts have been recorded where the
species outcompetes native tree ferns (Durand and Goldstein, 2001a,
b) and has disrupted natural ecosystems by altering leaf litter compo-
sition, soil nutrient cycling (Chau et al., 2012), and hence species
assemblages (Medeiros et al., 1993). The impact of S. cooperi on native
tree ferns and introduced ecosystems has not been assessed outside
of Hawai'i.

The invasion history of S. cooperi, along with evidence of its nega-
tive impacts on invaded ecosystems, has resulted in the species being
highlighted as a species of invasion concern (Baret et al., 2006; Robin-
son et al., 2010; McCulloch-Jones et al., 2023). As climate change is
expected to alter species distributions (Bates and Bertelsmeier, 2021;
Turbelin and Catford, 2021), further research is needed to understand
the potential future distribution of this invasive tree fern in its
invaded range. We consider two southern hemisphere regions: the
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Garden Route region of South Africa and La Réunion Island in the
Mascarene Archipelago in the eastern Indian Ocean. Both regions
have a high native biodiversity but are heavily invaded (Baret et al.,
2006; Fenouillas et al., 2021; van Wilgen et al., 2023); both regions
are also listed in the top ten most invaded regions globally (Turbelin
et al., 2017). The Garden Route and La Réunion Island both contain
large, formally protected areas which are rich in native biodiversity
and are therefore global priorities for conservation and priority sites
for invasive species management (Myers et al., 2000).

Invasions of S. cooperi have been noted both in, and outside the
protected areas of the Garden Route and La Réunion Island. There-
fore, it is vital to investigate the environmental niche of the species
to provide a better understanding of its current and potential future
distribution under climate change. Such information can support evi-
dence-based management in and around protected areas where the
spread of S. cooperi should be prevented or controlled. Accordingly,
this study aimed to (1) determine the environmental niche of S. coop-
eri using its native and invaded ranges, and (2) predict its potential
future distribution in the Garden Route and on La Réunion Island
under future climate scenarios. Due to the wide tolerance of S. cooperi
to both temperature and precipitation, we hypothesise that its
invaded range will expand into areas that are predicted to become
warmer and wetter under future climatic conditions.

2. Material and methods
2.1. Study regions

The Garden Route (23 331 km?) is located on the southern coast of
South Africa (Fig. 1). Mean annual rainfall varies (800—-1100 mm)
from east to west with the eastern side and higher elevations having
higher rainfall (Baard and Kraaij, 2014). Temperatures are mild year-
round (18-25 °C) due to the warming effect of the Agulhas current
(Baard and Kraaij, 2014). La Réunion Island (2 512 km?), part of the
Mascarene Archipelago in the Indian Ocean (Fig. 1), has a warm cli-
mate also attributable to the surrounding warm ocean. The mean
annual rainfall differs between the eastern and western sides of the
island (500—-5000 mm) due to the varied topography. The mean
annual temperature ranges from 12 °C to 24 °C, depending on eleva-
tion (Jumeaux et al., 2011).

Both South Africa and La Réunion Island are high-biodiversity
areas. The Garden Route encompasses the UNESCO Garden Route Bio-
sphere Reserve which includes the Garden Route National Park
(UNESCO, 2019) while La Réunion Island contains Réunion National
Park and is part of the Western Indian Ocean Biodiversity hotpot
(Myers et al. 2000). Both regions contain important indigenous for-
ests. Despite being important biodiversity areas, both regions have a
long history of biological invasions (Baret et al. 2006; van Wilgen
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Fig. 1. Locations of the Garden Route in South Africa and La Réunion Island, Mascarene Archipelago, southern Indian Ocean.
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et al. 2023) with both appearing on the top ten list of most invaded
countries/territories globally (Turbelin et al. 2017).

2.2. Study species

The Australian tree fern (Sphaeropteris cooperi (Hook. ex F.Muell.)
R.M.Tryon) is native to eastern Australia. Its taxonomy has been
revised several times (Smith et al., 2006; Korall et al., 2007; Christen-
husz and Chase, 2014; Schuettpelz et al., 2016) with synonyms
including Cyathea cooperi (Hook. ex F.Muell.) Domin. and Alsophila
cooperi F.Muell. all being used as accepted names over time. All spe-
cies in the order Cyatheales are commonly referred to as ‘tree ferns’
due to their arborescent growth habit. Sphaeropteris cooperi is identi-
fied by the hairy reddish scales on the underside of the fronds and on
the stem (caudex) (Crouch et al., 2011). The species tolerates a wide
range of habitats; it grows in partial sun or shaded areas at altitudes
ranging from 200 to 1000 m above sea level (Anderson et al., 1992;
Durand and Goldstein, 2001b; Crouch et al., 2011).

2.3. Occurrence data processing

Occurrence data was obtained from the Global Biodiversity Infor-
mation Facility (GBIF, 2024 GBIF Occurrence Download https://doi.
org/10.15468/dl.rzw74k) by searching for “Sphaeropteris cooperi R.M.
Tryon” which automatically includes ten recognised synonyms (Sup-
plementary Table S1). Several exclusion criteria were applied: geo-
spatial issues, absences, and fossil specimens. This resulted in 3 665
occurrence points. Records with an uncertainty of >25 000 m and
records without an uncertainty measure were excluded (n = 549). To
prevent false positives resulting from data derived from large data-
bases (Maldonado et al., 2015), the occurrence data were cleaned
using the R package CoordinateCleaner (Zizka et al., 2019, version
3.0.1) in R (R Core Team, 2024, version 4.3.3). Problems with locality
data resulting from erroneous conversions between coordinate sys-
tems, rasterised data, and coordinates corresponding to country capi-
tals, country centres, GBIF headquarters, and various botanical
institutions were resolved by deleting spurious records. Records of
planted ferns were removed after manually inspecting images associ-
ated with the records. These records were excluded because condi-
tions for planted specimens are anthropogenically altered through
gardening practices such as fertilizing, irrigation, protection from
frost, and removal of competing vegetation.

The cleaned GBIF occurrence data were further supplemented by
including records obtained from datasets of the Conservatoire Botani-
que National de Mascarin (Fenouillas et al., 2021) which were col-
lected during surveys of alien plant species on La Réunion Island.
These data were cleaned following the same methods applied to the
GBIF data. Finally, the full dataset was spatially thinned to 1 km apart
replicated 1000 times using the R package spThin (Aiello—Lammens
et al,, 2015, version 2.10-0) to reduce redundancy and the effects of
sampling bias. The final number of occurrence points used for model-
ling was 1281.

2.4. Environmental predictors

2.4.1. Source of climate data

Climatologies at High Resolution for the Earth’s Land Surface
Areas (CHELSA) was chosen as the source of climate data (Karger et
al., 2021) since it characterises precipitation patterns more accurately
than WorldClim and shows improved predictive power (Bobrowski
and Schickhoff, 2017; Karger et al., 2017).

2.4.2. Climatic variables

The climatic niche of scaly tree ferns has been shown to be pre-
dominantly characterised by high rainfall with little rainfall seasonal-
ity and minimum temperatures rarely dropping below freezing
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(Bickford and Laffan, 2006; Bystriakova et al., 2010; Kessler, 2010;
McCulloch-Jones et al., 2023). As such and following McCulloch-Jones
et al. (2023), annual mean temperature (BIO 1), temperature season-
ality (BIO 4), mean temperature of the warmest quarter (BIO 10),
mean temperature of the coldest quarter (BIO 11), precipitation sea-
sonality (BIO 15), precipitation of the wettest quarter (BIO 16), and
precipitation of the driest quarter (BIO 17) were chosen for inclusion
in the modelling process. These variables were extracted from
CHELSA at a resolution of 30 arc seconds (~1 km).

2.4.3. Current and future climatic conditions

Current climatic data used extended from 1981 to 2010. Five
global climate models (GCMs) were downloaded from CHELSA and
used to predict future climatic suitability for S. cooperi in the Garden
Route and on La Réunion: GFDL-ESM4 (Dunne et al., 2020), IPSL-
CMG6A-LR (Boucher et al., 2020), MPI-ESM1-2-HR (Miiller et al.,
2018), MRI-ESM2-0 (Yukimoto et al., 2019), and UKESM1-0-LL (Mul-
cahy et al., 2022). The future projections were based on an optimistic
(SSP1, Representative Concentration Pathway (RCP) 2.6) and pessi-
mistic (SSP5, RCP 8.5) scenario for the near (2041-2070) and far
future (2071-2100). The optimistic scenario assumes CO, emissions
will remain constant until 2050 whereas the pessimistic scenario
assumes that the current CO, emissions will double by 2050 (IPCC,
2023).

2.5. Niche dynamics

Species distribution models (SDMs) assume niche conservatism
between input and modelled ranges (Wiens and Graham, 2005). This
may be problematic for invasive species as they might not yet be at
equilibrium (occur in all suitable climatic conditions) in their invaded
range (Peterson and Vieglais, 2001). This drawback can be addressed
by considering niche changes from native to invaded ranges (Liu et
al., 2022). In this study, the R package ecospat was used to analyse
ecological niche shift (di Cola et al., 2017, version 4.1.0). Specifically,
the niche quantification tool was used to capture niche equivalency,
similarity, and overlap between the native and invaded (southern
hemisphere) regions of S. cooperi. Niche equivalency is used as a mea-
sure of niche overlap where occurrences from both ranges are ran-
domly reallocated; niche similarity provides an indication of when
niches were more similar than expected by chance (Warren et al.,
2008). Niche overlap was determined using Schoener’s statistic for
niche overlap (D-index; Schoener, 1968) and Warren’s similarity sta-
tistic (I-index; Warren et al., 2008) which both range from no overlap
(0) to complete overlap (1).

1
D(px: py) =1 752“3“ — Dyil, (1)

)

where py (or py) is the probability assigned by the model for popula-
tion x (or y), pxi (or py,) is the probability assigned by the model for
population x (or y) in cell i, and H is Hellinger’s distance (van der
Vaart, 2000):

o 1) =[5 (VB VB3’

Overlap was further investigated by considering niche expansion,
stability, and unfilling. Niche expansion refers to the species expand-
ing to new environments in its invaded range, stability refers to the
species occupying the same environments in its native and invaded
ranges, and unfilling refers to the species only filling a portion of the
niche in the invaded range (Pearman et al., 2008; Strubbe et al.,
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2013). Niches were further analysed using Principal Component
Analysis (PCA) to compare niches in native and invaded ranges.

2.6. Species distribution modelling

This study applied an ensemble approach using the R package bio-
mod2 (Thuiller et al., 2009, version 4.2-5—2). Random pseudo-absen-
ces were created in biomod2 such that there were equal numbers of
occurrence and pseudo-absence points (Barbet-Massin et al., 2012).
Pseudo-absence runs were generated three times and then averaged
with different points to improve model fit (Barbet-Massin et al.,
2012). The algorithms used were artificial neural networks (ANN),
classification tree analysis (CTA), flexible discriminant analysis (FDA),
generalised additive models (GAM), generalised boosted regression
models (GBM), generalised linear models (GLM), multivariate adap-
tive regression splines (MARS), maximum entropy (MaxEnt), random
forests (RF), species range envelopes (SRE), and extreme gradient
boosting (XGBoost). Algorithms were cross validated using a block
approach (Roberts et al., 2017, Supplementary Fig. S1). Since algo-
rithms are sensitive to input hyper parameters (Hallgren et al., 2019),
the biomod2 tuning function was used to select the optimal parame-
ter combinations. The best performing models were chosen accord-
ing to the true skill statistic (TSS), and the sensitivity and specificity
values (Table S2). Response curves are given per model in the supple-
mentary material (Figs. S2, S3). The ensemble model was created by
weighting the contribution of each individual model to the final out-
put based on accuracy.

South African Journal of Botany 178 (2025) 390—399
3. Results
3.1. Niche dynamics

3.1.1. Garden Route (invaded range) and Australia (native range)

The assessment of the invaded Garden Route niche showed some
overlap with the native range of S. cooperi (17.57 % overlap according
to the D-index and 39.44 % overlap according to the I-index; Figs. 2,
S4, S5). The native Australian and invaded Garden Route niches were
statistically equivalent (D: p = 0.5445; I: p = 0.2178) indicating that
there was higher observed overlap than was expected by chance,
with lower expansion and higher stability (D: p 0.0198; I:
p = 0.0199). The native range occupied the largest area in the PCA
space indicating that the species occupied a wider range of climatic
conditions in Australia when compared to the Garden Route
(unfilling = 45.59 %, p = 0.0099).

3.1.2. La Réunion Island (invaded range) and Australia (native range)
The ecological niche of the species in the invaded La Réunion
range exhibited limited overlap with its native Australian range
(3.74 % overlap according to the D-index and 8.74 % overlap accord-
ing to the I-index; Figs. 3, S4, S5), indicating that the environmental
conditions occupied in La Réunion are quite different from those in
Australia. However, niche equivalency tests showed no significant
difference between the native and invaded niches (D: p = 0.5941, I
p =0.2178), suggesting that despite the low overlap, the species in La
Réunion occupies an environmental niche that is not significantly dif-
ferent from its native range. Niche similarity analysis supported this,
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with borderline significant similarity (D: p = 0.0495), indicating that
the invaded La Réunion niche is more similar to the native Australian
niche than expected by random chance, though not perfectly aligned.

Furthermore, the analysis revealed significant niche dynamics in
the invaded range, with 43.15 % of the La Réunion niche representing
new environmental conditions not found in the native range, indicat-
ing substantial niche expansion (p = 0.0099). This suggests the spe-
cies is adapting to novel environments in La Réunion. However,
56.85 % of the La Réunion niche remains consistent with the native
range, reflecting significant stability (p = 0.0099) in its ecological pref-
erences. Additionally, 13.74 % of the species’ native niche remains
unoccupied in the invaded range, indicating some degree of niche
unfilling (p = 0.0099). Overall, these results suggest that while the
species is adapting to new conditions in La Réunion, it is also main-
taining its core ecological requirements from its native range, dem-
onstrating both flexibility and niche conservation in the invaded
range.

3.2. Species distribution modelling

3.2.1. Model performance

The individual models had varying levels of accuracy, but all the
models performed relatively well overall (TSS > 79 %, Fig. S6). GBM
and RF outperformed all remaining models (sensitivity and specificity
>99 %) with a small standard deviation. MaxEnt was the worst per-
forming model (sensitivity = 84.21 %; specificity = 79.77 %) with a
large standard deviation indicating much variation between runs.
ANN also had large standard deviation and a large difference between
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sensitivity (96.90 %) and specificity (87.27 %). Species range enve-
lopes (SRE) showed high specificity but low sensitivity
(sensitivity = 79.95 %; specificity = 98.72 %) indicating that it had a
poor ability to predict true positives (species occurrences). In con-
trast, the ensemble model had relatively high model performance
(sensitivity = 98.97 %; specificity = 96.68 %).

3.2.2. Current suitable climate

The projected current distribution of S. cooperi indicates that large
parts of both the Garden Route and La Réunion Island have high cli-
mate suitability for this tree fern. Areas with low suitability generally
occur where there is a high topographical complexity (i.e., mountain-
ous areas) or at higher elevations (Fig. 4).

3.2.3. Projected species range change

For all global climate models, the extent of the projected range
change for S. cooperi between the current and future projections was
determined for both the near future (2041-2070) and far future
(2071-2100). This was done for both an optimistic scenario (SSP1-
2.6) and pessimistic scenario (SSP 5-8.5). For most models, most of
the Garden Route remained suitable for S cooperi despite some
decline in species range, although the extent of the decline differed
with time and scenario (Figs. 5, 6; Tables S3, S4). Overall, the net spe-
cies range is predicted to shrink under all global climate models. The
only exception is under the optimistic scenario in the far future for
the climate model MRI-ESM2-0; however, this is a small projected
expansion (Garden Route: 0.168 %, La Réunion: 5.616 %). Despite an
overall loss in range, there are areas of localised expansion in both
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Fig. 5. The overall change in the range of Sphaeropteris cooperi for the Garden Route for all global climate models. Top to bottom: GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM-2-HR, MRI-
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are given in the bottom right corner of each map, indicating net gain (positive) or net loss (negative) in percent.

regions, particularly in the north of the Garden Route and towards
the centre of La Réunion Island.

4. Discussion

Sphaeropteris cooperi is an invasive tree fern that can outcompete
native tree ferns, alter nutrient cycling, soil composition, and species
assemblages (Durand and Goldstein, 2001a,b; Medeiros et al., 1993;
Robinson et al., 2010; Chau et al., 2012). Therefore, understanding
how the range of S. cooperi may change with a changing climate is
important for informing management practices, especially in biodi-
versity hotspots. This study found that S. cooperi already occurs in
almost all areas that are predicted to be suitable under current cli-
matic conditions in the Garden Route. However, on La Réunion Island,
the opposite is true with a relatively wide climatically suitable area
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not yet occupied by the species. This implies that S. cooperi has the
potential to spread further on La Réunion Island under current condi-
tions. However, in the near and far future, the species distribution
models over both the invaded southern hemisphere regions suggest
that the climatically suitable area for the species is likely to shrink
under both optimistic and pessimistic climate change scenarios.
These outcomes, likely driven by increased temperature and reduced
precipitation, are in contrast to our original hypothesis.

With climate change accelerating and projected to become more
severe (Lee and Romero, 2023), it is important to assess how invasive
species will respond, especially as each invasion is context depen-
dent. Sphaeropteris cooperi was presumably introduced to the Garden
Route and La Réunion Island for ornamental horticulture (McCulloch-
Jones et al., 2021) and has since spread widely within these regions
(Baret et al., 2006; Baard and Kraaij, 2014; Fenouillas et al., 2021). Its
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current suitable climate extends towards the coastal areas of both the
Garden Route and La Réunion Island with less suitable areas in the
north for the Garden Route and in the centre of the island for La
Réunion. The less suitable areas are predicted to increase in all five
global climate models (GCMs) and under all climate change scenarios.
Based on the expected range retraction, active management of this
species is not recommended. However, due to the popularity of the
species as an ornamental plant, areas with high anthropogenic activ-
ity (Vromans et al., 2010; Dupuy et al., 2020) may be most at risk of
new invasive populations of S. cooperi establishing. Education drives
could be a useful approach to minimising this risk, especially in com-
munities living close to protected areas. In particular, labels indicating
the risk posed by ornamental alien species sold in nurseries, can be an
effective management technique (Humair et al,, 2014). In the case of S.
cooperi, such labels should highlight the risk associated with the large
quantities of spores produced by this species (Durand and Goldstein,
2001a) and the fact that these can be widely spread by wind.

Niche dynamics are an important aspect to consider when pre-
dicting invasive species ranges, since they may indicate how adapt-
able a species is to different environmental niches. This study found
that S. cooperi in the Garden Route has a broad overlap with its native
range. The niche overlap is higher for the Garden Route than La
Réunion, but neither is >50 %. This may indicate that S. cooperi is not
present in all suitable climatic areas in the Garden Route. This could
be because of dispersal barriers such as a lack of source populations
or spores landing in unfavourable conditions for either the gameto-
phyte or the sporophyte to establish (Schaefer, 2011). For La Réunion
Island, there was less overlap with the native range and considerable
expansion into niches that are not found in Australia. This could be
due to factors in its native range that constrain the fundamental niche
of this species and result in a compromised realised niche. For
instance, tree ferns in Australia are eaten by deer which can prevent
them from reaching maturity (Bennett, 2023), ultimately leading to
unfilled niches in the native range and less overlap between native
and invaded ranges. This highlights that biotic interactions such as
herbivory, competition (or lack thereof) may be excluding S. cooperi
from some climatically suitable niches.

While S. cooperi may be adapted to disturbed habitats (Durand
and Goldstein 2001a, b; Chau et al., 2012; Jones et al., 2019), it may
not be as well adapted to a rapidly changing climate. For example,
Daley (1983) found that brief elevated temperatures caused chlorosis
then senescence in developing fronds, which may reduce the overall
number of fronds that reach maturity and produce viable spores.
However, the response of mature fronds to heat stress remains unex-
plored, especially in relation to the combined effects of changes in
temperature and precipitation. Future work investigating these
aspects of S. cooperi physiology would help to build a more compre-
hensive understanding of how this species may respond to future cli-
mate change. Nonetheless, the predictions of a declining range for S.
cooperi in response to climate change are aligned with predictions
that native tree fern richness will decrease in Brazil over the next
30 years due to climate change (de Gasper et al., 2021).

Efforts to manage S. cooperi in South Africa’s Garden Route and on
La Réunion Island should focus primarily on preventing invasions in
protected areas. Since S. cooperi is widely grown in urban gardens in
both regions, highly populated areas around protected areas may act
as sources of propagules to launch invasions (McLean et al., 2017),
especially as topographically complex area such as Garden Route
National Park and Réunion National Park may provide suitable micro-
habitats for S. cooperi establishment and persistence (Kessler, 2010).
This highlights the need for education drives that target communities
in areas surrounding vulnerable protected areas.

Sphaeropteris cooperi is invasive in the Garden Route and on La
Réunion Island where its potential negative effects, particularly on
native tree ferns, have not yet been fully investigated. The niche
dynamics of this species indicate that its niche is not stable, and the
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species could spread into unfilled climatic niches, especially on La
Réunion Island. However, future climate change is expected to reduce
the area of suitable conditions and restrict this species range in these
biodiversity hotspots.
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