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ARTICLE INFO ABSTRACT

Keywords: The emergence of novel ecosystems, characterized by shifts in species composition and in-
Arthropod herbivores teractions, abiotic conditions and altered ecosystem functioning, is a major and inevitable chal-
Arecaceae

lenge to contemporary ecosystem management. This study examines the ecological implications
of Trachycarpus fortunei, a non-native evergreen palm, currently involved in a biome shift from
deciduous temperate forest to evergreen laurophyllous forest in the Southern European Alps.
Specifically, we investigated the effects of T. fortunei encroachment in peri-urban forests on flying
and ground-dwelling arthropod communities as well as on leaf-litter decomposition. We found
that the presence of T. fortunei altered arthropod community composition, mostly by reducing the
number of herbivore species. This effect was likely driven by the lower quality of palm leaves as a
food source compared to deciduous, dicotyledonous tree leaves and by a lower plant richness in
the herb and shrub layer. Furthermore, we observed higher rates of leaf-litter decomposition
associated with increasing abundance of young palm trees, which was not explained by predictors
commonly associated with litter decomposition (i.e., detritivore abundance, litter depth and air
temperature). Hence, the slow decay of palm leaves appears to be counterbalanced by the
favourable conditions for litter decomposition within dense palm stands. Overall, our findings
indicate that high densities of the non-native palm species (T. fortunei) impacts herbivore
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arthropod communities in the Southern European Alps, providing first evidence of possible effects
on ecosystem functioning of this ongoing biome shift. These outcomes are integral components of
the broader process of laurophyllisation in the study region, a phenomenon linked to climate
warming and land use change, encompassing both native and non-native species.

1. Introduction

In the current era, the Anthropocene, ecosystems with altered species compositions and abiotic conditions are becoming more
prevalent (Hobbs et al., 2006). These novel ecosystems often arise through the introductions of non-native species by human inter-
vention, often in combination with changes in land use (Hobbs et al., 2009). Concurrently, human activities are increasingly causing
climate to shift (IPCC, 2023), thereby also driving the emergence of novel ecosystems (Ordonez et al., 2016). While these novel
ecosystems are generally categorized as of poorer biodiversity value, due to negative effects of the invaders on the local biota (Vila
et al., 2011), an increasing body of evidence is suggesting that non-native species can enhance biodiversity and ecosystem services
(Fehr et al., 2020; Schlaepfer, 2018; Stohlgren et al., 2008). For example, in light of rapid climate change, ecosystems comprising
non-native species might exhibit greater resilience compared to those composed solely of native species (Thomas, 2020). Yet, despite
the growing prevalence of novel ecosystems, our understanding of the changes in the trophic structures and underlying processes
within these ecosystems remains limited. Given the inevitability of novel ecosystems, addressing these knowledge gaps is crucial for
the preservation of robust and diverse ecosystems (Hobbs et al., 2009).

The emergence of novel ecosystems can be intertwined with biome shifts, where changes in climate, land use or other human
activities, such as the introduction of non-native species, contribute to rapid changes in biome distribution and composition (Boonman
et al., 2022; Elsen et al., 2022). On the southern slope of the European Alps, the biome shift from temperate, deciduous forests to
warm-temperate, evergreen, laurophyllous forests is termed "laurophyllisation” (Gianoni et al., 1988; Klotzli and Walther, 1999).
These novel ecosystems, combining evergreen laurophyllous species with deciduous broadleaved species, have experienced substantial
alterations in plant species, structure, and function, potentially influencing litter quality, decomposition processes, nutrient cycling,
and carbon storage. However, the dynamics and processes of these emerging laurophyllous ecosystems remain poorly understood.

A plant family with high potential to create novel ecosystems, e.g., via laurophyllisation, is the Arecaceae palm family (Fehr et al.,
2020) due to several reasons: (1) palms have been widely introduced beyond their native ranges, with some becoming naturalized or
invasive, primarily due to extensive cultivation in agriculture and horticulture, particularly as ornamentals (Balslev et al., 2016;
Broschat et al., 2014; Fehr et al., 2020). (2) The generally warm/tropical-adapted nature of palms makes them responsive to global
warming, expanding their climatic range to higher latitudes and altitudes as observed in the Southern United States (Butler et al., 2011;
Butler and Larson, 2020; Butler and Tran, 2017). (3) Within their native habitats, palms serve as ecosystem engineers, reshaping
ecosystems through their unique physiognomy. Their large leaves alter the physical structure, affecting native plant communities and
functioning. Dense palm stands can reduce light availability, supressing shade-intolerant plant species (Farris-Lopez et al., 2004; Wang
and Augspurger, 2006). Accumulating palm litter impedes dicotyledonous tree seedling recruitment (Farris-Lopez et al., 2004; Peters
et al., 2004; Young et al., 2014), and slow decomposition of palm leaves influences forest floor biomass (Arnason et al., 1982). (4)
Palms often act as keystone species in their natural ecosystems, participating in mutualistic relationships with pollinators and influ-
encing animal distribution and behaviour (Eiserhardt et al., 2011; Galetti et al., 2001; Henderson, 2002). However, several non-native
palm species have been demonstrated to have detrimental impacts on local arthropod communities (Holmquist et al., 2011; Talley
et al., 2012). Hence, given their multiple ecological roles, non-native palms could impact local ecosystem composition, interactions,
and functioning, leading to the emergence of novel ecosystems (Fehr et al., 2020).

This study focuses on a specific case of a novel ecosystem in the Southern European Alps (Switzerland and Italy), generated by the
process of laurophyllisation and undergoing a biome shift (Fehr et al., 2024; Klotzli and Walther, 1999). The non-native Chinese
windmill palm (Trachycarpus fortunei) is driving this process, having escaped from cultivation as an ornamental species during the 20th
century (Fehr et al., 2024). It is now widely naturalized in peri-urban forests, forming dense stands in the forest understory, partic-
ularly close to urban areas at low altitudes (Fehr et al., 2024; Fehr and Burga, 2016; Walther et al., 2007). Within the temperate
deciduous forests of the Southern European Alps, T. fortunei represents a novel functional type of vegetation cover (Fehr et al., 2024).
Compared to the leaves of the local tree community, T. fortunei leaves are bigger, evergreen and differ in physical and chemical
characteristics (Kissling et al., 2019; Tomlinson et al., 2011). In alluvial forests and on northern slopes, dense T. fortunei stands have
been demonstrated to reduce native plant species richness in the herb and shrub layers, as well as the richness (though not the
abundance) of woody recruiting species (Fehr et al., 2024). However, no significant effects on native vegetation were observed on
southern, western, and eastern slopes (Fehr et al., 2024). The Swiss national authorities for the environment classify T. fortunei as an
invasive species (Info Flora, 2023; Tonellotto et al., 2022). Currently, empirical evidence regarding the effects of these novel
palm-generated ecosystems on mesofauna communities and key ecosystem processes, such as litter decomposition, is still lacking.

To fill this knowledge gap, we compared arthropod community composition, richness and abundance and leaf litter decomposition
in T. fortunei-invaded forests versus non-invaded forests. Arthropods, classified into different feeding guilds, served as biodiversity
indicators due to their crucial roles in supporting higher trophic levels and ecosystem functions like decomposition and pollination
(Handa et al., 2014; Obrist and Duelli, 2010). Our hypothesis posits that naturalizing T. fortunei in native forests induces changes in leaf
functional type, physical habitat structure, microclimate and light regime, consequently affecting the distribution of multiple
arthropod groups (Litt et al., 2014).
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We also explored leaf litter decomposition as a representative of key ecosystem functions, such as organic matter decomposition,
nutrient cycling, and soil structuring and fertilization (Cornwell et al., 2008; Lavorel et al., 2002). Key factors influencing this process
include leaf litter traits, climate, and decomposer communities (Cornwell et al., 2008; Garcia-Palacios, Mckie, et al., 2016; Handa et al.,
2014), all likely affected by the presence of the non-native palm. The distinct physical and chemical characteristics of the palm’s leaves
differ from those of native deciduous trees (Kissling et al., 2019; Tomlinson et al., 2011). Furthermore, we anticipate that the large,
evergreen leaves influence the microclimate by providing shading, potentially leading to increased moisture levels the creation of
darker habitats favorable for decomposers (Hassall and Tuck, 2007).

2. Methods
2.1. Study region

The study took place in the Southern European Alps in Southern Switzerland and Northern Italy, in areas surrounding the cities of
Locarno, Lugano, Varese and Verbania (Table A.1). The climate there is characterized as warm-temperate. According to the climate
normals 1981-2010 (MeteoSwiss, 2023), mean annual precipitation of Lugano (273 m asl) is 1567 mm with monthly minima in winter
and monthly maxima in early summer. Mean annual temperature of Lugano is 13 °C. Mean temperature of the coldest month (January)
is 3.8 °C whilst the mean temperature of the warmest month (July) is 22.6 °C. Most bedrock in the study region is crystalline rock but a
few areas with limestone exist (Labhart, 2005).

The vegetation on crystalline rocks consists of chestnuts (Castanea sativa), oaks (Quercus robur, Q. petraea and Q. pubescens) or
linden (Tilia cordata and T. platyphyllos) (Conedera et al., 2018). On limestone, the dominant tree species include the European
hop-hornbeam (Ostrya carpinifolia) and the manna-ash (Fraxinus ornus) (Ceschi, 2006). Since the 1980s, non-native evergreen species
mainly originating from Asia (T. fortunei, Cinnamomum spp., Prunus laurocerasus, and Elaeagnus spp.) are escaping from cultivation as
ornamentals and are spreading in the peri-urban forests (Gianoni et al., 1988; Walther et al., 2001) with the Chinese windmill palm
(T. fortunei) being one of the most widespread ones (Walther et al., 2007).

2.2. Sampling design

We randomly selected ten sites with high density populations of T. fortunei. At each site, we installed paired plots: one invaded plot
(20 m x 20 m) with a high density of T. fortunei and one control plot (20 m x 20 m) where T. fortunei was (nearly) absent. Paired plots
were at least 25 m apart to minimize effects of neighbouring palms (mean distance = 111.13 m; maximum distance = 469.98 m). To
ensure consistency in geomorphological and environmental conditions, paired plots were deliberately chosen with similar forest
community, slope, elevation, and aspect (Figure Al).

2.3. Arthropod sampling and identification

In each plot, we installed two window traps (i.e., polytraps from Brustel, 2012) and two pitfall trap triplets to capture flying and
ground-dwelling arthropods respectively (details in Appendix B). Sampling occurred in two four-week periods (May 24 - June 19,
2019, and July 24 - August 24, 2019), with traps emptied weekly to minimise bad weather impacts. All arthropods were preserved in
70 % ethanol. Due to heavy rain in two weeks (August 2 - August 16, 2019), samples from those weeks were discarded. To mitigate
short-term fluctuations or outliers, samples from all periods were pooled for both trap types in each plot.

Table 1
Litterbag treatments.
TreatmentID  Treatment Exposure Species composition ~ Mass [g]
time

F Fast-decomposing litter of common deciduous broadleaved species 72 days Fraxinus excelsior 0.67
Robinia pseudoacacia  0.67
Tilia cordata 0.67

FP Fast-decomposing litter of common deciduous broadleaved species + non-native palm 72 days Fraxinus excelsior 0.5

litter Robinia pseudoacacia 0.5

Tilia cordata 0.5
Trachycarpus 0.5
fortunei

P Non-native palm litter 72 days Trachycarpus 2.0
fortunei

S Slow-decomposing litter of common deciduous broadleaved species 254 days Castanea sativa 1.33
Quercus sp. 0.67

SP Slow-decomposing litter of common deciduous broadleaved species + non-native palm 254 days Castanea sativa 0.67

litter Quercus sp. 0.67

Trachycarpus 0.67
fortunei

PP Non-native palm litter 254 days Trachycarpus 2.0
fortunei
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To compare arboreal arthropod communities between T. fortunei and native broadleaved woody species, we collected arthropods
by beating the leaves of 10 randomly selected palm trees in invaded plots and branches of 10 randomly selected native woody species
individuals in control plots 20 times using a wooden stick and capturing the falling arthropods with a beating sheet. Beating was done
on two sunny days (May 21, 2019 and August 19, 2019).

All individuals were identified at the species level by experts (see Acknowledgements) and assigned to three main feeding guilds
(herbivores, carnivores and detritivores) based on own data, literature (Gossner et al., 2015; Sattler et al., 2010), different taxa-specific
databases such as Fauna Indicativa (Klaiber et al., 2017), BETSI for different soil and ground-dwelling groups (Pey et al., 2014), and
Syph the Net for overflies (Speight, 2017), as well as expert knowledge (see Acknowledgment). If a species occupied a single trophic
level, it was assigned a value of 1 (100 %). When its trophic level was split between two or three levels, each was assigned a value of 0.5
(50 %) or 0.33 (33 %), respectively. We determined arthropod biomass by drying and weighing most specimens to obtain direct
measurements. For individuals retained by experts for collection purposes post-identification, biomass values were estimated using
two approaches. For taxa within Coleoptera and one Araneae species, biomass was extrapolated based on the mean weight of other
individuals of the same species or genus. For all bees and wasps, biomass was estimated using an allometric regression model based on
length, taxon and region (Model 5: log 10 (mass) ~ TaxReg x log 10 (length)) derived from Sohlstrom et al. (2018).

2.4. Litter decomposition experiment

To examine the effect of T. fortunei on litter decomposition, we monitored mass loss of leaf-litter (Graca et al., 2005) in invaded and
control plots using six litterbag treatments containing palm leaves and leaves of deciduous broadleaved tree species (Table 1). The
deciduous tree species represented the five most common species along the slow-fast decomposition rate continuum (Finerty et al.,
2016) across all 20 plots, and with at least one present in each plot. Grouped into fast- and slow-decomposing species (Finerty et al.,
2016; Handa et al., 2014), the different treatments enabled us to test the decomposition rate of leaves of fast-decomposing species (F),
slow-decomposing species (S) and the non-native palm T. fortunei (P for short exposure - 72 days - and PP for long exposure - 254 days),
in response to the presence of T. fortunei. Treatments with a mix of deciduous and palm leaves (FP and SP) allowed testing for possible
interactive effects of T. fortunei leaves on decomposition rates of common broadleaved species, e.g., by changing the chemical or biotic
environment. Each litterbag contained 2 g of fully developed, undamaged, senescent leaves (Handa et al., 2014), with the amount
weighted based on species abundance in the plots (details in Appendix C). Litterbags had a 5 mm mesh size on top for macrofauna
access and 1 mm mesh size on the bottom to prevent leaf fragment loss while allowing access for decomposing mesofauna and
microorganisms.

On March 7, 2019, three replicates of the litterbag set, each containing six litter treatments, were randomly positioned in each of
the 20 plots (totalling 360 litterbags). Our aim was to retrieve the bags after approximately 50 % of the initial weight had been lost. We
estimated the experiment duration by regularly weighing additional litterbags under similar conditions. After 72 days, we collected
litterbags with fast-decomposing leaves (F), fast-decomposing and palm leaves (FP) and palm leaves alone (P). Litterbags with slow-
decomposing litter (S, SP and PP) were collected after 254 days. Of the initially positioned 360 litterbags, we successfully retrieved
349, with the remaining 11 lost or destroyed. After collection, the remaining leaf litter was gently cleaned, dried for 48 hours at 70°C
and weighed.

To compare leaf litter traits of the common deciduous species (data from Finerty et al. 2016; Table C.1) with those of T. fortunei, we
quantified total carbon and nitrogen concentration (%), along with leaf tensile strength (N mm ') of T. fortunei leaves. These traits are
recognized for their substantial influence on leaf litter decomposition (Finerty et al., 2016; Garcia-Palacios et al., 2016).

2.5. Environmental variables

For each plot, all plant species were identified to the species level. The coverage of each species was estimated for each forest layer
(i.e., herb layer: < 1 m; shrub layer: 1-3 m; lower tree layer: > 3-5 m; upper tree layer: > 5 m) using the Braun-Blanquet scale
(Braun-Blanquet, 1964). Shrub cover (excl. palms) and shrub cover (incl. palms) represented the sum of species cover without and with
palms, respectively. In a 5 m x 20 m rectangle (centered in the plot and parallel to the contour lines on slopes), T. fortunei individuals
were counted and classified into the following height classes: < 50 cm; 50-130 cm; > 130 cm and maximum stem diameter not
reached. In the entire plot (400 mz, 20 m x 20 m), T. fortunei individuals that have reached the maximum stem diameter were counted
and their stem height was measured (Rivera et al., 2023). Individuals with a stem height below 1.5 m were classified as juvenile, while
those above 1.5 m were considered mature trees. Each plot was subdivided into eight small subplots (2 m x 2 m) (Figure S1). In each
subplot, litter depth was measured at two random locations (separated by a minimum distance of 50 cm). Litter depth per plot rep-
resented the average of the 16 measurements. Data collection occurred between March 2019 and September 2020.

In each plot, we installed one temperature logging iButton (DS1922L, temp. resolution 0.5°C, logging interval 1.5 hours) to
measure air temperature. In invaded plots, the loggers were attached to a mature T. fortunei individual, while in control plots, they
were attached to a broadleaved tree, 20 cm above the ground on the north-facing side. Temperature was recorded from the beginning
of the litter decomposition experiment (March 7, 2019) to October 17, 2019 (one month before the litter experiment ended on
November 15, 2019)). Using daily mean temperatures, we calculated growing degree days (GDD >10 °C) for each plot, serving as an
index for available heat affecting plant and arthropod growth and maturation.
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2.6. Data analysis

All statistical analyses were performed in R (R Core Team, 2022). For the binary comparisons of arthropod species richness,
abundance and biomass between control and invaded plots, we performed non-parametric, paired Wilcoxon tests. Compositional
patterns of arthropod communities between control and invaded plots were visualized through non-metric multidimensional scaling
(NMDS) based on Hellinger-transformed Bray-Curtis dissimilarity using the ‘metaMDS’ function with three dimensions in the R
package ‘vegan’ (Oksanen et al., 2020). Compositional differences between arthropod communities in invaded and control plots were
assessed via pairwise permutational multivariate analysis of variance (PERMANOVA) on Hellinger-transformed Bray-Curtis dissimi-
larity using the ‘adonis2’ function in the R package vegan (Oksanen et al., 2020). To examine the relationship between arthropod
species richness, abundance, and biomass (response variables) and juvenile and mature palm abundance (predictor variables),
generalized linear mixed models (GLMMs) were employed. Models for species richness and abundance used a Poisson distribution,
while models for biomass used a Gaussian distribution. Plot pair was included as a random effect in all models. To identify further
environmental variables affecting arthropod species richness and abundance, we fitted Poisson-distributed GLMMs with total plant
species richness, shrub cover (excl. palms), total shrub cover (incl. palms) for window traps. For pitfall traps, the same predictor
variables plus litter depth were fitted and site was treated as a random effect.

To investigate differences in litter mass loss between litter bag types, GLMMs were employed with litter mass loss as the response
variable, treatment as the predictor variables and plot ID as a random effect. Litter mass loss differences between control and invaded
plots were tested using GLMMs with litter mass loss as the response variable, plot type as the predictor variable and site as a random
effect. To identify potential environmental variables affecting litter mass loss after 72 and 254 days, two GLMMs with a Gaussian
distribution were fitted. The predictor variables included detritivore abundance in pitfall traps, juvenile palm abundance, mature palm
abundance, litter depth and growing degree days (> 10° C) with plot ID as a random effect. All GLMMs were performed with the
‘glmer’ and ‘Imer’ functions in the R package Ime4 (Bates et al., 2015). The marginal and conditional R? for all the GLMMs were
calculated with the ‘r2_nakagawa’ function in the R package performance (Liidecke et al., 2021). The marginal R? represents the
proportion of variance explained solely by the fixed effects, while the conditional R? describes the variance explained by both the fixed
and random effects (Schielzeth and Nakagawa, 2013)

To test for potential non-additive effects of palm leaves on the leaf litter decomposition rate of common broadleaved species, we
compared the average measured mass loss of treatment FP and SP within each plot with the expected mass loss of the treatment FP and
SP. The expected mass loss for treatments FP and SP is the sum of mass loss of the treatments F and P divided by 2, and S and PP divided
by 2, respectively, assuming a homogenous decomposition rate for treatments F, S, P and PP in each plot. We then tested, if the
difference between the measured and the expected mass loss was significantly different from zero using a t-test. Prior to the t-test, we
checked the normality of the variables using a Shapiro-Wilk test.

A B C
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Fig. 1. Species richness (A) abundance (B) and biomass (C) for all arthropods per trap type (window traps and pitfall traps combined). Blue boxes
represent control plots and yellow boxes represent invaded plots. P-values refer to the paired Wilcoxon-tests, testing the difference of the arthropod
species richness, abundance and biomass, respectively, between control and palm-invaded plots.
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3. Results
3.1. Arthropod communities from window and pitfall traps

In total, we captured 6488 arthropods (mean per plot = 324, min = 118, max = 601) belonging to 357 species (mean per plot =
49.8, min = 28, max = 85) using pitfall (5048 individuals, 151 species) and window traps (1440 ind., 257 spp.). Mean arthropod
species richness showed no significant difference between control and invaded plots for both window (p = 0.221) and pitfall traps (p =
0.528). Similarly, there was no significant difference in mean arthropod abundance between control and invaded plots in both window
traps (p = 0.262) and pitfall traps (p = 0.625) (Fig. 1A & 1B). In contrast, arthropod biomass in window traps was reduced by 36.5 % in
invaded compared to non-invaded plots (p = 0.037), whilst for pitfall traps, no significant difference of the biomass between control
and invaded plots was detected (p = 0.922) (Fig. 1C).

Comparing arthropod species richness and abundance of the three main feeding guilds between control and invaded plots, we
found a significantly reduced species richness (p = 0.041) of herbivores in pitfall traps in invaded plots (Fig. 2A). We also identified
weak trends of a reduced herbivore species richness in invaded plots in window traps (p = 0.202) (Fig. 2A) and for a reduced herbivore
abundance in window (p = 0.275) and pitfall traps (p = 0.114) (Fig. 2B). For carnivores and detritivores, no significant differences in
species richness and abundance between invaded and control plots were detected for both window and pitfall traps (Fig. 2A & 2B).
However, the variation of the detritivore abundance in pitfall traps in invaded and control plots was large (Fig. 2B).

Arthropod composition differed significantly between invaded and control plots for both window (R? = 0.08, p = 0.008) and pitfall
traps (R% = 0.08, p = 0.014) (Fig. 3, Table D.1). The composition of the different feeding guilds differed significantly between invaded
and control plots for detritivores R? = 0.10, p = 0.018, Figure D.1), but not for herbivores R? = 0.05, p = 0.176, Figure D.2) or
carnivores (R2 = 0.05, p = 0.101, Figure D.3).

The patterns when investigating the relationship of arthropod species richness, abundance and biomass with varying palm
abundance are consistent with our previous findings (Fig. 1 & 2; Table D.2 and Table D.3): We found that for window traps, total
arthropod species richness (R? cond. = 0.628, R marg. = 0.201, p = 0.034) and herbivore species richness (R cond. = 0.619, R? marg.
= 0.181, p = 0.006) were negatively related to mature palm abundance (Fig. 4A; Table D.2). Neither arthropod biomass, total
arthropod abundance, herbivore abundance nor species richness and abundance of carnivores and detritivores were significantly
related to mature palm abundance in window traps. For pitfall traps, we found that mature palm abundance was negatively related to
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Fig. 2. Arthropod richness (A) and abundance (B) for the three main feeding guilds for each sampling method (window and pitfall traps). Blue boxes
represent control plots and yellow boxes represent invaded plots. P-values refer to the paired Wilcoxon-tests, testing the difference of the arthropod
richness and abundance, respectively, between control and palm-invaded plots.
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Pitfall traps (PERMANOVA: p = 0.014)
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Fig. 3. Non-metric multidimensional scaling (NMDS) ordination plot for arthropods sampled with pitfall (A) and window traps (B) in the 20 plots.
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herbivore species richness (R? cond. = 0.475, R? marg. = 0.188, p = 0.025) (Fig. 4B), but as for window traps, the other predictors were
not significant.

Juvenile palm abundance was negatively correlated to total arthropod species richness (R? cond. = 0.663, R? marg. = 0.335, p <
0.001) and herbivore species richness (R? cond. = 0.682, R? marg. = 0.305, p < 0.001), captured by window traps, but not with other
tested response variables (Table D.3).

3.2. Arthropod communities from branch beating

From branch beating we captured 259 arthropods (mean = 14, min = 1, max = 56) belonging to 60 species (mean = 7, min = 1,
max = 13) which is much less than what we captured using window and pitfall traps. We found that arthropod richness on native
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woody species was significantly higher than that on individuals of T. fortunei (p = 0.038; Figure D.4). There was also a trend for a
higher arthropod abundance on native woody species than on T. fortunei individuals (p = 0.052; Figure D.4). These differences can be
mainly attributed to the higher richness (p = 0.009) and abundance (p = 0.014) of herbivores on native woody species Figure D.5).
Richness and abundance of carnivores and detritivores did not differ significantly between native woody species and individuals of
T. fortunei.

3.3. Environmental variables affecting arthropod communities

In window traps (Table D.4, Figure D.6), total arthropod species richness (R? cond. = 0.689, R? marg. = 0.421, p < 0.001) and
herbivore species richness (R? cond. = 0.666, R? marg. = 0.453, p < 0.001) were positively related to shrub cover (excluding palm
cover). Additionally, herbivore species richness (R? cond. = 0.666, R?> marg. = 0.453, p = 0.023) was negatively related to shrub cover
(including palm cover).

For the arthropods sampled with pitfall traps (Table D.5, Figure D.7), litter depth was positively related to total arthropod species
richness (R? cond. = 0.492, R? marg. = 0.464, p = 0.004) and herbivore richness (R? cond. = 0.477, R? marg. = 0.410, p = 0.009) and
negatively related to detritivore abundance (R? cond. = 0.748, R? marg. = 0.302, p = 0.035). Shrub cover (including palm cover) was
positively correlated with total arthropod richness (R? cond. = 0.492, R? marg. = 0.464, p = 0.012) and abundance (R? cond. = 0.434,
R? marg. = 0.237, p = 0.023), as well as carnivore (R? cond. = NA, R? marg. = 0.172, p = 0.048) and detritivore abundance (R? cond.
= 0.748, R? marg. = 0.302, p = 0.004).

3.4. Leaf-litter decomposition

The litter of common broadleaved deciduous species decomposed significantly faster than palm litter, with mixed litterbags
(broadleaved plus palm litter) showing intermediate decomposition rates (Fig. 5). On average, litter of fast-decomposing deciduous
species decomposed 4 times faster than palm litter after 72 days, while litter of slow-decomposing deciduous species decomposed 1.5
times faster than palm litter after 254 days. Comparing decomposition rates between invaded and control plots for various litterbag
types (F, FP, P, S, SP, PP) revealed no significant differences (Figure E.1). However, a positive relationship between litter
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Fig. 5. Percentage litter mass loss per day for litterbags consisting of fast-decomposing litter of common broadleaved species (F), a mixture of litter
of fast-decomposing common broadleaved species and palm litter (FP) and for palm leaf litter (P) after 72 days and for slow-decomposing litter of
common broadleaved species (S), a mixture of litter of slow-decomposing common broadleaved species and palm litter (SP) and palm leaf litter (PP)
after 254 days. Mass loss differences between litter bag types were tested using GLMMs with site as random effects.
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decomposition rate (after 254 days) and juvenile palm abundance was found (R? cond. = 0.263, R? marg. = 0.177, p = 0.023; Fig. 6A).
Additionally, decomposition rate correlated positively with herb layer cover (including palms) (R? cond. = 0.263, R? marg. = 0.177, p
= 0.003; Fig. 6B), while mature palm abundance, detritivore abundance, litter depth and growing degree days (> 10 °C) showed no
significant relation to litter decomposition rate. No significant relationships were found in the short-term (after 72 days) between the
decomposition rate and the above-mentioned predictor variables (see Table E.1 for details).

An interactive antagonistic effect of palm litter was observed for fast-decomposing litter after 72 days, but not for slow-
decomposing litter after 254 days (Figure E.2): Fast-decomposing litter exhibited reduced decomposition when mixed with palm
leaves in both invaded (p = 0.002) and control plots (p = 0.027) after 72 days. In contrast, adding palm litter to slow-decomposing
broadleaved litter did not affect decomposition rate in either control or invaded plots after 254 days.

Senescent T. fortunei leaves exhibited higher tensile strength (M = 40.15 N) and a higher C:N ratio (M = 62.42) compared to
senescent leaves of broadleaved species (Table C.1).

4. Discussion

In the Southern European Alps, where peri-urban forests are experiencing an influx of the non-native palm Trachycarpus fortunei, we
investigated its impact on local arthropod communities and litter decomposition. This invasion is part of a larger climate change-
driven biome shift, from deciduous temperate to evergreen subtropical vegetation in areas near evergreen plant source pop-
ulations, in line with emerging warming-linked biome shifts around the world (Boonman et al., 2022; Penuelas and Boada, 2003). This
shift signifies the emergence of a novel ecosystem (Hobbs et al., 2006), notably as palms of the genus Trachycarpus have been absent
from Europe since their cooling-linked extinction millions of years ago (e.g., Gregor, 1980; Postigo Mijarra et al., 2009). While we did
not observe significant differences in total arthropod species richness and abundance between plots with a high density of palms and
without the palm, we did detect a change in community composition. Dense palm stands negatively impacted herbivore richness,
although no significant differences were observed in the richness of carnivores and detritivores, or the abundance of feeding guilds
(herbivores, carnivores, and detritivores) between invaded and uninvaded plots. Long-term litter decomposition rates were positively
correlated with juvenile palm abundance but were decoupled from mature palm abundance, detritivore abundance, litter depth, or
temperature. Overall, the majority of the results of this study, despite being significant, show weak to moderate effects. Our findings
suggest that T. fortunei affects herbivore communities in the Southern European Alps, with potential implications for future ecosystem
functioning, that remain to be fully understood and quantified. These effects also shed light on the broader consequences of the
ongoing laurophyllisation process in the study region, involving both native and non-native species (Alessi et al., 2019; Fehr et al.,
2024).

4.1. Arthropod species richness, abundance and composition

Our findings suggest a more pronounced impact of T. fortunei palms on flying arthropods than on ground-dwelling arthropod
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Fig. 6. Percentage leaf-litter loss of litter bags after 254 days in relation to juvenile palm abundance (A) and herb layer cover (B). Blue dots
represent control plots, yellow dots represent palm-invaded plots. The black lines represent the best fit of the generalized linear mixed model and the
grey shadings represent the +£95 % confidence interval.
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communities, indicating a greater susceptibility of above-ground habitats and resources to T. fortunei influence compared to ground
habitats. This could be attributed to alterations in the physical structure of the forest understory, particularly the increased closure in
high-density stands of T. fortunei (Fehr et al., 2024) as non-native palms have been frequently reported to influence the physical
structure, further impacting the ecological dynamics within these ecosystems (Fehr et al., 2020). However, uncertainties persist
regarding whether the observed weak effect on total arthropod species richness and abundance results from a time delay in response
(Crooks et al., 1999) or remains weak due to the still small size of monodominant palm stands relative to the matrix vegetation.

We also found that T. fortunei negatively affects herbivorous arthropods likely due to lower native plant richness in the herb and
shrub layer (Fehr et al., 2024) that are essential food sources for many native herbivores (Schirmel et al., 2016). More generally, this
impact can be attributed to the recalcitrant, lignified leaves of T. fortunei compared to common deciduous species (Table C.1). These
leaves, typical of palm family members (Dominy et al., 2008; Tomlinson et al., 2011), likely make T. fortunei leaves an unsuitable food
source for most herbivorous arthropods (Grubb et al., 2008; Peeters et al., 2007), as demonstrated for other palm species outside their
native range (Holmquist et al., 2011; Talley et al., 2012). This finding aligns with research in subtropical deciduous and evergreen
forests, indicating that even within their native range, evergreen trees attract fewer herbivores than deciduous species (Liu et al.,
2022).

Arthropods dwelling on T. fortunei leaves showed significantly lower richness and abundance compared to arthropods on native
woody species, further supporting the palm’s limited suitability as a food source and habitat. Flying herbivore richness was positively
linked to native plant cover, emphasizing the reliance of resident herbivores on native plants. In contrast, total shrub cover (including
T. fortunei), correlated positively with ground-dwelling carnivore and detritivore abundance, suggesting that the dense shrub layer
supports suitable habitats and resources for these arthropods. Increased shrub cover may facilitate carnivores in hunting prey (Pearson,
2009), while detritivores, mainly isopods, benefit from the more humid and shaded microhabitats created by the increased shrub cover
(Warburg et al., 1984). In line herewith, a recent study in a wet deciduous Canadien woodland invaded by the alien shrub species
Frangula alnus showed inly weak decreases in detritivore diversity indices (Roberge et al., 2024).

The overall arthropod richness and abundance appeared only little impacted by this palm invasion, but there was a significant
change in arthropod community composition, indicating a species turnover driven by dense T. fortunei stands. The palm likely alters
environmental conditions, favouring certain species while displacing others or altering their functional contribution in the ecosystem.
We hypothesize that despite these changes, the trophic functioning of palm-invaded ecosystems is likely still be upheld, albeit by
different organisms. Our results underscore the need to consider changes in community composition alongside traditional abundance
and diversity metrics when evaluating the impact of invasive species.

In summary, our findings show a substantial impact of dense T. fortunei stands on herbivorous arthropod communities and
arthropod community composition, suggesting a complex relationship between arthropods, native and non-native evergreen and
deciduous plants, and climate change within the ecosystem. Furthermore, our results indicate that the emerging novel ecosystems in
the region may be able to maintain ecosystem functioning through a reorganisation of trophic interactions.

The expansion of T. fortunei, driven by climate change, is part of a broader biome shift from deciduous temperate to evergreen
subtropical vegetation, involving various other evergreen plant species (Fehr et al., 2024). In addition to impacts from invasive palms,
arthropod communities are therefore likely influenced by other evergreen species. Furthermore, arthropod communities likely also
experience direct climate change-induced shifts, which may alter trophic dynamics, affecting ecosystem functionality (Di Marco et al.,
2023). These large-scale and irreversible dynamics highlight the need for further studies on the functioning of novel ecosystems,
including the resilience and rewiring capacity of trophic processes in arthropod communities.

4.2. Litter decomposition

Comparing T. fortunei litter decomposition rates with common deciduous broadleaved tree species (i.e., Fraxinus excelsior, Robinia
pseudoacacia, Tilia cordata, Castanea sativa, Quercus sp.) across all plots, we found slower decomposition in T. fortunei leaves. This aligns
with our expectations based on inherent monocot leaf traits (Dominy et al., 2008) and palms in general (Ewel, 1976) and more
specifically, in the case of T. fortunei: Our measurements on T. fortunei leaves revealed very high tensile strength and a high C:N ratio
(Table C.1). Such toughness and rigidity make these leaves less prone to detritivore consumption (Brousseau et al., 2019;
Pérez-Harguindeguy et al., 2000) resulting in a slower decomposition compared to the leaves of the broadleaved species. Despite
anticipating higher litter accumulation in dense palm stands, T. fortunei exhibits a pattern quite common for palms (Hodel, 2009): a
significant portion of leaves remains attached to the stem after desiccation (authors observation), leading to decomposition when still
attached. Consequently, the expected conspicuous accumulation of palm leaf litter in densely populated T. fortunei stands does not
occur as anticipated.

When comparing the decomposition rates of different litter treatments (leaves of common deciduous broadleaved tree species
versus palm leaves) between palm-invaded plots and non-invaded control plots, no significant differences were found. However, the
mass loss of more recalcitrant, slow-decomposing litter of broadleaved species (Castanea sativa and Quercus sp.) and the non-native
palm after 254 days, was positively correlated with juvenile palm density and herb layer cover (including palms). Given the estab-
lished role of moisture in governing decomposition processes (Garcia-Palacios, Shaw, et al., 2016), the increased humidity resulting
from the shaded conditions created by the large palm leaves may have accelerated decomposition. Direct shading could also play a
role, as decomposers often avoid light to reduce predation risk (Hassall and Tuck, 2007). Other factors known to influence litter
decomposition rates, such as detritivore abundance, litter depth, and growing degree days (>10 °C) showed no significant relationship,
possibly due to their negligible effects or being overshadowed by other drivers of litter decomposition.

The investigation into interactive effects of palm leaves on the decomposition of common broadleaved tree species revealed that,
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after 72 days, fast-decomposing litter decomposed more slowly when mixed with palm litter. However, the addition of palm leaves to
slow-decomposing leaves of broadleaved species did not significantly affect the decomposition rate after 254 days. This suggests that
palm leaves can reduce the decomposition rate of fast-decomposing litter in the short term but do not substantially impact the
decomposition rate of slow-decomposing leaves of broadleaved species over the long term. This antagonistic effect of combined non-
native palm litter with fast-decomposing litter may be attributed to inhibitory plant secondary compounds with anti-microbial
properties observed in fruits of T. fortunei (Ahmed et al., 2017).

Overall, our findings reveal that palm leaves decompose slower than common broadleaved trees in dense T. fortunei stand, but
favourable environmental conditions within dense palm stands counterbalance this, accelerating decomposition.

4.3. Future dynamics and ecosystem-level implications

While observing moderate effects of dense stands of T. fortunei on arthropod communities at the plot level, the broader ecological
consequences depend on the future extent of dense palm populations. If dense non-native palm populations remain confined to limited
areas (mainly in peri-urban forests) as is currently the case, they might generate landscape-level heterogeneity. Environmental het-
erogeneity, an important determinant of biodiversity (Stein et al., 2014), are generally associated with higher species richness
(Katayama et al., 2014). Thus, the non-native palm could enhance the landscape-scale beta-diversity (i.e. diversity among patches),
whilst at the same time causing a decline in species richness at the local, alpha-diversity, level. On the contrary, if habitats colonized by
the non-native palm become dominant in the landscape, heterogeneity might decline, resulting in biotic homogenization with possible
further implications on ecosystem processes and functioning and overall resilience (Bartley et al., 2019). However, abiotic hetero-
geneity might result in mosaics of evergreen and deciduous trees and impede the formation of extensive, continuous stands of
non-native palms (Fang et al., 2017). The future spreading dynamics of T. fortunei beyond peri-urban forests depend on factors such as
dispersal behaviour and disequilibrium dynamics (Svenning and Sandel, 2013) triggered by climate change, the immigration of pests
and competing evergreen native and non-native species.

High-density populations of T. fortunei are likely to primarily establish in peri-urban forests, facilitated by seed input from birds
associated with cultivated individuals (Fehr et al., 2024). The long maturation period of over 15-20 years for naturalized fertile
T. fortunei individuals, along with the short dispersal distance of less than 200 m by birds (Conedera et al., 2018), suggests a slow
spread away from initial escaped individuals. Also, limited light availability in the understory often leads to irregular flowering,
reduced fruit production, and premature shedding of immature fruits (Koike, 2006). Consequently, T. fortunei stands, except those near
settlements, are expected to be confined to sites with ample light availability such as disturbed forests, riversides, cliffs, and forest
edges (Koike, 2006). Recent observations note recurring abiotic stress factors and biotic disturbances in dominant chestnut forests,
including summer drought, chestnut blight, ink disease, and chestnut gall wasp (Conedera et al., 2021). These disturbances may result
in increased forest clearings, creating suitable conditions for new colonization by T. fortunei and other plant species (Dalle Fratte et al.,
2019).

Accumulating evidence suggests that non-native species, initially experiencing milder pressures from predators and competitors
than native species (enemy-release hypothesis) (Keane and Crawley, 2002), may subsequently decline due to the arrival of natural
enemies like pathogens and pests (Blossey et al., 2021; Crous et al., 2017), as has been observed in a tree invasion system (Medzihorsky
et al., 2023) and in non-native palm stands (Milosavljevic et al., 2019). Notably, the palm moth (Paysandisia archon), which already
infests palms in the Insubrian region (Lake Garda, Mori et al., 2022), and the red palm weevil (Rhynchophorus ferrugineus), already
attacking palms in the Mediterranean region (Buchsbaum and Fuchs, 2016; Munoz-Adalia and Colinas, 2020), are expected to reach
the Southern European Alps soon, potentially impacting both cultivated and naturalized palms and reducing their abundance.

Moreover, the formation of monodominant palm stands may be hindered by other evergreen woody species, both non-native (e.g.,
Prunus laurocerasus, Cinnamomum spp., Elaeagnus spp., Ligustrum lucidum) and native (Ilex aquifolium, Laurus nobilis, and Taxus baccata)
species. These evergreen species could possess a competitive advantage, similar to T. fortunei, compared to native and non-native
deciduous species (Conedera et al., 2018), as they have been documented as successful invaders in various regions (Campagnaro
et al., 2022; Fernandez et al., 2021). Additionally, they might share some effects with palms (e.g., due to similar leaf characteristics
such as leaf toughness), but likely less intensely (Dominy et al., 2008). Together with T. fortunei, these species are suggested to induce a
biome shift, transforming the deciduous temperate forest into an evergreen (laurophyllous) forest (Fehr et al., 2024; Klotzli and
Walther, 1999). Besides land use changes (e.g., increased propagule pressure due to increased urbanization (Fehr et al., 2024) and
abandonment of intensively managed chestnut forests (Conedera et al., 2018)), this biome shift is further driven by the changing
climate regime, which increasingly provides more favourable conditions for laurophyllous species (Boonman et al., 2022; Elsen et al.,
2022). Similar climatic conditions prevailed during the late Cenozoic period when evergreen laurophyllous species, including several
palm species, dominated in southern Europe (Alessi et al., 2019; Gregor, 1980; Kissling et al., 2012). Due to extinctions during the ice
ages and post-glacial dispersal limitations, unoccupied niche space for palms and other laurophyllous species exists (Klotzli and
Walther, 1999), with anthropogenic warming expanding the occurrence of these conditions (Walther et al., 2007). The ecosystems
resulting from this biome shift can be considered as a novel ecosystem, characterized by persistent presence of many non-native species
and modified dynamics (Hobbs et al., 2006; Kerr et al., 2023).

5. Conclusion

Our study reveals nuanced shifts in arthropod communities within dense Trachycarpus fortunei stands compared to native stands.
While overall arthropod species richness and abundance exhibit only subtle changes, herbivores were negatively affected, possibly due
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to reduced native vegetation and the unsuitability of the tough, fibrous palm leaves as a food source for many herbivorous arthropods
(Grubb et al., 2008). Additionally, our examination of litter decomposition unveils a balance between the palm’s slow leaf decay and
favourable conditions for litter decomposition in dense palm stands. Future expansion dynamics of T. fortunei driven by climate and
land use change, will dictate broader ecological consequences in the Southern European Alps. Confined expansion may generate
landscape heterogeneity and promote biodiversity, while landscape-level dominance could lead to regional biotic homogenisation.
The potential arrival of pests and competitive interactions with other (evergreen) plant species may limit the formation of mono-
dominant palm stands. The expansion of T. fortunei is part of a broader climate change-driven biome shift from deciduous temperate to
evergreen laurophyllous forests and can be considered as the emergence of a novel ecosystem generated by combined effects of alien
species introduction and climate and land use change. These dynamics, intensified by trophic interactions triggered by T. fortunei, echo
typical roles observed in other palms (Fehr et al., 2020) and monocots in forest understories, offering a degree of predictability in these
dynamics.

How these novel ecosystems, characterized by a substantial presence of non-native species, in addition to T. fortunei, will impact the
functioning of forest ecosystems in the Southern European Alps poses important areas for future investigation.

Ethics Statement

Not applicable: This manuscript does not include human or animal research.

Declaration of Competing Interest

The authors declare the following financial interests/personal relationships which may be considered as potential competing in-
terests: Jens-Christian Svenning reports financial support was provided by Villum Foundation. Jens-Christian Svenning reports
financial support was provided by Danish National Research Foundation. Sergio Rasmann reports financial support was provided by
Swiss National Science Foundation. Gianni Boris Pezzatti reports financial support was provided by Federal Office for the Environ-
ment. If there are other authors, they declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Acknowledgements

We thank VILLUM FONDEN for economic support via JCS’ VILLUM Investigator project “Biodiversity Dynamics in a Changing
World” (grant 16549). We also consider this work a contribution to Center for Ecological Dynamics in a Novel Biosphere (ECONOVO),
funded by Danish National Research Foundation (grant DNRF173 to JCS). Fieldwork was partially funded by a Swiss National Science
Foundation grant (310030_204811) to SR and by the Swiss Federal Office of the Environment FOEN (grant 18.0111.PJ/S025-0632) to
GBP. We thank Matty Berg and Jurgen van Hal for their measurements of the tensile strength of palm leaves. We thank the experts that
identified the arthropods at the species level:

Martin Riha, Aculeata, Apoidea, wasps

Isabella Forini, Aculeata, Formicidae

Xavier Heer, Araneae

Valeria Trivellone, Auchenorrhyncha

Yannick Chittaro, Coleoptera

Alexander Szallies, Coleoptera, Staphylinidae

Christoph Germann, Coloeptera, Curculionidae

Andrea Sanchez, Coleoptera, Scolitinae

Christoph Germann, Coleoptera, Curculionidae

Vivien Cosandey, Coleoptera, Scarabaeidae

Francois Claude, Gastropoda

Ralf Heckmann, Heteroptera

Pascal Stucki, Isopoda

Christian Monnerat, Orthoptera

Appendix A. Supporting information

Supplementary data associated with this article can be found in the online version at doi:10.1016/j.gecco.2024.e03303.

Data availability
Data will be made available on request.

12


https://doi.org/10.1016/j.gecco.2024.e03303

V. Fehr et al. Global Ecology and Conservation 56 (2024) e03303
References

Ahmed, S., Liu, H., Ahmad, A., Akram, W., Abdelrahman, E.K.N., Ran, F., Ou, W., Dong, S., Cai, Q., Zhang, Q., others, 2017. Characterization of anti-bacterial
compounds from the seed coat of Chinese windmill palm tree (Trachycarpus fortunei). Front. Microbiol. 8, 1894.

Alessi, N., Tésitel, J., Zerbe, S., Spada, F., Agrillo, E., Wellstein, C., 2019. Ancient refugia and present-day habitat suitability of native laurophylls in Italy. J. Veg. Sci.
30 (3), 564-574. https://doi.org/10.1111/jvs.12743.

Arnason, T., Lambert, J.D.H., Gale, J., Cal, J., Vernon, H., 1982. Decline of soil fertility due to intensification of land use by shifting agriculturists in Belize, Central
America. Agro-Ecosyst. 8 (1), 27-37. https://doi.org/10.1016/0304-3746(82)90012-9.

Balslev, H., Bernal, R., Fay, M.F., 2016. Palms - emblems of tropical forests. Bot. J. Linn. Soc. 182 (2), 195-200. https://doi.org/10.1111/b0j.12465.

Bartley, T.J., McCann, K.S., Bieg, C., Cazelles, K., Granados, M., Guzzo, M.M., MacDougall, A.S., Tunney, T.D., McMeans, B.C., 2019. Food web rewiring in a changing
world. In: In Nature Ecology and Evolution, 3. Nature Publishing Group, pp. 345-354. https://doi.org/10.1038/541559-018-0772-3.

Bates, D., Méchler, M., Bolker, B., Walker, S., 2015. Fitting Linear Mixed-Effects Models Using Ime4. J. Stat. Softw. 67 (1), 1-48. https://doi.org/10.18637/jss.v067.
i0l.

Blossey, B., Nuzzo, V., Dévalos, A., Mayer, M., Dunbar, R., Landis, D.A., Evans, J.A., Minter, B., 2021. Residence time determines invasiveness and performance of
garlic mustard (Alliaria petiolata) in North America. Ecol. Lett. 24 (2), 327-336. https://doi.org/10.1111/ELE.13649.

Boonman, C.C.F., Huijbregts, M.A.J., Benitez-Lopez, A., Schipper, A.M., Thuiller, W., Santini, L., 2022. Trait-based projections of climate change effects on global
biome distributions. Divers. Distrib. 28 (1), 25-37. https://doi.org/10.1111/DDI.13431.

Braun-Blanquet, J., 1964. Pflanzensoziologie: Grundziige der Vegetationskunde (, 3rd edn. Springer Verlag.

Broschat, T.K., Elliott, M.L., Hodel, D.R., 2014. Ornamental Palms: Biology and Horticulture. In: In Horticultural Reviews, 42. John Wiley & Sons, Ltd, pp. 1-120.
(https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118916827.ch01).

Brousseau, P.-M., Gravel, D., Handa, .T., 2019. Traits of litter-dwelling forest arthropod predators and detritivores covary spatially with traits of their resources.
Ecology 100 (10), e02815.

Brustel, H., 2012. Polytrap 2010: new “soft design™ window flight trap for saproxylic beetles. Saproxylic Beetles. : Eur.: Monit., Biol. Conserv. Short. Note Stud. For.
Slov., Prof. Sci. Works 137, 91-92.

Buchsbaum, U., Fuchs, G., 2016. Paysandisia archon (BURMEISTER, 1880) am Gardasee (Nord-Italien) nachgewiesen (Lepidoptera: Castniidae). Nachr. Der Bayer.
Entomol. 65 (1/2), 34-37.

Butler, C.J., Curtis, J.L., McBride, K., Arbour, D., Heck, B., 2011. Modeling the distribution of the dwarf palmetto (Sabal minor; Arecaceae) in McCurtain County,
Oklahoma. Southwest. Nat. 56 (1), 66-70. https://doi.org/10.1894/JB-15.1.

Butler, C.J., Larson, M., 2020. Climate change winners and losers: The effects of climate change on five palm species in the Southeastern United States. Ecol. Evol. 10
(19), 10408-10425. https://doi.org/10.1002/ece3.6697.

Butler, C.J., Tran, H.B., 2017. Dwarf Palmetto ( Sabal minor) Population Increase in Southeastern Oklahoma. Castanea 82 (2), 163-168. https://doi.org/10.2179/16-
114.

Campagnaro, T., Brundu, G., Burrascano, S., Celesti-Grapow, L., La Mantia, T., Sitzia, T., Badalamenti, E., 2022. Tree invasions in Italian forests. For. Ecol. Manag.
521, 120382. https://doi.org/10.1016/J.FOREC0.2022.120382.

Ceschi, I. (2006). Il bosco del Cantone Ticino. Dipartimento del territorio; Armando Dado Editore. (https://books.google.ch/books?id=pJJWQwWAACAAJ).

Conedera, M., Krebs, P., Gehring, E., Wunder, J., Hiilsmann, L., Abegg, M., Maringer, J., 2021. How future-proof is Sweet chestnut (Castanea sativa) in a global change
context? For. Ecol. Manag. 494, 119320. https://doi.org/10.1016/J.FOREC0.2021.119320.

Conedera, M., Wohlgemuth, T., Tanadini, M., Pezzatti, G.B., 2018. Drivers of broadleaved evergreen species spread into deciduous forests in the southern Swiss Alps.
Reg. Environ. Change 18 (2), 425-436. https://doi.org/10.1007/s10113-017-1212-7.

Cornwell, W.K., Cornelissen, J.H.C., Amatangelo, K., Dorrepaal, E., Eviner, V.T., Godoy, O., Hobbie, S.E., Hoorens, B., Kurokawa, H., Pérez-Harguindeguy, N.,
Quested, H.M., Santiago, L.S., Wardle, D.A., Wright, I.J., Aerts, R., Allison, S.D., van Bodegom, P., Brovkin, V., Chatain, A., Westoby, M., 2008. Plant species traits
are the predominant control on litter decomposition rates within biomes worldwide. Ecol. Lett. 11 (10), 1065-1071. https://doi.org/10.1111/j.1461-
0248.2008.01219.x.

Crooks, J.A., Soulé, M.E., Sandlund, O.T., 1999. Lag times in population explosions of invasive species: causes and implications. Invasive Species Biodivers. Manag.
24, 103-125.

Crous, C.J., Burgess, T.I, Le Roux, J.J., Richardson, D.M., Slippers, B., Wingfield, M.J., 2017. Ecological disequilibrium drives insect pest and pathogen accumulation
in non-native trees. AoB PLANTS 9 (1), 1-16. https://doi.org/10.1093/A0OBPLA/PLW081.

Dalle Fratte, M., Brusa, G., Pierce, S., Zanzottera, M., Cerabolini, B.E.L., 2019. Plant trait variation along environmental indicators to infer global change impacts.
Flora 254, 113-121. https://doi.org/10.1016/j.flora.2018.12.004.

Di Marco, M., Santini, L., Corcos, D., Tschorsnig, H.-P., Cerretti, P., 2023. Elevational homogenization of mountain parasitoids across six decades. Proc. Natl. Acad.
Sci. 120 (46) e2308273120.

Dominy, N.J., Grubb, P.J., Jackson, R.V., Lucas, P.W., Metcalfe, D.J., Svenning, J.-C., Turner, .M., 2008. In tropical lowland rain forests monocots have tougher leaves
than dicots, and include a new kind of tough leaf. Ann. Bot. 101 (9), 1363-1377.

Eiserhardt, W.L., Svenning, J.C., Kissling, W.D., Balslev, H., 2011. Geographical ecology of the palms (Arecaceae): Determinants of diversity and distributions across
spatial scales. Ann. Bot. 108 (8), 1391-1416. https://doi.org/10.1093/aob/mcr146.

Elsen, P.R., Saxon, E.C., Simmons, B.A., Ward, M., Williams, B.A., Grantham, H.S., Kark, S., Levin, N., Perez-Hammerle, K.V., Reside, A.E., Watson, J.E.M., 2022.
Accelerated shifts in terrestrial life zones under rapid climate change. Glob. Change Biol. 28 (3), 918-935. https://doi.org/10.1111/GCB.15962.

Ewel, J.J., 1976. Litter Fall and Leaf Decomposition in a Tropical Forest Succession in Eastern Guatemala. J. Ecol. 64 (1), 293. https://doi.org/10.2307/2258696.

Fang, X., Shen, G., Yang, Q., Liu, H., Ma, Z., Deane, D.C., Wang, X., 2017. Habitat heterogeneity explains mosaics of evergreen and deciduous trees at local-scales in a
subtropical evergreen broad-leaved forest. J. Veg. Sci. 28 (2), 379-388. https://doi.org/10.1111/JVS.12496.

Farris-Lopez, K., Denslow, J.S., Moser, B., Passmore, H., 2004. Influence of a common palm, Oenocarpus mapora, on seedling establishment in a tropical moist forest
in Panama. J. Trop. Ecol. 20 (4), 429-438. https://doi.org/10.1017/50266467404001531.

Fehr, V., Buitenwerf, R., Svenning, J.C., 2020. Non-native palms (Arecaceae) as generators of novel ecosystems: A global assessment. Divers. Distrib. 26 (11),
1523-1538. https://doi.org/10.1111/ddi.13150.

Fehr, V., Burga, C.A., 2016. Aspects and Causes of Earlier and Current Spread of Trachycarpus fortunei in the Forests of Southern Ticino and. Palms 60 (3), 125-136.
https://doi.org/10.5167/uzh-127489.

Fehr, V., Conedera, M., Fratte, M.D., Cerabolini, B., Benedetti, C., Buitenwerf, R., Svenning, J., Maspoli, G., Pezzatti, G.B., 2024. The alien Chinese windmill palm
(Trachycarpus fortunei) impacts forest vegetation and regeneration on the southern slope of the European Alps. Appl. Veg. Sci. 27 (1). https://doi.org/10.1111/
avsc.12765.

Fernandez, R.D., Castro-Diez, P., Aragon, R., Pérez-Harguindeguy, N., 2021. Changes in community functional structure and ecosystem properties along an invasion
gradient of Ligustrum lucidum. J. Veg. Sci. 32 (6), €13098. https://doi.org/10.1111/JVS.13098.

Finerty, G.E., de Bello, F., Bil4, K., Berg, M.P., Dias, A.T.C., Pezzatti, G.B., Moretti, M., 2016. Exotic or not, leaf trait dissimilarity modulates the effect of dominant
species on mixed litter decomposition. J. Ecol. 104 (5), 1400-1409. https://doi.org/10.1111/1365-2745.12602.

Galetti, M., Keuroghlian, A., Hanada, L., Morato, M.I., 2001. Frugivory and Seed Dispersal by the Lowland Tapir (Tapirus terrestris) in Southeast Brazill. Biotropica 33
(4), 723-726. https://doi.org/10.1111/j.1744-7429.2001.tb00232.x.

Garcia-Palacios, P., McKie, B.G., Handa, I.T., Frainer, A., Hattenschwiler, S., 2016. The importance of litter traits and decomposers for litter decomposition: a
comparison of aquatic and terrestrial ecosystems within and across biomes. Funct. Ecol. 30 (5), 819-829.

Garcfa-Palacios, P., Mckie, B., Handa, I.T., Frainer, A., Hattenschwiler, S., 2016. The importance of litter traits and decomposers for litter decomposition: a
comparison of aquatic and terrestrial ecosystems within and across biomes. Funct. Ecol. 30 (5), 819-829. https://doi.org/10.1111/1365-2435.12589.

13


http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref1
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref1
https://doi.org/10.1111/jvs.12743
https://doi.org/10.1016/0304-3746(82)90012-9
https://doi.org/10.1111/boj.12465
https://doi.org/10.1038/s41559-018-0772-3
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1111/ELE.13649
https://doi.org/10.1111/DDI.13431
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref9
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118916827.ch01
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref11
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref11
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref12
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref12
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref13
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref13
https://doi.org/10.1894/JB-15.1
https://doi.org/10.1002/ece3.6697
https://doi.org/10.2179/16-114
https://doi.org/10.2179/16-114
https://doi.org/10.1016/J.FORECO.2022.120382
https://books.google.ch/books?id=pJJWQwAACAAJ
https://doi.org/10.1016/J.FORECO.2021.119320
https://doi.org/10.1007/s10113-017-1212-7
https://doi.org/10.1111/j.1461-0248.2008.01219.x
https://doi.org/10.1111/j.1461-0248.2008.01219.x
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref21
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref21
https://doi.org/10.1093/AOBPLA/PLW081
https://doi.org/10.1016/j.flora.2018.12.004
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref24
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref24
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref25
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref25
https://doi.org/10.1093/aob/mcr146
https://doi.org/10.1111/GCB.15962
https://doi.org/10.2307/2258696
https://doi.org/10.1111/JVS.12496
https://doi.org/10.1017/S0266467404001531
https://doi.org/10.1111/ddi.13150
https://doi.org/10.5167/uzh-127489
https://doi.org/10.1111/avsc.12765
https://doi.org/10.1111/avsc.12765
https://doi.org/10.1111/JVS.13098
https://doi.org/10.1111/1365-2745.12602
https://doi.org/10.1111/j.1744-7429.2001.tb00232.x
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref37
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref37
https://doi.org/10.1111/1365-2435.12589

V. Fehr et al. Global Ecology and Conservation 56 (2024) e03303

Garcia-Palacios, P., Shaw, E.A., Wall, D.H., Hattenschwiler, S., 2016. Temporal dynamics of biotic and abiotic drivers of litter decomposition. Ecol. Lett. 19 (5),
554-563. https://doi.org/10.1111/ele.12590.

Gianoni, G., Carraro, G., Klotzli, F., 1988. Thermophile, an laurophyllen Pflanzenarten reiche Waldgesellschaften im hyperinsubrischen Seenbereich des Tessins. Ber.
Des. Geobot. Inst. Der ETH, Stift. R. iiBel. 54, 164-180.

Gossner, M.M., Simons, N.K., Achtziger, R., Blick, T., Dorow, W.H.O., Dziock, F., Kohler, F., Rabitsch, W., Weisser, W.W., 2015. A summary of eight traits of
Coleoptera, Hemiptera, Orthoptera and Araneae, occurring in grasslands in Germany. Sci. Data 2 (1), 150013. https://doi.org/10.1038/sdata.2015.13.

Graca, M.A.S., Bérlocher, F., Gessner, M.O., 2005. Methods to study litter decomposition: A practical guide. Methods to Study Litter Decomposition: A Practical Guide.
Springer Netherlands. https://doi.org/10.1007/1-4020-3466-0.

Gregor, H.-J., 1980. Zum Vorkommen fossiler Palmenreste im Jungtertidr Europas un ter besonderer Beriicksichtigung der Ablagerungen der Oberen Siiwasser-
Molasse Siid-Deutschlands. Ber. Der Bayer. Bot. Ges. Zur. Erforsch. Der Heim. Flora 51, 135-144. (www.bbgev.de;www.biologiezentrum.at).

Grubb, P.J., Jackson, R.V., Barberis, I.M., Bee, J.N., Coomes, D.A., Dominy, N.J., De La Fuente, M.A.S., Lucas, P.W., Metcalfe, D.J., Svenning, J.-C., others, 2008.
Monocot leaves are eaten less than dicot leaves in tropical lowland rain forests: correlations with toughness and leaf presentation. Ann. Bot. 101 (9), 1379-1389.

Handa, L.T., Aerts, R., Berendse, F., Berg, M.P., Bruder, A., Butenschoen, O., Chauvet, E., Gessner, M.O., Jabiol, J., Makkonen, M., McKie, B.G., Malmgvist, B.,
Peeters, E.T.H.M., Scheu, S., Schmid, B., Van Ruijven, J., Vos, V.C.A., Hattenschwiler, S., 2014. Consequences of biodiversity loss for litter decomposition across
biomes. Nature 509 (7499), 218-221. https://doi.org/10.1038/naturel13247.

Hassall, M., Tuck, J.M., 2007. Sheltering behavior of terrestrial isopods in grasslands. Invertebr. Biol. 126 (1), 46-56. https://doi.org/10.1111/J.1744-
7410.2007.00075.X.

Henderson, A. (2002). Evolution and Ecology of Palms. New York Botanical Garden Press. (https://books.google.ch/books?id=X4XwAAAAMAAJ).

Hobbs, R.J., Arico, S., Aronson, J., Baron, J.S., Bridgewater, P., Cramer, V.A., Epstein, P.R., Ewel, J.J., Klink, C.A., Lugo, A.E., Norton, D., Ojima, D., Richardson, D.M.,
Sanderson, E.W., Valladares, F., Vila, M., Zamora, R., Zobel, M., 2006. Novel ecosystems: theoretical and management aspects of the new ecological world order.
Glob. Ecol. Biogeogr. 15 (1), 1-7. https://doi.org/10.1111/j.1466-822X.2006.00212.x.

Hobbs, R.J., Higgs, E., Harris, J.A., 2009. Novel ecosystems: implications for conservation and restoration. Trends Ecol. Evol. 24 (11), 599-605. https://doi.org/
10.1016/j.tree.2009.05.012.

Hodel, D.R., 2009. Biology of Palms and Implications for Management in the Landscape. HortTechnology 19 (4), 676-681. https://doi.org/10.21273/
HORTTECH.19.4.676.

Holmquist, J.G., Schmidt-Gengenbach, J., Slaton, M.R., 2011. Influence of invasive palms on terrestrial arthropod assemblages in desert spring habitat. Biol. Conserv.
144 (1), 518-525. https://doi.org/10.1016/j.biocon.2010.10.007.

Info Flora. (2023). Neophyten-Infoblatt: Trachycarpus fortunei. (https://www.infoflora.ch/assets/content/documents/neophyten/inva_trac_for_d.pdf).

IPCC. (2023). Climate Change 2023: Synthesis Report. A Report of the Intergovernmental Panel on Climate Change. Contribution of Working Groups I, II and III to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva, Switzerland, 24.

Katayama, N., Amano, T., Naoe, S., Yamakita, T., Komatsu, I., Takagawa, S., Sato, N., Ueta, M., Miyashita, T., 2014. Landscape Heterogeneity-Biodiversity
Relationship: Effect of Range Size. PLoS ONE 9 (3), €93359. https://doi.org/10.1371/journal.pone.0093359.

Keane, R.M., Crawley, M.J., 2002. Exotic plant invasions and the enemy release hypothesis. Trends Ecol. Evol. 17 (4), 164-170. https://doi.org/10.1016/50169-5347
(02)02499-0.

Kerr, M.R., Ordonez, A., Riede, F., Svenning, J., 2023. A biogeographic-macroecological perspective on the rising novelty of the biosphere in the Anthropocene.
J. Biogeogr. https://doi.org/10.1111/jbi.14762.

Kissling, W.D., Balslev, H., Baker, W.J., Dransfield, J., Goldel, B., Lim, J.Y., Onstein, R.E., Svenning, J.-C., 2019. PalmTraits 1.0, a species-level functional trait
database of palms worldwide. Sci. Data 6 (1), 178. https://doi.org/10.1038/s41597-019-0189-0.

Kissling, W.D., Eiserhardt, W.L., Baker, W.J., Borchsenius, F., Couvreur, T.L.P., Balslev, H., Svenning, J.-C., 2012. Cenozoic imprints on the phylogenetic structure of
palm species assemblages worldwide. Proc. Natl. Acad. Sci. 109 (19), 7379-7384. https://doi.org/10.1073/pnas.1120467109.

Klaiber, J., Altermatt, F., Birrer, S., Chittaro, Y., Dziock, F., Gonseth, Y., Hoess, R., Keller, D., Kiichler, H., Luka, H., others, 2017. Fauna Indic. Fauna Indic. 54, 1-192.

Klotzli, F., Walther, G.R., 1999. Conference on Recent Shifts in Vegetation Boundaries of Deciduous Forests, Especially Due to General Global Warming. Conference on
Recent Shifts in Vegetation Boundaries of Deciduous Forests, Especially Due to General Global Warming. Birkhauser Basel. https://doi.org/10.1007/978-3-0348-
8722-9.

Koike, F. (2006). Invasion of an alien palm (Trachycarpus fortunei) into a large forest. In IUCN (Ed.), Assessment and Control of Biological Invasion Risks (pp.
200-203). (http://vegel.kan.ynu.ac.jp/isp/PDF/Koike_palm_invasion.pdf).

Labhart, T.P. (2005). Geologie der Schweiz. Ott. (https://books.google.ch/books?id=PbJKewAACAAJ).

Lavorel, S., Garnier, E., Garnier, E., 2002. Predicting changes in community composition and ecosystem functioning from plant traits: revisiting the Holy Grail. Funct.
Ecol. 16 (5), 545-556. https://doi.org/10.1046/].1365-2435.2002.00664.x.

Litt, A.R., Cord, E.E., Fulbright, T.E., Schuster, G.L., 2014. Effects of Invasive Plants on Arthropods. Conserv. Biol. 28 (6), 1532-1549. https://doi.org/10.1111/
cobi.12350.

Liu, X., Leroy, C.J., Guo, Y., Song, S., Wu, J., Wang, Z., Luan, F., Song, Q., Fang, X., Yang, Q., & Liu, J. (2022). Responses of subtropical deciduous and evergreen trees to
varying intensities of herbivory. https://doi.org/10.21203/RS.3.RS-1949227/V1.

Liidecke, D., Ben-Shachar, M.S., Patil, 1., Waggoner, P., Makowski, D., 2021. performance: An R package for assessment, comparison and testing of statistical models.
J. Open Source Softw. 6 (60).

Medzihorsky, V., Trombik, J., Mally, R., Tur¢ani, M., Liebhold, A.M., 2023. Insect invasions track a tree invasion: Global distribution of black locust herbivores.
J. Biogeogr. 50 (7), 1285-1298. https://doi.org/10.1111/JB1.14625.

MeteoSwiss. (2023). Climate normals 1981-2010 of Lugano. (https://www.meteoschweiz.admin.ch/service-und-publikationen/applikationen/ext/climate-climsheet.
html).

Milosavljevié, 1., El-Shafie, H.A.F., Faleiro, J.R., Hoddle, C.D., Lewis, M., Hoddle, M.S., 2019. Palmageddon: the wasting of ornamental palms by invasive palm
weevils, Rhynchophorus spp. J. Pest Sci. 92 (1), 143-156. https://doi.org/10.1007/s10340-018-1044-3.

Mori, E., Rustici, P., Dapporto, L., Pasquali, L., Petrucci, F., Mazza, G., 2022. Invasions by the palm borer moth Paysandisia archon in Italy and assessment of its
trophic spectrum. Biol. Invasions 1-14. https://doi.org/10.1007/510530-022-02981-6/TABLES/2.

Munoz-Adalia, E.J., Colinas, C., 2020. The invasive moth Paysandisia archon in Europe: Biology and control options. J. Appl. Entomol. 144 (5), 341-350. https://doi.
org/10.1111/JEN.12746.

Obrist, M.K., Duelli, P., 2010. Rapid biodiversity assessment of arthropods for monitoring average local species richness and related ecosystem services. Biodivers.
Conserv. 19 (8), 2201-2220. https://doi.org/10.1007/s10531-010-9832-y.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, P., Mcglinn, D., Minchin, P.R., O’hara, R.B., Simpson, G.L., Solymos, P., Henry, M., Stevens, H.,
Szoecs, E., Maintainer, H.W., 2020. Package “vegan”. Title Community Ecol. Package Version 2, 5-7.

Ordonez, A., Williams, J.W., Svenning, J.-C., 2016. Mapping climatic mechanisms likely to favour the emergence of novel communities. Nat. Clim. Change 6 (12),
1104-1109. https://doi.org/10.1038/nclimate3127.

Pearson, D.E., 2009. Invasive plant architecture alters trophic interactions by changing predator abundance and behavior. Oecologia 159 (3), 549-558. https://doi.
0rg/10.1007/5s00442-008-1241-5.

Peeters, P.J., Sanson, G., Read, J., 2007. Leaf biomechanical properties and the densities of herbivorous insect guilds. Funct. Ecol. 246-255.

Penuelas, J., Boada, M., 2003. A global change-induced biome shift in the Montseny mountains (NE Spain). Glob. Change Biol. 9 (2), 131-140. https://doi.org/
10.1046/J.1365-2486.2003.00566.X.

Pérez-Harguindeguy, N., D\'\iaz, S., Cornelissen, J.H.C., Vendramini, F., Cabido, M., Castellanos, A., 2000. Chemistry and toughness predict leaf litter decomposition
rates over a wide spectrum of functional types and taxa in central Argentina. Plant Soil 218, 21-30.

14


https://doi.org/10.1111/ele.12590
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref40
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref40
https://doi.org/10.1038/sdata.2015.13
https://doi.org/10.1007/1-4020-3466-0
http://www.bbgev.de;www.biologiezentrum.at
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref44
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref44
https://doi.org/10.1038/nature13247
https://doi.org/10.1111/J.1744-7410.2007.00075.X
https://doi.org/10.1111/J.1744-7410.2007.00075.X
https://books.google.ch/books?id=X4XwAAAAMAAJ
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1016/j.tree.2009.05.012
https://doi.org/10.1016/j.tree.2009.05.012
https://doi.org/10.21273/HORTTECH.19.4.676
https://doi.org/10.21273/HORTTECH.19.4.676
https://doi.org/10.1016/j.biocon.2010.10.007
https://www.infoflora.ch/assets/content/documents/neophyten/inva_trac_for_d.pdf
https://doi.org/10.1371/journal.pone.0093359
https://doi.org/10.1016/S0169-5347(02)02499-0
https://doi.org/10.1016/S0169-5347(02)02499-0
https://doi.org/10.1111/jbi.14762
https://doi.org/10.1038/s41597-019-0189-0
https://doi.org/10.1073/pnas.1120467109
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref56
https://doi.org/10.1007/978-3-0348-8722-9
https://doi.org/10.1007/978-3-0348-8722-9
http://vege1.kan.ynu.ac.jp/isp/PDF/Koike_palm_invasion.pdf
https://books.google.ch/books?id=PbJKewAACAAJ
https://doi.org/10.1046/j.1365-2435.2002.00664.x
https://doi.org/10.1111/cobi.12350
https://doi.org/10.1111/cobi.12350
https://doi.org/10.21203/RS.3.RS-1949227/V1
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref60
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref60
https://doi.org/10.1111/JBI.14625
https://www.meteoschweiz.admin.ch/service-und-publikationen/applikationen/ext/climate-climsheet.html
https://www.meteoschweiz.admin.ch/service-und-publikationen/applikationen/ext/climate-climsheet.html
https://doi.org/10.1007/s10340-018-1044-3
https://doi.org/10.1007/S10530-022-02981-6/TABLES/2
https://doi.org/10.1111/JEN.12746
https://doi.org/10.1111/JEN.12746
https://doi.org/10.1007/s10531-010-9832-y
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref66
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref66
https://doi.org/10.1038/nclimate3127
https://doi.org/10.1007/s00442-008-1241-5
https://doi.org/10.1007/s00442-008-1241-5
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref69
https://doi.org/10.1046/J.1365-2486.2003.00566.X
https://doi.org/10.1046/J.1365-2486.2003.00566.X
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref71
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref71

V. Fehr et al. Global Ecology and Conservation 56 (2024) e03303

Peters, H.A., Pauw, A., Silman, M.R., Terborgh, J.W., 2004. Falling palm fronds structure Amazonian rainforest sapling communities. Proc. R. Soc. B: Biol. Sci. 271 (5),
$367-8369. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810079/).

Pey, B., Laporte, B., Hedde, M., 2014. BETSI database tutorial. p. 33.

Postigo Mijarra, J.M., Barrén, E., Gémez Manzaneque, F., Morla, C., 2009. Floristic changes in the Iberian Peninsula and Balearic Islands (south-west Europe) during
the Cenozoic. J. Biogeogr. 36 (11), 2025-2043. https://doi.org/10.1111/J.1365-2699.2009.02142.X.

R Core Team. (2022). R: A language and environment for statistical computing. R Foundation for Statistical Computing. (https://www.r-project.org/).

Rivera, D., Abellan, J., Rivera-Obén, D.-J., Palazon, J.A., Martinez-Rico, M., Alcaraz, F., Johnson, D., Obdn, C., Sosa, P.A., 2023. Expanding dendrochronology to
palms: A Bayesian approach to the visual estimate of a palm tree age in urban and natural spaces, 100301 Curr. Plant Biol. 35-36. https://doi.org/10.1016/j.
¢pb.2023.100301.

Roberge, G., Handa, L.T., Juette, T., Kneeshaw, D., 2024. Invasive Glossy Buckthorn (Frangula alnus) Has Weak Impact on Native Understory Plant and Saprophagous
Macroarthropod Communities. Diversity 16 (9), 584. https://doi.org/10.3390/d16090584.

Sattler, T., Duelli, P., Obrist, M.K., Arlettaz, R., Moretti, M., 2010. Response of arthropod species richness and functional groups to urban habitat structure and
management. Landsc. Ecol. 25 (6), 941-954. https://doi.org/10.1007/510980-010-9473-2.

Schielzeth, H., Nakagawa, S., 2013. Nested by design: model fitting and interpretation in a mixed model era. Methods Ecol. Evol. 4 (1), 14-24.

Schirmel, J., Bundschuh, M., Entling, M.H., Kowarik, L., Buchholz, S., 2016. Impacts of invasive plants on resident animals across ecosystems, taxa, and feeding types:
A global assessment. Glob. Change Biol. 22 (2), 594-603. https://doi.org/10.1111/gcb.13093.

Schlaepfer, M.A., 2018. Do non-native species contribute to biodiversity? PLoS Biol. 16 (4), 1-6. https://doi.org/10.1371/journal.pbio.2005568.

Sohlstrom, E.H., Marian, L., Barnes, A.D., Haneda, N.F., Scheu, S., Rall, B.C., Brose, U., Jochum, M., 2018. Applying generalized allometric regressions to predict live
body mass of tropical and temperate arthropods. Ecol. Evol. 8 (24), 12737-12749. https://doi.org/10.1002/ece3.4702.

Speight, M.C.D., 2017. The Syrph the Net database of European Syrphidae (Diptera), past, present and future. Syrph Net., Database Eur. Syrphidae (Diptera) 96, 19.

Stein, A., Gerstner, K., Kreft, H., 2014. Environmental heterogeneity as a universal driver of species richness across taxa, biomes and spatial scales. Ecol. Lett. 17 (7),
866-880. https://doi.org/10.1111/ELE.12277.

Stohlgren, T.J., Barnett, D.T., Jarnevich, C.S., Flather, C., Kartesz, J., 2008. The myth of plant species saturation. Ecol. Lett. 11 (4), 313-322. https://doi.org/10.1111/
j.1461-0248.2008.01153.x.

Svenning, J.-C.C., Sandel, B., 2013. Disequilibrium vegetation dynamics under future climate change. Am. J. Bot. 100 (7), 1266-1286. https://doi.org/10.3732/
ajb.1200469.

Talley, T.S., Nguyen, K.-C., Nguyen, A., 2012. Testing the Effects of an Introduced Palm on a Riparian Invertebrate Community in Southern California. PLoS ONE 7 (8),
e42460. https://doi.org/10.1371/journal.pone.0042460.

Thomas, C.D., 2020. The development of Anthropocene biotas. Philos. Trans. R. Soc. B: Biol. Sci. 375 (1794), 20190113. https://doi.org/10.1098/rstb.2019.0113.

Tomlinson, P.B., Horn, J.W., Fisher, J.B., 2011. The Anatomy of Palms: Arecaceae - Palmae. OUP, Oxford. (https://books.google.ch/books?id=Wtb6hqmS3T0C).

Tonellotto, M., Fehr, V., Conedera, M., Hunziker, M., Pezzatti, G.B., 2022. Iconic but Invasive: The Public Perception of the Chinese Windmill Palm (Trachycarpus
fortunei) in Switzerland. Environ. Manag. 70, 618-632. (https://link.springer.com/article/10.1007/500267-022-01646-3).

Vila, M., Espinar, J.L., Hejda, M., Hulme, P.E., Jarosik, V., Maron, J.L., Pergl, J., Schaffner, U., Sun, Y., Pysek, P., 2011. Ecological impacts of invasive alien plants: a
meta-analysis of their effects on species, communities and ecosystems: Ecological impacts of invasive alien plants. Ecol. Lett. 14 (7), 702-708. https://doi.org/
10.1111/j.1461-0248.2011.01628.x.

Walther, G.R., Carraro, G., Klotzli, F., 2001. Evergreen broad-leaved species as indicators for climate change. “Fingerprints” of climate change. Springer, pp. 151-162.

Walther, G.R., Gritti, E.S., Berger, S., Hickler, T., Tang, Z., Sykes, M.T., 2007. Palms tracking climate change. Glob. Ecol. Biogeogr. 16 (6), 801-809. https://doi.org/
10.1111/j.1466-8238.2007.00328.x.

Wang, Y.H., Augspurger, C., 2006. Comparison of seedling recruitment under arborescent palms in two Neotropical forests. Oecologia 147 (3), 533-545. https://doi.
org/10.1007/s00442-005-0279-x.

Warburg, M.R., Linsenmair, K.E., Bercovitz, K., 1984. The effect of climate on the distribution and abundance of Isopods. Symp. Zool. Soc. Lond. 53, 339-367.

Young, H.S., McCauley, D.J., Pollock, A., Dirzo, R., 2014. Differential plant damage due to litterfall in palm-dominated forest stands in a Central Pacific atoll. J. Trop.
Ecol. 30 (3), 231-236. https://doi.org/10.1017/5026646741400008X.

15


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810079/
https://doi.org/10.1111/J.1365-2699.2009.02142.X
https://www.r-project.org/
https://doi.org/10.1016/j.cpb.2023.100301
https://doi.org/10.1016/j.cpb.2023.100301
https://doi.org/10.3390/d16090584
https://doi.org/10.1007/s10980-010-9473-2
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref77
https://doi.org/10.1111/gcb.13093
https://doi.org/10.1371/journal.pbio.2005568
https://doi.org/10.1002/ece3.4702
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref81
https://doi.org/10.1111/ELE.12277
https://doi.org/10.1111/j.1461-0248.2008.01153.x
https://doi.org/10.1111/j.1461-0248.2008.01153.x
https://doi.org/10.3732/ajb.1200469
https://doi.org/10.3732/ajb.1200469
https://doi.org/10.1371/journal.pone.0042460
https://doi.org/10.1098/rstb.2019.0113
https://books.google.ch/books?id=Wtb6hqmS3T0C
https://link.springer.com/article/10.1007/s00267-022-01646-3
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1111/j.1461-0248.2011.01628.x
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref90
https://doi.org/10.1111/j.1466-8238.2007.00328.x
https://doi.org/10.1111/j.1466-8238.2007.00328.x
https://doi.org/10.1007/s00442-005-0279-x
https://doi.org/10.1007/s00442-005-0279-x
http://refhub.elsevier.com/S2351-9894(24)00507-9/sbref93
https://doi.org/10.1017/S026646741400008X

	Non-native palm affects arthropod communities and litter decomposition in an ongoing biome shift
	1 Introduction
	2 Methods
	2.1 Study region
	2.2 Sampling design
	2.3 Arthropod sampling and identification
	2.4 Litter decomposition experiment
	2.5 Environmental variables
	2.6 Data analysis

	3 Results
	3.1 Arthropod communities from window and pitfall traps
	3.2 Arthropod communities from branch beating
	3.3 Environmental variables affecting arthropod communities
	3.4 Leaf-litter decomposition

	4 Discussion
	4.1 Arthropod species richness, abundance and composition
	4.2 Litter decomposition
	4.3 Future dynamics and ecosystem-level implications

	5 Conclusion
	Ethics Statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	datalink11
	References


