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Abstract

Questions: Both species turnover and intraspecific trait variation can affect plant as-
semblage dynamics along environmental gradients. Here, we asked how community
assemblage patterns in relation to species turnover and intraspecific variation differ
between endemic and non-endemic species. We hypothesized that endemic species
show lower intraspecific variation than non-endemic species because they tend to
have high rates of in situ speciation, whereas non-endemic species are expected to
have a larger gene pool and higher phenotypic plasticity.

Location: La Palma, Canary Islands.

Methods: We established 44 sampling sites along a directional gradient of precipita-
tion, heat load, soil nitrogen, phosphorus and pH. Along this gradient, we estimated
species abundances and measured three traits (plant height, leaf area and leaf thick-
ness) on perennial endemic and non-endemic plant species. In total, we recorded traits
for 1,223 plant individuals of 43 species. Subsequently, we calculated community-
weighted mean traits to measure the relative contribution of species turnover, in-
traspecific variation and their covariation along the analysed gradient.

Results: The contribution of intraspecific variation to total variation was similar in
endemic and non-endemic assemblages. For plant height, intraspecific variation ex-
plained roughly as much variation as species turnover. For leaf area and leaf thickness,
intraspecific variation explained almost no variation. Species turnover effects mainly
drove trait responses along the environmental gradient, but intraspecific variation
was important for responses in leaf area to precipitation.

Conclusions: Despite their distinct evolutionary history, endemic and non-endemic
plant assemblages show similar patterns in species turnover and intraspecific varia-
tion. Our results indicate that species turnover is the main component of trait vari-
ation in the underlying study system. However, intraspecific variation can increase

individual species’ fitness in response to precipitation. Overall, our study challenges
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1 | INTRODUCTION

Oceanic islands harbour a morphologically unique and endemic-
rich flora that is often of high conservation concern (Fernandez-
Palacios et al., 2021). Multiple studies have analysed the trait
diversity (i.e. the extent of trait variation in a species assemblage)
of oceanic island floras to determine their responses to abiotic con-
ditions and stressors (Ottaviani et al., 2020; Schrader et al., 2021;
Whittaker et al., 2014). However, intraspecific trait variation has
not yet been analysed thoroughly, even though it can have import-
ant implications for the fitness and survival of species (Des Roches
et al., 2018), especially under changing environmental conditions
(Bjorklund et al., 2009; Norberg et al., 2001). Assessing trait vari-
ation of endemic species might show isolation-driven adaptations
to local environmental conditions resulting from their evolutionary
history.

Trait variation occurs both as species turnover and intraspecific
variation (de Bello et al., 2011; Leps et al., 2011). Here, we refer to
trait variation due to changes in species composition and abundance
as species turnover and to trait variation due to within-species dif-
ferences as intraspecific variation. Previous studies have found that
species turnover is usually higher than intraspecific variation across
terrestrial plant assemblages because it is a focal parameter of spe-
cies coexistence due to differing degrees of trait and niche overlap
between species (de Bello et al., 2011; Messier et al., 2010; Violle
et al., 2012). However, other studies have shown that intraspecific
variation can be as extreme as trait variation between species in
plant assemblages (Albert et al., 2010). Hence, it remains unan-
swered to what extent species turnover and intraspecific variation
contribute to total trait variation.

Oceanic islands are valuable to analyse trait variation because
they harbour both endemic and non-endemic species. Endemic
species have undergone an isolated evolution on islands through
anagenetic or cladogenetic speciation (Stuessy et al., 2006). In situ
speciation often results in specific adaptations to local environ-
mental conditions (Burns, 2019; Carlquist, 1974), possibly leading
to high trait variation between species. Non-endemic species are
either native and have colonized from the mainland by natural
means or were (un-)intentionally introduced by humans. Because
of their larger genetic pool and successful establishment in novel
environments, non-endemic species are expected to have high
phenotypic plasticity (i.e. trait variation for a given genotype in

different environments; Alexander et al.,, 2011; Davidson et al.,

the theory that intraspecific trait variation is more important for the establishment of

non-endemic species compared with endemic species.

intraspecific variation, oceanic islands, precipitation, soil acidity, soil nutrients, species
turnover, succulent scrub, traits

2011), yielding substantial intraspecific variation (Bradshaw, 1965).
Hence, we expect non-endemic species to show higher intraspe-
cific variation, whereas we expect endemic species to show higher
species turnover owing to local adaptations resulting from in situ
speciation.

Across environmental gradients, plant traits can change be-
cause of species turnover and intraspecific variation (Ackerly,
2003; Cornwell & Ackerly, 2009). Most studies state that spe-
cies turnover is the main driver of trait characteristics along gra-
dients because abiotic conditions select species with adequate
traits to survive in a given environment (Keddy, 1992; Kraft
et al.,, 2015; Weiher et al., 1998). For example, dry and high-
irradiation environments select species with water-efficient
and temperature-regulative traits, such as smaller plant height,
smaller leaf area and thicker leaves (Moles et al., 2009; Poorter
et al., 2009; Wright et al., 2017). Soil nutrient availability (nota-
bly nitrogen and phosphorus) can further affect plant trait val-
ues because of species turnover (Aerts & Chapin, 2000; Cadotte
etal., 2011; Ordofiez et al., 2009). Nutrient-deficient soils lead to
a shift from species associated with rapid resource acquisition to
species associated with resource conservation (Aerts & Chapin,
2000; Diaz et al., 2004; Ordofiez et al., 2009). Furthermore,
soil acidification can affect trait values due to species turnover
because low pH requires plants species that efficiently acquire
micronutrients or phosphorus from soils (Lambers et al., 2008).
Yet, most studies have ignored the role of intraspecific variation,
even though it can also be important in driving trait characteris-
tics along gradients (Leps et al., 2011). Simultaneously analysing
how the relative contribution of species turnover and intraspe-
cific variation change along climatic and soil gradients might
help to redefine our understanding of community assemblage
mechanisms.

In this study, we analyse species turnover and intraspecific vari-
ation in essential plant traits in endemic and non-endemic assem-
blages on the oceanic island of La Palma (Canary Islands, Spain).
First, we hypothesize that trait variation mostly depends on species
turnover rather than intraspecific variation in endemic assemblages
compared with non-endemic assemblages. Second, we hypothe-
size that species turnover and intraspecific variation decrease with
decreasing resource availability through selective filtering in plant
species assemblages. However, it is not yet clear how the relative
contributions of species turnover and intraspecific variation change

along environmental gradients.
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2 | METHODS
2.1 | Study site and plot selection

We conducted our study on La Palma (Canary lIslands, Spain)
from March to April 2018. La Palma is an oceanic island located
in the Atlantic Ocean, ca. 500 km off the coast of northwestern
Africa. The island is characterized by northeasterly trade winds
giving rise to a humid windward and a dry leeward side (Garzoén-
Machado et al., 2014). This rainfall pattern can even be observed
in the inframediterranean thermotype along the island's coast
(hereafter referred to as coastal succulent scrub), where the om-
brotypes range from arid in the southwest to upper-dry in the
northeast (Garzén-Machado et al., 2014). La Palma is a volcanic
island made of basaltic rock. It can be divided geologically into
the older northern part (ca. 2.0 Ma), where volcanic activity has
ceased and erosive processes dominate, and the younger south-
ern part, where subaerial volcanic ontogeny is ongoing (0.54 Ma
to 2021; Ancochea et al., 1994; Carracedo et al., 2001). The most
common vegetation assemblage of the coastal succulent scrub,
the Tabaibal-Cardonal vegetation, is characterized by focal spe-
cies such as Kleinia neriifolia, different Euphorbia and Echium ssp.
(del Arco Aguilar et al., 2010). Opuntia and Agave ssp. are success-
ful invaders within the Tabaibal-Cardonal vegetation as they are
adapted to arid-dry conditions (del Arco Aguilar et al., 2010). The
Tabaibal-Cardonal vegetation represents a circum-insular ecosys-
tem, in which the temperature is relatively constant and the spe-
cies pool is endemic-rich.

We selected 44 study plots along the entire coastal succulent
scrub at an elevation of ca. 100-200 m a.s.l. with a minimum dis-
tance of 700 m (Figure 1). At each point, we selected a7 m x 7 m plot
by haphazardly throwing an object to determine the centre, on the
condition that there was minimal evidence of human disturbance.
Areas affected by recent volcanic eruptions, on which vegetation is
poorly developed, were not taken into consideration. The study area
covered strong variation in both climate and soil (Table 1). Hence,
our study system is ideal for comparison of these factors and their

influence on trait variation between species assemblages.

2.2 | Vegetation survey and plant trait
measurements

We estimated the percentage coverage of every perennial plant in-
dividual visually in each plot to quantify species composition. For
each perennial species within a plot, five individuals were chosen for
trait sampling, if available. We measured three essential “soft” (i.e.
easy to measure, sensu Hodgson et al., 1999) morphological traits of
perennial plant species that capture the essence of plant form and
function. Overall, we recorded trait information for 1,223 individual
plants of 43 species (27 endemic species and 16 non-endemic spe-
cies; see Appendix S1, Table 51.1).
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To determine maximum plant height, we measured the orthogonal
distance from the upper boundary of the main photosynthetic tissues
of plants to ground level (Pérez-Harguindeguy et al., 2013). We esti-
mated leaf area based on measurements of maximum leaf length and
maximum leaf width using digital callipers. For simple-leaved species,
we measured three young but fully developed (i.e. current growing
season) and undamaged leaves (excluding petiole because it is of less
importance for light interception compared with the leaf blade) per
individual. For compound-leaved species, we measured one leaflet
of three different leaves per individual. Subsequently, we averaged
the three leaf measurements for each individual. We determined leaf
length as the maximum distance from the base to the tip of the leaf
and leaf width as the maximum distance from one side of the leaf to
the other. Assuming an oval-shaped leaf, we approximated leaf area as
the product of (leaf length x width x x)/2. For stem-photosynthesizing
succulents (Opuntia dillenii, Opuntia maxima and Euphorbia canariensis),
a leaf length of zero was determined. Leaf thickness was measured
with digital callipers at an intermediate position between the tip and
the base of the leaf, avoiding major veins. We measured leaf thickness
on the same three leaves per individual we measured leaf area. We
averaged the three measurements for each individual and determined
a leaf thickness of zero for stem-photosynthesizing succulents (O. dil-
lenii, O. maxima and E. canariensis).

2.3 | Climate and soil variables

Interpolated data for mean annual temperature and annual precipi-
tation were obtained from Irl et al. (2020). We used mean annual
temperature (range: 18.4-21.0°C) to analyse a possible effect of po-
tential direct incident radiation on trait variation. Hence, we calcu-
lated the heat load index after McCune and Keon (2002) using the
spatialEco package in R (Evans, 2021). The heat load index assumes
that a slope with the afternoon sun shining on it will have a higher
maximum temperature than an equivalent slope with the morning
sun shining on it.

To measure soil nitrogen and phosphorus content, we collected
one soil sample for each plot. Each sample consisted of a homogenized
mixture of five subsamples collected in each corner and at the centre
of the plot (from ca. 10 cm depth). The samples were passed through
a 2-mm sieve and air-dried for 3 days. Soil pH was measured using
a glass electrode in a soil/CaCl, ratio of 1:2. We determined total N
and C by dry combustion using a LECO TruSpec N auto analyser and a
LECO RC-412, respectively (LECO Corporation). Phosphorus was de-
termined following the CAL-Method described by Schiiller (1969). We
excluded soil carbon from the analyses because almost all plots had a
carbon content of ca. 0%.

We In-transformed nitrogen and phosphorus values to approxi-
mate normality, and subsequently centred and scaled all environmen-
tal variables, yielding estimates in SD units. After standardization,
we calculated correlation coefficients (Pearson's r) between the en-

vironmental variables (Appendix S2, Table S2.1).
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FIGURE 1 (a)LaPalmaisthe most northwestern island of the Canary Islands archipelago (white rectangle). (b) Map of study sites, circles
correspond to vegetation survey plots where trait data was collected (circle size = the number of species sampled in each plot; n = 44).

The proportion of sampled endemic (blue) and non-endemic (purple) species is given for each plot. All plots were sampled at an elevation
of approximately 100-200 m a.s.l. (c) Typical vegetation assemblage of the Tabaibal-Cardonal consisting of endemic species (here: Aeonium
arboreum, Euphorbia lamarckii, Rubia fruticosa) and non-endemic species (here: Agave americana, Globularia salicina, Schizogyne sericea)

TABLE 1 Mean, standard deviation and
range of environmental variables included

Min Max . .
in regression analyses
202.90 572.65
0.43 1.0
0.70 95.00
0.30 202.56
4.44 7.85

Standard
Variable Unit Mean deviation
Annual precipitation mm 37713 92.22
Heat load index 0.76 0.18
Soil nitrogen % 23.47 15.33
Soil phosphorus mg/100 g 6.02 19.37
Soil pH 6.21 0.79
Species richness (total) 9 3.46

2.4 | Total variation, species turnover and
intraspecific variation

To assess the contribution of species turnover and intraspecific vari-
ation to total variation in traits, we calculated community-weighted
mean trait values for endemic and non-endemic species assemblages

in each plot (because of the small number of non-endemic species

16

in our study system and our focus on endemic species, we did not
further differentiate between native and non-native species assem-
blages). To assess the relevance of species turnover and intraspecific
trait variation on community-weighted mean traits, we calculated
specific and fixed averages (Leps et al., 2011). Specific averages were

calculated from the plot-specific trait values per species:

- s
Specificaverage = Zi—l PiXi_piots
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where p; is the relative abundance of the ith species based on the cover

in the plot, S is the number of species and x.

i plot is the specific trait

value of the ith species for the specific plot in which it was sampled.
Fixed averages were calculated with trait values averaged over all plots
within the gradient for each species. Fixed averages are therefore plot-
independent, meaning that one species has one mean trait value re-
gardless of the plot in which it is found. Subsequently, we calculated
intraspecific variation as the difference between specific averages and

fixed averages.

2.5 | Statistical analyses

To summarize variation in plant species composition, we used Non-
Metric Multidimensional Scaling (NMDS; Minchin, 1987). NMDS
ordination was obtained using the “metaMDS” function in the R
package vegan (Oksanen et al., 2020) using Bray-Curtis dissimilarity
on the matrix of species abundances across sites. To further examine
the effects of the environmental gradients on plant species compo-
sition, we used vector fitting, as implemented in the “envfit” func-
tion (R package vegan; Oksanen et al., 2020).

We performed partitioning of trait variation among plots to
quantify how much variability can be accounted for by species turn-
over or intraspecific variability alone. The method is based on a sum
of squares decomposition (De Bello et al., 2011; Leps et al., 2011)
and was calculated using the “decompCTRE” function in the R pack-
age cati (Taudiere & Violle, 2015). This function fits an ANOVA to
each component (i.e. total variation, species turnover and intraspe-
cific variation) and takes the total sum of squares as a measure of the
total variability for the respective component. The decomposition
of sum of squares can also be applied across ANOVAs to calculate
their covariation. If the covariation between species turnover and
intraspecific variation is positive, both effects reinforce each other.
If the covariation between species turnover and intraspecific varia-
tion is negative, both effects oppose each other (e.g. when effects
of large-leaved species are decreased by small-leaved individuals).
Before analyses, we normalized leaf area and leaf thickness using an
In-transformation.

We further assessed responses in trait variation to climate, soil
and species richness because changes in trait values can be driven
by species turnover alone, by intraspecific variation alone or by
both species turnover and intraspecific variation. We built multi-
ple linear regression models for each plant trait, considering the
specific averages (which include the effect of both species turn-
over and intraspecific variation) and fixed averages as the response
variables, and the environmental variables (annual precipitation,
heat load index, soil nitrogen, soil phosphorus, soil pH and species
richness) as explanatory variables. We tested all models for qua-
dratic relationships (y = x + x%) because trait characteristics do not
necessarily change linearly along environmental gradients. We first
ran an initial full model for each trait (including all five environmen-

tal variables) and subsequently checked for spatial autocorrelation

§ Journal of Vegetation Science Jﬂ
using Moran's [ statistic. We could not detect spatial autocorrela-
tion in any of the multiple regression models. Subsequently, we
chose a model selection procedure, based on minimizing the AlCc
(Burnham & Anderson, 2002). We performed AlCc model selection
using the function “dredge” in the R package MuMiIn (Barton, 2020)
to obtain the overall best model. All analyses were performed
using R (version 4.1.1, R Core Team, R Foundation for Statistical

Computing, Vienna, AT).

3 | RESULTS
3.1 | Speciesrichness and species composition

Total species richness in the 44 plots ranged from 2 to 16, with an
average of 9. Proportion of endemic species in assemblages ranged
from 20% to 100%, with an average of 67%. Species composition var-
ied across the analysed plots on La Palma. Species composition was
significantly correlated with precipitation (r> = 0.71, p < 0.001), heat
load index (r? = 0.42, p < 0.001), soil nitrogen (r? = 0.17, p = 0.025)
and soil pH (r*=0.44, p < 0.001). Soil phosphorus had no significant
effect on species composition (r* = 0.01, p = 0.910; Figure 2).

]
B Opuntia o
i Kieinia
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] Q °
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FIGURE 2 Non-Metric Multidimensional Scaling (NMDS)
ordination of plant species assemblages in 44 plots in the coastal
succulent scrub on La Palma, Canary Islands. Circle sizes illustrate
total species richness in each plot. A Bray-Curtis similarity index
on coverage data was used. Arrows represent the environmental
variables that correlated significantly with the ordination (p < 0.05).
The stress value was 0.16. Plant icons display the position of
characteristic endemic (Aeonium davidbramwellii, Echium brevirame,
Euphorbia balsamifera) and non-endemic (Agave americana, Opuntia
maxima, Kleinia neriifolia) plant species
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3.2 | Contribution of species turnover and
intraspecific variation

The contribution of species turnover and intraspecific variation to
total variation showed only minor discrepancies between endemic
and non-endemic assemblages (Figure 3; see Appendix S2, Table
$2.2). Species turnover accounted for most variation across almost
all traits in endemic (plant height, 46%; leaf area, 98%; leaf thickness,
81%) and non-endemic assemblages (plant height, 33%; leaf area,
81%,; leaf thickness, 89%). For plant height, intraspecific variation
accounted for 31% of explained variation in endemic assemblages
and 41% of explained variation in non-endemic assemblages. For
leaf area and leaf thickness, intraspecific variation accounted for
18% and 28% of explained variation in endemic assemblages, and
7% and 6% of explained variation in non-endemic assemblages, re-
spectively. We found positive covariation between species turnover
and intraspecific variation for plant height in endemic assemblages,
and for plant height, leaf area and leaf thickness in non-endemic as-
semblages. This indicates that plots dominated by species with high
values for those traits also held individuals with comparatively high
trait values for their species. Conversely, we found negative covari-
ation between species turnover and intraspecific variation for leaf
area and leaf thickness in endemic assemblages. This indicates that
plots dominated by endemic species with high values for leaf area
and leaf thickness held individuals with comparatively low trait val-

ues for their species.

3.3 | Variation in traits along
environmental gradients

For plant height, specific averages increased significantly with in-
creasing precipitation, and both specific and fixed averages in-

creased with heat load index (Figure 4a). Also, fixed averages of plant

(a) Endemic

@ Species turnover
O Intraspecific variation

Leaf thickness

Leaf area

Plant height

height had a significant unimodal relationship with soil phosphorus
(Figure 4a). For leaf area, specific averages increased significantly
with increasing precipitation (Figure 4b). Both specific and fixed
averages of leaf area had a significant U-shaped relationship with
heat load index and increased significantly with soil phosphorus
(Figure 4b). For leaf thickness, specific and fixed averages increased
significantly with heat load index and had a significant U-shaped re-
lationship with soil nitrogen (Figure 4c). The explained variation in
the multiple regression models analysing specific averages was 27%
for plant height, 51% for leaf area and 44% for leaf thickness. The
explained variation in the multiple regression models analysing fixed
averages was 18% for plant height, 41% for leaf area and 49% for leaf
thickness (Appendix S2, Table S2.3).

Specific and fixed average relationships of endemic and non-
endemic assemblages with environmental variables were overall sim-
ilar to those of entire assemblages. Adversely, fixed averages of leaf
area decreased with species richness in endemic assemblages and
specific averages of leaf area increased with species richness in non-
endemic assemblages. Coefficient estimates and adjusted R%-values
are given in the Supporting Information (Appendix S2, Figure 52.1-2,
Table 52.3).

4 | DISCUSSION

Our study tests whether trait variation in endemic and non-endemic
plant assemblages is related to species turnover (differences in spe-
cies composition) and intraspecific variation, and what drives plant
trait variation along multiple environmental gradients in the coastal
succulent scrub of the island of La Palma. In contrast to our first
hypothesis, we found that trait variation mostly relates to species
turnover rather than intraspecific variation in both endemic and
non-endemic assemblages. Following our second hypothesis, our

study shows that total plant trait variation generally decreased with

(b) Non-endemic

@ Species turnover

O Intraspecific variation

|
I

20 40 60 80 100
% explained

o -

T
120 0

T T T T T 1
20 40 60 80 100 120
% explained

FIGURE 3 Decomposition of total variation in plant height, leaf area and leaf thickness for (a) endemic (n = 44) and (b) non-endemic

(n = 41) assemblages. Dark areas on the bars correspond to species turnover and light areas to intraspecific variation effects. Vertical black
lines denote total variation. The space between the end of the bar and the black line corresponds to the effect of covariation; if the line is to
the right the bar, the covariation is positive, whereas if the line crosses the bar, the covariation is negative
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and fixed averages of (a) plant height, (b) leaf area and (c) leaf thickness in entire plant assemblages (n = 44) across the coastal succulent
scrub of La Palma, Canary Islands. Circles denote the specific averages (species turnover and intraspecific variation); triangles denote fixed
averages only. Standardized estimates are provided for each predictor. Error bars represent confidence intervals of the coefficient estimates.
Asterisks denote statistical significance (***p < 0.001; **p < 0.01; *p < 0.05)

decreasing resource availability, mostly due to species turnover ef-
fects. The importance of intraspecific variation in driving trait re-
sponses depended on the environmental factor considered. Despite
their distinct evolutionary history, trait variation for endemic and
non-endemic assemblages on oceanic islands may be driven by simi-
lar mechanisms across strong climatic and edaphic gradients.

4.1 | Similar contribution of species turnover and
intraspecific variation

In most cases, species turnover was the main contributor to trait
variation in both endemic and non-endemic plant assemblages
on La Palma. However, we expected higher intraspecific variation
in non-endemic species because of a larger gene pool and higher
phenotypic plasticity. Indeed, we recorded few, but consistently oc-
curring invasive species (Agave americana, Opuntia dillenii, Opuntia
maxima) across the coastal succulent scrub, known to be plastic in
their traits and diverse in their genetic composition (Alexander et al.,
2011; Davidson et al., 2011). We expected high species turnover in
endemic assemblages because species that have developed on the
Canary Islands through adaptive radiation, such as species from the
genera Aeonium and Echium, are known to have high morphological
variation between species (Bohle et al., 1996; Jorgensen & Olesen,
2001; Liu, 1989). Even though trait variation was driven primarily
by species turnover, our results show that intraspecific variation in
plant height made a relatively high contribution to total trait varia-
tion both in endemic and non-endemic assemblages. These results
concur with previous studies showing that intraspecific variation has

a relevant role in total trait variation in plant height (Gross et al.,
2013; Jung et al., 2010; Leps et al., 2011). By contrast, leaf area and
leaf thickness are less plastic and hence less variable within species
(Roche et al., 2004; Wilson et al., 1999). However, we acknowledge
that trait responses can be variable because they are dependent on
functional trade-offs driven by biotic interactions (Callaway et al.,
2003) and the abiotic environment (Ackerly, 2003). Hence, the here
observed species turnover effect in plant assemblages might be bi-
ased by our trait choice and the studied environment.

Intraspecific variation contributed to trait variation not only di-
rectly, but also through covariation with species turnover effects.
Positive covariation occurred in traits of endemic and non-endemic
assemblages, which is consistent with the expectation that species
turnover and intraspecific trait responses should be in the same
direction to increase individual plant fitness (Cornwell & Ackerly,
2009). However, we also found that intraspecific variation decreases
total variation through negative covariation with species turnover
in leaf area and leaf thickness of endemic assemblages. This indi-
cates that within some individual plant species, trait characteristics
showed opposing responses in comparison with responses among
species trait characteristics (Kichenin et al., 2013; Weemstra et al.,
2021). This response of species might be driven by trait divergence
as a consequence of a reduction in niche overlap and heterospecific
competition (Ackerly et al., 2006; Schluter, 2000), which seems to be
more pronounced in endemic than non-endemic species. This dis-
tinct pattern seems reasonable because endemic species are often
associated with minor competitive ability due to their evolution in
less-competitive environments (Fernandez-Palacios et al., 2021). Our
results indicate that endemic and non-endemic assemblages underlie
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similar mechanisms shaping trait variation but might respond differ-

ently to competition because of their distinct evolutionary history.

4.2 | Strong environmental filtering of trait
characteristics due to species turnover

Specific and fixed averages showed similar responses to climatic
and edaphic variables across all traits. This overlap indicates
that species turnover is the most important contributor to total
trait variation across the analysed gradients. However, intraspe-
cific variation tended to play a substantial role in trait responses
of endemic and non-endemic assemblages to precipitation. This
result may reflect a wide variation in precipitation against more
stable heat load and soil conditions. Most of the precipitation on
La Palma falls between October and April, with extensive drought
periods in summer (Garzén-Machado et al., 2014). Environmental
variation, such as precipitation seasonality, can promote adap-
tive phenotypic plasticity for plants to increase their fitness
(Ghalambor et al., 2007). Previous studies corroborate our results
because they found that plant height and leaf area are highly re-
sponsive to precipitation within species and contribute strongly to
total trait variation (Gross et al., 2013; Jung et al., 2014; but see
Siefert et al., 2014).

Fixed averages generally decreased with decreasing resource
availability allocated by climate and soil. This result indicates that
trait-mediated environmental filtering mainly occurred by changes in
species composition of plant assemblages. Dry, highly irradiated and
infertile environments can result in low trait values because plant spe-
cies need to possess adequate traits to survive in such environments
(Keddy, 1992; Kraft et al., 2015; Weiher et al., 1998). However, we
found that plant height increased with heat load index, especially in
endemic assemblages. This pattern could indicate that heat stress for
plant height is less pronounced due to high isothermality (Moles et al.,
2009) in the succulent scrub on the Canary Islands. Large and thin
leaves generally have a low water stress tolerance, whereas species
with small and thick leaves are better suited for arid environments
(Moles et al., 2009; Poorter et al., 2009; Wright et al., 2017). In fact,
the invasive species O. dillenii and O. maxima, as well as the endemic
Euphorbia canariensis, are striking examples of convergent evolution
and have analogously developed ephemeral leaves in which photosyn-
thetic activities have been replaced by cladodes or photosynthesizing
stems, respectively. Those species also use CAM photosynthesis, an
adaptation of plants to increase water-use efficiency under arid con-
ditions (Cushman, 2001). Moreover, trait averages responded mostly
nonlinearly to soil nutrient availability. Nutrient-poor soils promote
a shift from acquisitive to conservative strategies in species (Diaz
et al., 2004; Ordonez et al., 2009). Hence, species in nutrient-poor
sites display small but thick leaves, which in theory translates into
greater investment in leaf construction (but see Cutts et al., 2021).
However, this pattern is less clear for plant height, possibly because
of the prevalent limitation of nitrogen in young soils (Lambers et al.,
2008). Surprisingly, soil acidity decreased leaf area in only endemic

assemblages, even though it can limit nutrient uptake and therefore
restrict growth (Gujas et al., 2012). This pattern could be explained
by the relatively narrow range of soil pH values captured in our study.

Interestingly, fixed averages of leaf area decreased with in-
creasing species richness in endemic assemblages, but increased in
non-endemic assemblages. This indicates that small-leaved endemic
species and large-leaved non-endemic species are more prominent
in species-rich assemblages. Large-leaved species can outcompete
other species because of light interception to lower vegetation lay-
ers (Parkhurst & Loucks, 1972). Hence, our results indicate that non-
endemic species might have a competitive advantage over endemic
species in comparatively species-rich assemblages owing to the

dominance of large-leaved species.

4.3 | Conclusions

Disproving our first hypothesis, we found that species turnover ac-
counted for a considerable part of the total variation in plant height,
leaf area and leaf thickness in endemic and non-endemic plant
species assemblages. Hence, our results challenge the theory that
intraspecific trait variation is important for the proliferation of non-
endemic species. Concurring with our second hypothesis, we found
that species turnover and intraspecific variation generally increased
with resource availability. Moreover, we were able to show for the
first time that intraspecific variation is more important than species
turnover in response to limiting environmental factors, such as pre-
cipitation in an arid ecosystem. We conclude that non-endemic plant
species can establish successfully in coastal environments despite
low levels of intraspecific trait variation. However, plant species can
establish higher intraspecific trait variation in response to seasonal
environments, which could have important implications during a

time of global change.

ACKNOWLEDGEMENTS

We would like to thank Dagmar Schneider and Doris Bergmann-
Dorr for performing the soil sample analyses in the laboratory
of the Institute of Physical Geography at the Goethe University
Frankfurt. We would further like to thank Felix M. Medina from
the Consejeria de Medio Ambiente, Cabildo de La Palma, for ad-
vising us with his expert knowledge on the Canary Island flora
during fieldwork. Open access funding enabled and organized by
ProjektDEAL.

AUTHOR CONTRIBUTIONS

D.M.H., M.B., RW., C.B. and S.D.H.I. conceived the research idea.
D.M.H., M.B. and R.W. collected the data. D.H. performed statistical
analyses and wrote the paper. All authors discussed the results and

commented on the manuscript.

DATA AVAILABILITY STATEMENT
All environmental and morphological data are available in the
Supporting Information (see Appendix S3, Table S3.1) and were

85UB01 T SUOWIWIOD BA 181D 3|qeol(dde 8y} Aq pausenob ke Saie YO 8SN JO SajnJ 10} A%Iq1T8UIUQ AS]IA UO (SUOTIPUOD-PUE-SWSY/LI0O™AB | 1M ATe.q] U [UO//SdNL) SUORIPUOD Pue SWiB | 8U1 89S *[£202/20/0T] Uo Akeiqiauljuo A8]iM ‘| B%e101qIgsiels BAIUN AQ 0ZTET SAITTTT'OT/I0p/W00 A8 |1 Aleiq1uluoy/Sdny wolj pepeojumod ‘T ‘ZZ0Z ‘E0TTYSIT



HANZ eT AL.

submitted to the TRY Plant Trait Database (www.try-db.org) on 8
July 2021.

ORCID

Dagmar Martina Hanz "= https://orcid.org/0000-0002-8821-9044
https://orcid.org/0000-0002-3592-8170
https://orcid.org/0000-0002-6456-4628

Mirela Beloiu

Carl Beierkuhnlein

Richard Field "2 https://orcid.org/0000-0003-2613-2688
Anke Jentsch "= https://orcid.org/0000-0002-2345-8300
Ole Reidar Vetaas "= https://orcid.org/0000-0002-0185-1128

Severin David Howard Irl "= https://orcid.
org/0000-0002-1734-8607

REFERENCES

Ackerly, D.D. (2003) Community assembly, niche conservatism, and adap-
tive evolution in changing environments. International Journal of
Plant Science, 164(S3), 165-184. https://doi.org/10.1086/368401

Ackerly, D.D., Schwilk, D.W. & Webb, C.O. (2006) Niche evolution and
adaptive radiation: testing the order of trait divergence. Ecology, 87,
50-61.

Aerts, R. & Chapin, F.S. (2000) The mineral nutrition of wild plants re-
visited: a re-evaluation of processes and patterns. Advances in
Ecological Research, 30, 1-67. https://doi.org/10.1016/S0065
-2504(08)60016-1

Albert, C.H., Thuiller, W., Yoccoz, N.G., Douzet, R., Aubert, S. &
Lavorel, S. (2010) A multi-trait approach reveals the structure
and the relative importance of intra- vs. interspecific variability
in plant traits. Functional Ecology, 24(6), 1192-1201. https://doi.
org/10.1111/j.1365-2435.2010.01727.x

Alexander, J.M., Kueffer, C., Daehler, C.C., Edwards, P.J., Pauchard,
A., Seipel, T. et al. (2011) Assembly of nonnative floras along el-
evational gradients explained by directional ecological filtering.
Proceedings of the National Academy of Sciences of the United States
of America, 108(2), 656-661. https://doi.org/10.1073/pnas.10131
36108

Ancochea, E., Hernan, F., Cendrero, A., Cantagrel, J.M., Fuster, J.M., &
Ibarrola, E. et al. (1994) Constructive and destructive episodes in
the building of a young oceanic island, La Palma, Canary Islands,
and genesis of the Caldera de Taburiente. Journal of Volcanology
and Geothermal Research, 60(3-4), 243-262. https://doi.
org/10.1016/0377-0273(94)90054-X

Barton, K. (2020) MuMiIn: Multi-Model Inference. Version 1.43.17. Available
at https://cran.r-project.org/web/packages/MuMIn/index.html
[Accessed 17 February 2022].

Bjorklund, M., Ranta, E., Kaitala, V., Bach, L.A., Lundberg, P. & Stenseth,
N.C. (2009) Quantitative trait evolution and environmental change.
PLoS One,4,e4521. https://doi.org/10.1371/journal.pone.0004521

Bohle, U.R., Hilger, H.H. & Martin, W.F. (1996) Island colonization and
evolution of the insular woody habit in Echium L. (Boraginaceae).
Proceedings of the National Academy of Sciences of the United
States of America, 93(21), 11740-11745. https://doi.org/10.1073/
pnas.93.21.11740

Bradshaw, A.D. (1965) Evolutionary significance of phenotypic plas-
ticity in plants. Advances in Genetics, 13, 115-155. https://doi.
org/10.1016/50065-2660(08)60048-6

Burnham, K.P. & Anderson, D.R. (2002) Model selection and multimodel
inference: a practical information-theoretic approach. New York:
Springer.

Burns, K.C. (2019) Evolution in isolation: the search for an island syndrome
in plants. Cambridge: Cambridge University Press.

Cadotte, M.W., Carscadden, K. & Mirotchnick, N. (2011) Beyond species:
functional diversity and the maintenance of ecological processes

§ Journal of Vegetation Science m
and services. Journal of Applied Ecology, 48(5), 1079-1087. https://
doi.org/10.1111/j.1365-2664.2011.02048.x

Callaway, R.M., Pennings, S.C. & Richards, C.L. (2003) Phenotypic plas-
ticity and interactions among plants. Ecology, 84(5), 1115-1128.

Carlquist, S.J. (1974) Island biology. New York: Columbia University
Press.

Carracedo, J.C., Badiola, E.R., Guillou, H., De La Nuez, J. & Pérez Torrado,
F.J. (2001) Geology and volcanology of La Palma and El Hierro,
Western Canaries. Estudios Geoldgicos, 57, 175-273.

Cornwell, W.K. & Ackerly, D.D. (2009) Community assembly and shifts
in plant trait distributions across an environmental gradient in
coastal California. Ecological Monographs, 79(1), 109-126. https://
doi.org/10.1890/07-1134.1

Cushman, J.C. (2001) Crassulacean acid metabolism. A plastic photo-
synthetic adaptation to arid environments. Plant Physiology, 127(4),
1439-1448. https://doi.org/10.1104/pp.010818

Cutts, V., Hanz, D.M., Barajas-Barbosa, M.P., Algar, A.C., Steinbauer,
M.J, & Irl, S.D.H., & et al. (2021) Scientific floras can be reliable
sources for some trait data in a system with poor coverage in global
trait databases. Journal of Vegetation Science, 32, €12996. https://
doi.org/10.1111/jvs.12996

Davidson, A.M., Jennions, M. & Nicotra, A.B. (2011) Do invasive species
show higher phenotypic plasticity than native species and if so, is it
adaptive? A meta-analysis. Ecology Letters, 14(4), 419-431. https://
doi.org/10.1111/j.1461-0248.2011.015%96.x

de Bello, F., Lavorel, S., Albert, C.H., Thuiller, W., Grigulis, K., & Dolezal, J.
et al. (2011) Quantifying the relevance of intraspecific trait variability
for functional diversity. Methods in Ecology and Evolution, 2, 163-174.
https:/doi.org/10.1111/j.2041-210X.2010.00071.x

del Arco Aguilar, M.J., Gonzalez-Gonzalez, R., Garzéon-Machado, V. &
Pizarro-Hernandez, B. (2010) Actual and potential natural vegeta-
tion on the Canary Islands and its conservation status. Biodiversity
and Conservation, 19, 3089-3140. https://doi.org/10.1007/s1053
1-010-9881-2

Des Roches, S., Post, D.M., Turley, N.E., Bailey, J.K., Hendry, A.P., &
Kinnison, M.T. et al. (2018) The ecological importance of intraspe-
cific variation. Nature Ecology & Evolution, 2, 57-64. https://doi.
org/10.1038/s41559-017-0402-5

Diaz, S., Hodgson, J.G., Thompson, K., Cabido, M., Cornelissen, J.H., Jalili,
A. et al. (2004) The plant traits that drive ecosystems: evidence
from three continents. Journal of Vegetation Science, 15(3), 295-
304. https://doi.org/10.1111/j.1654-1103.2004.tb02266.x

Evans, J., Murphy, M.A. & Ram, K. (2021) spatialEco: spatial analysis
and modelling utilities. Version 1.3-7. Available at https://cran.r-
project.org/web/packages/spatialEco/index.html [Accessed 17
February 2022].

Fernandez-Palacios, J.M., Kreft, H., Irl, S.D.H., Norder, S., Ah-Peng, C.,
Borges, PAV. et al. (2021) Scientists’ warning - The outstanding
biodiversity of islands is in peril. Global Ecology and Conservation, 31,
e01847. https:/doi.org/10.1016/j.gecco.2021.e01847

Garzon-Machado, V., Otto, R. & del Arco Aguilar, M.J. (2014) Bioclimatic
and vegetation mapping of a topographically complex oceanic is-
land applying different interpolation techniques. International
Journal of Biometeorology, 58, 887-899. https://doi.org/10.1007/
s00484-013-0670-y

Ghalambor, C.K., McKay, J.K, Carroll, S.P. & Reznick, D.N. (2007)
Adaptive versus non-adaptive phenotypic plasticity and
the potential for contemporary adaptation in new envi-
ronments. Functional Ecology, 21(3), 394-407. https://doi.
org/10.1111/j.1365-2435.2007.01283.x

Gross, N., Borger, L., Soriano-Morales, S.I., Le Bagousse-Pinguet, Y.,
Quero, J.L., & Garcia-Gémez, M. et al. (2013) Uncovering multiscale
effects of aridity and biotic interactions on the functional struc-
ture of Mediterranean shrublands. Journal of Ecology, 101, 637-649.
https://doi.org/10.1111/1365-2745.12063

85UB01 T SUOWIWIOD BA 181D 3|qeol(dde 8y} Aq pausenob ke Saie YO 8SN JO SajnJ 10} A%Iq1T8UIUQ AS]IA UO (SUOTIPUOD-PUE-SWSY/LI0O™AB | 1M ATe.q] U [UO//SdNL) SUORIPUOD Pue SWiB | 8U1 89S *[£202/20/0T] Uo Akeiqiauljuo A8]iM ‘| B%e101qIgsiels BAIUN AQ 0ZTET SAITTTT'OT/I0p/W00 A8 |1 Aleiq1uluoy/Sdny wolj pepeojumod ‘T ‘ZZ0Z ‘E0TTYSIT


http://www.try-db.org
https://orcid.org/0000-0002-8821-9044
https://orcid.org/0000-0002-8821-9044
https://orcid.org/0000-0002-3592-8170
https://orcid.org/0000-0002-3592-8170
https://orcid.org/0000-0002-6456-4628
https://orcid.org/0000-0002-6456-4628
https://orcid.org/0000-0003-2613-2688
https://orcid.org/0000-0003-2613-2688
https://orcid.org/0000-0002-2345-8300
https://orcid.org/0000-0002-2345-8300
https://orcid.org/0000-0002-0185-1128
https://orcid.org/0000-0002-0185-1128
https://orcid.org/0000-0002-1734-8607
https://orcid.org/0000-0002-1734-8607
https://orcid.org/0000-0002-1734-8607
https://doi.org/10.1086/368401
https://doi.org/10.1016/S0065-2504(08)60016-1
https://doi.org/10.1016/S0065-2504(08)60016-1
https://doi.org/10.1111/j.1365-2435.2010.01727.x
https://doi.org/10.1111/j.1365-2435.2010.01727.x
https://doi.org/10.1073/pnas.1013136108
https://doi.org/10.1073/pnas.1013136108
https://doi.org/10.1016/0377-0273(94)90054-X
https://doi.org/10.1016/0377-0273(94)90054-X
https://cran.r-project.org/web/packages/MuMIn/index.html
https://doi.org/10.1371/journal.pone.0004521
https://doi.org/10.1073/pnas.93.21.11740
https://doi.org/10.1073/pnas.93.21.11740
https://doi.org/10.1016/S0065-2660(08)60048-6
https://doi.org/10.1016/S0065-2660(08)60048-6
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.1890/07-1134.1
https://doi.org/10.1890/07-1134.1
https://doi.org/10.1104/pp.010818
https://doi.org/10.1111/jvs.12996
https://doi.org/10.1111/jvs.12996
https://doi.org/10.1111/j.1461-0248.2011.01596.x
https://doi.org/10.1111/j.1461-0248.2011.01596.x
https://doi.org/10.1111/j.2041-210X.2010.00071.x
https://doi.org/10.1007/s10531-010-9881-2
https://doi.org/10.1007/s10531-010-9881-2
https://doi.org/10.1038/s41559-017-0402-5
https://doi.org/10.1038/s41559-017-0402-5
https://doi.org/10.1111/j.1654-1103.2004.tb02266.x
https://cran.r-project.org/web/packages/spatialEco/index.html
https://cran.r-project.org/web/packages/spatialEco/index.html
https://doi.org/10.1016/j.gecco.2021.e01847
https://doi.org/10.1007/s00484-013-0670-y
https://doi.org/10.1007/s00484-013-0670-y
https://doi.org/10.1111/j.1365-2435.2007.01283.x
https://doi.org/10.1111/j.1365-2435.2007.01283.x
https://doi.org/10.1111/1365-2745.12063

HANZ T AL.

100f 11
4|— Journal of Vegetation Science \\}t

Gujas, B., Alonso-Blanco, C. & Hardtke, C.S. (2012) Natural Arabidopsis
brx loss-of-function alleles confer root adaptation to acidic soil.
Current Biology, 22(20), 1962-1968. https://doi.org/10.1016/j.
cub.2012.08.026

Hodgson, J.G., Wilson, P.J., Hunt, R., Grime, J.P. & Thompson, K.
(1999) Allocating C-S-R plant functional types: a soft ap-
proach to a hard problem. Oikos, 85(2), 282-294. https://doi.
org/10.2307/3546494

Irl, S.D.H., Obermeier, A., Beierkuhnlein, C. & Steinbauer, M.J. (2020)
Climate controls plant life form patterns on a high-elevation oce-
anic island. Journal of Biogeography, 47(10), 2261-2273. https://doi.
org/10.1111/jbi.13929

Jorgensen, T.H. & Olesen, J.M. (2001) Adaptive radiation of island plants:
evidence from Aeonium (Crassulaceae) of the Canary Islands.
Perspectives in Plant Ecology, Evolution and Systematics, 4(1), 29-42.
https://doi.org/10.1078/1433-8319-00013

Jung, V., Albert, C.H., Violle, C., Kunstler, G., Loucougaray, G. &
Spiegelberger, T. (2014) Intraspecific trait variability mediates
the response of subalpine grassland communities to extreme
drought events. Journal of Ecology, 102(1), 45-53. https://doi.
org/10.1111/1365-2745.12177

Jung, V., Violle, C., Mondy, C., Hoffmann, L. & Muller, S. (2010)
Intraspecific  variability and trait-based community as-
sembly. Journal of Ecology, 98(5), 1134-1140. https://doi.
org/10.1111/j.1365-2745.2010.01687.x

Keddy, P.A. (1992) Assembly and response rules: two goals for predictive
community ecology. Journal of Vegetation Science, 3(2), 157-164.
https://doi.org/10.2307/3235676

Kichenin, E., Wardle, D.A., Peltzer, D.A., Morse, CW. & Freschet, G.T.
(2013) Contrasting effects of plant inter- and intraspecific varia-
tion on community-level trait measures along an environmen-
tal gradient. Functional Ecology, 27(5), 1254-1261. https://doi.
org/10.1111/1365-2435.12116

Kraft, N.J.B., Godoy, O. & Levine, J.M. (2015) Plant functional traits and
the multidimensional nature of species coexistence. Proceedings
of the National Academy of Sciences of the United States of America,
112(3), 797-802. https://doi.org/10.1073/pnas.1413650112

Lambers, H., Raven, J.A., Shaver, G.R. & Smith, S.E. (2008) Plant
nutrient-acquisition strategies change with soil age. Trends in
Ecology & Evolution, 23(2), 95-103. https://doi.org/10.1016/j.
tree.2007.10.008

Leps, J., de Bello, F., Smilauer, P. & Dolezal, J. (2011) Community trait
response to environment: disentangling species turnover vs intra-
specific trait variability effects. Ecography, 34(5), 856-863. https://
doi.org/10.1111/j.1600-0587.2010.06904.x

Liu, H. (1989) Systematics of Aeonium (Crassulaceae). Special Publications
of the National Museum of Natural Science (Taichung), 2, 1-102.

McCune, B. & Keon, D. (2002) Equations for potential annual direct in-
cident radiation and heat load. Journal of Vegetation Science, 13(4),
603-606. https://doi.org/10.1111/j.1654-1103.2002.tb02087.x

Messier, J., McGill, B.J. & Lechowicz, M.J.(2010) How do traits vary across
ecologicalscales? Acasefortrait-basedecology.Ecology Letters, 13(7),
838-848. https://doi.org/10.1111/j.1461-0248.2010.01476.x

Minchin, P.R. (1987). An evaluation of the relative robustness of tech-
niques for ecological ordination. In Prentice, |.C. & van der Maarel,
E. (Eds). Theory and models in vegetation science. Advances in vege-
tation science (Vol. 8). Dordrecht: Springer. pp. 89-107. https://doi.
org/10.1007/978-94-009-4061-1_9

Moles, A.T., Warton, D.l, Warman, L., Swenson, N.G., Laffan,
SW., Zanne, A.E. et al. (2009) Global patterns in plant
height. Journal of Ecology, 97(5), 923-932. https://doi.
org/10.1111/j.1365-2745.2009.01526.x

Norberg, J., Swaney, D.P., Dushoff, J,, Lin, J., Casagrandi, R. & Levin, S.A.
(2001) Phenotypic diversity and ecosystem functioning in changing
environments: a theoretical framework. Proceedings of the National

Academy of Sciences of the United States of America, 98(20), 11376~
11381. https://doi.org/10.1073/pnas.171315998

Ordofez, J.C., Van Bodegom, P.M., Witte, J.P.M., Wright, I.J., Reich,
P.B. & Aerts, R. (2009) A global study of relationships be-
tween leaf traits, climate and soil measures of nutrient fertil-
ity. Global Ecology and Biogeography, 18(2), 137-149. https://doi.
org/10.1111/j.1466-8238.2008.00441.x

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, P., McGlinn,
D. et al. (2020) vegan: community ecology package. Version 2.5-7.
Available at https://cran.r-project.org/web/packages/vegan/index.
html [Accessed 17 February 2022].

Ottaviani, G., Keppel, G., Gétzenberger, L., Harrison, S., Opedal, @.H.,
Conti, L. et al. (2020) Linking plant functional ecology to island
biogeography. Trends in Plant Science, 25(4), 329-339. https://doi.
org/10.1016/j.tplants.2019.12.022

Parkhurst, D.F. & Loucks, O.L. (1972) Optimal leaf size in relation to
environment. Journal of Ecology, 60(2), 505-537. https://doi.
org/10.2307/2258359

Pérez-Harguindeguy, N., Diaz, S., Garnier, E., Lavorel, S., Poorter, H.,
Jaureguiberry, P. et al. (2013) New handbook for standardized mea-
surements of plant functional traits worldwide. Australian Journal of
Botany, 61(3), 167-234. https://doi.org/10.1071/BT12225

Poorter, H., Niinemets, U., Poorter, L., Wright, 1.J. & Villar, R. (2009)
Causes and consequences of variation in leaf mass per area (LMA):
a meta-analysis. New Phytologist, 182(3), 565-588. https://doi.
org/10.1111/j.1469-8137.2009.02830.x

Roche, P., Diaz-Burlinson, N. & Gachet, S. (2004) Congruency analysis
of species ranking based on leaf traits: which traits are the more
reliable? Plant Ecology, 174, 37-48. https://doi.org/10.1023/
B:VEGE.0000046056.94523.57

Schluter, D. (2000) Ecological character displacement in adaptive
radiation. The American Naturalist, 156(S4), 4-16. https://doi.
org/10.1086/303412

Schrader, J., Westoby, M., Wright, 1.J. & Kreft, H. (2021) Disentangling
direct and indirect effects of island area on plant functional trait
distributions. Journal of Biogeography, 48(8), 2098-2110. https://
doi.org/10.1111/jbi.14138

Schiller, H. (1969) Die CAL-Methode, eine neue Methode zur
Bestimmung des pflanzenverfligbaren Phosphates in Boden.
Zeitschrift Fir Pflanzenerndhrung Und Bodenkunde, 123(1), 48-63.
https://doi.org/10.1002/jpIn.19691230106

Siefert, A., Fridley, J.D. & Ritchie, M.E. (2014) Community functional re-
sponses to soil and climate at multiple spatial scales: when does
intraspecific variation matter? PLoS One, 9, e111189. https://doi.
org/10.1371/journal.pone.0111189

Stuessy, T.F., Jakubowsky, G., Gémez, R.S., Pfosser, M., Schliter,
P.M., Fer, T. et al. (2006) Anagenetic evolution in island
plants. Journal of Biogeography, 33(7), 1259-1265. https://doi.
org/10.1111/j.1365-2699.2006.01504.x

Taudiere, V. & Violle, C. (2015) cati: an R package using functional traits
to detect and quantify multi-level community assembly processes.
Ecography, 39(7), 699-708. https://doi.org/10.1111/ecog.01433

Violle, C., Enquist, B.J., McGill, B.J., Jiang, L., Albert, C.H., Hulshof, C.
et al. (2012) The return of the variance: intraspecific variability in
community ecology. Trends in Ecology & Evolution, 27(4), 244-252.
https://doi.org/10.1016/j.tree.2011.11.014

Weemstra, M., Freschet, G.T., Stokes, A. & Roumet, C. (2021) Patterns
in intraspecific variation in root traits are species-specific along an
elevation gradient. Functional Ecology, 35(2), 342-356. https://doi.
org/10.1111/1365-2435.13723

Weiher, E., Clarke, G.D.P. & Keddy, P.A. (1998) Community assembly
rules, morphological dispersion, and the coexistence of plant spe-
cies. Oikos, 81(2), 309-322. https://doi.org/10.2307/3547051

Whittaker, R.J., Rigal, F., Borges, P.AV. Cardoso, P., Terzopoulou,
S., Casanoves, F. et al. (2014) Functional biogeography of

85UB01 T SUOWIWIOD BA 181D 3|qeol(dde 8y} Aq pausenob ke Saie YO 8SN JO SajnJ 10} A%Iq1T8UIUQ AS]IA UO (SUOTIPUOD-PUE-SWSY/LI0O™AB | 1M ATe.q] U [UO//SdNL) SUORIPUOD Pue SWiB | 8U1 89S *[£202/20/0T] Uo Akeiqiauljuo A8]iM ‘| B%e101qIgsiels BAIUN AQ 0ZTET SAITTTT'OT/I0p/W00 A8 |1 Aleiq1uluoy/Sdny wolj pepeojumod ‘T ‘ZZ0Z ‘E0TTYSIT


https://doi.org/10.1016/j.cub.2012.08.026
https://doi.org/10.1016/j.cub.2012.08.026
https://doi.org/10.2307/3546494
https://doi.org/10.2307/3546494
https://doi.org/10.1111/jbi.13929
https://doi.org/10.1111/jbi.13929
https://doi.org/10.1078/1433-8319-00013
https://doi.org/10.1111/1365-2745.12177
https://doi.org/10.1111/1365-2745.12177
https://doi.org/10.1111/j.1365-2745.2010.01687.x
https://doi.org/10.1111/j.1365-2745.2010.01687.x
https://doi.org/10.2307/3235676
https://doi.org/10.1111/1365-2435.12116
https://doi.org/10.1111/1365-2435.12116
https://doi.org/10.1073/pnas.1413650112
https://doi.org/10.1016/j.tree.2007.10.008
https://doi.org/10.1016/j.tree.2007.10.008
https://doi.org/10.1111/j.1600-0587.2010.06904.x
https://doi.org/10.1111/j.1600-0587.2010.06904.x
https://doi.org/10.1111/j.1654-1103.2002.tb02087.x
https://doi.org/10.1111/j.1461-0248.2010.01476.x
https://doi.org/10.1007/978-94-009-4061-1_9
https://doi.org/10.1007/978-94-009-4061-1_9
https://doi.org/10.1111/j.1365-2745.2009.01526.x
https://doi.org/10.1111/j.1365-2745.2009.01526.x
https://doi.org/10.1073/pnas.171315998
https://doi.org/10.1111/j.1466-8238.2008.00441.x
https://doi.org/10.1111/j.1466-8238.2008.00441.x
https://cran.r-project.org/web/packages/vegan/index.html
https://cran.r-project.org/web/packages/vegan/index.html
https://doi.org/10.1016/j.tplants.2019.12.022
https://doi.org/10.1016/j.tplants.2019.12.022
https://doi.org/10.2307/2258359
https://doi.org/10.2307/2258359
https://doi.org/10.1071/BT12225
https://doi.org/10.1111/j.1469-8137.2009.02830.x
https://doi.org/10.1111/j.1469-8137.2009.02830.x
https://doi.org/10.1023/B:VEGE.0000046056.94523.57
https://doi.org/10.1023/B:VEGE.0000046056.94523.57
https://doi.org/10.1086/303412
https://doi.org/10.1086/303412
https://doi.org/10.1111/jbi.14138
https://doi.org/10.1111/jbi.14138
https://doi.org/10.1002/jpln.19691230106
https://doi.org/10.1371/journal.pone.0111189
https://doi.org/10.1371/journal.pone.0111189
https://doi.org/10.1111/j.1365-2699.2006.01504.x
https://doi.org/10.1111/j.1365-2699.2006.01504.x
https://doi.org/10.1111/ecog.01433
https://doi.org/10.1016/j.tree.2011.11.014
https://doi.org/10.1111/1365-2435.13723
https://doi.org/10.1111/1365-2435.13723
https://doi.org/10.2307/3547051

HANZ eT AL.

oceanic islands and the scaling of functional diversity in the Azores.
Proceedings of the National Academy of Sciences of the United States
of America, 111(38), 13709-13714. https://doi.org/10.1073/
pnas.1218036111

Wilson, P.J., Thompson, K.E.N. & Hodgson, J.G. (1999) Specific leaf
area and leaf dry matter content as alternative predictors of plant
strategies. The New Phytologist, 143(1), 155-162. https://doi.
org/10.1046/j.1469-8137.1999.00427.x

Wright, I.J., Dong, N., Maire, V., Prentice, |.C., Westoby, M., Diaz, S. et al.
(2017) Global climatic drivers of leaf size. Science, 357(6354), 917-
921. https://doi.org/10.1126/science.aal4760

SUPPORTING INFORMATION
Additional supporting information may be found in the online

version of the article at the publisher’s website.

— L 110f11
\\}, Journal of Vegetation Science J—
Appendix S1. List of endemic and non-endemic species.

Appendix S2. Variation in traits of entire, endemic, and non-endemic
plant assemblages.

Appendix S3. Environmental and morphological trait data.

How to cite this article: Hanz, D.M., Beloiu, M., Wipfler, R.,
Beierkuhnlein, C., Field, R., Jentsch, A., et al (2022) High
species turnover and low intraspecific trait variation in
endemic and non-endemic plant species assemblages on an
oceanic island. Journal of Vegetation Science, 33:13120.
Available from: https://doi.org/10.1111/jvs.13120

85UB01 T SUOWIWIOD BA 181D 3|qeol(dde 8y} Aq pausenob ke Saie YO 8SN JO SajnJ 10} A%Iq1T8UIUQ AS]IA UO (SUOTIPUOD-PUE-SWSY/LI0O™AB | 1M ATe.q] U [UO//SdNL) SUORIPUOD Pue SWiB | 8U1 89S *[£202/20/0T] Uo Akeiqiauljuo A8]iM ‘| B%e101qIgsiels BAIUN AQ 0ZTET SAITTTT'OT/I0p/W00 A8 |1 Aleiq1uluoy/Sdny wolj pepeojumod ‘T ‘ZZ0Z ‘E0TTYSIT


https://doi.org/10.1073/pnas.1218036111
https://doi.org/10.1073/pnas.1218036111
https://doi.org/10.1046/j.1469-8137.1999.00427.x
https://doi.org/10.1046/j.1469-8137.1999.00427.x
https://doi.org/10.1126/science.aal4760
https://doi.org/10.1111/jvs.13120

