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Background: Functional trait-based approaches link species diversity patterns to ecosystem functioning. In the context of
global change, understanding these links is vital for developing holistic biodiversity management strategies. Bryophytes,
important ecosystem components owing to their biogeochemical functions, have not been the focus of many functional
studies.
Aims: This is the first assessment of bryophyte functional diversity in the Azores archipelago, aiming to uncover multi-
variate trait richness and composition patterns along the elevational gradient on Terceira Island.
Methods: Based on five water acquisition and retention traits of leafy liverworts and mosses, we calculated functional
diversity metrics within and among six bryophyte communities sampled along a 1021-m elevational transect.
Results: Trait composition differed significantly between coastal and mountain communities. Mosses presented inrolled
leaves and ornamented leaf cells at low elevation but not at high elevation. These patterns were associated with an uphill
shift from drier and warmer conditions to a moister and cooler environment.
Conclusions: Future climatic changes might affect bryophyte functional diversity patterns in Terceira Island, particularly for
mosses. These results can be directly compared with those obtained for other archipelagos where the same protocol has been
applied, allowing a joint assessment of insular vegetation functional diversity patterns.
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Introduction

It is widely accepted nowadays that the concept of biodi-
versity, despite being commonly associated with taxo-
nomic richness (Swingland 2001), is in fact
multidimensional, encompassing not only taxonomic
information but also phylogenetic and functional data
(Devictor et al. 2010; Pavoine and Bonsall 2011; Willig
and Presley 2013; Jarzyna and Jetz 2016). Awareness of
this multidimensionality, along with a growing concern to
identify the ecological impacts of global changes, is shift-
ing the focus of biodiversity studies to functional diversity
(Laureto et al. 2015), which is determined based on the
value and range of species functional traits (Tilman 2001;
Pavoine et al. 2009). Such traits are any morphological,
biochemical, physiological, structural, phenological, eco-
logical or behavioural features that are potentially relevant
to growth or fitness (Violle et al. 2007). Their distribution
in a community is, by and large, limited by habitat filter-
ing, often varying predictably along environmental gradi-
ents such as along elevation (Michel and Knouft 2014;
Pescador et al. 2015). In turn, functional traits are asso-
ciated with the ecological tolerance of species and their
habitat requirements, which determine where a species can
and cannot live, how it interacts with other species and
also how it contributes to ecosystem functioning (Cadotte

et al. 2011). Thus, trait-based approaches, by focusing on
how function is linked with variability in distribution and
abundance of species (Garnier and Navas 2012), are
instrumental in any attempt to provide a sound ecological
understanding of ecosystem processes and determine how
these can be affected by environmental changes (Petchey
and Gaston 2006; Pavoine et al. 2009).

Present in various biomes worldwide, bryophytes can
reach cover and abundance levels that can influence
ecosystem processes (Michel et al. 2013). For instance,
they contribute to above-ground biomass, prevent erosion
by creating biological crusts on bare substrates, affect the
hydrological cycle of ecosystems (Michel et al. 2013),
soil temperature and chemistry; they host nitrogen-fixing
bacteria (Cornelissen et al. 2007). Having no vascular
tissues, bryophytes satisfy their moisture requirements
by taking up water directly through the entire surface of
their gametophytes (Vanderpoorten and Goffinet 2009)
and, in doing so, enhance the interception and retention
of water from rain, dew and fog, later redistributed to the
surrounding vegetation (Belnap 2006). Bryophyte water-
holding capacities can reach 1400% of their dry mass
(Glime 2015) and supply up to 5 mm precipitation
equivalent of storage in forest ecosystems (Michel et al.
2013).
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Given these characteristics, bryophytes are a promi-
nent and ecologically important component of most
forested habitats (Raabe et al. 2010). Such is the case
with Azorean native vegetation, mostly moist and
shaded formations with relatively short (up to 10 m)
and uniformly spaced trees (less than 3 m apart) and a
rich shrub and fern understorey layer, which provide an
ample range of bryophyte microhabitats and substrata
(Gabriel and Bates 2005). Nonetheless, there have been
to date no functional studies of the Azorean bryophyte
diversity and ecosystemic interactions, despite recent
research pointing to the future local loss of climate
space and range shifts for some endemic and native
species, based on projected climate change studies
(Ferreira et al. 2016; Patiño et al. 2016). Given these
possible scenarios, it is important to determine if and
how changes in bryophyte taxonomic diversity in the
Azores will translate to loss or gain in functions, which
could carry potential implications for the resilience of
ecosystem processes on which humans depend, such as
the interception and storage of water.

The objective of this study was to explore changes in
bryophyte functional diversity and composition along an
elevation and climatic gradient in a small island (Terceira
Island, Azores, Portugal), focusing on water-related func-
tional traits that link these plants to their important role in
ecosystem hydrological processes. In doing so, this study
contributes to the “Mapping and Assessment of Ecosystems
and their Services” initiative (Layke et al. 2012) and estab-
lishes a baseline of the bryophyte trait–environment relation-
ships in the Azores, allowing future assessments of climate
change impacts on the functional diversity of the archipelago.

Previous work has shown that bryophytes on Terceira
Island have their maximum richness at mid to high eleva-
tions (500–800 m a.sl.) where average temperatures are
lower (13°C vs. 25°C at sea level) and there is higher
rainfall (mean annual of more than 2800 mm) and air
humidity (80–100%) (Henriques et al. 2016). Assuming
that optimum as opposed to suboptimum climate condi-
tions can support a wider range of functional strategies
(Spasojevic et al. 2014), we built on some of the general
patterns of differences in multivariate trait composition
between two communities suggested by Boersma et al.
(2016), adapting them to accommodate multiple samples
along an elevational/climatic gradient. Our hypotheses
were:

(i) Trait diversity and composition do not differ
between communities along an elevation gradient
(H0). This means that communities are exposed
to similar structuring processes reflecting an
absence of environmental filtering along the cli-
matic gradient; communities contain either the
same species or distinct species but with the
same trait combinations, creating complete func-
tional overlap (functional alpha diversity is stable
along the gradient and functional turnover is
absent).

(ii) Trait composition changes among communities
along the gradient as a result of environmental
filtering, but trait diversity remains unchanged.
There is a shift in trait composition along the
gradient but functional alpha diversity is stable
(Functional turnover hypothesis, H1).

(iii) Trait composition changes among communities
along the gradient as a result of differences in
niche availability, with communities occupying
increasingly larger quantities of trait space.
Functional alpha diversity increases as conditions
become optimal for bryophytes, and the smaller
range of trait values at low elevation may be a
subset of those found at high elevation
(Functional convergence hypothesis, H2).

Materials and methods

Study site and sampling

Terceira Island is one of the nine volcanic islands that
constitute the mid-Atlantic Azores Archipelago. Its
temperate oceanic climate, characterised by high rela-
tive humidity, regular precipitation and mild tempera-
tures (Forjaz 2004), fosters the development of a lush
bryoflora, despite the small size (402 km2) of the
island and its isolation (Gabriel and Bates 2005;
Aranda 2013). The bryophyte flora of Terceira Island
contains 354 taxa (species and subspecies), of which
207 are mosses, 143 are liverworts and four are horn-
worts (Gabriel et al. 2010; updated by Aranda et al.
2014; Ellis et al. 2015).

The island has an elevational gradient of 1021 m,
which provides variation in a number of climatic vari-
ables (e.g. temperature, precipitation, relative humidity)
that are related to the occurrence of species within a
manageable distance (Henriques et al. 2016). We estab-
lished an elevation transect in the remaining native
vegetation at the western side of the island, aiming to
encompass native vegetation areas. At each 200 m
interval, from 40 m to 1000 m a.s.l., two plots of
10 m × 10 m were established in homogeneous vegeta-
tion, at a maximum of 20 m distance between them,
resulting in a total of 12 permanent plots. The plots
were sampled in late September 2012, following the
BRYOLAT sampling protocol (Ah-Peng et al. 2012;
adapted by Gabriel et al. 2014), a multiscale hierarch-
ical sampling procedure for bryophytes along environ-
mental gradients. Each plot was divided into 25 2 m ×
2 m quadrats and, within each plot, three quadrats were
randomly selected to be sampled. From each quadrat,
three 50-cm2 microplots were collected from available
substrates (rock, soil, humus, decomposing wood and
leaves). For tree trunks, nine replicates were made,
three up to 50 cm height, three from 51 cm to
100 cm and three above 100 cm, when possible. This
resulted in the collection of 636 microplot samples.
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Abundance values for each species at each site were
calculated as the number of microplots in which the
species was present.

Climatic variables associated with the elevation gradi-
ent (temperature, rainfall, relative humidity) were acquired
at a 100 m resolution from the CIELO Model (Azevedo
et al. 1999). All these variables were highly correlated
among them and, in turn, with elevation (Pearson pro-
duct-moment correlation coefficient r > 0.9, α = 0.005):
temperature decreased linearly along the gradient and both
rainfall and relative air humidity increased. Therefore, for
simplicity, we use elevation as a proxy predictor (Körner
2007).

Trait data

Trait data were extracted from the BRYOTRAIT-AZO
database (available online at http://islandlab.uac.pt/soft
ware/ver.php?id=26), a comprehensive trait data set for
the Azorean bryoflora, based on published morphological
information. As most water-related traits in the literature
for bryophytes pertain to leaf architecture, we used leaf
traits in this study. As for number of traits, we followed
the recommendations by Laughlin (2014) to avoid using
correlated traits and limited our trait set to five traits which
are thought to be connected with water uptake, flow and/or
retention on bryophytes (Table 1).

Leaf length in bryophytes is connected with water loss
in the sense that, being in permanent hydric equilibrium
with the surrounding atmosphere (Proctor and Tuba 2002),
bigger leaves, despite being able to absorb more water, are
also more prone to losing it when exposed to dry condi-
tions. Leaf bases which are decurrent (extending below the
leaf insertion) or sheathing (surrounding and clasping the
stem) facilitate water movement and can store small
amounts of water between the stem and the sheathing
leaf portion (Watson 1914a). In papillose and mamillose
leaves, cell surfaces present minute protuberances in a
variety of forms which expedite water transport, acting
as capillaries without disturbing gaseous exchanges, has-
tening leaf rewetting (Guerra et al. 1992; Vitt et al. 2012).
As for margin rolling, incurved margins form sacciform
structures which reduce evaporation (Watson 1914b;
Guerra et al. 1992). Liverwort leaves are nerveless, but
in some moss taxa the leaves can be costate, that is,
presenting a nerve or costa. Leaf nerves that extend across

the entire length of the leaf (percurrent nerves) or even
surpass it (excurrent nerves) are thought to offer increased
structural support to the leaf during desiccation, as well as
providing an avenue for water transport (Guerra et al.
1992; Waite and Sack 2010). Moreover, some excurrent
nerves can project into hyaline hairpoints, thin hair-like
structures which appear to be very effective captors of dew
(Watson 1914a; Ah-Peng et al. 2014).

We measured the correlations for each pair of traits in
order to estimate the level of redundancy in our functional
information following the methodology developed by
Pavoine et al. (2009). We first computed the squared
pair-wise distance matrices for each trait and then we
calculated the Pearson correlations between every possible
pair of distance matrices. Here we used Gower’s distance
(Gower 1971), a metric that accommodates different types
of variables. As correlation values were all close to zero
(all r < 0.3), we ascertained that the traits were not corre-
lated and thus should provide independent functional
information.

Functional diversity metrics

According to Mason et al. (2005), functional diversity
within a community can be decomposed in three facets
which, together, describe the distribution of species in
niche space: (1) functional richness, which refers to the
amount of niche space occupied by all the species; (2)
functional evenness, concerning the evenness of the dis-
tribution of abundance in the occupied niche space; and
(3) functional divergence, quantifying the degree to which
abundance distribution in niche space maximises diver-
gence in functional traits. To quantify these three func-
tional components to characterise alpha diversity we
employed the multidimensional indices of Villéger et al.
(2008), namely FRic (functional richness), FEve (func-
tional evenness) and FDiv (functional divergence). We
standardised FRic, so that all indices varied between 0
and 1. We tested both linear and quadratic regressions to
account for potential relationships between elevation and
functional diversity measures. The significance of the
models was assessed using the correlation coefficient
(R2) and the small sample size-corrected Akaike index
(AICc), and only the best fit was considered.

For beta diversity, we used the partition method pro-
posed by Carvalho et al. (2012), in which functional beta

Table 1. Bryophyte water-related leaf traits used in our functional diversity analyses, with information on variable type and possible trait
values.

Leaf trait Type Values Associated function

Leaf length Continuous From 0.15 mm to 13 mm Water uptake
Decurrent/sheathing base Binary 0 – absent; 1 – present Water movement and storage
Cell ornamentation Binary 0 – absent; 1 – present Water movement and storage
Margin rolling Binary 0 – plane; 1 – rolled Reduction of evapotranspiration
Nerve extension Ordinal 1 – absent; 2 – short; 3 – long;

4 – excurrent; 5 – with hairpoint
Water interception and movement
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diversity between sites is decomposed into replacement or
turnover (the substitution of traits by other traits) and
richness differences (loss or gain of traits between sites),
allowing us to determine which process is originating the
functional dissimilarities among sites (see also Cardoso
et al. 2014). According to the typology of beta diversity
measures proposed by Anderson et al. (2011), Carvalho’s
framework was appropriate since it allowed the measure-
ment of a directional turnover in assemblage structure (e.g.
through time or along an environmental gradient). Mantel
regressions were applied to determine the existence of
significant correlations between beta diversity patterns
and site dissimilarity matrices created based on elevation.

To determine if our observed alpha and beta diversity
values arose by chance or were associated with site-spe-
cific factors of community assembly, we compared the
observed functional alpha and beta values to a random
distribution under the null hypothesis of no association
between elevation and traits. Our null model resulted
from 10,000 permutations of the site x species abundance
matrix, using the “independent swap” algorithm (Gotelli
and Entsminger 2001, 2003), which randomises species
occurrence values without changing the total richness of
each sample or species frequency. To quantify the devia-
tion from the null expectations, we computed the standar-
dised effect size (SES), using the formula:

SES = (Obs – μ null) /σ null,
where Obs is the observed functional alpha/beta value,

μ null is the mean functional alpha/beta value of the
simulated communities and σ null is the associated stan-
dard deviation (Gotelli and McCabe 2002). We considered
that there was a significant deviation from the null expec-
tation when SES < 2 (diversity lower than expected) and
when SES > 2 (diversity higher than expected). Finally, for
each site, community-weighted mean (CWM) values were
calculated for each trait. These were the mean trait values
weighted by the relative abundance of the species display-
ing them. Plotting CWM values against elevation allowed

us to determine which traits were creating the functional
diversity patterns observed.

Liverworts and mosses are known to show different
diversity patterns along ecological gradients (Mateo et al.
2016). In Terceira Island, liverwort taxonomic richness is
more closely related to environmental variables than moss
taxonomic richness (Gabriel and Bates 2005; Henriques
et al. 2016), which is why separate analyses were carried
out for liverworts and mosses. All calculations were made
by in R 3.3.1 (R Core Development Team 2014) by using
the ade4, BAT, vegan and FD packages.

Results

The 636 samples yielded a total of 3680 bryophyte
records, corresponding to 89 leafy bryophyte taxa, plus
three thallose taxa that were not considered in this study
since they do not possess leaves. Of the 89 taxa, 55 were
liverworts and 34 were mosses. Taxonomic richness
increased with elevation, peaking at 600 m (N = 52) and
stabilising above (N = 47); abundance peaked at 800 m
(Figure 1). The same elevational pattern was observed in
both mosses and liverworts, but with liverworts being
constantly more species-rich and abundant than mosses,
representing on average 58% of the taxa at all sites.

Functional alpha diversity

Functional richness followed a non-linear pattern with a
maximum at 600 m, both for mosses and all bryophytes
combined, while for liverworts it increases linearly with
elevation (R2 = 0.89, P < 0.01) (Figure 2(a)). However,
this increase in occupied functional space for liverworts
did not differ from random expectations, while the max-
imum at 600 m for mosses was significantly higher than
would be expected by chance (Figure 2(b)). Functional
evenness decreases significantly with elevation for the
three groups (all bryophytes: R2 = 0.93, P < 0.01;

Figure 1. Species richness and abundance (number of presences in 50-cm2 field samples) of leafy bryophytes (liverworts, mosses and
both combined) along an elevation gradient, Terceira Island, Azores, Portugal.
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liverworts: R2 = 0.77, P < 0.05; mosses: R2 = 0.80,
P = 0.01) (Figure 2(c)), but without deviating from null
model predictions (Figure 2(d)). As for functional

divergence, it was quite high for all groups along the
gradient and decreased significantly with elevation only
for mosses (R2 = 0.75, P < 0.05) (Figure 2(e)).

Figure 2. Functional richness (FRic), functional evenness (FEve), functional divergence (FDiv) and respective standardised effect sizes
(b, d and f) for all bryophytes, liverworts and mosses along an elevation gradient, Terceira Island, Azores, Portugal. Note: Only
significant correlations (P < 0.05) are shown as trend lines.
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Nonetheless, FDiv values for all bryophytes and liverworts
at the 40 m site were significantly higher than expected by
chance. The same applied to liverworts at the 800 m and
1000 m sites (Figure 2(f)).

Functional beta diversity

Overall bryophyte functional beta diversity among sites
increased with elevation (r = 0.83, P < 0.01), mostly
due to an increase in replacement (r = 0.79, P < 0.01)
(Figure 3(a)). Mosses were the main contributors to this
pattern, showing an even steeper increase in both over-
all beta diversity (r = 0.86, P < 0.01) and its replace-
ment component (r = 0.81, P < 0.01) (Figure 3(c)), a
pattern which differs significantly from null model
expectations for the three most distant pairs of sites.
As for liverworts, the most important process at work
along the gradient was the difference in richness among
sites (r = 0.53, P < 0.05) (Figure 3(b)), as expected,
given the linear increase in liverwort functional richness
with elevation. Nonetheless, this trend did not differ
from null model expectations.

Community-weighted means

Three of the five traits used in our index calculations
correlated significantly with elevation: leaf length, leaf
rolling and cell ornamentation. Leaf length decreased
along the gradient for liverworts and mosses together
(R2 = 0.69, P < 0.05), but not for liverworts or mosses
alone (Figure 4(a)). The abundance of species with cell
ornamentations decreased with elevation (all bryophytes:
R2 = 0.81, P = 0.01; liverworts: R2 = 0.92, P < 0.01;
mosses: R2 = 0.60, P < 0.05) (Figure 4(c)), as did the
abundance of species with inrolled margins, both for
mosses (R2 = 0.90, P < 0.01) and all bryophytes combined
(R2 = 0.80, P = 0.01) (Figure 4(e)). Neither the presence of
decurrent leaf bases or nerve extension was related to
elevation (Figure 4(b,d)), despite the latter presenting its
maximum value at 40 m, both for mosses and all
bryophytes.

Discussion

Gathering data on how functional traits change along envir-
onmental gradients can provide useful insights about

Figure 3. Functional overall beta diversity divided into its two components, richness differences and species replacement for each
possible pair of sites along an elevation gradient, Terceira Island, Azores, Portugal, plotted against elevational distance between sites for
(a) all bryophytes, (b) liverworts and (c) mosses. Note: Only significant Mantel correlations (P < 0.05) are shown as trend lines.
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community structure and its relation to environmental fac-
tors, which, in turn, affect ecosystem functioning (Pescador
et al. 2015). Given the general lack of such studies for island
bryophytes, which play an important role in hydrological
cycles, we conducted the first assessment of water-related
functional diversity patterns of bryophytes in Azorean native
vegetation areas. The increase in taxonomic richness with

elevation was accompanied by an increase in occupied func-
tional space for liverworts, but without deviating from the
null expectation. This reflects a seemingly random accumu-
lation of functions, not visibly influenced by the climatic
variables associated with elevation. Functional richness
only surpassed null expectations for the moss community at
600 m, a site where the 16 moss species present cover a large

Figure 4. Community-weighted means of trait values plotted against elevation for each of the three studied groups along an elevation
gradient, Terceira Island, Azores, Portugal. Note: Only significant correlations (P < 0.05) are shown as trend lines.
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range of trait values. In the same community, there are moss
species with small (1.2 mm), plane and non-decurrent leaves
with short nerves and no cell ornamentation (i.e. Hypnum
uncinulatum), species with long leaves (6 mm) with inrolled
margins, decurrent bases and long nerves (i.e. Leucobryum
glaucum) and species hosting several other combinations of
trait values in between these. At this site, we also found the
moss with the longest leaves (13 mm), Polytrichastrum for-
mosum, as well as several species with excurrent nerves.
These extreme trait values greatly expand the volume of the
functional space. This might indicate a higher niche avail-
ability for mosses at this site, which is in fact an ecotone,
corresponding to a transition area between submontane and
montane forests (Elias et al. 2016).

Analysing the distribution of trait abundances, we also
found that the functional divergence of liverworts at 40 m,
800 m and 1000 m elevation was significantly higher than
expected by chance, meaning that the most abundant species
at these sites were more dissimilar than they randomly
should. This dissimilarity seems to have arisen from the
wide range of leaf length values present. At 40 m, for
instance, the two most abundant liverworts Frullania tamar-
isci (48% of the records) and Cololejeunea azorica (11%),
present fivefold differences (1.5 mm and 0.3 mm, respec-
tively). Such wide ranges are even more accentuated at
800 m, where specimens of the liverwort Scapania gracilis
can exhibit leaves almost six times longer (2 mm) than those
of an almost equally abundant liverwort species,
Drepalejeunea hamatifolia (0.3 mm). This seemingly ran-
dom distribution of liverwort species with longer and shorter
leaves is corroborated by the fact that CWM values for leaf
length do not show a significant variation with elevation.
Small liverworts with equally tiny leaves (namely those
belonging to the Family Lejeuneaceae) are ubiquitous and
occur frequently throughout the gradient. The fact that our
abundance metric is the number of 50-cm2 microplots in
which the species are present and not an actual count of
individuals or cover estimation might have resulted in these
smaller species to disproportionally weigh the trait mean and
functional diversity indices which consider trait abundance.

Concerning patterns of beta-diversity, we found that
trait composition varied between among our coastal and
montane bryophyte communities. Mosses are the main
contributors to a pattern of increase in bryophyte beta
diversity with elevation, most of which is owing to repla-
cement of traits by other traits along the gradient. There is
a significant elevational shift from moss taxa with inrolled
leaves and ornamented cells at low elevation (40 m) to
moss taxa without these adaptations at high elevation
(1000 m). While the correlation is not significant for
nerve extension, there is also a CWM maximum for this
trait in the 40 m moss community, indicating the preva-
lence of longer-nerved taxa at this site. This corroborates
our initial trait function assumptions for these traits, in
which cell ornamentation, leaf rolling and the presence
of excurrent nerves were thought to provide some degree
of protection against rapid water loss, delaying desiccation
and/or increasing water-uptake rates and the rehydration

process when water becomes available again. As such,
moss communities along the gradient conform to our
functional turnover hypothesis, showing changes in trait
composition along the gradient as a result of environmen-
tal filtering while functional richness remains unchanged.
Liverworts, despite not deviating significantly from our
null hypothesis, show an increase in functional richness
along the gradient, combined with significant richness
differences between low- and high-elevation communities
and the lack of clear CWM elevational patterns for the
studied traits. This suggests that, as these water-related
traits are concerned, liverworts are less diverse and more
functionally redundant than mosses, but also begs the
question of if and how different combinations of traits or
analysis at other spatial scales might unearth structuring
deterministic processes not revealed in this study.

As the trait values used were collated from the litera-
ture and not obtained via direct measurements of our
sampled specimens, it might be that intraspecific variabil-
ity along the gradient was not considered. Shifts in plant
functional traits have been linked both to species composi-
tional changes (e.g. Matteodo et al. 2013; Venn et al.
2014) and species plasticity (e.g. Hulshof et al. 2013;
Kichenin et al. 2013), however interspecific differences
have been responsible for the largest portion of variance
in trait values along elevational gradients (Auger and
Shipley 2013). Additionally, the binary and ordinal traits
used in this study do not display intraspecific variability
along the gradient, being strongly phylogenetically con-
served. Nonetheless, using trait data from European
amphibians, Tsianou and Kallimanis (2016) have recently
shown that trait selection can greatly impact functional
diversity calculations, as focusing on different traits can
produce different spatial patterns of functional diversity.
As such, a thorough identification of functional hotspots
must not be based solely on the study of a single organis-
mal function, such as the hydric relations of bryophytes.
This implies that further studies, focused on different traits
and other axes of ecological niche variation, such as those
related with photosynthesis (Chen et al. 2016) or life
history and reproduction (Austrheim et al. 2005), will be
required for a more complete characterisation of the bryo-
phyte functional diversity on Terceira Island.

Conclusions

This first assessment of the functional component of the
Azorean bryoflora suggests that future changes in climatic
variables might particularly affect moss functional diver-
sity. It is to expect that, as the climatic conditions change,
so will the diversity patterns correlated with elevation. It is
then necessary to explore how these changes will translate
spatially into a loss or gain of function and the impacts
those functional shifts might have on ecosystem function-
ing. Additionally, the application of the BRYOLAT stan-
dardised sampling protocol in Terceira will allow us to
join and directly compare our results with the ones
obtained for other Azorean islands and even other
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archipelagos where this protocol has also been applied (i.e.
the Canary Islands, the Comoros, the Lesser Antilles, the
Mascarenes, French Polynesia and Madagascar) contribut-
ing to a joint assessment of insular vegetation functional
diversity patterns.
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