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A B S T R A C T

Resurveying studies are commonly appreciated as a means to monitoring temporal changes in plant diversity.
However, most of them still rely on phytosociological plots, which, although representing an invaluable source
of data, can lead to biased estimates of vegetation changes. At the community-level, temporal changes can be
quantified by means of beta-diversity measures. However, compositional variation can be the result of two
different, often contrasting, processes: turnover and nestedness. In this context we test the effectiveness of
resurveying approaches based on quasi-permanent plots in revealing temporal changes in herbaceous commu-
nities of Mediterranean coastal dune systems. Indeed, due to their being highly dynamic, coastal dunes can be
considered ideal habitats for implementing such tools. In particular, we quantified temporal changes in species
composition occurred over 10–15 years by calculating Sørensen index of dissimilarity and, in order to determine
whether the change was really driven by species turnover, we partitioned Sørensen index into its two compo-
nents of turnover and nestedness. At the same time, since diagnostic species are considered to be particularly
sensitive to habitat modifications and helpful in assessing changes in the ecological structure of a community, we
analyzed temporal changes in the occurrence and cover of diagnostic species of the investigated habitats. Results
show that coastal dune communities of our study area underwent consistent changes during the analyzed time-
span. Almost 25% of the historical plots disappeared. Major transformations, mainly driven by species turnover,
involved upper beach communities, embryonic and mobile dunes, as revealed by the parallel analysis of beta
diversity and diagnostic species. This work shows how resurveying approaches can efficiently reveal useful
insights on vegetation dynamics, therefore providing a solid basis for the implementation of effective con-
servation strategies, especially in endangered habitats.

1. Introduction

In the last decades, global changes and anthropogenic pressures
seriously affected the structure and functioning of ecosystems across the
globe, eventually becoming major drivers of alteration in their com-
position and diversity (Walther et al., 2005; Verheyen et al., 2016; Hédl
et al., 2017). Quantifying such alteration, along with identifying main
trends, is a crucial task in the protection and management of natural
systems (Kapfer et al., 2017) and is therefore considered a priority issue
in conservation ecology.

Resurveying studies, consisting in the re-sampling of vegetation
plots historically surveyed by other authors, are being increasingly used
as a means to detect temporal changes in the vegetation of many eco-
systems. In order to maximize reliability and robustness of subsequent

analyses, resurveying studies should be able to accurately retrieve ori-
ginal plot location and, to this regard, permanent plots currently re-
present the most precise tools. However, permanent plots can be highly
resource-intensive and their coverage is in most cases spatially limited
(Hédl et al., 2017). On the other hand, quasi-permanent plots, i.e. plots
that can be relocated using a plot-specific geographic position (sensu
Kapfer et al., 2017), despite retaining a certain degree of relocation
error, stand for a valid, cost-effective alternative. Although such tools
are starting to gain popularity, they still mostly rely on phytosociolo-
gical data, mainly because of the long tradition of phytosociological
relevés providing an invaluable source of data in a variety of habitats
(Bakker et al., 1996; Ross et al., 2010). However, as phytosociological
relevés are traditionally based on preferential sampling, their use in
revisitation studies and associated analyses violates the statistical
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assumptions of randomness and independence of observations (Lájer,
2007; Michalcová et al., 2011) which, together with the frequent lack of
geographical coordinates, can result in biased estimates of vegetation
change (Jandt et al., 2011; Chytrý et al., 2014).

Whittaker (1960, 1972) introduced the concept of beta diversity
(the amount of variation in species composition among a set of sam-
pling units) for linking local-scale diversity (or alpha diversity) to re-
gional-scale diversity (gamma diversity). Since then, beta diversity has
become a primary tool for examining changes in the composition of
species assemblages, not only along spatial or environmental gradients,
but also along temporal gradients. In this context, Baselga (2010) and
Baselga (2012) suggested how the concept of beta diversity actually
involves two distinct processes, one (temporal turnover) being the real
temporal variation of species assemblages from one time to another,
and the other (nestedness resultant-dissimilarity) being an effect of the
poorest site being a strict subset of the richest site. As these two com-
ponents may show contrasting patterns, their separation is crucial in
order to assess actual temporal trends in biodiversity (see Baselga 2012
and references therein).

While beta diversity measures focus on quantifying changes be-
tween communities, they give no insights about temporal trends ex-
perienced by single species. In this sense, diagnostic species (i.e. species
that, guaranteeing both existence and functionality of their habitats,
can be considered representative of different vegetation types and are
particularly sensitive to a range of threats and habitat modifications)
are being increasingly used by researchers as crucial units for mon-
itoring biodiversity (Santoro et al., 2012b; Del Vecchio et al., 2016;
Angiolini et al., 2017). Providing information about underlying abiotic
components, diagnostic species can help evaluate changes in the eco-
logical structure of a community (Lambeck, 1997; Kimball et al., 2010;
Del Vecchio et al., 2016), and are therefore of great use in the assess-
ment of temporal changes.

In this framework, taking advantage of a large coastal vegetation
database comprising standardized random plots originally sampled
since 2002 (Sperandii et al., 2017), we tested the effectiveness of res-
urveying approaches based on quasi-permanent random plots for as-
sessing temporal changes in Mediterranean coastal dunes. Indeed, de-
spite their being highly suitable systems for implementing such
approaches, up to our knowledge revisitation studies focusing on
Mediterranean sandy habitats and making use of quasi-permanent
random plots haven’t been implemented yet.

Being transitional ecosystems located at the boundary between land
and sea, coastal dunes are unique habitats characterized by con-
straining environmental conditions that limit survival and successful
reproduction to a relatively small set of highly specialized plant species
(Maun, 2009; Fenu et al., 2013; Marcenò et al., 2018). Such environ-
mental constraints, together with their ecotonal nature, make coastal
dunes highly dynamic ecosystems where even short time-spans can be
enough to track vegetation changes (Sperandii et al., 2018). At the same
time, in spite of a prominent conservation value (Van der Maarel 2003;
Martínez et al. 2008; Acosta et al., 2009) and a wide range of socio-
economic services provided (Defeo et al., 2009), coastal dunes appear
among the most threatened ecosystems on earth (Schlacher et al., 2007;
Janssen et al., 2016).

In consideration of the above, we endeavor to answer the following
research questions:

- i) To what extent have coastal dune habitats of Central Italy changed
over the last 10–15 years?

- ii) Can we relate this change to a real “species turnover” or rather to
a “nestedness effect”?

- ii) Can we identify trends for diagnostic species of the involved
habitats?

2. Materials & methods

This resurveying study was performed on coastal dune systems lo-
cated in Central Italy along the Thyrrenian and Adriatic coasts (Fig. 1).
Throughout the study area, climate is Mediterranean (Carranza et al.,
2008) and holocenic dune systems occupy a narrow stripe along the
seashore.

2.1. Historical data

A total of 188 historical relevés were extracted from an existing
database of Italian coastal dunes (“RanVegDunes”; Sperandii et al.,
2017). This database consists of original georeferenced relevés col-
lected since 2002, for which sandy vegetation was recorded in stan-
dardized 4-m2 random quadrats (i.e. plots). For each plot, a species list
was available with abundance values estimated using a percentage
cover scale. Additional information, for each plot, includes a level 3-
EUNIS code assigned according to the EUNIS habitat classification
system (Davies et al., 2004; Table 1). The selected 188 plots were ori-
ginally sampled between 2002 and 2007 (hereafter T0) throughout the
first portion of the coastal zonation, therefore including annual pioneer
communities of the upper beach, embryonic dunes, mobile dunes and
coastal stable dune grasslands. Specifically, 63 plots were sampled in
2002, 56 were sampled in 2005 and 59 in 2007. As in this paper we will
consider plant communities in terms of level-3 EUNIS habitats, it is
necessary to clarify that the above-mentioned investigated communities
correspond to EUNIS categories B1.1, B1.3 and B1.4 (see Table 1 for
description of the communities and distribution of the plots among

Fig. 1. Main dune systems of Lazio and Molise (Central Italy).
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EUNIS types). However, it should be noted that, as 12 plots could not be
associated to any EUNIS category because they were highly degraded or
highly invaded by alien species, they were labeled as “not classifiable”
(NC).

2.2. Revisitation study

Historical plots were revisited and resampled in 2017 (hereafter T1),
following the same methods used by the original surveyors. This al-
lowed us to evaluate changes occurred over 10–15 years. During the
resurvey, special care was taken to perform the resampling during the
same months in which the original sampling was done (April-May). Plot
positions were relocated using a GPS unit on which historical geo-
graphic coordinates were stored (quasi-permanent plots sensu Kapfer
et al., 2017).

2.3. Data analysis

2.3.1. Beta-diversity analysis
To assess variation in species composition over time, presence-ab-

sence matrices were used. Specifically, pairwise dissimilarity values
between matched sites (old vs new) were computed using Sørensen
index of dissimilarity (βsor):

= + + +b c a b c( )/(2 )sor

where a is the number of species present at both T0 and T1, b is the
number of species exclusive to T0 and c is the number of species ex-
clusive to T1. Values of the index range from 0 to 1, with 0 indicating a
null dissimilarity (the communities have the same species composition)

and 1 indicating total dissimilarity (the communities do not share any
species). This was done using R package betapart (function beta.temp,
Baselga and Orme, 2012), which at the same time allows partitioning
beta-diversity into the two components of turnover and nestedness
(Baselga, 2012). To determine whether temporal change occurred si-
milarly across the investigated portion of coastal zonation, differences
in Sørensen values among different communities (identified through
EUNIS categories) were tested using Kruskal-Wallis rank-based non-
parametric test. Additionally, in order to find out which was the pre-
vailing process behind the change, turnover and nestedness values were
compared for each plot and also among different communities.

2.3.2. Variation in occurrence frequency and cover of diagnostic species
Diagnostic species (see Table 1) were identified using the Italian

Interpretation Manual of the 92/43/EEC Habitats Directive (Biondi
et al. 2009). Specifically, we selected a total of 29 diagnostic species,
choosing those that, for each plant community, were most abundant in
our study area. For each species and time point separately, occurrence
frequencies (i.e. the number of plots in which a species occurs) and
cover were calculated as follows.

First, standardized occurrence frequencies and cover values were
calculated, for each species and time point separately, following Kapfer
and Grytnes (2017). In particular, occurrence frequencies were stan-
dardized, for each diagnostic species, dividing the number of species
occurrences recorded during a specific survey by the total number of
plots sampled during that survey. Similarly, cover values for each time
period were standardized dividing the total cover of a species recorded
during a survey by the number of species occurrences in that survey.
Standardized changes were then calculated for both occurrence and

Table 1
Level 3-EUNIS type, description of the community and diagnostic species selected for this study.

Level 3-EUNIS type Description and correspondence with EU habitats (ex Annex I 92/43/EEC) Diagnostic species Number of
observations

B1.1 Sand beach drift
lines

Pioneer annual formations characterizing the strandline zone of the beach (EU hab
1210 – Annual vegetation of drift lines)

Cakile maritima Scop. subsp. maritima,
Chamaesyce peplis (L.) Prokh.,
Polygonum maritimum L.
Salsola kali L.

37

B1.3 Shifting coastal
dunes

Mobile coastal sand ridges which include embryonic dunes characterized by Elymus
farctus (EU hab 2110 – Embryonic shifting dunes) and semi-permanent dune systems
dominated by Ammophila arenaria subsp. Australis (EU hab 2120 – Shifting dunes
along the shoreline with Ammophila arenaria)

Ammophila arenaria (L.) Link subsp.
australis (Mabille) Laínz
Anthemis maritima L.
Calystegia soldanella (L.) Roem. &
Schult., Cyperus capitatus Vand.
Echinophora spinosa L.,
Elymus farctus (Viv.) Runemark ex
Melderis subsp. farctus,
Eryngium maritimum L.,
Euphorbia paralias L.,
Lotus cytisoides L.
Medicago marina L.
Otanthus maritimus (L.) Hoffmanns. &
Link subsp. Maritimus
Pancratium maritimum L.
Sporobolus virginicus Kunth,

95

B1.4 Coastal stable dune
grassland

Stable dune grasslands including chamaephytic communities of the inland dunes
dominated by Crucianella maritima (EU hab 2210 – Crucianellion maritimae fixed
beach dunes) and annual, species-rich communities colonizing dry interdunal
depressions (EU hab 2230 – Malcolmietalia dune grasslands)

Bromus diandrus Roth subsp. Maximus
(Desf.) Soó
Crucianella maritima L.
Cutandia maritima (L.) Barbey
Lagurus ovatus L.
Medicago littoralis Loisel.
Ononis variegata L.
Phleum arenarium L. subsp. caesium H.
Scholz
Pseudorlaya pumila (L.) Grande
Pycnocomon rutifolium (Vahl)
Hoffmanns & Link
Silene canescens Ten.
Sixalix atropurpurea (L.) Greuter &
Burdet
Vulpia fasciculata (Forssk.) Fritsch

44
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cover values by subtracting old values from new values, with positive
changes indicating an increase in the occurrence frequency/cover of the
species and negative values indicating a decrease in the occurrence
frequency/cover of the species. In order to assess whether changes in
occurrence frequencies between the two time points were significant,
we used McNemar’s non-parametric test for dependent data (Agresti,
2003). By comparing changes in the proportion of occurrences of a
certain species at T0 and T1, this test assesses whether the probability of
the species not being present in the first survey and appearing in the
second survey is equal to the probability of the species being present in
the first survey and disappearing in the second survey.

To test for statistically significant cover changes between old and
new relevés, exact Wilcoxon-Pratt signed rank tests for paired samples
were performed for each diagnostic species in its reference habitat. This
was done using R package “coin” (function: wilcoxsign_test; Hothorn
et al., 2008), which allows obtaining exact p-values of the test statistic
by specifying an argument of the function (distribution= “exact”) and
at the same time, by default, implements Pratt’s method of handling
zeros (Pratt, 1959). It should be noted that, in order to satisfy as-
sumptions about independence of observations when performing sta-
tistical tests, each of the above-cited analyses was carried out on three
different subsets (Nsubset1=121; Nsubset2=121; Nsubset3=118) ran-
domly extracted from the original 188 points dataset. These subsets
were created performing three random selections of points so that the
minimum distance between historical observations would be at least
100m. (ArcGis 10.1, ESRI). All statistical analyses were performed
using R (R Core Team, 2017).

3. Results

3.1. Temporal changes in coastal dune communities

During the resurvey we could ascertain that 44 out of the 188 his-
torical plots actually disappeared. Upper beach and foredune plant
communities were most affected by this phenomenon, with EUNIS ca-
tegories B1.1 and B1.3 respectively losing 21–25% and 58–60% of the
historical plots (Appendix A).

Sørensen index of dissimilarity unveiled substantial changes, as
shown in Fig. 2. Two peaks can be particularly identified, the first in-
cluding values around 0.9–1 and the second covering values around
0.4–0.6. With regard to the first peak, it should be noted that values of 1
(which identify a total dissimilarity between matched sites) together
with relevés that completely changed in their species composition also
incorporate disappeared plots.

Although the distribution of Sørensen index values seems to follow
coastal zonation (Fig. 3), with high values characterizing upper beach

communities and lower values associated to more inland communities,
no statistical differences were found when testing values of the index
against EUNIS categories in all three subsets (Kruskal-Wallis p > 0.05).

Partitioning beta diversity into its two related components revealed
similar results in all subsets (Table 2). In particular, turnover turned out
to be the prevailing process in most cases (83–85% of the plots), while
nestedness drove the change in only 12–16% of the plots. This holds for
all EUNIS categories, where turnover prevailed in 78–100% of the plots
(see Appendix B).

3.2. Changes in occurrence frequency and cover of diagnostic species over
time

During the considered time-span, 25 out of the 29 investigated di-
agnostic species decreased in their occurrence frequency while the rest
showed a positive trend (Appendix C). However, McNemar’s tests in-
dicated significant changes for just 8 species belonging to EUNIS cate-
gories B1.1 and B1.3, which all decreased in their occurrence. The
species that underwent the most substantial decline are Cakile maritima
and Salsola kali, followed by Chamaesyce peplis, Echinophora spinosa,
Elymus farctus and Ammophila arenaria (Fig. 4).

As for cover changes, 12 out of 29 species experienced a decrease,
while the rest experienced an increase during the considered time-span
(Appendix D). However, such changes resulted to be significant for just
6 species (Fig. 5) belonging to EUNIS categories B1.1 and B1.3. The
most important decrease was observed for Ammophila arenaria, Salsola
kali and Chamaesyce peplis, while the most important increase (although
relatively low) was found for Echinophora spinosa.

4. Discussion

During the last 10–15 years, coastal dune communities of Central
Italy underwent substantial changes that can be summarized in the
disappearance of almost 25% of the historical plots and in major
transformations affecting most investigated communities, not only in
their species composition but also in the occurrence frequency and
cover of their diagnostic species. Concerning disappeared plots, some
turned out to be submerged due to local erosion processes leading to a
retreat of the coastline, while others, mainly in areas associated with
seasonal tourism, were found to be completely unvegetated.

For all communities investigated, turnover was found to be mostly
responsible for compositional changes between old and new plots, thus
supporting the dynamic nature of coastal dune ecosystems (Martínez
et al, 2008; Agardy et al., 2005; Buffa et al., 2012; Calvão et al., 2013).
The fact that species replacement prevailed over nestedness might point
to ongoing transformation processes, as also suggested by recent dia-
chronic studies based on permanent plots (Prisco et al., 2015; Prisco
et al., 2016). This seems to be supported by the analysis of diagnostic
species, which revealed how all the species experiencing a statistically
significant change during the considered time-span decreased in their
occurrence frequency and/or in their cover, except for a slight increase
in the cover of two of them.

The most considerable variation seems to have affected pioneer
communities of the upper beach and foredunes (corresponding to Eunis
cat. B1.1 and B1.3), which also harboured the vast majority of dis-
appeared plots. Here, values of Sørensen index of dissimilarity turned
out to be, on average, higher than in coastal dune grasslands. Indeed,
although formal testing rejected statistical differences among the in-
vestigated communities, results from the analysis of temporal changes
in occurrence and cover of diagnostic species support the hypothesis of
the seaward portion of coastal zonation having experienced the greatest
change, as also found by Prisco et al. (2015, 2016). In particular, 3 out
of the 5 species tested for the upper beach sector (Salsola kali, Cakile
maritima and Chamaesyce peplis) strongly decreased in their occurrence
frequency during the time considered. However, Salsola kali and Cha-
maesyce peplis also decreased in their cover, while Cakile maritima

Fig. 2. Density plot reporting the values of Sørensen index of dissimilarity for
the three randomly selected subsets (Nsubset1=121; Nsubset2=121;
Nsubset3=118) of 188 survey plots.
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slightly increased in its cover from T0 to T1. This divergence might be
due to the fact that, as the species’ reference habitat is the most subject
to natural (occasional inundation, erosion) and anthropogenic (me-
chanical cleaning) disturbance, and at the same time dispersal for this

species mainly depends on tides and winds (Davy et al., 2006), popu-
lations of C. maritima may randomly germinate and develop more
backward, in neighboring communities. However, considerations on
temporal changes affecting drift line communities should be made with
utmost care. Indeed, as these communities are mostly formed by annual
species, whose occurrence and prevalence can be considerably depen-
dent on climatic variations over the years, and at the same time are
prone to high disturbance, they tend to be inherently ephemeral and
shifting (Doing, 1985; Acosta et al., 2009; Landi et al., 2012). Together
with drift line communities, foredunes turned out to experience im-
portant changes during the considered time-span. Here, the vast ma-
jority of the investigated diagnostic species showed a decreasing trend
in their occurrence frequency. In particular, the disappearance of di-
agnostic species such as Eryngium maritimum, Calystegia soldanella and
Echinophora spinosa might indicate ongoing degradation processes oc-
curring in this sector. At the same time, the substantial loss in the oc-
currence of Ammophila arenaria and Elymus farctus raises considerable

Fig. 3. Boxplot showing values of Sørensen index of dissimilarity among the considered EUNIS categories. NB. All three subsets are shown together.

Table 2
Partition of Sørensen index of dissimilarity. prevalence: % of plots in which the
specified component was found to be prevailing (averaged over subsets); sd:
standard deviation. NB: disappeared plots and plots that didn’t change at all
(Sørensen index value= 0) were excluded from this calculation.

component prevalence sd

nestedness 15.03 1.94
turn/nest 0.40 0.69
turnover 84.57 1.30
tot 100 –

Fig. 4. Mean temporal changes in occurrence frequency calculated, over the
three subsets, for diagnostic species that underwent significant changes
(p < 0.05 in at least 2 out of the 3 subsets).

Fig. 5. Mean temporal changes in cover calculated, over the three subsets, for
diagnostic species that underwent significant changes (p < 0.05 in at least 2
out of the 3 subsets).
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environmental concerns, as the two rhizomatous species play a key role
in dune formation and stabilization. Similar results are reported by Del
Vecchio et al. (2015), who found significant changes affecting foredune
habitats in the context of a 20-years revisitation study based on phy-
tosociological relevés. However, together with an increase in the cover
of Elymus farctus over the years, Del Vecchio et al. (2015) identified an
increase in the cover of Ammophila arenaria, whereas we found a par-
allel decrease in both occurrence and cover of this species over the
years.

Our results confirm the vulnerability of three important sectors of
the coastal zonation: upper beach, embryo dunes and shifting dunes. By
representing the first elements of coastal zonation, these communities
are certainly most exposed to both natural and anthropogenic sources
of disturbance such as coastal erosion and seaside mass tourism (Acosta
et al., 2006; Buffa et al., 2012), which are regarded among the most
important threats affecting coastal dune ecosystems. In particular,
many studies already evidenced the negative impacts exerted by
trampling, mechanical cleaning of the beach and other tourism-related
activities on sand dune habitats (Santoro et al., 2012a; Farris et al.,
2013). At the same time, it has been shown how erosion, either caused
by natural phenomena or by the development of artificial infra-
structures such as harbors, strongly modifies coastal zonation, often
truncating its first elements (Buffa et al., 2012; Ciccarelli, 2014; Prisco
et al., 2015).

As long-term perspectives are increasingly needed to study com-
positional changes in many ecosystems, resurveying studies represent a
valuable and cost-effective solution. Although it is very difficult to
avoid some of the bias they are naturally prone to (e.g. relocation bias,
observer bias), efforts can be made to minimize them and much de-
pends on the analyzed ecosystem. In this context, revisitation ap-
proaches based on georeferenced and standardized random plots, re-
ducing relocation inaccuracy and avoiding biases deriving from both
scale-dependence of inter-specific correlations and violation of statis-
tical assumptions about randomness (Chytrý and Otýpková, 2003;
Jandt et al., 2011; Michalcová et al., 2011), provide reliable estimates
of change while at the same time allowing wide spatial coverage. Being
highly dynamic ecosystems, coastal dunes can be considered a useful
testing system for resurveying approaches based on standardized,
georeferenced random plots, even when considering short- to medium
time-spans. However, with this work we intend to highlight that also
other ecosystems could actually benefit from the use of such ap-
proaches, especially when based on standardized, georeferenced
random plots instead of phytosociological plots.

5. Conclusion

Despite being challenging, revisitation studies are highly re-
commendable tools for analyzing temporal dynamics in plant commu-
nities (Hédl et al., 2017; Kapfer et al., 2017). This study, based on
georeferenced random plots, revealed substantial changes affecting
coastal dunes of Central Italy in the last 10–15 years. In particular, by
conducting analyses at both the community- and species-level, we
provide evidences of upper beach and foredunes communities having
experienced major transformations during the considered time-span. At
the same time, partitioning beta diversity allowed to identify species
turnover as the main driver of change. Whereas further research will be
needed to confirm such trends and investigate possible causes, we stress
the value of resurveying approaches in incrementing knowledge of
vegetation dynamics and, to this regard, we highlight their usefulness in
providing a good basis for the implementation of effective conservation
strategies, especially in endangered habitats.
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