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Abstract: The insects trapped in 63 plots positioned in a mixed pinewood and a marsh in Schinias,
Marathon, Greece is studied relative to the anthropogenic disturbance. The last anthropogenic impact
was recently intensified because of the Olympic Games in the area. One hundred and forty insect
species were found that had abundances greater than two individuals in each sampling session
in all plots. Seven insect community types were found using cluster analysis. The types, which
corresponded to recognized habitats, re-emerged in a non-metric multidimensional scaling ordination.
It was also found that insects tended to dwell in different plots, even in the same habitat. The
invading P. halepensis Mill., which replaces P. pinea L., changed the entomofauna. The seven habitats
had different numbers of bioindicators out of 74 insect species, not in general correlated with human
impact. Three components of insect diversity were measured, and the temporal species turnover was
consistently higher than the spatial one. In this sense, pine habitats were rated first in terms of overall
insect diversity. In terms of biodiversity, the impact on the various biotopes was assessed utilizing
the diversity–equitability index V, which indicated that the two P. halepensis-dominated habitats have
negative V values together with the habitat dominated by Tamarix hampeana Nied. The conservation
of P. pinea and the marsh habitats is recommended for conserving local entomofauna and stopping
the progression of P. halepensis. The optimization of management strategies to meet the management
goals of all elements of this degraded ecosystem seems to be crucial.

Keywords: biodiversity; pinewood; Pinus halepensis; P. pinea; diversity partitioning; temporal
diversity; habitat specificity; anthropogenic disturbance

1. Introduction

Coastal sand dunes are among the most widespread habitats worldwide. Although
sand dunes are among the first studied ecosystems (as early as 1835, according to Martinez
and Psuty [1]), they are poorly known. This contrasts with their considerable socioe-
conomic value [2] and the fact that they are biotopes with highly evolved and adapted
specialist species capable of occupying very fragile ecosystems of oscillating environmental
variables, e.g., [3].

Their ability to respond to human-induced disturbance and climate changes and
their proximity to human settlements make them good systems for the study of plant
and insect communities [4–10], as well as individual species [11–16]. They are also used
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in the implementation of nature conservation measures [17]. The degradation of dune
slacks continues apace, leading to the reduction in the area of coastal dune grasslands,
together with a severe change to their geomorphology [5,12]. This is due to human draining
projects that lower the water table and change the water availability to all successional
dune stages. In addition, sand dunes and all successional stages show changes caused
by human impact irrespective of the degree of resilience or sensitivity [4]. In Attica,
Greece, the densely forested Holocene landscape with many coastal salt marshes and sandy
plains [17] has over time degraded or been converted to agricultural land. This resulted
from a series of occupations of the country by foreign forces and was followed by a final
population increase and the associated construction works, of which salt marshes and
littoral ecosystems were the first casualties [18]. The Marathon plain and Schinias escaped
tourism and residential/holiday developments before the 1960s because of the presence of
mosquitos. Since then, extensive control of the mosquito population by insecticide spraying
led to intensified agricultural activities (authors’ observation).

The Schinias area is made up of biotopes that belong to endangered ecosystems of the
Mediterranean [18]. Most of these coastal biotopes have already been destroyed (more than
90%—a fact that results in the area needing immediate conservation). For that reason, it has
been included in the list of National Parks of Greece (in 2002), in the CORINE biotopes, and
in the network of the Natura 2000 biotopes [19]. Unfortunately, the increased tourism value
associated with the battlefield (590 BC) led to the selection of the area for the construction
of the canoeing and rowing center for the 2004 Olympics. This accelerated the degradation
of local ecosystems.

Conservation of insects can only be achieved through indirect measures that protect
the biotopes where the species live [6,18,20,21]. The selection of the species and sites to
be protected should be based on the current evaluation of the quantity and quality of
biodiversity [22,23]. This information is generally lacking for many insects in Greece. This
current work establishes the background for an objective risk assessment of the endangered
species further to indirect conservation strategies [22]. For this, the biotic communities
must be described, and the characteristic insect species that indicate the properties of each
community type must be listed. This is achieved by finding the major community types
of the studied area and the indicator species for each of these. Biotic communities should
emerge from a set of plots. Description of these types is usually done by measuring the
nestedness within this set of plots and the occurrence patterns of indicator species [24].
Biodiversity, as a property of communities, should be partitioned into spatial and temporal
components [25]. The biodiversity of each plot, and the specificity of insect species within
each habitat, give a good description of the insect communities [26].

The purpose of this paper is to find the types and properties of local insect communities
and the necessary ecological regime leading to the development of efficient conservation
strategies. The geomorphological history of Schinias is well-documented [27], together with
the flora, entomofauna, and vegetation [18,28,29]. For this, Schinias is an ideal case for the
analysis of human impacts on insect communities. In this research, the following aims were
established: (a) to identify insect communities and the coherence with the classification
of plots based on plant species, (b) to analyze the affinities of the insect communities and
explore the effect of human impact on them and their response, (c) to identify the indicator
insect species of the delimited biotic communities, and (d) to assess the functional role
of the indicator species and their relationship with the anthropogenic impact type and
amount in each habitat.

2. Materials and Methods
2.1. Study Area

Schinias is in the coastal area of Marathon village (E 24◦ 3′, N 38◦ 8′). The studied
site includes dunes, coastal pinewood, and all successional stages between them, together
with inland salt marsh (Figure 1). For the dune system, the terminology follows that of
Knott and Warren [30]. The name of the area is derived from the dominant shrub Pistacia
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lentiscus (= Pa. lentiscus), Anacardiaceae; Greek name is schinon (pl. schina, adj. schinias).
In the past, Pa. lentiscus formed dense thickets. The site is located in the northeastern
part of the Attica Peninsula. Schinias is a typical east-Mediterranean area with high
plant [18,31], insect [28,29], fish [32], and bird diversity [33]. Schinias is a biotope of
ecological significance, despite its proximity to Athens, and is included in the biotopes of
the NATURA network (code: GR3000003 in [19]). The biotope is characterized by a high
diversity of habitat and vegetation types with 22 habitat types of European importance
(Appendix A of Directive 92/43/EEC “on the conservation of natural habitats and of wild
fauna and flora”, Table 1, (Figure A2). The area of Schinias presents a great variety of
vegetation, which reflects the various soil and water conditions that prevail at this site. At
the same time, however, it presents a strong picture of degradation and decline, which is
associated with reckless human activity. There are four vegetation units: (1) the vegetation
of sandy beaches, (2) the vegetation of wetlands, (3) the shrubs and the P. pinea forest, and
(4) the P. halepensis forest. The ecological and cultural importance of the area is due to the
Marathon battle in 490 BC (Pausanias 160 BC). This attracts a great number of visitors,
which has recently further increased following the construction of the ‘canoeing and rowing
center’ for the 2004 Olympic Games and all the construction related to the visitors.
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Figure 1. Schinias study area at the northeastern part of Attica, Greece. The grey line together with
the sea front circumscribes the study area. The black line with a west–east direction indicates the
road leading to the base of the Kynosoura Peninsula. The numbers show the habitats revealed in this
study on the basis of their insect content.
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Table 1. Habitats and the major plant species grown in the Schinias coastal pinewood area. Photos of
these plants are in Figure A2.

Name Dominant and Subdominant Plants

H1 P.halepensis, Pistacia lentiscus L., Juniperus phoenicea L., Anthylis hermaniae L.
H2 P. halepensis Mill, Poaceae, Cistus sp., Papilionaceae, Brassicaceae
H3 P. pinea L., Pa. Lentiscus, Juniperus oxycedrus subsp. macrocarpa (Sm.) Neilr., A. hermaniae
H4 P. pinea, Poaceae, Pa. lentiscus, Quercus coccifera L., Asparagus aphyllus L., Cistus sp.
H5 Typha angustifolia L., Plantago coronopus L., T. hampeana, J. acutus L., Elymus farctus (Viv.) Runemark ex Melderis
H6 J. subulatus Forssk., Phragmites australis (Cav.) Trin. ex Steud.
H7 T. hampeana, Cakile maritima Scop.

Two springs, named Makaria and Drakonera, reduce the salinity of the marsh, while
seawater increases it. Several small streams drain the marsh in springtime. In May, the
entire marsh is dry, except for some small pools in the northern part of the marsh. The
drainage ditch in the eastern part at the base of the Kynosoura Peninsula (Figure 1) creates
ideal spawning grounds for many fishes and attracts many birds, while it sustains a
multitude of plant associations [28,33,34].

2.2. Insect and Vegetation Sampling

Insects were sampled in 63 square plots, each one having sides of 5 m, randomly
positioned with the aid of a random generator. Points that fell on unsuitable spots, such as
houses, roads, and sea, or were closer than 50 m to other points, were discarded (Figure 1).
Each plot had one side parallel to the shoreline. In the middle of each plot and at the
four corners, pitfall traps were used to collect the ground fauna (= five per plot). Pitfall
traps functioned all year round and were emptied and serviced once a week. The pots
had a diameter of 12 cm and were filled with ethylene glycol: water 1:1 solution 3 cm
deep. The lower vegetation layers were swept fortnightly for up to 5 min per plot, with
an insect net having a diameter of 22 cm and a depth of 50 cm. Up to 4 window traps
and 2 eclector traps [35] were set in each plot, where there was a pine-tree. This tree was
used to sample bark beetles and dead wood dwelling (saproxylic) insects (bioform Dr. J.
Schmidl e.k., Germany). Twice a year in April–May and September–October, a Malaise
flight interception trap was set for 6 h in each plot (between 1000–1800 h) to collect all
passing flying insects. Eight Malaise traps (7 traditional 6 m traps with two collecting jars
and one Townes style) were used to sample each plot on one day. All plots were sampled
within one week. A flight interception window trap was used fixed on tree trunks. The
glass window was a 30 cm × 40 cm quadrilateral. Once a year, in late spring or early
summer, in each plot, we performed mist-blowing on the tallest tree or shrub by applying
paraffinic white oil (Sun Oil 7E, Sunoil, Belgium) as a degradable insecticide. The falling
insects were collected in a piece of plasticized cloth for 1 h after mist blowing [36–38]. All
insect-collecting methods were applied as much as possible in the same way in all plots.
Since weather conditions and time did not permit a strict homogeneity of insect sampling
in each plot, we grouped all catches in bi-monthly intervals. This grouping is known to
represent the insect species content that characterizes each plot. Insect numbers collected
with different methods were not compared. Insect species captured once (singletons) or
twice (doubletons) in all plots were discarded in this work, as it is believed that they do
not convey ecological information [39]. Insects were identified in the laboratory and stored
as voucher specimens in the collections of IMFE, Athens, Greece, and the museum of the
National and Kapodistrian University of Athens. Nomenclature follows de Jong [40] for all
insect groups. In all plots, plant cover was measured using the point quadrat method [41]
for all major plant species with cover greater than 5%. The method was automated using a
laser emitter that shows the leaves that must be removed for the estimation of the cover of
higher strata up to 20 m. Profile values were converted into percentage cover, which as a
rule exceeded 100%.
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2.3. Similarity Analysis of Plots

The similarity analysis of the plots was done with two methods. The first method was
the hierarchical analysis of similarities of plots described in terms of the insects captured
in them. This analysis was performed through the clustering of plots with a minimum
variance joining method (Ward method [42]). The optimal number of clusters that would
correspond to the number of different habitats recognizable by the insects was found. We
employed this method by plotting the root mean squared standard deviation (RMSSD) of
each cluster against the number of clusters [43].

To analyze the differences among plot clusters and check their correspondence with the
plant succession status and the existence of major trends among plot groups, we employed
non-metric multidimensional scaling (NMDS) as an ordination technique. This is because it
can accommodate some degree of nonlinearity and performs well in dimension reduction
in high-dimensional data (general account [44]; ecological applications [42]; application
in the conservation of invertebrates [24]). The ordination was computed on a Bray–Curtis
dissimilarity matrix. When the groups of plots are reproduced in the ordination diagram,
then we may conclude that they are formatted based on insect preferences and presumably
are consistent and distinct from other groups. As a test for the statistical significance of the
difference between clusters, we employed the ANOSIM test [45,46]. The method produces
an R statistic and an empirical distribution of R obtained by a permutation to assess the
significance (1000 permutations). The dissimilarities within clusters are tested against the
ones between clusters. In addition, ‘anosim’ tests the significance of differences in the faunal
composition of plots [47] between those that regularly receive the bulk of human impact
and those lightly impacted. The package ‘vegan’ was used for that purpose [48,49].

2.4. Diversity Analysis

We applied the methodology of Tylianakis et al. [26] to take into account the periodicity
of the human impact on the coastal pinewood, dunes, and marsh. The method also
covers multiple spatial and time scales. This method performs additive partitioning of
the observed diversity. The turnover of insect species is conceived both as temporal and
spatial, and in this sense, it was decomposed in a way that considers the hierarchical levels
revealed by the similarity analysis of plots above [50]. The method can be summarized in
the formula:

γh = αh + βTh + βSh and βTh = mean
(

βTp
)

(1)

where γh: gamma diversity of habitat h; αh: mean number of insect species per plot per
bimonthly period for habitat h; βTp: temporal turnover of species between bimonthly
periods for plot p; βTh: mean of all βTp for a given habitat h; βSh: the spatial turnover of
insect species among the plots of habitat h calculated as the difference between the number
of species found in habitat h over the entire year and the mean number of species per plot
per habitat. Equation (1) involves all diversity quantities for a specific habitat type. As
alpha (α-) and beta (β-) diversities are estimated by operations on all plots of habitat h, they
can be expressed as proportions of gamma diversity. The diversity of habitat types was
calculated with the diversity–equitability index (Ewens–Caswell V statistic). This measure
allows the standardized measurement of the deviation of a real sample from the one
predicted by the Ewens–Caswell neutral community model. This model is neutral for all
forms of interspecific interaction (including predator–prey, herbivore–plant, host–parasite,
symbiosis, and competition) and interspecific differences in response to the environment.
The formula for the calculations is:

V =
[
H′ − E

(
H′

)]
/ SD

(
H′

)
(2)

where H′ = Shannon diversity index; E (H′) = diversity predicted by the neutral model;
SD (H′) = standard deviation of Shannon diversity. It has been empirically shown in many
ecological studies (some of them involving insects [51,52]), that this index can predict the
survival of populations based on the abundance of resources (V > 0), and density lowering
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or population crashes (V < 0) caused by processes like competitive exclusion or disturbance.
In sampling units with labile populations, the V-statistic becomes even more negative
and increases again when populations recover. This property of V is expected to describe
communities better than more traditional indices, such as Simpson’s D or % dominance
of the commonest species index. Meanwhile, it is closely related to the Shannon index
because this index is already calibrated against neutrality [50]. All calculations for V were
performed with the ‘Biodiversity Pro’ program (Version 1.2, London, Scottish Association
for Marine Science and Natural History Museum, UK) [53].

2.5. Nestedness

We performed a nested analysis of similarity to detect whether small assemblages were
parts of larger ones. In general, the risk in conservation studies lies in what assemblage to
protect. For this, nestedness is quite common in bipartite, usually mutualistic, networks,
such as plants and their insect pollinators or seed dispersers [54]. Moreover, it is believed
that disturbance regimes produce nested distributions [54–56]. For this analysis, we used
the function ‘nestedtemp’ and its types (e.g., nestedNODF) in the R package ‘vegan’ [48],
which can identify the cases with a completely random pattern. We also used the package
‘NODF’ [57,58] with the ss constraint. This means that the observed row and column
abundance totals are retained when individuals of insect species are placed in a clear
matrix at the beginning of the analysis. In addition, this function provides measures that
describe the co-occurrence patterns of species in the plots. For instance, the CU number,
i.e., checkerboard units, provides the number of insect species that never co-occur [59].
If CU and the related C-score are higher than expected by chance, afterward, one can
conclude that species tend not to co-occur. In addition, with the use of the ‘oecosimu’
function, we applied the quasiswap method of building a null model for the estimation
of the z score and the associated probability P. A call to quasiswap produces a matrix by
inspection of 2 × 2 random sub-matrices that is independent of previous matrices and has
the same marginal totals as the original data [48]. The significance of CU is declared if it
is higher than what is expected by chance after 1000 iterations (declared in the ‘oecosimu’
function). In this case, both species tend to occupy different sites [24] (Table 2).

Table 2. Metrics used in nestedness and co-occurrence analysis.

Metric Observed Value Z P

T 31.04 3 −1.34 Ns
NODF 1 62.8 1.05 Ns

WNODF 2 28.14 0.38 Ns
C-score 4 141.34 4.6 5 × 10−4

CU 5 1,375,256 319.38 <0.01
1 is the acronym of the nestedness measure of decreasing fill for presence/absence data; 2 is the acronym of the
weighted nestedness measure of decreasing fill for abundance data; 3 with 52.3% matrix fill; 4 is the acronym of
checkerboard units; 5 it is a statistic that determines the randomness of the distribution of two or more species in a
set of data.

2.6. Habitat Specificity Analysis

An index showing the specificity of each species for each habitat was estimated
according to the method proposed by Tylianakis et al. [26]. This index indicates the
deviation of the abundance of each species from what would be expected under the null
hypothesis of random distribution. The following formula describes in detail the index
HSih of species i with habitat h:

HSih = log(Oijh/Eijh + 1) (3)

where Oijh and Eijh are the observed and expected number of individuals of species i in
plot j, which belongs in habitat h; the expectation is under the null hypothesis of random
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distribution of the species, which is the total number of individuals of species i in all
habitats multiplied by the fraction of individuals of all species found in plot j.

The habitat specificity of insect species was compared across habitats employing a
Friedman nonparametric ANOVA [26]. The significance probability is calculated assuming
an χ2 distribution for species abundances. The results are tabulated for insect families
and family groups since, in general, co-familial species have similar ecological require-
ments. Whilst the data used in these tests are referred to species, the groups of species are
considered here as blocks of cases and the habitats as groups of variables.

2.7. Indicator Species

The determination of diagnostic species was performed by employing the software R
package ‘indicspecies’ [60]. The method considers that niche breadth varies among species.
In effect, a species would be tested as an indicator of a set of several biotopes, depending
on its niche breadth. The method operates on a grouping of biotopes, i.e., plots in this
study, obtained with the minimum variance joining method explained in the similarity
analysis above. According to Caceres and Legendre [61], the method can interpret the set
of sites even in the case where they are characterized by crossed factors [60]. The method
was exemplified with a beetle assemblage in a set of sites in which the crossed factors were
the wildfire regime (three levels) and the altitude (three levels). The significance of the
indication value was assessed with permutations (5000 permutations).

The R package ‘labdsv’ [62] was also employed for verification-only purposes. This
package made possible the estimation of the IndVal, i.e., indicator value, of species. The
inclusion of a species in both significance-indicator species sets, i.e., found with both
packages, strengthens the ability of an insect species to serve as an indicator.

2.8. Functional Roles of Insect Species

Whilst it is known that insect indicator species diagnose habitats, it would be informa-
tive if their functional role is used to characterize the impact status of the respective sites.
For this purpose, all insect species were categorized into 18 functional roles, and Figure 2
illustrates their numbers in each plant community. These roles are related to the position
of each insect in the trophic structure of the eco-system and the way they transform the
energy in the feeding substrate [22]. All functional roles are described in Figure 2.

The status of each habitat was measured using three variables commonly used to
describe the impact [63] and the specific anthropogenic influences received by the plots.
The variables were ‘naturalness’, ‘anthropic elements’, and ‘earthworks’. The last variable
is used because of the widespread influence of this activity to cover the needs of the ‘rowing
center’. In each plot, a square frame with size 1 m2 was randomly dropped at 12–16 places,
depending on the presence of each impact type was recorded by 0/1 notation. Then, the
average of the 0/1 triplets was estimated and expressed as a percentage triplet for each
plot. We estimated the habitat impact by taking the mean triplet of all constituent plots.
The following meanings are attached to the variables: (a) ‘naturalness’ is evidenced when
there are (i) old floristic elements, (ii) there are no signs of human presence, (iii) absence
of natural exports from forbs, trees, and non-wood products, i.e., the resin of P. halepensis
or soil under Pa. lentiscus, and disasters such as forest fires, (iv) absence of fragmentation,
(v) presence of laying or standing dead wood; (b) ‘anthropic elements’ are evidenced when
(i) there are traces of herb collecting, (ii) human-generated garbage, (iii) past or present
human artifacts, (iv) paths generated by browsing sheep/goat flocks, (v) human pathways
and traces, and (vi) game traces or hunting remains; (c) ‘earthworks’ are evidenced when
soil masses are removed from or brought into the plot, up to 5 years previously. These three
impact types are not mutually exclusive, and a specific 1 m2 frame can be characterized
by a triplet of 0/1 values summing up to 3, e.g., (0, 1, 1). In essence, the method is similar
in the way it measures the three impact measures to the one presented by Hill et al. [64].
However, it operates on a much smaller scale and is adapted to the area of this study.
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3. Results and Discussion

There are seven habitat types, as indicated by the cluster analysis of the 63 plots. The
names and dominant plants of each habitat type are shown in Table 1. A combined NMDS
diagram, which includes habitat types as the group indicator, and the functional roles of
insects found in the plots, can be seen in Figure A1. The NMDS analysis was successful,
with a stress value = 0.02 and a percentage-explained variance of 0.98. In this diagram, the
x-axis separates the habitat types from the bulk of insects. Only predatory species (P) fell
in the negative x-semiaxis. Importantly, the pine-bearing habitats (H1–H4) were located
together in the third quadrant, while the other three habitats H5–H7 fell together in the
fourth quadrant. The insects in the CPW (cambio-phloeophagous/wood borer) functional
role separated from the rest. All other types, except P, fell together at the far positive end
of the x-semiaxis. This diagram shows that there is no preference of any functional role
of insects for a habitat type. Only CPW insects behaved differently from the rest and took
almost the same y values as pine habitats, accompanied by J. macrocarpa and A. hermaniae.
The gradual disappearance of these woody plants from the area removes CPW insects,
rather than the spread of P. pinea.

To find the significant associations between the impact type and the functional roles
of the bioindicator insect species, we applied the following method. We submitted the
matrices of (habitats) × (functional roles of bioindicators) and (habitats) × (impact types
and amount) to the ‘adonis’ [65] function of the ‘vegan’ package. This procedure performs
a partitioning of the sum of squares, and in this sense, it is analogous to the multivariate
analysis of variance. McArdle and Anderson [64] refer to it as a “permutational MANOVA”.
This method uses a pseudo-statistic to perform the statistical test of the significance of the
interaction of variables describing the habitats of the matrices. It has been used in several
ecological works in a mode remarkably similar to redundancy analysis [66].

The Holocene geomorphological evolution of the Schinias area is well-known [27,67,68].
The proposed scenario (Figure 3) includes the initial stage of the formation of an island
in front of the plain. It also includes the successive fluvial deposits and sediments, which
formed the temporary swamp. The initial profile of the area is a flat-floored depression
within karst limestone (marbles). The action of the Makaria and Draconera springs symbol-
ized with ‘x’ at the easternmost edge of the plain (Figure 1) together with the restrictive
drainage by surface water courses, gave the area the present configuration (open polje)
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with an extensive island that has closed the past lagoon (before 3000 BC) bearing a dune
system stabilized by pines.

Forests 2023, 14, x FOR PEER REVIEW 9 of 20 
 

 

in the negative x-semiaxis. Importantly, the pine-bearing habitats (H1–H4) were located 
together in the third quadrant, while the other three habitats H5–H7 fell together in the 
fourth quadrant. The insects in the CPW (cambio-phloeophagous/wood borer) functional 
role separated from the rest. All other types, except P, fell together at the far positive end 
of the x-semiaxis. This diagram shows that there is no preference of any functional role of 
insects for a habitat type. Only CPW insects behaved differently from the rest and took 
almost the same y values as pine habitats, accompanied by J. macrocarpa and A. hermaniae. 
The gradual disappearance of these woody plants from the area removes CPW insects, 
rather than the spread of P. pinea. 

To find the significant associations between the impact type and the functional roles 
of the bioindicator insect species, we applied the following method. We submitted the 
matrices of (habitats) × (functional roles of bioindicators) and (habitats) × (impact types 
and amount) to the ‘adonis’ [65] function of the ‘vegan’ package. This procedure performs 
a partitioning of the sum of squares, and in this sense, it is analogous to the multivariate 
analysis of variance. McArdle and Anderson [64] refer to it as a “permutational 
MANOVA”. This method uses a pseudo-statistic to perform the statistical test of the sig-
nificance of the interaction of variables describing the habitats of the matrices. It has been 
used in several ecological works in a mode remarkably similar to redundancy analysis 
[66].  

The Holocene geomorphological evolution of the Schinias area is well-known 
[27,67,68]. The proposed scenario (Figure 3) includes the initial stage of the formation of 
an island in front of the plain. It also includes the successive fluvial deposits and sedi-
ments, which formed the temporary swamp. The initial profile of the area is a flat-floored 
depression within karst limestone (marbles). The action of the Makaria and Draconera 
springs symbolized with ‘x’ at the easternmost edge of the plain (Figure 1) together with 
the restrictive drainage by surface water courses, gave the area the present configuration 
(open polje) with an extensive island that has closed the past lagoon (before 3000 BC) 
bearing a dune system stabilized by pines. 

 
Figure 3. Sketch showing the Holocene evolution of the Schinias pinewood and marsh. The trans-
verse cut corresponds to the straight red line in the previous panel. Four stages span the time from 
prehistory (stage 1) to the present (stage 4). 

Because of the dunes, these systems are considered protective formations of urban 
areas [69], while biotic communities on them indicate their status [7,10]. Archaeophytes 

swamp 

stage 
41900 AD 

Figure 3. Sketch showing the Holocene evolution of the Schinias pinewood and marsh. The transverse
cut corresponds to the straight red line in the previous panel. Four stages span the time from
prehistory (stage 1) to the present (stage 4).

Because of the dunes, these systems are considered protective formations of urban
areas [69], while biotic communities on them indicate their status [7,10]. Archaeophytes
(established before 1500 AD) indicate relatively undisturbed areas, while neophytes (after
1500 AD) signify human-disturbed dunes. Holocene dunes, such as those found on Schinias,
are dominated by archaeophytes, and the insect communities on them are similarly popu-
lated by native insects [28,33]. Alien insects prefer dunes among other habitats [7,15]. In
Schinias, they prefer stabilized dunes and nearby hilly areas like the ones that surround the
pinewood and the marsh in Schinias (Figure 1). From the fact that disturbed dunes offer
resources to all types of plants since disturbance creates additional niches for herbivorous
insects and their predators, it becomes evident that these habitats cannot be differentiated
based on insect species content.

On the other hand, the mean specificity of habitats (Figure 4) and all types of biodiver-
sity (Figure 5) were reduced in P. halepensis- and T. hampeana-dominated habitats. Moreover,
the V-statistic shows clearly that these habitats are more disturbed than the more typical
habitat of Schinias (Figure 6).
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Figure 4. Mean specificity of the seven habitat types. Columns marked with different letters denote
specificities that are significantly different (p < 0.05). Error bars are 1 sem.
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Figure 5. Diagram showing the absolute values of the three components α, β spatial, β temporal of
biodiversity and the height of the bar corresponds to total (γ) biodiversity. Different letters within
bars represent bar segments that cannot be declared different at the p = 0.05 level across all habitat
types. Three triplets were used for the segments, namely [a,b,c], [x,y,z], and [p,q,r].
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Figure 6. Diagram of V-statistic of all 63 plots. All nine plots of each habitat type are within each
ellipsis that corresponds and circumscribes each habitat. The nine symbols, whether empty or filled
or of any shape within the same ellipsis, correspond to plots of the same vegetation type. All plots in
one ellipsis are of the same color.

In general, ecologists consider P. halepensis as a post-disturbance pioneer of Mediter-
ranean coastal areas, and records of its recent expansion span over a century of forest
surveys in the Mediterranean Basin [70]. This pine replaces P. pinea in all Greek biotopes
(e.g., Skiathos Isl. West Peloponnissos) because of a combination of properties, the most
important of which is the germination ability immediately after the firing of numerous
seeds. Other properties that determine mainly the invasiveness and fire-evader strategy are
seroteny (strong in P. halepensis and rare in P. pinea) and early flowering of P. halepensis [71]
for invasiveness in South African scrubland [72]. In Schinias, P. halepensis occupied more
than 70% of the original P. pinea forest in the 20th century. Although P. halepensis is more
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susceptible to fire and natural enemies than P. pinea, the previously mentioned ecophysio-
logical properties make the first species able to replace the second from all biotopes where
they co-occur [73,74]. Enclosures around seedlings of P. pinea showed that this pine is
competitively replaced by the other pine species since it cannot tolerate the shading from
the rapidly germinating seedlings of P. halepensis after an ecosystem perturbation (personal
observation PVP). The insects associated with the plots where these pines predominate fol-
low this pattern. Plots belonging to habitats 3 and 4 exhibit more specificity than habitats 1
and 2 (Figure 5). This is because P. halepensis invades the sites of P. pinea and removes the
insects of P. pinea and the associated shrubs, which are more specialized to cope with the
antifeedant essential oils in the resin [73]. For example, the P. pinea phenotype in Schinias is
not infested by Marchalina hellenica Gennadius, unlike P. halepensis, because of the sizable
percentage of limonene [73]. This causes a momentous change in the entomofauna of plots
since the pine scale is followed by scolytids and their natural enemies. In effect, this causes
a reduction in the fauna of the ground layer [29]. The concentration of habitats 1, 2, and
4 in the first quarter of the NMDS plain (Figure A1) reflects the condition of the invasion of
P. halepensis and the lack of a shrub layer in P. pinea-dominated habitat 3.

The insects that indicate the two P. pinea habitats (3, 4) are more than the ones indicating
P. halepensis habitats (1, 2) (Table 1). This proves that the incoming invading pine species
does not belong to the Schinias flora. In addition, the insects indicating habitats 1 and
2 are influenced by nearby agricultural activities (C. perla, B. variegator, and E. urozonus) or
specializing in exploiting pine tissues (G. staurus pine needles, and T. piniperda cambium
and phloem). The insects indicating P. pinea habitats (3 and 4) are predators, but they also
include many exploitation niches (e.g., pollen eaters, cambio-phloeophagous, xylophagous,
seed eaters, sucking insects, and needle eaters). In both habitat groups, the ripening of pine
seeds in the third year (which is unusual among pines) [74] increases the availability of
seed resources for exploiting insects and other animals such as rodents and seed-eating
passerines. This adds to the replacement of P. pinea by P. halepensis and not by other pine
species. Another capability of the P. halepensis is withstanding the lowering of the water
table, which is inevitable in the evolution of dunes. Pinus pinea exploits saline water when
rainfall water is depleted [75], but P. halepensis, as a drought invader, can withstand even
the lowering of brackish and saline water. However, the insect fauna does not follow the
replacement in the same time scale, hence the scanty set of indicators (Table A1).

In addition to all these, the nestedness and co-occurrence analysis shows (Table 2) that
insect species tended not to co-exist, as indicated by the C-score and CU, which are highly
significant. Of course, this can be the outcome of several ecological processes, but here,
only the habitat requirements and the competition can be invoked [24,25]. For that reason,
the excessive number of predators, as Figure 2 and Table A1 show, cannot suppress the
populations of herbivorous insects.

The other three habitats (5, 6, and 7) had a similarly large number of bioindicators with
11, 7, and 24 insect species, respectively. We can observe the superficial paradox that many
insects indicate the heavily impacted habitat 7. Even if the three T. hampeana monophagous
insects are removed (T. tamaricicola, O. stictogalus, and C. tamaricis), 21 species remain as
habitat 7 indicators. Not all insects are freshwater specialists, such as A. imperator, S. falleni,
G. lacustris, H. sahlbergi, and C. lateralmarginalis. Among them, L. decipiens, B. mucronata,
O. olens, and Quedius sp. are detritivorous or occasionally carcass eaters or even predators,
and the other insects belong to a variety of niches. They were found in the macchia and
pseudomacchia vegetation on the hills that border Schinias. This means either that most
insect indicators are coming from other nearby areas and avoid the other habitats, or
that T. hampeana prefers to grow on advanced dune successional stages, which harbor a
multitude of specialized indicators [16]. In addition, habitat 7 has the highest α and βT
diversities and the lowest βS diversity. This means that there is a high turnover of species
that increases the richness of the plots. However, these insects are very mobile and do
not differentiate plots from one another. This fact is also responsible for the low mean
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specificity of this habitat, together with the fact that T. hampeana insects occupy trees in all
plots of the habitat.

Habitat 7 received the bulk of earthworks from the construction phase of the ‘canoeing
and rowing center’. As a result, it is expected to bear pioneer herbs and grasses and all
the insects associated with herbaceous (though not exclusively) vegetation like E. fasciata,
N. aduncus, R. consors, and L. macaronius. As a result, the diversity is expected to be based
on time rather than on space, hence the proportionally lowest βS and the proportionally
highest βT (Figure 7) but the lowest overall γ diversity (=βS + α) (Figure 5).
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Regarding the functional roles of insect bioindicators, the number of bioindicators
(Figure 8) was not related to the impact status of the habitat. It is the taxonomic status of
the plant that grows and dominates the habitat, rather than its status, which configures the
number of bioindicators. In effect, habitat 7 dominated by T. hampeana bears the unique
entomofauna of this taxonomically isolated tree that can grow on recently imported soils
from other sites in the area. Almost all insect species found on this tree are within the group
of bioindicators of habitat 7 (Table A1).
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Habitats 3 and 4 with P. pinea and the old habitats 5 and 6, which are closer to the
natural vegetation of Schinias according to Figures 2 and 6, harbored the highest numbers
of parasitoid and sucking insects.

The measures of the disturbance of the habitats interacted significantly, as is the case of
most of the proposed measures. These measures are complicated quantities estimated from
disturbed biological communities [64]. Because of this, it is difficult to find a prominent
pattern except for the one found in the previous paragraph. For instance, from the predatory
trophic level, only parasitoids (PP), predators at larval stages (PL), and synanthropic
predators (Ps) differed significantly among habitats, unlike all-stage predators (P). Workers
on the composition patterns of a river catchment Heteroptera, in Hungary, stated that the
distribution pattern of predaceous Heteroptera could be influenced by various factors [76]
eventually, not solely by the ones measured in this study. On the other hand, in the small
scale of this study, the successional status of a particular plot may be disturbed by summer
visitors who walk on paths under the old P. pinea trees. This creates early successional
vegetation stages mingled with the late ones. So, the insects of the respective plots are
influenced by disturbed succession in addition to interrupted connectivity.

The vicinity of the area to agricultural land further complicates the analysis since there
are many corridors that mix the entomofauna. In this way, the specificity of each habitat,
both in terms of species and in 18 functional roles, is severely reduced. The reduction in
the vegetation is behind the spread of grass-dominated corridors within all habitats in
Schinias. The development of understory shrubs is perhaps a defense of the existing plants.
These grassland corridors and dikes (of a river system instead of a marsh) were also found
to be important insect corridors that enlarge habitats and reduce fragmentation [76]. On
the other hand, grassland corridors are probably early secondary successional stages or
primordial revegetated fragmentation [77] and do not increase the colonization of plots,
which becomes zero by rare species [78]. In this sense, grassland corridors do not directly
affect the constitution of habitats in functional insect types. The influence of corridors is
exerted solely through the reduction in vegetation.

4. Conclusions

In conclusion, the pinewood and marsh area at Schinias receives ongoing human
impact in many forms. (a) Urbanization is prominent in the area between the marsh
and pinewood and the northern part. This changed insect communities both in terms of
constituent insect species and their abundance. These changes were mediated by changing
the plant communities of Schinias. (b) Tourism-related construction was evidenced in the
‘canoeing and rowing center’ in the western part, but the earthworks were transported
all over the area. These activities also changed the insect communities in a qualitative
and quantitative sense. The results showed that no insect species can solely respond to
the per se construction works. An exception is perhaps the CPW (cambio-phloeophagous
and wood-boring) insects, which were associated with P. halepensis and avoided P. pinea.
(c) Finally, the restriction of the marsh seems to change the entomofauna of habitats. It is
done either directly by both changing the marsh vegetation and favoring the replacement of
P. pinea by P. halepensis or by creating open ground that is covered by P. halepensis seedlings.
In addition, it lowers the water table. This last event is a prerequisite for the germination of
P. pinea seeds. (d) Finally, the indicator values of insect species show what functional roles
of insects are important indicators in each plant community.

The implementation of conservation tools in the area and their dynamic adaptation to
local social conditions seem crucial. This degraded biotope must be rehabilitated through
ecological management to guarantee long-term sustainability and the maintenance of
its ecosystem services. Additionally, the rehabilitation must consider the socioeconomic,
political, and cultural needs. The lessons from Schinias can be extended to other P. pinea
forests since all area habitats share a common natural history.
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Appendix A

Table A1. Insect species that are significant indicators of plot groups. Eighty species out of 140 are
significant indicators and are shown in this table. The probability of having a smaller indicator
value is 0.05 or smaller. The last column describes the functional role of each insect species. The
explanations of symbols are given in Figure 2.

Site Group Insect Species Indicator Value
(Higher for ‘Good’ Indicator) P Functional Role

1 Grypotes staurus 0.695 0.02 * S
Tomicus piniperda 0.693 0.043 * CPW

Lionychus (Lionychus) quadrillum 0.617 0.021 * P
Chrysopa perla 0.573 0.038 * PL

Bracon variegator 0.524 0.002 ** PP
2 Eupelmus urozonus 0.618 0.045 * PP
3 Acupalpus (Acupalpus) maculatus 1.000 0.001 *** P

Rhagium (Rhagium) inquisitor 1.000 0.001 *** CPW
Pissodes (Pissodes) gyllenhali 1.000 0.001 *** CPW

Raphidia (Raphidia) ophiopsis mediterranea 1.000 0.001 *** P
Mantis religiosa 1.000 0.001 *** P

Ulrike attica 0.8 0.008 ** P
Acanthocinus reticulatus 0.798 0.001 *** CPW

Orthotomicus erosus 0.758 0.029 * CPW
Trechus (Trechus) subnotatus 0.73 0.001 *** Ps

Bacillus atticus 0.727 0.02 * Lc
Panorpa germanica graeca 0.72 0.015 * P
Dromius (Dromius) agilis 0.688 0.001 *** P

Melanophila cuspidata 0.682 0.036 * CPW
Anthaxia (Melanthaxia) corinthia 0.632 0.039 * WPo
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Table A1. Cont.

Site Group Insect Species Indicator Value
(Higher for ‘Good’ Indicator) P Functional Role

4 Brachymeria tibialis 1.000 0.001 *** PP
Clanoptilus (Clanoptilus) elegans 0.828 0.001 *** Po

Urophora cardui 0.806 0.001 *** G
Tentyria rotundata 0.764 0.001 *** Ss

Dolichomitus sericeus 0.714 0.023 * PP
Bombus terrestris 0.702 0.023 * Po

Chorthippus (Glyptobothrus) brunneus brunneus 0.696 0.015 * Lc
Scaeva albomaculata 0.69 0.012 * PL

Lygaeus pandurus ssp. pandurus 0.687 0.016 * FS
Philaenus spumarius 0.675 0.01 ** S

Ancyrosoma leucogrammes 0.664 0.007 ** S
Loxocnemis dentator 0.659 0.044 * S
Centrocoris spiniger 0.657 0.048 * S

Staria lunata 0.651 0.049 * S
Messsor sp. 0.621 0.029 * S

Oedemera (Oedemera) flavipes 0.618 0.048 * Po
Hypophloeus linearis 0.585 0.039 * P

Calathus (Calathus) fuscipes graecus 0.537 0.015 * P
5 Lestes barbarus 1.000 0.001 *** P

Sympetrum striolatum 1.000 0.001 *** P
Libellula depressa 1.000 0.001 *** P
Chironomus sp. 1.000 0.001 *** PM

Sympetrum meridionale 0.787 0.001 *** P
Lissonota (Loxonota) histrio 0.726 0.001 *** PP

Sympetrum fonscolombii 0.723 0.001 *** P
Dasypogon melanopterus 0.715 0.001 *** P

Hypera sp. 0.68 0.023 * Lc
Harpalus (Artabas) dispar splendens 0.576 0.022 * O

Pimelia (Camphonota) subglobosa 0.545 0.037 * Sss
6 Syromastus rhombeus 0.872 0.001 *** F/Se

Henestaris halophilus 0.842 0.001 *** Se
Aphaenogaster subterranea 0.838 0.001 *** O

Trichograma sp. 0.815 0.001 *** PP
Paragus tibialis 0.727 0.004 ** PP-WPo

Diadegma trochanteratum 0.679 0.027 * PP
Ischnura elegans 0.632 0.036 * P

7 Anax imperator 1.000 0.001 *** P
Opsius stactogalus 1.000 0.001 *** S

Tuponia tamaricicola 1.000 0.001 *** S
Notonecta (Notonecta) maculata 1.000 0.001 *** P

Myopa buccata 1.000 0.001 *** PP-WPo
Coniatus (Coniatus) tamarisci 0.988 0.001 *** F/Se

Loboptera decipiens 0.954 0.001 *** Ss
Sigara (Subsigara) falleni 0.948 0.001 *** P

Calomera littoralis nemoralis 0.87 0.001 *** P
Dociostaurus maroccanus 0.866 0.001 *** Lc
Hesperocorixa sahlbergi 0.853 0.001 *** P

Gerris (Gerris) costae fieberi 0.812 0.001 *** P
Empusa fasciata 0.81 0.001 *** P
Neides aduncus 0.746 0.001 *** S

Acinopus (Acinopus) subquadratus 0.745 0.001 *** P
Cephalota (Taenidia) circumdata circumdata 0.735 0.001 *** P

Libelloides macaronius 0.72 0.001 *** P
Blaps mucronata 0.692 0.001 *** Ss

Aciura coryli 0.689 0.001 *** F
Carabus (Tomocarabus) convexus 0.647 0.001 *** P

Ocypus (Ocypus) olens 0.604 0.036 * P
Quedius sp. 0.592 0.023 * P

Cybister (Scaphinectes) lateralimarginalis 0.545 0.048 * P
Rhyparochromus consors 0.518 0.001 *** F/Se-S

*** p < 0.001; ** p < 0.01; * p < 0.05.
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Figure A1. Diagram of the non-metric multidimensional analysis of habitats and the functional roles 
of insects according to their insect species content. The diagram space is partitioned in four quad-
rants. The bulk of the functional roles fall to the positive x-semiaxis. Habitats H1-H4 fall in the sec-
ond and the rest of habitats fall in the third one together with the predatory insects. 

 
Figure A2. Brief photos of important plants and their habitats at Schinias: 1. Elymus farctus, 2. Ech-
ium arenarium, 3. Salicornia fruticose, 4. Limonium bellidifolium, 5. Juniperus phoenicea, 6. Pistacia 
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Figure A2. Brief photos of important plants and their habitats at Schinias: 1. Elymus farctus, 2. Echium
arenarium, 3. Salicornia fruticose, 4. Limonium bellidifolium, 5. Juniperus phoenicea, 6. Pistacia lentiscus,
7. Lagurus ovatus, 8. Trifolium campestre, 9. Pinus pinea, 10. Pinus halepensis, 11. Smilax aspera, 12. Cistus
criticus, 13. Piptatherum miliaceum, 14. Brachypodium retusum, 15. Muscari commosum, and 16. Erodium
cicutarium (photo credit: A. solomou).
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