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Abstract: Understanding how changes of any origin interact with the structure and survival of entire
populations is very important for the protection and conservation of threatened, rare and/or
endemic species. In this study, structure and population dynamics of Salvia ceratophylloides Ard., a
precious endemic species, belonging to the subgenus Sclarea (Moench) Benth., section Plethiosphace
Benth. (Lamiaceae) exclusive to the suburban environments of Reggio Calabria (Southern Italy), was
analysed. Interactions between this species and its different growth habitats were examined.
Moreover, the disturbance factors which directly affect the demographic viability of the species,
influencing its growth, reproduction and distribution in its distribution area were identified. From
2019 to 2021, a census by counting individuals of all the known stations, recorded according to a
specific protocol, was carried out. The recorded data were statistically analysed and compared with
those of the phytosociological surveys carried out using the Braun-Blanquet method and
summarised in phytosociological classes, in accordance with the hierarchical floristic classification
system of vascular plant communities, accepted at national and European levels. The structure of
the different populations was also related to the different threat factors that afflict S. ceratophylloides.
It was observed that the most structured populations of S. ceratophylloides were found in natural and
semi-natural environments where the anthropogenic disturbance was minor, while populations
with an irregular structure were found in sites exposed to disturbances of various origins. The
different phytosociological classes do not interact directly on population structure. The most
important factors affecting structure and distribution are disturbances of various origins, in
particular anthropogenic and phytosanitary disturbances. In order to keep populations balanced
and stable over time, it would be useful to adopt conservation measures for the species and the
habitat in which they live, with practical solutions for the following: (a) to limit infestations by
insects that parasitize stems and seeds; (b) to prevent mowing, fires, grazing and the introduction
of invasive alien species.
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1. Introduction

A useful tool for the conservation and management of rare and threatened plant
species is knowledge of the relationships between population dynamics, vegetation and
habitat [1]. Managing the conservation of these populations requires a detailed
understanding of the life cycle of the species under study and the temporal variations of
“life stages” [2,3].

Critical phases in the life cycle of rare plants can be detected through the study of
population dynamics [4-6]. These studies can highlight what factors interfere with, and
influence, population trends, and whether these are related to threats to the species, the
structure and composition of the surrounding vegetation or different management,
control and land-use practices [7]. Through this analysis, it is possible to use a forecasting
approach as to what the effects of ecological changes on threatened populations might be
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[1,8,9]. However, the laboriousness and the timelines associated with this type of study
prevent their widespread use in conservation biology [10].

A faster method of conducting population analyses of perennial (herbaceous) plants
is to analyse their structure in a single census. The structure of a population can be
described by classifying individual plants by age and size, or by considering the different
phenological stages of the individuals that compose a population, generally referred to as
“life stages” [6,11].

Population dynamics are also strongly influenced by climate change, which, in recent
years, is having very serious impacts on flora and fauna [12-16]. As a consequence of
climate change, a distributional shift of plant species to higher altitudes and latitudes is
expected. This will be almost impossible for rare and/or endemic taxa, which are tightly
bound to a narrow ecological niche and exclusive to a specific range, which is very often
fragmented [14,17-20]. In addition, a further threat is posed by alien species, which,
finding favourable temperatures, rapidly expand their range, competing with native
species and causing the loss of habitats that preserve rare and/or endemic species [21-24].

The Lamiaceae family is one of the biggest group of plants which have several
properties due to their rich composition in essential oils, and are considered, for this
reason, an important group of Medicinal Aromatic Plants (MAPs) [25,26]. They are also
valued as ornamental plants, and as culinary and medicinal herbs, making them a group
of exceptional ecological, ethnobotanical and floristic importance [27]. The genus Salvia,
spread from the Far East through Europe to the New World, represents a cosmopolitan
group with nearly 1.000 species, resulting in one of the largest genera belonging to this
family [28]. It is present in the pharmacopoeia of many countries around the world, where
it assumes a very important economic role; numerous species are used for medicinal, food,
and ornamental purposes [29,30]. The genus Salvia has a very wide range, occurring in
Central and South America with 500 spp., 250 spp. in Central Asia/Mediterranean and 90
spp. in East Asia [28]. According to European flora [31], the genus Salvia occurs in Europe
with 36 species, 3 subspecies, 3 hybrids and 2 aliens. In a more recent work, Nikolova &
Aneva [32], counted 39 species and 1 subspecies for Europe.

The Italian flora, to date, includes 28 species and 6 subspecies of the genus Salvia, of
which 11 taxa allochthonous, and 22 native, of which 4 are endemic [33], these include
Salvia ceratophylloides Ard., a rare endemism exclusive to the suburbs of Reggio Calabria
(Southern Italy) (Figure 1). Hedge [31] and Nikolova & Aneva [32] do not recognize S.
ceratophylloides as a separate species, considering it a synonym of S. pratensis. On the
contrary, Pignatti [34,35] recognizes it as an endemic species, exclusive to southern
Calabria.
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Figure 1. Salvia ceratophylloides Ard. (a) breeding individual (LG = Large Generative); (b) flower
detail; (c) detail of strongly incised leaves.

Salvia ceratophylloides belongs to the subgenus Sclarea (Moench) Benth., section
Plethiosphace Benth., characterised by a campanulate calyx, above two grooves, concave,
with three conniving teeth and corolla with a crescent-shaped, compressed upper lip [36].
It is part of the S. pratensis group present in Italy with some entities: S. pratensis L. subsp.
pratensis, S. pratensis L. subsp. saccardina (Pamp.) Poldini, S. haematodes L., S. virgata Jacq.
and S. ceratophylloides Ard. [35]. Del Carratore and Garbari [36], in their study on the
section Plethiosphace, report the following for Italy: Salvia clandestina L., S. haematodes L., S.
pratensis L., S. saccardiana (Pamp.) Del Carr. and Garbari, S. verbenaca L., S. virgata Jacq.,
and considered S. ceratophylloides extinct, as it has not been found in recent decades.

Already in 1800 [37,38] this species was known in the Reggio Calabria area in several
localities. Subsequent reports date back to the first two decades of the 20th century [39],
when the species was considered extremely rare [40]. The profound environmental
transformations undergone by the suburban area of Reggio Calabria, due to intense
urbanisation and the devastating fires that ravage the territory, has brought about
profound changes in the landscape with the reduction, degradation and disappearance of
natural habitats. As a result, in the localities mentioned in the letter (Gallico Superiore,
Terreti, Straorino, Orti, Vito Superiore, Pietrastorta) [40] S. ceratophylloides was no longer
found, despite searches by various botanists. So, in 1997, it was declared extinct and listed
in the ‘Red Book of the Flora of Italy” as ‘Extinct in the Wild’ (EW) [41]. Its extinction was
confirmed by later authors who studied the genus Salvia in Italy [42] and by Scoppola and
Spampinato [43] in the “Atlas of Endangered Species” of the Italian flora. Field research,
however, made it possible to find four micro-populations of the species at different
locations (Puzzi and Cataforio) in 2008. The populations consisted of a few dozen
breeding individuals and were about 10 km away from the populations previously
reported in the literature [44]. Subsequent studies over time have made it possible to
verify the presence of the species in other localities and to define its conservation status
and taxonomic and ecological characteristics in relation to related species [19].
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The objective of this study was a careful census of the existing population in order to
define the actual distribution and composition and the correlations between population
distribution, vegetation and threats to the species’ habitats. Understanding the
interactions between populations and habitats, and how these may affect population
dynamics and survival over time, is of fundamental importance in understanding the
strategy to safeguard endangered taxa, especially when they are endemic.

2. Materials and Methods
2.1. Study Area

The distribution area of S. ceratophylloides falls in southern Italy (South Calabria) and
is entirely within the municipality of Reggio Calabria. Field research carried out between
2017 and 2021, ascertained the presence of the species in various localities (Puzzi fraz. di
Gallina (Serro dei Morti and Serro d’Angelo), Mosorrofa (Serro Ciugna) and Mosorrofa
Vecchio, Aretina (Serro della Cattina, Prai), San Todaro, Armo (Spilingari and Grotta di
Sant’Arsenio). A total of 17 micro-populations are known to date, all distributed in the
suburban periphery of Reggio Calabria (Figure 2).
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Figure 2. Distribution of Salvia ceratophylloides Ard. near Reggio Calabria (RC), Calabria region (S-
Italy). In green are the micro-populations currently present, in red those that are extinct. 1—Serro
Ciugna, Mosorrofa; 2—Serro Ciugna, Mosorrofa; 3—Spilingari, Armo; 4—Contrada S. Todaro,
Aretina; 5—Contrada S. Todaro, Aretina; 6—Serro dei Morti, Puzzi fraz. di Gallina; 7—DPrai, Aretina;
8—DPrai, Aretina; 9— Aretina; 10— Aretina; 11— Grotta di S. Arsenio, Armo; 12—Mosorrofa vecchio;
13- Mosorrofa vecchio (exstinct in 2019); 14—Serro d’Angelo, Puzzi fraz. of Gallina; 15—Prai,
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Aretina; 16 —Prai, Aretina; 17—Serro della Cattina, Aretina; 18 —Serro della Cattina, Aretina; 19—
Lutra, Fiumara di Sant’Agata; 20—Galluzzi, Gallico Superiore; 21—Pietra Storta; 22—Croce
Missionaria, Terreti; 23 —Fontana Acqua Fresca, Straorino.

Table 1 shows the climatic parameters of humidity, temperature and precipitation in
the time range 1991-2021 and in the years 2019, 2020, 2021.

Table 1. Climatic parameters referred to Armo locality (Reggio Calabria) (these data were
obtained from the NASA Langley Research Center (LaRC) POWER Project funded through the
NASA Earth Science/Applied Science Program [45]).

Parameter 1991/2021 2019 2020 2021

Specific Humidity at 2 Meters (g/kg) 9.59 9.7 9.58 9.64
Relative Humidity at 2 Meters (%) 71.52 70.88 69.56 70.06
Temperature at 2 Meters Maximum 35.43 35.19 34.13 38.08
Temperature at 2 Meters Minimum 4.64 4.43 6.55 4.44
Temperature at 2 Meters Range 30.79 30.76 27.59 33.64

Precipitation Corrected (mm/day) 1.86 1.85 1.54 1.94
Precipitation Corrected Sum (mm) 609.68 606.45 51152  706.65

These climatic parameters do not affect the population trend of S. ceratophylloides and
they did not change significantly over the 3 years of the survey; in fact, they remained
within the average calculated over the 30-year period 1991-2021.

The bioclimate of this area is typically Mediterranean Pluviseasonal [46] with average
annual temperatures of 18 °C and average annual precipitations of about 600 mm,
centralised in the autumn months of November and December. It is characterised by a
summer dry period of about 5 months [19].

Salvia ceratophylloides grows at altitudes between 260 and 380 m a.s.l, on sandy
substrates alternating with soft limestone beds of Pleistocene and Pliocene origin [47].

2.2. Population Analysis

The population census was carried out for three consecutive years (2019-2020-2021),
in June, using the protocol proposed by Hegland et al. [11], in a study on the population
dynamics of Salvia pratensis, a species related to S. ceratophylloides in terms of biological
and phenological characteristics. The census covered the entire current population of this
endemic point species.

In order to facilitate the population census, the micro-populations of the species were
subdivided into sub-areas with similar habitats, on which the count of individuals was
carried out distinguishing the different “life stages” (Table S1). Micro-population 13,
which had only one plant in 2018 [48], was omitted from the census because it became
extinct in the following years.

In each sub-area, individuals were surveyed, distinguishing five “life stages” (Figure
3):

S = Seedlings, with cotyledons and one/two main leaves.

JI = (J) Juveniles with two/three pairs of leaves and (I) Immature plants with
three/four pairs of leaves. In Hegland et al. [11] these two “life stages” are considered
distinct: in this work it was preferred to unify the data, since for S. ceratophylloides it is
impossible to distinguish the two phenological stages as described for S. pratensis.

V = Vegetative adults with at least five pairs of leaves.

G = Generative adults having one to five flowering stems up to 50 cm high. Within
the G category, two size sub-classes have been distinguished: SG = Small Generative
adults with one or two flowering stems; LG = Large Generative adults with more than two
flowering stems, usually the largest individuals are also the oldest (34 years old).
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In each sub-area, the population density and the increase and decrease over the 3
years of the survey were estimated using the Malthusian exponential growth model [49].

Nt = Noert
where:

Ny is the number of individuals at time zero (No. of individuals in 2019);

N, is the number of individuals after a certain time interval (No. Individuals in 2021);

e is the Euler number;

7 is the intrinsic population growth rate for each individual and for each unit of time
considered (the difference between births and deaths in the unit of time);

t is the time from ¢, to the year considered.

In particular:
r=In (R)

R is the net fundamental growth rate per capita, and indicates the average
contribution of each initial individual to the population after the time interval has elapsed.
It integrates both the survival of individuals and the birth rate, referred to the time
interval.

R = No/N,
In order to assess future population trends, assuming constant ecological and
environmental conditions, the variations (increase or decrease) of the different population
types revealed by cluster analysis were estimated over a five-year period.

Figure 3. “Life stage” of Salvia ceratophylloides Ard. (S = seedling; JI = Juveniles/Immatures; V =
Vegetative; SG = Small Generative; LG = Large Generative). Life stages are according to [11], the
original pictures have been drawn by V.L.A. Laface.

2.3. Habitat Characterisation and Georeferencing

In order to characterise the habitat of S. ceratophylloides in each micro-population,
ecologically and physiognomically homogenous sub-areas were identified, on which
vegetation analysis was carried out using the phytosociological method [50-52].
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Taxa nomenclature is according to Bartolucci et al. [53] and the relevant updates in
the Portale della Flora d’Italia [33].

For each species, the relevant phytosociological class was considered in accordance
with Mucina [54] and the Prodromo alla Vegetazione d’Italia [55].

All micro-populations of S. ceratophylloides were uniquely recorded, georeferenced
and entered into a shapefile processed with QGIS 2.18.7® (OSGeo, Beaverton, OR, USA)
(Figure 2).

2.4. Pressures and Threats

For each sub-area, the pressures and threats acting on the habitat were analysed and
coded according to the “Reference list Threats, Pressures and Activities” by Salafsky et al.
[56], modified by the European Environment Information and Observation Network
(EIONET) [57]. The different threats were estimated in relation to their importance: low
(L), medium (M) or high (H). In order to quantify the pressures, the importance values
were expressed numerically (1 =low L; 2 = medium M, 3 = high H) (Table S3).

2.5. Statistical Analysis

Data on population structure, threats and vegetation were entered into matrices
using Microsoft Excel© 2022 (Microsoft Corporation, Redmond, WA, USA). For statistical
analyses, three-year averages of the data were calculated and transformed into
percentages. The life stage data of each sub-area were used to analyse the degree of
similarity by means of hierarchical cluster analysis with the group average method
(UPGMA), chord distance for ratio scale data, and K-means clustering [58]. The Past 4.10©
software (Hammer, Oslo, Norway) [59] was used for both statistical analyses. The
population groups that the cluster highlighted in relation to the “life stage” ratios, in
accordance with Hegland et al. [11] and Oostermeijer et al. [60], can be defined as
“Dynamic”, characterised by high ratio [(S + JI + V)/G] between breeding and non-
breeding individuals, “Normal”, with a balanced ratio between breeding and non-
breeding and “Regressive”, with a low ratio between breeding/non breeding. Sub-areas
with a very small number of individuals (>10) occupying areas of less than 10 m? were
excluded from the statistical analysis as they were not significant.

To measure the strength of the relationships between the different “life stages” in
relation to pressures and vegetation, the correlation coefficient was calculated using
Microsoft Excel© 2022 software: this value is between +1 and -1, indicating a positive (+1)
or negative (-1) correlation between the matrices. In the linear regression, the different
“life stages” were used as dependent variables and the different pressures as independent
variables.

The equation for calculating the correlation coefficient is:

Lx -0 -
VI =22 Xy —§)?
where: X, y are the mean values of the first matrix (“life stage”) and mean values of the
second matrix (threats; vegetation) of the sample mean.
For the correlation value, the linear regression test was carried out for all parameters
considered previously, using the least squares method; this processing was also carried

out using Microsoft Excel© 2022 software.
The equation defining the linear correlation is as below:

Yi=PBo+BiXi+e
where: i is the number of observations, ¥; is the dependent variable (which in our case
coincides with the different “life stages”), X; is the independent variable (which coincides
with threats or vegetation),

Correl (X,Y) =

Bo + BiX;
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is the regression function where: f3, is the intercept of the regression line (it represents the
value of Y when X is equal to 0), §; represents the gradient of the line (it is the angular
coefficient of the regression line i.e., the rate of change of ¥ when X changes). ¢ is the
stochastic error and represents the difference between the actual value of a dependent
variable and its predicted value.

The residuals obtained from the linear regression analysis were analysed graphically
by constructing Q-Q plots (quantile-quantile graphs), which made it possible to verify
their normally distributed trend in order to obtain confirmation of the validity of the linear
regression model.

Co-occurring data on plant species cover (excluding S. ceratophylloides and those
species found to be less frequent in the surveys) were analysed by Detrended
Correspondence Analysis (DCA) [61] using RO software (Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Population Structure

The census (Table S1) showed that the population of S. ceratophylloides is currently
fragmented into 17 micro-populations (census 2021), subdivided into 40 sub-areas, each
consisting of 1 individual up to a maximum of 401, for a grand total of 1555 plants.

The number of individuals present in each sub-area was not constant over time. As
shown in Figure 4, there were more numerous micro-populations with >60 individuals
(5B, 6A, 6B, 6C, 7B, 10) that showed an increasing trend. Conversely the less numerous
micro-populations with >20 individuals (1A, 1B, 24, 3A, 4, 5A, 11B, 11C, 11D, 11E, 11F,
11G, 11H, 111, 12A, 14A, 15A, 16, 17) were more fluctuating, as were those with a small
number of individuals >10 (2B, 2C, 3B, 6D,6E, 6F, 6G, 7A, 8,9, 11A, 12B, 15B, 18). For the
population 6G, the rate of increase/decrease was calculated with reference to the years
20202021 as the sub-area did not exist before. Moreover, this sub-area maintained a
constant number of individuals over the two years. Sub-area 2C, on the other hand, was
extinct, as no individuals were recorded in 2021.

N° Individuals
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Figure 4. Development of the Salvia ceratophylloides Ard. population census in the 40 sub-areas from
2019 to 2021. The Malthus increase-decrease index (r) [49] is reported for each sub-area.

The total number of individuals for each sub-area in the three different years ranged
from a minimum of 1 to a maximum of 272 in 2019, for a total of 1242 individuals, from 1
to 348 in 2020, for a total of 1317 individuals, and from a minimum of 1 to a maximum of
401 in 2021 (Table S1). The distribution of the different “life stages” also varied from year
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toyear. “Life stage” S represented 1% of the population and remained constant in all three
survey years. “Life stage” JI constituted 5% of the individuals surveyed in 2019 and 2020,
while in 2021 it represented 10 % of the individuals with an increase of 5%. “Life stage” V
increased gradually year on year, from 20% in 2019, to 25% in 2020, to 31% in 2021. The
more generative “life stages” SG and LG tended to decrease over time: SG in 2019
represented 43% of the population, in 2020 39% and in 2021 37%, while LG was 31% in
2019, 30% in 2020, and 21% in 2021 (Figure 5).

X
(=]
~

JI Vv SG LG

60

37%

—39%
—Ai30%

I 21

10

N ——31%

% of individuals
N w D w
o o o o
— 1%
©w — 1%
— 1%
5%
— 5%
10%
— 25%
31%
I +3%

Life stage
m 2019 2020 m 2021

Figure 5. Distribution (%) of “life stages” of Salvia ceratophylloides Ard. between 2019, 2020 and 2021
(Error bars represent standard deviations).

To confirm the previous results, the population density was estimated in relation to
total individuals, distinguishing them as non-breeding and breeding individuals in the 3
different years in relation to the areas considered for each sub-area (Table S1).

The graph (Figure 6) shows that the different sub-areas had different population
densities in different years. Some of the sub-areas showed an increasing trend (1A, 2B, 4,
5A, 5B, 6A, 6B, 6C, 6E, 6F, 7A, 7B, 10, 11A, 11B, 111, 12A, 14A, 14B, 18), others showed a
decreasing trend (1B, 2A, 2C, 34, 3B, 8,9, 11C, 12B, 17) and some had strong fluctuations
from year to year, being those most directly impacted by human activities (6D,11E, 11F,
11G,11H,15A, 15B, 16). Sub-area 6G (discovered in 2020) was constant over the years.
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Figure 6. Population density of Salvia ceratophylloides Ard. in the 40 sub-areas analysed from 2019 to
2021.

The graph of average numbers of individuals/area of the sub-areas over the three years
(Figure 7) shows that as the area increased, the number of individuals increased, with a
maximum of 340 individuals over an area of 1200 m? in sub-area 5B.

200 400 600 800 1000 1200 1400
Area

Figure 7. Average number of individuals of Salvia ceratophylloides Ard. per sub-area over the three
years.

Analysing the variations in the density of non-breeding individuals over the three
years (Figure 8) showed extreme variability. Only in a few micro-populations was a
constant density observed (1A, 3A, 5A, 5B, 7B,11D, 11F, 14A, 14B). In many sub-areas,
years in which non-breeding individuals were not present alternated with years in which
they suddenly appeared (1B, 24, 2B, 3B, 4, 6A, 6D, 6E, 7A, 11C, 11E, 11G, 12B, 16, 17, 18).
Non-breeding individuals were not present in sub-areas 2C, 11A AND 15B.
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Figure 8. Variation in the density of non-breeding individuals of Salvia ceratophylloides Ard. in the
sub-areas over the three years.

On the other hand, if we consider the variation in density of breeding individuals
over the three years (Figure 9), we can observe that in many sub-areas there was a limited
fluctuation in density (14, 1B, 2A, 2B, 3A, 3B, 4, 5A, 5B, 6A, 6B, 6C, 6D, 6E, 6F, 7A, 7B, §,
9,10, 11A, 11B, 11C, 11G, 111, 12A, 12B, 14A, 14B, 17, 18), while in some sub-areas (2C,
11D, 11E, 11F, 11H, 15A, 15B, 16) a strong fluctuation was observed, similar to what was
observed for the total density.

Sub-areas ID

= 2019 2020 m 2021

Figure 9. Variation in the density of breeding individuals of Salvia ceratophylloides Ard. in the sub-
areas over the three years.

The cluster analysis of the “life stage” /number of individuals matrix highlighted the
dissimilarity between different sub-areas. This aggregation revealed three groups of
population types (Figures 10 and 11). To define the significance of the three different
groups, the ratio of non-breeding juvenile stages to breeding adult stages was taken into
account [(S + JI + V)/G], with G = (SG + LG).
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The sub-areas of the first group were clearly distinct from the others and could be
defined as “Dynamic”, in accordance with [11], as they were characterised by a higher
number of non-breeding juveniles than breeding ones. In fact, this group was
characterised by a relatively high [(S + ]I + V)/G] ratio, with an average of 2.91 and a range
of 1.25 to 5.75. The average of young individuals was 71.1%, of which 46.6% were
represented by “life stage” V, 19.9% by JI and 4.6% by S (Figure 11).

The second group was characterised by sub-areas with fewer non-breeding juveniles
than the previous group, and instead had a higher number of breeding individuals. The
ratio [(S + JI + V)/G] averaged 0.49 and ranged from 0.27 to 0.79. “Life stages” were
represented by 32.1% non-breeding individuals and 67.9% breeding individuals, of which
45.6% belonged to “life stage” SG. This group could be defined as “Normal” or “Stable”
according to [60] (Figure 11).

The third group was represented by aged sub-areas, characterised by a higher
presence of SG and LG breeding individuals, corresponding to 83.1% of the entire
population, of which the majority belonged to the “life stage” LG (58%). Very few young
non-breeding individuals were present in this group, making up 16.9% of all the sub-
areas, of which 14.7% belonged to “life stage” V, 1.9% J-I and only 0.3% from S. The ratio
[(S+]JI+V)/G] had an average value of 0.21 and ranged from 0.07 to 0.30. In relation to the
analysed factors, this group could be defined as “Regressive” in accordance with [60]
(Figure 11).

Overall, “Regressive” populations accounted for 40% of the entire population, while
“Normals” made up only 36% and “Dynamics” 24%.

09 08 07 06 05 04 03 02 01 00
Distance
Figure 10. Dendrogram of population classification related to “life stage” of Salvia ceratophylloides

Ard. The abbreviations refer to the sub-areas shown in Table S1. In green, populations classified as
“Normal” —N; in red, “Regressive” —R; in purple, those classified as “Dynamic” —D.
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Figure 11. Population structure of Salvia ceratophylloides Ard. Three population types (“Dynamic”,
“Normal” and “Regressive”) were distinguished in accordance with clustering analysis. The
percentage of individuals in relation to the total population type is given for each “life stage”. Error

bars represent standard deviations.

3.2. Relationships between “Life Stages” and Pressures

54), detailed in Table 2.

The field surveys made it possible to determine the pressure factors and the intensity
with which they affected the different sub-areas of the S. ceratophylloides population (Table

Table 2. Pressures observed on the population of Salvia ceratophylloides Ard. The abbreviations of
the sub-areas refer to Table S1. The intensity of the pressures is expressed in H = high; M = medium;

L =1low.
Sub Aree 1A 6B7B 11E 11G 111 3A 4 5B 9 11B 11C 11D 11F 11H 3B 5A 6A 6C 6E 8 12A 14A 14B 17
Population Tipe Dynamic Normal Regressive
Threats Code Threats Name
A0S Mowing or cutting of L L L L L L L L L
grasslands
Extensive grazing or
A10 undergrazing by M M
livestock
All Burning for agriculture H L L
A5 Tillage Practices in H M L L M
agriculture
Sports, tourism and
F07 . s H H H H H H H
leisure activities
Invasive alien species of
101-102 Union/not Union M M L L L L L L L H L M L
concern
Interspecific faunal and
L06 floral relations HH M M HH HH M ML
(competition, predation,
parasitism, pathogens)
MO5 Collapse of terrain,

landslide

Linear regression analysis showed the effect of pressures acting in sub-areas in
relation to different “life stages” (Table 3). The youngest “life stages” S-JI were positively
correlated with mowing and recreational tourism activities (A08 R? = 0.43, p = 0.03; FO7 R?
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=0.58, p = 0.003) and negatively with grazing (A10 R?=-0.40, p = 0.05). Vegetative stages
V were positively correlated with recreational tourism activities (F07 R2 = 0.352, p = 0.08).
Breeding “life stages” SG-LG were positively correlated with grazing (A10 R2=0 .395, p =
0.05) and negatively with mowing (A08 R2=0.395, p = 0.05).

Table 3. Linear regression analysis between “life stage” and pressure (R>— correlation value; p—
level of significance).

Life Stage Threats R? p Sign.
S-J1 A08 0.434 0.03 **
F07 0.576 0.003 *
A10 -0.403 0.046 >
\Y F07 0.352 0.08 *
SG-LG A08 -0.343 0.09 *
F07 -0.523 0.01 **
A10 0.395 0.05 *

p<0.1,*<0.05 **<0.01.

The Q-Q plot (Quantiles-Quantiles graph) graphically demonstrated an effective
normal distribution of the data, validating the hypotheses obtained from the linear
regression analysis, as shown in Figure 12.
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Figure 12. Q-Q plot, with graphic representation of the actual normal distribution of the data for the
different “life stages” and pressures examined of Salvia ceratophylloides Ard. Only data found to be
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significant in the linear regression analysis were analysed (as in Table 3). (a) Q-Q plot pressure A8,
“life stage” S-JI; (b) Q-Q plot pressure F07, “life stage” S-JI; (c) Q-Q plot pressure Al0, “life stage”
S-JI; (d) Q-Q plot pressure F07, “life stage” V; (e). Q-Q plot pressure A8, “life stage” SG-LG; (f) Q-Q
plot pressure F07, “life stage” SG-LG; (g) Q-Q plot pressure A10, “life stage” SG-LG.

3.3. Relationships between “Life Stage” and Vegetation

The relationship between three different population types, resulting from the cluster
analysis and the vegetation surveyed with the phytosociological methodology, was
examined using DCA (Figure 13). The geometric distance on the diagram reflects the
difference between the surveys. Examining the positions of the species on the diagram in
relation to the 3 different population groups resulting from the previous analyses
(“Dynamic”, “Normal”, “Regressive”) we can see some significant differences. The
Eigenvalues for the four axes of the DCA were 0.808, 0.604, 0.341 and 0.219, respectively.
Since Jongman et al. [62] believe that axes with Eigenvalue values less than 0.5 should not
be considered, as they do not express a relevant floristic gradient, only the first axis (DCA
Axisl) and the second (DCA Axis2) can be considered representative of the main floristic
gradient.

SCared

0
DCA Axis1

Figure 13. Detrended Correspondence Analysis (DCA), indicates the distribution of the different
population types of Salvia ceratophylloides Ard. (N = Normal; R = Regressive; D = Dynamic) and the
position of co-occurring plant species whose relative abbreviations refer to Table S2. The colours of
the species correspond to: Blue = Synanthropic; Green = natural; Purple = semi-natural.

The number of species is higher in the “Normal” populations, ranging from a
minimum of 17 to a maximum of 70, with an average of 43 species in all the sub-areas
examined. The “Dynamic” populations presented a minimum of 15 and a maximum of 60
species, with an average value of 42.5. Species in the “Regressive” populations were
scarcely numerous, with a minimum of 18 and a maximum of 34, the mean value being
28 species (Table 4).

Table 4. Maximum and minimum number of species present in the surveys of the different types of
populations of Salvia ceratophylloides Ard. (“Normal”, “Dynamic”, “Regressive”).

Population Typology Min. Species Max. Species Mean
Normal 17 70 43
Dynamic 15 60 425

Regressive 18 34 28
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Anemone hortensis L. subsp. hortensis, Arenaria leptoclados (Rchb.) Guss. subsp.
leptoclados, Asparagus acutifolius L., Asparagus albus L., Eudianthe coeli-rosa (L.) Fenzl ex
Endl., Euphorbia peplus L., Hippocrepis ciliata Willd., Lysimachia arvensis (L.) U.Manns &
Anderb. subsp. arvensis, Orchis italica Poir., Petrosedum tenuifolium (Sm.) Grulich, Plantago
albicans L., Poa trivialis L., Rumex bucephalophorus L. subsp. bucephalophorus, Senecio
leucanthemifolius Poir., Trigonella italica (L.) Coulot & Rabaute, Verbena officinalis L. are only
present in “Dynamic” populations.

Rumex pulcher L., Seseli tortuosum L. subsp. tortuosum, Andropogon distachyos L.,
Echium vulgare L. subsp. pustulatum (Sm.) Em. Schmid & Gams, Linaria purpurea L.,
Onopordum illyricum L. subsp. illyricum, Pteridium aquilinum (L.) Kuhn subsp. aquilinum,
Scolymus hispanicus L., Silene gallica L., Solanum nigrum L., Verbascum thapsus L. subsp.
thapsus, Vinca major L. subsp. major, Viola odorata L. are exclusive to “Natural” populations.

Ailanthus altissima (Mill.) Swingle, Anredera cordifolia (Ten.) Steenis, Brassica fruticulosa
Cirillo subsp. fruticulosa, Calendula arvensis (Vaill.) L., Convolvulus althaeoides L., Lolium
perenne L., Oloptum thomasii (Duby) Banfi & Galasso, Plantago lanceolata L., Silene vulgaris
(Moench) Garcke subsp. tenoreana (Colla) Soldano & F.Conti, Crupina crupinastrum (Moris)
Vis., Jasione montana L., Papaver rhoeas L., Opuntia ficus-indica (L.) Mill. are exclusive to
“Regressive” populations.

The taxa present in the vegetation surveys belonged to 16 phytosociological classes.
Of these, 4 brought together vegetation from natural habitats, 5 semi-natural, 7
synanthropic (Tables 52 and S3).

In relation to the phytosociological classes, the populations showed a different
distribution (Figure 14). The class Chenopodietea was the most represented, with a coverage
value of 25% in the “Dynamic”, 18% in the “Normal” and 18% in the “Regressive”
populations.

The other most represented classes were the following: Lygeo sparti-Stipetea
tenacissimae, with a coverage value of 16% in the “Dynamic”, 18% in the “Normal” and
17% in the “Regressive” populations; Cisto-Lavanduletea stoechadis, with a coverage value
of 8% in the “Dynamic” and “Normal” populations and 13% in the “Regressive”
populations; Thlaspietea rotundifoliae, with a coverage value of 8% in the “Dynamic” and
“Normal” populations and 14% in the “Regressive” populations; Galio aparines-Urticetea
dioicae, with a cover value of 6% in “Dynamic” populations, 10% in “Normal” populations
and 13% in “Regressive” populations; Stipo-Trachynietea distachyae, with a cover value of
7% in” Dynamic” populations, 8% in “Normal” populations and 5% in “Regressive”
populations. The other phytosociological classes had very low coverage values, and, in
particular, the species of the class Helianthemetea guttati presented a coverage value of 12%
for the “Dynamic” populations, while having very low values for the “Normal” (3%) and
“Regressive” (5%) populations. Species of the class Ononido-Rosmarinetea, had higher
cover values in “Normal” populations (16%) while they were sporadic in “Dynamic” and
“Regressive” populations. Alien species of the class Robinietea were scarcely present (1%)
only in the “Regressive” populations.

Dynamic Normal Regressive

URT SIS URT PAR ROB
1% 1% 1%

MoL
1%

Figure 14. Coverage percentages of the different phytosociological classes in relation to population
types: “Dynamic”, “Normal”, “Regressive”. ART—Artemisietea vulgaris; CHE—Chenopodietea;
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Dynamic

LAV —Cisto-Lavanduletea stoechadis; CYM— Cymbalario-Parietarietea diffusae; URT—Galio aparines-
Urticetea maioris; TUB—Helianthemetea guttati; LYG—Lygeo sparti-Stipetea tenacissimae; MOL—
Molinio-Arrhenatheretea; ROS— Ononido-Rosmarinetea; PAR—Papaveretea rhoeadis; QUI— Quercetea
ilicis; ROB—Robinietea; SIS— Sisymbrietea; TRA — Stipo-Trachynietea distachyae; THL—Thlaspietea
rotundifoline; GER— Trifolio-Geranietea sanguinei (for class descriptions see Table S3).

Taking into consideration the habitats (natural, semi-natural and synanthropic) to
which the vegetation classes refer (Figure 15), it can be seen that the “Dynamic”
populations presented a greater number of species linked to semi-natural habitats (44%)
and synanthropic species (32%). The “Normal” populations predominantly presented
species typical of natural habitats (38%), with fewer species linked to semi-natural habitats
(33%) and synanthropic species (29%). Regarding the “Regressive” populations, the
species belonging to the three habitats were distributed almost equally.

Normal Regressive

W Natural ®mSemi-natural M Synanthropic

Figure 15. Percentage coverage of the different habitat types in relation to “Dynamic”, “Normal”,
“Regressive” population types of Salvia ceratophylloides Ard.

4. Discussion

The census revealed that the population of S. ceratophylloides showed an inconstant
trend over time, with significant differences in the number of individuals present in the
different populations (Figure 4). The more structured populations, with a greater number
of individuals, tended to grow over the years, as evidenced by the positive values of the
Malthus index [49] (5B, 6B, 6C, 7B, 10). This increase was due to the better organised
structure of the population itself, and its ability to resist external influences that may affect
its dynamics. Populations with fewer individuals, on the other hand, tended to be more
sensitive to external influences that caused their decrease: this was highlighted by the
negative value of the Malthus index [49] (2A, 8, 9, 15, 17).

The trend of the census population in the 40 sub-areas from 2019 to 2021 (Figure 4),
also showed considerable differences in the rate of increase—decrease: in fact, in some of
the sub-areas there was a strong variation, due to the fact that some micro-populations
had been subjected to very strong external pressures, such as fire or mowing.

The analysis of the “life stages” of the entire population (Figure 5) showed that non-
breeding “life stages” (S, JI, V) represented the lowest percentage of the population,
varying from 26% in 2019, to 31% in 2020, up to 42% in 2021, showing an overall increasing
trend. In contrast, the reproductive “life stages” represented more than 50% of the
population and underwent a significant decrease over the three years. The increase and
decrease in “life stages” was directly related to the pressures the habitat underwent, with
these pressures acting more violently on the more advanced “life stages” and being less
influential in the juvenile stages (Table 3).

The cluster analysis of the matrix No. of individuals/“life stage”/sub-area, made it
possible to distinguish, in accordance with Heglad [11] and Oostermeijer [60], three
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different types of populations in relation to the distribution of the different “life stages”,
defined as: “Dynamic”, “Normal”, “Regressive” (Figure 10). “Regressive” populations
accounted for 40% of the entire population, while “Normal” constituted 36% and
“Dynamic” 24%. Non-breeding “life stages” (S, JI, V) were more represented in the
“Dynamic” populations, which were characterised by a high ratio of non-breeding
individuals to breeding individuals (SG, LG) (Figure 11). In the “Normal” populations, a
balance between breeding and non-breeding “life stages” was observed, while in the
“Regressive” populations there was a greater representation of non-breeding “life stages”,
represented mainly by “life stage” LG, an indication of the ageing of the population.

The pressures affecting the population and the individual sub-areas in which it was
distributed (Table S4) were, first and foremost, the fires that often affect this area [63,64],
mostly linked to grazing or agricultural activities, which, if repeated over time, can lead
to the extinction of S. ceratophylloides populations, as observed for micro-population 13
[61]. Alien invasive species, both included and not included in EU Directive 1143/2014,
were often introduced accidentally (micro-population 12) or deliberately (micro-
population 11), with serious negative consequences for the invaded habitat [21-24]. Salvia
ceratophylloides was severely damaged by various pests that affect fruits and stems.
Squamapion elongatum (Germar, 1817) (Coleoptera-Apionidae) digs tunnels into the stems,
inhibiting plant growth and subsequent flower formation. Systole salvia (Zerova 1970)
(Hymenoptera-Eurytomidae) irreparably damages the fruits, as the larva of this species feeds
on them, emptying them completely [65].

The pressures analysed affected the different “life stages” differently (Table 3) and,
consequently, the different types of population. In particular, the non-breeding “life
stages” (5, ]J1, V), that characterised the “Dynamic” populations, were positively correlated
with anthropic activities, such as mowing and sporting, tourist and recreational activities.
These pressures tended, on the other hand, to negatively influence the breeding “life
stages” (SG, LG), thus affecting, above all, the “Regressive” populations. Mowing
damages adult individuals, often represented by large branched plants 0.5-1 m high,
while avoiding very young individuals (S, JI), which grow close to the ground (Figure 3).
Although the species was not eaten by animals, due to the presence of essential oils [66],
young individuals were negatively affected by the presence of grazing [67]. Trampling
caused by ungulates [Capra hircus (L., 1758) and Owis aries (L., 1758)], irreparably damages
the seedlings. On the contrary, the latter was positively correlated with “life stage” SG,
LG to which it did not cause damage, instead limiting competition with other pabular
species eaten by grazing animals.

There are also many threats acting in the areas surrounding the population, which
could affect the species’ habitats. Urban expansion of cities, with the consequent
construction of infrastructure (E01, FO1) is one of the main threats as it is a factor in the
fragmentation and change of natural and semi-natural habitats [68-70], as highlighted by
Spampinato et al. [71,72]. Urbanisation has already, in the past, caused the extinction of
several micro-populations (19, 20, 21) of the species known from the literature (Figure 2)
[39]. Reforestations carried out mainly in the 1950s (BO1) [73,74] contributed to the
extinction of other populations (22, 23) reported in the literature (Figure 2) [40]. Studies
on the eco-physiological characteristics of the species [66] show that climate change [16]
may adversely affect the species” population. On the whole, all the sub-areas suffered
mainly from anthropogenic pressures, which, as shown, acted by altering the
relationships between the different life stages. Under conditions of less anthropic
disturbance, the population structure was ‘normal” with a more or less balanced ratio of
breeding individuals to nonbreeding individuals. Under more natural conditions of less
anthropogenic disturbance, the latter was probably the population structure of S.
ceratophylloides. The DCA analysis of the species/population type matrix (Figure 13)
showed that the different species detected in the vegetation analysis did not follow a
defined trend: in fact synanthropic, natural and semi-natural species, in relation to the
different types of populations obtained from the cluster analysis (“Normal”, “Dynamic”,
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“Regressive”), on the whole were distributed in a way that did not involve making
groups. It was observed, however, that some of them were more closely linked to certain
population types. In particular, the “Regressive” (R) populations were characterised by a
greater presence of synanthropic and ruderal species (Robinia pseudoacacia L., Rubus
ulmifolius Schott, Sisymbrium officinale (L.) Scop., Mercurialis annua L., Galactites tomentosus
Moench, Dasypyrum villosum (L.) P.Candargy, Centranthus ruber (L.) DC. subsp. ruber,
Sonchus oleraceus L., Umbilicus horizontalis (Guss.) DC., Cynodon dactylon (L.) Pers.),
frequent in heavily disturbed habitats. The “Dynamic” (D) populations, on the other hand,
presented numerous semi-natural species (Lotus cytisoides L., Trifolium stellatum L., Silene
colorata Poir., Aira caryophyllea L., Sixalix atropurpurea (L.) Greuter & Burdet, Lagurus ovatus
L. subsp. ovatus). The “Normal” (N) populations showed an equal distribution of the
different species types, with greater representation of natural habitat species (Pistacia
lentiscus L., Phlomis fruticosa L., Teucrium flavum L. subsp. flavum).

Heglad et al. [11], in their analysis of the related Salvia pratensis, analysed the
populations in relation to the different management methods (mowing or grazing) and
showed how these significantly influence the vegetation of the different population types
(“Regressive”, “Dynamic” and “Normal”). They clearly distinguish groups of species
related by ecological characteristics (nutrient-poor or nutrient-rich soil species) from the
different population types.

Shomurodov et al. [6] stated that populations of Salvia lilacinocoerulea Nevski,
endemic and punctiform species to the Western Pamir-Alay mountain range, are strongly
conditioned by vegetation and soil type. These two factors, strongly affect the population
dynamics, in some cases representing a real limitation for the species. In our study, these
factors did not influence the population, essentially because the pedology was the same
in all sub-areas. The analysis of the vegetation classes (Figure 14) showed that the species
of the class Chenopodietea were widely distributed in all the population types, bearing
witness to the anthropic disturbance affecting them. The class Lygeo sparti-Stipetea
tenacissimae was also widespread in all population types, i.e., in arid environments of the
Mediterranean belt, influenced by fires and characterised by herbaceous perennials, such
as Hyparrhenia hirta (L.) Stapf subsp. hirta and Ampelodesmos mauritanicus (Poir.) T.Durand
& Schinz. In the “Normal” populations, the species of the garrigues, typical of the classes
Cisto-Lavanduletea stoechadis and Ononido-Rosmarinetea, were better represented, while in
the “Regressive” populations the species of the latter classes were poorly represented, and
the species linked to synanthropic environments, such as those characteristic of the classes
Galio aparines-Urticetea maioris, Papaveretea rhoeadis and Robinietea, were better represented.

Overall, a certain relationship was observed between the characteristic species of the
various vegetation classes (natural, semi-natural, synanthropic) and the population types
(“Regressive”,” Dynamic”, “Normal”) (Figure 15). In particular, species typical of the
natural type classes were well represented in the “Normal” populations, while species
typical of the semi-natural vegetation classes were better represented in the “Dynamic”
type populations and, finally, albeit slightly, species typical of the synanthropic vegetation
classes were better represented in the “Regressive” type populations.

Numerous studies have dealt with threatened and/or endangered species [4-6].
These studies focused on population dynamics, in order to establish safeguards and
protection measures for these species. This can be achieved through specific in situ
conservation measures, such as the establishment of micro-reserves [75], an approach
successfully developed in recent decades in Spain and, subsequently, in other European
and Mediterranean countries [76-78]. For S. ceratophylloides, the extension of the micro-
reserve should cover about 7 km?, around the hills of Reggio Calabria, encompassing the
entire Area Of Occurrence (AOO) of the species [48].
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5. Conclusions

This work lays the scientific basis for the planning of conservation and protection
measures capable of reducing and eliminating, over time, the pressures that adversely
affect the Salvia ceratophylloides population.

The work shows that S. ceratophylloides micro-populations have non-stable dynamics
over time, and are deeply conditioned by the pressures exerted on the habitat and on
individuals, acting with different intensity in relation to different “life stages”. These
stresses are mostly represented by anthropogenic disturbances, which affect habitat
quality and are reflected in population dynamics over time. Important also are the
pressures of natural origin that affect the reproductive and regenerative capacities of the
species. The reiteration of such pressures over time could lead to slow and ineluctable
decline and, thus, extinction of S. ceratophylloides in the wild. This would primarily affect
micro-populations with a small number of individuals of the order of a dozen or less,
which, as evidenced by the Malthus index, show a decrease. It is therefore on these micro-
populations, composed of a limited number of individuals, that action needs to be taken
to reduce impacts and favour the renovation of the species, including through
reintroduction. This can be achieved through specific in situ conservation measures, such
as the establishment of micro-reserves. However, possible ex situ conservation measures
at germplasm banks and botanical gardens should not be ruled out, nor the dissemination
of this species in private gardens.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/su141610295/s1, Table S1: Data from the population census
of Salvia ceratophylloides Ard., the micro-populations of the species were divided into sub-areas with
similar habitats, in each sub-area the count of individuals was carried out distinguishing the
different “life stages”; Table S2: Complete list of the species present in the stations of Salvia
ceratophylloides Ard. with the relative phytosociological class to which they belonged, in accordance
with Mucina [50] and the “Prodromo della Vegetazione d’Italia” [51]: ART — Artemisietea vulgaris;
CHE — Chenopodietea; LAV — Cisto-Lavanduletea stoechadis; CYM—Cymbalario-Parietarietea diffusae;
URT—Galio aparines-Urticetea maioris; TUB—Helianthemetea guttati; LYG—Lygeo sparti-Stipetea
tenacissimae;  MOL—Molinio-Arrhenatheretea; ~ ROS— Ononido-Rosmarinetea; ~ PAR— Papaveretea
rhoeadis; QUI—Quercetea ilicis; ROB—Robinietea; SIS — Sisymbrietea; TRA — Stipo-Trachynietea
distachyae; THL—Thlaspietea  rotundifoline; ~ GER—Trifolio-Geranietea  sanguinei. Table S3:
Phytosociological classes of the taxa present in the vegetation surveys. The class name, acronym,
habitat type (S = synanthropic, SN = semi-natural, N = natural) and description are indicated; Table
S4: Pressures observed in the sub-areas of Salvia ceratophylloides Ard. The codes and description
of pressures/threats are in accordance to “Reference list Threats, Pressures and Activities” by [52],
as modified by EIONET [53].
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