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Abstract: Most grazing lands in Mediterranean ecosystems that support extensive sheep farming
systems are characterized by unfavorable edapho-climatic conditions, especially in semi-arid areas.
Often, though, their use is far from sustainable, causing erosion and ecosystem degradation impacts.
In this paper, we explore the use, productivity, and flora diversity of typical Mediterranean grazing
lands in four farms at the Agra locality in the western part of Lesvos Island, Greece. For a period of
two consecutive growing seasons (September to June), we recorded herbage biomass on 16 plots of
grazing lands with three measurements per season of land cover and plant productivity (biomass)
inside small exclosures (cages) protected from grazing. We recorded the species richness of herbaceous
plant communities within and outside the cages at the end of every growing season, the period of
maximum growth of herbaceous species. We also chemically analyzed the biomass for crude protein
at the end of each season. Results show sizable productivity differences among pasture plots as well
as seasons and an overall medium to high degree of productivity and species richness considering the
relatively intensive grazing, with little differences over the different cages and the degree of grazing
intensity. These results suggest that the “history” of the fields is important, as grazing lands that had
been used for arable crops in the past, as well as those leveled and in favorable locations, were the
most productive and diverse ones, while shallower soils and inclined grazing lands showed signs
of overuse and degradation. Overall, though, these ecosystems showed a high degree of resilience
despite their intensive use.

Keywords: grazing lands; semi-arid Mediterranean; floral diversity; biomass measurements;
Lesvos Island

1. Introduction

Humans, pastures, and grazing animals are closely related factors in Mediterranean
ecosystems. The dynamic coexistence of these ecosystems and human societies has deter-
mined and shaped the evolution and stability of both over several millennia [1].

Pastoral land in the Mediterranean basin covers an estimated area of 850,000 square
kilometers, mostly occupying areas characterized by unfavorable pedo-climatic and soil con-
ditions. Their use is limited mainly to extensive systems or is bounded to specific periods
of the year, when animals have low nutrient requirements [2-4]. However, such ecosystems
play a crucial role in sustaining local societies and their economies in marginal lands of
the Mediterranean through livestock farming and in particular sheep husbandry [5-7]. In
these areas, low-intensity and site-specific agricultural practices, mainly based on grass-
land resources, have evolved, over centuries, to limit risks associated with the inter- and
intra-annual climatic fluctuations and to ensure regular production [4,8,9].
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Traditional practices carried out in these areas are often regarded as environmentally
friendly and landscape-preserving, and the lands are also considered as being of high nature
value [10,11]. Mediterranean grassland-based systems are usually extensive, with low use
of agrochemicals and irrigation, while they are utilized predominantly by small ruminants
due to their high efficiency in the use of locally available feeding resources [12,13] as well as
their adaptation to the specific environments of these areas [14,15]. These farming systems
have proved to be resilient to frequent, but moderate, disturbances such as deforestation,
periodic fires, and overgrazing, by developing strategies to optimize the production of
multiple goods as well as ecosystem services [16,17].

The productivity of Mediterranean grazing lands is limited by physical constraints:
such as climatic and soil characteristics [9]. Their growing season ranges from 4 to 8 months,
depending on precipitation (300-1000 mm/year) and timing as well as the tolerance of
flora to water scarcity. Annual and interannual forage production under rainfed conditions
is often highly variable, although generally low, depending on land management and soil
fertility. Typically, average dry matter yields range from 0.5-1.0 t ha™1 year*l in semi-
natural lands found on marginal soils, to 6.0-7.0 t ha=! year~!, in agriculturally improved
grasslands [18]. In semi-natural grasslands, forage is usually of low nutritional quality,
often worsened by the presence of plant species with anti-nutritional properties or other
traits that limit their acceptability for ruminants. Dry matter accumulation ranges between
110 kg ha=! day !, in the most favorable season (spring), down to 20 kg ha~! day ! in
autumn [19,20]. Annual species dominate in the herbage, but most of them are also en-
croached by perennial species such as Cistus ladanifer [21], Genista acanthoclada, Sarcopoterium
spinosum [22], Phlomis fruticosa [23], etc., that can contribute to some extent to feed resources,
but are of limited and unbalanced nutritional value. An increase in shrub cover leads to a
decline in herbage production, as well as an overall reduction in the nutritional value of
the land’s forage production [24].

Livestock grazing impacts grazing lands’ biodiversity and in particular plant commu-
nity composition, as well as quantity and quality of the herbage produced [25], vegetation
dynamics [26], species and bio-societies variability [27], and the landscape overall [28].
In total, grazing activity contributes to a rich mosaic of vegetation [29] and results in the
creation and preservation of all biodiversity forms [30,31]. However, changes in plant
community diversity, created by grazing animals, can vary with environmental conditions,
including regional variation in climate [32], the evolutionary history of grazing [33], as
well as the supply of nutrients [34]. Although Mediterranean semi-arid pasturelands have
proven to be very resilient over the ages and have managed to recover from frequent and
intense disturbance events such as fires, droughts, and the constant exploitation of humans,
nowadays they appear to have reached a critical point [35].

Lesvos Island, in the eastern Mediterranean, is the third-biggest island in Greece
and the seventh in the Mediterranean, occupying an area of about 163,280 hectares [36].
Land cover varies significantly from west to east, the eastern part is covered by olive
groves, while the western is characterized by phryganic vegetation and used as pastoral
land. Western Lesvos is a typical semi-arid Mediterranean area with a sparse population
and low development, combined with environmental sensitivity and serious problems
of local degradation and desertification [36]. Agra, a settlement in western Lesvos has
a long tradition of sheep farming and during recent decades sheep farmers have shifted
from traditional farming practices towards modernization, leading to intensification of
production [37]. In fact, the number of farmed sheep there increased by 297.5%, between
1961 and 2010, while the number of holdings decreased slightly by 4.9% [38]. These changes
have led to the average size of a holding increasing by 318.1% from 34.5 sheep heads up
to 144.3 during the same period. These developments coincided with a shift of farming
systems in the area towards importing considerable quantities of supplementary feeds,
in an attempt to maintain the balance between the animals’ nutritional requirements and
the available local feed resources. It is questionable though as to whether management
practices, in the use of this resource, are sustainable in terms of herbage productivity, forage
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quality, and land maintenance. In this study, we aimed to assess the effects of sheep farming
practices on the sustainability of a semi-arid Mediterranean pastoral landscape; thus we
recorded several characteristics of the land, including land cover, herbaceous vegetation
productivity, plant diversity, and herbaceous feed quality over two seasons. Grazing
practices, pasture improvement practices, and climatic conditions were also considered.
The overall outcome will serve as a guide for management practices and policies for these
pastoral lands.

2. Materials and Methods
2.1. Study Site

The study site of Agra is located on the western part of Lesvos Island (Figure 1) with
approximately 1000 people and 200 sheep farms, where the terrain is hilly with steep to
moderate slopes of acid volcanic rocks, and the soils are stony and shallow. Land cover
is dominated by shrublands and phrygana vegetation [39] amounting to 76% of the area,
while the rest comprises 17% olives and oak trees plots and 6.7% alluvial plains cultivated
with annual crops [40]. The climate is characterized by an annual rainfall of 415 mm and a
mean annual temperature of approximately 17 °C, with an average range between 12.2 °C
and 21.4 °C [41]. Soils in the area are classified as shallow Typic Xerochrepts or Lithic
Xerochrepts or Typic Xerofluvents (recent alluvial soils) and Typic Haploxeralfs. The soils
of the pastures used here are described as shallow (15-30 cm) or medium-deep (30-60 cm)
and are composed of lava and tuff material in medium to heavy incline (6-12% and more
than 12%). These pastures present rocky parent material at depths from 20 to 100 cm.
Only three former arable fields are deeper than 60 cm, almost flat (0-2%), and made from
alluvial material.
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Figure 1. Case study area: Western Lesvos (Agra) (Prepared by authors).
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2.2. Research Methods
For a period of two consecutive growing seasons (September to June), we recorded

herbage biomass;

land cover;

species richness of herbaceous plant communities;

chemically analyses of the biomass for ash, crude protein, and crude fiber.

Ll e

Field measurements were performed on land utilized by four sheep farms (Table 1),
which were selected to represent typical cases in size and practices in the area, thus
excluding very small as well as very intensive ones (animals kept only indoors) and
choosing farms exclusively raising sheep of the local breed of Lesvos [42]. These farms
utilized a total of 14 individual fenced pasture plots, managed autonomously, which
represented different types of terrain, from steep hilly land to former arable plots in the
lowlands. Nine of these pastures were categorized as “improved” (pastures 1.1,1.2,2.1,2.2,
2.3,3.1,3.2, 3.3, and 4.1 representing pastures in which farmers have performed some kind
of improvement actions, such as maintaining terraces, removing rocks and undesirable
plants, including cultivation of arable plants in the past) and the rest of the pastures
were categorized as “undisturbed”. Meteorological data were collected from Sigri Station
covering a decade from 2006 to 2016, including precipitation and temperature.

Table 1. The intensity of production for the selected farms (2013) and the corresponding median for
the farms of the study area (data from the Lesvos branch of the National Milk Organization).

Sheep  Milk (kg) Intensity of Production (Milk/Sheep/Year)

Farm 1 337 56,270 167.0
Farm 2 248 27,832 112.2
Farm 3 179 28,892 161.4
Farm 4 398 38,940 97.8
Study area (median) 184.5 15,771 85.2

Biomass production was measured at least on one sampling station for each of the
pasture plots, depending on its size, the diversity of the terrain, and the land cover. The
location of each sampling station was selected on the basis that no bare soil was present,
the surface was free of stones and perennial vegetation, and there was enough space to
accommodate the required number of herbage protection cages. The cages were made with
wire mesh (mesh size 1 x 1.2 cm), covering a circular area of 0.25 m? and with a height
of 0.7 m covered with a wire mesh lid. To anchor the cages, three iron rods were driven
into the ground. The first two cages were placed at the start of the vegetative period, in
October (Figures 2 and 3). One of them (“control cage”) was sampled only at the end of
the growing period (control cage). The second (“1st cage”) was harvested at ground level
three months later (December) and a second time at the end of the season along with all
cages, while a new cage (“2nd cage”) was placed nearby. During the second sampling, in
early March, the 2nd cage, placed in December, was harvested and a new cage (“3rd cage”)
was also placed. During the third sampling, from late May to early June, when herbage
was almost dry, all four cages were harvested (the “1st cage” and the “2nd cage” for the
second time). To record the standing herbaceous biomass in the plot during each sampling
session, a sample was harvested from an area of 0.25 m? representative of the overall field
vegetation (“grazed area sample”) [43]. The final sampling was made at different periods
each year due to the weather conditions that matured plants earlier in the second year: in
the first year, this was in early June, while in the second in mid-May. After the completion
of every sampling, the samples were dried in paper bags at 60 °C in an oven for at least
twenty-four hours.
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Land cover was recorded in each study year as perennials (separately for some species,
i.e., thorny burnet (Sarcopoterium spinosum) and branched asphodel (Asphodelus ramosus)),
annuals, rocks, litter, and bare soil by the step-point method [44]. Ground cover was noted
down for 364 points in nine different periods for both years, situated at 1-step intervals in a
25-step transect perpendicular to the slope and another 25-step transect parallel to contours.
The two transects cross at the center of the plot. Cover data are expressed in percentages.

Plant diversity was assessed at the end of each sampling season using the samples of
the last harvest for all cages. Examined specimens were classified at family level and species,
when this was feasible, as some were eaten or had partially withered. We used [45,46] for
the nomenclature of taxa.

Herbage nutritional quality was assessed on dried material of all cages from the
final samplings at the end of the two years. Samples were pre-ground on a hammer mill
to pass a 6 mm sieve and then subsampled and finely ground on a laboratory mill (CT
193 CyclotecTM FOSS, Hilleroed, Denmark) using a 1 mm screen. Analyses were conducted
for moisture (AOAC method 930.15), crude protein (CP) by the Kjeldahl method (AOAC
method 984.13) on a 2300 Kjeltec Analyser Unit Foss Tecator, ash (Ash) by ashing overnight
at 550 °C (AOAC method 942.05), and crude fiber (CF) (AOAC 978.10) on an ANKOM 220.

2.3. Analysis

Descriptive statistics were used to explore the variables used. For all comparisons, we
used analysis of variance (ANOVA). First, we tested for differences in plant productivity per
regrowth day between different types of cages for each pasture for both years. Additionally,
we examined the effect of different types of cages and years on the number of recognized
species, the number of different plant families (grass, legume, non-leguminous herb), and
the crude protein in plant biomass. The degree of grazing intensity was calculated as the
number of sheep per hectare per pasture.

The variables used are:

1. Type of pasture: shows if the pastures are undisturbed or if there have been actions
by farmers to improve them. The improvement of grazing land is by making terraces,
removing rocks and undesirable plants, this usually stands for the land which has
changed use, most of the time from arable land to pastures.

2. Land cover classes: the land cover was recorded in five classes as % of total cover:
bare soil, annuals, rocks, S. spinosum, Asphodelous ramosus.

3. Productivity (kg dm/ha): expresses the productivity of herbaceous dry mass per
hectare as calculated by multiplying the biomass produced by each cage by the
percentage of herbaceous biomass coverage of each pasture. This productivity was
assumed to be homogenous for the pastures in the cases of a single sampling cage,
while in pastures with more than one sampling point, the average productivity of all
sampling points was used.

4. Productivity per day (regrowth days) ((kg dm/ha)/day): Productivity /Regrowth
days: expresses the productivity of herbaceous dry mass per hectare and per day for
the period that each sampling represents (all days appear in Figure 2).

5. Grazing pressure ((animals/ha)/day): grazing practices have been provided by the
farmers for the whole grazing period as the adult animals that grazed a pasture for
15-day intervals. This implied that the shortest grazing period for each pasture is
15 days and up to the whole period.

6.  Dry matter/sheep/day ((kg dm)/day): expresses the dry matter that was available to
the animals that were on the pasture per day for the days that the pasture was grazed.

7. Number of different species (N): expresses the total number of the different species rec-
ognized, classified in families, and more general to grasses, legumes, and other families.

8. Herbage nutritional quality is measured as % of total dry matter content in proteins,
ash, and crude fiber.
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3. Results
3.1. Precipitation and Land Cover

Precipitation in the two growing seasons differed since, in the first hydrological year
of the measurements, which coincides with the biomass growing season, total precipitation
was 797.3 mm, substantially higher than the historical average annual rainfall of 464.6 mm
in the area and that of the total maximum value of the nine years of measurements available,
while in the 2nd year total precipitation was 353.6 mm, close to the minimum of the nine
recent years (322.1 mm). Out of the maximum rainfall of the first year, though, 45%
amounted to a period of two months, from late December to late February (Figure A1). This
rainfall was higher than that of the whole second hydrological year. The timing in relation
to the biomass growing season and the intensity of the rainfall suggest that the effect on
biomass is not as important as absolute values imply. Rainfall in the second hydrological
year was evenly distributed within the season and the amount that fell in April and May
was equal to that of the first year. Moreover, the average annual temperature for the last
9 years was 17.4 °C, very similar to the average of the two years of the experiment.

Land cover varies within the season. Bare soil decreases from one quarter to one-tenth
of the total area as annuals grow after the end of winter, covering 57% of the total area at
the end of the season. Rocks and S. spinosum cover did not differ significantly within the
season (Figure 4). High levels of variability were recorded among different pasture plots,
with pastures completely dominated by annuals (typically flat and “improved” plots) on
the one hand, while others were dominated by S. spinosum and/or rocks (Figure 4). These
differences are reflected in the grazing practices and especially in the pressure applied
by the farmers, which appear to broadly regulate the grazing pressure according to the

characteristics of the pasture.
I
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Figure 4. Land cover in five groups (annuals, bare soil, thorny burnet, rocks, and asphodel) per
sampling period and farm.
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3.2. Biomass Production, Productivity, and Grazing Practices

Herbage productivity (kg DM /ha) varies significantly between pastures, ranging from
very small values close to 300 kg/ha to those of about 5800 kg/ha at a flat pasture plot,
which in the past was used for annual crops (Table 2). Similarly, DM production per hectare
and day differed significantly between plots, although these differences were slightly lower
than total productivity. Moreover, there were statistically significant differences between the
cages established at different dates for both years (Table 3): first season one-way ANOVA
F(4,121) = 2.74, p < 0.05); second season one-way ANOVA F(4,121) = 3.28, p < 0.01); for both
seasons one-way ANOVA F(4,247) = 5.59, p < 0.05).

Table 2. Productivity and management indicators of pastures, the counts represent the number of
repetitions (samplings), 9 for each year (control cage 1, 1st and 2nd cage x 2 =4, 3rd cage 1, grazed
area 3), 18 in total.

Productivity/Regrowth

Pa.sture Productivity Days Gra.zing Pressure Dry Matter/Animal/Day
Indicators (kg dm/ha) (kg dm/ha)/Day (Animals/ha)/Day (kg dm)/Day
Pasture Count Mean Stag;l;/r[:af;llrror Mean Stag;l;/r[:alli:mr Mean Staz;l;/r[::li:'ror Mean Staz;l;/r[c:a}irror

11 18 1249.27 276.62 10.90 1.93 5.25 0.63 3.35 0.84

1.2 18  416.10 60.32 424 0.71 11.05 02.06 0.63 0.17

1.3 18  570.28 142.38 4.65 0.83 1.76 0.25 6.65 222

14 18  274.06 79.45 2.32 0.70 13.16 0.57 0.17 0.05

2.1 18  2161.01 485.67 18.80 3.53 5.30 0.48 4.80 1.21

2.2 18 5824.86 1273.61 49.69 9.30 43.33 2.12 1.13 0.20

2.3 18 1019.10 230.22 08.07 1.11 36.20 3.79 0.34 0.08

3.1 18 1191.02 226.69 12.51 2.71 437 1.51 1.13 0.34

3.2 18 1360.27 306.53 11.65 2.14 9.70 02.04 1.68 0.64

3.3 18 2124.49 468.53 17.45 2.93 10.06 1.23 2.71 0.80

4.1 18  1211.06 283.37 9.75 1.50 62.82 3.66 0.16 0.02

42 18 1594.38 301.02 14.78 2.83 11.09 2.28 1.70 0.33

43 18  351.26 87.35 3.14 0.54 1.39 0.23 2.50 0.68
44 18 320.72 93.89 03.06 0.81 01.04 0.24 2.40 0.67
Istseason 126  1250.23 199.45 9.18 1.35 16.07 1.75 1.63 0.42
2nd season 126  1559.46 199.16 15.25 1.69 14.86 1.74 2.66 0.32
Total 252 1404.85 140.99 12.22 1.10 15.47 1.23 2.15 0.27

Grazing pressure follows productivity patterns, as clearly farmers recognize the pas-
tures that provide more biomass and graze them more heavily and/or for a longer time,
resulting in a much more balanced distribution of values (Table 2). Nevertheless, differences
remain and suggest different grazing practices and different dependence on supplementary
feed to cover the animals’ nutritional requirements. These differences are evident in the
comparison between improved and undisturbed pastures: the daily productivity is three
times greater (15.9 kg DM/ha in the improved on average, compared to 5.5 kg DM /ha
for undisturbed ones, statistically significant differences, t-test = —4.687, p < 0.01), and
although slightly fewer plants were recognized on average in improved pastures (10.8 com-
pared to 11.7 species in undisturbed ones), many of these species were legumes (1.2 on
average in improved compared to 0.8 in undisturbed pastures, the differences are not
statistically significant).



Sustainability 2022, 14, 4623

90f18

Table 3. Dry mass productivity per ha per days of regrowth (dm kg/(ha*reg. days)) The differences
are statistically significant: first season one-way ANOVA F(4,121) = 2.74, p < 0.05); second season
one-way ANOVA F(4,121) = 3.28, p < 0.01); for both seasons one-way ANOVA F(4,247) = 5.59,
p <0.05).

Type of Cage Count Mean Std. Deviation
Control cage 14 10.83 11.36
1st cage 28 10.22 13.63
1st season 2nd cage 28 13.07 21.78
3rd cage 14 15.11 22.18
Grazed area 42 3.38 3.62
Control cage 14 17.17 11.53
1st cage 28 16.45 25.24
2nd season 2nd cage 28 16.51 16.44
3rd cage 14 28.34 24.02
Grazed area 42 8.60 12.89
Control cage 28 14.00 11.68
1st cage 56 13.33 20.34
1st and 2nd season 2nd cage 56 14.79 19.20
3rd cage 28 21.72 23.67
Grazed area 84 5.99 9.77

The differences in the average values of productivity per ha per day are statistically
significant for the different cage types (Table 3). Average daily values in late spring
(3rd cage) are much higher than all other periods and from the overall averages and this
pattern stands for all individual pastures. The lowest values are recorded in the grazed area.
The average values of the rest of the cages are relatively close. Significant differences are
evident between the two seasons in all cages and grazed areas. The average productivity
per day for the 3rd cage in the second season is almost double that of the first season and
similar differences are found for the grazed areas. For the rest of the cages, the differences
are present but are much lower. The overall pattern suggests a moderate biomass growth in
the first 5-6 months and much more rapid in the 2-3 that follow. This difference is depicted
when all samples taken per period are summed and the average dry biomass production
per day in the 3rd-period sampling is 12.1 kg/(day*ha) for the first season, compared to
5.8 and 5.2 for the 1st and 2nd periods respectively and 21.6 kg/(day*ha) for the 3rd period
of the second season and 9.8 and 4.4 for the 1st and 2nd periods respectively (the differences
are statistically significant for the second season, ANOVA F(2,123) = 10.850, p < 0.001).

The overall biomass from all samplings (Figure 5) apart from differences between the
two seasons for all sampling periods, depicts this pattern of biomass growth. The growth
rate late in the season is much higher than that of the start and middle, even in the grazed
areas. It is worth noting that the highest rates are recorded in both seasons in the 1st cage,
which suggests that early grazing and then rest may provide higher overall productivity
late in the season for phryganic pastures.

Grazing pressure reflects different practices of farmers that cannot always be attributed
to the productivity of the particular pasture, but also to factors such as the proximity of
the pasture to the shed (pastures located where the shed is are typically more heavily
grazed) and the overall rotation of the flock during the grazing season in different pastures.
Nevertheless, some of the more productive pastures are used very heavily (Table 4) and
throughout the year, while for others the use is more seasonal.
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Figure 5. Sum of average biomass production per cage and sampling period for the two seasons.

Table 4. Grazing pressure ((animals/ha)/day) for each pasture.

Season Sampling Period
Standard Standard Standard Standard Standard
Pasture Mean Error of Mean Error of Mean Error of Mean Error of Mean Error of
Mean Mean Mean Mean Mean
1.1 6.35 0.97 414 0.68 8.58 0.77 6.65 0.95 3.36 0.44
1.2 8.41 2.57 13.69 3.12 2.34 1.35 2.59 0.24 17.92 1.55
1.3 1.47 0.41 2.05 0.26 3.20 0.05 2.21 0.21 1.01 0.19
14 13.39 0.78 12.93 0.86 9.63 0.44 12.09 0.06 15.00 0.28
2.1 6.57 0.58 4.03 0.47 6.78 0.15 3.70 0.06 5.36 0.75
22 48,00 3.43 38.66 1.38 43.62 5.69 33.02 1.06 47.34 2.08
23 46.72 1.18 25.69 5.65 43.3 2.96 49.72 0.92 27.96 543
3.1 7.90 2.49 0.83 0.55 1.88 1.08 0.78 0.45 6.80 2.45
3.2 7.09 3.29 12.31 2.27 0.43 0.25 21.09 1.22 8.86 2.06
33 10.96 1.98 9.15 1.54 1.17 0.04 11.14 0.46 13.18 0.71
4.1 56.17 5.95 69.47 3.22 53.71 2.74 85.11 0.00 57.55 3.95
42 9.14 2.59 13.04 3.81 0.00 0.00 2.82 0.44 18.84 1.59
43 1.80 0.37 0.98 0.20 1.96 0.17 0.00 0.00 1.72 0.25
4.4 1.05 0.37 1.03 0.33 0.00 0.00 0.00 0.00 1.88 0.14
Sef;‘:l‘ b 1607 1.75 13.21 3.79 16.86 4,54 16.90 211
Sef(f;rl‘ 2 14.86 1.74 12.01 334 16.13 454 15.49 2.20

The four farms differ in many aspects: the average daily herbage productivity varies
significantly from 5.5 kg DM/ha of farm 1 (with mostly undisturbed phryganic pastures)
to 25.5 kg DM /ha for farm 2 (with many improved flat pastures). Nevertheless, these
differences level out when the kg of DM that are available to grazing animals per day of
grazing are calculated to around 2 kg/animal/day (2.7 on farm one, 2.0 on farms two and
three, and 1.5 on farm four).
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3.3. Plant Species, Diversity, and Protein Content

The average number of species recognized is 6.8 per pasture, with a minimum of
two-found in a grazed area sample in the second season and a maximum of 39 species
found in a control cage in the first season (Tables A1 and A2). Overall, more species were
found in the first season than in the second one (7.4 and 4.3 species respectively, while the
differences are statistically significant ANOVA F(1,138) = 35.205, p < 0.05).

Differences between cages are not statistically significant, revealing similar levels of
diversity even in grazed areas (average number of species/families for grazed areas at
14.5 in the first season and 8.3 in the second, slightly bigger than the overall average for all
cages and higher than that of the first cage). Grasses accounted for 4.4 species on average
and legumes for one species, while those of other families were 5.6 (Table 5).

Table 5. Comparison between grasses, legumes, and plants of other families per season, the
counts represent the number of repetitions (samplings), 9 for each year (control cage 1, 1st and
2nd cage x 2 =4, 3rd cage 1, grazed area 3), 18 in total for each pasture, 18 x 14 = 252 in total.

Plant Category Season Count Mean Minimum Maximum Std. Deviation
1st 126 5.60 0.00 18.00 3.11
Grasses 2nd 126 3.23 0.00 11.00 227
1st and 2nd 252 441 0.00 18.00 2.96
1st 126 1.74 0.00 6.00 1.48
Legumes 2nd 126 0.40 0.00 2.00 0.55
1st and 2nd 252 1.07 0.00 6.00 1.30
1st 126 6.81 2.00 24.00 4.62
Other families 2nd 126 443 0.00 13.00 2.69
1st and 2nd 252 5.62 0.00 24.00 3.95

The analysis of the plant samples for nutritional characteristics such as crude protein,
ash, and crude fiber shows a small increase in protein content as the season progresses: on
average in the third cage 7.27% of the herbage dry matter was crude protein, compared to
5.6% in the control cage and 5.8% in the first, while in the grazed area the lowest content
was measured at 5.4% (Table 6), but the differences are not statistically significant.

Table 6. Chemical analysis of herbage samples harvested during the first and second seasons,
the counts of samples represent the samples taken. The analysis was made for the samples of
the third sampling, 14 samples (one from each pasture) for each type of cage per session of the
experiment, 14 x 2 = 28 in total. The counts of measurable samples represent the samples capable of
being analyzed.

Crude Protein Crude Fiber Ash
Count Count Count
Type of Count of of Mea- Mean Std. of Mea- Mean Std. of Mea- Mean Std.
Cage Samples surable Deviation surable Deviation surable Deviation
Samples Samples Samples
Control cage 28 26 5.60 1.77 27 32.72 3.18 27 12.02 291
1st cage 28 25 5.77 1.31 25 32.96 2.60 26 11.34 1.81
2nd cage 28 18 6.54 2.36 20 33.06 2.92 20 10.21 1.52
3rd cage 28 14 7.27 2.18 14 31.29 1.99 14 10.70 2.70
Grazed area 28 23 5.49 2.13 22 33.14 2.68 23 10.25 1.68

4. Discussion

Western Lesvos is a typical semi-arid Mediterranean area, facing socio-economic and
environmental issues [36], leading to soil degradation and desertification [47]. According
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to estimations, large parts of the island are already degraded and under the process of
desertification, including areas such as oak forests [40,48]. According to [49], the region is a
typical case of the association between several socio-economic development policies and the
environmental degradation process with practices such as overgrazing and deforestation,
but the degree of dependency on sheep farming for livelihoods in many remote villages is
high [38,49].

In our approach, we investigate the relationship between grazing practices, productiv-
ity, and plant diversity not at a specific time of the season (typically in the end in most of
the literature, e.g., [50-52], but along the whole season [53]).

This allows a detailed view of the relationship between the characteristics of the
pasture and the grazing practices of the farmers. Some of the most important findings are
related to the pastures and their management, including grazing within the season, plant
diversity, and long-term sustainability of the system and the pastures.

In terms of the production of pastures, the results of the significant seasonal changes
in biomass production suggest that the late spring growth of grazed plants produces
significantly more biomass when the temperatures of the soil and air rise owing to the rapid
growth of many plants [54]. Therefore, pastures that can be left ungrazed for a short period
of time during that period, have a better potential to yield biomass later in the season,
although this cannot be extended over a long time due to the proximity of the dry summer.
The overall productivity in the area is in the upper limits of the range suggested by the
literature for semi-natural lands found on marginal soils (from 0.5-1.0 t ha™! year’l) [18],
but the high heterogeneity of the productivity in our pastures suggests that those with
production values lower than 0.5 t ha~—! year~! are on unfavorable soils while the others
are in the range of agriculturally improved grasslands, though most of the latter are former
fields of arable crops not more than 3040 years ago. The ranges suggested by the literature
for daily dry matter accumulation are within the values in our pastures as well [19,20].

In such an area, the long history of grazing and, in general, the use of the pastures
has been suggested as important in understanding current trends [6]. The pastures we
measured can be categorized into two categories: pastures that were arable fields until
roughly the 1970s or 1980s when cultivation of arable plants more or less stopped on the
western part of the island [38]. These pastures are in flat areas with deeper soils and their
grazing histories are short compared to the rest of the area. The rest of the pastures are on
sloping land, with shallower soils and long grazing history. Our findings show that despite
important variability within the categories, there are significant differences in biomass
production between these types of pastures that seem to reflect these histories, but also
their differences in abiotic features, notably soil depth. Nevertheless, what also comes
out is that these differences in productivity are not mirrored in the plant diversity data.
The lack of a significant relationship between diversity and productivity has been also
found in both experimentally [55-57] and naturally assembled Mediterranean herbaceous
communities [58]. In general, productivity is considered to explain a small portion of the
overall variation in grassland plant diversity worldwide [59,60].

Furthermore, the findings of the recognized species show that grazing seems to be
unrelated to the overall level of diversity within each season. It has to be noted though
that the small surfaces used in the approach may affect the overall number of species,
especially in localities within each pasture where specific species may be found (e.g., in
rocky places or along streamlines). The number of species is relatively low for these types
of ecosystems [61,62], probably related to the long-term effects of heavy grazing on many
of the pastures [63,64]. Another plausible explanation of the patterns of herbage growth
can be offered on the basis that, after several decades of high-grazing pressure, flora in the
area has been adapted to the specific biotic and abiotic pressures of the area. Indeed, the
ability of plants to grow, reproduce, and survive under changing environmental conditions
depends on their efficiency in acclimatizing and adapting, where the first one is associated
with short-term challenges as opposed to the second one [65-67].
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The nutritional composition of grazed material shows a low content of nutrients. The
CP values are as low as cereal straw, but the crude fiber is somehow better than straw.
However, a pattern of differences between the samplings within a year is associated with
less mature herbage biomass harvested from the cages set later in the season (2nd and
3rd cage) which appear higher in CP and lower in crude fiber. This effect can also be
associated with the higher presence of legumes in the 3rd cages, and their lower presence
in samples from the control cages that represent plants grown very early in the season.

Overall, the approach followed here can be used for monitoring different aspects
of the productivity of pastures in semi-arid and heavily grazed areas including seasonal
differences and design improvement strategies.

5. Conclusions

Semi-arid areas of poor soils and intense relief have been grazed for millennia. Sus-
taining an important livelihood activity for local populations, while conserving pasture
productivity and avoiding land degradation within climate change is a challenge that will
determine socio-economic viability and environmental conservation in these areas. In this
study, we analyzed pastures grazed by sheep in a semi-arid Mediterranean area, record-
ing the land cover, herbaceous productivity, and plant diversity over the grazing season.
Grazing history seems to be important and perhaps more important than seasonal grazing
practices differences between pastures. This seems to suggest that the improvement and
sustainability of pastures is a long-term concern and should be the result of a multi-annual
plan that can provide guidance to farmers on how they have to treat their pastures. This
is not easy, of course, within a climate of increasing livestock numbers and intensifying
feeding practices, both in and off the pastures.

Past grazing practices that incorporated the cultivation of crops were possible and
grazing after the end of the growing season and in the fallow years could provide an
improvement plan that may prove more sustainable in the long term. Such policies are not
incorporated into the current thinking and practice of the Common Agricultural Policy of
the EU and a shift toward greater complementarity between cultivation and grazing and
also towards less intensive grazing practices could provide incentives to farmers and local
societies to continue a long-term and sustainable use of these pastures.
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Figure A1l. Productivity per day of regrowth for all cages and climate data during the experiment.
Table A1l. The number of different recognized species per season and type of cage for all pastures.
Season 1 Season 2
Control Grazed Control Grazed
Pasture Cage 1st Cage  2nd Cage 3rd Cage Area Cage 1st Cage  2nd Cage 3rd Cage Area
1.1 16 15 15 11 25 11 8 9 11 14
21 18 22 23 23 30 6 15 15 11 13
2.2 6 13 6 9 9 5 8 4 4 5
1.2 5 12 8 8 7 4 3 9 11 4
31 14 12 16 18 12 7 5 4 5 7
41 14 14 6 8 9 5 9 6 8 2
4.2 9 9 11 21 8 3 3 4 5 5
1.3 23 7 15 15 16 23 10 11 7 8
3.2 13 8 11 16 10 5 4 8 6 6
2.3 10 9 11 13 11 5 5 6 8
4.3 39 22 25 18 29 15 14 15 17 21
14 10 8 10 5 5 13 4 8 6
3.3 17 28 20 37 18 10 7 13 12
44 12 13 6 4 15 7 5 5
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Table A2. Plant families, the frequency they appeared during the samplings, and the number of
different species recognized.

Families Number of Species
1 Poaceae 19
2 Compositae 26
3 Fabaceae 17
4 Plantaginaceae 5
5 Caryophyllaceae 11
6 Umbelliferae 9
7 Liliaceae 4
8 Boraginaceae 3
9 Xanthorrhoeaceae 2
10 Polygonaceae 4
11 Geraniaceae 6
12 Brassicaceae 2
13 Gentianaceae 2
14 Apiaceae 2
15 Ranunculaceae 3
16 Hyacinthaceae 2
17 Lamiaceae 3
18 Rosaceae 2
19 Amaranthaceae 1
20 Cruciferae 1
21 Orobanchaceae 1
22 Malvaceae 1
23 Scrophulariaceae 2
24 Caprifoliaceae 1
25 Lythraceae 1
26 Oxalidaceae 1
27 Primulaceae 1
Total 132
References
1. Blondel, J. The ‘Design’ of Mediterranean Landscapes: A Millennial Story of Humans and Ecological Systems during the Historic
Period. Hum. Ecol. 2006, 34, 713-729. [CrossRef]
2. Perevolotsky, A.; Seligman, N.G. Role of grazing in mediterranean rangeland ecosystems. Bioscience 1998, 48, 1007-1017.
[CrossRef]
3. Pardini, R. Effects of forest fragmentation on small mammals in an Atlantic Forest landscape. Biodivers. Conserv. 2004, 13,
2567-2586. [CrossRef]
4. Jouven, M.; Lapeyronie, P.; Moulin, C.H.; Bocquier, F. Rangeland utilization in Mediterranean farming systems. Animal 2010, 4,
1746-1757. [CrossRef] [PubMed]
5. Le Houerou, H.N. Impact Of Man And His Animals On Mediterranean Vegetation. In Ecosystems of the World. Mediterranean-Type
Shrublands; Elsevier: Amsterdam, The Netherlands, 1981; pp. 479-521.
6. Hadjigeorgiou, L.; Osoro, K.; De Almeida, J.F.; Molle, G. Southern European grazing lands: Production, environmental and

landscape management aspects. Livest. Prod. Sci. 2005, 96, 51-59. [CrossRef]


http://doi.org/10.1007/s10745-006-9030-4
http://doi.org/10.2307/1313457
http://doi.org/10.1023/B:BIOC.0000048452.18878.2d
http://doi.org/10.1017/S1751731110000996
http://www.ncbi.nlm.nih.gov/pubmed/22445129
http://doi.org/10.1016/j.livprodsci.2005.05.016

Sustainability 2022, 14, 4623 16 of 18

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

Porqueddu, C.; Melis, R.A.M.; Franca, A.; Sanna, F.; Hadjigeorgiou, I.; Casasus, I. Grassland Resources for Extensivefarming
Systems in Marginal Lands: Major Drivers and Future Scenarios. In Proceedings of the Organising Committee of the 19th
Symposium of the European Grassland Federation, CNR-ISPAAM Istituto Sistema Produzione Animale Ambiente Mediterraneo,
Traversa La Crucca 3, Sassari, Italy, 7-10 May 2017; Volme 22, pp. 3-22.

Caballero, R.; Fernandez-Gonzélez, F,; Badia, R.P; Molle, G.; Roggero, PP; Bagella, S.; D’Ottavio, P; Papanastasis, V.P.,; Fotiadis,
G.; Sidiropoulou, A; et al. Grazing Systems and Biodiversity in Mediterranean Areas: Spain, Italy and Greece. Rev. Pastos 2009,
39, 9-154.

Hadjigeorgiou, I. Past, present and future of pastoralism in Greece. Pastor. Res. Policy Pract. 2011, 1, 24. [CrossRef]

Veen, P,; Jefferson, R.; de Smidt, J.; van der Straaten, J. Grasslands in Europe of High Nature Value; KNNV Publishing: Zeist, The
Netherlands, 2009.

Oppermann, R.; Beaufoy, G.; Jones, G. High Nature Value Farming in Europe: 35 European Countries-Experiences And Perspectives;
Verlag Regionalkultur: Ubstadt-Weiher, Germany, 2012.

Porqueddu, C.; Tavares de Sousa, M.M. Sustainable Mediterranean Grasslands and Their Multi-Functions. In Options
Meéditerranéennes: Série A. Séminaires Méditerranéens; Montpellier (France) CIHEAM: Zaragoza, Spain, 2008; Volume 79.
Cosentino, S.L.; Porqueddu, C.; Copani, V.; Patané, C.; Testa, G.; Scordia, D.; Melis, R. EGF at 50: The Future of European Grasslands,
Proceedings of the Organising Committee of the 25th General Meeting of the European Grassland Federation IBERS, Aberystwyth University,
Gogerddan, Aberystwyth, Wales, 7-11 September 2014; Hopkins, A., Collins, R.P, Fraser, M.D., King, V.R., Lloyd, D.C., Moorby, ] M.,
Robson, PR.H., Eds.; IBERS, Aberystwyth University: Aberystwyth, UK; Volume 19, pp. 41-56.

Ligda, C.; Casabianca, F. Adding value to local breeds: Challenges, strategies and key factors. Anim. Genet. Resour. 2013, 53,
107-116. [CrossRef]

Kominakis, A.; Tarsani, E.; Hager-Theodorides, A.L.; Mastranestasis, I.; Gkelia, D.; Hadjigeorgiou, I. Genetic differentiation of
mainland-island sheep of Greece: Implications for identifying candidate genes for long-term local adaptation. PLoS ONE 2021, 16,
€0257461. [CrossRef]

Zapata, V.M.; Robledano, F. Assessing biodiversity and conservation value of forest patches secondarily fragmented by urbanisa-
tion in semiarid southeastern Spain. J. Nat. Conserv. 2014, 22, 166-175. [CrossRef]

Plieninger, T.; Hartel, T.; Martin-Lopez, B.; Beaufoy, G.; Bergmeier, E.; Kirby, K.; Montero, M.J.; Moreno, G.; Oteros-Rozas, E.; van
Uytvanck, ]. Wood-pastures of Europe: Geographic coverage, social-ecological values, conservation management, and policy
implications. Biol. Conserv. 2015, 190, 70-79. [CrossRef]

Huyghe, C.; de Vliegher, A.; van Gils, B.; Peeters, A. Grasslands and Herbivore Production in Europe and Effects of Common Policies;
Editions Quae: Versailles, France, 2014.

Snaydon, R.W. World Animal Science. In Grazing Animals; Morley, FH.W., Ed.; Elsevier: Amsterdam, The Netherlands, 1981;
pp- 13-31.

Caredda, S.; Porqueddu, C.; Roggero, P.P.; Sanna, A. Feed resources and feed requirements in the sheep agro-pastoral system of
Sardinia. In Proceedings of the IV International Rangeland Congress, Montpellier, France, 22-26 April 1991; pp. 734-737.
Guerreiro, O.; Dentinho, M.T.P.; Moreira, O.C.; Guerra, A.R.; Ramos, P.A.B.; Bessa, R.J.B.; Duarte, M.E,; Jerénimo, E. Potential of
Cistus ladanifer L. (rockrose) in small ruminant diets—Effect of season and plant age on chemical composition, in vitro digestibility
and antioxidant activity. Grass Forage Sci. 2016, 71, 437-447. [CrossRef]

Tsiourlis, G.; Konstantinidis, P.; Xofis, P. Taxonomy and ecology of phryganic communities with Sarcopoterium spinosum (L.) Spach
of the Aegean (Greece). Isr. J. Plant Sci. 2007, 55, 15-34. [CrossRef]

Papanastasis, V.P; Yiakoulaki, M.D.; Decandia, M.; Dini-Papanastasi, O. Integrating woody species into livestock feeding in the
Mediterranean areas of Europe. Anim. Feed Sci. Technol. 2008, 140, 1-17. [CrossRef]

Zarovali, M.P,; Yiakoulaki, M.D.; Papanastasis, V.P. Effects of shrub encroachment on herbage production and nutritive value in
semi-arid Mediterranean grasslands. Grass Forage Sci. 2007, 62, 355-363. [CrossRef]

Bailey, D.W.; Dumont, B.; WallisDeVries, M.F. Utilization of heterogeneous grasslands by domestic herbivores: Theory to
management. Ann. Zootech. 1998, 47, 321-333. [CrossRef]

Kramer, K.; Groen, T.A.; van Wieren, S.E. The interacting effects of ungulates and fire on forest dynamics: An analysis using the
model FORSPACE. For. Ecol. Manag. 2003, 181, 205-222. [CrossRef]

Sternberg, M.; Gutman, M.; Perevolotsky, A.; Ungar, E.D.; Kigel, ]. Vegetation response to grazing management in a Mediterranean
herbaceous community: A functional group approach. J. Appl. Ecol. 2000, 37, 224-237. [CrossRef]

Adler, P; Raff, D.; Lauenroth, W. The effect of grazing on the spatial heterogeneity of vegetation. Oecologia 2001, 128, 465-479.
[CrossRef]

Perevolotsky, V.I. Integrating landscape ecology in the conservation of Mediterranean ecosystems: The Israeli experience. Isr.
J. Plant Sci. 2005, 53, 203-213. [CrossRef]

Rook, J.; Tallowin, J.R.B. Grazing and pasture management for biodiversity benefit. Anim. Res. 2003, 52, 181-189. [CrossRef]
Clergue, B.; Amiaud, B.; Pervanchon, F,; Lasserre-Joulin, F,; Plantureux, S. Biodiversity: Function and assessment in agricultural
areas. A review. Agron. Sustain. Dev. 2005, 25, 1-15. [CrossRef]

Hodapp, D.; Borer, E.T.; Harpole, W.S.; Lind, E.M.; Seabloom, E.W.; Adler, P.B.; Alberti, J.; Arnillas, C.A.; Bakker, ].D.; Biederman,
L.; et al. Spatial heterogeneity in species composition constrains plant community responses to herbivory and fertilisation. Ecol.
Lett. 2018, 21, 1364-1371. [CrossRef] [PubMed]


http://doi.org/10.1186/2041-7136-1-24
http://doi.org/10.1017/S207863361300026X
http://doi.org/10.1371/journal.pone.0257461
http://doi.org/10.1016/j.jnc.2013.11.002
http://doi.org/10.1016/j.biocon.2015.05.014
http://doi.org/10.1111/gfs.12188
http://doi.org/10.1560/IJPS.55.1.15
http://doi.org/10.1016/j.anifeedsci.2007.03.012
http://doi.org/10.1111/j.1365-2494.2007.00590.x
http://doi.org/10.1051/animres:19980501
http://doi.org/10.1016/S0378-1127(03)00134-8
http://doi.org/10.1046/j.1365-2664.2000.00491.x
http://doi.org/10.1007/s004420100737
http://doi.org/10.1560/DQL0-Q22F-LMD5-97LK
http://doi.org/10.1051/animres:2003014
http://doi.org/10.1051/agro:2004049
http://doi.org/10.1111/ele.13102
http://www.ncbi.nlm.nih.gov/pubmed/29952114

Sustainability 2022, 14, 4623 17 of 18

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Milchunas, G.; Lauenroth, W.K. Quantitative Effects of Grazing on Vegetation and Soils Over a Global Range of Environments.
Ecol. Monogr. 1993, 63, 327-366. [CrossRef]

Borer, T.; Seabloom, E.W.; Gruner, D.S.; Harpole, W.S.; Hillebrand, H.; Lind, E.M.; Adler, P.B.; Alberti, J.; Anderson, T.M.; Bakker,
].D.; et al. Herbivores and nutrients control grassland plant diversity via light limitation. Nature 2014, 508, 517-520. [CrossRef]
[PubMed]

Safriel, U.N. Water Scarcity, Land Degradation and Desertification in the Mediterranean Region. In NATO Science for Peace and
Security Series C: Environmental Security; Rubio, ].L., Safriel, U., Daussa, R., Blum, W., Pedrazzini, F., Eds.; Springer: Dordrecht,
The Netherlands, 2009; pp. 33-73.

Symeonakis, E.; Karathanasis, N.; Koukoulas, S.; Panagopoulos, G. Monitoring Sensitivity to Land Degradation and Desertification
with the Environmentally Sensitive Area Index: The Case of Lesvos Island. Land Degrad. Dev. 2016, 27, 1562-1573. [CrossRef]
Hadjigeorgiou, I.; Zervas, G. The Contributions of Grasslands to the Conservation of Mediterranean Biodiversity; Porqueddu, C., Rios,
S., Eds.; CIHEAM: Zaragoza, Spain, 2010; pp. 35-38.

Kizos, T.; Plieninger, T.; Schaich, H. “Instead of 40 Sheep there are 400”: Traditional Grazing Practices and Landscape Change in
Western Lesvos, Greece. Landsc. Res. 2013, 38, 476-498. [CrossRef]

Hadjigeorgiou, I; Vaitsis, T.; Laskaridis, G.; Tzanni, C. Restoring Semi-Arid Rangelands on a Greek Aegean Island; Porqueddu, C., de
Sousa, M.T., Eds.; CIHEAM: Zaragoza, Spain, 2008; pp. 33-36.

Kosmas, C.; Danalatos, N.G.; Gerontidis, S. The effect of land parameters on vegetation performance and degree of erosion under
Mediterranean conditions. Catena 2000, 40, 3-17. [CrossRef]

Koutsovili, E.I; Tzoraki, O.; Theodossiou, N.; Gaganis, P. Numerical assessment of climate change impact on the hydrological
regime of a small Mediterranean river, Lesvos Island, Greece. Acta Hortic. Et Regiotect. 2021, 24, 28-48. [CrossRef]
Mastranestasis, I.; Ekateriniadou, L.V,; Ligda, C.; Theodorou, K. Genetic diversity and structure of the Lesvos sheep breed. Small
Rumin. Res. 2015, 130, 54-59. [CrossRef]

Singh, S.; Lauenroth, W.K.; Steinhorst, R.K. Review and assessment of various techniques for estimating net aerial primary
production in grasslands from harvest data. Bot. Rev. 1975, 41, 181-232. [CrossRef]

Evans, R.A.; Love, R M. The Step-Point Method of Sampling: A Practical Tool in Range Research. |. Range Manag. 1957, 10, 208.
[CrossRef]

Dimopoulos, P; Raus, T.; Constantinidis, T.; Iatrou, G. Vascular Plants of Greece: An Annotated Checklist, Englera; Botanischer Garten
und Botanisches Museum: Dahlem, Germany, 2013.

Dimopoulos, P.; Raus, T.; Bergmeier, E.; Constantinidis, T.; Iatrou, G.; Kokkini, S.; Strid, A.; Tzanoudakis, D. Vascular plants of
Greece: An annotated checklist. Supplement. Willdenowia 2016, 46, 301-347. [CrossRef]

Arianoutsou-Faraggitaki, M. Desertification by overgrazing in Greece: The case of Lesvos island. . Arid. Environ. 1985, 9, 237-242.
[CrossRef]

Marathianou, M.; Kosmas, C.; Gerontidis, S.; Detsis, V. Land-use evolution and degradation in Lesvos (Greece): A historical
approach. Land Degrad. Dev. 2000, 11, 63-73. [CrossRef]

Iosifides, T.; Politidis, T. Socio-economic dynamics, local development and desertification in western Lesvos, Greece. Local Environ.
2005, 10, 487-499. [CrossRef]

Osem, Y.; Perevolotsky, A.; Kigel, J. Grazing effect on diversity of annual plant communities in a semi-arid rangeland: Interactions
with small-scale spatial and temporal variation in primary productivity. J. Ecol. 2002, 90, 936-946. [CrossRef]

Fernandez-Lugo, S.; Bermejo, L.A.; de Nascimento, L.; Méndez, J.; Naranjo-Cigala, A.; Arévalo, J.R. Productivity: Key factor
affecting grazing exclusion effects on vegetation and soil. Plant Ecol. 2013, 214, 641-656. [CrossRef]

Maselli, E; Argenti, G.; Chiesi, M.; Angeli, L.; Papale, D. Simulation of grassland productivity by the combination of ground and
satellite data. Agric. Ecosyst. Environ. 2013, 165, 163-172. [CrossRef]

Isselstein, J.; Griffith, B.A.; Pradel, P.; Venerus, S. Effects of livestock breed and grazing intensity on biodiversity and production
in grazing systems. 1. Nutritive value of herbage and livestock performance. Grass Forage Sci. 2007, 62, 145-158. [CrossRef]
Papanastasis, V.P.; Mansat, P. Grasslands and related forage resources in Mediterranean areas. In Proceedings of the 16th
European Grasslands Federation, Grado, Italy, 15-19 September 1996; pp. 47-57.

Hector, A.; Schmid, B.; Beierkuhnlein, C.; Caldeira, M.C.; Diemer, M.; Dimitrakopoulos, P.G.; Finn, ].A.; Freitas, H.; Giller, P.S.;
Good, J.; et al. Plant diversity and productivity experiments in european grasslands. Science 1999, 286, 1123-1127. [CrossRef]
[PubMed]

Troumbis, Y.; Dimitrakopoulos, P.G.; Siamantziouras, A.-5.D.; Memtsas, D. Hidden diversity and productivity patterns in mixed
Mediterranean grasslands. Oikos 2000, 90, 549-559. [CrossRef]

Dimitrakopoulos, P.G.; Galanidis, A.; Siamantziouras, A.-S.D.; Troumbis, A.Y. Short-term invasibility patterns in burnt and
unburnt experimental Mediterranean grassland communities of varying diversities. Oecologia 2005, 143, 428-437. [CrossRef]
Adamidis, C.; Kazakou, E.; Baker, A.J.M.; Reeves, R.D.; Dimitrakopoulos, P.G. The effect of harsh abiotic conditions on the
diversity of serpentine plant communities on Lesbos, an eastern Mediterranean island. Plant Ecol. Divers. 2014, 7, 433—444.
[CrossRef]

Fraser, L.H.; Pither, J.; Jentsch, A.; Sternberg, M.; Zobel, M.; Askarizadeh, D.; Bartha, S.; Beierkuhnlein, C.; Bennett, J.A ; Bittel, A.;
et al. Plant ecology. Worldwide evidence of a unimodal relationship between productivity and plant species richness. Science
2015, 349, 302-305. [CrossRef]


http://doi.org/10.2307/2937150
http://doi.org/10.1038/nature13144
http://www.ncbi.nlm.nih.gov/pubmed/24670649
http://doi.org/10.1002/ldr.2285
http://doi.org/10.1080/01426397.2013.783905
http://doi.org/10.1016/S0341-8162(99)00061-2
http://doi.org/10.2478/ahr-2021-0022
http://doi.org/10.1016/j.smallrumres.2015.07.015
http://doi.org/10.1007/BF02860829
http://doi.org/10.2307/3894015
http://doi.org/10.3372/wi.46.46303
http://doi.org/10.1016/S0140-1963(18)31325-9
http://doi.org/10.1002/(SICI)1099-145X(200001/02)11:1&lt;63::AID-LDR369&gt;3.0.CO;2-8
http://doi.org/10.1080/13549830500203162
http://doi.org/10.1046/j.1365-2745.2002.00730.x
http://doi.org/10.1007/s11258-013-0196-8
http://doi.org/10.1016/j.agee.2012.11.006
http://doi.org/10.1111/j.1365-2494.2007.00571.x
http://doi.org/10.1126/science.286.5442.1123
http://www.ncbi.nlm.nih.gov/pubmed/10550043
http://doi.org/10.1034/j.1600-0706.2000.900313.x
http://doi.org/10.1007/s00442-004-1808-8
http://doi.org/10.1080/17550874.2013.802050
http://doi.org/10.1126/science.aab3916

Sustainability 2022, 14, 4623 18 of 18

60.

61.

62.

63.

64.

65.

66.
67.

Adler, PB.; Seabloom, E.W.; Borer, E.T.; Hillebrand, H.; Hautier, Y.; Hector, A.; Harpole, W.S.; O’Halloran, L.R.; Grace, ].B.;
Anderson, T.M.; et al. Productivity is a poor predictor of plant species richness. Science 2011, 333, 1750-1753. [CrossRef]
Alhamad, N. Ecological and species diversity of arid Mediterranean grazing land vegetation. J. Arid Environ. 2006, 66, 698-715.
[CrossRef]

Giourga, H.; Margaris, N.S.; Vokou, D. Effects of grazing pressure on succession process and productivity of old fields on
mediterranean islands. Environ. Manag. 1998, 22, 589-596.

Rutherford, C.; Powrie, L.W. Impacts of heavy grazing on plant species richness: A comparison across rangeland biomes of South
Africa. South Afr. ]. Bot. 2013, 87, 146-156. [CrossRef]

Cingolani, M.; Noy-Meir, I.; Diaz, S. Grazing effects on rangeland diversity: A synthesis of contemporary models. Ecol. Appl.
2005, 15, 757-773. [CrossRef]

Aronson, J.; Kigel, J.; Shmida, A ; Klein, ]. Adaptive phenology of desert and Mediterranean populations of annual plants grown
with and without water stress. Oecologia 1992, 89, 17-26. [CrossRef] [PubMed]

Junttila, O. Plant adaptation to temperature and photoperiod. Agric. Food Sci. 1996, 5, 251-260. [CrossRef]

Winner, W.; Pell, E.; Mooney, H. (Eds.) Response of Plants to Multiple Stresses; Academic Press: Cambridge, MA, USA, 2012.


http://doi.org/10.1126/science.1204498
http://doi.org/10.1016/j.jaridenv.2006.01.001
http://doi.org/10.1016/j.sajb.2013.03.020
http://doi.org/10.1890/03-5272
http://doi.org/10.1007/BF00319010
http://www.ncbi.nlm.nih.gov/pubmed/28313390
http://doi.org/10.23986/afsci.72744

	Introduction 
	Materials and Methods 
	Study Site 
	Research Methods 
	Analysis 

	Results 
	Precipitation and Land Cover 
	Biomass Production, Productivity, and Grazing Practices 
	Plant Species, Diversity, and Protein Content 

	Discussion 
	Conclusions 
	Appendix A
	References

