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Abstract

Eastern Mediterranean silvopastoral oak woodlands have been greatly damaged through forest
conversion, illegal lumbering, overgrazing, and forest fires. The aim of this study was to
assess land-use changes and the legacies that they have imprinted on the forest structure of
Quercus macrolepis and accompanying Quercus pubescens and Quercus cerris woodlands on
Lesvos Island, Greece. The size-structures of adult oak populations were analyzed as
indicators of long-term oak regeneration, while short-term recruitment was determined by
counting oak seedlings and saplings. The size-structure of the adult Q. macrolepis population
was similar to the inverse J-shaped distribution typical for natural Mediterranean oak forests,
indicating continuous recruitment with a constant mortality rate of mature individuals.
Seedling and sapling densities were highly variable, but generally low in relation to adult oak
densities. Recruitment of oak seedlings and saplings was positively related to determinants
such as forest cover, adult oak density and basal area, woody plant richness, and litter cover.
Both seedling and sapling occurrence was negatively associated with dung frequency, which
suggests that sheep grazing imposes a barrier to oak recruitment. The study outlines a
comprehensive land-use transition from the 1950s to the 1970s, during which a complex and
multifunctional agrosilvopastoral land-use system was simplified to an intensive grazing
system. The discrepancy between the successful long-term regeneration and the less
successful short-term recruitment of oaks illustrates that intensified livestock grazing has been
a major driver of vegetation change. Grazing impact is likely to interact with increasing
drought conditions, which may trigger a negative feedback cycle that undermines the capacity
of woodlands to sustain ecosystem services.
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Introduction

Since the 1960s, most dryland ecosystems of the Mediterranean Basin have experienced a
comprehensive land-use transition from complex and multifunctional agrosilvopastoral land-
use systems to simplified and intensified forms of livestock husbandry and agriculture (Naveh
1982; Pinto-Correia and Vos 2001; Hill et al. 2008). This manifested itself in two major land-
use and land-cover changes: The large-scale abandonment of croplands and — regionally
varying — an intensification or an abandonment of livestock grazing. Cropland abandonment
has been observed throughout the Northern Mediterranean Basin, for example in Spain
(Alados et al. 2004), France (Taillefumier and Piégay 2003), Portugal (Moreira et al. 2001),
Italy (Vos 1993), and Greece (Kizos and Koulouri 2006). In many regions of the
Mediterranean, land abandonment initiated an extensive increase of Mediterranean shrub- and
woodland vegetation (Grove and Rackham 2001). This phenomenon has put into question the
classical desertification dogma regarding the Mediterranean, which had predicted an
irreversible decline of biological productivity following human disturbance (Hill et al. 2008).
Nevertheless, the rapid development of shrublands has often also involved negative impacts
on fire regimes, losses of biodiversity associated with traditional land uses, and degradation of
cultural ecosystem services (MacDonald et al. 2000).

In many parts of the Eastern Mediterranean, the recovery of vegetation through abandonment
of cultivation has been accompanied by a concomitant turn towards more intensive animal
husbandry, with a major increase of sheep stocks (Giourga et al. 1998). Intensified livestock
husbandry is believed to shift rangeland ecosystems from equilibrium states and to initiate
degradation processes (losifides and Politidis 2005; Roder et al. 2007; Roder et al. 2008). In
the Eastern Mediterranean, overgrazing has resulted in the removal of soil cover and the
domination of undesirable plants, mostly Sarcopoterium spinosum (Bakker et al. 2005). These
processes have been exacerbated by changes in the spatial configuration of grazing, which is
now largely uncontrolled, continuous and all-season (Giourga et al. 1998). A remote-sensing
survey showed that, between 1977 and 1996, 40% of rangelands on Crete (Greece) suffered
declining vegetation cover in consequence of increased grazing pressure (Hostert et al. 2003).
However, grazing pressure is highly heterogeneous, so that over- and undergrazing can be
observed even in immediate proximity of each other (Roder et al. 2007). Both over- and
underuse can modify ecosystem structure and functions, as Mediterranean drylands are tightly
coupled human—environment systems (Aranzabal et al. 2008; Roder et al. 2008). For example,
a comprehensive cessation of livestock may involve loss of biodiversity and devastating
wildfires (Papanastasis 2009). The combined effects of cropland abandonment and intensified
livestock husbandry on plant community composition and standing biomass have become the
object of a few studies on Eastern Mediterranean drylands (Giourga et al. 1998; Papanastasis
2007), but gaps in knowledge remain concerning overall impacts on forest structure and
regeneration. More importantly, it remains unclear whether land-use transitions have triggered
a regime shift from a socio-ecological system characterized by decreasing forest cover to one
characterized by expanding woodlands, a process commonly referred to as the forest
transition (Lambin and Meyfroidt 2010).

(Agri-)silvopastoral woodlands are common Mediterranean vegetation complexes. They have
been shaped by human uses and correspond to different stages of regressive succession of the
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Mediterranean climax forests, which have virtually disappeared (Scarascia-Mugnozza et al.
2000). Many of these complexes can be considered ‘legacies’ of past land uses. Land-use
legacies persist and continue to influence ecosystem structures and functions, though former
uses may have been abandoned decades or centuries ago. Land-use legacies express
themselves in diverse ecological phenomena, ranging from biodiversity, vegetation structure,
and soil properties to biogeochemical cycles (Foster et al. 2003). The legacy of traditional
grazing and cultivation practices in Mediterranean woodlands is not well understood, but it is
assumed to manifest itself in elevated morphological plasticity, stress tolerance, and
ecological resilience (Bergmeier 2008). Traditionally, silvopastoral woodlands have delivered
a large variety of ecosystem goods, including firewood, charcoal, food for humans and
animals, gums, resins, dyes, pharmaceuticals, cork, and aromatic plants. Moreover, they
provide intangible ecosystem services, such as soil protection, stabilization of soils, reduction
of water runoff in mountainous and hilly watersheds, maintenance of landscape beauty, and
microclimate amelioration (Palahi et al. 2009; Scarascia-Mugnozza et al. 2000). Loss of
resilience in the silvopastoral systems in the Western Mediterranean has been expressed in a
geographically widespread and profound lack of tree regeneration, accompanied by a gradual
ageing and dieback of existing forest stands (Moreno and Pulido 2008). In many
Mediterranean oak woodlands, there seems to be a central trade-off: Livestock grazing has
enhanced biodiversity and many ecosystem services (e.g. prevention of forest fires), but may
endanger the long-term stability of the systems (Plieninger 2007). Only limited knowledge is
available on the regeneration processes of Mediterranean oaks, and most studies have focused
exclusively on Q. ilex (Espelta et al. 1995; Lookingbill and Zavala 2000; Pulido and Diaz
2005) or Q. suber (Pausas et al. 2006; Pons and Pausas 2006; Plieninger et al. 2010). The lack
of published evidence either on the status of oak regeneration or on the progression or
retrogression of the heavily grazed Eastern Mediterranean oak woodlands has so far prevented
the detection of potential regime shifts.

Silvopastoral woodland dominated by Q. macrolepis Kotschy is a particularly under-studied
type of oak woodland (Fig. 1). In consequence of conversion of forests to agricultural land,
illegal lumbering, overgrazing and forest fires, Q. macrolepis stands have become marginal
and fragmented into small-forested units or isolated individuals in various locations
(estimated remaining area in Greece: 29,600 ha; Pantera et al. 2008). Q. macrolepis is
frequently mixed with Q. pubescens Willd. and Q. cerris L. Only very limited information is
available on its distribution, ecological requirements, and phytogeography. However, being
one of the few deciduous oak species in the Eastern Mediterranean zone, Q. macrolepis is
being increasingly appreciated as a means for desertification control, for its ability to survive
after wildfires and to thrive under conditions unfavorable to other oak species, and for an
acorn mast that can support both wild fauna and domestic pigs (Pantera et al. 2008). Since the
European Union has declared Q. macrolepis forests to be a natural habitat type of community
interest (Habitat Directive 92/43EEC), efforts to protect, manage, and expand their
populations by afforestation are underway. The overall aim of the following landscape-level
study is to contribute towards conservation efforts by investigating land-use history,
monitoring forest structure and regeneration of Quercus woodlands, and modeling ecological
and management factors that determine habitats for oak regeneration on Lesvos Island, in the
Eastern Aegean (Greece). In particular, we aim to answer the following research questions:
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e What land-use changes have taken place since the early 20™ century that may be
influential on silvopastoral oak woodlands?

e Does forest structure (especially long-term regeneration and short-term recruitment of Q.
macrolepis and accompanying oak species) reflect local land-use legacies?

e How are patterns of oak regeneration related to current grazing intensities, environmental
site characteristics, and over- and understorey plant community structure?

We chose a small-scale, terrestrial monitoring approach because subtle or gradual land-cover
change is often challenging to detect using remote sensing (Mulligan et al. 2004). Especially
the relation between livestock stocking rates and vegetation cover needs to be studied at fine-
grained observation scales (Roder et al. 2008) to provide ‘early warning signals’ (Kefi et al.
2007) for proximity to thresholds inducing more comprehensive land-cover conversion
(compare Plieninger and Schaar 2008).

Materials and methods

Study Area

As study sites (Fig. 2), we selected silvopastoral oak woodlands in the municipality of Filia
(39°15° to 39° 20’ N, 26° 05° to 26° 10’ E; 2,190 ha area) in North-Central Lesvos Island.
The area covers the valley of a small seasonal stream, and the village is located on a small
plateau upwards from the outlet of the stream. The three hills that form the valley are 466 m,
682 m, and 785 m high; with the exception of the plateau and the pocket plain in the outlet of
the stream, the area is sloping and steep. Geologically, the mountains are composed of acid
volcanic parent rocks. Soils are stony, shallow, and severely eroded, described as Typic
Yerochrept, Lithic Xerochrept, and Lithic Xerorthent. Typical for the Mediterranean region,
the climate shows a strong seasonal variation of rainfall and high oscillations between
minimum and maximum daily rainfall. Mild, humid winters alternate with hot and dry
summers, with a mean annual air temperature of 17.7°C and an average rainfall of 670 mm.
The estimated village population changed from 2,500 people in 1882 to 1,633 in 1920 and
1,817 in 1940, with the number continuously decreasing to 677 by 2001. Twenty-nine percent
of villagers are older than 65 years and 42% older than 55 years. The agricultural sector is
characterized by an increasing number of part-timers and hobby farmers and a decreasing
number of professional farmers (losifides and Politidis 2005).

Land-use statistics

Statistical information on land use and livestock for the Filia municipality was derived from
the official data of the census for agriculture and animal husbandry, available at the settlement
level from 1961 on (ESYE 1964, 1978, 1994, 2003). Earlier data, not available at settlement
level, were taken at the level of the entire island (ESYE 1958; GSYE 1934). In Greek
agricultural statistics, cultivated area includes arable land, vines, tree crops and fallow, while
the Utilized Agricultural Area (UAA) includes both cultivated and grazing lands.

Field measurements of forest structure and oak regeneration
As the sample for this study, we selected 70 parcels of silvopastoral woodland (a number of
plots similar to that used in comparable regeneration studies, e.g. Espelta et al. 1995;
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Cierjacks and Hensen 2004; Dufour-Dror 2007) that were randomly distributed within five
clusters across the municipality. The five clusters were marked by different land-use and
environmental site characteristics in terms of distance to the village, slope, aspect, and altitude
(see figure 2). The parcels included in each cluster were identified by a random-walk
procedure (Kent and Coker 2000). The average size of the parcels, usually delimited by stone
walls and/or fences, is 2.26 ha. Field measurements were performed in May and June 2009.
We placed our sampling plot in the center of each parcel, with the criterion for a plot to enter
the sample being the presence of at least one mature Q. macrolepis, Q. pubescens, or Q. cerris
individual within a maximum distance of 15 m around the focus. Each plot consisted of three
concentric circles. Mature trees were recorded within a 15 m radius (area: 706.9 m?), saplings
and shrub species within a 5 m radius (area: 78.5 m?); and seedlings within a 2.5 m radius
(area: 19.6 m?). For slopes >10°, we corrected the three plot radii according to the following
equation:

Vslope = r/\/COS(Z (1)

The size structure of tree populations was used as an indicator of their age structure, as we
assumed that environmental factors and competition would be distributed homogeneously
within the given populations, an approach previously applied to oak silvopasture by Pulido et
al. (2001) and Plieninger et al. (2003). For the analysis of forest stand structure, the number,
species, and diameter at breast height (DBH) of all woody plants >10 cm DBH were recorded
within the outer circle. The frequencies of stems in 5 cm diameter classes were determined for
the three oak species in each plot. Size-class frequency diagrams were evaluated to indirectly
assess long-term regeneration, as recruitment failure translates into ‘gaps’ in the current age
structures of tree populations (Ramirez and Diaz 2008).

Short-term recruitment was assessed directly by measuring two juvenile life stages of oaks
delimited by size: seedlings (base diameter < 1 cm) and saplings (base diameter: 1 cm to <10
cm). These were used as an indication of recent recruitment, while long-term regeneration
was assessed by means of the size structure of adult oak populations. We did not separate the
generative and vegetative origins of young oaks. We counted the number of all saplings of the
three oak species within the 5 m radius. For each sapling, we measured base diameter of the
main stem, height, and the number of stems in cases of stem aggregations. Within the inner
circle, the numbers of both individuals and aggregations of oak seedlings were counted. We
pooled Q. macrolepis, Q. pubescens, and Q. cerris seedlings and saplings, as it was often
impossible to distinguish the species at these early life stages.

Statistical models

It was assumed that the probability of occurrence of oak seedlings and saplings was
influenced by livestock grazing intensity, environmental and plant community variables.
Cover of canopy, shrubs (separately for each species), forbs, rocks, litter, and bare soil were
estimated by the step-point method (Evans and Love 1957). Ground and canopy cover was
noted down for 100 points, situated at 1-step intervals in a 50-step transect perpendicular to
the slope and another 50-step transect parallel to contours. Canopy cover was estimated by
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looking upward at each step and identifying whether the point was covered by an adult tree
canopy or not. The two transects crossed at the center of the plot. Cover data is expressed in
percent. Short-term grazing intensity was estimated by counting the number of observations
of faeces pellets along the steps of the two transects and is also expressed in percent of
observations. Determination of livestock stocking levels through interviews of shepherds was
not possible as we could not identify specific land users for all plots. Dung deposits are
frequently used to estimate current grazing pressure (e.g. Posse et al. 2000; Cierjacks and
Hensen 2004), and strong correlations between dung density and actual livestock presence
have been experimentally confirmed for sheep by Lange and Willcocks (1978). Presence of
shrub species within the 5 m radius was also noted down. Geographic position and altitude
were measured with a GPS receiver. Slope was determined at each sampling point with a
clinometer.

¥* tests were used for analyzing the relationship between oak seedling and sapling occurrence
and the occurrence of dominant shrub species. We applied bivariate logistic regression to
explore simple patterns of oak recruitment and thus potential drivers among site conditions,
vegetation structure, and grazing intensity parameters. Logistic regression allows the use of a
binary dependent variable and continuous, nominal or binary independent variables, none of
which need to have a normal distribution (Peng et al. 2002). The presence on a plot of at least
one seedling or sapling (coded as 1) or no presence at all (coded as 0) was used as the
dependent variable. We analyzed oak recruitment as a binary variable rather than as a
continuous one, as recruitment density did not follow a normal distribution and no
transformation was found to normalize it. Hence, we followed Pausas et al. (2006) and
modeled recruitment occurrence rather than recruitment density. Moreover, the occurrence of
oak recruitment may be similarly indicative as recruitment density, as only a few seedlings or
saplings may be required to safeguard oak regeneration. An array of continuous parameters
describing site conditions (slope [°], northness®, bare soil cover [%], rock cover [%]),
vegetation structure (forest cover [%], oak density [n ha™'], oak basal area [m? ha™'], woody
plants richness [n], shrub cover [%], herbaceous cover [%], litter cover [%]), and livestock
grazing (dung frequency [%]) were used as independent variables. Effect size of each single-
predictor model was assessed by Nagelkerke R2.

Results

Land-use change

In the early 20" century, most of the cultivated area on Western Lesvos was covered by
cereals and arable crops, followed by olives and vines. An increase of cultivated land
followed the population increases of the 1930s and 1940s up until the 1950s; in the Mithimna
district, where Filia is located, this increase led to arable land taking more than 70% of the
cultivated area, 26% of which was in areas with ‘scattered trees’ (EYSE 1958). After 1961,
the Utilized Agricultural Area in Filia increased slightly, due to the increase of grazing lands
by 44% and that of tree crops (practically speaking, olives) by 81% until 2001 (Table 1). All
arable uses — which were associated with extensive terracing to accommodate plowing — have

% This is the degree to which an aspect is north: values from -1 (south) to 1 (north), calculated as
cos(aspect*n/180).
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decreased, practically disappearing from the 1991 and 2001 statistics. The decrease of arable
crops seems to have started in 1961, when the proportion of fallow land was slightly greater
than arable land. In 1971 it was ten times greater — which indicates abandonment and a shift
towards grazing land. In the 1991 and 2001 statistics, fallow land was re-declared as grazing
land or not declared at all. The increase of grazing land by approximately 162 ha more than
the decrease of cultivated land indicates that land additional to what was officially declared
‘grazing land’ was used by livestock from 1961-2001, probably comprised of forest and
barren lands. Grazing lands include treeless rangelands and scattered or denser oak
woodlands. The period from the 1950s to the 2000s has been characterized by a more than
twofold increase of the sheep population, while the number of sheep farmers has sharply
decreased (Table 1). Even more dramatic livestock increases are to be found for the whole of
Lesvos. In 1918 the total number of sheep was 70,000, a figure that remained more or less
constant until the 1950s, when it went up to 93,000; but after that the sheep population
effectively tripled on the island (Fig. 3). In Filia, the decrease of the number of sheep farms
was lower than that of all farms. The structural characteristics of the farms have changed as
well: Average farm size was five times greater in 2001 than 1961, and average plot size
increased from 0.55 ha to 2.26 ha in the same period (Table 1), as existing farms were
probably able to buy or rent additional land and increase their plots. The average number of 4
plots per farm has not changed significantly, though.

Forest structure

In total, 1,312 trees >10 cm DBH belonging to 14 species were recorded. Q. macrolepis
(44.4% of all trees) and Q. pubescens (30.1%) were by far the most frequent tree species. Q.
macrolepis occurred in 87% of the plots, Q. pubescens in 91%, and Q. cerris in 36%. Q.
macrolepis and Q. pubescens species coexisted on 78.6% of the plots. Total tree densities
ranged from 28.3 to 820.5 trees ha™'. Basal area extended from 2.2 to a maximum of 24.6 m?
ha™'. The densities and basal areas of individual tree species are given in Table 2. Mean forest
cover was 45.2% (= 2.3%), ranging from very open (3% cover) to almost fully closed (92%)
stands. Between one and seven tree species >10 cm DBH were found within one plot,
resulting in a mean of 3.4 species (+ 1.4) per plot. In total, 24 woody species (above and
below 10 cm DBH) were recorded, with Asparagus acutifolius, Phillyrea latifolia, Prunus
domestica, Q. macrolepis and Q. pubescens being present on >50% of the plots (Table 2).
However, besides the dominant oaks only two species — Cistus creticus and Sarcopoterium
spinosum — covered on average more than 10% of the surface in the plots where they
appeared (Table 2). Forest cover was significantly related to litter cover (Spearman’s r=0.720,
p<0.001, n=70) and bare soil cover (Spearman’s r=-0.443, p<0.001), but unrelated to shrub
and forbs cover. In contrast, shrub and forbs cover were correlated negatively (Spearman’s
r=-0.457, p<0.001, n=70).

Long-term regeneration of oak populations

The three populations of oaks were composed of 583 Q. macrolepis, 395 Q. pubescens, and
150 Q. cerris trees. Of these, 80.8% (Q. macrolepis), 80.3% (Q. pubescens), and 71.3% (Q.
cerris) were composed of one major stem, whereas 19.2%, 19.7%, and 28.7% were multi-
stemmed associations, indicating coppice-like stand structures with a high extent of vegetative
regeneration. Mean stand density was 135.21 trees ha™ (O. macrolepis), 87.30 trees ha™ (O.
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pubescens), and 85.84 trees ha” (Q. cerris), that is, in the plots where these species actually
occurred (Table 2). Q. macrolepis populations showed an inverse J-shaped distribution (Fig.
4). Among all mature oaks recorded, the 10 cm and 15 cm size classes were most frequent,
comprising on average 61.1% (Q. macrolepis), 52.1% (Q. pubescens), and 62.5% (Q. cerris)
of all trees. The three distributions departed significantly from normality (Z=3.872, p<0.001
for Q. macrolepis; 7=2.685, p<0.001 for Q. pubescens, 7=3.083, p<0.001 for Q. cerris) and
were positively skewed (g,=2.064, Q. macrolepis; g,=1.962, Q. pubescens; g;=2.008, Q.
cerris). In Q. pubescens and Q. cerris stands, the 15 cm class was more strongly represented
(26.5% and 34.9%) than the 10 cm class (25.6% and 27.6%), indicating a potential transition
from an inverse J-shaped towards a bell-shaped size distribution. The abundance of adult size
classes was positively correlated for most classes of the three oak species, but most
significantly among the smaller size classes (Table 3).

Short-term oak recruitment

All in all, 353 oak seedlings were counted in the sampling plots, of which 276 could be
categorized as isolated shoots and 77 as seedling aggregations. Seedlings were absent from
31% of the plots. In those plots where seedlings occurred, densities ranged from 509.2 to
20,366.8 seedlings ha™' (mean: 2,567.7, S.D.: 4080.2). We counted 163 oak saplings in the 70
plots, with sapling densities ranging from 127.3 to 4,456.3 saplings ha™ (mean: 296.5, S.D.:
605.7), where they occurred at all. Oak saplings were completely absent from 44% of the
plots (Fig. 5). Sapling stem diameters ranged widely: from 1 cm to a maximum of 21 cm
(mean: 4.44 cm, S.D.: 4.76 cm). This distribution was skewed, with 47.2% of oak saplings
being in the 1 cm size class. Stem diameter and height of oak saplings were positively
correlated (Spearman’s r=0.863, p<0.001, n=163). Between stem diameter and the number of
stems there was a significant negative correlation (Spearman’s r=-0.250, p=0.001, n=163),
indicating that the larger stem diameters are related to a smaller number of stems. Sapling
density was positively correlated to seedling density (Spearman’s r=0.424, p<0.001, n=70).

Influences of grazing and other ecological factors

The occurrence of oak seedlings and saplings was significantly associated with several site,
vegetation, and management parameters (Table 4). Dung frequency was negatively associated
with both size classes. Forest cover, density and basal area of oak stands, woody plant
richness and litter cover showed significant positive relationships for both seedlings and
saplings. We did not detect any significant associations (threshold: p<0.05) for slope,
northness, rockiness, or shrub cover. Seedlings were negatively related to bare soil, saplings
were negatively related to herbaceous cover. Occurrence of Cistus creticus shrubs was
significantly and positively associated with both seedlings and saplings. Asparagus acutifolius
was positively associated only with saplings. Associations with other shrubs were
insignificant (Table 5).

Discussion

Land-use transition

Available statistical data on land-use and human population changes reveal the great rupture
that most Mediterranean land uses experienced from the 1950s to the 1970s (Pinto-Correia
and Vos 2001): A complex and multifunctional agrosilvopastoral land-use system was
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simplified into a pure livestock-raising system. In landscape terms, the former mosaic of
terraced arable land, tree crops, and pastures was replaced by more homogeneous grazed
woodland. The abandonment of cereal cultivation was especially widespread on the terraces
in the hill and mountain zones of the study area (Papanastasis 2007). In a wider context, this
land-use transition can be interpreted as a regional specification of a global land-use trend:
from subsistence agriculture and small-scale farms towards intensive agriculture (Foley et al.
2005). The transition is the result of several parallel social and economic developments. The
opening of local markets to competition from more productive areas had made most extensive
cultivation of the Aegean islands unprofitable since the 1950s (Papanastasis 2007). A rural
exodus reduced the population of the study area by more than 60% (1940s-2000s) and the
number of farms by around 50% (1960s-2000s). However, an increased nationwide demand
for dairy and meat products provided a powerful incentive for intensified livestock raising in
the 1970s and 1980s. European agricultural policies that granted per-capita subsidies for
sheep and goats in the 1980s and 1990s additionally contributed towards increasing herd
sizes. However, the current ongoing intensification of livestock husbandry cannot be
attributed to any of these factors, since European agricultural policies have been reformed and
the demand for milk and meat products is now being satisfied by cheaper imports. Rather, it
seems to be the consequence of the reduced profitability of animal production: those that
choose to keep their herds face diminishing per-head profit (if any) and increasing
dependence on imported feed. To maintain total revenues, these farmers have been tending to
further increase their herds and, thus, have more and more decoupled livestock raising from
the land (Beopoulos and Vlahos 2004; losifides and Politides 2005). In consequence, a
standardized and largely uncontrolled form of land use has been introduced, while cultural
legacies and localized ecological knowledge have been lost (compare Hostert et al. 2003;
Roder et al. 2007 for similar insight found for Northern Greece and Crete).

Land-use legacies in forest structure and regeneration

In this study we asked whether the land-use transition outlined above has left specific legacies
in terms of forest vegetation patterns, as these have also been found in deforestation-
reforestation sequences elsewhere (Foster 1992; Bellemare et al. 2002; Foster et al. 2003). In
general, legacies may be imprinted on several components of forest structure: First, tree
species composition may be modified compared to ancient forests (Hermy and Verheyen
2007). Second, agricultural legacies may leave biotic and abiotic characteristics, such as
multiple-stemmed trees, whereas elements of ancient forests, such as large trees, dead snags,
and uproot mounds and pits, are rare (Foster et al. 2003). Third, and most importantly,
agricultural abandonment may generate specific age and size structures of forests (Marks and
Gardescu 2001). We recorded many species and elements in our plots that bear witness to an
agrosilvopastoral past, for example cultivated tree species such as Olea europea, Prunus
domestica, Pyrus communis, and Prunus dulcis. Indeed, even the wide distribution of Quercus
macrolepis can be considered an enduring land-use legacy, as oaks populations were
deliberately expanded by humans at the end of the 19™ century to use oak cupula for
extraction of tanning agents (Bergmeier 2008). Frequent terraces (Fig. 1a), threshing floors,
stone walls, farm infrastructural elements and a proportion of 19% to 29% multi-stemmed
mature trees present further evidence of past land uses.
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We have documented a major land-use legacy in the diameter structures of silvopastoral oak
woodlands, which we interpret as an indicator for long-term regeneration: The size-structure
of the Q. macrolepis population is similar to the inverse J-shaped distribution typical for
natural Mediterranean oak forests (Pulido et al. 2001). Assuming a close relationship between
tree rings and diameter — as has been demonstrated for Q. ilex stands in the Mediterranean for
homogeneous environments (Pulido et al. 2001) — the population structures of both oak
species correspond to those of natural multi-age forest stands. A positively skewed age
distribution indicates continuous recruitment with a constant mortality rate of mature
individuals, resulting in long-term persistence of the tree populations in the absence of
exogenous disturbance (Oliver and Larson 1996). The size distribution of the studied oak
populations suggests that the traditional land-use system has supported continuous
regeneration. Our data further show that short-term recruitment, as determined by seedling
and sapling counts, is highly variable, but generally low in relation to adult oak densities.
Seedling densities seem similar to the mean values of Q. pubescens (700 seedlings ha™') and
Q. ilex (1,600 seedlings ha™) in a less intensively used mixed stand in Northern Spain
(Lookingbill and Zavala 2000) and to those in a mixed marginal stand of Q. suber and Pinus
pinaster in Eastern Spain (mean: 774 individuals ha™'; Pausas et al. 2006). Sapling densities
are clearly lower than those of Q. petraea (1,760.8 saplings ha™) and Q. pyrenaica (1,023.3
saplings ha™) in wood pastures of Central Spain (Pardo et al. 2004). In conclusion, the legacy
of the land-use transition that we studied becomes evident in a major discrepancy between the
successful long-term regeneration (as indicated by size-structure analysis) and the less
successful short-term recruitment of oaks. Oak trees are mere legacies of the former, rather
than active components of the current, land-use system.

Grazing and other ecological factors related to recruitment

Both oak seedlings and saplings are in consistent negative association with dung frequency,
confirming the barrier that grazing can impose on oak regeneration. The significant impact of
grazing on regeneration of Q. ithaburensis — a near relative species to Q. macrolepis — has
been demonstrated by a study in Israel (Dufour-Dror 2007). In a comparison between a
grazed and an ungrazed oak stand, the densities of seedlings were 61% and of sapling 67%
lower in the grazed treatment. A similar relationship has been found for Q. ilex in South-East
Spain (Cierjacks and Hensen 2004). This finding shows that the intensification of livestock
grazing has been influential on forest regeneration and supports the view that Mediterranean
vegetation is generally resilient against light and moderate grazing, but that impacts increase
sharply beyond a certain threshold of grazing intensity (Plieninger 2007; Kochy et al. 2008).
Recruitment of oak seedlings and saplings is also related to determinants such as forest cover,
adult oak density and basal area, woody plant richness, and litter cover. A relationship of
basal area with occurrence or density of recruitment has also been found for other oak species
in the Western Mediterranean (Lookingbill and Zavala 2000; Pausas et al. 2006). On the one
hand, this can be interpreted as an effect of the elevated acorn input from mature oaks. On the
other hand, it could be a consequence of more favorable microclimatic conditions in terms of
the radiation and soil moisture of dense stands. The association of higher seedling and sapling
densities with elevated woody plant diversity is difficult to interpret. Both may be related to a
common cause, such as livestock grazing, which may hinder oak recruitment and the
establishment of grazing-sensitive woody species at the same time. Together with the finding
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that forest cover (and not only oak cover) is a significant variable, this indicates that mixed
woodlands are appropriate or even better habitats for oak recruitment than monospecific oak
woodlands. Litter cover seems to support recruitment by increasing soil moisture and, thus,
water availability for oak seedlings (Espelta et al. 1995). Bare soil is negatively associated
with seedling recruitment, while herbaceous cover negatively impacts sapling occurrence.
Thus, it seems that seedlings are more sensitive to the adverse conditions of open microsites,
such as livestock trampling and insulation, whereas saplings suffer more from the competition
of herbs. We cannot confirm that rocky outcrops and shrubs facilitate or inhibit oak
recruitment. An exception is the common Cistus creticus shrub, which seems to exert net
facilitative effects on oak recruitment.

Representativeness of the study and remaining uncertainties

This study breaks new ground as it provides, to our knowledge, the first quantitative
description of the diameter structures of silvopastoral oak woodlands and their relationship to
the land-use transition undergone by the Eastern Mediterranean in the latter half of the 20™
century. Therefore, the representativeness and remaining uncertainties of the study need to be
scrutinized. In terms of representativeness, our study area covered around 1,550 ha of Q.
macrolepis woodland, which represents a third of the Q. macrolepis population on Lesvos
Island (5,000 ha) and approximately 5% of the total distribution area of the species in Greece
(ca. 29,600 ha) (Pantera et al. 2008). We focused on the core area of oak populations in
North-Central Lesvos (where contiguous and closed woodlands prevail), rather than on those
at the edge of the species distribution (where single oaks are scattered into open rangelands),
as we were mostly interested in the impact of different land-uses and topographic situations
and intended to exclude other factors prevailing in more extreme environmental conditions,
such as a semi-arid climatic regime in the Western part of the island. Therefore, our study
may rather underestimate the failure of regeneration. Uncertainties remain about the accuracy
of the use of tree size structure as a surrogate for age structure, as equating these parameters
implies that there are no other significant effects on tree size than age. Unfortunately, studies
of direct age determination of Q. macrolepis are as of yet unavailable. Thus, further research,
possibly with the use of remote sensing, is needed to confirm the long-term oak population
trends that we observed and to fully understand the forest transition of Mediterranean oak
woodlands. Another uncertainty persists as to the relationship between the land-use transition
outlined and oak regeneration. In this study, we reveal a temporal match between intensified
grazing and retrogressive oak regeneration. But our approach does not allow the
establishment of a firm causality, as we contrasted land-use and vegetation data at a relatively
coarse spatial scale — the level of a municipality. Spatially explicit integration of
socioeconomic and vegetation data at plot level may contribute further evidence and
corroborate a causality between land-use transition and forest regeneration.

Conservation and management implications

Low recruitment rates and current land-use trends indicate that the long-term persistence of
silvopastoral oak woodlands may be at risk. Socioeconomic developments, such as increasing
production costs (mostly due to high forage prices) and decreasing sales prices for livestock,
have been leading to further increases in grazing intensities. An additional stress that will be
testing the resilience of Eastern Mediterranean grazing systems is increasing drought
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conditions (as predicted by IPCC scenarios). The past decades have shown a gradual
reduction in rainfall and a subsequent reduction of tree growth in the Aegean Islands (Korner
et al. 2005). The predicted climate changes are likely to interact with grazing impacts, which
may trigger a negative feedback cycle that increases soil erosion (Kochy et al. 2008), reduces
carrying capacity, and in the end undermines the capacity of rangelands to sustain ecosystem
services (Korner et al. 2005). The inclusion of Q. macrolepis forests into the European
Union’s Habitat Directive as a habitat type of communal interest entails the ensuring of
favorable conservation status through the formulation of a sound management plan. Our
results suggest that oak regeneration can be enhanced by adaptive management of livestock
grazing. For Q. ithaburensis, Dufour-Dror (2007) proposes a stocking rate limit of 0.7
livestock units ha™. Livestock management could also be improved by a controlled rotational
system of grazing over several parcels and a seasonal steering of herds according to forage
availability and depletion (Gutman et al. 1999). A highly important task, however, will be to
restore lost traditional knowledge on oak regeneration in cultivated and grazed landscapes
through employing participatory approaches among resource users (Berkes et al. 2000). This
knowledge may help to foster resilience by promoting appropriate resource usage and oak
regeneration at the same time.
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Table 1 Farm and land-use statistics for Filia village (sources: ESYE, 1964, 1978, 1994,

2003)
1961 1971 1991 2001

Farms (n) 404 322 196 192

Utilized Agricultural
Area (U Ag) (ha) 1968.1 19906 2129.4
Cultivated land (ha) 888.5 951.3 503.5 571.3
Arable land (ha) 256.5 56.1 4.3 3.9
Fallow (ha) 295.6 528.4 0
Tree crops (ha) 302.7 3431 4791 549.9
Grazing land (ha) 1079.6 1487.1 1558.1
Farms with sheep (n) 177 166 111 101
Sheep (n) 3971 6846 6886 8064
UAA / farm (ha) 2.2 29 10.2 11.1
Average plot size (ha) 0.55 0.78 2.00 2.26
Plots per farm (n) 4.0 3.8 5.1 4.2

Table 2 Overall occurrence of woody plants in the 70 plots, cover of woody species (where
present), and density and basal area of the tree layer (>10 cm DBH, where present) (mean

values = S.D.)

Species Woody plant Shrub cover Tree density Basal area
presence (%) (%) (N ha™) (m?ha™)

Asparagus acutifolius L. 57% 1.62+0.77

Ballota acetabulosa (L.) Benth. 36% 244 +£1.60

Cistus creticus L. 41% 15.26 + 14.36

Crataegus monogyna Jacq. 21% 1.00 £ 0.00 14.10 £ 0.00 0.29 £ 0.07

Fraxinus ornus L. 1% 42.40 2.77

Juniperus oxycedrus L. 1% 14.10 0.20

Lonicera etrusca Santi 4%

Olea europaea L. 24% 2.50+0.71 22.20 +13.28 1.53 +1.36

Origanum vulgare L. 31% 1.40+0.89

Phillyrea latifolia L. 51% 2.00+£1.73 32.27 + 34.62 0.70£0.74

Pinus brutia Ten. 3% 14.10 4.77

Pistacia terebinthus L. 27% 14.10 £ 0.00 0.20 £ 0.09

Prunus domestica L. 51% 253 +£2.62 29.28 +21.12 0.46 £ 0.38

Prunus dulcis (Mill.) D.A.Webb 1% 14.10 0.35

Pyrus amygdaliformis Vill. 49% 1.80 £ 0.84 30.53 +20.71 0.83 £ 0.59

Pyrus communis L. 4% 33.00 + 21.64 1.23+0.49

Quercus cerris L. 36% 1.00 £ 0.00 85.84 + 77.63 3.83+2.93

Quercus coccifera L. 7% 1.33+0.58

Quercus macrolepis Kotschy 87% 1.39 £ 0.51 135.21 £+ 126.07 5.78 + 4.56

Quercus pubescens L. 91% 1.00 £ 0.00 87.30 £ 89.15 4.23 £3.61

Rosa canina L. 9% 1.00

Rubus sp. 4% 2.00+1.73

Ruscus aculeatus L. 3%

Sarcopoterium spinosum L. 46% 15.31 £ 11.67

Woody plants total 100% 12.69 + 14.64 265.16 + 166.24 11.34 £+ 4.85
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Table 3 Correlation between the size classes of Q. macrolepis, Q. pubescens, and Q. cerris
stands®

Size classes Q. macrolepis Q. pubescens Q. cerris
10cm/15cm 0.499 0.631__ 0.687
15cm /20 cm 0.383 0.461 0.417
20cm /25 cm 0.327 0.181_ 0.440
25¢cm /30 cm 0.228_ 0.476 0.533

30 cm /35 cm 0.293 0.594 0.214
35cm/40cm 0.101 -0.024 0.702
40cm /45 cm 0.115 0.237 -

“ Figures indicate Spearman rank order correlation coefficients (n=61 for Om, n=64 for Op, n=25 for Qc).
" Indicates a significance level of p<0.05, ™ of p<0.01, ™" of p<0.001

Table 4 Results of bivariate logistic regression analysis testing for effects of site parameters,
vegetation structure, and livestock grazing on oak seedling and sapling occurrence (n=70).
n.s.: p>0.05. r indicates Nagelkerke R* as measure of goodness of fit

Seedlings Saplings
sign R? p sign R? p
Site conditions
Slope n.s. n.s.
Northness n.s. n.s.
Bare soil - 0.105 0.028 n.s.
Rock cover n.s. n.s.
Vegetation structure
Forest cover + 0.249 0.001 + 0.259 0.001
Quercus sp. density + 0.094 0.048 + 0.273 0.001
Quercus sp. basal area + 0.156  0.011 + 0.242 0.001
Woody plants richness + 0.105 0.026 + 0.319 <0.001
Shrub cover n.s. n.s.
Herbaceous cover n.s. - 0.119 0.015
Litter cover + 0.139 0.017 + 0.211 0.003
Livestock
Dung frequency - 0.106  0.025 - 0.138 0.015

Table 5 Results of y? tests for the relationship between the occurrence of dominant shrub
species and oak seedling and sapling occurrence (n=70). n.s.: p>0.05

Seedlings Saplings

Sign X2 p Sign X2 p
Asparagus n.s. + 7.72 0.005
acutifolius
Cistus creticus + 4.62 0.032 + 18.66 <0.001
Phillyrea latifolia n.s. n.s.
Pyrus n.s. n.s.
amygdaliformis
Sarcopoterium n.s. n.s.

spinosum
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Figures

Fig. 1 Different types of silvopastoral oak woodlands in Filia municipality, Greece: a) open
stands established on formerly arable terraces, situated close to the village; b) dense oak
stands on steeper slopes at the outskirts of the village; and c) stands heavily infested by
Sarcopoterium spinosum
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Fig. 3 Number of sheep and number of sheep farms on the Aegean Islands and Lesvos, 1950-
2001 (sources: ESYE, 1958, 1964, 1978, 1994, 2003)
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Fig. 4 Size structure of mature a) Q. macrolepis (n=61), b) Q. pubescens (n=64), and ¢) Q.
cerris (n=25) stands (mean = S.D.)
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Fig. S Percentage of plots containing 0 individuals, 1-5 individuals, 6-10 individuals, and >10
individuals of oak seedlings and saplings (n=70)
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