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AbSTRACT

Natural and semi-natural landscapes usually serve varied land uses, includ-
ing grazing, forestry, recreation, and nature or biodiversity protection. In 
most cases areas with differing land uses are managed by different agen-
cies, with differing perspectives, goals, and operating methodologies. In his 
teaching, Imanuel Noy-Meir emphasized the ecological basis of the manage-
ment of principal land-use practices (forests, rangelands, nature reserves) in 
Mediterranean Israel, and advocated ecological thinking to achieve better 
management and to minimize inter-agency conflicts. We propose a broader 
framework for integrated management of multiple uses by adoption of a 
landscape perspective that cuts across administrative lines. The reasoning 
for taking such an approach is based on the newly developing understand-
ing of the impact of dynamic processes that occur spontaneously on a large 
scale in Mediterranean Israel. Landscape-scale interactions—oak woodland 
succession and pine colonization—may interfere or even conflict with some 
management goals set by the agencies involved. Attempts to mitigate these 
interactions may be very costly or ineffective. We propose coordinated 
management, planning, and implementation, based on common ecological 
criteria. We base this paper on observations and on perceptions gained from 
analyzing landscape dynamics of the predominant ecosystems in Mediter-
ranean Israel: dense oak woodland and planted pine forests. The small size of 
Israel and the consequently small size of different land-use units, as well as 
their close proximity to each other, call for coordination of the organizational 
perspectives that relate at present independently to the various units. The new 
perspective should be broader, regional, landscape-oriented, and should take 
into consideration ecological processes that integrate neighboring units. As 
a first step, all agencies involved should accept the pine–oak interaction and 
dynamics as part of the local succession and should adapt their management 
schemes accordingly.

Keywords: landscape, land-use change, landscape management, Mediterra-
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LANdSCAPE, LANd COVER, ANd LANd USE

The landscape is a mosaic of various ecosystems or spatial units (patches) in differing 
developmental states (Forman, 1995; Turner et al., 2001) (Fig. 1). The landscape as 
an ecological entity has been recognized as the appropriate level of organization for 
discussing conservation and natural resources management, because it integrates eco-
logical processes, spatial scale, and land use (Franklin, 1993). Landscapes are studied 
according to patterns—the geographical approach—or to processes—the ecological 
approach, and landscape ecology attempts to merge these approaches (Opdam et al., 
2001; Turner, 2005).

The early paradigm of ecosystem development considered disturbance of various 
origins and recovery as principal driving forces, but implicitly treated the environmental 
setting as constant over long periods of time, i.e., between disturbances. This approach 
typically did not incorporate the role of humans (land use) in shaping both the current 
and future states of ecosystems (Mcdonnell and Pickett, 1993), nor did traditional views 
of ecosystem development explicitly incorporate landscape-scale processes that extend 
across ecosystems. However, spatially contiguous ecosystems interact through flows of 
abiotic or biotic components: organisms and species (Chapin et al., 2002). In regions of 
the world where species distributions are at or near equilibrium with their environment, 
i.e., at a climax, the dominant interactions between ecosystems occur mainly in the 
form of material (water, nutrients, organic matter) flows. Landscape ecology focuses on 
understanding the spatial dynamics and variation of ecological flows among landscape 

Fig. 1. Landscape interactions and emergence of new ecosystems. A landscape contains a spatial 
combination of different ecosystems (A and b) that develop over time from a “young” stage into 
a “mature” stage, through a series of transient states. Each ecosystem state is characterized by its 
own structure and function, e.g., vegetation cover, species assembly, and ecosystem processes. 
Flows of abiotic or biotic elements from one ecosystem to a neighboring ecosystem, e.g., species 
flow, modify the receiving system structure or function. As a consequence a new ecosystem will 
emerge.



VOL. 57, 2011 INTEGRATEd LANdSCAPE MANAGEMENT IN MEdITERRANEAN ISRAEL 113

components across the whole landscape (Wu and Hobbs, 2002).
humans dominate most of the terrestrial landscapes on Earth (Vitousek et al., 1997). 

The impacts of urbanization, agriculture, and industrial activity on natural landscapes 
and ecosystems, which have mostly occurred during the 20th century, are hard to grasp 
(Sala et al., 2000). As a matter of fact, some landscape ecologists have suggested that 
pristine landscape—unaffected by human use—is globally very rare (Forman, 1995).

The typology of landscapes can be based, among other options, on units of land use 
and land cover (Turner and Meyer, 1991). The concept of “land use” was first introduced 
by social scientists—geographers, economists and planners—to describe how humans 
employ landscape units, e.g., as settlement, deciduous forest, annual crops, or natural 
pasture. Landscape structure is commonly defined by natural scientists as the physical 
composition and physiognomy of units of “land cover”, which encompasses both natu-
ral landscape elements—e.g., forest, meadow, woodland, water—and man-made land 
patches. A single class of land cover can be characterized by a specific land use or may 
support multiple uses, and a land-use type may involve several land covers, separately 
or in combination (Turner and Meyer, 1994).

The impact of human use may expand beyond the land or space physically allocated 
to these activities, and can be transferred through complex ecological networks and 
processes that alter the environment in numerous ways (Lambin et al., 2003). Some 
landscape-scale impacts of land use are clear and evident; for example, forest thinning 
changes forest structure and composition locally, and may generate soil erosion that 
affects other land cover units that interact with the forest (bormann and Likens, 1985). 
The impacts of other activities—application of fertilizers, irrigation, pasture improve-
ment, or drainage—are yet to be fully understood (Lambin et al., 2003), and currently, 
more scientific effort is devoted to improving the understanding of the effects of land-
use and land-cover patterns and dynamics on the structure and function of ecosystems 
(Lambin et al., 2003). In other words, this interdisciplinary field seeks to elucidate the 
inter-relationships between land cover and land use as a coupled human/environment 
system (Turner et al., 2007).

LANDSCAPE DyNAmICS
Natural areas and landscape systems are dynamic. The dynamic nature of ecosystems 

has been studied in many ecological contexts, including: ecosystem change and veg-
etation succession (Pickett and Cadenasso, 2005); forest dynamics modeling (Loucks, 
1981; Whitmore, 1982; Shugart, 1984); landscape mosaics (Levin and Paine, 1974; 
Pickett and Cadenasso, 2005), etc. In most cases these ecological studies focused on 
natural systems and natural disturbances (Picket and White, 1985), with little or no refer-
ence to human intervention or impact.

In the last few decades drastic changes in land use, mostly related to agriculture, have 
occurred worldwide. In many areas increasing need for food has stimulated the use of 
more land for cultivation (Meeus et al., 1990; Foley et al., 2005) but, at the same time, 
other parts of the world have undergone extensive abandonment of arable land (Verburg 
et al., 2010).
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Changes in land use have generated significant alterations in land cover and landscape 
functioning (Willemen et al., 2008); and conversely, land cover changes potentially im-
pact land use. These alterations are characterized by a wide diversity of trajectories that 
depend on a large and varied array of internal and external factors (Verburg et al., 2010). 
However, significant ecological changes may be generated not only by massive changes 
such as conversion of a tropical forest to farming or complete abandonment of cultivated 
fields. Houet et al. (2010) suggested that even minor changes in land cover and land use 
can stimulate a wide variety of ecological effects. They showed how water pollution in 
France or soil erosion in the US are affected by minor modifications in land cover and 
land use, and urged the investigation of how changes, even as subtle as modifications of 
farming practice, can affect large landscape features and functions.

In Israel, for example, ecological studies showed how afforestation in a semiarid area 
changed not only the land cover but also ecosystem functioning on the landscape scale 
(Shachak et al., 1998). In what was formerly a desertified shrubland trees were planted, 
supported by a human-made system of water harvesting. This was done by construct-
ing contour catchments, which comprise series of longitudinal pits and dykes along the 
contour line of the slopes. These help to collect runoff water (Eldridge et al., 2002), and 
the water-enriched pits support planted trees (Shachak et al., 1998). however, associ-
ated changes were recorded in the communities of herbaceous plants, birds, and reptiles 
(boeken and Shachak, 1998; hawlena and bouskila, 2006). The formation of “human-
made savannas” increased the presence of avian predators, which caused a reduction 
in lizard densities, changed the structure of the lizard assemblage, and even caused the 
disappearance of two local lizard species (hawlena and bouskila, 2006).

The analysis of land-use dynamics is usually ecosystem- or region-specific, and is 
characterized by wide diversity of trajectories across space and time (Verburg et al., 
2010). In Europe the central theme of landscape ecology encompasses the complex 
relationships between agriculture in its various forms and the proximate surroundings 
(Meeus et al., 1990; henle et al., 2008). One of the most intriguing issues involves un-
derstanding the scaling-up from the farm level to the landscape level (Piorr and Muller, 
2009). Relatively little attention has been paid to landscape impacts of land uses that 
are less human-intensive, such as semi-natural human land management for recreation, 
restoration of ecosystems, or nature conservation (but see, e.g., Franklin, 1993; harms 
et al. 1993; bell et al., 1997).

LANDSCAPE PLANNING AND mANAGEmENT
Another facet of landscape ecology is regional planning, i.e., the practice of planning 

for the sustainable use of physical, biological, and cultural resources (Ahern, 1999). 
In many cases spatial planning concentrates on assigning functional land-use units or 
polygons, and ignores, to a large extent, the landscape as a whole. The most notable 
exception is reported from Germany, where landscape planning identified the essential 
ecological and esthetic objectives for a given area, and regional planning was based on 
maintaining or developing the natural resources, their potentials and functions, in the 
managed area (bastian, 2001).



VOL. 57, 2011 INTEGRATEd LANdSCAPE MANAGEMENT IN MEdITERRANEAN ISRAEL 115

Since the landscape is so important in the process of planning and decision-making, 
and since it is a very dynamic entity, addressing questions of its future state is impera-
tive. Therefore, it is not surprising that Future Landscape Studies has become an impor-
tant tool (kok et al., 2007), and various modeling techniques have been developed to 
investigate future changes (Robinson, 1994; Parker et al., 2002). Valbuena et al. (2010), 
for example, attempted to model land-use and cover change by using an agent-based 
approach, taking into consideration various actors and social and spatial levels. Wear et 
al. (1996) performed historical landscape simulations, and suggested that such analyses 
should be used to determine the expected trajectory of landscape conditions, thereby 
identifying potential ecosystem-level problems. Such analysis was proposed as the first 
step in formulating an ecosystem management plan (Veldkamp and Lambin, 2001).

Large-scale landscape analysis is an essential step in planning. Landscape-extent 
analysis can reveal how the current way in which some land units are managed will 
spread through the landscape and lead to future changes or problems, with regard to 
either the sustainability of the prevailing land use or the functioning of other ecosystems 
in the same landscape. For example, Wear et al. (1996) analyzed the future ability of 
a landscape to achieve various different goals, in light of current land ownership and 
management maps; they found that changing the objectives of public land management 
to address ecosystem-level goals would raise questions regarding what lands should be 
public. Wear et al. (1996) demonstrated that the existing configuration of public lands 
is an artifact of land acquisitions, and they concluded that where ecosystem values are 
high, e.g., in the presence of threatened species, it may be more effective to reconfigure 
the mosaic of public and private lands than to impose another layer of regulation.

Landscape management refers to the set of actions by which the planned land use is 
put into practice. In this paper we shed some light on difficulties landscape planners and 
managers are facing; we examine these issues within the highly complex and dynamic 
reality of Mediterranean Israel. In our case study, various agencies manage neighboring 
and interacting landscape units, thus complicating management that is based on agency 
territories with no consideration of neighboring areas and regional ecological processes. 
We propose a broad framework for integrated management of multiple land uses in a 
dynamic landscape. More specifically, we attempt to present a special case in landscape 
dynamics, where much of the ecological flow is between different uncultivated land-use 
units. We suggest examining the landscape as a whole, because vegetation changes ig-
nore agencies’ delimitations and policies, and call for a new vision in landscape planning 
and management.

LANdSCAPE, LANd COVER, ANd LANd USE IN ISRAEL

Israel is a small country located at the eastern part of the Mediterranean basin, on the 
edge of the vast Saharo–Arabian desert. Israel’s landscape has traditionally been used 
for rain-fed agriculture, mostly cereals, and herds of livestock moving across the coun-
tryside. Irrigated cultivation was confined to sites with permanent supplies of running 
water. There is no better source of descriptions of the traditional landscape and daily 
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life than the bible itself. The establishment of the State of Israel in 1948, and the in-
tensive development and modernization processes that followed, have transformed the 
landscape dramatically. All the valleys and plains in areas with Mediterranean climate 
(average precipitation >400 mm) became cultivated once a national irrigation system 
was established. Agriculture has been intensified and a significant part of it has been 
converted to “protected agriculture” (crops grown in glasshouses or net-houses, or under 
plastic cover). however, adjacent landscape units, mostly rocky uplands that historically 
functioned as rangelands and a source of energy—in the form of wood fuel—were also 
radically transformed. These uncultivated landscapes are divided today among three 
land uses: afforestation, nature conservation, and livestock grazing. All these land-use 
types are managed by different agencies that share a common juridical basis but follow 
differing organizational policies tied to ideological perceptions. however, the manage-
ment of each of these land uses requires much professional knowledge and governance. 
Afforestation has largely been composed of conifer monocultures (see discussion of 
afforestation in Israel in Perevolotsky and Sheffer, 2009); in areas claimed as nature 
reserves human activities, including grazing, were excluded and the natural vegetation, 
mostly in the form of oak woodland and shrubland, was allowed to regenerate (Naveh 
and Carmel, 2003); whereas the rangelands were fenced and mostly allocated to raising 
beef cattle. On the other hand, a large urban sector, including a dense road system and 
infrastructure, has been developed in parallel with the dramatic rise of population from 
750,000 inhabitants in 1948 to about 7.5 million inhabitants today—an increase of 900% 
in 60 years. Current landscapes are a diverse patchwork of cultivated valleys, conifer 
forests, oak woodland at various developmental stages, and fenced rangelands—all next 
to villages, settlements, and towns of varying sizes (see Fig. 2 for an example).

The Mediterranean region of Israel contains a variety of vegetation formations that 
form a complex heterogeneous land cover. The common vegetative systems include her-
baceous steppes, shrublands and woodlands (maquis) in which canopy height and cover 
vary considerably at fine scales. The distribution of vegetation formations and compo-
sition of plant communities are largely determined by abiotic factors such as edaphic 
formation (Rabinovitch-Vin, 1983) and precipitation. In the Mediterranean basin all 
natural areas have been subjected to a long history of intense human exploitation, mostly 
in the forms of grazing and wood cutting (Naveh and dan, 1973). As a consequence, 

Fig. 2, opposite. A land-use/land-cover map. Map of part of the Judean foothills and lowland, in 
the area of two major valleys: the Ella and Soreq Valleys. The map provides an example of the 
spatial mixture of natural areas, planted forests, and land uses. Land-use units include settlements 
(dark), and agricultural areas, located mainly in valleys and in the lowlands (grey). Natural areas 
with Mediterranean vegetation (for shading patterns, see legend) are interspersed throughout the 
area, mainly on hills and steep mountains that are not suitable for cultivation; some are managed 
as Nature Reserves (mesh shading) or National Parks (dashed shading); other areas that are not 
cultivated are covered with planted forests. The region supports many livestock breeders; a large 
proportion of the naturally vegetated areas, as well as planted forests, and even parts of the parks 
and reserves, are used for grazing (black polygons).
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Mediterranean vegetation is highly adapted to disturbance, and maintains the capacity to 
regrow rapidly, even after being severely damaged (Perevolotsky and Seligman, 1998). 
The current state of the vegetation in any landscape unit is an outcome of abiotic condi-
tions combined with the specific land use history and the processes of regeneration and 
recovery that it has undergone.

Both pine and oak ecosystems offer multiple services and benefits. Some important 
benefits, such as serving as habitat or corridors for flora and wildlife, carbon sequestra-
tion, climate regulation, nutrient cycling, human recreation, and many more, are com-
mon to both woodlands and forests.

ADmINISTRATION, POLICy, AND LAND USE mANAGEmENT IN mEDITERRANEAN 
ISRAEL

The most common land use (involving 39% of the land) in Mediterranean Israel is 
agriculture, mainly irrigated, cultivated fields and orchards (Table 1). In this paper we 
focus on uncultivable, upland areas and therefore we shall not elaborate on the admin-
istration and management of the agricultural sector. Landscape interactions between 
cultivated units and the surrounding open land units are only now becoming a target for 
scientific study that addresses both negative (mutually damaging impacts) and positive 
(e.g., semi-natural matrix and corridors) aspects. 

Three national agencies manage the natural uncultivated landscapes, each with its 
own ideology, policy, and goals, and each agency enjoys juridical or political status and 
operates under well-designated statutory boundaries. Nevertheless, natural processes, 
landscape-scale interactions, and social changes in environmental perceptions call for a 
new management approach. 

A large proportion (8%, Table 1a) of the Israeli Mediterranean landscapes is covered 
with planted forests, managed by the Israeli Land development and Forestry Author-
ity—kkL. These forests are an outcome of extraordinary afforestation efforts exerted 
mainly during 1940–1970 by the founders of the State and the first generation of immi-
grants. These forests are dominated (~75%) by conifer species (mainly Pinus halepensis 
and P. brutia, with some Cupressus spp.). Eucalypts, broadleaf trees, orchards, and 
natural vegetation (in decreasing order of area cover) complete the plantation picture 
(see: kkL website 2007 data—www.kkl.org.il). Forests were planted for a variety of 
reasons: a desire to green the barren landscape of the country; asserting control over 
State-owned land; provision of employment for many newly arriving immigrants; and 
the hope of creating an economic resource for the new country. Forests were established 
and managed according to guidelines of commercial forestry: even-aged monocultures 
of rapidly growing species that were adapted to the unfavorable environmental condi-
tions (Perevolotsky and Sheffer, 2009).

The Israeli Nature and Parks Authority (NPA) is a relatively new organization; it was 
established in 1998 by merging the Nature Reserve Authority and the National Parks Au-
thority. The former was the governmental body for nature conservation and the latter was 
in charge of developing and maintaining recreational and heritage sites. The organization is 
engaged in designating and statutorily declaring areas as nature reserves or national parks, 
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Table 1
Characteristics of land cover (a), land use (b), and management (c) in the Mediterranean region of 

Israel. Some land units are used for multiple purposes, as shown in the overlap use section (d)

a. Land cover
 Total area [ha] Percentage of study area
Total study area 706,430
Cultivated land 273,161 39
Urban  95,884 14
Infrastructure 24,728 4
Planted forest 60,142 9
Mediterranean woodlands and shrublands 103,672 15
Other 140,515 20
total  99%
b. Land use
 Total area [ha] Percentage of study area
Urban  95,884 14
Infrastructure 24,728 4
Agriculture 273,161 39
Recreation (forests and parks) 71,304 10
Nature conservation 41,388 6
heritage sites 13,811 2
Grazing land 98,059 14
Coastal sand dunes 12,793 2
total  88%
c. Stakeholders
 Total area [ha] Percentage of study area
Urban sector 95,884 14
State infrastructures 24,728 4
Farmers 273,161 39
Forest and land development authority (KKL) 142,621 20
Rangelands Authority 98,059 14
Nature and Parks Authority—reserves 41,388 6
Nature and Parks Authority—heritage sites, 21,812 3
 parks and forests
total  99%
d. Overlapping land management
 Total area [ha] Percentage of study area
Grazing and forest agency 30,346 4
Grazing and nature reserves 19,626 3
Grazing and national parks 6,314 1
Total grazing area that also serves other purposes 56,286 8
Grazing area that is not in overlap 41,773 6
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with the aim of protecting biodiversity, ecosystems, landscapes, and heritage (see Table 1c 
for the total area controlled by the NPA). In the Mediterranean part of the country there are 
almost 350 nature reserves and 200 national parks that range from small (0.01–100 ha) to 
relatively large (mostly 1,000–10,000 ha) protected areas. The mean sizes of reserves and 
parks are 125 and 75 ha, respectively. The professional basis of nature conservation in the 
reserves has been, until recently, a conservative one that emphasized the notion of “letting 
nature do what it should or can do”. In other words, reserve management was based on 
the exclusion of human activity and of any source of disturbance, on the assumption that 
this exclusion would stimulate a natural recovery process that would ultimately yield the 
desired natural setting to be preserved for future generations (Perevolotsky, 2005).

Pastures, shrublands, and even forests are used for seasonal or year-round cattle or 
sheep grazing. because of the short productive season for forage, most livestock-rearing 
systems in Mediterranean Israel require supplemental feeding (Seligman, 1966). Range-
lands are administered by the Rangeland Authority, a unit of the Ministry of Agriculture, 
and in many cases a fence and a watering source are established for each paddock, and 
leased to an individual famer or a community. In keeping with the perceptions of the 
Ministry of Agriculture, the range management policy is strongly oriented towards 
economics and is aimed at maximizing production, but in a sustainable manner so as to 
avoid impairing forage production in future years.

In Israel much of the regional planning is developed in a bottom-up direction; it stems 
from the land-use unit and grows upward, and the three land management agencies are 
involved in the planning process. The Conservation Authority seeks to establish a statu-
tory hold on as many reserves or parks as possible, in face of the usually unsupportive 
group of other stakeholders interested in chunks of the open space; the Forestry Author-
ity attempts to establish similar status for the forests and areas under its management; 
and the Range Management Authority tries to gain access for livestock farmers to as 
much rangeland and forage as possible. In many cases the agencies compete for the very 
same land unit, whereas in other cases they agree on a double-use system. Neverthe-
less, under other circumstances, the three authorities act in concert in trying to prevent 
urbanization encroachment or infrastructure development in areas considered valuable 
by them. Unfortunately, the dynamics of the ecological processes, the integration of all 
diverse land uses into a single landscape, and the interactions that naturally occur on 
a regional basis and how they transform the managed systems—all these are of little 
concern to any of the partners.

The combination of agriculture, grazing, forestry, and natural ecosystems creates a 
unique diverse, semi-natural land-use mosaic composed of many distinct but contiguous 
patches. In some cases there is overlap in land use: livestock grazing in forests or nature 
reserves; forests planted in national parks, and so on (Table 1d and Fig. 2). however, 
each of these land uses, whether maintained separately or overlapping with other land 
uses, is managed according to the agency’s core policy. This spatially complex structure 
of land use generates interactions between and within patches, and may strongly affect 
the composition, functioning, and boundaries of patches.
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INTEGRATED mANAGEmENT OF OPEN LANDSCAPES IN ISRAEL—NOy-mEIR’S 
APPROACH

In the late 1990s Imanuel Noy-Meir moved to the Faculty of Agriculture of The 
hebrew University located at Rehovot, away from the central campus in Jerusalem 
which was his former academic home. One of the principal reasons for this unexpected 
decision was the initiation of a new program at the Faculty: Management of Natural 
Resources. Imanuel, who tended to avoid administrative positions, agreed to lead the 
new program, which he considered essential for the future performance of agencies 
in charge of the management of natural resources in Israel. he took upon himself to 
develop the key course in the program: “Integrated Management of Open Landscapes”. 
The course comprised five units: Principles and Concepts in Landscape Management; 
Nature Conservation and Grazing; Forestry and Grazing; Forestry and Nature Con-
servation; and Examples of Integrated and Multi-Use Management. The course also 
included three field trips. The following section is based on notes taken by students of 
the 2002 class.

Noy Meir’s approach to the issue was based on three principles: (i) clearly defining 
management goals for each land use; (ii) accounting for all quantitative and qualitative 
benefits expected to be gained from a land-use unit; and (iii) using analytical ecological 
tools and models for planning and management. These analytical tools are strongly re-
lated to the models he developed in the 1970s–80s, which revolutionized the ecological 
understanding of grazing systems (Noy-Meir, 1975, 1978; Westoby et al., 1989). The 
ultimate goal of the course was to provide students, among them many employees of 
the above-mentioned management agencies, with analytical-scientific tools to improve 
their own work, to obtain a better understanding of the work of their colleagues in other 
agencies and, perhaps most importantly, to provide professional means to deal with 
management-related conflicts.

based on classical models in ecology, e.g., Intermediate disturbance Theory (huston, 
1979), the Grazing Generalized Model (Milchunas et al., 1988); Stability of Grazing 
Systems (Noy-Meir, 1975), and the State and Transition Model (Westoby et al., 1989), 
Noy-Meir attempted to lay a theoretical ground for ecology-based management of open 
landscapes in Mediterranean Israel. he introduced optimization principles in discussing 
natural resources exploitation, multi-use range management (for example, ecological 
methods for increasing the value of forests to grazing animals), and an ecological analy-
sis of conflicts between conservation and grazing or between conservation and forestry. 
The climax of the course was an attempt to integrate forestry, range management, and 
nature conservation in the Mediterranean region into one management scheme that 
optimized compromise between the original policies of the involved agencies, and 
minimized conflicts.

CURRENT TRENdS IN LANdSCAPE dYNAMICS IN ISRAEL

In Israel, extensive afforestation over the past century has created a dynamic landscape 
mosaic. The main elements in these landscapes (planted forests and recovering natural 
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maquis) are ecologically young and, therefore, are still developing and changing, so 
that their community structure is unlikely to be at a steady state (Fig. 1). both natural 
and afforested ecosystems in Israel are characterized by distinct dynamic processes of 
succession and recovery. Whereas the forest is still maturing and responds to biological 
changes, the maquis is recovering from long-term intensive exploitation. Their juxtapo-
sition within the landscape mosaic, however, has provided numerous opportunities for 
reciprocal colonization of each type of vegetation system by the dominant species of 
the other system. As with maquis regeneration in unplanted land units, natural oak com-
munities have slowly developed in the understory of many planted pine stands (Osem et 
al., 2009). The reciprocal phenomenon occurs as planted pines (Pinus halepensis Mill.) 
colonize non-planted ecosystems of the Mediterranean landscape in Israel (Lavi et al., 
2005). The two processes are affected by the characteristics and dynamics of maquis 
and forest, both of which act as the sources contributing the colonizing species and set 
the conditions for reciprocal establishment. For example, pine colonization is stronger 
in maquis located within 200 m of the edges of pine stands and in which there is strong 
grazing and intermediate cover of woody vegetation (Sheffer et al., 2010).

The dynamic relationship between pine afforestation and recovery of natural veg-
etation provides an interesting case of management for different goals in small areas 
having impacts on the landscape scale. As a result of landscape interactions, we may be 
witnessing the first steps in the formation of an entirely new pine–-oak ecosystem in a 
region that integrates features of both vegetation types.

The circumstances prevailing in the Israeli Mediterranean region, where massive hu-
man intervention reshaped land-use dynamics at the landscape scale, has created a unique 
opportunity to observe the formation of a new ecosystem. Under such circumstances if 
a colonizing species significantly alters the structure or function of the colonized sys-
tem, a novel ecosystem will emerge (hobbs et al., 2006) (Fig. 1). In fact, the parallel 
processes occurring in the Israeli forest and in the maquis form a good example of the 
creation of a novel ecosystem based on spontaneous dispersal, ecological interactions, 
and natural selection (Ewel, 1999). Novel ecosystems are those that contain new combi-
nations or different abundances of species, and that have not occurred previously within 
the region (hobbs et al., 2006). These systems may be formed through human actions, 
environmental change, or the introduction of species foreign to the region (Lindenmayer 
et al., 2008). Their key characteristics are novelty and the potential for changes in the 
ecosystem functioning (hobbs et al., 2006). Novel ecosystems that are an outcome of 
natural processes are considered sustainable. A novel ecosystem will become successful 
and sustainable only if it meets the following criteria: (i) it channels productivity into 
important outputs; (ii) it maintains adequate diversity; (iii) it forms associations of plants 
and herbivores that provide resistance and not associational susceptibility; and (iv) it 
maintains soil fertility, guards against erosion, and makes full use of resources. These 
features are also key to artificially forming sustainable land-use systems (Ewel, 1999). 
As more of the Earth becomes transformed by human actions, novel ecosystems increase 
in importance, but are relatively little studied (hobbs et al., 2006).
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ISRAEL LANDSCAPE DyNAmICS IN LIGHT OF AGENCIES’ POLICIES
The prevailing professional approach of the three agencies involved in the manage-

ment of open landscapes in Israel has been quite conservative and does not change very 
easily. The kkL set the establishment of dense and mature planted forest as its principal 
goal. In the early days the native vegetation—broadleaf maquis species—was regarded 
as an adverse competitor of planted trees, and campaigns to eradicate these species were 
a routine forestry activity (Weitz, 1970). It took the KKL more than a generation to 
accept local species such as the oak as legitimate forest resources, and since the 1990s 
broadleaf native species comprise part of the planting quota. Criticism by green groups 
and the public helped this change to happen: in the last two decades of the 20th century, 
motivated by severe die-back of pure even-age pine stands, public criticism of conifer 
forests, and legal confrontations with “green” opponents, the kkL has attempted to cre-
ate forests that would more closely resemble the natural vegetation, by planting mixed 
stands that include native broadleaf trees (Ginsberg, 2000). Thus, the present manage-
ment policy of the kkL includes special efforts to conserve oak trees within managed 
forest stands, even by reshaping stand structure to improve growth conditions for the 
native broadleaf vegetation (Osem et al., 2008). Nevertheless, until the present day 
recovering maquis species, which form part of the forest understory, are not regarded 
as part of the developing forest, and are barely included in the routine surveys held in 
the forest. Treating oaks is not an integral part of the forest management guidelines, 
and they are rarely taken into account when thinning is planned and executed (based on 
Perevolotsky’s interviews with foresters).

despite strong evidence that P. halepensis was part of the regional climax vegetation 
(Baruch, 1986), the NPA has found it difficult to recognize this native pine as a legitimate 
component of the local vegetation. This is exemplified in the NPA decision to eradicate 
pine saplings that colonize in reserves, labeling them as invasive species. One should 
bear in mind that the fear of pine “invasion” is partly justified because it is based on: (a) 
the knowledge that pine spreading may be very intense and hard to control (Richardson, 
1998); and (b) the fact that most of the P. halepensis trees growing in Israel today develop 
from seeds that were brought for afforestation from divers sources and thus are geneti-
cally different from local provenances (Schiller and Waisel, 1989; Steinitz et al., 2009).

The Rangeland Authority has been quite indifferent to the oak–pine issue, mainly 
because its principal concern is with herbaceous forage. Only in the last decade have 
range managers become aware of the negative impact of woody vegetation on herbage 
production (Seligman, 1996; henkin et al., 1999; Perevolotsky et al., 2001). On the 
other hand, the nutritional value of some of the woody species, especially the common 
oak, has become apparent (Perevolotsky et al., 1993; Gutman et al., 2000; henkin et al., 
2005).

The three management agencies—kkL, NPA, and the Rangeland Authority—re-
spond differently to the outcomes of reciprocal colonization of pines and oaks in their 
managed ecosystems. Moreover, there is very little professional coordination between 
the agencies even though, in practice, they deal with the very same ecosystems and 
processes, albeit aiming to achieve differing goals.



124 A. PEREVOLOTSkY ANd E. ShEFFER Isr. J. Ecol. Evol.

INTEGRATEd LANdSCAPE MANAGEMENT—CONCLUdING REMARkS

Landscapes change in both the temporal and the spatial dimensions. Planners and man-
agers interested in any specific land use should be aware of the changes to be expected 
and should take them into consideration in their actions. Lavorel et al. (2007) claimed 
that land-use changes alter plant functional diversity and thereby change the provision 
of ecosystem services. Hobbs et al. (1993) analyzed spatial conflicts between agriculture 
and conservation in Western Australia, where massive clearing for cultivation left many 
small, isolated patches of natural vegetation. At the same time large agricultural areas 
became degraded because of salinization and erosion. hobbs et al. (1993) suggested an 
integrated landscape approach that could counteract the specifically land-use-oriented 
management. Under the proposed integrated landscape approach, planning and manage-
ment would consider the landscape unit as a whole and should attempt to enhance the 
functional interdependence of its components (hobbs et al. 1993).

Pine colonization in the landscape of Mediterranean Israel generates drastic landscape 
and ecological changes; the pines form a taller layer, and reciprocal colonization diversi-
fies the landscape. However, the implications of a pine–oak mixed ecosystem for biodi-
versity, e.g., herbaceous plants and fauna, or for system functions are still unknown. For 
example, breeding birds are likely to respond to the change in ecosystem composition 
and structure; some species might find a proper habitat in the emerging system whereas 
others would be excluded from the pine–woodland landscape. In light of the changing 
landscape, we urge that management agencies should not treat each piece of land for 
which they have formal responsibility as a segregated unit. A concerted approach should 
be developed in which agencies broaden their spatial perspective and jointly consider 
management on a scale beyond land-use units, i.e., on a regional scale. Ecological reality 
should be understood and taken into account, and should serve as a baseline for updating 
management schemes. Such realization and change were reported from the Cevennes 
Park, in southern France, where a special analytical tool was developed to support the 
concerted action that aimed to deal with fire prevention (Couix, 2002). Perhaps the time 
is ripe for the Israeli managing agencies to go back to Noy-Meir’s analytical tools and 
approach, and to apply them to the newly emerging Mediterranean ecosystem. In light 
of the proposed merger between oak and pine systems, we suggest that management 
principles should also be adjusted towards managing the new mixed ecosystem instead 
of maintaining the structure of the originally managed systems.
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