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Abstract: False-alpine grasslands, also known as summer grasslands or rangelands, are mainly
associated with transhumance. In the past, transhumance and grazing were organized on a mainly
family basis, and there existed an informal management system for grazing that was respected by all
livestock farmers who used the summer pastures. Nomadic animal husbandry has disappeared, and
with it a sense of respect for nature, the rangelands, and more generally, the environment. The aim of
this paper is to assess the grazing capacity of rangelands in the Pisoderion Forest, which is located in
the region of Florina in Greece, under various specifications introduced by forest management plans
and relatively recent legislation. The grazing capacity that is theoretically expected following the
specifications of previous forest management plans is compared to the grazing capacity according to
the specifications introduced by relatively recent legislation. The conclusion that can be drawn is that
the rangelands are underused, and with an appropriate holistic management approach, such as the
traditional system of dividing the forest grasslands into yards, the livestock capital can be doubled in
these rangelands.

Keywords: grazing capacity; ecosystem services; grazing management plan; forest management
plan; Pisoderion Forest; Florina Greece

1. Introduction

A rising concern in recent years is the ability to manage resources in a sustainable
manner and not allow them to be misused and degenerate faster than their capacity for self-
restoration. Intensive production systems generate, along with marketable outputs, non-
marketed negative externalities, such as pollution and habitat loss, for example, that have
been often set aside and ignored, resulting in a decrease in productivity and socio-economic
repercussions. Negative externalities, such as climate change, pollution, and resource
overexploitation, are the main causes of the loss of biodiversity and the deterioration of
natural ecosystems, leading to reduced provision of ecosystem services and diminishing
productivity [1,2]. The management of rangelands is a critical factor for biodiversity
preservation, ecosystem services, and regional socio-economic development [1,3]. Evidence
suggests that aiming at ecological rehabilitation can enhance biodiversity and the provision
of ecosystem services. However, the degree of real recovery stemming from these efforts
remains uncertain and untested [1].

Grasslands are the largest terrestrial ecosystem, accounting for approximately 40% of
the world’s land area [4,5]. However, due to rapid economic growth and adverse climate
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change, approximately 16% of global grasslands have been degraded [6,7]. Continued
grassland degradation reduces ecosystem services, seriously threatening livestock produc-
tion and environmental security [6,8]. The way grazing is managed could affect grassland
richness, biomass, carbon sequestration capacity, and ecological health [5,9].

They provide important ecosystem goods and services, such as livestock supply, soil
and water conservation, and carbon storage [10,11]. As one of the most critical ecosystem
services provided by grasslands, livestock provisioning will become increasingly impor-
tant as global demand for animal protein and dairy products increases in the coming
decades [12]. However, the actual level of livestock production on grasslands exceeds the
grazing capacity and has become increasingly serious over the years [5].

Overgrazed rangelands is a case of a complex externality, in which the actions of
one livestock farmer affect the production possibilities of others, while at the same time
the actions of all livestock farmers adversely affect the quality of the resource, imposing
damages on society and social welfare [13]. Of course, both the quality and the quantity
of the grazing materials in the pastures are affected by biotic and abiotic environmental
factors [14,15]. The prohibition of grazing is widely regarded as a practice of restoration
and management of rangelands [16,17]. It is an economic approach to rehabilitation, which
in practice, excludes animal capital and its harmful activities, taking advantage of the
natural resilience of ecosystems to achieve the desired recovery [18–20]. Another relatively
more modern way of restoration is the holistic management of rangelands or holistic
grazing. Savory Allan, relatively early on, linked the state of rangelands to the economic
well-being of farmers who manage these areas and to their social and psychological well-
being. He argued that holistic grazing, which is effectively the grazing of separate rotated
areas, can increase the production of grassland plants, the ability of the soil to retain
water, and, in general, can bring the degradation to an end and improve the economic
indicators of the pasture [21–23]. However, the viability of rangeland ecosystems depends
on both anthropogenic and non-anthropogenic interventions, especially in our time, which
is characterized by rapid changes on a global scale. Innovative theories and practices
are urgently needed to promote the sustainable development of these critical and unique
ecosystems of global importance [24].

Accurate assessment of forage production methods can be categorized into three types:
direct measurements by harvesting, statistical determination, and integrated models. The
commonly used statistical technique uses remote sensing and ground data to build models,
and fodder production is estimated with the help of a statistical model. The use of modern
remote sensing products (satellite images but also drones) in grassland-related studies has
increased due to the higher resolution and accuracy they achieve [5,25,26].

This paper aims to compare grazing capacity that is theoretically expected according
to the specifications of forest management plans to the grazing capacity consistent with
the technical specifications laid down in the new grazing management plans under recent
legislation (Law 4264/2014 for temporary management grazing plans, as defined by a
government decision No. 11734 2932/12.12.2014 and published in the Greek Government
Gazette B 3557/30.12.2014).

2. Materials and Methods

The area under study was the Pisoderion Forest, located in northwest Greece, near
the city of Florina. The Pisoderion Forest extends onto the north-western slopes of Mount
Vernon and onto the southwestern slopes of Mount Varnounta; the two mountains join
together to form the source of the river Ladopotamos (Pisoderio stream) [16].

A relatively small part (42.6 ha) of the northern side of a NATURA 2000 area belongs to
the forest. Another part has been recorded in the Greek habitats of the European CORINE
program and has been classified as a landscape of special natural beauty by the Ministry of
Environment and Spatial Planning. One more remarkable habitat is Ladopotamos or Rema
Pisoderiou, which is essential for the mammal Lutra lutra and for the Aquila chrysaetos
(Linnaeus, 1758). It is also worth mentioning that the international trail E6 crosses the
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Pisoderio Forest from north to south, and the national road connecting Greece to Albania
crosses the forest from west to east. A housing control zone is established within the forest,
and issues regarding a variety of alternative land uses and building construction rules
outside the study area are thus resolved [14,27].

The state of ownership is mixed, with approximately 75% of the forest being owned by
local residents and the remaining 25% belonging to the Greek State. The forest is managed
by a “Forest Cooperative of Pisoderio” that has been established for this purpose. Hence,
the forest map shown in Figure 1 was created as part of the last management plan and
depicts the various areas [28]. Moreover, the area measurement of the sections and clusters
was carried out in the two most recent management plans using the Geographic Information
Systems software (GIS) and the orthophoto maps of the ‘Hellenic Land Registry’ that were
available at that time. Therefore, the total area of the forest is 2410.88 ha [27,28]. The
methodology followed in this paper is to compare the grazing capacity identified by the
last two management plans of the forest that have been compiled according to standard
technical specifications of the Ministry of Agriculture to the grazing capacity, which is
determined by the temporary management grazing plan under Law 4264/2014 and the
more recent specifications.
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The depicted areas in each management study differ from the previous one in terms
of the vegetation coverage and soil forms that are recorded, and this is mainly due to
the more accurate photo-interpretive classification that has been made possible during its
compilation. More specifically, the latest draft shows a 7% increase in forested area at the
expense of grassland (mainly in the higher grounds of the forest), but also the elimination
of agricultural land (which is now non-existent throughout the forest) [28].

3. Results and Discussion

With the purpose of determining the grazing conditions in the forest, useful data are
gathered from the two recent management plans and, more specifically, the areas available
for grazing, the grazing capacity, and stocking rate. In addition, data are compiled on the
various types of land available for grazing namely, forest cover, partly forest cover, farms,
and barren land.

Regarding the management of small ruminant livestock, according to the Ministry
of Rural Development and Food, for the maintenance of a small animal unit (SAU), for
example, one sheep or goat, the monthly requirements depending on the type of land
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are approximately: 5 stremma of forested area, 2 stremma of partly forested area, and
0.9 stremma of farm or uncovered areas (1 stremma corresponds to 0.1 ha). The correspond-
ing animal unit equivalent for a large animal unit (LAU) is 5 small animal units (SAU). Due
to the mountainous nature of the area, the availability of forage for grazing is limited to
5 months. The grazing capacity fluctuates every year, within the period of the management
plan, because new grazing prohibition provisions come into force while, at the same time,
past prohibitions expire [27,28].

Grazing exclusion provisions apply for 5 years for sheep, 7 years for large animals,
and 10 years for goats, unless otherwise stated. Tables are drawn up, taking into account
all the above restrictions, in order to obtain the annual grazing capacity of the forest for the
duration of the study [27,28]. In the settlement of Pisoderio, approximately 500–1000 sheep
have been declared in the last 20 years. The grazing capacity ranges between 1713 and 1930
small animal units for 5 months [27,28].

Regarding the grazing capacity, as it is determined by the temporary management
plan (Law 4264/2014), the available grazing lands in the local community of Pisoderion are
shown in Table 1, according to data from the Hellenic Statistical Authority (EL.STAT.). The
vegetation categories in homogeneous landscape patterns that fall into the class of pastures
in the CORINE Land Cover System (231, 321, 322, 323, 324, 332, and 333) are transferred
(mapped), measured, and listed in Table 1 [29].

Table 1. Distribution of land uses in the Pisoderio Pasture EL.STAT. and by Corine.

EL.STAT. Corine

Land Use
Categories Area, Stremma Percentage, % Description Corine Code Area, Stremma

Agricultural land 500 2.7
Land principally occupied by

agriculture, with significant areas of
natural vegetation

243 1013.9

Pastures 4600 24.9 Broad-leaved forest 311 19,740.5
Forests 13,000 70.3 Natural Pastures 321 1039.5

Other areas 400 2.2 Sclerophyllous vegetation 323 410.9
Transitional woodland-shrub 324 1903.7

Total 18,500 100 Total 24,108.5

Source: Hellenic Statistical Authority—EL.STAT. and CORINE Land cover system.

Another source of information is the Greek Payment Authority of Common Agri-
cultural Policy Aid Schemes (OPEKEPE). The eligible grazing areas from the OPEKEPE
cartographic background (in this case, ILOTS 2014) are transferred to the map and are mea-
sured and listed in Table 2. This procedure is performed in such a way that each CORINE
vegetation category corresponds to one of the four eligible categories (−37.5−62.5−100)
of OPEKEPE. The seven vegetation categories (codes) of CORINE that fall into the class
of pastures are classified into four types of rangelands based on the general appearance
of the vegetation, as follows: grassland, brushwood, shrubland, and forest meadows. In
the study area, there are mainly two types of rangelands, grassland and forest meadows,
which are listed in Table 2 [29].

Grazing capacity is estimated for each type of rangeland based on an approximation
that relies on the use of a bibliography. Attached for this purpose is Table 3, which shows
the grazing capacity of the four types of rangelands found in the mountainous altitude
zone to which the area belongs [29].
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Table 2. Land uses and eligible categories in Pisoderio pasture, according to ILOTS 2014, and also
types of rangelands.

Land Uses Eligible Categories Types of Rangelands

Land Use Clusters COVER
ID

Area,
Stremma

Eligible
Categories

Area,
Stremma Type of Rangeland Area,

Stremma

Forest 10 8000.7 0 18,739.4 Grassland 5606.9
Forest grazing land

110317 12 15,353.7 37.5 1296.6 Shrublands 592.2

Urban 20 40.4 62.5 494.5 Forest meadows 330.1
Not Pasture in 2003–2007 33 713.7 100 3578 Forest 17,467

Other 112.3
Total 24,108.5 24,108.5 24,108.5

Table 3. Average production, grazing substance, and grazing capacity of rangelands.

Type of
Rangeland

Average
Production,

kg of Dry Mat-
ter/Stremma

Grazing
Substance,

kg of Dry Mat-
ter/Stremma

Grazing Capacity, LAU/acre Average

Range * Average Stremma/LAU Stremma/SAU

Grassland 251–350 125–175 0.42–0.58 0.5 3 0.45
Brushwood 131–180 65–90 0.22–0.30 0.26 5.9 0.88
Shrubland 181–240 117–156 0.39–0.52 0.45 3.1 0.47

Forest meadows 161–220 80–110 0.27–0.37 0.32 4.5 0.67

Note: * The lowest value corresponds to poor site quality (soil depth < 15 cm, transverse slope > 30%), and the
highest value corresponds to a site of good quality (soil depth > 30 cm, transverse slope < 15%).

The estimation of grazing capacity in Table 4 is formed according to the following
assumptions: (1) 50% of total plant growth in the pasture is obtained as forage in the
case of grasslands, brushwood, and forest meadows, whereas 65% is the corresponding
figure in the case of shrublands; (2) the correspondence between one large animal unit
(LAU) (mature cow) and a small animal unit (SAU) (sheep or goat) is calculated as follows:
1 LAU = 6.66 SAU or 1 SAU = 0.15 LAU; and (3) the daily requirements for forage of a
mature cow are estimated at 10 kg of dry matter and the monthly requirements at 300 kg,
respectively. The daily needs for forage of a sheep or a goat are estimated at 1.5 kg of dry
matter, and the corresponding monthly ones at 45 kg. The assessment of grazing capacity
in Table 4 is calculated according to the above assumptions and amounts to 3175.59 LAU
on average for the whole year.

Table 4. Types of meadows and grazing capacity in the pasture of Pisoderio.

Type of
Rangeland

Area,
Stemma

Greece Study Area

Grazing
Capacity,

LAU/Stremma

Grazing
Capacity

Total

Grazing
Capacity,

LAU/Stremma

Grazing
Capacity

Total

Forest
meadows 330.1 0.32 105.64 0.33 108.94

Brushwood 0 0 0 0 0
Shrublands 592.2 0.45 266.49 0.47 278.33
Grassland 5606.9 0.5 2803.46 0.52 2915.60

Total 6529.2 3175.59 3302.87

The pasture is used throughout the year, depending on the number of months. For
example, for 5 months, you can graze 661 LAU or 3305 SAU. Overall, as the values in
Table 3 reflect average grazing capacity, it would be preferable to use specific local data
to calculate the production of forage [29]. Studies have been conducted, but they estimate
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the grazing capacity by types of habitats. Other studies and works concerning the regional
unit estimate the grazing capacity by altitude zones or in total [14].

4. Conclusions

The grazing capacity, which is determined by the temporary management grazing plan
under Law 4264/2014, is 661 LAU. However, the average grazing capacity determined by
the last two management plans is approximately 356 LAU, specifically for grazing 5 months
within the year. The conclusion that can be drawn is that the temporary management plan
for grazing allows the introduction of approximately twice the number of animal units
compared to the number of animal units allowed by the management study. This difference
is certainly not due to a miscalculation. On the contrary, the difference arises from the way
in which grazing is determined and, more specifically, the minimum area of rangelands
required to cover the diet of one large animal unit.

It is clear that the areas eligible for an aid scheme by OPEKEPE (5369.12 stremma,
which is almost all of the area) are much larger compared to Corine’s figure and slightly
less than the pasture areas, which were identified by photo interpretation in recent aerial
photographs and satellite images as well as on-site inspection. The photo-interpretative
classification of types of rangelands, performed in the context of Corine and OPEKEPE, that
relied on recent aerial photographs of the ‘Hellenic Land Registry’ and satellite images, as
well as on-site assessments, indicated the occurrence of significant discrepancies. Regarding
the system adopted by OPEKEPE, the apparent divergence in the figures is due to the use
of a different background year and a different scale of photo-interpretation.

Thus, there is no problem with stocking rates in the area under study; on the contrary,
the pasture at Pisoderio has been under-utilized in recent years. The vegetation in the
rangelands of this area consists mainly of grass, which are better utilized for grazing by
both small and large animals. Therefore, the introduction of cattle along with sheep and
goats in the area under study, would favor the individual paddocks that are currently being
undergrazed. In the past, nomadic livestock farming was organized, mainly on a family
basis, and there existed an informal management system for grazing that was respected by
all breeders who used the summer pastures. Nomadic animal husbandry has disappeared,
and with it a sense of respect for nature, the meadows, and more generally, the environment.
The traditional system of dividing rangelands into paddocks may be thought necessary for
a more rational use of pastures and an important element of the holistic management of
rangelands.

Livestock farming is an economic and ecological activity that can be extremely bene-
ficial to the environment and society as long as economic sustainability is ensured while
maintaining and protecting the natural environment. Essential steps for drafting a national
strategy in the field of livestock economy are the demarcation of grazing lands, the creation
of a spatial inventory of pastures, and the estimation of their stocking rate. In addition, it
is necessary to carry out a census of the ownership status of grazing lands, to investigate
the selectivity of pastures according to the Rural Development Program, and promote
appropriate measures for the improvement of pastures. Along these lines, there has been
a recent reform in the legislative framework and a final draft of management grazing
plans for the entire country, with the aim of achieving sustainable economic and ecological
management of all pastures.

It is finally concluded that the degradation of grasslands can include undergrazing,
which reduces the ecosystem services of grasslands and threatens the production of animal
products and environmental security [6,8], with the only benefit being an increase in the
ecosystem services of forests, due to an increase in their area at the expense of grasslands
and biodiversity. Of course, prudent management of grazing could contribute to the
richness of meadows and their ecological health, without violating grazing capacity [5,9].
The use of modern technology products, i.e., remote sensing products, satellite images, and
even aerial photographs could advocate positively for studies related to grasslands and
propose solutions for a management that will be sustainable [5,25,26].
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