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Abstract

:

The communal pastures of the Natural Park Sierra de Grazalema are grazed by a total of 23 extensive herds, of which 75% are certified as organic, although only 39% are subsidized for being organic. In a previous research work, these farms were characterized and classified into four typologies: group 1 (farms of intermediate size and without sheep), group 2 (large and very extensive farms), group 3 (farms with sheep suitable for both meat and milk) and group 4 (farms with dairy goat milk and without cattle). In this article, the sustainability of these farms is evaluated and compared based on their organic orientation (whether they are organic or conventional) and their typology (the four typologies indicated), as a tool for decision-making in the management of this natural protected area. To do so, 49 sustainability indexes have been generated, grouped into five attributes: adaptability, self-management, equity, stability, and productivity. The results indicate that, at the global level, there are no significant differences in sustainability between the organic and conventional farms studied. In contrast, depending on the typologies, the results indicate that group 3 is the most sustainable, followed by groups 1 and 4, with group 2 being the one with the lowest level of sustainability. Taking into account that there are a reduced number of herds grazing in this natural park, it is essential to solve the weaknesses of these farms in order to guarantee that they continue to maintain environmental equilibrium in the grasslands.
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1. Introduction


The delicate balance that allows the conservation of natural protected areas (NPAs) generates the need for management tools to evaluate the sustainability of the system [1]. It is generally accepted that sustainability encompasses three basic components (environmental, social, and economic), but there is no single evaluation methodology; however, its evaluation is mostly based on the definition of indicators that facilitate the development of strategies [1].



The environmental component of sustainability is the most interesting for the managers of NPAs, and the socioeconomic component is the most important for the farmers. Hence, one of the keys to managing NPAs is their sustainability, from the environmental component, which is the main reason for their administrative protection, and from the economic component, which is the objective of the farmers’ productive activities. The environmental awareness and know-how of the farmers has been critical for the conservation of these environmentally valuable territories since before the current protection figures were created. According to Broom et al. [2], production must be sustainable and occur in environments that meet the needs of the animals, resulting in good welfare and allowing coexistence with a wide diversity of autochthonous species in the area, while minimizing the carbon footprint as well as providing a fair standard of living for the people who work there, which is especially suited to NPAs.



This would be the case for most of the NPAs in Andalusia (a region in southern Spain), which has 24 Natural Parks and a total protected land area of 2,825,347.20 ha [3]. Some of these have been studied [4,5], such as the Natural Park Sierra de Grazalema (NPSG), which was the first Spanish UNESCO Biosphere reserve (declared in 1977) and the first Andalusian Natural Park (declared in 1984); this is the model under study in the present work. Additionally, the NPSG was included as a Place of Community Importance (known by the acronym LIC) in 2006 and, together with other NPAs in Andalusia and Morocco, is part of the Mediterranean Intercontinental Biosphere Reserve. The ecological importance of this area is based on the existence of fir forests of endemic pinsapo (Abies Pinsapo) and a high floristic diversity. Extensive livestock farming represents the main primary productive activity in the NPSG [6] and it is necessary to maintain its grasslands in equilibrium.



Most of the authors who have worked on the sustainability of systems (e.g., Smythand Dumansky [7], López-Ridauraet al. [8], Gaspar et al. [9], Mata [10], Franco et al. [11]) agree that their evaluation should be done based on certain attributes that serve as a guide for the analysis of the main aspects of the system. These attributes derive from definite indicators based on expert opinions, which are those that provide the key information about the system to evaluate, including questions of physical, economic, and social factors [12].



The use of simple and practical indicators is of vital importance to offer clear and reliable information for the decision-making of producers, technicians, and politicians [13]. Furthermore, these indicators are key to evaluating the sustainability of agroecosystems [14]; therefore, these are increasingly being recognized as a useful tool for the formulation of public policies as a means of transmitting information on the behavior of territories in aspects such as the environment, the economy, society, or technological development [15].



Although each author decides which sustainability attributes are the most useful to carry out their evaluation, there are five basic ones to evaluate extensive livestock farms: adaptability, self-management, equity, stability, and productivity [9,16,17]. From these attributes, the critical aspects of the system are identified, to promote both general and specific changes that allow the attainment of the highest productivity with the greatest equity in the distribution of what is produced and the suppression of the rate of environmental deterioration [18].



The objective of this article is to evaluate the sustainability of all the extensive livestock farms on the common grasslands of the NPSG to establish comparisons between the four different types of farms described in a previous article by Díaz-Gaona et al. [4]. With this evaluation, it will be possible to show the weaknesses of these farms in order to know what should be done to avoid a further reduction in the number of herds that graze on these communal pastures, since livestock grazing is necessary to maintain their equilibrium. That paper studied all the NPSG livestock farms using its communal pastures (n = 23, 100% of the population) and by means of a principal components analysis and its subsequent cluster analysis classified the farms into four groups or typologies: 1, “farms of intermediate size and without sheep” (30% of the farms); 2, “large and very extensive farms” (26% of the farms); 3, “farms with sheep suitable for both meat and milk” (22% of the farms); and 4, “farms oriented to the production of goat’s milk and without cattle” (22% of the farms). The present paper studies the sustainability of those farms and compares them depending on whether they are organic or conventional.




2. Materials and Methods


2.1. Study Area and Data Collection


This study was conducted in the Natural Park Sierra de Grazalema (NPSG) (Cadiz, Southern Spain) on all the farms (n = 23, 100% of population) with livestock grazing on its communal pastures. This equated to a studied area of 13,919 ha (26.1% of the NPSG surface) of which 69.9% were communal pastures and the rest (30.1%) privately owned grasslands. A total of 74% of these farms were certified as organic farms (OF) at the time of this study and were producing in accordance with the Council of the European Union regulations [19]; however, for different reasons, only 39% were receiving a subsidy for this concept.



The NPSG has been briefly described by Díaz Gaona et al. [4]. Its climate is Mediterranean, humid with mild temperatures and seasonal rainfall, which ranges from 700 to 2300 mm per year. The annual temperature variation is moderate (about 20 °C); in winter, the average minimum temperatures are recorded at between 4 and 11 °C and average maximum summer temperatures reach values above 25 °C.



The equilibrium of some areas of the NPSG has an important dependency on livestock grazing, and there is a high degree of understanding between the Park Administration and the farmers. In addition, in 2006, the Park Administration made the decision to give preference for the use of its communal pastures to farmers whose farms were registered as organic [20].



The information necessary to develop this work was obtained through the collection of primary data from direct interviews with the farmers. The interview questionnaire included 303 questions [4] relative to the three following aspects: sociology (27), exploitation systems (224), and economy (52). Some of the questions to the farmers were about information that cannot be directly measured (i.e., the date of purchase of a piece of machinery or date of construction of facilities). For more information, see the previous study by Díaz-Gaona et al. [4].




2.2. Sustainability Evaluation: Attributes and Indicators


The evaluation of the sustainability of the livestock farms that have animals grazing on the common pastures of the NPSG has been based on the Methodology for the Evaluation of Management Systems Incorporating Sustainability Indicators (known by the acronym MESMIS) [21], which offers guidelines in the selection of specific environmental, social, technical, and economic indicators to evaluate the sustainability attributes (Table 1 and Table 2), focusing on the important characteristics that steer system performance [8] and show their critical points. An indicator is a feasible measure of the observable part of a phenomenon that allows assessing another unobservable portion of that phenomenon [22]; that is, the synthetic expression of a large amount of data, maintaining the essential form [23]. There are no fixed sustainability indicators, because these depend on the problem under study and the characteristics of the system. This same methodology has been used by different authors, e.g., [11,16,24].



The indicators used have been selected with the help of expert professionals (experienced veterinarians and researchers with knowledge of this topic), who have, in turn, established optimal reference values for each indicator based on criteria (maximum, minimum, or percentiles of the sample). Table 2 shows the indicators for each attribute and their units. Other authors, such as Gaspar et al. [16], Franco et al. [11], Ripoll-Bosch et al. [28], and Escribano et al. [1], who have also studied sustainability on extensive livestock farms in the southwest of the Iberian Peninsula, have already used the majority of the selected indicators.



Following Nahed et al. [25] and other researchers [9,16,17], those indicators were classified according to the following general sustainability attributes: adaptability, self-management, equity, stability, and productivity (Table 1); these attributes are general properties that systems must have in order to be sustainable [29].




2.3. Obtaining Sustainability Indexes


An index is a numerical expression of the relation between two figures and serves to give meaning to the value of an indicator, allowing its comparison.



In this work, the transformation of the original values of the selected indicators into percentage sustainability indexes (which can be applied to each farm) has been carried out following the methodology of Gaspar et al. [9], from an adaptation of the AMOEBA Method [30], which is a general method of agroecosystem description and assessment. Depending on the optimal value chosen in each case, a different expression was used to obtain the index, as shown in Table 3. These sustainability indexes were finally used to evaluate the farming typologies of the NPSG and to compare the studied farms by means of a global value of sustainability.




2.4. Sustainability As a Function of Typing Variables


To obtain results that can be interpreted in a coherent way, sustainability has been evaluated by studying the indicators and indexes based on two typification variables: organic orientation, according to Mata [10]; and NPSG farms typologies, previously stablished by Díaz-Gaona et al. [4].



2.4.1. Classification According to the Organic Orientation of the Farms


In accordance with the compliance with Commission Regulation (EC) No 889/2008 [31], two groups of farms have been established depending on whether they meet all the administrative requirements to have the right to receive a subsidy for this concept (organic or not organic).




2.4.2. Classification According to Established Types of Farming


As has been previously mentioned, all the farms with livestock grazing on the common pastures of the NPSG were classified according to the four groups established by Díaz-Gaona et al. [4] for these same farms:




	
Group 1: Farms of intermediate size and without sheep.



	
Group 2: Large and very extensive farms.



	
Group 3: Farms with sheep suitable for both meat and milk.



	
Group 4: Farms oriented to the production of goat’s milk and without cattle.








Following the methodology of Gaspar et al. [9], the result of the evaluation has been graphically represented (radar chart) based on the typification variables; so that the closer the “amoeba” approaches the diameter of the circle, the greater the sustainability of the system [32].



The sustainability evaluation of the five main attributes has also been presented, for which, according to Nahed et al. [25], the average value of the indicators of each attribute has been previously calculated.





2.5. Statistical Analysis


Descriptive statistics (mean and standard deviation) have been calculated to describe the basic features of the indicators and indexes of each group of farms. The Kruskal–Wallis nonparametric test has been used to compare the sustainability indexes and indicators between those groups of farms, after verifying that the distribution of those figures was atypical.




2.6. Analysis of Strengths and Weaknesses


The threshold used to determine a weakness versus a strength was the distance from 100 for every indicator, considering 100 as the target figure for the highest strength possible.





3. Results and Discussion


3.1. Sustainability Based on the Organic Orientation of the Farms


Table 4 shows the mean values of the sustainability indicators and indexes for each attribute studied (adaptability, self-management, equity, stability, and productivity) depending on whether the farms were recognized as organic or not.



The comparison of the sustainability indicators indicates that five of these show significant differences (p < 0.05) between organic and non-organic farms; however, when these indicators are transformed into indexes, only three show significant differences: percentage of livestock units (LU) of sheep for adaptability, net operating surplus, and profit for productivity. Nevertheless, at a global level, although organic farms apparently seem to be more profitable (due to the reception of specific subsidies), the differences found in the Sustainability Indexes are not significant (Table 5 and Figure 1). This result contrasts with the study by Mata [10], which indicated significant differences (p < 0.05) in the dairy cattle farms in northwestern Spain for adaptability and productivity (higher in non-organic farms), and stability and self-management (higher in organic ones). It also contrasts with the results of Escribano et al. [27], who indicate that the group of organic farms presents a higher level of sustainability than the rest of the farms for all attributes except for self-management.



The explanation for this result is that, in this NP, both types of farms are managed as extensive with a high dependence on grazing for animal diet; therefore, there are very few differences present between them. For this reason, PNSG farms are very easy to convert to organic. In accordance with this, Escribano et al. [33] found similar results in the context of the extensive beef cattle farms. They (Escribano et al.) [27] point out that organic beef pastures are more sustainable, although these should improve their self-management, and although conventional farms are less sustainable globally, they are more productive. Similarly, for the organic dairy sheep farms in the Spanish region of Castilla-La Mancha, Toro-Mujica et al. [34] pointed out that these require an increase in productivity and a better balance between the use of food supplements and the productive capacity of the sheep.



In any case, if consumers have more training and environmental awareness, the sustainability of organic farms would be reinforced, since organic products have a certified differentiation for their sale [35].




3.2. Sustainability Based on Farm Types


Table 6 shows the mean values of the sustainability indicators and indexes for each attribute studied (adaptability, self-management, equity, stability, and productivity) based on the four types of farms previously established by Díaz-Gaona et al. [4].



3.2.1. Sustainability for the Adaptability Attribute


When comparing the adaptability indicators according to their typologies, significant differences (p < 0.01) related to the presence of each livestock species were observed; the highest number of species being found in groups 2 (“Large and very extensive farms”) and 3 (“farms with sheep suitable for both meat and milk”), and the lowest in group 4 (“farms oriented to the production of goat milk and without beef”) (Table 6). In this regard, group 4 does not have cattle, and group 1 has very few sheep. On the other hand, goats do appear in all groups, but the percentage of goats is significantly higher (p < 0.001) in groups 1 (“Medium-sized farms and without sheep”) and 4 (“Farms oriented to the production of goat’s milk and without cattle”).



When these indicators are transformed into indexes, practically the same pattern is shown (Table 6), so that the highest levels of adaptability are found in groups 2 and 3, as these are the ones with a more balanced presence of the different livestock species (Figure 2a). In this regard, Franco et al. [11] pointed out that for extensive farms in Extremadura the most diversified farms were the most sustainable. Gaspar et al. [16] also pointed out that for extensive farms of the dehesa agroecosystem, the mixed system (beef cattle—sheep—Iberian pigs) had been found to be the most sustainable in general. Animal selection should be designed to reinforce, in a sustainable manner, the relationship between animals and the environment [36].



In dairy farms in the northeast of the Pampa (Argentina), the most extensive farms presented the lower adaptability, the medium-sized semi-extensive farms being the ones that showed a higher level of adaptability [26].



According to Ripoll-Bosch et al. [37], in Mediterranean countries, sheep farms have trade-offs or tensions between their sustainability attributes, particularly between productivity and adaptability, that need to be researched further.




3.2.2. Sustainability for the Self-Management Attribute


When self-management indicators are compared, it is found that group 2 (“Large and very extensive farms”) has fewer expenses due to livestock feeding, animal health and other goods and services; however, these differences are only significant for the last indicator (p < 0.001) (Table 6). This occurs because it groups together the most extensive farms, which are those that need fewer inputs. Furthermore, this group presents a higher level of sustainability for the attribute of self-management (Figure 2b), the differences found for livestock feeding (p < 0.05) and other goods and services (p < 0.01) being significant.



The global assessment shows a significantly higher level of self-management (p < 0.01) for the farms in group 2 (Table 7 and Figure 2b,f).



Other authors have also found a higher level of self-management, e.g., extensive dairy cow farms in the northeast of the Pampa [26], and extensive farms for the production of meat in pastures of southwestern Spain and Portugal [33]. Ripoll-Bosch et al. [28], when studying a group of Teruel Ojinegra sheep herds in an unfavorable area of northeastern Spain, indicated that a high level of self-management improves the economic result. Ruiz et al. [38], for livestock in protected mountainous areas of the Mediterranean, indicated that an increase in self-management has a positive impact on profitability.




3.2.3. Sustainability for the Equity Attribute


When the equity indicators are compared between the different groups of farms (Table 6), significant differences (p < 0.001) are found for family and total labor per surface. When these indicators are transformed into indexes, these offer significantly lower levels of sustainability for group 2 (“Large and very extensive farms”), since the farms in this group, being more extensive, have lower labor needs; therefore, these contribute to a lesser extent to the distribution of income.



For the remaining indexes there are no significant differences, although groups 2 and 3 (“Farms with sheep suitable for both meat and milk”) appear to be the most equitable for temporary labor and the least equitable for non-family fixed labor.



Globally, the farms belonging to group 4 (“Farms oriented to the production of goat’s milk and without beef”) seem to be the most equitable (Figure 2c,f), although their differences are not significant (Table 7).



Gaspar et al. [16] found high levels of equity in extensive and semi-extensive pasture farms with the highest level of diversification for beef, sheep, and pig meat production. In contrast, a lower level of equity was observed in extensive and semi-extensive dairy cattle farms in the northeast of the Pampa [26]. Regarding equity due to labor, Morgan-Davies et al. [39], studying extensive livestock systems in marginal mountainous areas of western Scotland, pointed out that, in general, it is difficult to increase on-farm labor demand, and although greater flexibility in farm labor was found to be essential, labor scarcity in these marginal mountain areas remained a problem.




3.2.4. Sustainability for the Stability Attribute


The total livestock load and fixed capital earned (Table 6) are significantly higher in group 3 (“Farms with sheep suitable for both meat and milk”), since these are the least extensive. Group 4 (“Farms oriented to the production of goat’s milk and without cattle”) does not have cows, and group 1 (“Medium-sized farms and without sheep”) practically does not have sheep, and these are not autochthonous. The percentage of surface area owned and the remaining fixed capital (land, infrastructure, and machinery) are lower for group 2 (“Large and very extensive farms”) as this is the group with the largest leasing of grasslands, where no investments are generally made. This lower level of stability has also been observed in extensive dairy cattle farms in the northeast of the Pampa [26]. Lurette et al. [40] point out that the diversity of agricultural and livestock activities offers farms a higher level of economic and environmental stability, which, extrapolating to the present work, would mean that groups 2 and 3 present a stability reinforced by the greater variety of animal species they have. However, although multispecies farms improve sustainability in their environmental, social, and economic dimensions, if the appropriate practices are not carried out, undesirable effects could be caused by competition for pasture, cross-infections, and peak workloads [41].



When these values are transformed into indexes (Table 6), it is found that the farms in group 2 are those that show a significantly lower stability compared to the total stocking rate (p < 0.01) and the indicators of fixed capital of the infrastructures (p < 0.01), machinery (p < 0.05), and livestock (p < 0.05).



From the global point of view, the differences are not significant (Table 7), although group 2 tends to be the least stable and group 3 the most stable (Figure 2d,f).




3.2.5. Sustainability for the Productivity Attribute


Except for the profitability rate, all the productivity indicators show significant differences between the different farm groups (Table 6). Group 2 (“Large and very extensive farms”) has lower values, while group 3 (“ Farms with sheep suitable for both meat and milk”) has higher values for these indicators, except for the sale of milk, which, logically, is higher in group 4 (“ Farms oriented to the production of goat’s milk and without beef”). This is because group 2 has the lowest intensification level and group 3 the highest.



Similarly, all productivity indexes (except the profitability rate) show significant differences (p < 0.001) for net added value, gross production, and milk sales (Table 6), which, at a global level, indicates that the farms in group 2 are significantly the least sustainable for the productivity attribute (p < 0.01) (Table 7 and Figure 2e,f). In this regard, Escribano et al. [42], studying beef cattle in protected agroforestry systems, pointed out that the least productive farms are the most extensive ones. However, in other systems, like those with cattle and sheep farms in marginal areas of southern Chile, where the system is based on grazing, the largest farms have the highest level of productivity [43]. Nevertheless, according to Mena et al. [5], on extensive farms it is possible to obtain a satisfactory level of productivity and profitability while minimizing the amount of feed purchased. Thus, including sustainability as a condition for receiving subsidies from the CAP, policies can contribute to improving the economic results of traditional extensive farms [11]; besides this, it could be an incentive for the more intensive farms to reinvest part of their earnings in improvements to reduce their impact and the degradation of their natural resources, recovering pasture equilibrium, which would be in the direction of the policies of the eco-schemes [44,45].



Gaspar et al. [16] point out that the dehesa farms with highly stocked sheep flocks are the least sustainable, although these are the most profitable. Rodríguez-Ortega et al. [46] indicate that in Mediterranean sheep production systems, those that are based on grazing (specialized sheep mountain-pasture systems) are less productive and present around half of the production than those partially integrated in areas of herbaceous crops (partially-integrated mixed sheep-arable crops), although these have 5 times more sustainability. According to Ripoll-Bosch et al. [37], a clear trade-off between economic and environmental indicators is observed on Mediterranean sheep farms; i.e., the higher the economic sustainability, the lower the environmental sustainability.



In addition, farms with several livestock species have benefits compared to general sustainability; however, their profitability is not necessarily higher [41], although their economic results tend to be more stable, which improves their resistance to economic or climate problems [47].



Finally, Waterhouse [48] points out that, in general, intensification improves farm productivity, but decreases animal welfare.




3.2.6. Global Assessment of Sustainability


There are only significant differences (p < 0.01) for sustainability in the self-management and productivity indexes (Table 7). Group 2 (“Large and very extensive farms”) is the most self-manageable (self-sufficient) and group 3 (“Farms with sheep suitable for both meat and milk”) is the most productive (efficient from an economic point of view). The least self-sufficient is group 4 (“Farms oriented to the production of goat’s milk and without cattle”) and the least productive is group 2. Group 1 (“Farms of intermediate size and without sheep”) does not stand out for any of these attributes.



The global assessment (Table 7 and Figure 2f) shows significant differences (p <0.05) between the groups; group 3 is the most sustainable and group 2 is the least. Groups 1 and 4 present intermediate sustainability values, which are very similar between them.






4. Weaknesses and Strengths of Farms


The above results show the weaknesses and strengths of these farms for their sustainability, which differs depending on the organic certification (Table 8) and their typology (Table 9).




5. Conclusions


The reason that the organic certification of the studied farms does not influence their levels of sustainability is that their extensive management styles are very similar and meet organic farming requirements.



According to the four established typologies, the farms with the greatest sustainability are those with sheep suitable for both meat and milk, which are also the most productive. However, these present a great need for inputs and a high stocking rate. On the contrary, large and very extensive farms are the least sustainable because their productivity is very low, although these are the most self-sufficient. Farms of intermediate size and without sheep, and farms oriented to the production of goat’s milk and without cattle show intermediate sustainability, the latter being the ones that show greater equity. However, although all of the herds grazing on communal pastures of the natural park have been studied, the sample size is small; therefore, one of the main limitations of this study is that results should be interpreted with caution, since the impact of one or two outliers can affect the overall outcomes.



The global sustainability of organic farms, and large, very extensive farms would be reinforced if their productivity was improved, which could be achieved if the conditions and criteria to obtain the European Common Agricultural Policy (CAP) subsidies were modified in favor of environmental conservation, following the aims of the eco-schemes. This aspect is very important to the natural park authorities because the livestock grazing is considered necessary for the equilibrium of the Natural Park Sierra de Grazalema. Nevertheless, with the current uncertainty about the CAP subsidies, the objective of these farms should be the diversification of production, the optimal use of the forage resources and the reduction of dependence on those subsidies.



Finally, the main weaknesses of the Natural Park Sierra de Grazalema farms shown is the old age of the farmers and the lack of successors; the lack of marketing, certification, and labeling strategies for a distinct market; and the lack of rational grazing of pastures. Therefore, taking into account that there are already a reduced number of herds grazing on the communal pastures of this natural park, it is essential to solve these weaknesses in order to guarantee that they continue to maintain the equilibrium of these grasslands.
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Figure 1. Global assessment of sustainability indexes according to organic orientation of the extensive livestock farms of the Natural Park Sierra de Grazalema. 
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Figure 2. Sustainability indexes according to the type of farms (this typology comes from a previous study by Díaz-Gaona et al. [4]). Group 1: medium-sized farms without sheep; group 2: large and very extensive farms; group 3: farms with sheep suitable for both meat and milk; group 4: farms oriented to the production of goat’s milk and without cattle. (a) Adaptability indexes: raised species (spec), LU bovine/LU total (lubov), LU sheep/LU total (lushe), LU goat/LU total (lugoa), cows per bull (cobu), ewes per ram (ewra), goats per male (goma), number of bull breeds (bubr), number of sheep breeds (shbr), number of male breeds (mabr), fixed cost percentage (ficost), subsidies/total income ratio (sutoin), generational change (gech), farm owner’s age (ofage), level of formal education (lfedu). (b) Self-Management indexes: cattle feed (feed), veterinary expenses (vet), other goods and services (ogs), percentage of total leased area (tlarea), associationism (asoc), family labour (fawu). (c) Equity indexes: total AWU/100 ha (toawu), fixed AWU/100 ha (fiawu), eventual AWU/100 ha (evawu), family AWU/100 ha (fawu), female labour force (felafo), number of jobs (njob). (d) Stability indexes: percentage of own area (owarea), land fixed capital (lafix), infrastructure fixed capital (infix), machinery fixed capital (mefix), earned fixed capital (eafix), total livestock load (tlivelo), local cow percentage (locow), percentage of local sheep (loshe), percentage of local goats (logoa). (e) productivity indexes: net added value (naval), net operating surplus (nosur), net business income (nbinc), operating rate of return (orret), gross production (gprod), cattle sales (csales), other sales (osales). (f) Sustainability indexes. 
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Table 1. Basic attributes and critical points in the evaluation of the sustainability of extensive livestock farms.
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	Attribute
	Description and Critical Points





	Adaptability or Flexibility
	The capacity of the system to find new levels of equilibrium when external changes occur, caused by the search for new production strategies, and allowing the maintenance of its long-term environmental, social, and economic benefits [25]. Critical points of the adaptability of extensive livestock farms are the difficulty of reorienting production, the low capacity to acquire or renew assets, and the high dependence on subsidies [9,10].



	Self-management or Self-sufficiency
	The ability of a system to regulate and control its outside interactions [18]. The critical points are the dependence on external inputs, the lack of sectoral integration, and the dissociation between the family and the local environment [26].



	Equity
	The capacity of the system to fairly distribute of the benefits and costs related to the management of natural resources, both intra-and intergenerationally [25]. The critical points are the unequal distribution of income and between genders [26,27].



	Stability
	The ability of a system to achieve and maintain a stable state of dynamic equilibrium [21]. Stability is usually associated with the constancy of production or profits [25]. The main critical point of this attribute is the low consistency of production [9]. Besides this, it integrates indicators of total surface owned and fixed capital [9].



	Productivity
	The capacity of the system to provide the amount of goods and services required during a given period of time [25]. The indicators that comprise this attribute show the degree of productive efficiency of the different farms [9], highlighting the economic return indicators.
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Table 2. Optimal values, criteria for their determination, and evaluation area of the proposed sustainability indicators for the extensive livestock farms of the Natural Park Sierra de Grazalema.
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Adaptability Indicators




	
Critical Point

	
Indicator

	
Unit of Measurement

	
Optimal Value

	
Evaluation Area




	
Value

	
Criterion




	
Difficulty in reorienting productions

	
Raised species 1

	
number

	
4.00

	
Maximum

	
Environmental




	
LU Bovine/Total LU 2

	
%

	
40.66

	
Q25

	
Environmental




	
LU Sheep/LU Total

	
%

	
26.10

	
Q25

	
Environmental




	
LU Caprino/LU Total

	
%

	
21.10

	
Q25

	
Environmental




	
Cows per bull

	
number

	
12.00

	
Q25

	
Technical




	
Ewes per ram

	
number

	
17.08

	
Q25

	
Technical




	
Goats per male

	
number

	
15.15

	
Q25

	
Technical




	
Different breeds of bulls 3

	
number

	
3.00

	
Maximum

	
Technical




	
Different breeds of rams

	
number

	
2.00

	
Maximum

	
Technical




	
Different breeds of male goats

	
number

	
2.00

	
Maximum

	
Social




	
Farmer’s age

	
years

	
34.00

	
Minimum

	
Social




	
Level of training of the farmer

	
code *

	
3.00

	
Top level

	




	
Low capacity to renew or acquire assets

	
Intention to continue in the activity

	
code **

	
1.00

	
Continuity

	
Social




	
% Fixed cost

	
%

	
41.35

	
Minimum

	
Economic




	
High dependence on subsidies

	
Subsidy/income ratio

	
%

	
13.05

	
Q25

	
Economic




	
Self-Management Indicators




	
Critical Point

	
Indicator

	
Unit of Measurement

	
Optimal Value

	
Evaluation Area




	
Value

	
Criterion




	
Dependence on external inputs

	
Cattle feeding 4

	
€/ha

	
0.93

	
Minimum

	
Economic




	
Veterinary expenses

	
€/ha

	
0.12

	
Minimum

	
Economic




	
Other goods and services

	
€/ha

	
2.49

	
Minimum

	
Economic




	
% Leased area 5

	
%

	
24.91

	
Minimum

	
Environmental




	
Lack of sectoral integration

	
Associationism 6

	
Number

	
5.00

	
Maximum

	
Social




	
Dissociation between family and local environment

	
Family workforce 7

	
%

	
100.00

	
Maximum

	
Social




	
Equity Indicators




	
Critical Point

	
Indicator

	
Unit of Measurement

	
Optimal Value

	
Evaluation Area




	
Value

	
Criterion




	
Unequal distribution of income

	
Total AWU/100 ha

	
AWU/100 ha

	
0.80

	
Q75

	
Social




	
Fixed AWU/100 ha 8

	
AWU/100 ha

	
0.15

	
P90

	
Social




	
Eventual AWU/100 ha

	
AWU/100 ha

	
0.01

	
P90

	
Social




	
Family AWU/100 ha

	
AWU/100 ha

	
0.74

	
Q75

	
Social




	
Number of jobs

	
Number

	
4.09

	
Maximum

	
Social




	
Gender inequality

	
Female workforce

	
%

	
50.00

	
Maximum

	
Social




	
Stability Indicators




	
Critical Point

	
Indicator

	
Unit of Measurement

	
Optimal Value

	
Evaluation Area




	
Value

	
Criterion




	
Low consistency for production

	
% Owned surface 9

	
%

	
75.09

	
Maximum

	
Economic




	
Fixed capital land 10

	
€/ha

	
1624.95

	
Q75

	
Economic




	
Fixed capital infrastructure

	
€/ha

	
61.33

	
Q75

	
Economic




	
Fixed capital machinery

	
€/ha

	
21.48

	
Q75

	
Economic




	
Fixed capital earned

	
€/ha

	
147.22

	
Q75

	
Economic




	
Total stocking rate 11

	
LU/ha

	
0.21

	
Q50

	
Environmental




	
Percentage of local cows 12

	
%

	
100.00

	
Maximum

	
Environmental




	
Percentage of local sheep

	
%

	
100.00

	
Maximum

	
Environmental




	
Percentage of local goats

	
%

	
100.00

	
Maximum

	
Environmental




	
Productivity Indicators




	
Critical Point

	
Indicator

	
Unit of Measurement

	
Optimal Value

	
Evaluation Area




	
Value

	
Criterion




	
Low production efficiency

	
Net added value

	
€/ha

	
250.37

	
Q75

	
Economic




	
Net operating surplus

	
€/ha

	
173.07

	
Q75

	
Economic




	
Net business income (Profit)

	
€/ha

	
153.81

	
Q75

	
Economic




	
Operating rate of return

	
%

	
23.72

	
Q75

	
Economic




	
Gross production

	
€/ha

	
239.5

	
Q75

	
Economic




	
Cattle sales

	
€/ha

	
63.16

	
Q75

	
Economic




	
Milk sales

	
€/ha

	
134.66

	
Q75

	
Economic








P90 = Percentile 90; Q75 = Quartile 75; Q50 = Quartile 50; Q25 = Quartile 25. * Primary, bachelor or professional training, university, without studies, or courses followed; ** Yes or no. 1 Raised species: Number of livestock species present on the farm; Livestock units (LU), 2 LU bovine/total LU: Cattle livestock stocking rate in relation to total livestock stocking rate; 3 Different breeds of bulls: Number of different breeds of bulls; 4 Cattle feeding: Cost of feeding livestock for each hectare of farm area; 5 % Leased area: Percentage of hectares of rented area with respect to the total size of the farm; 6 Associationism: Number of associations to which the farmer belongs; 7 Family workforce: Percentage of annual farm work units (AWU) owned by the farmer’s family; 8 Fixed AWU/100 ha: Number of fixed annual work units hired per 100 hectares of farm area; 9 % Owned surface: Percentage of hectares of surface owned by the farmer with respect to the total size of the farm; 10 Fixed capital land: Economic value, per hectare, of the fixed capital assigned to the land; 11 Total stocking rate: Total livestock load measured in livestock units per hectare; 12 Percentage of local cows: Percentage of cattle of local breeds.
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Table 3. Transformation of the original values of the indicators into sustainability indexes.
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	Indicator Value
	Expression Used





	Below optimal value
	Sustainability index = (indicator value/optimal value) × 100



	Above optimal value
	Sustainability index = (optimal value/indicator value) × 100







The sustainability indexes presented are grouped by attributes, with their values ranging from 0 to 100 (the highest level of sustainability is 100).
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Table 4. Mean values and standard deviation (SD) of the sustainability indicators and indexes according to the organic orientation of the livestock farms of the Natural Park Sierra de Grazalema.
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Adaptability Indicators

	

	
Adaptability Indexes (Score Out of 100)




	

	
n

	
Non-Organic

	
SD

	
n 

	
Organic

	
SD

	
Optimal Value

	
Sig.

	
n 

	
Non-Organic

	
n 

	
Organic

	
Sig.




	
Raised species

	
14

	
2.57

	
0.76

	
9

	
2.33

	
0.87

	
4.00

	

	
14

	
64.29

	
9

	
58.33

	




	
Bovine LU/Total LU

	
11

	
46.67

	
10.88

	
7

	
51.15

	
22.21

	
40.66

	

	
11

	
83.19

	
7

	
74.96

	




	
Sheep LU/Total LU

	
9

	
37.77

	
12.97

	
7

	
29.54

	
21.06

	
26.10

	

	
9

	
74.85

	
7

	
50.68

	
*




	
Goat LU/Totals LU

	
14

	
37.97

	
19.50

	
6

	
52.96

	
31.95

	
21.10

	

	
14

	
57.35

	
6

	
51.38

	




	
Cows per bull

	
11

	
17.60

	
7.35

	
7

	
20.10

	
9.20

	
12.00

	

	
11

	
73.15

	
7

	
63.36

	




	
Ewes per ram

	
9

	
22.90

	
7.62

	
7

	
24.25

	
4.62

	
17.08

	

	
9

	
79.13

	
7

	
71.33

	




	
Goats per male

	
14

	
18.87

	
4.33

	
6

	
18.48

	
5.86

	
15.15

	

	
14

	
80.78

	
6

	
69.50

	




	
Number of bull breeds

	
11

	
1.64

	
0.81

	
7

	
1.43

	
0.53

	
3.00

	

	
11

	
54.54

	
7

	
47.62

	




	
Number of breeds of rams

	
9

	
1.00

	
0.50

	
7

	
0.86

	
0.38

	
2.00

	

	
9

	
50.00

	
7

	
42.86

	




	
Number of male breeds

	
14

	
1.07

	
0.27

	
6

	
1.00

	
0.00

	
2.00

	

	
14

	
53.57

	
6

	
50.00

	




	
Fixed cost (%)

	
14

	
71.67

	
9.47

	
9

	
72.78

	
14.37

	
41.35

	

	
14

	
58.74

	
9

	
59.62

	




	
Subsidies/total income ratio

	
14

	
17.48

	
8.00

	
9

	
40.96

	
19.55

	
13.05

	
***

	
14

	
64.40

	
9

	
42.12

	




	
Generational replacement

	
14

	
1.00

	
0.88

	
9

	
1.89

	
0.33

	
1.00

	
**

	
14

	
46.43

	
9

	
55.56

	




	
Owner farmer’s age

	
14

	
49.86

	
9.01

	
9

	
49.67

	
10.61

	
34.00

	

	
14

	
70.33

	
9

	
70.88

	




	
Level of formal education

	
14

	
0.71

	
0.83

	
9

	
1.22

	
1.09

	
3.00

	

	
14

	
23.81

	
9

	
40.74

	




	

	
Self-Management Indicators

	

	
Self-Management Indexes (Score Out of 100)




	

	
n

	
Non-Organic

	
SD

	
n

	
Organic

	
SD

	
Optimal Value

	
Sig.

	
n

	
Non-Organic

	
n

	
Organic

	
Sig.




	
Cattle feeding/ha

	
14

	
21.52

	
19.32

	
9

	
39.27

	
78.24

	
0.93

	

	
14

	
12.27

	
9

	
17.76

	




	
Veterinary expense/ha s

	
14

	
1.01

	
0.62

	
9

	
1.63

	
1.31

	
0.12

	

	
14

	
17.18

	
9

	
21.23

	




	
Other goods and services/ha

	
14

	
11.16

	
8.29

	
9

	
16.80

	
10.80

	
2.49

	

	
14

	
39.04

	
9

	
28.49

	




	
% S. total leased

	
14

	
85.24

	
16.45

	
9

	
72.82

	
32.04

	
24.91

	

	
14

	
30.48

	
9

	
44.91

	




	
Associationism

	
14

	
3.86

	
1.10

	
9

	
4.11

	
0.60

	
5.00

	

	
14

	
77.14

	
9

	
82.22

	




	
Family workforce (%)

	
14

	
93.46

	
13.34

	
9

	
93.38

	
16.31

	
100.00

	

	
14

	
93.46

	
9

	
93.38

	




	

	
Equity Indicators

	
Equity Indexes (Score Out of 100)




	

	
n

	
Non-Organic

	
SD

	
n

	
Organic

	
SD

	
Optimal Value

	
Sig.

	
n

	
Non-Organic

	
n

	
Organic

	
Sig.




	
Total AWU/100 ha

	
14

	
0.423

	
0.222

	
9

	
0.585

	
0.378

	
0.80

	

	
14

	
58.95

	
9

	
57.75

	




	
Fixed AWU/100 ha

	
14

	
0.017

	
0.065

	
9

	
0.064

	
0.192

	
0.15

	

	
14

	
4.41

	
9

	
2.89

	




	
Eventual AWU/100 ha

	
14

	
0.007

	
0.010

	
9

	
0.004

	
0.004

	
0.01

	

	
14

	
38.46

	
9

	
35.56

	




	
Family AWU/100 ha

	
14

	
0.398

	
0.228

	
9

	
0.517

	
0.313

	
0.74

	

	
14

	
57.01

	
9

	
61.06

	




	
Female workforce (%)

	
14

	
23.23

	
22.00

	
9

	
14.63

	
22.46

	
50.00

	

	
14

	
46.46

	
9

	
29.27

	




	
Number of jobs

	
14

	
2.17

	
0.82

	
9

	
2.42

	
1.17

	
4.09

	

	
14

	
53.00

	
9

	
59.20

	




	

	
Stability Indicators

	
Stability Indexes (Score Out of 100)




	

	
n

	
Non-Organic

	
SD

	
n

	
Organic

	
SD

	
Optimal Value

	
Sig.

	
n

	
Non-Organic

	
n

	
Organic

	
Sig.




	
% Surface owned

	
14

	
14.76

	
16.45

	
9

	
27.18

	
32.05

	
75.09

	

	
14

	
19.65

	
9

	
36.20

	




	
Fixed capital land/ha

	
14

	
705.66

	
786.68

	
9

	
1299.84

	
1532.43

	
1624.95

	

	
14

	
36.14

	
9

	
30.74

	




	
Fixed capital infrastructure/ha

	
14

	
30.58

	
30.39

	
9

	
74.85

	
72.73

	
61.33

	

	
14

	
39.62

	
9

	
44.34

	




	
Fixed capital machinery /ha

	
14

	
15.78

	
21.10

	
9

	
18.38

	
14.73

	
21.48

	

	
14

	
41.94

	
9

	
51.11

	




	
Fixed capital of livestock/ha

	
14

	
106.05

	
63.33

	
9

	
130.40

	
90.35

	
147.22

	

	
14

	
58.75

	
9

	
64.98

	




	
Total stocking rate (LU/ha)

	
14

	
0.19

	
0.11

	
9

	
0.24

	
0.14

	
0.21

	

	
14

	
66.77

	
9

	
71.09

	




	
Percentage of local breeds cows

	
11

	
97.67

	
7.73

	
7

	
85.21

	
37.60

	
100.00

	

	
11

	
97.67

	
7

	
85.21

	




	
Percentage of local breeds sheep

	
9

	
77.25

	
43.83

	
7

	
82.94

	
37.28

	
100.00

	

	
9

	
77.25

	
7

	
82.94

	




	
Percentage of local breeds goats

	
14

	
97.74

	
8.47

	
6

	
83.33

	
40.82

	
100.00

	

	
14

	
97.74

	
6

	
83.33

	




	

	
Productivity Indicators

	
Productivity Indexes (Score Out of 100)




	

	
n

	
Non-Organic

	
SD

	
n

	
Organic

	
SD

	
Optimal Value

	
Sig.

	
n

	
Non-Organic

	
n

	
Organic

	
Sig.




	
Net added value (€/ha)

	
14

	
130.18

	
106.74

	
9

	
178.45

	
119.56

	
250.37

	

	
14

	
49.89

	
9

	
58.64

	




	
Net operating surplus (€/ha)

	
14

	
75.16

	
102.52

	
9

	
152.56

	
73.52

	
173.07

	
*

	
14

	
39.06

	
9

	
69.57

	
*




	
Net business income (profit) (€/ha)

	
14

	
61.93

	
99.71

	
9

	
140.88

	
66.65

	
153.81

	
*

	
14

	
35.37

	
9

	
70.59

	
*




	
Operating rate of return (€/ha)

	
14

	
10.26

	
16.84

	
9

	
24.17

	
26.91

	
23.72

	
*

	
14

	
41.80

	
9

	
46.53

	




	
Gross production (€/ha)

	
14

	
139.54

	
100.22

	
9

	
203.08

	
156.51

	
239.50

	

	
14

	
54.20

	
9

	
57.28

	




	
Cattle sales (€/ha)

	
14

	
50.87

	
43.10

	
9

	
69.88

	
89.40

	
63.16

	

	
14

	
51.94

	
9

	
58.70

	




	
Milk sales (€/ha)

	
14

	
70.53

	
50.16

	
9

	
109.92

	
92.34

	
134.66

	

	
14

	
55.55

	
9

	
56.25

	








* p < 0.05, ** p < 0.01 and *** p < 0.001.
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Table 5. Indexes of global sustainability and its attributes according to the organic orientation of the livestock farms of the Natural Park Sierra de Grazalema.
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Sustainability Indexes (Score Out of 100)




	
Attributes

	
n

	
Non-Organic

	
n

	
Organic

	
Sig.






	
Adaptability

	
14

	
60.93

	
9

	
56.02

	




	
Self-management

	
14

	
44.93

	
9

	
48.00

	




	
Equity

	
14

	
43.05

	
9

	
40.95

	




	
Stability

	
14

	
58.12

	
9

	
59.21

	




	
Productivity

	
14

	
46.83

	
9

	
59.65

	




	
Sustainability index

	
14

	
53.04

	
9

	
53.82

	











[image: Table] 





Table 6. Mean values and standard deviation (SD) of the sustainability indicators and indexes according to the types of the livestock farms of the Natural Park Sierra de Grazalema (this typology comes from a previous study by Díaz-Gaona et al. [4]), and optimal values considered for the calculation of the indexes.






Table 6. Mean values and standard deviation (SD) of the sustainability indicators and indexes according to the types of the livestock farms of the Natural Park Sierra de Grazalema (this typology comes from a previous study by Díaz-Gaona et al. [4]), and optimal values considered for the calculation of the indexes.





	

	
Adaptability Indicators

	
Adaptability Indexes (Score Out of 100)




	

	
Group 1

	
SD

	
Group 2

	
SD

	
Group 3

	
SD

	
Group 4

	
SD

	
Optimal

	
Sig.

	
Group 1

	
Group 2

	
Group 3

	
Group 4

	
Sig.




	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)

	
Value

	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)




	
Raised species

	
2.14

	
ab

	
0.38

	
3.00

	
a

	
0.63

	
3.00

	
a

	
1.00

	
1.80

	
b

	
0.45

	
4.00

	
**

	
53.57

	
ab

	
75.00

	
a

	
75.00

	
a

	
45.00

	
b

	
**




	
Bovine LU/Total LU

	
48.42

	
a

	
14.15

	
48.90

	
a

	
22.63

	
47.82

	
a

	
10.78

	
0.00

	
b

	
0.00

	
40.66

	
***

	
76.63

	
a

	
81.05

	
a

	
83.42

	
a

	
0.00

	
b

	
***




	
Ewes LU/Total LU

	
2.44

	
a

	
6.47

	
34.97

	
b

	
19.57

	
33.74

	
b

	
21.32

	
30.21

	
ab

	
18.27

	
26.10

	
**

	
9.37

	
a

	
63.27

	
b

	
59.23

	
b

	
57.42

	
ab

	
*




	
Goat LU/Totals LU

	
48.82

	
a

	
14.20

	
15.90

	
b

	
10.65

	
12.64

	
b

	
12.24

	
69.79

	
a

	
18.27

	
21.10

	
***

	
46.31

	

	
64.04

	

	
48.88

	

	
31.68

	

	




	
Cows per bull

	
16.81

	
a

	
7.74

	
18.27

	
a

	
9.19

	
21.40

	
a

	
7.60

	
0.00

	
b

	
0.00

	
12.00

	
***

	
68.31

	
a

	
76.83

	
a

	
61.79

	
a

	
0.00

	
b

	
***




	
Ewes per ram

	
2.86

	
a

	
7.56

	
23.58

	
b

	
4.02

	
20.61

	
b

	
5.30

	
22.27

	
b

	
14.97

	
17.08

	
**

	
12.20

	
a

	
73.29

	
b

	
84.29

	
b

	
52.98

	
ab

	
***




	
Goats per male

	
19.50

	

	
5.79

	
14.28

	

	
7.86

	
12.92

	

	
11.91

	
17.66

	

	
4.85

	
15.15

	

	
79.37

	

	
65.84

	

	
42.56

	

	
76.89

	

	




	
Number of bull breeds

	
1.29

	
a

	
0.49

	
1.83

	
a

	
0.75

	
1.60

	
a

	
0.89

	
0.00

	
b

	
0.00

	
3.00

	
***

	
42.86

	
a

	
61.11

	
a

	
53.33

	
a

	
0.00

	
b

	
***




	
Number of breeds of rams

	
0.00

	
a

	
0.00

	
1.17

	
c

	
0.41

	
1.00

	
bc

	
0.00

	
0.60

	
b

	
0.55

	
2.00

	
***

	
0.00

	
a

	
58.33

	
c

	
50.00

	
bc

	
30.00

	
b

	
***




	
Number of male breeds

	
1.14

	

	
0.38

	
0.83

	

	
0.41

	
0.60

	

	
0.55

	
1.00

	

	
0.00

	
2.00

	

	
57.14

	

	
41.67

	

	
30.00

	

	
50.00

	

	




	
Fixed cost (%)

	
66.36

	

	
9.79

	
78.56

	

	
4.10

	
66.71

	

	
16.19

	
77.80

	

	
9.08

	
41.35

	

	
63.5

	

	
52.76

	

	
65.77

	

	
53.82

	

	




	
Subsidies/total income ratio

	
22.34

	

	
9.11

	
35.20

	

	
26.80

	
28.24

	

	
19.46

	
20.90

	

	
11.81

	
13.05

	

	
66.83

	

	
32.96

	

	
63.29

	

	
59.73

	

	




	
Generational replacement

	
1.57

	

	
0.79

	
1.17

	

	
0.98

	
1.60

	

	
0.55

	
1.00

	

	
1.00

	
1.00

	

	
50.00

	

	
41.67

	

	
70.00

	

	
40.00

	

	




	
Owner farmer’s age

	
43.71

	

	
5.94

	
54.67

	

	
10.17

	
51.20

	

	
7.26

	
51.00

	

	
12.23

	
3.40

	

	
79.08

	

	
63.81

	

	
67.50

	

	
69.72

	

	




	
Level of formal education

	
0.71

	

	
0.49

	
1.33

	

	
1.37

	
0.80

	

	
0.45

	
0.80

	

	
1.30

	
3.00

	

	
23.81

	

	
44.44

	

	
26.66

	

	
26.67

	

	




	

	
Self-Management Indicators

	
Self-Management Indexes (Score Out of 100)




	

	
Group 1

	
SD

	
Group 2

	
SD

	
Group 3

	
SD

	
Group 4

	
SD

	
Optimal

	
Sig.

	
Group 1

	
Group 2

	
Group 3

	
Group 4

	
Sig.




	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)

	
value

	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)




	
Cattle feeding/ha

	
29.75

	

	
16.67

	
4.96

	

	
4.61

	
62.73

	

	
103.08

	
20.61

	

	
21.03

	
0.93

	

	
4.65

	
a

	
37.43

	
b

	
6.87

	
a

	
8.03

	
ab

	
*




	
Veterinary expenses/ha

	
1.22

	

	
0.69

	
0.45

	

	
0.25

	
1.61

	

	
0.64

	
1.88

	

	
1.57

	
0.12

	

	
15.45

	

	
38.00

	

	
8.65

	

	
10.44

	

	




	
Other goods and services/ha

	
9.15

	
ab

	
5.01

	
5.06

	
a

	
3.31

	
19.52

	
bc

	
8.65

	
23.09

	
c

	
8.58

	
2.49

	
***

	
37.99

	
ab

	
63.69

	
a

	
18.71

	
b

	
12.27

	
b

	
**




	
% S. total leased

	
81.19

	

	
16.85

	
95.94

	

	
6.40

	
62.96

	

	
33.42

	
78.00

	

	
28.28

	
24.91

	

	
31.87

	

	
26.07

	

	
51.65

	

	
38.64

	

	




	
Associationism

	
3.86

	

	
0.69

	
4.33

	

	
0.82

	
4.00

	

	
0.71

	
3.60

	

	
1.52

	
5.00

	

	
77.14

	

	
86.67

	

	
80.00

	

	
72.00

	

	




	
Family workforce (%)

	
91.10

	

	
18.63

	
94.35

	

	
4.47

	
99.33

	

	
0.57

	
89.68

	

	
22.18

	
100.00

	

	
91.10

	

	
94.35

	

	
99.33

	

	
89.68

	

	




	

	
Equity Indicators

	
Equity Indexes (Score Out of 100)




	

	
Group 1

	
SD

	
Group 2

	
SD

	
Group 3

	
SD

	
Group 4

	
SD

	
Optimal

	
Sig.

	
Group 1

	
Group 2

	
Group 3

	
Group 4

	
Sig.




	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)

	
value

	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)




	
Total AWU/100 ha

	
0.43

	
ab

	
0.10

	
0.16

	
a

	
0.06

	
0.64

	
bc

	
0.29

	
0.80

	
c

	
0.24

	
0.80

	
***

	
63.99

	
a

	
23.84

	
b

	
71.90

	
a

	
78.92

	
a

	
***




	
Fixed AWU/100 ha

	
0.04

	

	
0.09

	
0.00

	

	
0.00

	
0.00

	

	
0.00

	
0.12

	

	
0.26

	
0.15

	

	
8.82

	

	
0.00

	

	
0.00

	

	
5.21

	

	




	
Eventual AWU/100 ha

	
0.01

	

	
0.01

	
0.01

	

	
0.01

	
0.00

	

	
0.00

	
0.00

	

	
0.00

	
0.01

	

	
26.52

	

	
55.48

	

	
42.00

	

	
26.00

	

	




	
Family AWU/100 ha

	
0.39

	
ab

	
0.12

	
0.15

	
a

	
0.06

	
0.63

	
bc

	
0.29

	
0.69

	
c

	
0.15

	
0.74

	
***

	
60.45

	
a

	
23.72

	
b

	
70.92

	
a

	
85.50

	
a

	
***




	
Female workforce (%)

	
11.33

	

	
19.72

	
22.85

	

	
25.25

	
11.56

	

	
16.09

	
36.55

	

	
21.64

	
50.00

	

	
22.65

	

	
45.69

	

	
23.12

	

	
73.09

	

	




	
Number of jobs

	
1.77

	

	
0.77

	
2.27

	

	
1.03

	
2.82

	

	
1.31

	
2.41

	

	
0.54

	
4.09

	

	
43.41

	

	
55.42

	

	
68.90

	

	
58.78

	

	




	

	
Stability Indicators

	
Stability Indexes (Score Out of 100)




	

	
Group 1

	
SD

	
Group 2

	
SD

	
Group 3

	
SD

	
Group 4

	
SD

	
Optimal

	
Sig.

	
Group 1

	
Group 2

	
Group 3

	
Group 4

	
Sig.




	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)

	
value

	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)




	
% S. own

	
18.81

	

	
16.85

	
4.06

	

	
6.40

	
37.04

	

	
33.42

	
22.00

	

	
28.28

	
75.09

	

	
25.05

	

	
5.40

	

	
49.33

	

	
29.29

	

	




	
Fixed capital land/ha

	
899.64

	

	
805.62

	
194.07

	

	
306.23

	
1771.30

	

	
1598.26

	
1051.9

	

	
1352.54

	
1624.95

	

	
50.70

	

	
11.94

	

	
37.38

	

	
33.85

	

	




	
Fixed capital infrastructure/ha

	
47.88

	

	
25.40

	
5.76

	

	
6.96

	
62.72

	

	
67.22

	
83.69

	

	
78.60

	
61.33

	

	
62.96

	
a

	
9.39

	
b

	
52.04

	
a

	
39.29

	
ab

	
**




	
Fixed capital machinery /ha

	
25.03

	

	
27.83

	
3.92

	

	
2.59

	
11.57

	

	
10.84

	
25.96

	

	
9.87

	
21.48

	

	
45.91

	
ab

	
18.24

	
a

	
53.88

	
ab

	
69.38

	
b

	
*




	
Fixed capital of livestock/ha

	
110.28

	
a

	
33.79

	
60.41

	
a

	
15.80

	
224.11

	
b

	
82.94

	
80.66

	
a

	
20.23

	
147.22

	
***

	
74.91

	
a

	
41.04

	
b

	
72.55

	
ab

	
54.79

	
ab

	
*




	
Total stocking rate (LU/ha)

	
0.18

	
a

	
0.05

	
0.10

	
a

	
0.03

	
0.39

	
b

	
0.13

	
0.21

	
a

	
0.06

	
0.21

	
***

	
81.20

	
a

	
48.57

	
b

	
58.83

	
ab

	
84.13

	
a

	
**




	
Percentage of local breeds cows

	
82.05

	
a

	
37.42

	
100.00

	
a

	
0.00

	
99.29

	
a

	
1.59

	
0.00

	
b

	
0.00

	
100.00

	
***

	
82.05

	
a

	
100.00

	
a

	
99.29

	
a

	
0.00

	
b

	
***




	
Percentage of local breeds ewes

	
0.00

	
a

	
0.00

	
99.21

	
b

	
1.93

	
76.11

	
b

	
43.37

	
60.00

	
b

	
54.77

	
100.00

	
***

	
0.00

	
a

	
99.21

	
b

	
76.11

	
b

	
60.00

	
b

	
***




	
Percentage of local breeds goats

	
81.19

	

	
37.70

	
83.33

	

	
40.82

	
60.00

	

	
54.77

	
100.00

	

	
0.00

	
100.00

	

	
81.19

	

	
83.33

	

	
60.00

	

	
100.00

	

	




	
Productivity Indicators

	
Productivity Indexes (Score Out of 100)




	

	
Group 1

	
SD

	
Group 2

	
SD

	
Group 3

	
SD

	
Group 4

	
SD

	
Optimal

	
Sig.

	
Group 1

	
Group 2

	
Group 3

	
Group 4

	
Sig.




	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)

	
value

	
(n = 7)

	
(n = 6)

	
(n = 5)

	
(n = 5)




	
Net added value (€/ha)

	
125.35

	
ab

	
48.44

	
43.05

	
a

	
19.84

	
258.29

	
c

	
67.88

	
200.26

	
bc

	
128.58

	
250.37

	
***

	
56.77

	
a

	
19.50

	
b

	
78.12

	
a

	
64.24

	
a

	
***




	
Net operating surplus (€/ha)

	
81.96

	
a

	
44.86

	
33.70

	
a

	
29.92

	
206.60

	
b

	
63.75

	
123.29

	
ab

	
123.31

	
173.07

	
**

	
56.59

	
ab

	
24.25

	
a

	
75.09

	
b

	
51.19

	
ab

	
*




	
Net business income (profit) (€/ha)

	
72.74

	
ab

	
44.45

	
22.37

	
a

	
32.38

	
184.62

	
b

	
65.11

	
113.71

	
ab

	
122.52

	
153.81

	
**

	
54.70

	
ab

	
18.85

	
a

	
76.59

	
b

	
50.31

	
ab

	
*




	
Operating rate of return (€/ha)

	
17.11

	

	
22.15

	
13.53

	

	
13.10

	
20.60

	

	
18.62

	
11.45

	

	
12.91

	
23.72

	

	
41.50

	

	
54.94

	

	
41.80

	

	
34.99

	

	




	
Gross production (€/ha)

	
143.34

	
ab

	
50.30

	
41.73

	
a

	
17.07

	
290.16

	
c

	
130.18

	
215.34

	
bc

	
103.79

	
239.50

	
***

	
63.34

	
a

	
18.44

	
b

	
71.85

	
a

	
72.21

	
a

	
***




	
Cattle sales (€/ha)

	
47.20

	
a

	
23.76

	
16.56

	
a

	
3.83

	
136.80

	
b

	
103.70

	
45.46

	
a

	
14.91

	
63.16

	
**

	
64.49

	
a

	
26.22

	
b

	
57.36

	
ab

	
71.98

	
b

	
*




	
Milk sales (€/ha)

	
77.06

	
ab

	
31.82

	
16.78

	
a

	
13.98

	
113.50

	
b

	
41.36

	
153.81

	
b

	
90.05

	
134.66

	
**

	
60.70

	
a

	
13.54

	
b

	
81.96

	
a

	
73.60

	
a

	
***








a, b and c: different letters in the same row indicate significant differences for * p < 0.05, ** p < 0.01 and *** p < 0.001. Group 1: Medium-sized farms without sheep; Group 2: Large and very extensive farms; Group 3: Farms with sheep suitable for both meat and milk; Group 4: Farms oriented to the production of goat milk and without cattle.
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Table 7. Indexes of global sustainability and its attributes according to the types of livestock farms of the Natural Park Sierra de Grazalema (this typology comes from a previous study by Díaz-Gaona et al. [4]).
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Sustainability Indexes (Score Out of 100)




	
Attributes

	
Group 1

(n = 7)

	
Group 2

(n = 6)

	
Group 3

(n = 5)

	
Group 4

(n = 5)

	
Sig.






	
Adaptability

	
58.65

	

	
61.59

	

	
63.13

	

	
52.28

	

	




	
Self-management

	
43.03

	
a

	
57.70

	
b

	
44.20

	
a

	
38.51

	
a

	
**




	
Equity

	
37.64

	

	
34.02

	

	
46.14

	

	
54.58

	

	




	
Stability

	
62.10

	

	
47.06

	

	
65.24

	

	
60.65

	

	




	
Productivity

	
56.87

	
a

	
25.10

	
b

	
68.97

	
a

	
59.79

	
a

	
**




	
Sustainability index

	
53.41

	
ab

	
48.10

	
a

	
59.43

	
b

	
53.47

	
ab

	
*








a and b: different letters in the same row indicate significant differences for * p < 0.05 and ** p < 0.01. Group 1: Medium-sized farms without sheep; Group 2: Large and very extensive farms; Group 3: Farms with sheep suitable for both meat and milk; Group 4: Farms oriented to the production of goat milk and without cattle.
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Table 8. Weaknesses and strengths of extensive livestock farms of the common grasslands of the Natural Park Sierra de Grazalema regarding their sustainability and according to their organic orientation.
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Adaptability

	
Self-Management

	
Equity

	
Stability

	
Productivity

	
Global Assessment of Sustainability

	
Sig.






	
Organic farms

(39.13%)

	
Weaknesses

	
High dependence on subsidies

	
High cost in food and leases

	

	

	

	

	




	
Strengths

	
Intention to continue with the livestock activity

	

	

	

	
Acceptable profit and high rate of return

	
Self-management

	




	
Balanced percentage of livestock species

	

	

	

	
Productivity

	




	
Non-organic farms

(60.87%)

	
Weaknesses *

	

	

	

	

	

	

	




	
Strengths

	
Moderate dependence on subsidies

	
Moderate cost in food and leases

	

	

	

	
Adaptability

	








* No weaknesses found.
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Table 9. Weaknesses and strengths of extensive livestock farms of the common grasslands of the Natural Park Sierra de Grazalema regarding their sustainability and according to their typology 1.
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Adaptability

	
Self-Management

	
Equity

	
Stability

	
Productivity

	
Global Assessment of Sustainability

	
Sig.






	
Group 1:

Farms of intermediate size and without sheep

(30.43%)

	
Weaknesses

	
Very few sheep

	
High need for inputs

	

	

	

	

	




	
Strengths

	

	

	

	
High fixed capital

	
High productivity

	

	




	

	

	

	
Optimal stocking rate

	

	




	
Group 2:

Large and very extensive farms

(26.09%)

	
Weaknesses

	
High dependence on subsidies

	

	
Low need for labor

	
Low fixed capital

	
Low productivity

	
Stability

	




	

	
Low stocking rate

	
Productivity

	
**




	
Strengths

	
Balanced percentage of livestock species

	
Low need for inputs

	

	

	

	
Adaptability

	




	

	

	

	
Self-management

	
**




	
Group 3:

Farms with sheep suitable for both meat and milk

(21.74%)

	
Weaknesses

	

	
High need for inputs

	

	
High stocking rate

	

	

	




	
Strengths

	
Balanced percentage of livestock species

	

	

	
High fixed capital

	
Very high productivity

	
Adaptability

	




	

	

	
Stability

	




	
Group 4:

Farms oriented to the production of goat milk and without cattle

(21.74%)

	
Weaknesses

	
Lack of beef cattle

	
High need for inputs

	

	

	

	

	




	
Strengths

	
Adaptability

	

	
High need for labor

	
High fixed capital

	
High productivity

	
Equity

	




	

	
Optimal stocking rate








1 The four groups were stablished in a previous study by Díaz-Gaona et al. [4]. *, ** and *** indicate significant differences for p < 0.05, p < 0.01 and p < 0.001, respectively.
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