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Suitability assessment of olive plantations for Ibean Lynx habitat
restoration
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Abstract—  This  study adopts a twofold been developed to assess biodiversity and ecologica
methodological approach to assessing the suitablitof  diversity refer to species richness and the habitat
agricultural areas for wildlife habitat restoration. requirements of particular species [2,7-9]. This
E'.mbedﬂ'”g %Xpert J“dgeﬂ_ﬁg‘ts throd“gh Ga” A”ar'lY“CI methodological approach was adopted in this study

lerarchy  Process = (AHP) an eographical  ysing the habitat requirements of the Iberian lynx

Information Systems (GIS) about the effect of spefic L di for th luati f torati
elements of the landscape on Iberian lynx (Lynx (Lynx pardinus) for the evaluation of restoration

pardinus) habitat restoration potentiality as an irdicator ~ Potentiality of its habitat’s in mountains oliveoges

of selection of the most suitable agricultural aresito be ~ Of Montoro municipality (South of Spain). _
transformed to the natural state (Mediterranean forest Currently Iberian lynx is the most seriously
and scrublands). The case study is the olive (Olea endangered species of all the felids recognized as
europaea L.) plantations of the mountain areas of critically endangered by the World Conservation
Andalusia (Spain) which, because of their low yieldare  Union [10] and the most threatened carnivorous
likely to be abandoned after the decoupling of theeU species in Europe [11]. It is now on the brink of
olive oil subsidies. The results suggest that thedge of disappearance due to low total population size and

major agricultural areas (mostly olive groves), the oy fragmented distribution. The Iberian Peniasu
natural vegetation and areas adjacent to Natural P& is its solo habitat )

with oaks would be most suitable for wildlife habiat

restoration. These results are in agreement othetidies There are a certain number of ways to provide the
carried out by other researchers on biodiversity, ased ~€valuation of habitat for wild species. These idelu
on either individual or groups of species. Geostatistical Probabilistic MOdellng [12], Scepari

o Modeling [4] and Multi-Criteria Decision-Making
Keywords— analytic hierarchy process (AHP), GIS, [13,14]. Within the last approach, we followed het

Lynx pardinus, habitat restoration, Spain. present study the Analytic Hierarchy Process (AHP).
The AHP technique uses expert judgments as inputs
|. INTRODUCTION for weighing alternatives [15]. In our study, exper

knowledge determines the relative importance oheac
Marginal agricultural areas with a high probabilitycriterion of the Iberian lynx habitat requirements.

of being abandoned could be used for wildlife retbit
restoration. However, there is a problem of how to
evaluate marginal agricultural land in terms of its Il. THE AREA OF STUDY
suitability for ecological diversity restoration.hd& The municipality of Montoro is located in the
competition between agriculture (particularly ird®®  province of Cordoba in Southern Spain. The teryitor
agriculture) and wildlife habitats has been pointed epjoys typical Mediterranean continental climate
by several authors [1-4]. The negative influence Oggngitions with irregular precipitation distributio
wildlife habitats of the'agrlcultural act|V|t|e_s'rtku.gh during the year (less than 600 mm/year). Municipali
the use of agrochemicals and the modification of¢ Montoro represents a variety of agricultural
natural habitats has also been well documented [5,6 ecosystems (pasture, olive groves and annual crops)

It is clear that some indicators are needed fOfhg forest/shrub natural vegetation near agricailtur
ecological diversity and wildlife habitat assessteen greas. Its 58.103 hectares are divided into olive
of agricultural areas. Most of the indicators thave
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plantations (27.5%), arable crops (6.6%), foresi anthat considered seven landscape variables related t
natural vegetation (37.5%), natural park (20.9%)elationships between breeding territory distribati
Mediterranean pasture (6.7%) and other crops (0.8%)and landscape patterns, for different lynx popatati

We focus on the mountain olive groves located iThe main objectives of this study were: “to evatuat
the central part of the municipality. Such plamtas relationships between the presence of lynx species-
play an important role in the Andalusian culturalspecific landscape patterns in the Sierra Morena
landscape in addition to having an environmentdilountains; to predict the amount of habitat avddab
value. Their low yields (less than 1,500 kg ofto the species in this area and its potential aagry
olives/ha) will make them unprofitable after 95%capacity for lynx; and to assess landscape manageme
subsidies have been decoupled. Currently thigdeyri needs for the conservation of lynx habitat”. Thealfi
is a poor habitat for Iberian lynx, due to the dmmbus two objectives have some similarity with our study.
agricultural activities and the lack of herbaceooger Following the revision of mentioned studies we
between the trees. Currently this territory is a@rpo selected the landscape components to be used in the
habitat for Iberian Iynx, due to the continuouspresent study. In accordance with reviews of the

agricultural activities and the lack of herbaceooger

literature [16,23] we base our evaluation on the

between the trees. The return of parts of thessonsideration of the zones of influence for eagtety

plantations to their natural state could be on®madb

be undertaken. Table 1).

of landscape object selected (except olive grofses

Table 1.Landscape objects related to the habitat

. METHODS

requirements of Iberian lynx

The methodology involves three phases: First, alﬁandscape objects

Remarks

inventory of Iberian lynx habitat requirements iSyrpan areas

drawn up. Then, the AHP method is implemented

based on the experts’ knowledge. Finally, theisphalted roads
Geographical Information Systems technology is used

to assess the potential of the study area for dheri Olive orchards with or
lynx’s habitat restoration. without vegetation cover

I11.1. Selection of landscape elements related to
Iberian lynx habitat requirements

Some authors claim that Mediterranean scrub-
lands, forest and pasture are preferred habitats fgurrently existent
Iberian lynx [16-17]. Indeed, the lynx takes refluige vegetation formations
forest and shrub vegetation, and catches its pegfer Natural Park of Sierra de
food in areas of open pasture. Another importarfeardefia and Montoro
aspect is the “peacefulness” of the area: the ignx VWater bodies (stream,
very sensitive to the presence of human beingst@nd MVers reservoirs)
the habitat disturbance produced by any kind offfiénce of Urban areas
human activity [18]. Although lynx generally try to Cordgba—l;/ladnd hls%%
avoid any contacts with humans, road traffic iszfgzor:nt%é)gﬁg gidesm
: . )
regard(_ed as an important cause 01_‘ mortality andWouj,qad Real motorway
be desirable to reduce the interactions here. 250 m area on the both
As an important contribution to the evaluation angides)

modelling of the Iberian lynx habitat, we woulddiko  Water reservoirs

Main urban areas situated in
the study area.

All asphalted roads existent in
the study area.
Represents the study area
subject of the evaluation,
consists on the mosaic of
agricultural plots with
different type of agricultural
practices (more or less
intensive with or with out
grass vegetation cover).
Mediterranean forest,
scrubland, pastures.
The positive influence of
Natural Park is considered.
Streams, rivers and reservoirs.

Constrain
Constrain

Constrain

Constrain

mention a study carried out by Fernandez et al [19]
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I11.2. Analytic Hierarchy Process multicriteria  vegetation areas, olive plantations, urban aread, a
decision-making technique reservoirs and lakes. The natural vegetation aneas
subdivided on three classes: Mediterranean forest,
The Analytic Hierarchy Process (AHP), developedscrublands and pastures. Other land uses such as
by Saaty [15], belongs to the family of multicriger rivers, streams and roads were treated as linear
decision-making techniques. The principal intei@st landscape structures. Non-olive agricultural lasésu
this method lies in the possibility of weighingwere not considered in the study. Olive plots were
conflicting objetives via pair-comparisons [20]. standardized according to management type (with or
without grass vegetation cover).
Sample of the questions asked and group decision- A simple hierarchy structure with five criteria and
making four constraints (see Table 1) was built. We thseedu
The opinion of ten experts on Iberian lynxthe reclassified land use map of the study area to
behaviour was gathered through either face to faggenerate the zones of influence surrounding the
interviews or via email using the usual AHPselected landscape elements (except the olive
questionnaire. plantations). The next operation was the assignimient
Before we started with the questionnaire weweightings to each landscape element. The weights
described (approximately 10 minutes) the objectivewere obtained through the expertise procedure
of the study and the meaning of each landscapetobjedescribed above. When all of these operations had
In the case of e-mail interviews the main questiren been completed we performed a raster overlay asalys
was accompanied by explanatory information. Oncen order obtain the result map, in which the index
all the responses had been collected and transtbrmealue for each pixel is calculated.
to the weightings for each landscape object (see The overlay analysis is provided via the linear
“Description of the AHP algorithm”) we interviewed weighted sum for classic AHP [15] and for Multi-
each expert again, asking: “Do you agree with theriteria Analysis in GIS [21], as discussed aboMee
relative value of each landscape object obtaineoh fr result is presented in raster format with a cele 9f
your answers?” Only if the response was positive w&0 m.
proceed to utilise the results of the interviewctses
of disagreement, the questionnaire was repeatet, an
the results re-confirmed. The confirmation procedur IV. RESULTS

was necessary due to the high values of Consistency o experts were asked for their evaluation of the
Ratio - (Inconsistency) obtained by some of thgy qrtance of the landscape objects in terms df the
questionnaires. influence on Iberian lynx habitat restoration. The

, , weights derived from the experts' answers are shown
[11.3. GISaided analysis in Table 2.

o ) Significant differences were found between the
Obtaining the resulting map through the overlaynswers of some experts. However the application of
analysis _ _ .. the geometric mean method [22] offers us the

The first step in the cartographic analysis is t¢)ossibility to use the aggregated priorities of tht
verify the accuracy of the geographical mforma_tlonexpertS (Table 2). Thus, the most (32%), followgd b
For this purpose the input maps and aerial pho®®w ,roximity to asphalted roads (28%), followed inrtur
compared. On the basis of recent aerial photographs, nroximity to the Natural Park (18%) and proxiynit

new highway and urban area were added, and SO water (14%). Olive groves with vegetation cover
corrections to the size of olive groves were tak#0  ptained the lowest weighting (8%).

account.

The next step was to reclassify the information
presented in the land-use map. All existing land us
types were classified into four groups: natural
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Table 2. Aggregated weightings of individual lareize

objects
Landscape objects Relative weights
Influence of asphalted roads 0.280
Olive orchards with or without 0.078
vegetation cover
Influence of currently existent 0.323

vegetation formations

Influence of Natural Park of Sierra de 0.182
Cardefia and Montoro

Distance to water bodies (stream, 0.137
rivers, reservoirs)

Influence of Urban areas Constrain
Cordoba-Madrid high speed motorwayConstrain
(500 m area on the both sides)

Ciudad Real motorway (250 m area ofConstrain
the both sides)

Water reservoirs Constrain

The red area in the centre represents a zonesthat i
negatively influenced by urban area and thus regghrd
as a constraint (non-compensatory criteria). The re
lines that pass through the result map represeat tw
motorways that have high levels of traffic. The
maximum suitability value recorded in the studyaare
was 0.86, the minimum was 0.14 and mean value was
0.49 (scale 0-1).

The result map highlights five areas with
relatively high potential for lynx habitat restaoat
(see map Areas with high potential for lynx habitat
recovery). These occupy a total area of 4,516 ha
(Areas 1 to 5: 982, 874, 1830, 102 and 728 ha,
respectively). Generally speaking, all of theseasre
are adjacent to water or natural vegetation andimvit
the area of influence of the natural park. Yet,a\eis
situated near one of main roads and would suftenfr
its influence.

Among all the experts we can distinguish two

opposite groups; experts 2, 3, 4, 7 and 8, whayasdi

V. CONCLUSIONS

very high importance to the influence of asphalted

roads (at least 37%) and the other group of exg&rts

The method presented here makes one important

5, 6, 9 and 10), who assigned great importanc@eo tcontribution: the use of landscape matrix elemasta

influence of current types of vegetation (at letisto).

criterion of the spatial Multi-Criteria decision-kiag

In the sensitivity analysis section we will considlee  problem for the evaluation of habitat restoration
opinions of two experts representing the differenpotential. The importance of each of the landscape

groups.

Figure 1. Evaluation of Iberian lynx habitat

restoration potential

[ Mentoro municipality
Potentiality for habitat recuperation
Value

High : 1

B Low:

elements considered was derived from expert
knowledge. This type of procedure is less time-
consuming than traditional models based on sampling
and learning about key species requirements, vithile
can also be used for relatively large areas through
expert knowledge models, which in some cases yield
better predictions than historical data models.

A combination of the model presented here with
models based on sample data for species habitat
suitability would offer an interesting line for fue
research. Other such lines might involve utilizatadf
non-linear functions such as multiplicative AHP.
Consideration of the interdependences and feedback
between the model criteria and negative priorities
Analytic Network Process would also be worth
pursuing in future studies.

The results of this study coincide with others that
emphasise the importance of the edge zones of major
agricultural areas, the riparian zones (in our ¢hee
natural vegetation) and areas adjacent to nature
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pinewoods (in our case Mediterranean forest angbshr11.

lands) as having the highest potential for biodiitgr
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