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Improving management plans by downscaling hunting yield

models: a case study with the red-legged partridge Alectoris rufa
in southern Spain

Miguel Á. Farfán, Juan M. Vargas, Jesús Duarte & Raimundo Real

The aim of our work is to predict potentially optimal areas for red-legged partridge Alectoris rufa hunting

success in Andalusia (southern Spain) according to topographic, climatic and vegetation factors and their in-

teraction. We analysed 32,134 annual hunting reports from the period 1993-2001 reported by 6,049 game

estates to estimate the average hunting yields of red-legged partridge in each Andalusian municipality (N=
771). We modelled the favourability for obtaining good hunting yields using generalised linear models (GLM)

on a set of climatic, topographic, land use and vegetation variables. The variables that affected hunting yields

of red-legged partridge were dry herbaceous and wood crops, annual number of frost days, altitude and mean

annual temperature. Vegetation was the most important factor of those considered in our study explaining

the distribution of good hunting yields of the red-legged partridge in Andalusia. The favourability equation

was used to create a downscaled image representing the favourability of obtaining good hunting yields for

the red-legged partridge in 1r1-km squares in Andalusia, using the Idrisi Image Calculator. Downscaling the

model from municipalities to 1r1-km squares provided a much higher spatial resolution when predicting the

optimal areas for good hunting yields for the red-legged partridge.

Key words: Alectoris rufa, Andalusia, downscaling, favourability, GLM models, hunting yields, optimal area,
red-legged partridge
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The red-legged partridge Alectoris rufa occurs
throughout the IberianPeninsula, where the species
probably originated from and where it reaches its
highest natural densities (Aebischer & Lucio 1997,
Vargas et al. 2006). It is reported as a breeding spe-
cies inSpain in86%oftheUTM10r10-kmsquares,
but rarely above 1,500 m a.s.l. (Blanco-Aguiar et al.
2003). This species is associated with cultivated

areas and mainly selects open regions where agri-
culture is moderately intensive and the landscape is
heterogeneous (Lucio & Purroy 1992b, Lucio 1998,
Borralho et al. 1999, Fortuna 2002).

In the Iberian Peninsula, the red-legged partridge
has a large number of predator species typical of the
Mediterranean ecosystem (Calderón 1977). It also
generates economically important hunting activity,
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mainly in thoseruralareaswhereotheragrarianuses
are onlymarginally important (Delibes 1992, Lucio
& Purroy 1992a, Fungesma 2001, Vargas 2002).
Red-legged partridge populations have declined

substantially since the early 1970s (Aebischer &
Potts 1994, Tucker & Heath 1995). The Spanish
population suffered about a 25% reduction during
1990-2000 (BirdLife International 2004). The main
factors causing this reduction were habitat change
due to human activity and excessive hunting pres-
sure (Tucker &Heath 1995, Lucio & Purroy 1992a,
Lucioetal. 1996,Borralhoetal. 1997).However, the
key demographic factors regulating population lev-
elsvariedatdifferentsiteswithin itsrange(Putaala&
Hissa 1998).
Red-legged partridge is experiencing high hunt-

ing pressure in Spain (Peiró 1997), where >30,000
private game estates cover>70% of the territory
(Villafuerte et al. 1998). Hunting regulations are
based on local quotas fixed by individual hunting
associations during the hunting season, which are
established by each Regional Government. Quotas
are included in a technical hunting plan, which is
mandatory and must take into account manage-
mentguidelinesbasedona3-5-year forecastofgame
harvests and must be presented in annual hunting
reports (AHR). However, regulations governing
quotas and length of the hunting season are not
supported by specific scientific studies about their
effects on wild populations of red-legged partridge
and other small-game species, but are rather based
onlocal traditionsandonhunters' intuition(Angulo
& Villafuerte 2003).
In Andalusia (southern Spain), which is an auto-

nomous community with a great hunting tradition
(Metra Seis 1985), the red-legged partridge is the
most popular small-game species (Vargas&Muñoz
1996). Between 1998-2005, an average of 976,610
individuals were harvested annually in Andalusia
(Junta de Andalucı́a 2005).
Currently, management based on predator con-

trol and restocking has failed to recover the red-
legged partridge. This management model is also
problematic because it only takes into account fac-
tors operating on a very local scale (game estates
have an average area of 722.1 ha in Andalusia).
However, other factors operating at a regional scale
havenotbeen considered.Ricklefs (1987) andLevin
(1992) pointed out that local populations are likely
to be affected by historical and environmental pro-
cesses that act on a regional scale. Thus, the study
of regional-scale processes is important to comple-

ment local studies and to envision a broader man-
agement approach (Vaughn & Taylor 2000).

The game potential of the territory within a re-
gional context has barely been investigated up to
now (López-Ontiveros & Garcı́a-Verdugo 1991).
Recently, this new perspective in the management
of game species was considered by Vargas et al.
(2006). They identified areas in Andalusia where
game yields for the red-legged partridge are high,
and established environmental and land-use factors
that determine these yields using municipalities as
the operational work units. However, this scale of
work is too coarse for real conservation and man-
agementplanningapplications.Analternative tothis
approach is to downscale the hunting yieldmodel to
another spatial resolution (e.g. Pearson et al. 2002,
Barbosa et al. 2003, Araújo et al. 2005, Oja et al.
2005).

Our aim was to predict optimal areas for the red-
legged partridge in Andalusia according to topo-
graphy, climate, actual vegetation and land use,
as well as their interactions using empirical model-
ling techniques. We downscaled the final model to
1r1-km squares to provide a much higher spatial
resolution with the above aim, to be used in the
regionaland localmanagementplans for this species
for both hunting and conservation purposes.

Material and methods

Study area

Our work was carried out in Andalusia (Fig. 1),
which covers 87,268 km2 and is divided into 771
municipalities grouped into eight provinces. It has a
Mediterraneanclimate,withmildwintersandsevere
summer droughts. There is a decreasing west-to-
east precipitation gradient. Medium-size mountain
ranges predominate in the Andalusian landscape,
covering 42% of its total surface area. The Sierra
Morena range is situated along the northern fringe
ofAndalusia (range 400-1,300 ma.s.l) and has poor
andmoderately acid soils. Thedominant vegetation
includes evergreen oak forests Quercus spp. and
scrubland, and the area is currently used for exten-
sive livestockgrazingandhunting.TheBeticSystem
range presents greater lithological heterogeneity
and is sub-divided into two ranges, sub-Betic and
Penibetic, separated by the intra-Betic ridge, which
is a set of discontinuous depressions with most of
the area used for agriculture (Ortega 1991). The
dominant vegetation is comprised of pine forests
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Pinus sp., evergreen oak forests and scrubland, and
the hilly areas are dedicated to dry farming woody
crops (mainly olive groves, almond groves, and
vineyards). Themaximum elevation (3,479 m a.s.l.)
occurs in the Penibetic range. The Sierra Morena
and the Betic System are NE-SW-oriented and
mainly occupy the eastern part of Andalusia. The
Guadalquivir Valley is oriented longitudinally be-
tween the Sierra Morena and Betic System. The
valley bottom is covered by herbaceous crops and
river terraces, and the hill slopes by woody crops.
The Andalusian surface area is comprised of 47%
agricultural land (Instituto de Estadı́stica de An-
dalucı́a 2002). Olive groves and cereals are themain
crops, which are fundamentally dry farming. The
agricultural land is covered with 38% mountains
with the crops generally restricted to the inner val-
leys or to hillsides with shallow slopes.

Hunting yields

Weanalysed 32,134AHR from 1993-2001 reported
by 6,049 game estates distributed throughout An-
dalusianmunicipalities.This informationcovers4-9
hunting seasons for each municipality. Hunting
season lengths were the same for every estate. Be-
cause digital maps of game estates were not avail-
able,weassignedeachgameestate to its correspond-
ingmunicipality and estimated the average hunting

yields (HY) of red-legged partridge in each Anda-
lusian municipality (N=771), according to the fol-
lowing equation:

HY=

P mean annual number of
partridges shot per game estate
P

areas of the game estates
r100

where HY is the hunting yield per municipality
expressed in numbers of red-legged partridges
actually reported harvested per 100 ha of game
estate. As our aimwas to detect areas favourable to
good hunting yields, which differs from predicting
expected hunting yield values, we established six
classes of hunting yields using a logarithmic scale
between the extreme values obtained in the An-
dalusian municipalities (Farfán et al. 2004, Vargas
et al. 2006).We considered the three highest classes,
i.e. those with HY>12, as representative of muni-
cipalities with good yields and the three lowest as
representative of municipalities with poor yields.
Then we produced a new binomial variable, good
hunting yield (GHY), with a value of 1 in the
municipalities with HY>12 and 0 in those with
HYj12, to be used as the target variable in the
modelling procedure. We preferred using a binary
variable instead of modelling the continuous re-
sponse of HY because the values of game harvest

Figure 1. Study area, showing the main
mountain ranges (Sierra Morena and
the Betic System, sub-divided into two
ranges, Sub-betic and Penibetic) and the
Guadalquivir valley.
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reported in the AHR did not always correspond to
true values, as some estates inflate the values to a
certain extent while others tend to underestimate
yields, so that actual reported values were not fully
reliable. However, it is less likely that an estate with
actual poor harvest reported good hunting yields
and vice versa.

Predictive models

We characterised municipalities with good yields
with respect to thosewith poor yields using stepwise
logistic regression (Hosmer&Lemeshow1989) ona
set of climatic, topographic, landuse andvegetation
variables that were available as digital coverages
(Table1).Logistic regression isawidelyusedtool for
modelling species distribution (e.g. Franco et al.
2000,Teixeiraetal.2001,Barbosaetal.2003,Farfán
et al. 2004, Monzón et al. 2004, Vargas et al. 2006,
Vargas et al. 2007), including binary data that may
be different from presence/absence of the species
(Romero & Real 1996, Real et al. 2005). Altitude is
released as a digital coverage by the Land Processes
Distributed Active Archive Center, located at the
USGeological Survey’s EROSDataCenter, http://
LPDAAC.usgs.gov. Slopewas calculated fromalti-
tude through the Idrisi SLOPEcommand (Eastman
2004).Climatic datavariables result fromrecords of
30 years and are generally representative of present
climatic conditions (Font 2000) and were digitised
using CartaLinx 1.2 software and processed using
the Idrisi32 GIS software (Barbosa et al. 2003).
Variables related to land use and vegetation cover
expressedas thepercentageof surfaceoccupiedwere
obtained by transforming the corresponding digital
vector polygons into raster images. All variables
were rasterised with a spatial resolution of 1 pixel=
1 km2 and we averaged quantitative variable values
for each municipality and extracted the proportion
of each type of land use and vegetation cover in
each municipality.
We used these variables to assess the variation in

hunting yields due to overall influences of environ-
ment and human activity. Models constructed with
these types of spatially-structured variables may
have the samevalidity as thosewhere the spatial auto-
correlation is explicitly considered (Diniz-Filho et
al. 2003). We did not include spatial variables, be-
cause they can reveal a geographical trend in dis-
tribution that does not reflect the spatial structure
of the environmental predictor variables (Borcard
et al. 1992, Diniz-Filho et al. 2003, Kühn 2007), but
instead are related to historical events ormigrations

(Legendre 1993, Barbosa et al. 2001, Real et al.
2003), which are outside management scope.

We dealt with the familywise error rate (i.e. the
increase in type I errors under repeated testing) by
controllingthefalsediscoveryrate (FDR;Benjamini
&Hochberg1995,Garcı́a 2003)using theprocedure
for all forms of dependency among test statistics
proposed byBenjamini&Yekutieli (2001).Weused
the significant variables underanFDRofq<0.05 to
buildastepwisemultiple logisticmodelof thespecies
distribution, and selected the model corresponding

Table 1. Variables available to model the potential distribution
of red-legged partridge hunting yields on 1r1-km squares in
Andalusia. Sources: 1) U.S. Geological Survey (1996), 2) Font
(1983), 3) Montero de Burgos y González-Rebollar (1974), 4)
Junta de Andalucı́a (1999).

Code Variable

ALTI Altitude (m)(1)

BL Built land (% area)(4)

CW Conifer wood (% area)(4)

DFRO Mean annual number of frost days (minimum

temperature <0xC)(2)

DHER Dry herbaceous crops (% area)(4)

DHET Dry heterogeneous crops (% area)(4)

DS Dense scrub (% area)(4)

DSWC Dense scrub with conifers (% area)(4)

DSWD Dense scrub with diverse trees (% area)(4)

DSWO Dense scrub with oaks (% area)(4)

DWC Dry wood crops (% area)(4)

HCWO Herbaceous crops with oaks (% area)(4)

HJAN Mean relative air humidity in January at 07:00 hours (%)(2)

HJUL Mean relative air humidity in July at 07:00 hours (%)(2)

HRAN Annual relative air humidity range (%) (=jHJAN-HJULj)(2)

IHER Irrigated herbaceous crops (% area)(4)

IHET Irrigated heterogeneous crops (% area)(4)

INSO Mean annual insolation (hours/year)(2)

IWC Irrigated woody crops (% area)(4)

MCNV Mosaic of crops and natural vegetation (% area)(4)

OAKW Oak wood (% area)(4)

PAST Pasture (% area)(4)

PET Mean annual potential evapotranspiration (mm)(2)

PIRR Pluviometric irregularity(3)

PREC Mean annual precipitation (mm)(2)

PWC Pasture with conifers (% area)(4)

PWO Pasture with oaks (% area)(4)

ROFF Mean annual run-off (mm)(2)

SLOP Slope (%)

SRAD Mean annual solar radiation (kwh/m2/day)(2)

SS Sparse scrub (% area)(4)

SSWC Sparse scrub with conifers (% area)(4)

SSWD Sparse scrub with diverse trees (% area)(4)

SSWO Sparse scrub with oaks (% area)(4)

TEMP Mean annual temperature (xC)(2)

TJAN Mean temperature in January (xC)(2)

TJUL Mean temperature in July (xC)(2)

TRAN Annual temperature range (xC) (=TJUL-TJAN)(2)

WETL Wetlands (% area)(4)
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to the step with the best Akaike information cri-
terion (AIC) score (Akaike 1973, Burnham & An-
derson 1998). The estimation of the parameters in
the equation ywas bymaximum likelihood andwas
assessed using the test of Wald (1943).
Wemodelled the favourability forobtaininggood

hunting yields of red-legged partridge using the
environmental favourability function described by
Real et al. (2006), which may be obtained by per-
forming logistic regression on good and poor hunt-
ing yields (ones and zeros, respectively) on a series
of predictor variables, and then eliminating the ef-
fectof theunevenproportionofonesandzeros inthe
dataset fromthemodel.Thefavourability foragood
hunting yield in each municipality is obtained from
the formula:

F ¼ ðP=ð1-PÞÞ=ððN1=N0Þ þ ðP=ð1-PÞÞÞ

where P is the probability value given by logistic
regression, and N1 and N0 are the number of mu-
nicipalities with good and poor hunting yields, re-
spectively (Real et al. 2006).
Variables introduced into the final predictive

model were grouped into topographic, climatic and

vegetation factors. We produced partial models
basedonvariables related to these factors, and these
partial models were evaluated using the Akaike
informationcriterion (Akaike1973).Toaccount for
interactions (Borcard et al. 1992, Legendre 1993),
we performed a variation partitioning procedure to
specify howmuch of the variation of the finalmodel
was explained by the pure effect of each explanatory
variable, which proportionwas attributable to their
interaction, and how these factors interact affecting
distribution of good hunting yields of red-legged
partridge (Legendre 1993, Legendre & Legendre
1998; see an application in Muñoz et al. 2005).

The favourability equation obtained in the re-
gression performed on municipalities was then in-
troduced into the Idrisi Image Calculator and used
to downscale the final model and create an image
representing the expected favourabilityofobtaining
good hunting yields of the red-legged partridge in
1r1-km squares inAndalusia. Thiswas adeductive
application of the model based on the munici-
palities, applying the inferences obtained induc-
tively at the municipality level to a finer scale level
(Barbosa et al. 2003, Araújo et al. 2005).

Figure 2. Municipalities with goodhunting
yields (GHY) for red-legged partridge in
Andalusia (in dark).

Table 2. Variables and their coefficients (ß) selected by stepwise logistic regression to predict the distribution of red-legged
partridge hunting yields in 1r1-km squares of Andalusia. The variables are ranked according to their order of entrance in the
model and is coded as in Table 1. Wald shows the Wald test values. R2 indicates the squared Pearson’s correlation coefficients
between the favourability predicted by a model including the variable and those that entered before it and the favourabilities
predicted by the final model.

Variable Coefficient (ß) SE Wald P R2

DHER 3.460 0.439 62.185 3.127e-15 0.331

DWC 3.234 0.356 82.309 1.164e-19 0.713

DFRO -0.043 0.011 14.543 0.000137 0.947

ALTI -0.002 0.0005 12.306 0.000452 0.969

TEMP -0.308 0.111 7.748 0.00538 1.000
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Results

Good hunting yields (GHY) for the red-legged
partridge was found in 43% of Andalusian munici-
palities (Fig. 2).The step with the lowest AIC value
(AIC=917.15) produced by the stepwise procedure
included five variables (Table 2). The most favour-
able areas for obtaining good hunting yields are,
according to this function, cultivated zones com-
posed of dry herbaceous and wood crops (DHER,
DWC), located at low altitudes (ALTI) with warm
winters (DFRO) and mild summers (TEMP). Fa-
vourable areas are mainly located along the Gua-
dalquivir valley and in the plains between the sub-
Betic and Penibetic ranges (Fig. 3A). However, the
1r1-km squares with favourability values >0.95
(Fig. 3B) are basically situated in the western-most
regions in these areas.
Figure 4 shows the favourabilitymodels obtained

for the topographic, climaticandvegetation factors.
ThesimilarityofFigures3Aand4Csuggests that the

grouped distribution of good hunting yields seems
to be causedmainly by the vegetation effect. In fact,
the model based on the vegetation had the lowest
AIC value (AIC=978.60), followed by the model
based on topography (AIC=1060.79), and that
based on climate (AIC=1082.97).

Variation partitioning of the final model (Fig. 5)
indicates that climate and topography have a po-
sitive interaction, as well as topography and veg-
etation, and climate, vegetation and topography to-
gether. However, pure climate has a negative inter-
action with pure vegetation.

Discussion

The large-scale modelling of species’ hunting yields
may be a fundamental tool for game management
and conservation as it provides a broader geo-
graphic perspective thatworks as a context for local
studies. Spatial modelling has undergone a great
advance in recentyearswith theprogresses in spatial

Figure 3. A) Favourability values for red-
legged partridge good hunting yields in
each 1r1-km square of Andalusia, shown
on a scale ranging from 0 (white) to 1
(black).B)Only the1r1-kmsquareswhere
the favourability to obtain good hunting
yields isi0.95 are shown (in black). Black
lines correspond to province limits.
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statistics and the generalisation of the use of Geo-
graphic Information Systems (GIS). These systems
are designed to store, transform, analyse and rep-
resent geographically referenced data, and allow
for a greater scope andprecision in forecastinghunt-
ing yields in several kinds of geographical units.
With the help of GIS and large-scale models, game
management may obtain more satisfactory results
as the factors that affect game populations on a
larger scale are taken into account.

Thedistributionof goodhunting yields (GHY) in
the municipalities of Andalusia provides an accept-
able representation of the current good and poor
hunting areas for red-legged partridge in this region
(Vargas et al. 2006). Density and hunting yield are
not always equivalent parameters (Lucio 1991), but
at a macrospatial scale, when relative abundance
values per unit area are lacking, hunting yields ob-
tained from AHR provide a realistic image of both
potential and current good and poor areas (Farfán
et al. 2004, Vargas et al. 2006). Therefore, this is an
easy and inexpensive method for assessing relative
abundance of partridge at a regional scale (Gortázar
et al. 2002). However, hunting yields are affected by
human-induced land use and environmental con-
ditions.This iswhyweincludedland-usevariables in
our models.

Red-legged partridge restocking may also mask
the actual scarcity of native individuals in some
localities, which might hinder the use of hunting
yield models to infer partridge abundance. How-
ever, if restocking effort were homogeneously dis-
tributed, then themodel would not be affected by it,
and geographical variation in restocking effort not
related to the variables used in this study would
cause variation in hunting yields regardless of the
modelled environmental conditions, thus forming
part of the residuals not explained by the environ-
mental model, but not affecting the model itself.
In contrast, if restocking effort were higher in mu-
nicipalities with certain environmental conditions
measured in this study, then the areas modelled as
favourable for the partridge would include areas
where partridge release is more likely. However,

Figure 4. Favourability maps predicted by the climatic (A),
topographical (B) and vegetation (C) factors in each 1r1 km-
square of Andalusia.

Figure 5. Results of the variation partitioning of the final model.
Values shown in the diagrams are the percentages of variation
explained by the indicated factors and by their interactions.

74 �WILDLIFE BIOLOGY 15:1 (2009)



releases are performed basically to maintain tradi-
tional hunting yield levels (Nadal 1998), so that the
releases aremoreor lessproportional to thehunters’
expectancy of hunting success, which, in turn, are
related to favourable conditions for the partridge.
Nevertheless, most game estates are hunting above
their current carrying capacity, since the decline in
hunting yield over the last 20 years (Blanco-Aguiar
et al. 2003), close to 42% inAndalusia (Vargas et al.
2006), has not resulted in a diminished hunting
pressure. This is why the threshold we used to con-
siderahuntingyieldasgoodwasobtained inrelation
to all reported hunting yields, and should be under-
stoodasa relative rather thananabsolute threshold.
Weused theAHRas information source, because

it is an indirect sampling method that provides
homogenous data in a large temporal series, with
evident savings in material and human resources.
Indirect sampling methods have been successfully
used in game research (Tellerı́a & Sáez-Royuela
1985, Vargas & Muñoz 1996, Oleson & He 2004).
Nevertheless, Landry (1983) and Bravo & Peris
(1998b) question the accuracy of these data and,
therefore, their validity in this kind of study. The
AHRcontain omissions and errors, althoughmany
of these can be corrected by filtering the data. This
allows us to discard from the analysis the game
estateswhoseAHRhavequestionabledataonhunt-
ing yields. Thus, the AHR provide a valid database
for conducting some statistical analyses, particu-
larly when the study area, sample size and temporal
series are large (Bravo & Peris 1998a,b) as in our
study.
Using the information included in the AHR,

Vargas et al. (2006) showed that goodhuntingyields
of red-legged partridge inAndalusia are obtained in
municipalities located along the lower and middle
basin of the Guadalquivir valley and in the plains
situatedbetweenthesub-BeticandPenibetic ranges.
According to their model, good hunting yields
were obtained mainly in highly mechanised and
intensively farmed dry cropland in low-elevation
areas. These results are concordant with the habitat
requirements of the species at a smaller scale in
otherareasof their current range (Rands1987,Ricci
et al. 1990, Meriggi et al. 1991, Lucio & Purroy
1992b)andshouldbeconsidered in thedevelopment
of future regional management plans for this
species.
Considering the current status of this species,

Vargas et al. (2006) suggested that there is a need to
createprotectedareas toensuremaintenanceofhigh

densitygroupsandthegeneticcharacteristicsofwild
populations of red-legged partridge in Andalusia.
Managementmeasures in these areaswould involve
maintenance of habitat heterogeneity, controlling
hunting pressure and thorough quality control re-
garding restocking practices (Pépin & Blayac 1990,
Borralho et al. 1997, Lucio 2002). An effort should
also be made to encourage agricultural practices
thatbenefitpartridge.Partridges thrive inareaswith
small fields and maximised woody/shrubby edge.
Nevertheless, if agricultural practices drift toward
larger fields or convert to row-crops (i.e. soybeans),
partridge populations may decline (Gortázar et al.
2002, Ricci & Garrigues 1986). However, the scale
of the distribution map and favourability model
(Vargas et al. 2006) are too coarse to determine the
exact location and size of proposed protected areas.
A predictive model with more precise spatial re-
solution for management and conservation plan-
ning applications would be useful. Downscaling the
model to 1r1-km squares provided a much higher
spatial resolution in predicting good hunting yields
for this species, although the variables related to
human activities used byVargas et al. (2006), which
were not available at this resolution scale, could not
be used. Previous studies have used environmental
variables to construct predictive models (Laurance
1991,Purvis etal. 2000,Pearsonetal. 2002,Norris&
Harper 2004). However, this approach only con-
siders one aspect of a complex problem, since pre-
dictivemodelsconstructedwithbothenvironmental
andhumanvariables better reflect the complexity of
factors involved, thereby increasing the predictive
power of suchmodels (Barbosa et al. 2003, Cardillo
et al. 2004, Keane et al. 2005, Muñoz et al. 2005,
Vargas et al. 2006). As Araújo et al. (2005) pointed
out, losses and gains of information arise from
downscalingprocedures and, consequently, theuse-
fulness of the process depends on the goals and the
ability to test results.

Traditional land use has changed during the
second half of the 20th century in agricultural and
forest areas in Andalusia (Fernández-Ales et al.
1992). Such changes havemainly consisted of inten-
sified activity in the most productive agricultural
areas, in the Guadalquivir valley and the plains
of the Betic range, abandoning traditional uses in
mountain areas, plus the natural regeneration of
scrubland (Fernández-Ales et al. 1992, BCH 2000).
Abandonment of traditional agrarian activities in
medium-sized mountains resulted in habitat homo-
genisation and patchiness reduction, negatively
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affecting red-legged partridge (Lucio et al. 1996,
Duarte & Vargas 2002).
Positive interactions between factors (see Fig. 5)

meanthatcharacteristicsof these factors that favour
good hunting yields of red-legged partridge tend to
bepresent simultaneously.Our results suggest vege-
tation is the most important factor of those con-
sidered explaining the distribution of good hunting
yields of red-legged partridge in Andalusia. From a
mathematical point of view, negative interactions
measure the amount in which the effect of a factor
is obscured by another factor through interrelation-
ships among variables (Cartron et al. 2000, Bárcena
et al. 2004). The negative interaction between pure
vegetation and climate suggests that, given similar
topographic conditions, the effects of vegetation
and climate on good hunting yields conflict with
one another. In other words, favourable climatic
conditions tend to not coincide with the favourable
vegetation conditions given constant topography.
Our results could be used to improve current

managementof red-leggedpartridge inAndalusia in
three ways. First, habitat management is the fun-
damental element necessary for maintaining and
increasing wild populations of this species (Lucio
1992, Vargas 2002). This study shows that most
of the variation observed in the distribution of
good hunting yields is exclusively explained by
vegetation, indicating that habitat should play
an important role in future regional management
plans. Up to the present, local initiatives individu-
ally undertaken in game estates to recover red-
legged partridge have mainly included predator
control and restocking with partridge reared on
farms to maintain harvest rates.
Second, favourable areas should be used as re-

covery areas for wild populations of red-legged
partridge.Although restockingmaybe justified and
beneficial in some cases (Carvalho et al. 1998), this
practice is rarely carried out with scientific rig-
our following good conservation practices. Conse-
quently, restocking is counterproductive for wild
populationsof red-leggedpartridge (Gortázar1998,
Blanco-Aguiar et al. 2003,Alonsoet al. 2005).Thus,
restocking should follow a sound protocol (Gortá-
zar et al. 2000) and individuals should be released
in the most favourable areas for the species, since
outside these, the probability of obtaining good re-
sults is lower, especially if the factors which caused
the decline are still present (Goñi et al. 1997,Duarte
& Vargas 2001).

Third, hunting pressure should be regulated in
relation to thepotential of the territory, especially in
those areas less favourable for the species where
maintaining the presence of wild populations is dif-
ficult. Thus, knowing the potential of the territory
for this species at a fine-resolution scale may be
useful to adopt different game management strat-
egies according to the local characteristics of the
territory. This research approach provides regional
governments with a new tool for devising more
suitable local game management policies for this
species.
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Madrid: Federación Española de Caza, pp. 33-45. (In
Spanish).

Norris,K.&Harper,N. 2004: Extinction processes in hot

spots of avian biodiversity and the targeting of pre-
emptiveconservationaction. -Proceedingsof theRoyal
Society of London, Series B 271: 123-130.

78 �WILDLIFE BIOLOGY 15:1 (2009)



Oja, T., Alamets, K. & Pärnamets, H. 2005: Modelling

bird habitat suitability based on landscape parameters
at different scales. - Ecological Indicators 5: 314-321.

Oleson, J.J.&He,C.Z. 2004: Space-timemodeling for the

MissouriTurkeyHuntingSurvey. -Environmental and
Ecological Statistics 11: 85-101.

Ortega, F. 1991: El medio fı́sico. - Geografı́a de España:

Andalucı́a. Canarias, Editorial Planeta, Barcelona,
Volume 8: 83-109. (In Spanish).

Pearson, R.G., Dawson, T.E., Berry, P.M. & Harrison,
P.A. 2002: SPECIES: a Spatial Evaluation of Climate

Impact on the Envelope of Species. - Ecological
Modelling 154: 289-300.
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