
1 23

Landscape Ecology
 
ISSN 0921-2973
 
Landscape Ecol
DOI 10.1007/s10980-013-9904-y

Conservation planning in a fire-prone
Mediterranean region: threats and
opportunities for bird species

Sara Vallecillo, Virgilio Hermoso, Hugh
P. Possingham & Lluís Brotons



1 23

Your article is protected by copyright and all

rights are held exclusively by Springer Science

+Business Media Dordrecht. This e-offprint

is for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



RESEARCH ARTICLE

Conservation planning in a fire-prone Mediterranean
region: threats and opportunities for bird species

Sara Vallecillo • Virgilio Hermoso •

Hugh P. Possingham • Lluı́s Brotons

Received: 12 November 2012 / Accepted: 4 June 2013

� Springer Science+Business Media Dordrecht 2013

Abstract In response to the processes threatening

biodiversity such as habitat loss, effective selection of

priority conservation areas is required. However,

reserve selection methods usually ignore the drivers

of future habitat changes, thus compromising the

effectiveness of conservation. In this work, we formu-

lated an approach to explicitly quantify the impact of

fire on conservation areas, considering such disturbance

as a driver of land-cover changes. The estimated fire

impact was integrated as a constraint in the reserve

selection process to tackle the likely threats or

opportunities that fire disturbance might cause to the

targeted species depending on their habitat require-

ments. In this way, we selected conservation areas in a

fire-prone Mediterranean region for two bird assem-

blages: forest and open-habitat species. Differences in

conservation areas selected before and after integrating

the impact of fire in the reserve selection process were

assessed. Integration of fire impact for forest species

moved preferences towards areas that were less prone to

burn. However, a larger area was required to achieve the

same conservation goals. Conversely, integration of fire

impacts for open-habitat species shifted preferences

towards conservation areas in locations where the

persistence of their required habitat is more likely (i.e.

shrublands). In other words, we prioritized the conser-

vation of not only the current distribution of open-

habitat birds, but also the disturbance process (i.e. fire)

that favours their preferred habitat and distributions in

the long term. Finally, this work emphasizes the need to

consider the opposing potential impacts of wildfires on

species for an effective conservation planning.

Keywords Wildfires � Land-cover changes �
Priority areas � Fire impact � Bird assemblage �
Marxan � Spatial planning

Introduction

Over the past few decades, habitat loss and degrada-

tion arising from land-cover changes have been
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identified as a prevailing threat to species persistence

(Tucker et al. 1994; Wilcove et al. 1998). In the light of

the high rate at which habitats and landscapes are

being transformed, areas identified as most valuable

for the species persistence may be prioritized and

managed for conservation actions to ensure the long-

term persistence of their required habitats (Margules

et al. 2002).

The spatial selection of priority areas for conser-

vation is usually performed using static information on

habitats and species distributions (Moilanen et al.

2009). However, landscapes and species distributions

are naturally dynamic both in space and time (Pressey

et al. 2007; Drechsler et al. 2009). Consequently,

adequacy of conservation areas matching current

landscape conditions and species distributions is not

guaranteed in the future after the habitat mosaic has

been transformed (Hermoso et al. 2011). Hence,

conservation decisions that ignore processes driving

these changes can be relatively ineffective in promot-

ing the persistence of biodiversity in the long term

(Pressey et al. 2007). This may be especially important

in a context of global change, where climate change,

interacting with land-cover shifts and modification of

disturbance regimes, could drive the targeted species

for conservation out of the reserves (Cabeza and

Moilanen 2001; Santos et al. 2008).

In the Mediterranean Europe, processes inducing

changes at the landscape scale such as land abandon-

ment and wildfires are expected to be critical in

determining future biodiversity patterns (Brotons et al.

2005; Moreira and Russo 2007). The abandonment of

the agricultural land and other traditional land-uses such

as grazing and forest harvesting have led to widespread

woodland expansion and landscape homogenization

(Lloret et al. 2002). Fuel (i.e. vegetation) accumulation

produced after years of land abandonment leads to an

increase of wildfires (Lloret et al. 2002), which entails a

shift from forests to open-shrub habitats (Moreira et al.

2001). In this context, the resulting landscape dynamics

will have variable impacts on species distributions

depending on the biological traits of the species

involved (Devictor et al. 2008).

To deal with uncertainties in future changes in

species distributions derived from known drivers of

landscape shifts, prioritization of conservation areas

should explicitly consider the land-cover changes

impacting on species distributions (Araujo et al. 2002;

Pressey et al. 2007). For instance, the effectiveness of

conservation practices for forest birds would be

seriously compromised if prioritized forest habitats

burnt in the future, as it has been shown in many

protected areas dominated by forests (Kinnaird and

O’Brien 1998; Rodrigo et al. 2004). Accordingly,

conservation of forest species in areas with high fire

risk is likely to be strongly uncertain. However, those

areas may constitute an opportunity for the conserva-

tion of open-habitat species given that fire will

guarantee the availability of open habitats, even under

scenarios of land abandonment (Brotons et al. 2005;

Moreira and Russo 2007).

Hence, to improve the performance of conservation

areas in the long term, the future impact of land-cover

changes needs to be explicitly considered in the reserve

selection process (Lawler et al. 2003; Drechsler et al.

2009). In this study, we aimed to identify priority

conservation areas for two bird assemblages with

contrasting habitat requirements: forest and open-

habitat species. We analysed separately both bird

assemblages to spatially explicit assess the potential

impact of land-cover changes on conservation areas.

As main land-cover changes, we considered decreases

in forest extent and increases in shrubland cover, given

the important role of fire dynamics at inducing such

changes in the study area (Diaz-Delgado et al. 2004).

Since the studied bird assemblages have contrasting

habitat requirements, we expect a variable impact of

fire-induced changes on conservation areas creating a

potential threat to forest species but conversely,

entailing an opportunity to open-habitat birds.

To minimize future threats derived from land-cover

changes for both bird assemblages, we included the

potential impact of fire as a constraint to the selection

of priority areas for conservation. Conservation areas

selected before and after integrating fire impact in the

conservation planning process were compared to

assess differences between both conservation scenar-

ios. Since zones affected by fire have been identified as

an opportunity for the conservation of many open-

habitat birds (Brotons et al. 2004; Moreira and Russo

2007; Zozaya et al. 2011), we also evaluated the role

of burned areas in relation to the locations selected for

the conservation of this bird assemblage.

Our final aim was to provide a feasible approach to

integrate future known drivers of changes in key

habitats into the reserve selection process to explicitly

account for uncertainties in future species distribu-

tions derived from landscape dynamics.
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Methods

Study area and conservation goals

The study was carried out in Catalonia (ca.

31,930 km2), which is located in the northeast of

Spain (Fig. 1). Catalonia features a typical Mediter-

ranean climate, except in the Pyrenees (in the North).

It comprises a range of different habitats; from

mountain regions in the North to coastal areas in the

East, along the Mediterranean see. According to the

land-use map of Catalonia from 1998, available at

www.gencat.cat (method described in Viñas and

Baulies 1995), about 31 % is covered with forest,

29 % with shrubland and 33 % with agricultural land.

Land-cover changes occurred during last decades in

the study area are largely characterized by changes in

forest and shrubland habitats. Although both land-

covers have not changed significantly their overall

extent between 1975 and 2000, their spatial location

has shown important changes as consequence of fire

impact and land abandonment (Vallecillo et al. 2009).

In this context, we selected bird species, whose

distributions are strongly affected by changes in forest

and shrubland covers, as conservation goals for our

study. We found a total of 39 species with higher

preference for either forest (24 species) or shrub-like

habitats and farmlands (15 species) than for other

land-cover classes (Appendix 1 in Supplementary

Material). This classification was based on the habitat

selectivity index from the Catalan Breeding Bird Atlas

(CBBA; Estrada et al. 2004, available at http://

www.sioc.cat/atles.php) supported by the experts’

criteria. The habitat selectivity index ranges from

positive values indicating high habitat preference to

negative values showing habitat avoidance. According

to this classification, forest species (e.g. the Eurasian

Jay) show the highest selectivity index for forest

habitats, with avoidance of farmlands. Likewise,

open-habitat species (e.g. the Ortolan Bunting) show

the highest selectivity index for open, shrub-like

habitats and farmlands but with negative index for

forested habitats. For this last bird assemblage strictly

farmland species were not considered.

We found a 4 % of forest species included under

some of the IUCN threat categories (critically endan-

gered, endangered and vulnerable) defined at the study

area level (Estrada et al. 2004), while the proportion of

Fig. 1 Fire risk map of the study area (Catalonia, northeast of Spain) showing ten categories with increasing probability of fire

occurrence (from 0 to 9)
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open-habitat species currently threatened was signif-

icantly higher (40 %; Appendix 1 in Supplementary

Material). Definition of threat categories at the study

area level by Estrada et al. (2004) strictly followed the

IUCN threat categories and criteria (IUCN 2003).

Information on the distribution for each species

was sourced from distribution maps developed in the

CBBA by means of generalized linear models (GLM).

GLM were built using empirical presence/absence

data for bird species recorded at 1 km2. Predictor

variables included in the models were climate,

topography, extent of the land-use classes from the

land-use map of Catalonia 1998 (Viñas and Baulies

1995) and other miscellaneous variables (see Estrada

et al. 2004; Brotons et al. 2007 for further details).

GLM were evaluated by means of the area under the

curve (AUC) indicating very high predictive power of

the presence/absence data (Appendix 1 in Supple-

mentary Material). The distribution maps represent

the variation in the probability of species occurrence

across the whole study area, with a total of 32,003

grid-squares of 1 km2. All these 1 km2 squares were

used as planning units to select priority areas for

conservation.

Reserve selection algorithm

We identified priority areas for conservation using the

simulated annealing algorithm in the software Marxan

(Ball et al. 2009). Marxan tries to find a minimum set

of planning units where all the target species can be

represented at the required level, using a complemen-

tarity-based approach (Kirkpatrick 1983).

We set different proportions of species distributions

as conservation targets according to the conservation

status of each species defined at the study area level

(Estrada et al. 2004). Similarly to Pearce et al. (2008),

conservation targets were: 20 % of the distribution for

least concern species, increasing up to 40 % for

vulnerable species and 60 % for endangered species.

Since we are using probability values of species

occurrence (i.e. derived from GLM), a conservation

target of 20 % would translate into the selection of

planning units that represent 20 % of the total sum of

probability values across the study area.

In Marxan, the optimal solution is sought by

minimizing an objective function where penalties for

not fully representing the conservation features at the

desired targeted level and costs trade-offs are

considered (Possingham et al. 2000; see also Appendix

2 in Supplementary Material). Moreover, the spatial

aggregation in the planning units shaping the conser-

vation areas (i.e. structural connectivity) can be

adjusted with a boundary length modifier (BLM).

The BLM is a weight applied to the connectivity

penalty in the objective function that Marxan opti-

mises. Priority areas will tend to be more spatially

clustered when using high BLM values. However the

increase in internal connectivity is normally achieved

at expenses of a higher area needed. We calibrated the

BLM testing six different values (0, 0.005, 0.01, 0.05,

0.1, and 1) to find the optimal BLM that provides a

reasonable perimeter/area ratio (Possingham et al.

2000).

For each bird assemblage, we ran Marxan 100 times

to produce 100 near-optimal solutions to achieve the

conservation goals while minimizing the objective

function. Multiple runs allow estimating the frequency

of selection for each planning unit, which is a measure

of the likelihood that an area will be required to meet a

given set of targets. Selection frequency in the 100

near-optimal solutions was here used as a surrogate for

the conservation value of an area (Cowling et al.

1999). According to the selection frequency, we

defined as priority conservation areas those selected

in more than 50 % of the near-optimal solutions

(Ardron et al. 2008) and as core conservation areas

those selected in more than 75 % of solutions.

Conservation scenarios

We used two different scenarios to prioritize conser-

vation areas: (a) Reference scenario in which the

achievement of conservation targets aimed to mini-

mize the area selected for conservation under the

current conditions of species distributions—this is

what most conservation planners have done in the past

(Moilanen et al. 2009) and (b) Fire-impact scenario, in

which we included in the objective function the

potential impact of fire as a penalty (i.e. cost in Marxan

terminology) for the selection of planning units

(Appendix 2 in Supplementary Material). In this

conservation scenario fire risk was explicitly consid-

ered as a proxy of the landscape dynamics. Future fire

events would mainly lead to a decrease in forest extent

and increase in shrublands (Diaz-Delgado et al. 2004)

having a variable impact on the conservation areas of

the studied bird assemblages. Since the impact of

Landscape Ecol

123

Author's personal copy



disturbances, such as fire, on biodiversity has been

shown to be heavily scale-dependent (Hamer and Hill

2000), we calculated the fire impact on conservation

areas (Eq. 1) at a given site at the same spatial scale as

the conservation planning (i.e. 1 km2).

Fire impact ¼ fire risk� vulnerabilityðforestÞ
þ fire risk� vulnerabilityðshrublandÞ;

ð1Þ

where fire risk at each specific location was obtained

from the static map of fire risk, provided by the

Catalan Government (available at www.gencat.cat).

This map shows ten categories with increasing fire risk

(i.e. from 0 to 9), both in frequency and intensity; and

was elaborated using data from past fire regime,

flammability and fuel models derived from the Eco-

logical and Forest Inventory of Catalonia, topography

and climate data (Fig. 1).

Vulnerability was estimated by calculating two

different Pearson’s correlation coefficients for each

bird assemblage, one for forests and one for the

shrubland cover, between the conservation value in

the reference scenario (i.e. selection frequency of each

planning unit) and the proportion of each land-cover

within the 1 km2 planning units. Information on forest

and shrubland covers was obtained from the land-use

map of Catalonia from 1998 (Viñas and Baulies 1995).

Hence, coefficients of vulnerability are a measure of the

degree to which the conservation value at a given

location is related to forest and shrubland covers

(similarly to Chan et al. 2006). Large positive values

of the correlation coefficient indicate that areas with

high conservation value are favoured by a large extent

of the land-cover class, either forest or shrubland. If

changes occur in the extent of the respective land-cover

class, conservation value of a given area will be affected

suggesting higher vulnerability to future land-cover

changes. The coefficients of vulnerability of each bird

assemblage were used to weight the fire risk map and

spatially explicit estimate the extent to which their

conservation areas could be affected by fire in the future.

In this context, the reserve selection algorithm in

the fire-impact scenario will achieve conservation

targets at the minimum area, while accounting for the

potential impact of wildfire on conservation areas.

This means that areas with a positive fire impact will

be positively selected, as expected for open-habitat

birds, whereas those areas with an unfavourable effect

of fire will be avoided in the selection of conservation

areas for forest birds.

Including fire impact in the reserve selection algo-

rithm as a penalty might result in a reduction in the

contiguity of high quality areas and more fragmented

reserves (Rayfield et al. 2008) leading to undesirable

effects on species persistence (Gaston et al. 2002).

Hence, for a sound comparison between the reference

and the fire-impact scenario, we selected priority areas

for conservation setting similar levels of aggregation

(i.e. compactness) of the planning units selected in both

conservation scenarios. Compactness accounted for

differences in the spatial configuration of the reserves

and was estimated by means of the inverse value of the

ratio between the boundary length (perimeter of the

reserve) and the circumference of a circle of the same

area as the reserve (Possingham et al. 2000) (Eq. 2)

Compactness ¼ 1=
�
boundary length=

2
pðpi� AreaÞð Þ

�
:

ð2Þ

Reserves are more compact as compactness index

approaches to 1, becoming close to 0 for highly

fragmented reserves.

The compactness of conservation areas is closely

related to the role of the BLM, which was previously

determined by a calibration process (see the Reserve

selection algorithm section). In the reference scenario, we

found 0.005 to be the optimal BLM (i.e. reasonable area/

perimeter ratio) for both bird assemblages. In the fire-

impact scenario we obtained a BLM of 0.05 and 0.01, for

forest and open-habitat species respectively, yielding

conservation areas with comparable compactness to the

conservation areas in the reference scenario (Table 1).

Then, we evaluated the differences between the

conservation areas selected for both conservation

scenarios, before and after integrating fire impact, by

analysing: (1) Total conservation area required for the

targeted species, estimated as the average of the

number of 1 km2 planning units selected in the 100

independent Marxan runs. (2) Efficiency estimated as

the inverse of the conservation area required per

species (i.e. averaged across 100 solutions). The

smaller the area per species needed to meet the

conservation goals, the more efficient the reserve is

(Pressey and Nicholls 1989) (Eq. 3).

Efficiency ¼ 1=ðarea=speciesÞ½ � � 100 ð3Þ

(3) Core area was considered as the number of

planning units selected in more than 75 % of the
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near-optimal solutions. (4) Mean fire risk in conser-

vation areas was estimated within all 100 near-optimal

solutions using the fire risk map described above.

Finally, we also evaluated to what extent burned

areas were selected as priority conservation areas for

open-habitat birds. With this purpose, we calculated

the overlap of the priority areas (i.e. those selected in

more than 50 % of the near-optimal solutions) for

open-habitat birds with the areas burned between 1980

and 1999. Information on fire occurrence was pro-

vided by the Centre for Ecological Research and

Forestry Applications and the Catalan Government

(Fig. 2). Note that the forest assemblage was not

considered here since there was small overlap between

burned areas and their priority conservation areas.

Results

Conservation requirements

Comparison between conservation areas selected in

both the reference and the fire-impact scenarios for

two bird assemblages showed that open-habitat spe-

cies needed larger area to achieve the conservation

goals than forest species (Table 2).

Furthermore, conservation areas for open-habitat

species showed lower efficiency than for forest species.

That is, the open-habitat bird assemblage, in spite of

having a smaller number of species than the forest

assemblage, required more than twice the extent of the

conservation area per species than the forest ones

(Table 2). Moreover, larger core areas (i.e. those selected

in more than 75 % of near-optimal solutions) for open-

habitat species than for forest birds showed smaller

flexibility to achieve conservation goals for this bird

assemblage compared to forest species (Table 2; Fig. 3).

Vulnerability of conservation areas

Coefficients of vulnerability to changes in the forest

cover were larger than for the shrubland ones, for both

forest and open-habitat bird assemblages (Table 3).

This indicates that changes in the extent of forest cover

have larger influence on the conservation value of a

given area than changes in the shrubland extent. As

expected, forest species showed to be favoured by

increases in forest cover, whereas open-habitat species

resulted disadvantaged, as shown by the negative sign

of the correlation coefficient (Table 3).

Conversely, the low coefficients of vulnerability to

changes in the shrubland extent showed smaller

Table 1 Description of conservation areas for two bird

assemblages selected after integrating fire impact in the reserve

selection process (fire-impact scenario) with increasing levels

of spatial aggregation of reserves according to the boundary

length modifier (BLM). Compactness was compared with that

obtained before integrating fire impact (reference scenario) at

the optimal BLM (0.005) to choose the BLM at which

compactness between both scenarios was analogous (values in

bold)

Bird assemblages Fire-impact scenario Compactness in

reference scenario

Change in

compactness (%)
BLM Area (km2) Perimeter (km) Compactnessa

Forest 0 4,895 14,944 0.017 0.073 -77

0.005 4,646 5,622 0.043 -41

0.01 4,838 4,567 0.054 -26

0.05 5,892 3,385 0.080 10

0.1 6,270 3,167 0.089 22

1 6,241 2,434 0.115 58

Open-habitat 0 7,590 16,969 0.018 0.064 -72

0.005 7,830 5,647 0.056 -13

0.01 8,683 5,380 0.061 24

0.05 10,522 4,867 0.075 16

0.1 10,979 4,616 0.080 25

1 11,447 4,059 0.093 46

Values of area, perimeter and compactness of reserves were averaged for 100 near-optimal solutions
a Compactness index closer to 1 indicates more compact reserves
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dependence between the conservation value of a given

area and the shrubland extent compared to forest

cover. Furthermore the positive sign for both bird

assemblages revealed that conservation value of a

given area can be favoured by certain extent of

shrubland cover, for both forest and open-habitat

birds. But open-habitat species resulted favoured at

larger extent by increases in the shrubland cover than

forest species (Table 3).

Fire impact in conservation planning

Integrating fire impact led to larger and less efficient

conservation areas for both bird assemblages. Forest

species resulted more negatively affected by consid-

ering the impact of fire than open-habitat birds as

conservation areas for forest species underwent a

larger increase in area and decrease in efficiency than

open-habitat birds (Table 2). However, integration of

fire impact for the forest assemblage yielded a

reduction of its core area (Table 2; Fig. 3), leading

to higher flexibility for the achievement of conserva-

tion targets.

Importantly, we demonstrated how to integrate the

estimated fire impact as a constraint in the reserve

selection algorithm at the required level to produce

significant changes of fire risk in conservation areas

(Table 2). Conservation areas for forest species were

selected in zones with lower fire risk than in the

reference scenario, whereas areas prone to be affected

by fire were chosen for open-habitat birds.

Finally, from about 4,800 planning units affected

by fire between 1980 and 1999, 21 % were selected as

priority conservation areas for open-habitat birds in

the reference scenario, increasing to 49 % after

integrating fire impact in the conservation planning

(see Figs. 2, 3 for a graphical comparison). In this last

scenario, burned areas constituted the 51 % of the

priority areas (i.e. selected in more than 50 % of the

near-optimal solutions).

Discussion

We have described a reasonable straightforward

method for the integration of potential impacts of

future land-cover changes into the selection of priority

conservation areas with clear benefits for conservation

and land use planners. This method is one of the first

attempts to explicitly quantify the impact of future

land-cover changes and implementing this in a static

conservation planning approach. Methods applied

Fig. 2 Burned areas from

1980 to 1999 in the study

area (Catalonia)
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until now have assumed that species are equally

affected by the threatening processes (Araujo et al.

2002), or have dealt with catastrophic events nega-

tively affecting all the species (Game et al. 2008),

which is not always the case for fire-disturbance

processes. More complex methods have been also

applied including dynamic models of landscape pre-

dictions (Rayfield et al. 2008; Drechsler et al. 2009);

however such models are very demanding in terms of

required information and implementation, and are

difficult to apply for large number of species.

Comparison of conservation areas for forest

and open-habitat birds

Priority conservation areas (i.e. those selected in more

than 50 % of the solutions) for forest birds were

located in the northern mountainous regions of

Catalonia, at about 1,780 m a.s.l. Conversely, priority

conservation areas for open-habitat species were

situated at roughly 450 m a.s.l., mostly in the centre

of Catalonia (Fig. 3).

Definition of conservation areas in Catalonia for

bird species with contrasting habitat requirements

suggests that open-habitat birds require special con-

servation attention. First, this assemblage hosts a

larger proportion of threatened species than the forest

ones in the study area (Appendix 1 in Supplementary

Material). Furthermore conservation targets for open-

habitat birds may be more difficult to achieve since

their conservation areas showed smaller efficiency

than forest birds and hence, larger conservation area

per species will be required (Table 2). This small

efficiency in the conservation areas selected may arise

from the small overlap of species distributions (How-

ard et al. 1998), as it has been suggested for open-

habitat bird communities (Herrando et al. 2003).

Moreover, open-habitat birds showed larger core

conservation area than forest birds making the

achievement of the conservation goals less flexible.

This suggests that environmental conditions required

by open-habitat species are more limiting than those

for forest birds because of the dominance of land

abandonment, yielding forest expansion during the

last decades (Moreira and Russo 2007; Gil-Tena et al.

2009).

The vulnerability to land-cover changes estimated

for both bird assemblages confirmed the variable

impact of fire depending on the targeted birdT
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assemblage. This is, the large vulnerability of the

conservation areas to changes in the forest cover

confirmed the key role of forest extent in conservation

at 1 km2 scale, with a positive effect on forest birds

(Gil-Tena et al. 2007) and negative on open-habitat

birds (Vallecillo et al. 2008). Conversely, we found

that increases in the shrubland cover, as those

expected after large fires in the study area (Diaz-

Delgado et al. 2004), appear to have a positive effect

on conservation areas for both forest and open-habitat

birds (i.e. positive sign of the coefficients of vulner-

ability, Table 3). This result was not really expected

for forest species, suggesting that their conservation in

the study area is favoured by a given shrubland extent.

This may be the case of forest birds in Mediterranean

regions, which have shown to use forest patches

embedded in a shrub matrix provided that enough

extent of forest is available (Brotons et al. 2004).

Finally, the coefficients of vulnerability estimated

are ecologically sound; proving as a useful approach to

emphasize the need to consider both positive and

negative species responses to fire disturbance (Devic-

tor et al. 2008), which is usually overlooked when

taking conservation and planning decisions.

The influence of fire on conservation planning

By considering fire impact as a penalty in the

identification of priority areas for conservation, we

accounted for processes driving changes in land-

covers (i.e. fire disturbance) and how they might affect

Fig. 3 Selection frequency

of the planning units in 100

near-optimal conservation

solutions for forest and

open-habitat birds in

a Reference scenario and

b Fire-impact scenario in

which fire impact was

integrated in the reserve

selection process. Those

areas selected in more than

50 % of the near-optimal

solutions were considered as

priority conservation areas

for the achievement of the

conservation goals, while

those selected in more than

75 % of solutions were

considered in terms of core

conservation areas

Table 3 Vulnerability of areas with high conservation value

to increases in the extent of forest and shrubland covers for two

bird assemblages

Bird assemblages Vulnerabilitya

Forest Shrubland

Forest 0.56 0.05

Open-habitat -0.49 0.18

Vulnerability was estimated as the Pearson’s correlation

coefficient between selection frequency in the 100 near-

optimal conservation solutions and the proportion of each

land-cover class within the planning units
a With a significance level \0.001
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priority areas for species conservation. The occurrence

of this disturbance will determine the probability of

species persistence, and therefore the efficiency of

conservation areas. Consideration of processes driving

changes has been shown to be crucial for the long-term

maintenance of biodiversity (Cowling et al. 1999;

Pressey et al. 2007) and to reduce the costs of

conservation management actions (Wilcove and Chen

1998).

Including the impact of fire on the conservation

problem yielded larger and less efficient reserves than

in the reference scenario (Table 2), showing a trade-

off between efficiency of conservation areas and the

planning for threats and opportunities arising from fire

disturbance. However, despite the reduction of 13 %

in efficiency for forest birds after integrating fire

impact, the fraction of highly selected planning units

(i.e. core areas) also decreased (Table 2) which

provides more flexibility in meeting conservation

targets. This suggests that locations with suitable

conditions for the conservation of forest birds, but

unlikely to be affected by fire, are not especially

restricted in the landscape.

The achievement of conservation targets for open-

habitat birds in the fire-impact scenario did not

markedly increase the required area for conservation

(about 5 %) and produced a smaller decrease in

efficiency than for forest birds (Table 2). However,

accounting for the impact of fires yielded larger core

areas reducing flexibility to achieve conservation

goals. This may happen because concurrence of areas

with high fire risk but also suitable for the species

conservation are more limited in the landscape. In this

sense, this work confirms the significant role of burned

areas as priorities for conservation of open-habitat

birds (Brotons et al. 2004; Moreira and Russo 2007;

Zozaya et al. 2011), constituting about 50 % of the

selected conservation areas. Large burned areas

located in the centre of Catalonia (Figs. 2, 3) where

direct Black Pine (Pinus nigra) regeneration failed,

giving rise to a heterogeneous habitat landscape

(Rodrigo et al. 2004; Zozaya et al. 2011), are of high

conservation value.

Furthermore, by integrating fire impact for the

open-habitat assemblage we are also indirectly con-

serving the ecological process favouring their pre-

ferred habitat and their distributions at large spatial

scales (Vallecillo et al. 2009). In this way, potential

threats of land-cover changes are minimized in

conservation areas selected in the fire-impact scenario.

Accordingly, areas with large fire risk will be more

likely to present suitable habitat for open-habitat birds,

even under scenarios of land abandonment where fire

will act as an opposing force to woodland spread

(Pausas et al. 2008). In addition, constraining conser-

vation areas to locations with large fire risk we are

partially driving those areas out from intensive

cultivated regions (i.e. large areas showing fire risk

of zero in Fig. 1). Although a future scenario of

farmland abandonment in predominantly cultivated

areas is not likely to occur, we would also minimize

other likely threats arising from agricultural intensi-

fication (Fuller et al. 1995).

Management implications

We selected priority areas for conservation separately

for the two bird assemblages to identify conservation

areas requiring contrasting management: conservation

of forested habitats versus conservation of a mosaic

with low and open shrublands and farmlands. Conse-

quently, priority conservation areas here selected are

not intended to indicate places for new reserves, but to

guide spatially explicit on land-uses that ensure the

persistence of species with contrasting habitat and

management requirements.

Since fires have a widespread impact on Mediter-

ranean ecosystems, which is likely to continue or even

increase in the future (Pausas et al. 2008), we suggest

using it as a management tool for conservation. Fire

maintains open habitats as traditionally this distur-

bance has been doing at sustaining the function of

ecosystems (Rundel et al. 1998). Hence, given that

fires will inevitably occur at some point in future

years, they offer the opportunity to reduce manage-

ment efforts at maintaining early successional habitats

and provide ‘‘for free’’ new and adequate areas for the

conservation of species with these habitat

requirements.

Importantly, favouring the maintenance of open

habitats and reducing fuel (i.e. vegetation) precisely in

the locations proposed in Fig. 3b for open-habitat

birds, not only supports the conservation of these

species, but also may contribute to reduce the

catastrophic character of fires in these areas. Therefore

management practices such as grazing, prescribed fire

and reforestation avoidance in the conservation areas

for open-habitat birds here proposed are highly
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desirable for both the conservation of these species

and the reduction of the catastrophic character of fires,

increasingly occurring during the second half of the

Twentieth century (Miller et al. 2007; Pausas et al.

2008).
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Viñas O, Baulies X (1995) 1:250,000 Land-use map of Cata-

lonia (32,000 km2) using multitemporal Landsat-TM data.

Int J Remote Sens 16:129–146

Wilcove DS, Chen LY (1998) Management costs for endan-

gered species. Conserv Biol 12:1405–1407

Wilcove DS, Rothstein D, Dubow J, Phillips A, Losos E (1998)

Quantifying threats to imperiled species in the United

States. Bioscience 48:607–615

Zozaya E, Brotons L, Vallecillo S (2011) Bird community

responses to vegetation heterogeneity in non-direct

regeneration of Mediterranean forests after fire. Ardea

99:73–84

Landscape Ecol

123

Author's personal copy


	Conservation planning in a fire-prone Mediterranean region: threats and opportunities for bird species
	Abstract
	Introduction
	Methods
	Study area and conservation goals
	Reserve selection algorithm
	Conservation scenarios

	Results
	Conservation requirements
	Vulnerability of conservation areas
	Fire impact in conservation planning

	Discussion
	Comparison of conservation areas for forest and open-habitat birds
	The influence of fire on conservation planning
	Management implications

	Acknowledgments
	References


