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EXECUTIVE SUMMARY

Every year, more than 0.5X18a are swept by fire in Europe, mainly in the ddes of Southern
Europe and the Mediterranean (SEM) threatening huamal natural values. This part of Europe hosts a
large fraction of European biodiversity, being Mediterranean one of the hotspots of biodiversityhie
world.

Fire is a main factor in shaping vegetation thraugtthe world. Its role in determining biodiversity
is probably large, although it has not been quiadtifMediterranean ecosystems have evolved in &wor
with fire. There are numerous plant traits that banassociated to a long history of fire. This hasn
confirmed by phylogenetic analysis.

Fire regimes until the middle of the Holocene welaracterized by long fire cycles. This cycle was
accelerated as man occupied the land. Fire becam®fpthe management tools he used to conquer and
use the territory, in addition to grazing, ploughircoppicing, planting and other agriculture-redate
operations.

However, during the second half of the XX centwrith economic development people fled to the
cities and unproductive land was abandoned. Lapeéscstarted to be covered with natural vegetation o
plantations, often with highly flammable conifeFires started to become more frequent and widedprea
throughout the territory and in all countries of NbBEFires are today a significant factor of extant
landscapes.

Most fires are caused by people. Fires are extpehemomena, which means that few, infrequent
severe weather and climate situations can leadajorrfire disasters. That is so despite the hugmtef
made to increase fire-fighting capacity. Multiplery large fire episodes during which fire-fighting
services are overwhelmed have occurred recentlgctafg large portions of some countries or whole
regions.

Fires do not burn the landscape at random, andtteaffect certain vegetation types more often than
others, and occur at certain locations. Fires birough natural protected areas as well. Duringlabe
three years, of all the area burned in the largéstMediterranean countries nearly 1/3 was parthef t
Natura 2000 network. Areas close to or at interateddistance to roads or towns are the ones that bu
most frequently. These elements of fire risk arpartant for conservation areas.

Although many SEM ecosystems can be consideredate levolved under fire, the current fire
regime is different from what it might have beerthie past. Changes in fire regime, such as incdease
frequency and severity of fires, threatens ecosysitability and, in some areas, favours degradation
loops that impedes the recovery of the vegetataratds more mature stages.

Postfire regeneration usually follows the autosasimmal pattern. Plants are able to withstand fires
mainly by surviving the blaze and resprouting orgeyminating from seeds that survive the fire af we
and, in many instances, require heat-related stitbugerminate. In a few years after fire the plant
community resembles that before the burn. Howed@ect regeneration is not always warranted.
Furthermore, there are many emblematic specieslthabt regenerate well after fire.

Resilience of plant species is closely relatedrioregime characteristics. Changes in them cae hav
important consequences for species persistenceinBtamnce, too short an interval between fires will
threaten the persistence of plants whose age toakewaturity is long. When these occur in tree
woodlands, as is often the case, these areaauwilirito shrublands, hence changing the systera fong
period of time.

Event-dependent effects are also important fortplesilience. High fire intensity and severity can
impair regeneration. Similarly, large fires canueel the colonization from the edges. Fires at wifie
times of the year can have different effects duehtanges in the physiological status of the plantsn
seed availability.
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Postfire climatology can also be critical for pkmegenerating from seeds. This is most relevant
when multiple large fires occur, since large extamsvill then be regenerating in parallel and sobje
climate variability that operates at large scaf@sanges in rainfall patterns or, particularly, dyjots can
affect such regenerating stands and have longupsffects.

Animals exposed to fire will be killed. Animals canrvive the blaze by fleeing away from the fire
front or seeking shelter. Animal succession vaae®ng groups but, in general, follows the pattern o
regeneration of the vegetation. Time to recoverititeal community will vary depending on the typé
organism, some recover quickly, others require desa

Animals are equally sensitive to fire-regime ché&gstics. Short fire return intervals can affectne
populations and species and delay their recovarydars. Fire size can affect animals, particularhen
these must colonize from the edges or from unbuisiadds whose abundance might be reduced in large
fires if these are more severe, as is commonlg#se. Fire season can also be critical since iaffaat
populations at different stages in the reproduatiyae.

Studies addressing the responses of organismeetstfidies are usually done separately for difteren
groups. Yet, a number of interactions occur anddl@n be important for the persistence of popuuiati
and species. Competition among plants can affectaeneration after fire and, in some instancel te
modifications in the type of stand. Among plantraai interactions, seed predation is important. For
some plants, missing the window of opportunitydstablishment after fire can result in long terfecs
due to the higher percentage of seed predatioriVvtey is equally important, notably when this itwes
large scale forest die back that modifies fuel enhand can affect fire risk and characteristics.

Other interactions such as pollination servicespostfire dispersal can affect as well some
regenerating populations, although much more ndedbse known. Interactions among animals via
predation can also be impaired by fire.

Plant and animal population and communities caaffeeted by postfire management. In particular,
salvage logging, which is commonly practiced, can important. Different organisms will react
differently depending on their habitats preferen&e®wwing which are sensitive to logging is relevéor
determining postfire management.

Interactions between organisms mediated by thegdsaimn the landscape are also important. Fires
can modify the various functional groups of plaatslarge scales, since the sensitivity to fire eri
depending on regenerating strategies, life formdistribution range. Animals may colonize areas
depending on local patterns of abundance. Pattériite regime can modify species abundances. tneso
instances, increased abundance and richness ofggoings (birds) has been associated to fire. Scolbe
of fire may not necessarily be negative for allamigms.

Future land-use and land-cover is very likely totawue as a result of climate change and additional
socioeconomic changes. Hence, more land will beeddtb that already existing in a state of
abandonment, with the corresponding consequencapdaies, landscapes and fire.

Future climate scenarios for SEM project increaeegemperature that are higher than the global
mean. Rainfall is also projected to decrease atiid wmporally. Additionally, and increase in the
frequency and intensity of droughts and heat wa/éseseen.

Climate change poses significant threats to thsigtence of plants. Niche modelling exercises show
that most plant species will lose climate spaceingga sizable number of them to become vulnerable
endangered by the end of the century and muchpeotive of emission scenarios. Climate change poses
similar threats to animals. Mammals, birds, amg@mband reptiles are projected to reduce their mage
a result of climate change. Even though there agécations that they are responding already to the
observed climate change, they are lagging behinitheéir response. This means that many species are
already living under climate stress.
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The risk of fire is projected to significantly ir@se in much of Europe, particular in SEM. Increase
in part of the boreal are also anticipated althotngly are of reduced magnitude. The duration offitke
season in SEM is projected to expand, as it ispisfected that the number of days of risk, paksidy of
very high risk, will increase. These changes ang Vigely to augment fire risk in most areas. The
increment of weather and climate extremes is mibstlyl to affect the probability of large fires.
Interactions among increases in fire risk with otseessors, particularly drought, are most releyan
the regeneration of the system. Heat waves cartatids, and be important for animals that will bav
reduced shelter in open, regenerating stands.

Managing Mediterranean areas that are the restitiofan transformation for thousands of years is a
challenge. Much more so under the evolving conadgiof climate change and other global change
drivers. Maintaining biodiversity, natural valuesdaservices, including their cultural landscapesai
daunting task.

Following are some recommendations can help biosityeconservation in a context of changes in
climate, landscape and fire risk:

1. Therole of fire must be included in conservation of species and habitats in fire prone
areas

Fires have been occurring, and will most certamdgur within many protected areas in southern
Europe and in the landscape matrix that surrounest Fires are generally considered as a thredt, an
fire suppression is the dominant policy through®EM. There are enormous skills and capacitieggtu fi
fires. Yet, when they break out inside or arounutgxrted areas they will burn through them. Butesitie
main/only policy is to fight them, provisions toderstand how they directly or indirectly affect fgcted
areas and species once burned are, for the mastlaeking. Until now, the ecological role of fiie
ignored. Consequently, when they occur there isandingency plan as to how the affected system will
be impacted. Therefore, even without any climatange, biodiversity conservation plans need to
consider how fires will affect species and habitateughout the territory. Fire ecology is a mustlil
management and conservation plans, and strategiesdrporate this knowledge must be enacted.

2 Firecan play arolefor firein conservation

Some ecosystems and species depend on fire or eragfitbfrom it. Identifying them might be
critical since current policies will jeopardize thpersistence. In these cases, plans for introdufire,
either by prescribed burning, or, when appropriafth wild fires within acceptable conditions tocad
other risks must be made. Because the prevailieny 18 that fires are undesired, and the risks ehéil
managing fires is great, conservation plans in rifdde must be implemented with great care toicvo
accidents that would stop the continuation of ndgaans with the concourse of fire.

3. Conservation plans aimed at specific target species must consider how fire will affect
them

Species or groups of species are impacted by fiferehtly, depending of fire characteristics and
other factors. In the case of protected areas whbgtive is one or a group of particular specibs,
viability of their conservation in a context ofdineeds to be specifically considered. Managenlansp
that address the possible impacts of fire needetggecies or group specific, since different speare
likely to respond differently to fire.

4. Vulnerability of the protected areas network to fire

Corridors and stepping stones are important elesrfentinsuring population persistence and species
migration, more so in view of the impending thredikese elements, however, may be subject to fire.
When these components are formed by forest, fineatter their functioning capacity for long. Siricés
very likely that some of these more isolated eleseme in areas with greater human influence, their
susceptibility to fire and repeated fire might baéher great and needs to be quantified sinceritg-ferm
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persistence may be severely threatened. As withet$teof the protected areas, the impact of firdseo

be known in advance in order to better evaluat@& tegpacity to continue playing their role. Robust
network designs, capable of not succumbing to glesifire, are needed to allow these places continue
playing their vital service.

5. Urban developments and roads near protected areas threatened their persistence

Most fires are lit by people. Towns and roads de main sources of ignitions. However, the
probability of burning is still high at some integdiate distance to roads and towns since fire icaselt
long distances. Protected areas within these danaia at higher risk of fire than those further yawa
Urban developments into the wildlands and neareptetl areas can be a threat to these due to iecreas
ignition probability and subsequent fire. Also, tietwork of roads crossing protected areas, intiaddio
other perils, can clearly add risk. These two elemenust be cautiously considered when declaring
protected spaces and be particularly monitoredndutine time of high fire risk. Eventually, specific
restrictions might have to be put in place to mimmrisks. Risk mapping of protected spaces takitm
consideration proximity to roads and towns is cailly needed.

6. I dentifying synergies/conflicts between fire and conservation

Fire fighting includes, among other, fire brealebror fire-break areas. These can provide operespac
and hence favour species persistence differetiosetin the preserved matrix, particularly whers¢hare
forest. The role of such areas and corridors ascesuof rapid colonization after fire needs to be
appraised. These areas can serve as colonizatioms daut there are positive or negative elements
(increasing potential for invasive species) thaedchdo be fully considered. The advantages and
disadvantages of these areas in the event ofdied to be taken into consideration.

7. Changesin the landscape matrix through fire

Abandonment will continue in response to changesdcioeconomics and with climate change.
Abandonment modifies the landscape matrix towardedgenization and that can threatened the
persistence of many species. Fires can open uj sppakintroduce large changes in the landscapéxmatr
Not all organisms will be equally affected but suttanges in the landscape structure. Some, thrihegh
openings made by fire, will be favoured. Othersl W@ negatively affected. Conservation plans must
therefore contemplate the landscape scale chahgeare introduced by fire.

8. Assessing futurerisks

Changes in fire frequency, intensity/severity, sioel season must be specifically contemplated for
conservation areas under scenarios of climate and-uise/land cover change. This must be done for
current areas with fires and for those in whickdiwere not present but that are likely to occar tuthe
changes in climatic conditions and other factomctEof the parameters that define the fire regiare c
differentially affect the various species. Changedire season, particularly when migrant species a
concerned, need to be cautiously considered. Caesdy, the impact of each of them needs to be
assessed in general or for the particular specigsoop of species that are of interest.

9. Fire, species conservations and other stresses

Conservation scenarios that include fire must tat@consideration the level of stress being erdiure
by the various species since, little by little,thvll inhabit areas that are more stressful famnhdue to
changes in climate among other stressors. The ibapdigarticular species or groups to respondirte f
under such circumstances and to changes in filfeneegeeds to be appraised. As fires might occueund
extreme conditions not seen until now (drought dpefre most relevant) this type of interactions nied
be fully taken into consideration in future manageimplans for biodiversity conservation. Additional
stresses due to more frequent and intense heaswaaicularly in the open habitats of the fireays of
regeneration after fire, must also be known.
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10.  Conservation plans must include worst case scenarios

Although the great majority of fires are of smalles some of then can attain very large sizeshén t
order of thousands of hectares. In Spain, the maxirsize of any fire recorded is around 30.000 hd, a
the maximum length is 45 km (Moreno et al. 1998)e potential for one fire to spread over a whole
protected area at once is not negligible. Smalher tomogeneous areas in a matrix of high fire aisk
the most threatened. The prospect of increasimgdize under future conditions further adds to. this
Consequently, worst case scenarios that includeifgia large portion or even the whole protecteshar
when these do not exceed several thousands ofregeataeds to be contemplated. The role of buffer
zones in this context needs to be equally appraised

11.  Firesasopportunities to accommodate species to the new climate

Fires, by opening new space, and by having redeoedpetition among organisms in the early
phases can open new space for species to move dgpwanorthwards in search of suitable climate. But
this can also be used for invaders. Differentiating new colonizers that are now attuned to the new
conditions from those invading is important. Idé&ntig the potential for fire to act as steppingree
must also be considered.

12. I dentifying species at greater risk

Species of late successional stages, thus requamgr time to colonize burned areas, are probably
the ones at greater risk in scenarios of increfisedrequency. Moister sites should regeneratelmgri
than more xeric sites, but their rate of recoveity be delayed with the onset of reduced precijnte
under future climate for large parts of SEM. Conssly, their recovery period will be extended amel
probability of burning again in earlier stages efjeneration indicates that species proper of mature
successional stages might suffer. Studies shoufghasize determining which groups of species ertter a
which state of the postfire succession and onithe heeded for their recovery.

13. Bottle-necks

Among those species most likely to suffer from fire those of reduced distribution that are linked
to particular systems that are fire sensitive. Tisatthose that do not regenerate after fire. A&, fir
particularly a large one, can severe these popuakfior long, making its recovery difficult. Iddfitation
of bottle-necks and deadly-traps among organisnastheir systems in the event of fire is critical fo
those species that may be most threatened.

14 Species linked to others

Climate change is producing mismatches among spéiiepollination, in dispersal). Furthermore,
fire con contribute to alter them. Identifying miatohes that are enhanced by the combination o#fice
climate change might be of relevance for the mamtee of species that may already be in danger.

15.  Changesin the protected network

With climate change, the size of the protected saveitl have to be increased to achieve the same
conservation objectives. Until now, fire has nogééaken into consideration in the design of thevaik
of protected areas. Yet, its effectiveness can.v@onsequently, future modifications must constuter
fire would affect its effectiveness. Since it ikeliy that the protected areas of the current ndtveme
those in a better state of conservation, whichsyrebly, are those further away from human infleeiic
is likely that new additions will be closer to humlaabitations, thence with higher risk of fire. IR&f fire
must be included at the time of modifying the netnaf protected areas.

16.  Educating on the ecological role of fire

Fire is commonly seen as something negative, baoart play a dual role in the conservation of
biodiversity. Fire, for the most part, hardly reas any attention in education, even in university
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programs, or not as much as its relevance dem&wisy effort must be done to form and inform the
general public and students at all levels aboutdheeof fire in ecosystems and biodiversity comagon.

17. Research needs

Knowledge on how fire affects the various groupsmfanisms across gradients is still a must. Long
term observation sites, where the main groupseoftudied jointly should be established.

Large fires, particularly large fires episodes, lat®ratories that should be explored in depthiteir
role on biodiversity. Since many of these fireswcalong gradients, these are opportunities thatilsh
not go by unexplored.

Maps with fire history are now possible for thetldecades. These offer opportunities to study the
impact of repeated fires on biodiversity acrossigsoand across landscapes.

Protected areas are not static and will change withate change. Modelling their fate and their
vulnerability under scenarios of climate and fiteege are crucial to understanding their future ol
biodiversity conservation.
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1. INTRODUCTION

Every year, more than 50.000 fires are recordeBurope, burning more than 0.5 MHa (UNECE
2002, Dunnov et al. 2005, Anonymous 2006, San-Migyanz et al. 2009). Fires occur almost in every
country but are particularly important in southdtorope, from Portugal to Spain, France, Italy, the
Balkans, and Greece and, to a lesser extent, TUR{Es are also important in some countries irtraén
and Eastern Europe, notably in Poland, as welhdkd boreal countries. Fires are funneled by itlat r
combination of climate and weather, fuels and ignitsources. Most fires are caused by people (San-
Miguel-Ayanz et al. 2009). Consequently, providedttignitions are usually not limiting, the firstd
factors are critical for fire occurrence. Firesttigalarly large fires, which are the most devadatabnes,
occur mainly in the summer. Nevertheless, in sooumtries fires related to pastures and managenaant ¢
occur in spring and fall. Actually, in some regiasfsEurope, fires occur during the winter, whenhioe
type situations propitiate their occurrence (Tedestcal. 2010).

By forest fires we usually understand any fire tbatur in high forest, wooded areas, or on any
wildland, irrespective of the woody cover it mididave. Therefore, by forest fires it must be undest
virtually any fire that propagates out of contraidaaffect an area that is not urban or devoted to
agriculture. Consequently, almost any natural #nea carries vegetation that at some point in tiras
low moisture content, can be affected by fires jates the right weather and climate conditions and a
ignition source.

Fires consume dead and living plant materialgrliéind organic horizons, and, except in the case of
animals that flee away rapid enough from the prafiag front, or seek shelter underground or elseg/he
all groups of animals. Fires also affect microoigars of the upper soil horizons either directlyotigh
the heat, or indirectly by the change in conditiang resources they bring about in soils (Whele881.9
Consequently, fires can affect all groups of lanoliversity. Fires also affect riparian vegetatiand
through this and other indirect effect on the gyalf water can also affect the freshwater biotaef®er
et al. 2003). Since many of the organisms popuatinese habitats are under various status of
conservation, understanding the threats to biodityerequires that we comprehend the role of fir¢hie
systems they inhabit.

But the effects of fire go beyond the specific effeon a given ecosystem. Fires also change
landscapes by creating a mosaic of patches ofrdiffesizes and forms and time elapsed since fige. B
modifying these characteristics they influence tabconfigurations and through that dispersal and
colonization patterns as well as other ecosysterogases (Turner 1989).

Fires are occurring now almost in any country indpe. However, the mild and wet winters, warm
and dry summers, moderately fertile soils and matéeto high primary productivity in much of souther
Europe, notably in Mediterranean-type climate coast provides an almost perfect combination fagi
to occur during the summer. The variety of climagebstrates, soils and land forms of the Mediteraa
Region (MR) has been molded by man since millebgiaising, among other management tools, fire to
produce highly diverse landscapes (Naveh 1994pnddition, biodiversity in this region is among the
highest in the world, and second only to the trefgldyers et al. 2000). Furthermore, climate chasge
projected to significantly impact this region, mcieasing temperatures above the mean at greédsr ra
than the global average, decreasing precipitatiuh increasing climate-related extremes, among other
(Alcamo et al. 2007). All of these factors will éatly and indirectly affect biodiversity in the feq.
Consequently, southern Europe and the Mediterraf&ai) will be the main focus of this report.

2. WHAT DO WE KNOW ABOUT FIRESFROM THE PAST?
21 Fireand biodiversty

Fire is considered to be a main factor in shapixtgré vegetation in the world (Bond and Keeley
2005). Many areas in the world host vegetationlandscapes whose potential to sustain biomassadgs mu
greater than what it is realized. The implicatiafithe mismatch between actual biomass and pokentia
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biomass based on extant climate has multiple imfiios since such changes in vegetation structme c
hardly be conceived without taking into considemattheir cascading effects on species composition
(Bond and Keeley 2005). The consequences of fireiadiversity can better be understood by lookihg
the effects on species composition when fire siggiwa is enacted on ecosystem with a long firehjist
Losses of as much as 60% of the plant speciestieam reported as a consequence of fire suppréassion
remnants prairies (Leach and Givnish 1996). Sitgilan fire-driven ecosystems changes in fauna are
expected in the absence of fire (Lyon et al. 2008 implications are much larger when the presence
absence of fire implies a whole change in biomés éise case of many African savannas (Sankarah et
2005). Fire, therefore, is a most powerful agdntlants and animals change and its role on cdiwtepl
extant biodiversity is paramount, although it heslyeen poorly quantified.

2.2  Firefootprints

Fires have been present on Earth since the atm@sgtoreumulated enough oxygen to sustain
combustion (Chaloner 1989). Lightning is the maiarse of natural ignitions (Price and Rind 1994)eT
possible role of fire as an agent of evolutiondmgrige can be inferred from the presence of traés t
increase plant persistence in fire environmentgséhnclude the very thick bark of some tree sgecie
like Quercus subet. (Zedler 1995), oPinus (Tapias et al. 2001), the serotiny of madPipus species
(Thanos and Daskalakou 2000, Tapias et al. 208&)ptesence of permanent soil-seed banks that are
activated by heat (Trabaud and Oustric 1989, Lunal.e2007); or other fire related cues, including
smoke and the chemicals it contains (Moreira e2@10, Nelson et al. 2010), or the developmerd of
canopy architecture that favors flammability (Boad Midgley 1995, Schwilk 2003), among other.
Phylogenetic analysis of plant species confirms ttie evolution of plant regeneration traits (resping,
seeding) in the Mediterranean appears to have dran by fire (Pausas and Verdu 2005). Furthermore
plant communities in the MR appear to have beetedasut by fire through a filtering process whereby
species with fire-persistent traits are more aboh@derdu et al. 2007, Pausas and Verdu 2008). The
filtering process is strong enough as to act everoeal scales in relation to, for example, soil
characteristics (Ojeda et al. 2010).

2.3  Palaeohistory of fires

Fires are thought to have naturally occurred inMegliterranean since at least the Miocene (Dubar
et al. 1995). The earliest convincing evidence Haman control of fire dates back 500 kyr BP in
Europe (Thieme 1997) and 790 kyr BP in the Neat Easren-Inbar et al. 2004). Analyses of micro-
charcoal in deep-sea cores off Iberia and Frandiedte that from 70 Kyr to 10 kyr BP fire regime
followed climatic variability and subsequent effecf climate on vegetation (Daniau et al. 2010)rwa
and moist periods were correlated with the devekmnof Mediterranean forest and scrub communities
and high fire frequency regime, whereas cold andpdriods were followed by steppic vegetation and
low fire frequency regime. There is no evidencd thaye-scale alterations of fire regime were cdusg
humans (Neantherlands or modern) up to 10 kyr Bihi@u et al. 2010).

There are numerous evidences from sedimentary deposering the Late Quaternary through the
Holocene that indicate that extant species thrivedn environment of fire. The fire regime emerging
from some of the best characterized sequencesuth Spain is one of long fire-return interval (3000
yrs) that increased as the climate became warntedider (150 yr), but the fire regime still stayiag one
of a long fire-cycle (Carrion et al. 2003). A patteof low/high fire frequency associated to cold/ma
moist/dry conditions is also present in other arasind the Mediterranean during the earlier path®
Holocene (Vanniere et al. 2008). Similar long fingcles were also characteristic in the northermedlo
forest (Carcaillet et al. 2007), or in central EagdClark et al. 1989).

In southern Iberia the minimum fire activity wasached by the mid-Holocene (Gil-Romera et al.
2010). Since then, fire frequency became much hjghs human populations expanded. Here and
elsewhere much of the increase in biomass burnimge ghis period (6000 BP) can be attributed to
cultural development (Carcaillet et al. 2002). #aged human activity through fire was accompanjed b
changes in the dominant vegetation: expansion lef@uhyllous trees, opening of the landscape with
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incorporation of scrubs, and abundance of xerietatgn and grasses in more xeric areas (Gil-Roetera
al. 2010). Note that climate change itself has peced significant vegetation changes in the past,
independent of fire (e.g., favouring evergreen cakihe expense of deciduous oak), although ineteas
fire frequency not necessarily always favoured gnemn oaks (Colombaroli et al. 2009). By contréng,
expansion of some tree species, Magus sylvaticar Pinus sylvestrisfollowing changes in climate was
probably halted due to human actions driven by(frefialba 1994, Figueiral and Carcaillet 2005).

Abrupt changes in vegetation have been documenteehviire frequencies reached 30-50 yr
(Carrion et al. 2001). The increased fire frequeang the associated changes in vegetation in fasur
shrublands, together with higher presence of rudgrecies, indicate that fires were mainly linkedte
management of the territory (Carrion et al. 2008an use of the territory through historical timessh
involved the use of fire, grazing, ploughing andpmicing, among other. By the turn of the first
millennium forest retrogression was near its maxim{Mugica et al. 1998). Since then, and until the
middle of the XX century, the occupancy of theitery remained at its highest. Therefore, in SENbaak
landscapes and vegetation composition are the yegficenturies of intensive use of the land (Naveh
1994).

3. RECENT TRENDSIN FOREST FIRES

3.1 Trendsin landscapes and interactions with fire

By the second half of the XX century the procesexténsive land use is halted and reversed in most
of Europe. Rural exodus, mechanization of agricaltueduced extensive grazing, forestation in many
marginal areas and changes in life styles becamadhm (MacDonald et al. 2000). All of this intraxha
important changes in land-use and land-cover (Letmu1992). Lan(Lloret et al. 2002)dscapes poor in
tree cover, or in vegetative cover in general, gesise to others that little by little accumulated
vegetation, trees or shrubs, and in which managewesless active. In addition, afforestation, mfigth
highly flammable conifers was frequent (Pausas \&adiu 2008). This tendency to increase forest and
wildland, that is, of adding fuels to the land, hagn the norm in most countries (Fig. 1).
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Fig. 1. Change (%) in forest area in the some Mediternrameaintries of Europe during the second half of XXe
century. Source: FAOSTAT.

Fires started to become more frequent as the veme(@e., fuel) accumulated. Indeed, a significan
relationship between fuel accumulation rate and fias been found in some countries (Rego 1992).
Landscapes became more homogeneous and highlgdntercted (Peroni et al. 2000, Moreira et al.
2001, Lloret et al. 2002, Mouillot et al. 2005).iFpossibly contributed to enhance fire risk, pded that



13 T-PVS/Inf (2010) 10

discontinuities are important to deter fires (Végarcia and Chuvieco 2006, Viedma et al. 2009).sFire
themselves may have further added to this prockeBsrnogenization (Viedma et al. 2006, Loepfe et al.
2010). Further, it has been shown that in somestaeeas once an area burns it tended to rebwan at
accelerated rate (Vazquez and Moreno 2001, Saletddr 2005).

Fire is major agent in structuring the landscapdire-driven landscapes, landscape structurees th
result of fire regime, and changes in fire regimeraflected in landscape configuration (Johnsah\4m
Wagner 1985). Fire, therefore, is an agent of bgmeity in the landscape. In SEM, however, fire is
playing a dual role. There are many areas thainavarious states of succession after abandonriéset.
initial fine-grain mosaic of patches derived froxtemsive use of the land is being lost as successio
follows. Shrubland invasion is much quicker thaattbf forest (Mouillot et al. 2005). Fires can dete
forest colonization in favour of shrublands (Trathand Galtie 1996, Mouillot et al. 2005, Acaciocakt
2009), erase previous patterns due to the develaipoferegetation of similar structure, regardlebshe
recent land-use history (Pérez et al. 2003, Dugudy\Aallejo 2008), and increase fire hazard duehéo t
homogeneity of the landscape that they favour diter(Viedma et al. 2006). Consequently, fires can
quickly erase the old, fine grain landscape patterm the previous use of the land. Landscape pette
the future may tend to be controlled by fire, chiagdhe finer grain landscape to a coarser onerdtipg
on the fire-size frequency distribution of eachaealeig. 2; Fig. 13).
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Fig. 2. Fires dominate the landscape in many areas asmghern Europe and the MR. Here is an examplaef t
southern Sierra de Gredos, in Central Spain. Mepshe fires occurred from 1970 to 1990. Note theety of sizes
and shapes of fire perimeters and that some aeeashiurned repeatedly. From (Viedma et al. 2006).

Large fires can play a significant role in this gges of homogenization since large areas will tend
be tuned to the time since last fire by way of beiagenerating after fire. Large fires, howeveryma
produce some heterogeneity as well due to thetFattthey propagate during days or weeks, under
different conditions and affect different land-coe®d vegetations types and topographies. The deagre
heterogeneity can vary depending on the conditairfére. It has been found that high severity barne
areas can vary from ca. 50% to more than 85% whbeditons are severe (Oliveras et al. 2009). That
means that even though the majority of a large\iile burn with similar severity, partially burneor
unburned islands may not be uncommon. These islkeamiplay a critical role in the colonization oftlho
plants and animals (Ordofiez et al. 2005, Monegl&. €009).

3.2 Trendsin fire occurrence

Although the forest fire statistics are incompléde the first part of the XX century, the available
data indicates that wild-fires were not importantiluthe middle of the century, at least in theefsted
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areas, which were the ones for which statisticsewsmmpiled. By the late 1960’s wildfires started to
occur at an increasing rate in the Mediterraneamtrizs of the EC (Alexandrian and Esnault 1998 T
number of fires has continued rising, although péit is due to a change in the compilation ofistis.
Area burned, which is less sensitive to compilapoocedures, increased during the 1970’'s and heo t
1980’s, by which time Spain and ltaly had reacheximum values. Greece and Portugal followed suit
with some delay (Moreno et al. 1998). It is impaottto note that the increase in fire occurrencénduhe
1980's did not correspond with changes in the nwamate, which were different in the East and West
sides of the Mediterranean (Anonymous 1995b). Aaldkilly, an increase in ignition sources due to
changes in socioeconomic and land-use cannot Hedext Therefore, while a climate effect cannot be
ruled out, certainly other factors came into play.

During the last decades Spain, France and Italg loecreased the area burned, but that is not the
case for Greece and, much more so, for Portugaltteer Balkan countries, that have increased very
markedly the area burned per year (Fig. 3). Duthmg transition towards high fire incidence, frone th
1960's into the 1980’s, other countries in southeumope and Asia with a Mediterranean climate (e.g.
Turkey) did not experience the same process. Fresalso occurring in other parts of Central and
northern Europe, although with a much lower sigaifice (Fig. 3). Although these numbers must bentake
with caution provided that statistics are not csiesit across countries, the magnitude of the eifies
suggests that by the middle of the last centurfgidiht processes were going on in different coestand
development was an important factor (Vélez 2009%iny the decade of the 1980’s as reference, the
significance of the area burned in the various tiesis such that fire rotation periods vary frabout
half a century (Portugal [42 years], Italy [53]), & century (France [83], Spain [110] and Greed®]j1
and many centuries (Turkey [1670] as well as in dftieer central and northern European countries
(Moreno et al. 1998). These contrasted patterrtsunfing have continued into the 1990’s (Goldammer

2002).

Fires became more frequent during the second liddeo XX century, but also more widespread.
The analysis of change in the geographic distroutf fires in Spain illustrates this process: earlthe
1970's fires were more restricted to areas werestodominated. With time, fires became widespread
throughout the whole country (Moreno et al. 1998igida et al. 1998) (Fig. 4).
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Fig. 3. Area burned per year in a number of European tc@sn(upper panel), and change in total area loupes
year during the last three decades in some Meditean countries of Europe (lower panel). Notettadifferences
in forest land is large among countries, hencerétaive importance of fire may not correspond wathsolute
figures. Source: JRC Forest Fires Statistics.

Around the Mediterranean most96%) fires are caused by humans, either by acddarintentional
(San-Miguel-Ayanz et al. 2009). A small percentafidires are caused by lightning (e.g., in Spaist ju
4%), although they tend to cause larger impacts,(m Spain around 10% of the burned area), becaus
they usually occur in remote forest areas, wheeeditection and first attack takes longer. In adofdlit
they are frequently associated to extreme metegiaab conditions, with dry thunderstorms and strong
winds, which sometimes make difficult the use afaextinction resources. In general, the lendtthe
fire season and the temporal pattern of fire oenge vary across regions and with type of ignition
(negligence, arson, agriculture-related activitesightning). Lightning-ignited fires tend to caemrate
almost exclusively in the summer while fires rethte pasture burning are more widespread during the
year, well into spring and fall, accidental firesing somewhere in between. These patterns carfreemny
one region to another. Fires vary also in theiatmn within an area, and in geographic distributio
depending on the source of ignition.

Fires are extreme phenomena, the result beingfélmatfires account for a very large percentage
(2.6% of fires larger than 50 ha account for 76%hef area burned in Southern Europe) (San-Miguel-
Ayanz et al. 2009). This varies across regionsh wilore moist/cool regions being less extreme than
dry/warmer ones (Ricotta et al. 2001). The degifeextreme-fire varies also at a given area between
years. In this case, more cool/moist areas and ldayrareas vary less than areas with a more caetras
climate (Vazquez and Moreno 1995).

C. 1992 |

Fig. 4. Number of fires per grid-cell (10x10 km) in Spaiaring: A) 1975; B) 1976; C) 1992; D) 1993. Althdug
similar area was burned during these years, thgrgpbic distribution changed notably. From (Moretal. 1998).

All fires are suppressed, and this policy has beamtained until now in most of Europe. As fires
started to occur, fire fighting capacity of EU Miedianean countries became a priority, and litfiditde
fire fighting capacity was built up. Each summerrendhan 400 aircraft provide support for fire
suppression in the EU Mediterranean countries. Bdipgres in prevention and suppression amount to
more than 2.5 billion € per year. Of this, 60% gt®suppression equipment, personnel and operations
the rest being used for preventive tasks (Vélez8R0A reflection of this is increment in fire fighg
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capacity is that, on average, there has been &rnepdo decrease the mean size of fires. Althoiugh,
general, the number of large fires seems stabla-l8guel-Ayanz et al. 2009), in some areas is
increasing (Gonzalez and Pukkala 2007).

3.3 Ignitionsand human influence

Since most ignitions are of human origin, and rdbai@as in a landscape are likely to have similar
human influence, an important element for undedstanfires is what factors control where they break
out and, depending on that, which areas in theslzaque are most at risk. Studies have shown thandes
to roads or towns are significant variables in dabeing fire risk (Badia-Perpinya and Pallares-Baeb
2006, Romero-Calcerrada et al. 2008, Wittenberg Bliatkinson 2009). Depending on the point of
ignition and on fire propagation the effects arehsthat, contrary to what may be believed, areas at
intermediate distance to towns or roads might lrnigher proportion than those closer. Therefte,
wildland-urban interface (WUI) (Lampin-Maillet etl.a2010) becomes an important element in
determining the risk of fire. The WUI adds additbmisk provided the increase in secondary housing
along the coasts and in the uplands in the vicinityarge conurbations. Land abandonment in the
surrounding of small villages and farms, where ratuegetation is invading the old fields and cltse
the houses, adds additional risks. Proximity toWHgl interface and roads is a factor of risk thaéds to
be properly weighted in fire-prone protected areas.

34  What firesburn?

The fact that current fires are overwhelmingly drivby man has some important consequences for
understanding what areas and vegetation typeseémmg burned. Contrary to what might be expected, fi
incidence is not highest at the places were clirdateen fire danger is highest. For instance, imsof
the more mesic areas of the Iberian Peninsula,eveiant vegetation is not of Mediterranean tyje; f
occurrence is at its highest (Vazquez et al. 208Rjce people cause fire, they select where andwhe
these occur and the temporal patterns can be hjglelgictable (Diez et al. 1994). Thus, in favorable
(warmer, drier) years the fire season can be gshamta longer (Vazquez and Moreno 1995), which
contradicts normal expectations.

During the course of the century, the types of tetgmn burned have been changing, from more
wooded-dominated areas to shrubland-dominated .aféés may reflect in part the changes in land-use
and land-cover experienced during this time. Hres through any area that contains sufficient ared
that includes protected areas as well (Fig. 5 gnB@éring the last years, of the total area burmgfbrest
fires in southern Europe, nearly 30% were of Naf@@0 sites. Fires, however, do not burn at rantfam
vegetation that is available (Nunes et al. 2005révlo et al. in review). Needle-leaf forests arenbdr
preferentially across the Mediterranean (Syphasal. &009).

Fire occurrence may be linked to particular abiotiliuman factors. In areas where lightning is the
main source of ignition, fires preferentially oc@trhigher elevations and in places where treetatiga
is dominant. Fires also have preference for cettgographic locations, or distances to towns adso
(Mouillot et al. 2003, Badia-Perpinya and PallaBssbera 2006, Syphard et al. 2009). In generalptem
less densely populated, more distant and less sibeesreas tend to burn less. This is important fo
conservation planning, and calls for a need of glanthat is compatible with the conservation s
areas, if only by modifying urbanization patteragéduce ignition sources. Furthermore, sincelikey
that in the past the first areas to be abandonee these more distant to towns and less fertikg, tfeans
that new abandonments will tend to occur closdo¥ms, were ignition sources are more abundant, and
in more fertile areas, thence with higher produstjwhich means that fire hazard and risk williease.
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Fig. 5. Percentage area burned by forest fires that wetterh2000 sites in several EU countries duringydess
2007-2009. Note that in some countries, more tteihdf the area burned can be protected areas. FCamia et al.
2009).

The combination of afforestation with conifers @de towns in former cultivated relatively fertile
areas seems the worst option.

4, FIRE, CLIMATE AND FIRE-REGIME
4.1 Fireweather and climate

The close relationship between weather, climatefmachas been attested in many places, whereby
high temperatures and low precipitation play a nsigaificant role, albeit in the case of rainfdiist can
be non linear and with lag effects. Few particylagvere weather days can account for a large prge
of the area burned (Vazquez and Moreno 1993, Rifial. 1998, Viegas 1998, Pausas 2004, Trigo et al.
2006). Interestingly, it has been found that the-§iize frequency structure matches that of theheea
severity frequency structure in several regionsetBand Lambert 2008), which hints at a close local
relationship between weather events and fires.iMaltvery large fires episodes, concomitant withsin
severe climate and weather extremes (drought aativieves) are additional recent features of fires i
SEM. Episodes such as the 1994 in the Spanish LéMvameno et al. 1998), of Portugal in 2003 (Trigfo
al. 2006), and Greece in 2007 (Founda and Gianmakop 2009), with hundred of thousands of hectares
burned, mark unprecedented records of how extree®dan be in many regions. Under these conditions
fires can expand towards areas in which until nosy twere rare or absent (Camia et al. 2008) (Fig. 7
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Fig. 6. Area burned per year per 10x10 km cells in Spairing the last 28 years superimposed to the natural
protected areas, including the Natura2000 sitede Nloat fires are occurring at or surrounding pristé areas
virtually all throughout the country. From: RodréguUrbieta, Zavala, Mateos and Moreno, in press).

4.2  Fireregimesand interactionswith other stressors

Mediterranean ecosystems can be considered to @eolwed under fire-dependency/influence
(Pausas and Verdu 2005). Nevertheless, the fieneegnder which extant species have persisted until
these days is poorly known. There are evidencds dhdeast during the most recent two centuries, t
pattern of burning was related to human activitiedt resulted in frequent (5-10 fires per centukyy-
intensity, surface fires that permitted the peesise of tree populations (Vega 2000, Fulé et &8P0The
lack of correlation between drier periods and firdicates that fires were deliberately lit to stsighin
certain bounds (Fulé et al. 2008). Burning patténnshepherds in many other areas might have feliow
these patterns. In fact, these human-driven firegtee basis for the conservation of some are&siiope
(Goldammer and Page 2000).

Current fire regimes are, however, very differaonf any previous distant or recent fire regime. For
instance, the geographical pattern of fire occureenf fires caused by people or by lighting in 8pii
very different (Vazquez and Moreno 1998), whichgasj that current fire incidence is changed with
respect to more natural patterns. Similarly, theggaphical patterns of fires caused by pastureibgyn
which might be more similar to management-drivere fiegime, is also very different from the current
pattern of burning or to the natural one. Temppedterns of occurrence are also very different ddipg
on the ignition source (Vazquez and Moreno 199%)htning ignited fires tend to occur in a narrow
window during the summer, whereas people causedafie much more widespread, with fires related to
pasture burning being shifted towards spring dr @bnsequently, geographical and temporal pattefns
fire are most likely to differ from any previouscemt or distant ones. The example of Spain can be
extrapolated to other SEM countries where igniticagsed by people dominate (San-Miguel-Ayanz et al.
20009).
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Fig. 7. Fires during the extreme event of 2007 in the éfasMediterranean. Note that fires extend beyorad th
Mediterranean coasts into the interior. From (Castial. 2008).

Changes in fire regime, in combination with othamng-term anthropogenic disturbances, may cause
further fire-induced degradation beyond the residée domain of Mediterranean ecosystems. As a
consequence of this long-term human impact, mosthef Mediterranean basin is now regarded as
‘degraded’ . Therefore, fire impacts on ecosysteshsuld be analyzed in terms of the interactions
between direct fire-induced processes and previansan-induced degradation processes.

5. ORGANISMSRESPONSES
51 Plants

5.1.1 Mechanisms of fireresponses

Post-fire regeneration in fire-dependent ecosystems in the MR, usually follows the
autosuccessional process (Trabaud 1994). Plantabdeeto withstand fire by surviving it as adulbda
resprouting shortly thereafter from various stroesu aerial budsQuercus subgr lignotubers Erica
arbored, or roots Quercus coccifera among other. By contrary, the living individuagother species
succumb to fire, and their regeneration dependseauls stored in the cano@ir{us halepens)s or in
persistent soil seed-bankSigtus ladanifey. Fire directly (heat exposure, smoke) (Trabaud @ustric
1989, Pérez-Fernandez and Rodriguez-Echeverria, 2008 et al. 2007, Moreira et al. 2010), or
indirectly (changes in light, pH, Nitrogen) (GoreAlRabanal and Casal 1995, Henig-Sever et al. 2000,
Luna and Moreno 2009) releases the seeds from dasnand promotes their germination. Consequently,
post-fire plant dynamics rests largely on endogensources. After fire there is usually a flush of
germination of all plants, including a rich laydr@rbaceous species. Species richness is higliewst -

5 years after fire. Thereafter, competition amohguls and trees displaces lower stature plants, the
structure becomes more complex and the whole systiémws a dynamic that in a few years will render
similar composition and structure to that before {iTrabaud 1994). Long term studiesQuoercus ilex
stands in southern France show that the systemdsheustable to ca. 50 years fire cycles (Jacquét a
Prodon 2009).

This direct regeneration model, however, may netgs apply. For instance, there are several tree
species that regenerate poorly or not at all aftewildfire, and may be threatened by fire. Some
documented examples inclué®nus nigraandPinus sylvestriHerranz et al. 1996, Riera and Castell
1997, Luis-Calabuig et al. 2002, Retana et al. 20BRus pinea(Rodrigo et al. 2007)Abies pinsapo
(Cabezudo et al. 1995)\bies cephalonicdM. Arianoutsou, pers. com.ragus sylvaticgdHerranz et al.
1996); Juniperus oxycedrugn western Central Spain (J.M. Moreno, personaleoimtion),Juniperus
phoeniciaandJuniperus communi@uevedo et al. 2007Juniperus thurifergGauquelin et al. 1999). A
recent study (Paula et al. 2009) provides a congmsifie list of species (952 taxa) with regeneration
traits, many of which are considered fire-sensjtiv&t is, they do not resprout or generate froedse
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after fire. Some of these forests are very imparfeom a conservation point of view, and are pdrt o
protected areas, including Natura 2000 sites. Diegeneration, that is, the recovery of the sysaer
fire to its prefire situation was found to havesldghan 50% chance in nearly half of the tree specie
analyzed in Eastern Spain following a very large {Rodrigo et al. 2004). Consequently, fire in kg
can introduce changes in vegetation that are litelye long lasting, until the fire sensitive pkaate able

to colonize again the burned area.

Unfortunately, until now little research has beanried out for establishing recolonization rates of
fire sensitive species, and the few done have bestricted to some key tree species. For instdPioels
nigra is able to recruit from unburned individuals odiiiduals that survive the blaze from less than 100
m (Ordofiez et al. 2006), and something similamisAbies babilonia (Arianoutsou, pers. com). Other
species that have dispersal mediated by birds eachrseveral kilometers (acorns and jays) (Pons and
Pausas 2007). Little is known about colonizaticstatices and rates of shrubs or other low-statampl
that may have low regeneration capacity.

5.1.2 Fireregimeand plant responses

Even in the case of species that have mechanismdhstand fire and regenerate well thereafter,
there are a number of mechanisms that can proni@eges in plant populations and species. These
include fire-interval effects or event-dependerie@s (fire intensity, fire season, climatologyeaffire,
etc.) among the most important.

5.1.2.1 Fire interval

Fire driven vegetation is highly resilient to fae long as fire return interval is not too shorallow
them to recover from a previous fire and replemistpenerative capacity. Since most fires occur under
severe conditions, it cannot be ruled out thatWiile propagate through stands even in their yostages
of recovery, hence even with reduced biomass (Tiditzand Galtie 1996, Vazquez and Moreno 2001).
Consequently, fire can revisit an area when plhat® not reached reproductive maturity, and sealisba
and resprouting capacity may have not been fubyored. Since age-to-maturity is dependent on plant
size, trees may have greater difficulties thanlsfiio an environment of increased fire frequendémerto
maturity in Pinus species is 10+ years. When fires reburn at shbenials Pinus pinasteror Pinus
halepensistands, the new fire will turn them into shrublarfdallejo and Alloza 1998, Pérez et al. 2003,
Espelta et al. 2008), the fate of which will be emain and depend on future burning. Modeling ssidi
show that increased fire frequency augmented seggecies with short time interval for maturity,
reducing tree abundance. Resprouters were lessteafféy this since they usually have large stofes o
reserves (Cruz et al. 2003). Plant functional tyasled to decreased with increasing fire frequency
(Pausas and Lloret 2007).

A question of interest is to know whether positiweps in fire occur. Indeed, it has been observed
that, in some areas, reburning tended to occurmatich shorter interval than when burning for thetfi
time (Vazquez and Moreno 2001, Salvador et al. OB&rthermore, areas with high recurrence of fire
had reduced vegetation growth (Diaz-Delgado eR@02, Delitti et al. 2005), possibly due to nuttgen
being lost at a higher rate than they were rephemisduring the short fire cycles. Reduced vegetatio
growth can imply a lengthening of the period durinfjich erosion risk will be high due to lack of
vegetative cover (Francis and Thornes 1990, Valjd Alloza 1998). Post fire erosion rates very
enormously between sites and years, but can belaayg (Pausas and Verdu 2008). High soil erosion
rates in impoverished soils can be irreversiblehatecological time scale. Therefore, an accetaratf
the fire cycle can change vegetation rapidly, altgrient pools and reduce soil fertility, all ohigh can
defer for long the recovery process of the vegatatbwards more mature stages.

Of particular interest are the many areas that walévated until recently but abandoned. Many of
such old-fields are colonized by opportunistic $pethat are seederdléx, Genista Cytisus etc.) (Casal
1987, Gallego Fernandez et al. 2004, Baeza andkjdall006). These species have high growth rates,
which combined with the relatively fertile soils abandoned lands allow them to accumulate large
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quantities of fuels, particularly dead-fuel, int@o#g time, making them particularly prone to fifeéfez

and Moreno 1998b, Baeza and Vallejo 2006). Firex@rshrublands that have colonized old fields often
enter into short-interval fire cycles that stop dnyther secondary succession towards more mature
vegetation. Repeated fire expose them to furthesien and degradation for long periods of time (&al

and Alloza 1998). Therefore, land abandonmentifatgks fire cycles that result in ecosystem degrada
loops, rather than in a directional process of veoptowards more mature states (Dobson et al.)1997
Increasing ecosystem resilience capacity in thbaadoned lands would thus require breaking sugbsloo
and promoting secondary succession towards morereyanore resilient vegetation (Vallejo and Alloza
1998).

5.1.2.2 Event dependent effects
Fire intensity and severity

Fires vary enormously in the energy they releasd,this is a function of fuel quantity and quality
and meteorological conditions during fire. High Ifleads, particularly dead-fuel, and high tempenmedu
and low humidity conditions usually produce higffiee intensity than lower fuel loads or less severe
conditions. Because climatological and meteorolmigaonditions are so important in the fire process,
inferring fire intensity and subsequent severignirfuels is not always appropriate (Bessie and slmhn
1995). Different elements (vegetation type, topphyd can produce different levels of fire-intensityd
severity depending on how fire propagates (Oliveras Bell 2008). Measuring fire intensity, or sigaite
measures of it, such as temperatures, is normatlpossible during wildfires. During experimentaés,
thermocouples or other devices have been usecctodreéemperatures or infer energy release or other
measures of fire intensity. After fire, surrogateeasures of the impact of fire, such as crown damag
height of scorch, ash type, etc. have been useldiKeZ009). In addition, measuring the minimum
diameter of the burned branches (Moreno and Oet9®9), which is related to temperature residence
time (Pérez and Moreno 1998b), has proved usefuaiious tree (Gill and Moore 1998) or shrubby
systems (Keeley et al. 2008), permitting measuré¢snen large scale. In addition, fire severity arrb
severity can be mapped based on field recognisandag using satellites, hence permitting mapphig t
variable at large scales (Brewer et al. 2005).

Experimental fires usually demonstrate that as ifitensity increases, plant responses decreases,
although the relationship is not linear for all g (Moreno and Oechel 1994). High intensity fires
produce higher mortality of shrubs and trees (Paesal. 2003, Broncano and Retana 2004). Seedling
germination, establishment and growth will be Malgain relation to fire severity, depending on saté
seed dispersal by serotinuous plants, the amourittef remaining after fire, elevation, dominant
vegetation and soil fertility (Pérez and Moreno 89Bausas et al. 2003, Vega et al. 2008, Rudigek. et
2010). While regeneration of the vegetation majoler the higher the fire severity (Diaz-Delgadakt
2002) the dynamics after fire can rapidly homogeriarned areas (Pérez and Moreno 1998). Until now,
no studies are available from the MR across a whi@eycle that could illustrate the long-termesff of
changes in fire severity. Studies from other Meditgean environments indicate that carry over effec
are detectable, and that positive loops may oddat is, places burned with at higher severitiey lager
reburn at higher severities as well (Thompson eR@D7). Other studies in shrublands, however, have
found negative loops (Moreno et al. in review). fifiere, it is still premature to evaluate how thelly
change in fire intensity and subsequent severitylants in the southern Europe and the MR may be
influencing extant and future vegetation and laagdss.

Fire size

Fire size can affect plant population and commuaftgnges to the extent that fire sensitive species
will have to colonize the burned area from the @umdings or from unburned islands. Large fires may
occur under more severe weather, which is likelgdase increased fire intensity and impact on gjant
adding further strain on the affected populatiddistance to the unburned edge was important for the
recovery of some key tree species that are firgithem as is the case f®inus nigra Unburned islands
were also an important source of seeds (Retand @0@2). Little is known about the relationships
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between fire size, distance to the edge and phamardics after fire for other functional groups ddinis
other than trees dispersed by wind. In the cadeedds, no relationship has been found for herbispec
richness and distance to the fire-edge in the fitsnstyears after fire (Moreno and Cruz 2000).

Fire season

Fire season can interact with fire, among other,thy changes in the seed bank or in plant
physiological status that occur during the yeardlation to penology and that may affect respraytin
potential. Soil seed banks in Mediterranean ecesystare known to persist through time, although its
fluctuation from year to year and within the seakas not yet been well quantified (Valbuena e2@Q0,
Clemente et al. 2007). It can be argued that tte G the seed-bank will change during the coufsbeo
season, being highest at the time of maximum déspeTherefore, the size of the soil seed-banket t
time of fire could vary depending on when the ficzurs, and this could affect the number of gerieima
and subsequent recruits. In the MR, most spectg®ie their seeds in the summer (Bastida and dralav
2002, Pérez Latorre et al. 2007), although someispelike Cistus can disperse them well over the
winter season and somBdsmarinus officinalisin spring (Moreno and Cruz 2000). There is natear
relationship between dispersal pattern and theogerf natural occurrence of fires, which would acitu
the summer. In a year, seed rainfall can be encsrand very variable among species, from 700 se€&ds m
for R. officinalis to 7000 seeds frfor Cistus ladanifetto more than 100.000 seed$/for Erica australis
(Moreno and Cruz 2000, Moreno et al. 2004). Destlite, no differences in recruitment were found
among fires conducted in early or late season (Mwornd Cruz 2000). Differences amo@gtusand
Rosmarinudor total seedlings were almost one order of mtagiei larger in the first than in the second,
and in any case well above the numbers needeglenish both populations after the burn. Survivabw
higher forRosmarinughan forCistus(Quintana et al. 2004), which indicates that othechanisms could
compensate germination differences. Therefores itniclear yet how seed rain and seed bank dynamics
affect plant regeneration potential after firesliffierent seasons.

As for resprouting, fire season was an importaatoiain determining resprouts density @fiercus
cocciferain southern France, whereby early season burniaduged greater response than late season
burning (Malanson and Trabaud 1988). Studies irtraeSpain (Moreno et al. 2004) showed that this
might be true as well for some speciéti(lyrea angustifolia, although differences were not very
important, but not for other€(ica australig. In this case, early season fires were more rdetrial for
smaller individuals. Large size individuals showeal differences in their survival in relation toefir
season. Resprouting growth was higher in earlyoseésirns than in late season ones, similar to that
reported from Greece fdrbutus uneddKonstantinidis et al. 2006). The effect is sulshttearly season
fires can produce resprouts within the same seaadnlate season fires can delay resprouting growth
several months, causing a delay in regeneratioalrnbst one season. Consequently, fire season can
differentially affect plant populations dependingthe species and in relation to the size of theatpl

Fire climatology

The effects of climate variability on postfire ptamlynamics deserve particular attention.
Mediterranean climates are characterized by warmindayy summers, and cool and moist winters. Rainfall
is very variable from year to year, and so it is lgngth of the rainy season. The coefficient afalality
of rainfall increases with decreasing precipitat{dfartin-Vide and Lopez-Bustins 2006), which means
that the lower the precipitation in a given areatiore variable it is through time. Furthermoreudhts
are common. Fires, particularly very large firas] éarge fire-episodes tend to occur under a fewser
days, with particular circulations patterns, lomyg pleriods and heat waves (Pereira et al. 200§poTet al.
2006, Founda and Giannakopoulos 2009). Therefastfiyxe regenerating environments can be subject
to a large variability in rainfall patterns andmiaill extremes, among other climatic conditionstHe case
of large fires or large fire-episodes, that medmet farge extensions that can amount to significant
portions of a country will be regenerating and sabjo similar climate conditions. For instancel1894,
during the first week of July, funnelled by a heatve and a protracted drought, all along the whole
Spanish Mediterranean coast, from virtually thenEreborder to Cadiz, 17 very large (>1000 ha) fires
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were burning, causing a total of 170 kha. This tesfirst very large fire episode recorded in seuth
Europe. Additional episodes followed later in thensner, affecting a total of more than 400 kha.hia t
Region of Valencia, these fires burned 14% of thedt territory (Anonymous 1995a). In Portugal, in
2003 and again in 2005, two very large fire episoidmnelled by heat waves burned >400 ha and >300
ha, respectively. These amounted to 12% and 8%effdrest area of the country. In Greece, similar
meteorological conditions burned 316 kha in 2008 @70 ka in 2007, amounting to 9% and 7%,
respectively, of the forest area of the countryerEfore, the effects of climate variation on plant
populations under regeneration could be geogralieatensive and, eventually, lead to long-lasting
changes.

Fire-recruiter species are a main component of Medliterranean. These are species whose
individuals die during the fire, the recovery oéthopulation resting entirely on postfire germioatand
establishment. Therefore, they can be particulselysitive to the vagaries of weather and climater af
fire. Germination is commonly triggered by the ffirains (Daskalakou and Thanos 2004, Quintana. et al
2004). However, the optimum germination temperatumees among species (Galmés et al. 2006).
Therefore, the temporal pattern of rainfall canftsbp to several months the time of germination
depending on when rainfall occurs and the temperateigning at that time. Once germination has
occurred, soil moisture is probably a most limitifagtor for survival. Mortality during the first fe
months, up to and including the first summer, isyvieigh (Quintana et al. 2004). Consequently, the
climatology following fire can play a significanble in triggering germination and causing mortality
fire-recruiter species. Empirical studies show tblaint persistence can be at risk in the case wdree
climatology following fire, as in drought (Quintama al. 2004). This study showed tiaica umbellata
regeneration was at the level of virtual local eetiion due to a severe drought following fire. Ndit
species were equally sensitive to drought, a faat tould produce shifts in relative dominancehei.
Furthermore, rainfall patterns, by altering thengi@ation temporal patterns can determine survival a
fithess (De Luis et al. 2008). A differential seiviy among coexisting species towards the pastfir
climate, either for germination or for survival,utd determine the future structure and compositibtine
plant populations and communities.

52 Animals
5.21 Faunal general responses

Fire temperatures will reach levels that will béhé for all organisms if directly exposed to the
passage of fire. Animals may flee away or seekgefunderground or inside trunks and survive the fir
particularly in areas where fire intensity might tegluced. Direct killing of animals of certain siaed
mobility is not common, although when it occursniakes the headlines. This is more likely to ocaur i
animals with slow mobility and/or limited accessstfe sites. Few examples exist in the literatha¢ &
population might have gone extinct as a resuliref(Lyon et al. 2000). However, the direct effetfire
on some endangered animal populations might bertauo For instance, the Mediterranean turtles have
been found to have very high mortalities as a tesfuire (Stubbs et al. 1985, Popgeorgiev 2008hew
adult, sexable individuals die the population remgvcan take decades (Hailey 2000). When fire is
combined with additional negative actions, the @ffef the two factors can be most severe and decade
will be necessary for the recovery of the poputafidailey 2000).

Most faunal studies usually address faunal popmratind community changes by means of short-
term diachronic approaches complemented with symitiapproaches, by comparing recent burned sites
with adjacent long-unburned sites. The dynamics éhgerge from most such studies is compatible with
an autosuccessional dynamic. Faunal dynamics appdae closely related to the changes in the plant
structure and composition as these affect the enwiental conditions (more or less open habitather
resources (Prodon et al. 1987). The general patieitat early stages of postfire succession anallys
dominated by more opportunistic species that eithevive the fire (refugia hypothesis) or popultte
area from nearby areas (immigration hypothesiskerOpabitat, more xeric species dominate the early
stages after fire, with species proper of more meastages coming at later stages. The initial chaung
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the community and populations induced by fire canvisualized by the change in rank-abundance
diagrams models that before fire resembles a bretiek type and after fire takes the form of geamet
model, indicative of a few species being more damin(Fattorini 2010). As time passes and the plant
community develops a succession with replacemespegies follows.

Despite these generalities there are a number ridticans around this model depending on animal
characteristics. For instance, in a study @wercus ilexstand in southern France (Jacquet and Prodon
2009) during a 28-yr period it was followed at #zne time plants and birds communities. Plant et
an autosuccessional pattern as described earliémals (birds), however, did not follow a cleamigein
species richness through time. Nevertheless, thayd a replacement among the various guilds, wigereb
after fire granivorous species dominated, latenig@ous-insectivorous, later insectivorous andalfin
frugivorous-insectivorous. The pattern of changas woincident with that of vegetation compositiod a
structure. They calculated that after 50 years ,bolints and birds, would have reached the comditio
prior to fire. Consequently, a 50 fire cycle woyddoduce a stable system. Few other studies have
followed faunal populations in SEM during such ag@eriod and at the same site. In a study in &iger
Prades (Eastern Spain) irQaiercus ilexstand, the micro-arthropods community of the deilined after
fire but densities recovered quickly (2-3yearskiafire. Nevertheless, the community, particulaHg
Collembola, 15 years after fire had not still reex@d to similar prefire levels (Mateos et al. 2008%)ese
two examples covering very different groups of oigms indicate that faunal recovery times can hg,lo
and diachronic studies are critical to avoid soff® assumptions of synchronic studies.

The time to reach a state similar to the one fodire is an important parameter since fires befor
that moment can have long-lasting effects on thangonity. Time to recovery varies depending on
organisms and system. For instance, soil dwellingra¥invertebrates very quickly resembled that of
prefire conditions in a phrygrana ecosystem of Ggebut not so those inhabiting in the litter (Sigdis et
al. 1995). Among soil dwelling arthropods iQaiercus subestand of sourthern France, Prodon et al.
(1987) found that groups feeding on living matenabre dependent on the recovery of the litteriaywml
on transfer of energy across trophic links, requimgore than 20 years to recover their populati@ys.
contrary, groups feeding on dead plant materifiogal hyphae required 10 years or less. Withiivarg
group of organisms, the type of habitat may deteentihe rate of recovery. For example, ant populiatio
recovered less rapidly in moist forest than in xenes (Arnan et al. 2006). Consequently, the pestf
dynamics of faunal communities can vary dependmghe group concerned, the niche they occupy, and
habitat type. Groups and habitats with longer nexment to re-establish after fire are likely tofeumost
from changes in fire regime that imply an increfasefrequency.

5.2.2 Faunal responses and fireregime

Animal population and communities are equally s@resito variations in fire regime parameters.
Following are some examples that illustrate hownglea in fire regime can affect these organisms.

5.2.2.1 Fire return interval

The dynamics to recovery of abandoned lands towfarést will be hampered by fire. The resultant
landscape will be one where areas of low and highfifequency can coexist (Mouillot et al. 2003)cdB
diversity in Central Portugal decreased from fotesthrublands (Moreira and Russo 2007). As fieesl t
to transform during the initial stages forest tousfands, scenarios of increased fire frequencylaviead
to reduced bird diversity in the area. Increaseslffiequency would reduce other vertebrate comnasnit
in the Mediterranean (Moreira and Russo 2007).

In the Southern Alps fire have been a recurrenhpimenon and have usually occurred in winter and
spring, affectingCastannea sativéorest. Arthropods populations were more resiliensingle fires than
to repeated events, recovering 6—14 years aftergtedire, but only 17-24 years after the lasseferal
fires (Moretti et al. 2006). Flying zoophagous gpltjytophagous arthropods were the most resilient
groups. Pollinophagous and epigaeic zoophagousespsibowed intermediate resilience, while ground-
litter saprophagous and saproxylophagous arthropledsly displayed the lowest resilience to firbeir



25 T-PVS/Inf (2010) 10

species composition 17— 24 years post-burn afigeated fires still differed markedly from that biet
unburned control plots.

5.2.2.2 Fire size

Animals with limited mobility are thought to be miaailnerable to fire and to the subsequent shelter
loss. Recolonization rate depends on the abilityeaf animals to colonize the burned area from tigee
of fire or from unburned islands or refugia. E$&iing the source of the recolonization is impotta
given the tendency towards large fires. Among ahinith low mobility, terrestrial gastropods are \slo
movers which might reduce their capability to recdte burned areas. Santos et al. (2009) studisd th
group of animals at four years after fire in a viarge fire (>4000ha). There were few changes @& th
number of individuals but more in species. Burnkells indicated that many individuals were killeg b
fire. They found that differences inside the burrsda or close to the edge were similar with the
unburned forest, suggesting that refugia were acsoof colonization. They argue that the largerfites
and the greater the fire-intensity would probaldgduce the colonization capacity of these organisms.
Unlike what it was found in southern France (Kissl Magnin 2006), resilience was reduced and four
years after fire community had not recovered tdigréevels.

Determining the origin of the colonization (theugifa hypothesis of the immigration hypothesis) is
also important for micro-mammals and in the caskafe fires. Studies (Prodon et al. 1987, Foral.et
1993) about the dynamics of small mammals aftgeldires found that the sex ratio of the wood-mouse
(Apodemus syltvaticiigs strongly unbalanced towards the males in tmmdd sites, which suggest that
colonization from nearby areas took place due ® fitt that males are more active disperses than
females. The reduction in internal parasites thinotlge years, in comparison with the initial ones,
indicated that the first migrants carried parasitem their area of origin, which was outside therted
area, but later infections decreased due to thectie of parasites in the burned area due to(fisdiu et
al. 1993). Consequently, fire size can affect cialation patterns of certain groups of animals aticbio
interactions.

5.2.3. Fireintensity and severity

Two studies illustrate how changes in fire intgnaitd ensuing fire or burn severity can affect &un
communities and populations. A study on the redeliion dynamics after fire of soil micro-arthropiod
a Pinus halepenistand found that total number of micro-arthropeds reduced by nearly one order
magnitude following fire (Henig-Sever et al. 2004)similar reduction was obtained in Collembolahwit
an even more drastic effect on the number of graepsesented in the high fire-intensity areas. Fire
directly or indirectly (increased ash content and) pvas a major factor in shaping the postfire soil
invertebrate community.

A second example comes from birds, a group of dsgas that because of their larger mobility
would be expected to produce lesser changes itiorlto fire intensity. Legume-shrubland8itysus
purgang of the upper Mediterranean mountains of the Ra@enare burned by shepherds to reduce
encroaching and increase pasture availability.ag been found (Pons and Clavero 2010) that faunal
values decreased as fire intensity increased. ktiggnsity fires burned most branches reducing the
capacity of shrub-dwelling birds to use the plamsce this group disappeared in the first year éfee
and was forced to forage and nest in nearby unduareas. By contrary, mild fires left dense bumter
and unburned patches, favouring their presence.

5.2.4. Fire season

The effects of the fire-season can be due to thegds in fire intensity linked to different moistur
content of fuel through the seasons, or to the sththe populations at the time of fire. For imste, early
in the season fires are usually less intense, hetefore their direct impacts are likely to be less
detrimental on the faunal population. The mortatifythe tortoiseTestudo hermnnanrin Greece was
very different depending on the season of firepfig to 47% in summer to <6% in winter (Hailey 2D00
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For a given fire intensity the size and age stmgctf the population can have different impactston
Early season fires may affect faunal populatiothereproductive phase, whereas late season coaldt o
after dispersal. Consequently, the effects couldidry important. An extreme example is the case of
migrant animals. Depending on the date of emignasiod fire, fires can occur when they have already
reproduced and abandoned their sites, so that thiegrreturn the following year the vegetation wiitlve
recovered and, eventually, will be even more faable for the species to reproduce. If the fire sake
place before arrival from migration, the conditiomgl be most severe during the first summer, when
vegetation will have not recovered. Since many amtg have strong philopatricity that means that the
level of stress during that year will be very great

5.3 Organism interactionsin relation tofire

While the impacts of fire on plants and animalsen&een addressed normally separately and for
particular groups, a number of interactions wittiem and across groups necessarily occur. To have a
full understanding of the implications of fire fbiodiversity an understanding of such interactims
needed. Yet, few studies have undertaken this.clongext of changes in climate and other envirortaien
stressors is important to recognize them. Followémg some examples that illustrate some of these
interactions, which can cascade across trophidderanteracting groups.

5.3.1. Plant-plant interactions

Changes in plant population and species can odtar fae due to competitive interactions among
plants. When this involves tree species the effeatsbe significant. Seedling establishment ofstresn
be compromised due to the high competitive presiore herbs, shrubs or other trees that thrived in
suppressed state in the understory but that ar@etitively released once they resprout after fide (as
Heras et al. 2002). Consequently, the probabiligt & given stand will be succeeded by the sane typ
vegetation is not guaranteed (Retana et al. 2002).

5.3.2 Plant animal interactions
5.3.2.1 Seed predation

Seed predation in Mediterranean environments carelyelarge. In the absence of fire seed predation
in Pinus halepensibas been reported to be up to 97% (Ne'eman 20@4l). Granivorous rodents and, to
a lesser extent, ants are responsible for it. Afiter large quantities of seeds are released Berotinous
cones of pines (Daskalakou and Thanos 1996) ateihen granivorous rodent pressure is reduced due
to attritions by fire. Yet, seed predation can bephigh during the first year although it is naffient
to jeopardize seedling establishment (Broncano Bethna 2004). Establishment depends on seed
availability and conditions after fire, particubarkainfall patterns (Daskalakou and Thanos 2004).
Consequently, large variations in seedling recreittrhave been observed. When establishment during
the first year is not insured, regeneration wiltren seed sources from nearby areas. However thifte
time seed predation will be much higher due tordmd recovery of rodent populations (Broncano and
Retana 2004). Consequently, regeneration of cekainspecies may depend on the combination of
certain biotic and abiotic factors.

5.3.2.2 Herbivory

Resprouting plants after fire have higher waterteoihand are more nutritious, and herbivores may
be attracted to burned areas. The capacity of tedhean plant to support herbivory is very laaye]
although browsing intensity and time may reducemjnodepending on species (Espelta et al. 2006), no
examples are available indicating an impact ontpiaortality. Herbivory can be particularly importan
seedlings, since attritions on these will have ldagting effects, and not all species are capable o
resprouting when clipped (Verdaguer et al. 2001).

Of particular interest are the interactions of hartes that could result in forest die back, heimce
major alterations of forest fuels. Examples frormedorest pests are illustrative. The pine prooessly
caterpillar Thaumatopoea pityocampattacks various species of pines. High elevaticzas are safe
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sites due to the cold that impedes the propagatfaiis pest. The cause of the cycles of this jmest
unclear, but both biological and environmental desimay play a role. Warming trends are expandieg t
species upwards and in extreme years it has bdentelé to increase in elevation (Battisti et al0&0
The interactions between pest and pathogens ornsptam have important consequences in fire-prone
environments. Increased pest pressure can redusethgrseed production, establishment rates and
mortality of branches or adult individuals (Hodarak 2003). Increased fuel loads can have impbrtan
consequences for the risk of fire, particularly wiieaffects species that have no capacity to neggo

fire, as it happens witRinus sylvestrisPests in combination with other climate stressessignificantly
produce forest die-back (Allen et al. 2009) andalsmurce of altered fuel quantity and quality ahéire

risk.

5.3.2.3 Pollination

Plant pollinators typically increase shortly affee until the first few years, and asymptotically
decreasing as the stand matures. This patternv®lftoral abundance and diversity (Potts et al.3300
Increased pollinators in the early stages afterrfiay, however, not imply increased pollinatorvises.
Changes in pollinators diversity linked to shifts the type of flowers dominating in post fire
environments can cause reduce seed set in redaunthed areas in comparison with unburned ones
(Ne'eman et al. 2000). This is most surprising esingtrient content in burned areas should favoantpl
growth and, eventually, seed set in such areas.

5.3.2.4 Dispersal

In homogenising landscapes due to fire and abandorthe probability of an area to be colonized
by tree species depends, among other things, grerda capacity. Some birds (jays) are efficient
dispersers of acorns and can transport them to diisstgnces. Dispersal by jays to shrublands is much
lower than to recently abandoned fields or foré¥ns and Pausas 2007). Since shrublands are the
dominant type of vegetation after frequent firesndicates that processes towards more maturesstage
may be reduced by changes in dispersal agentsinMititned areas little is also known about chamges
dispersal mediated by animals. After fire, seedraegement mediated by mutualists can expand the
range of species, as shown by (Arnan et al. 200®) found that a chamaephyte with limited dispersal
capability colonized new areas after fire due todispersal.

5.3.3 Animal-animal interactions
5.3.3.1 Predation

After fire various guilds of organisms suffer dyriasnthat are controlled by external factors bub als
by interactions among them, predation being onghete factors. Understanding the changes along
succession in predator-prey interactions wouldvallzetter comprehending possible mismatches. A
number of examples indicate that in recently bureedronments prey abundance may exceed predators
presence (Herrando et al. 2005). The study fouatittiere is relationship between preys (arthropods
this case) and insectivorous birds along age-dinraing. However, in the early stages after firer¢h
was relatively more prey than birds. Consequeptlgy abundance did not limit bird presence. (Tarrd
Diaz 2004) found as well that the abundance of smainmals was larger than expected from vegetation
structures in recently burned stands, whereasdh&ary occurred in long-unburned ones suggeshag t
predator pressure, low in the early stages after ind higher in the more mature phases, might be
responsible for this pattern.

54  Postfire management effects

54.1 Effectson plants

In burned shrublands and grasslands postfire mamageactions are usually reduced, except in the
cases of limited vegetative cover and high risleafsion. Postfire management actions usually aim at
incrementing vegetative cover by seeding. The effetthese have not been studied but limited &ffec
are expected. More important is when forest areddirand logs are extracted for timber of other
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purposes. Experiments aimed at evaluating the teffefc salvage logging on plants indicate that these
actions may not be important (Pérez and Moreno ,1Bf8tista et al. 2004). However, negative effects
the ecosystem are foreseen in certain soils wasiaer gullies can form (Bautista et al. 2004).

54.2 Effectson animals

Studies on the impact of removing the logs or ngttand letting them down onto the soils have
yielded contradictory results for animals. Removing trees significantly impact the bird commuriitya
forest in Eastern Spain (Llimona et al. 1993). Rurfogs were an important resource for variousispec
and for different functions. In ®inus halepensidorest of Israel, (Izhaki 1993) compared the bird
dynamics in plots that had been left intact, cut daid down or removed. He found that cutting
significantly increased bird richness. By contrarythe same area, (Haim 1993) found that cuttiag w
more detrimental to the rodent community. This ssgg that open space favour the colonization of new
species, and cutting the logs may favour this. &gume of the species of open spaces are moretanpor
from a conservation point of view than those pérgisfrom the forest (Pons 2003), which are usually
more widespread in Europe, it implies that postfiranagement can be used to favour conservation
purposes. Nevertheless, seed dispersal aided legtfdirds might also be of value, as well as the
regulation of insect populations. Consequentlyhaaanagement action after fire must carefully cdersi
its objectives since the effects on different gopght be diffferent.

55  Landscapeinteractions
551 Plants

Plants tend to regenerate after fire mainly frordagienous sources (by resprouting of from on-site
store seeds). Consequently, the interactions betwbanges in landscape patterns and plant species
richness has not been much studied. Neverthelesgetative distribution of species of each groap c
vary depending on environmental characteristics #mes$e could change due to fire. The number of
seeders species as well as the seeder/resprotiterinereases towards Mediterranean conditions in
comparison with more moist habitats (Lloret et2005). By contrary, fire sensitive species increase
towards moisture areas. Fire changed these propsriih a way that the seeder and seeder/resprratiter
increased in areas with greater fire activity anditsdid with the fire sensitive proportion of spex
Resprouters were similarly represented across lthatic gradient. This implies that more seedeis ar
likely to occur in more areas as fire expands &adl the regeneration response will be more depérmaten
postfire climatology. Therefore, large scale difigzes in species pools might occur as a resuilteof f

The filtering effect of fire on species pools magt e restricted to differences in regeneration
modes. Moreno (unp. data) found that in a veryddnge (18000 ha) three years after fire speciesness
increased in the burned area with respect to thminmed surrougindgs. However, increases were not
equal for plants differing in the distribution rangnd differed also by substrate. Cosmopolitaniepec
increased in both substrates, and their incremast much higher than that of the other groups. 8peci
with a reduced range (lberian Peninsula endemicsgased very little and differently depending ba t
substrate (Fig. 8).

This suggests that landscapes in interaction wighniay play a role in altering species abundamce a
different scales. It appears that cosmopolitanisepaman take greater advantage of fire than spedibs
reduced range. The reasons for that change arkno@in. Different plant functional groups might be
differentially sensitive to heat or respond diffethg to the changes in the environment induceditgy fn
particular during the critical phase of post firermination. Luna et al. (200) showed for speciesnaf
life-forms (chamaephytes and hemicryptophytes) ltlogt the largest fraction of endemics (Melendal et
2003) that heat tolerance among plants that diffeange size was different, whereby Iberian endsmi
and resprouters were more sensitive to heat thaspmuters and widely distributed. Additionallighit
exposure, which increases in fire environmentgcéid negatively to Iberian endemics and chamaephyt
(Luna and Moreno 2009). Furthermore, sprouters emdiemics to the Iberian Peninsula were more
negatively affected by cold exposure, than nonwprs and widespread species (Luna et al. 20083. Th
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means that if they miss the first rains in auturemgnation would be delayed, with possible riske tu
predation.

Even more, at this same site, the relationship éetwspecies rarity (range-size, local abundance)
and germination-niche breath differed among chammgep or hemicryptophes and it was such that
germination niche-breadth was positively correlatéith range-size for chamaephytes, but negatively f
hemicryptophytes (Luna and Moreno 2010). This mehas species that differ in their rarity might be
differentially sensitive in their germination reggrinents, which could possibly influence their sevisy
to fires. Much more needs to be known before wermake predictions as to which species are likely to
suffer most from ongoing changes in fire regimevéitheless, it appears that the traits of someraitsde
makes them candidates to be at greater risk dunerteased fire frequency, and that patterns of dance
at landscape levels might be affected by it.

55.2 Animals

Among animals, some have greater mobility than reth# is expected that those with greater
mobility (e.g., birds) might colonize burned ar@asre easily and that the colonization process shbell
driven by niche requirements more than by dispdiseiations. Therefore, colonization patterns hist
group should be rather homogeneous. However, aitiBmotons et al. 2005) have found that various
recently burned areas differed in the species csitipo of birds and that colonization was related t
sources of dispersal from nearby areas. Conseguelidpersal processes determined colonizatiors rate
and landscape heterogeneity can play an imporénirr determining colonizers after fire.
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Fig. 8. Number of species of various distribution rangesunburned and burndd. pinaster(acidic) andPinus
halepensis(basic) stands around and within (respectivelyiprge (18000 ha) fire in Eastern Spain. Cosmop:
cosmopolitan; Med: Mediterranean; W Med: westerrdigranean; Endemic: Endemics to the Iberian Peidn
From Moreno, Luna and Pérez (in prep.).

Taking into consideration that faunal (bird) divbrsdecreases in scrublands in comparison with

agricultural or taller shrub or forest areas, Inat tscrublands can also contribute with additicepacies

not common in any of the previous ones (Moreirale2001), a question of interest is to know homg fi
occurrence and landscape changes affect faunaivbisdy at large scale (Gil-Tena et al. 2009). sThi
study found that, at a large scale, bird divergiis not negatively affected by the combinationoré$t
expansion and increased fire occurrence. Actutdldly,.expansion of an endangered species seemsdo hav
been driven by fire occurrence (Brotons et al. 20@&ppears that in the Mediterranean wildfirgauts

will not necessarily be always negative for versétds at certain scales depending on the fire regimle
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rate of landscape change. A fire regime charatiten$ smaller fire sizes could even be advantagdou
the maintenance of species diversity of vertebyaimtsso one of large fires (Moreira and Russo 2007

6. FUTURE TRENDS

6.1 L and-use and land-cover

Projections for the last part of the century inticdonat the process of abandonment of marginakarea
or its utilization for other uses will continue,tivifurther concentration of agriculture in moreiferareas.
Additionally, EU and national policies are promgtireforestation with native species in marginabare
to favor carbon sequestration. The surface devimejriculture is projected to decrease depending
the emission scenario considered. For instance gesssion-intensive scenarios (such as the IPGESSR
B1) produce reductions in agricultural areas foaiBmf 33% by the year 2080. On the other handemor
emission-intensive scenarios (Al) project redudtiohup to 70% for the same date (Rounsevell et al.
2006). Consequently, it is foreseeable that thecge® of land-use change will continue during this
century. A reduction of the surface devoted to @dpire could imply an increase in the surplus land
dedicated to other uses, mainly forests in alfdtets, including wildland areas, with the corrasting
increment in fuels and hazard for these landscapes.

6.2 Climate

Annual temperatures are projected to increase ithson Europe and the Mediterranean (SEM)
more than the global average (for the A1B scenarid the period 2080-2099, the projected global
warming is 2.8°C, whereas for the SEM is 3.5°C)riiflag will be largest towards the south and the
interior, and will be highest in summer (4.1°C, fioe same scenario and period). Maximum tempersature
are likely to increase more than average or minimemperatures. Warming will be greater with
increased GHG emissions (Christensen and Hewit€fi¥)2 Annual precipitation is very likely to
decrease in most of SEM, and the number of wet daysry likely to decrease. Precipitation changis
not be homogeneously distributed between seasadtis summer precipitation tending to experience the
greater reduction (24% reduction in summer vs. t@8tiction in the annual total for the same period a
scenarios as above). Precipitation changes will tlmoughout the region, and the greater reductaras
likely to occur more towards the south. Other clesnipr SEM include decreases in relative air hutyidi
and cloud cover, particularly in summer; no sigmfit changes in 10-m mean annual wind speed are
expected, except for a light increase in summerig@&nsen and Hewitson 2007).

There is uncertainty with regard to extreme, sumrsieort-term precipitation in the Mediterranean.
Much larger changes are expected in the frequehpyegipitation extremes; for SEM, large increases
the frequency of low summer precipitation are ptgd. The number of dry spells and the risk of diiu
is likely to increase in SEM (100-yr droughts arpected to occur under certain scenarios by theoénd
the century every 10-yr or less), notably in sorrileurope (Lehner et al. 2006).

6.3  Biodiversity

During the last century, increases in global terapge have affected ecosystems and species
throughout the world. Observed changes affect #eetic of populations, their phenology, physiology
and distribution, among other (Parmesan and Yol@3,2Root et al. 2003). In general, advancement of
phenological phenomena towards spring and delayallinand shifts in distribution range towards the
poles and towards higher elevations are some ofd#fient features of the ongoing changes. Many of
these changes can be attributed to the ongoingagfenic climate change (Rosenzweig et al. 2008).
Climate change can commit to extinction a sizeablmber of species in the world (Thomas et al. 2004)
Following are some details of the expected impattslimate change in European plants and animal
groups.



31 T-PVS/Inf (2010) 10

6.3.1. Plants

Niche-based modelling for a large set of Europdantp show that species losses from certain areas
by the end of this century could be very significé0%)((Schroter et al. 2005, Thuiller et al. 3R0
Patters of estimated species losses and turnovaotdeary very much for different emission scergrio
The Northern Mediterranean (52%), Lusitanian (8@} Mediterranean mountains (62%) environmental
zones are the ones facing the greatest lossesthwitBoreal (29%), Northern Alpine (25%) and Atlant
(31%) being the less sensitive. Overall, for akaps studied it was calculated that half of thecss
studied could become vulnerable or endangered BQ.ZDhese results are consistent with earlier studi
(Bakkenes et al. 2002). Incorporating in the modéfer interacting factors, such the effects of G2
water availability, significantly altered the resyldifferent groups of species being differenyiaknsitive
to this (Rickebusch et al. 2008). Species changefamctional diversity change will vary across Bugo
(Thuiller et al. 2006). While the results emergfrgm these studies cannot be taken as forecadiodhe
inherent limitations in the modelling approachésytindicate that the potential for plant specieange
is very great.

6.3.2. Animals

Climate change-based projections for all Europesm-volant mammals based on two emission
scenarios indicate that, assuming no migratiorwéen 5-9% of the species risk extinction, while78846
may be severely threatened with losses greater3®#nof their current climate-space based distidiout
Results are less severe, but also significant, assaming unlimited migration capacity. Range Ilssge
also likely to lead to reductions on populationesizvith its negative effects on population vialilit
Species richness is dramatically expected to dsergemong the most vulnerable species are thoein
South and in Islands. Species richness is likelyntwease in the Northeast and at higher elevations
(Levinsky et al. 2007).

Modelling European breeding bird distribution by tend of this century based on several GCMs
projects major shifts in avian distribution (Humtlet al. 2006). The potential distribution rangdl Wwe
reduced to 81% of what it is today, the majorityspecies having 50-80% distribution of their cutren
one. Furthermore, the overlap between future digion and that of today is, on average, 39%, \ith
large number of species having no overlap at Ak a consequence of the displacements the areas of
highest avian species richness shifts northeast, aveas in the south and east losing the greatesber.

This results in an average reduction in specidmess of 8.6% for Europe.

Projections for European amphibian and reptile &aloy the middle of this century indicate that the
majority of them could expand their range basedanous scenarios and GCMs under the assumption of
unlimited dispersal. However, if they were unaldedtsperse most species (>97%) would reduce their
range. Loss of suitable climate space is projettiestccur mainly in the southwest of Europe, ingtgd
the Iberian Peninsula. This is due to the fact ehgtconditions in the south west are projectethtoease,
approaching the levels found in North Africa, whéee amphibian species are able to persist. Spéaties
the south-east and, particularly, in the Northemast projected to gain suitable space. The projected
reductions in rainfall and water availability, aglivas the reduced dispersal capacity of many edgh
organisms making them rather vulnerable to clinchenge (Aradjo et al. 2006).

These three examples illustrate well that the giatefor climate change to induce species change is
very great in Europe. There are numerous exampdsthe process of change is well underway. While
the exact outcomes are difficult to project, didfier groups will react differently to accommodatette
new climate, and there are indications that evenigh organisms are reacting, shifts in distribution
accommodate to the new conditions lag behind tlbsgimate (Menendez et al. 2006, Devictor et al.
2008). That means that many organisms are alregidyg lunder stress since the areas they populate do
not match their requirements. Differential respenechanges in temperature is causing mismatches i
the interactions among organisms (Robinet and Rodeierdo and Sanz 2005).
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6.4 Trendsin fire
6.4.1 Firerisk

Increased temperatures and reduced precipitatibered precipitation patters, whereby rainfall
concentrates towards the winter, will very likebuse increases in fire danger conditions in cuiesss
in the SEM and extend these to areas in Centralgarticularly, Eastern Europe in which fires waoav
not frequent or absent (Moriondo et al. 2006). Tihe season will be longer, in some places lasting
almost the whole year, and more severe, that stgreumber of days of risk, greater number of ddys
extreme risk (Fig. 9). Increased dry spells andudnts (Lehner et al. 2006), and higher temperatures
particularly maximum temperatures will very likelgcrease the frequency of extreme fire danger
conditions and with it the probability of fire, paularly of large fires (Moreno 2005, Moriondo &it
2006, Giannakopoulos et al. 2009, Moreno et al0201

The more severe conditions will very likely conduoeggreater fire activity in SEM. (Carvalho et al.
2010) projected past fire occurrences into ther&utunder climate change scenarios which resulteérin
significant increments in the number of fires (279986 area burned (478%). Modelling projections for
Spain (Schroter et al. 2005) yielded increment8596 to 112% for different emission scenarios. Since
most fires are caused by people, extrapolating fir@sbccurrence into the future based on biophalsic
changes must be made with great precaution. Pemtde show that similar fire weather conditions can
render very different fire occurrences. For inseanehile the heat wave of 2003 produced the largest
fire episode in Portugal, the adjacent territon&Spain, which suffered similar conditions, did nesult
in an extreme fire situation. However, the fewditbat were ignited during those conditions resluite
large fires. This is consistent with the findingtlire-size inequalities tend to be greater in ensevere
years and among higher fire severity areas (Vazgundzavioreno 1995).
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Fig. 9. Observed (a, d) and modelled (b, c, e, f) valoegHe Period of Alert (a, b, c)(number of dayswestn the
first and last day during the year that P/ continuously for a week) and Period of Risk €df)(number of
effective days during the PA in which F¥LI5) during a 30 year period in Spain. Observedeshre based on daily
data of the MARSSTAT database from the Joint Rete@entre of the EC at Ispra (IT), and the perie@d5:2004.
Modelled data are the median of the A2 and B2 SB&arios of 5 Regional Climate Models with daigtadfor
the period 2071-2100, made available by the Spanistitute of Meteorology (Madrid, Spain). Cell siis 50x50
km. From (Moreno et al. 2010).
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In the boreal region of Europe, simulations showearease in fire danger in the North and an
increase in the South for a doubling of CO2 scen@iannigan et al. 1998). Calculations for Finlamdl
the A2 scenario show that fire risk increases ftbemNorth towards the South. In the south, the rermb
of days of fire alarm can increase from a maximdmi@D in the present to 160 days by the end of the
century. In the north these figures increase mardarately, from 30 to 36 days. The expected ineré@as
the number of fires in the country is about 20%, gheatest frequency being in the South with arease
of 30%, where 9 fires per year and 1000%are projected (Kilpelainen et al. 2010).

In summary, with climate change there will be agréase in forest fire potential that is greatest at
SEM, most particularly in the Iberian Peninsula.eds of Eastern Europe, where fires have been
uncommon until now, might also be affected. Amalng tost relevant projections are those concerning
the maximum number of days of extreme risk. Unfoately, current models cannot simulate well these
situations, so much awaits to be learned yet. THisodes of heat waves, drought and widespread fires
throughout large extensions across various cosntdewhich 1994 (Spain), 2003 (Portugal) and 2005
(Greece and the Balkans) are worth mentioning aghed future fire risk could be like.

6.5  Other interacting factors

The interaction among drought and regenerationgaréicular issue in the MR under future climate
since the postfire regeneration potential of mamas will very likely suffer from reduced precigita
and increased probability of drought. If, as it paped in the past, drought is associated with Ifirgs
and widespread occurrence, this means that thatmdtior recovering after fire of large extensianght
be in peril, thus adding capacity to vegetationngga Seedling recruitment under simulated drought i
reduced, and is not related to patterns of moytalftadults, which implies that droughts and fimnc
result in significant vegetation shifts (Lloret at. 2009). Synergies between drought and fire can
significantly alter vegetation composition even enlbw warming scenarios (Fyllas and Troumbis 2009)
Increased drought may shift fire-prone areas tosvarwre northern areas in Europe, increasing tree
mortality. However, along the transition betweeffedent vegetation types, large amounts of decaying
fuels may be exposed to increased meteorologimldfainger conditions giving way to greater fir&kris
(Pefiuelas et al. 2010).

Climate change is likely to reduce nutrient avaligband turnover (Sardans and Penuelas 2007),
reduce soil moisture and, ultimately, reduce growd primary productivity in semiarid areas,
particularly as they become drier. However, in mapland areas, where productivity is more contdblle
by temperature than humidity, increased temperatoutd increase productivity in a first period (Gea
et al. 2005). This would add greater capacity ® \thgetation to quickly recover after fire and aimst
additional fires provided ignition sources. Someghsimilar could occur along latitudinal gradieats
southern biomes shift northwards (Metzger et aO80How fire would affect current, non-fire prone
areas is still poorly known. However, a study (Ticka and Cramer 2006) found that the modelled irhpac
of fire on the vegetation of southern Germany wowdtibe important.

Postfire environments are rich in resources andpetition in their initial stages is reduced.
Consequently, disturbances can open space fordlmmization of exotics (Gritti et al. 2006). These
authors modelled the potent for invasions of Mediigean areas in relation to climate change and
disturbances. They found that invasibility variestvieen dry and moist areas and in relation to
disturbances. They concluded that Mediterraneandsecosystems are likely to be dominated by exotic
Fires, particularly large fires, can open spaces tould be potentially used by high-dispersal dera.
Invasives, in turn, can modify fire regime and lient increase invasive potential (Vila et al. 2001).
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1. THE CHALLENGE OF MANAGING AND CONSERVING BIODIVERSITY IN FIRE
PRONE AREAS OF EUROPE

7.1  Landscapes, climate change and fireinteractions

Much of southern Europe can be characterized asdnéandscapes highly sensitive to a number of
drivers that interact with fire and in which fingéract with them (Fig. 10).

Drivers of change ‘

Climate 4’
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l Veq./Biody fire hazard

Ecosyste T
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Fire prevention and manag.
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Fig. 10. Diagram showing the complex interactions that govime. Socioeconomic drivers affect the
global economy and, through it, the global and lladanate and land use/land cover (LULC). These
determine fire danger, ignition sources and fireahnd. Fire spread will depend on fire fighting antder
management measures. Fire regime is the resulhadfet interacting factors. Fires can modify the
landscape, including biodiversity, and affect fatfires as well as ecosystem services. Changesviersl
will affect fire regime.

Socioeconomics interacting with the physical araldgjical background determined the use of the
land. Changes in this and in climate determine gbairin the landscape and, directly or indirecttiech
ignition sources and fire occurrence and regimeesHieedback on the landscapes and reconfigure them
making them more homogeneous and prone to furiteerGlimate change will modify these interactions
and, ultimately, fire regime. Despite the semiaditions reigning in much of SEM, the systemtils s
productive enough to quickly grow vegetation theat éeed forward on fire. This, however, might ctang
under future climate, and the times for recovengrafire might be delayed, which means a higher
probability that fires will affect systems in re@y. Socioeconomics, by changing modes of life, and
providing ignition sources or increasing the cafyato deter fires, could affect this positively or
negatively if ignition sources are contained. Thgative trends in area burned in the last decadssme
countries indicate that this is possible. Nevedbg| under more severe climate extreme episodé® of
will with most certainty occur.
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Fig. 11. Scheme of the classical fire paradigm (top paidyetation at a certain point in time is traceable
to its fire history. Fire sets the system into gereeration state that, provided a short term stabigate,
some time later will result in similar structuredanomposition. Under the new situation, changes in
climate would result in uncertainties. By contraryhighly humanized systems, as in the Meditetaane
Region (bottom panel), the initial stage is notéable to fire history but to a combination of aati by
man that may include fire. After fire the systemymmat necessarily return to its prefire state eweder
stable climate. With a changing climate the undetitss are much greater.

7.2 A systemintransition

In regions of the world that have not been so sdyeltered by man, the fire-vegetation paradigm
can be characterized as follows: vegetation atvangplace is the result of past fire regime; défar
places differ in their successional stage aftey, fand these follow their course until a new fitarts the
process again. In this case, the environment ingtb&gr constraints and variability should be htttable
to this and disturbances as fire. Natural climdtange and variability would be the factors that Mou
modify the system response at the time scalesapesate (Fig. 11).
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However, in areas with such a long history of hurnaoupation such as in SEM, the vegetation at
any given place is the result of the multiple iatding factors associated to the various humanites.
The differences among patches in a landscape katedeo the environment but mediated by the réle o
man. The origin and regime that characterizes degepof vegetation is probably unknown and was
unstable through the years, as much as it wasaiid-Use history. Extant vegetation and species
assemblages may be in transition after cessatitnadifional use of the land.

Parallel to vegetation changes, landscape changgsalwo be shifting from a coarse grain pattern,
more linked to the traditional use of the land tcoarser grain one as fires take over the contret the
landscape (Fig. 12). Patterns through time cangdalepending on changes in fire risks associated to
climate change, among other.

Difficult as it is to project future impacts of miate and other global changes on the vegetation and
species composition of any system in the first typech more difficult it is to do so in SEM areas.
Restoration has no easy models to use them asrame€, and many ideas need to be revisited #igtite
of new paleo-ecological evidence. Given the thredtghanges in fire and other climate and global
changes over the values at hand, not the leadistiact and rich biodiversity, the challenge ohserving
these territories under the ongoing climate and-ase/land cover changes and other global chamsges i
paramount (Fischlin and Midgley 2007).

8. ADAPTING TO CHANGE: RECOMMENDATIONS FOR  CONSERVING
BIODIVERSITY UNDER FUTURE CLIMATE CHANGE AND WITH FIRE

81 The role of fire must be included in conservation of species and habitats in fire
prone ar eas

Fires have been occurring, and will most certaimdgur within many protected areas in southern
Europe and in the landscape matrix that surrounest Fires are generally considered as a thredt, an
fire suppression is the dominant policy through®EM. There are enormous skills and capacitiegtu fi
fires. Yet, when they break out inside or arounutgrted areas they will burn through them. Butesitie
main/only policy is to fight them, provisions toderstand how they directly or indirectly affect fgted
areas and species once burned are, for the mdstlggking. Until now, the ecological role of fiie
ignored. Consequently, when they occur there isandingency plan as to how the affected system will
be impacted. Therefore, even without any climatange, biodiversity conservation plans need to
consider how fires will affect species and habithteughout the territory. Fire ecology is a musall
management and conservation plans, and strategiesarporate this knowledge must be enacted.



37 T-PVS/Inf (2010) 10

T1 T2 T4
A [1LAD
Abandonment
TS m
vd Vi =
/
Fire EWEIIDISiglh

Fig. 12. Schematic view of changes in an imaginary landscaper cessation of the traditional use of thellan
followed by abandonment and fire. The fine-grainsaio landscape turns into a coarser grain one asdabment
proceeds through time, and more so as fire takes the control of the landscape. Changes in figgme will
further modify these patterns.

8.2. Firecan play arolefor firein conservation

Some ecosystems and species depend on fire or eragfitbfrom it. Identifying them might be
critical since current policies will jeopardize thpersistence. In these cases, plans for introgdutie,
either by prescribed burning, or, when appropriaf#h wild fires within acceptable conditions tocad
other risks must be made. Because the prevailieny 18 that fires are undesired, and the risks e¢hgil
managing fires is great, conservation plans in refdde must be implemented with great care toicwvo
accidents that would stop the continuation of ndgaens with the concourse of fire.

8.3.  Conservation plansaimed at specific target species must consider how firewill affect them

Species or groups of species are impacted by fiferehtly, depending of fire characteristics and
other factors. In the case of protected areas whbgtive is one or a group of particular specibs,
viability of their conservation in a context ofdineeds to be specifically considered. Managenlansp
that address the possible impacts of fire neecetspecies or group specific, since different spgeare
likely to respond differently to fire.

84  Vulnerability of the protected areas network to fire

Corridors and stepping stones are important elesrfentinsuring population persistence and species
migration, more so in view of the impending thredikese elements, however, may be subject to fire.
When these components are formed by forest, fineatter their functioning capacity for long. Sirités
very likely that some of these more isolated eleseme in areas with greater human influence, their
susceptibility to fire and repeated fire might bther great and needs to be quantified sinceritgierm

persistence may be severely threatened. As withet$teof the protected areas, the impact of firdseo
be known in advance in order to better evaluaté ttegpacity to continue playing their role. Robust
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network designs, capable of not succumbing to glesifire, are needed to allow these places continue
playing their vital service.

8.5. Urban developments and roads near protected areasthreatened their persistence

Most fires are lit by people. Towns and roads & main sources of ignitions. However, the
probability of burning is still high at some integdiate distance to roads and towns since fire icaselt
long distances. Protected areas within these danaia at higher risk of fire than those further yawa
Urban developments into the wildlands and neareptetl areas can be a threat to these due to increas
ignition probability and subsequent fire. Also, tietwork of roads crossing protected areas, intiaddio
other perils, can clearly add risk. These two elemenust be cautiously considered when declaring
protected spaces and be particularly monitoredndutine time of high fire risk. Eventually, specific
restrictions might have to be put in place to miamrisks. Risk mapping of protected spaces takitm
consideration proximity to roads and towns is cailliy needed.

8.6.  Identifying synergies/conflicts between fire and conservation

Fire fighting includes, among other, fire brealebror fire-break areas. These can provide operespac
and hence favour species persistence differetiogetin the preserved matrix, particularly whers¢hare
forest. The role of such areas and corridors ascesuof rapid colonization after fire needs to be
appraised. These areas can serve as colonizatiots dout there are positive or negative elements
(increasing potential for invasive species) thaedchdo be fully considered. The advantages and
disadvantages of these areas in the event ofdied to be taken into consideration.

8.7. Changesin thelandscape matrix through fire

Abandonment will continue in response to changesdcioeconomics and with climate change.
Abandonment modifies the landscape matrix towardmdgenization and that can threatened the
persistence of many species. Fires can open u spatintroduce large changes in the landscapéxmatr
Not all organisms will be equally affected but suttanges in the landscape structure. Some, thrhegh
openings made by fire, will be favoured. Othersl W@ negatively affected. Conservation plans must
therefore contemplate the landscape scale chahgeare introduced by fire.

8.8. Assessing futurerisks

Changes in fire frequency, intensity/severity, sioel season must be specifically contemplated for
conservation areas under scenarios of climate amd-use/land cover change. This must be done for
current areas with fires and for those in whickdiwere not present but that are likely to occur tuthe
changes in climatic conditions and other factomcHeof the parameters that define the fire regiare c
differentially affect the various species. Changedire season, particularly when migrant species a
concerned, need to be cautiously considered. Caesdly, the impact of each of them needs to be
assessed in general or for the particular specigeap of species that are of interest.

8.9. Fire, species conservations and other stresses

Conservation scenarios that include fire must tat@consideration the level of stress being endlure
by the various species since, little by little,ythvéll inhabit areas that are more stressful famnhdue to
changes in climate among other stressors. The ibapdigarticular species or groups to respondirte f
under such circumstances and to changes in fiteneegeeds to be appraised. As fires might occueund
extreme conditions not seen until now (drought de¢fre most relevant) this type of interactions nied
be fully taken into consideration in future manageimplans for biodiversity conservation. Additional
stresses due to more frequent and intense heaswaasicularly in the open habitats of the firetgs of
regeneration after fire, must also be known.

8.10. Conservation plans must include wor st case scenarios

Although the great majority of fires are of smalles some of then can attain very large sizedhén t
order of thousands of hectares. In Spain, the maxirsize of any fire recorded is around 30.000 hd, a
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the maximum length is 45 km (Moreno et al. 1998)e potential for one fire to spread over a whole
protected area at once is not negligible. Smalher lFomogeneous areas in a matrix of high fire aisk
the most threatened. The prospect of increasimgdize under future conditions further adds to. this
Consequently, worst case scenarios that includeifgia large portion or even the whole protecteshar
when these do not exceed several thousands ofregeataeds to be contemplated. The role of buffer
zones in this context needs to be equally appraised

8.11. Firesasopportunitiesto accommodate speciesto the new climate

Fires, by opening new space, and by having redeoedpetition among organisms in the early
phases can open new space for species to move dgpwanorthwards in search of suitable climate. But
this can also be used for invaders. Differentiating new colonizers that are now attuned to the new
conditions from those invading is important. Idé&nitig the potential for fire to act as steppingrge
must also be considered.

8.12. ldentifying species at greater risk

Species of late successional stages, thus requamggr time to colonize burned areas, are probably
the ones at greater risk in scenarios of increfisedrequency. Moister sites should regeneratelmgri
than more xeric sites, but their rate of recoveily be delayed with the onset of reduced precijote
under future climate for large parts of SEM. Conssly, their recovery period will be extended amel
probability of burning again in earlier stages efyeneration indicates that species proper of mature
successional stages might suffer. Studies shoufghasize determining which groups of species ertter a
which state of the postfire succession and onithe heeded for their recovery.

8.13. Bottle-necks

Among those species most likely to suffer from fire those of reduced distribution that are lintced
particular systems that are fire sensitive. Thathigse that do not regenerate after fire. A fiaticularly
a large one, can severe these populations for lmaging its recovery difficult. Identification ofoltle-
necks and deadly-traps among organisms and tretirag in the event of fire is critical for thosedps
that may be most threatened.

8.14. Specieslinked to others

Climate change is producing mismatches among spéiiepollination, in dispersal). Furthermore,
fire con contribute to alter them. Identifying miatohes that are enhanced by the combination o#fick
climate change might be of relevance for the mamtee of species that may already be in danger.

8.15. Changesin the protected network

With climate change, the size of the protected saveitl have to be increased to achieve the same
conservation objectives. Until now, fire has noééaken into consideration in the design of thevaik
of protected areas. Yet, its effectiveness can.\@onsequently, future modifications must constumw
fire would affect its effectiveness. Since it ikeliy that the protected areas of the current ndtveme
those in a better state of conservation, whichsyrebly, are those further away from human infleeiic
is likely that new additions will be closer to humlaabitations, thence with higher risk of fire. IR&f fire
must be included at the time of modifying the netwaf protected areas.

8.16. Educating on the ecological roleof fire

Fire is commonly seen as something negative, batrit play a dual role in the conservation of
biodiversity. Fire, for the most part, hardly reas any attention in education, even in university
programs, or not as much as its relevance dem#&nwdsy effort must be done to form and inform the
general public and students at all levels aboutdheeof fire in ecosystems and biodiversity comagon.
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8.17. Research needs

Knowledge on how fire affects the various groupsmfanisms across gradients is still a must. Long
term observation sites, where the main groupsestudied jointly should be established.

Large fires, particularly large fires episodes, lat®ratories that should be explored in depthiteir
role on biodiversity. Since many of these fireswcalong gradients, these are opportunities thatilsh
not go by unexplored.

Maps with fire history are now possible for thetldecades. These offer opportunities to study the
impact of repeated fires on biodiversity acrossigsoand across landscapes.

Protected areas are not static and will change withate change. Modelling their fate and their
vulnerability under scenarios of climate and fiteege are crucial to understanding their future ol
biodiversity conservation.

Acknowledgements: My thanks to Angel Velasco and Nani Martineztfozir technical assistance, to
Juan Quesada and Laura Diaz for help with thed&i® and the bibliographic databases, and Gonzalo
Zavala and Rubén G. Mateo for the data and mafiseoand natural protected areas.

0. REFERENCES

Acacio, V., Holmgren, M., Rego, F., Moreira, F.dallohren, G. M. J. 2009. Are drought and wildfitesning
Mediterranean cork oak forests into persistentldhnds? Agroforestry Systerii6:389-400.

Alcamo, J., Moreno, J. M., Novaky, B., Bindi, M.p®bov, R., Devoy, R. J. N., Giannakopoulos, C.rtMaE.,
Olesen, J. E., and Shvidenko, A. 2007. Europe. &nChange 2007: Impacts, Adaptation and Vulnetgbil
Contribution of Working Group Il to the Fourth Assenent Report of the Intergovernmental Panel omatt
Change. Pages 541-580M.L. Parry, O. F. C., J.P. Palutikof, P.J. van Herden and C.E. Hanson, editor.
Europe. Climate Change 2007. Cambridge Universigg®, Cambridge, UK.

Alexandrian, D., and Esnault, F. 1998. Politicabligas que afectan a los incendios forestales eruémca del
Mediterraneoin FAO, editor. FAO, Reunion sobre Politicas Publigas Afectan a los Incendios Forestales.
FAO, Roma, Italy.

Allen, D., Vandermeer, J., and Perfecto, L. 200%hew are habitat patches really islands? Forestoggchnd
Managemen£58:2033-2036.

Anonymous. 1995a. Climate of Europe. Pages 7i ppuropean Climate Support Network.

Anonymous. 1995b. Los incendios forestales en Essmari1994. Pages 94 jip ICONA, editor. Ministerio de
Medio Ambiente.

Anonymous. 2006. Basic indices for the environmigmtatection.in Moscow, F. S. o. S., editor.

Aradjo, M. B., Thuiller, W., and Pearson, R. G. 80Climate warming and the decline of amphibiard @ptiles in
Europe. Journal of BiogeograpBg:1712-1728.

Arnan, X., Rodrigo, A., Molowny-Horas, R., and Reda J. 2009. Ant-mediated expansion of an obligateder
species during the first years after fire. Plami@&jy Published Online: Dec 30 2009.

Arnan, X., Rodrigo, A., and Retana, J. 2006. Pst+iecovery of Mediterranean ground ant commusit@lows
vegetation and dryness gradients. Journal of Bigggany33:1246-1258.

Badia-Perpinya, A., and Pallares-Barbera, M. 2@jgtial distribution of ignitions in Mediterranepariurban and
rural areas: the case of Catalonia. Internatiooatnil of Wildland Firel5:187-196.

Baeza, M. J., and Vallejo, V. R. 2006. Ecologicaamanisms involved in dormancy breakage in Ulexiflarus
seeds. Plant Ecology83:191-205.

Bakkenes, M., Alkemade, J. R. M., lhle, F., Leemd®s and Latour, J. B. 2002. Assessing effectfordcasted
climate change on the diversity and distributionEofropean higher plants for 2050. Global ChangdoBip
8:390-407.



41 T-PVS/Inf (2010) 10

Bastida, F., and Talavera, S. 2002. Temporal aata patterns of seed dispersal in two Cistus isgg€istaceae).
Annals of Botanyg9:427-434.

Battisti, A., Stastny, M., Buffo, E., and LarssoB, 2006. A rapid altitudinal range expansion in thee
processionary moth produced by the 2003 climatioraaly. Global Change Biologh2:662-671.

Bautista, S., Gimeno, T., Mayor, A. G., and Galle§o 2004. El tratamiento de la madera quemada ltss
incendios forestales. Pages 547-5@Vallejo, R. and Alloza, J. A., editors. Avances enestudio de la
gestion del monte mediterrdneo. Fundacién CEAMeNaib.

Bessie, W. C., and Johnson, E. A. 1995. The Re@dtiyortance of Fuels and Weather on Fire Behani@ub-
Alpine Forests. Ecology6:747-762.

Boer, G. J., and Lambert, S. 2008. The energy dgpcieémospheric models. Climate Dynam8s371-390.

Bond, W. J., and Keeley, J. E. 2005. Fire as aajltierbivore": the ecology and evolution of flanileaecosystems.
Trends in Ecology & Evolutio20:387-394.

Bond, W. J., and Midgley, J. J. 1995. Kill Thy Nelfigr - an Individualistic Argument for the Evoluticof
Flammability. Oikos73:79-85.

Brewer, C. K., Winne, J. C., Redmond, R. L., Opibz,W., and Mangrich, M. V. 2005. Classifying andajpping
Wildfire Severity: A Comparison of Methods. Photagrmmetric Engineering & Remote Sensifigl311-1320.

Broncano, M. J., and Retana, J. 2004. Topograplyfamrest composition affecting the variability iimef severity
and post-fire regeneration occurring after a lafige in the Mediterranean basin. International dalirof
Wildland Fire13:209-216.

Brotons, L., Herrando, S., and Pons, P. 2008. \véddfand the expansion of threatened farmland bitgsortolan
bunting Emberiza hortulana in Mediterranean lanpgssaJournal of Applied Ecologh:1059-1066.

Brotons, L., Pons, P., and Herrando, S. 2005. Grdtion of dynamic Mediterranean landscapes: widerdoirds
come from after fire? Journal of Biogeograf#2y789-798.

Cabezudo, B., Perez, A., and Nieto, J. M. 1995.eReracion de un alcornocal incendiado en el SuEsfmfia
(Istan. Malaga). Acta Botanica Malacita2@143-151.

Camia, A., San-Miguel-Ayanz, J., Kucera, J., Amat@., Boca, R., Liberta, G., Durrant, T., Schmu@k, Schulte,
E., and Bucki, M. 2008. Forest Fires in Europe 2BUJR 23492 EN — Joint Research Centre — Instfiute
Environment and Sustainability, Office for Offici@lblications of the European Communities, Luxengou

Camia, A., San-Miguel-Ayanz, J., Oehler, F., San®®liveira, S., Durrant, T., Kucera, J., Boca,\Rhitmore, C.,
Giovando, C., Amatulli, G., Liberta, G., Schmuck, Gchulte, E., and Bucki, M. 2009. Forest Firegimope
2008. EUR 23971 EN — Joint Research Centre — Uhstitor Environment and Sustainability, Office for
Official Publications of the European Communitiesxembourg.

Carcalillet, C., Almquist, H., Asnong, H., Bradshd,H. W., Carrion, J. S., Gaillard, M. J., Gajeiy$k, Haas, J.
N., Haberle, S. G., Hadorn, P., Muller, S. D., Rich P. J. H., Richoz, I., Rosch, M., Goni, M. F, ®n
Stedingk, H., Stevenson, A. C., Talon, B., Tardy, T@nner, W., Tryterud, E., Wick, L., and WilliK,. J. 2002.
Holocene biomass burning and global dynamics ot#rbon cycle. Chemosphet@:845-863.

Carcalillet, C., Bergman, I., Delorme, S., Hornb&g,and Zackrisson, O. 2007. Long-term fire freguenot linked
to prehistoric occupations in northern Swedish abf@rest. Ecology8:465-477.

Carrion, J. S., Munuera, M., Dupre, M., and Andradle2001. Abrupt vegetation changes in the Sedlmantains
of southern Spain throughout the Holocene. JowhBkology89:783-797.

Carrion, J. S., Sanchez-Gomez, P., Mota, J. F,,R(Jland Chain, C. 2003. Holocene vegetation dycsnfire and
grazing in the Sierra de Gador, southern Spainot¢siel3:839-849.

Carvalho, A., Flannigan, M. D., Logan, K. A., Gowmé&. M., Miranda, A. I., and Borrego, C. 2010. Tihgact of
spatial resolution on area burned and fire occeggurojections in Portugal under climate changénétic
Changed8:177-197.

Casal, M. 1987. Post-fire dynamics of shrubland idated by Papilionaceae plants. Ecologia mediteads:87-
98.



T-PVS/Inf (2010) 10 42

Clark, J. S., Merkt, J., and Muller, H. 1989. PGsacial Fire, Vegetation, and Human History on therthern
Alpine Forelands, South-Western Germany. Journ&lcology77:897-&.

Clemente, A. S., Rego, F. C., and Correia, O. A07205eed bank dynamics of two obligate seederdu<is
monspeliensis and Rosmarinus officinalis, in relatio time since fire. Plant Ecolo@90:175-188.

Colombaroli, D., Tinner, W., van Leeuwen, J., N&i, Vescovi, E., Vanniere, B., Magny, M., Schmigt, and
Bugmann, H. 2009. Response of broadleaved everdvisstiterranean forest vegetation to fire disturleanc
during the Holocene: insights from the peri-Adidatgion. Journal of BiogeograpB:314-326.

Cruz, A., Pérez, B., and Moreno, J. M. 2003. Reagjimg of the Mediterranean-type shrub Erica auistrafith
modified lignotuber carbohydrate content. Jourridalogy91:348-356.

Chaloner, W. G. 1989. Fossil Charcoal as an Indicatt Paleoatmospheric Oxygen Level. Journal ofGleelogical
Society146:171-174.

Christensen, J. H., and Hewitson, B. 2007. ChdaliteRegional Climate Projections. Pages 847i848olomon, S.,
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. AvérW. Tignor and and Miller, H. L., editors. Clitea
Change 2007: The Physical Science Basis. Cambtidgesrsity Press, Cambridge.

Daniau, A. L., d'Errico, F., and Goni, M. F. S. POTesting the Hypothesis of Fire Use for Ecosyskéamagement
by Neanderthal and Upper Palaeolithic Modern HuRapulations. Plos Orte

Daskalakou, E. N., and Thanos, C. A. 1996. Aleppe pPinus halepensis) postfire regeneration: Dheaf canopy
and soil seed banks. International Journal of \iidl Fire6:59-66.

Daskalakou, E. N., and Thanos, C. A. 2004. Postéigeneration of Aleppo pine - the temporal pattd#reeedling
recruitment. Plant Ecolog}71:81-89.

De las Heras, J., Martinez-Sanchez, J. J., Gontxtlépa, A. Il., Ferrandis, P., and Herranz, J. MO20
Establishment of Pinus halepensis Mill. saplingbofaing fire: effects of competition with shrub spes. Acta
Oecologica-International Journal of Ecold2gi91-97.

De Luis, M., Verdu, M., and Raventos, J. 2008. ¥t Rise Makes a Plant Healthy, Wealthy, and Wismslogy
89:3061-3071.

Delitti, W., Ferran, A., Trabaud, L., and Vallejg, R. 2005. Effects of fire recurrence in Quercusadifera L.
shrublands of the Valencia Region (Spain): |. P@mhposition and productivity. Plant Ecologjy7:57-70.

Devictor, V., Julliard, R., Couvet, D., and Jigu€t,2008. Birds are tracking climate warming, bat fast enough.
Proceedings of the Royal Society B-Biological ScesP75:2743-2748.

Diaz-Delgado, R., Lloret, F., Pons, X., and Termdd 2002. Satellite evidence of decreasing eesié in
Mediterranean plant communities after recurrendfivié,s. Ecology83:2293-2303.

Diez, E. L. G., Soriano, L. R., Davila, F. D., abDtez, A. G. 1994. An Objective Forecasting-Model foe Daily
Outbreak of Forest-Fires Based on Meteorologicahsitterations. Journal of Applied Meteorolog$.519-
526.

Dobson, A. P., Bradshaw, A. D., and Baker, A. J. M97. Hopes for the future: Restoration ecologg an
conservation biology. Scien@¥7:515-522.

Dubar, M., Ivaldi, J. P., and Thinon, M. 1995. Metiecene Fire Sequences in the Valensole Basintfi®au
France) - Paleoclimatic and Paleogeographic Ingé¢afion. Comptes Rendus De L Academie Des Sciences
Serie 1i320:873-879.

Duguy, B., and Vallejo, V. R. 2008. Land-use ane fistory effects on post-fire vegetation dynaniicgastern
Spain. Journal of Vegetation Scierk®97-108.

Dunnov, A. D., Maximov, J. |., Roshchupkina, J. @¥nd Oksyonova, O. A. 2005. Forest fire in the Russ
Federationin NIA-Priroda, M., editor.

Espelta, J. M., Habrouk, A., and Retana, J. 20@8pBnse to natural and simulated browsing of twditderanean
oaks with contrasting leaf habit after a wildfifmnals of Forest Scien@3:441-447.

Espelta, J. M., Verkaik, I., Eugenio, M., and Lipre. 2008. Recurrent wildfires constrain long-temproduction
ability in Pinus halepensis Mill. International Joal of Wildland Firel7:579-585.



43 T-PVS/Inf (2010) 10

Fattorini, S. 2010. Effects of fire on tenebrioddmmunities of a Pinus pinea plantation: a caseysio a
Mediterranean site. Biodiversity and Conservafieri237-1250.

Feliu, C., Fons, R., Mas-Coma, S.-., Galdn-Puchaded ., Fuentes, M. V., Blasco, S., and Grabul®s&993. The
helminth parasites as markers on the dynamics ofomammals recolonisation after fifa. Trabaud, L. and
Prodon, R., editors. Fire in Mediterranean EcosysteCommission of the European Communities, Brassel

Figueiral, I., and Carcaillet, C. 2005. A review bate Pleistocene and Holocene biogeography of ldigh
Mediterranean pines (Pinus type sylvestris) in iRg@at, based on wood charcoal. Quaternary SciencieRg
24:2466-2476.

Fischlin, A., and Midgley, G. F. 2007. Chapter 4pEystems, their properties, goods and servicegd212-27M
Parry, M. L., Canziani, O. F., Palutikof, J. P.nden, P. J. v. d., and Hanson, C. E., editors. &BnChange
2007: Impacts, Adaptation and Vulnerability. Cardg University Press,, Cambridge.

Flannigan, M. D., Bergeron, Y., Engelmark, O., &dtton, B. M. 1998. Future wildfire in circumbordakests in
relation to global warming. Journal of Vegetatiariehce9:469-476.

Fons, R., Grabulosa, I., Feliu, C., Mas-Coma, 8d &alanpuchades, M. T. 1993. Postfire dynamicsmodall
mammals community in a Mediterranean forest (Questiber). Pages 259-2ir0Trabaud, L. and Prodon, R.,
editors. Fire in Mediterranean Ecosystems. Comiissf the European Communities, Brussels, Belgium.

Founda, D., and Giannakopoulos, C. 2009. The ekuegdly hot summer of 2007 in Athens, Greece - Aidgl
summer in the future climate? Global and Plane@irgnges7:227-236.

Francis, C. F., and Thornes, J. B. 1990. Runofféghphs from three Mediterranean vegetation coyers. Pages
363-384in Thornes, J. B., editor. Vegetation and Erosioncsses and Environments, Bristol.

Fulé, P. Z., Ribas, M., Gutiérrez, E., Vallejo, Bnd Kaye, M. W. 2008. Forest structure and fitdny in an old
Pinus nigra forest, eastern Spain. Forest EcolagyManagemer55:1234-1242.

Fyllas, N. M., and Troumbis, A. Y. 2009. Simulatinggetation shifts in north-eastern Mediterraneaummin
forests under climatic change scenarios. Globaldggoand Biogeography8:64-77.

Galmés, J., Medrano, H., and Flexas, J. 2006. Gation capacity and temperature dependence in bteditean
species of the Balearic Islands. Ivestigacionesags: Sistemas de Recursos ForestHe38-95.

Gallego Fernandez, J. B., Rosario Garcia Mora, &mg Garcia Novo, F. 2004. Vegetation dynamics of
Mediterranean shrublands in former cultural langscat Grazalema Mountains, South Spain. Plant §golo
172:83-94.

Gauquelin, T., Bertaudiere, V., Montes, N., Bativi,, and Asmode, J. F. 1999. Endangered standsuadfetous
juniper in the western Mediterranean basin: ecclagitatus, conservation and management. Biodtyeasid
Conservatior8:1479-1498.

Giannakopoulos, C., Le Sager, P., Bindi, M., ModonM., Kostopoulou, E., and Goodess, C. M. 2008n&ic
changes and associated impacts in the Mediterraresaiting from a 2 degrees C global warming. Glatvel
Planetary Changé8:209-224.

Gil-Romera, G., Carrion, J. S., Pausas, J. G./lI8evallejo, M., Lamb, H. F., Fernandez, S., andj&ehs, F. 2010.
Holocene fire activity and vegetation responseontB-Eastern Iberia. Quaternary Science Revig9v$082-
1092.

Gil-Tena, A., Brotons, L., and Saura, S. 2009. Madanean forest dynamics and forest bird distidouthanges in
the late 20th century. Global Change Biold&y474-485.

Gill, A. M., and Moore, P. H. R. 1998. Big versusdl fires: the bushfires of greater Sydney, Japu£94.in
Moreno, J. M., editor. Large forest fires. Backhuysiden.

Goldammer, J. G. 2002. Forest fire problems infs@aist Europe and adjoining regios: Challengessahdions in
the 21st centuryn Fire and Emergency Safety, Sofia, Bulgary.

Goldammer, J. G., and Page, H. 2000. Fire hisotyCeftral Europe: Implications for prescribed bugniim
landscape management and nature conservaitioBaltic Exercise for Fire Information and Resources
Exchange, Finland.



T-PVS/Inf (2010) 10 44

Gonzélez-Rabanal, F., and Casal, M. 1995. Effettigtfi temperatures and ash on germination of tegiep from
gorse shrubland. Plant Ecolof$6:123-131.

Gonzalez, J. R., and Pukkala, T. 2007. Charactaizaf forest fires in Catalonia (north-east SpailBuropean
Journal of Forest Researth6:421-429.

Gordo, O., and Sanz, J. J. 2005. Phenology andawdirohange: a long-term study in a Mediterraneaalily.
Oecologiald6:484-495.

Goren-Inbar, N., Alperson, N., Kislev, M. E., Sinach, O., Melamed, Y., Ben-Nun, A., and Werker, B02.
Evidence of hominin control of fire at Gesher BeMataqov, Israel. Scien@94:725-727.

Gracia, C., Gil, L., and Montero, G. 2005. Impactobre el sector forestal. Pages 399-#3®loreno, J. M., editor.
Evaluacion premiliminar de los impactos en Espadiagiecto del Cambio Climatico. Ministerio de Medio
Ambiente, MAdrid.

Gritti, E. S., Smith, B., and Sykes, M. T. 2006.IMrability of Mediterranean Basin ecosystems tmate change
and invasion by exotic plant species. Journal ofyBographys3:145-157.

Hailey, A. 2000. The effects of fire and mechanttabitat destruction on survival of the tortoisestlilo hermanni
in northern Greece. Biological Conservatfih321-333.

Haim, A. 1993. Resilence to fire of rodents in aasEMediterranean pine forest on Mount Carmel,elsrBages
293-301in Trabaud, L. and Prodon, R., editors. Fire in Mem#énean Ecosystems. Commission of the
European Communities, Brussels.

Henig-Sever, N., Eshel, A., and Ne'eman, G. 20@@ukration of the germination of Aleppo pine (Pitnadepensis)
by nitrate, ammonium, and gibberellin, and its rzlepost-fire forest regeneration. Physiologia Pdamm
108:390-397.

Henig-Sever, N., Poliakov, D., and Broza, M. 2081novel method for estimation of wild fire intensibased on
ash pH and soil microarthropod community. Pedolgjiald5:98-106.

Herrando, S., Brotons, L., and Llacuna, S. 2005stHiee dynamics in Mediterranean shrublands: ai@ b
communities structured by arthropod availabilitygvista Catalana d'=rnitologii:17-28.

Herranz, J. M., MartinezSanchez, J. J., DeLasHd&ragnd Ferrandis, P. 1996. Stages of plant ssicces Fagus
sylvatica L and Pinus sylvestris L Forests of Tejdiegra Natural Park (Central Spain), three yeties fire.
Israel Journal of Plant Scienc&4347-358.

Hodar, J. A., Castro, J., and Zamora, R. 2003. Pmeessionary caterpillar Thaumetopoea pityocaagpa new
threat for relict Mediterranean Scots pine forastder climatic warming. Biological Conservati@th0:123-
129.

Huntley, B., Collingham, Y. C., Green, R. E., Hil{d5. M., Rahbek, C., and Willis, S. G. 2006. Pt&mmpacts of
climatic change upon geographical distributionbiods. 1bis148:8-28.

Izhaki, I. 1993. The resilience to fire of passerbirds in an east-Mediterranean pine forest onitl@armel, Israel:
The effects of post-fire management. Pages 3034i8l4rabaud, L. and Prodon, R., editors. Fire in
Mediterranean Ecosystems. Commission of the Euro@esnmunities, Brussels.

Jacquet, K., and Prodon, R. 2009. Measuring thdiposesilience of a bird-vegetation system: ay28+ study in a
Mediterranean oak woodland. Oecolofd:801-811.

Johnson, E. A., and Van Wagner, C. E. 1985. Therthand use of two fire history models. Canadianrdal of
Forest Researctb:214-220.

Keeley, J. E. 2009. Fire intensity, fire severityeurn severity: a brief review and suggested eishgernational
Journal of Wildland Fird8:116-126.

Keeley, J. E., Brennan, T., and Pfaff, A. H. 20B8e severity and ecosytem responses following ardives in
California shrublands. Ecological Applicatioh®1530-1546.

Kilpelainen, A., Gregow, H., Strandman, H., Kelldii&., Venalainen, A., and Peltola, H. 2010. Intpaxf climate
change on the risk of snow-induced forest damagénitand. Climatic Chang@9:193-209.



45 T-PVS/Inf (2010) 10

Kiss, L., and Magnin, F. 2006. High resilience oéditerranean land snail communities to wildfiregodBversity
and Conservatioh5:2925-2944.

Konstantinidis, P., Tsiourlis, G., and Xofis, P.0B0 Effect of fire season, aspect and pre-fire {pkire on the
growth of Arbutus unedo L. (strawberry tree) respsoForest Ecology and Managemagh:359-367.

Lampin-Maillet, C., Jappiot, M., Long, M., Bouillp., Morge, D., and Ferrier, J. P. 2010. Mappirigihand-urban
interfaces at large scales integrating housingitieasd vegetation aggregation for fire preventiothe South
of France. Journal of Environmental Managen®dni32-741.

Leach, M. K., and Givnish, T. J. 1996. Ecologicatatminants of species loss in remnant prairiesense
273:1555-1558.

Lehner, B., Doll, P., Alcamo, J., Henrichs, T., d&aspar, F. 2006. Estimating the impact of gloternge on flood
and drought risks in europe: A continental, intégglaanalysis. Climatic Chan@é:273-299.

Lehouerou, H. N. 1992. Climatic-Change and Desatitin. Impact of Science on Soci&®.183-201.

Levinsky, I., Skov, F., Svenning, J. C., and Rahlezk2007. Potential impacts of climate changehendistributions
and diversity patterns of European mammals. Biadityeand Conservatiobt:3803-3816.

Loepfe, L., Martinez-Vilalta, J., Oliveres, J., BifiJ., and Lloret, F. 2010. Feedbacks between resiliction and
landscape homogenisation determine fire regimesthiee Mediterranean areas. Forest Ecology and
Managemenp59:2366-2374.

Luis-Calabuig, E., Torres, O., Valbuena, L., Calivg,and Marcos, E. 2002. Impact of large firesaatcommunity of
Pinus pinaster. Fire and Biological Processes:1-12.

Luna, B., and Moreno, J. 2010. Range-size, locahdance and germination niche-breadth in Mediteaarplants
of two life-forms. Plant Ecology.

Luna, B., and Moreno, J. M. 2009. Light and nitraffects on seed germination of Mediterranean pdaecies of
several functional groups. Plant Ecold§)B:123-135.

Luna, B., Moreno, J. M., Cruz, A., and Fernandenfatez, F. 2007. Heat-shock and seed germinatiangobup of
Mediterranean plant species growing in a burnedi:afn approach based on plant functional types.
Environmental and Experimental Botab}.324-333.

Luna, B., Perez, B., Cespedes, B., and Moreno,. 2Qd8. Effect of cold exposure on seed germinatios8 plant
species comprising several functional groups fromid-mountain Mediterranean area. Ecoscietd78-
484.

Lyon, L. J., Telfer, E. S., and Schreiner, D. SO20Direct effects of fire and animal responsesnédal Technical
Report RMRS-GTR-42-volume 1, United States Depantnoé Agriculture, Forest Service, Rocky Mountain
Research Station, Ogden, Utah.

Llimona, F., Matheu, E., and Prodon, R. 1993. Rulesnag persistence and of tree regeneration itfiggosird
successions: comparison of pine and oak forestdldntserrat (Catalonia, N.E. Spain). Pages 315-831
Trabaud, L. and Prodon, R., editors. Fire in mediteean ecosystems. Commission of the European
Communities, Brussels.

Lloret, F., Calvo, E., Pons, X., and Diaz-DelgaR0,2002. Wildfires and landscape patterns in thetdta Iberian
peninsula. Landscape Ecologjy. 745-759.

Lloret, F., Estevan, H., Vayreda, J., and Terrada®005. Fire regenerative syndromes of forestdyaspecies
across fire and climatic gradients. Oecoldbi&:461-468.

Lloret, F., Pefiuelas, J., Prieto, P., Llorens, dnd Estiarte, M. 2009. Plant community changes daduby
experimental climate change: Seedling and adulttispeomposition. Perspectives in Plant Ecologwlion
and Systematict1:53-63.

MacDonald, D., Crabtree, J. R., Wiesinger, G., Dax,Stamou, N., Fleury, P., Lazpita, J. G., andd@j A. 2000.
Agricultural abandonment in mountain areas of Eardpnvironmental consequences and policy response.
Journal of Environmental Manageméidt47-69.



T-PVS/Inf (2010) 10 46

Malanson, G. P., and Trabaud, L. 1988. Vigor oftfase Resprouting by Quercus-Coccifera L. Jounfdtcology
76:351-365.

Martin-Vide, J., and Lopez-Bustins, J. A. 2006. Testern Mediterranean oscillation and rainfalthe Iberian
Peninsula. International Journal of Climatol@®$y1455-1475.

Mateos, Sarlé, Parra, and Serra. 2005.XXIll Jornadas de la Asociacion Espafiola de Entogia, Logrofio,
Spain.
Melendo, M., Gimenez, E., Cano, E., Gomez-Merc&doand Valle, F. 2003. The endemic flora in thets®f the

Iberian Peninsula: taxonomic composition, biolobggaectrum, pollination, reproductive mode and €ispl.
Flora198:260-276.

Menendez, R., Megias, A. G., Hill, J. K., BraschiBr, Willis, S. G., Collingham, Y., Fox, R., Rop. B., and
Thomas, C. D. 2006. Species richness changes kagdelimate change. Proceedings of the Royal $pé&le
Biological Science®73:1465-1470.

Metzger, M. J., Bunce, R. G. H., Leemans, R., aimtkl/ D. 2008. Projected environmental shifts unclenate
change: European trends and regional impacts. @mviental Conservatiodb:64-75.

Moneglia, P., Besnard, A., Thibault, J. C., andd®rg R. 2009. Habitat selection of the Corsicanhidtah (Sitta
whiteheadi) after a fire. Journal of Ornitholoff0:577-583.

Moreira, B., Tormo, J., Estrelles, E., and Pau3a§, 2010. Disentangling the role of heat and svaskgermination
cues in Mediterranean Basin flora. Annals of Bot&d%.627-635.

Moreira, F., Ferreira, P. G., Rego, F. C., and BuntS. 2001. Landscape changes and breeding $sehblages in
northwestern Portugal: the role of fire. LandscBpelogy16:175-187.

Moreira, F., and Russo, D. 2007. Modelling the inipaf agricultural abandonment and wildfires ontebrate
diversity in Mediterranean Europe. Landscape EqoR#y1461-1476.

Moreno, J. M. 2005. Evaluacién Preliminar de lopattos en Espafia por Efecto del Cambio Climatidaistério
de Medio Ambiente, Madrid.

Moreno, J. M., and Cruz, A. 2000. La respuestaadeplantas al fuego. Pages 4.13-14tB¥¢élez, R., editor. La
defensa contra los incendios forestales. McGrawthtiéframericana de Espafia, Madrid.

Moreno, J. M., Cruz, A., Fernandez, F., Luna, BreR, B., Quintana, J. R., and Zuazua, E. 2004logt0 del
monte mediterrdneo en relacidon con el fuego: elljarezal de Quintos de Mora (Toledo). Pages 1M45
Vallejo, R. V. and Alloza, J. A., editors. Avances el estudio de la gestion del monte Mediterraneo.
Fundacién CEAM, Valencia.

Moreno, J. M., and Oechel, W. C. 1989. A simple hmdtfor estimating flre intensity after a burn imali®rnia
chaparral. Acta Oecologid®:57-68.

Moreno, J. M., and Oechel, W. C. 1994. Fire intgnas a determinant factor of post-fire ecosystenovery in
southern California chaparral. Pages 26i#B1oreno, J. M. and Oechel, W. C., editors. The Rdl€&ire in
Mediterranean-type Ecosystems. Springer-Verlag, Mevk.

Moreno, J. M., Vazquez, A., and Vélez, R. 1998.dxedistory of forest fires in Spaim Moreno, J. M., editor.
Large forest fires. Backhuys, Leiden.

Moreno, J. M., Viedma, O., Zavala, G., and Luna,irBreview. Landscape variables influencing foriss in
Central Spain. International Journal of WildlandeFi

Moreno, J. M., Zavala, G., Martin, M., and Milldk, 2010. Forest Fire Risk in Spain under Futuren@te Change.
Pages 280 ppan Josef Settele, L. P., Teodor Georgiev, Ralf Grahadesna Grobelnik, Volker Hammen,
Stefan Klotz, Mladen Kotarac & Ingolf Kuhn, editétlas of Biodiversity Risk.

Moretti, M., Duelli, P., and Obrist, M. K. 2006. dliversity and resilience of arthropod communitéter fire
disturbance in temperate forests. Oecoldgi&312-327.

Moriondo, M., Good, P., Durao, R., Bindi, M., Giakopoulos, C., and Corte-Real, J. 2006. Potertialact of
climate change on fire risk in the MediterraneaaacClimate Resear@i:85-95.



47 T-PVS/Inf (2010) 10

Mouillot, F., Ratte, J. P., Joffre, R., MorenoMl, and Rambal, S. 2003. Some determinants of ghécstemporal
fire cycle in a mediterranean landscape (Corsicadée). Landscape Ecolo8:665-674.

Mouillot, F., Ratte, J. P., Joffre, R., Mouillot,..Dand Rambal, S. 2005. Long-term forest dynamterafnd
abandonment in a fire prone Mediterranean landséegral Corsica, France). Landscape Ecol2@y01-
112.

Mugica, F. F., Anton, M. G., and Ollero, H. S. 1998getation dynamics and human impact in the Side
Guadarrama, Central System, Spain. Holo&68-82.

Myers, N., Mittermeier, R. A., Mittermeier, C. Gla Fonseca, G. A. B., and Kent, J. 2000. Biodiwetsbtspots for
conservation priorities. Natur®3:853-858.

Naveh, Z. 1994. The role of fire and its managementhe conservation of mediterranean ecosystents an
landscapes. Pages 163-i86/oreno, J. M. and Oechel, W. C., editors. The oflére in Mediterranean-Type
Ecosystems. Springer-Verlag, New York.

Ne'eman, G., Dafni, A., and Potss, S. G. 2000. daffect of fire on flower visitation rate and frigéet in four core-
species in east Mediterranean scrubland. Planbggdl6:97-104.

Ne'eman, G., Goubitz, S., and Nathan, R. 2004. ®Rkutive traits of Pinus halepensis in the lighfid - a critical
review. Plant Ecolog$71:69-79.

Nelson, D. C., Flematti, G. R., Riseborough, J. @hisalberti, E. L., Dixon, K. W., and Smith, S. M010.
Karrikins enhance light responses during germimatimd seedling development in Arabidopsis thaliana.
Proceedings of the National Academy of Sciencabh@fJnited States of Amerid®7:7095-7100.

Nunes, M. C. S., Vasconcelos, M. J., Pereira, JCMDasgupta, N., and Alldredge, R. J. 2005. Leawkr type and
fire in Portugal: do fires burn land cover seleely? Landscape Ecolog@0:661-673.

Ojeda, F., Pausas, J., and Verdud, M. 2010. Sogehaeommunity structure through fire. Oecologia.

Oliveras, I., and Bell, T. 2008. An analysis of thastralin literature on prescribed burning. Jolro&Forestry
106:31-37.

Oliveras, 1., Gracia, M., More, G., and Retana2@9. Factors influencing the pattern of fire séiex in a large
wildfire under extreme meteorological conditiongtie Mediterranean basin. International Journavaéland
Fire 18:755-764.

Ordofez, C., Taboada, J., Bastante, F., Matiakl.,Jand Felicisimo, A. M. 2005. Learning machinggpléed to
potential forest distribution. Environmental Managnt35:109-120.

Ordofiez, J. L., Molowny-Horas, R., and Retana0062 A model of the recruitment of Pinus nigra framburned
edges after large wildfires. Ecological Modellibgj7:405-417.

Parmesan, C., and Yohe, G. 2003. A globally cohtdiegerprint of climate change impacts across ratsystems.
Nature421:37-42.

Paula, S., Arianoutsou, M., Kazanis, D., Tavsan,oglu Lloret, F., Buhk, C., Ojeda, F., Luna, B., Mao, J. M.,
Rodrigo, A., Espelta, J. M., Palacio, S., FernAm&antos, B., Fernandes, P. M., Pausas, J. GMaftner,
W. K. 2009. Fire-related traits for plant speciéshe Mediterranean Basin. Ecolo§§:1420-1420.

Pausas, J. G. 2004. Changes in fire and climatbdneastern Iberian Peninsula (Mediterranean haSliimhatic
Change63:337-350.

Pausas, J. G., and Lloret, F. 2007. Spatial angaesth patterns of plant functional types under datad fire
regimes. International Journal of Wildland Fi&484-492.

Pausas, J. G., Ouadah, N., Ferran, A., Gimen@nt. Vallejo, R. 2003. Fire severity and seedlingldshment in
Pinus halepensis woodlands, eastern Iberian PdairBlant Ecology69:205-213.

Pausas, J. G., and Verdu, M. 2005. Plant persistaais in fire-prone ecosystems of the Meditezeanbasin: a
phylogenetic approach. Oikd§9:196-202.

Pausas, J. G., and Verdu, M. 2008. Fire reducephmspace occupation in plant communities. Ecolg@181-
2186.



T-PVS/Inf (2010) 10 48

Pefialba, M. C. 1994. The History of the Holocengalation in Northern Spain from Pollen Analysisurdal of
Ecology82:815-832.

Pefiuelas, J., Estiarte, M., Prieto, P., Sardandutp, A., Moreno, J. M., Torres, |., CéspedesPl, E., Sabaté, S.,
and Gracia, C. A. 2010. Projected Climate Changpabts on Biodiversity in Mediterranean Ecosystems.
Pages 28 Settele, J., Peneyv, L., Georgiev, T., GrabaumGRobelnik, V., Hammen, V., Klotz, S., Kotarac,
M., and Kuhn, I., editors. Atlas of Biodiversity$ki

Pereira, M. G., Trigo, R. M., da Camara, C. C.egRar J. M. C., and Leite, S. M. 2005. Synoptiderais associated
with large summer forest fires in Portugal. Agricuél and Forest Meteorolody?9:11-25.

Pérez-Ferndndez, M. A., and Rodriguez-Echeverria2083. Effect of smoke, charred wood, and nitragsn
compounds on seed germination of ten species froodland in Central-Western Spain. Journal of Chamic
Ecology29:237-251.

Pérez, B., Cruz, A., Fernandez-Gonzalez, F., ancein J. M. 2003. Effects of the recent land-ustohy on the
postfire vegetation of uplands in Central SpaimreBbEcology and Managemet@2:273-283.

Pérez, B., and Moreno, J. M. 1998. Fire-type amésioy management effects on the early postfirectzimpn
dynamics of a Pinus pinaster woodland. Plant Egol®g:27-41.

Pérez, B., and Moreno, J. M. 1998b. Methods fomntjfiang fire severity in shrubland-fires. Plantdogy 139:91-
101.

Pérez Latorre, A. V., Gavira, O., and Cabezuda2@7. Ecomorphology and phenomorphology of mediteran
heathlands (SW Iberian peninsula). Phytocoenoldgi239-268.

Peroni, P., Ferri, F., and Avena, G. C. 2000. Temapand spatial changes in a mountainous arearufatdtaly.
Journal of Vegetation Sciend&:505-514.

Pifiol, J., Terradas, J., and Lloret, F. 1998. Clenaarming, wildfire hazard, and wildfire occurrenim coastal
eastern Spain. Climatic Chang& 345-357.

Pons, J. 2003. Consecuencias de los incendiosliesssobre los vertebrados y aspectos de su gestidagiones
Mediterrdneasn Subirachs, J. C. and Bach, E. P., editors. Coas&mn de la biodiversidad y gestion forestal.

Pons, J., and Pausas, J. G. 2007. Acorn dispestialaged by radio-tracking. Oecolodig3:903-911.

Pons, P., and Clavero, M. 2010. Bird responsesdaséverity and time since fire in managed moumtangelands.
Animal Conservatior13:294-305.

Popgeorgiev, G. 2008. The effects of a large-sfiedeon the demographic structure of a populatibiermann’s
(Testudo hermanni boettgeri Mojsisovics, 1889) 8pdr-thighed (Testudo graeca ibera Pallas, 181%ises
in Eastern Rhodopes Mountains, Bulgaria. Historuralis Bulgaricd9:115-127.

Potts, S. G., Vulliamy, B., Dafni, A., Ne'eman, @’Toole, C., Roberts, S., and Willmer, P. 2003sgomse of
plant-pollinator communities to fire: changes irveisity, abundance and floral reward structure.o®ik
101:103-112.

Price, C., and Rind, D. 1994. The Impact of a 2-2CClimate on Lightning-Caused Fires. Journal afmate
7:1484-1494.

Prodon, R., Fons, R., and Athias-Binche, F. 198 impact of fire on animal communities in Mediterean area.
Pages 121-15ih Trabaud, L., editor. The role of fire in ecolodisgstems. SPB Academic Publishing, The
Hague.

Quevedo, L., Rodrigo, A., and Espelta, J. M. 208ast-fire resprouting ability of 15 non-dominantwudh and tree
species in Mediterranean areas of NE Spain. Arofdferest Sciencé4:883-890.

Quintana, J. R., Cruz, A., Fernandez-Gonzalezard,Moreno, J. M. 2004. Time of germination andclg&hment
success after fire of three obligate seeders in editdrranean shrubland of central Spain. Journal of
Biogeographyg1:241-249.

Rego, F. C. 1992. Land-Use Changes and WildfireggeP 367-373n Responses of Forest Ecosystems to
Environmental Changes.



49 T-PVS/Inf (2010) 10

Retana, J., Espelta, J. M., Habrouk, A., Ordonekz,,.and de Sola-Morales, F. 2002. Regeneratittepe of three
Mediterranean pines and forest changes after a laildfire in northeastern Spain. Ecoscie8c&9-97.

Rickebusch, S., Thuiller, W., Hickler, T., Arauj®l. B., Sykes, M. T., Schweiger, O., and LafourcaBe2008.
Incorporating the effects of changes in vegetafiorctioning and CO2 on water availability in plawbitat
models. Biology Letterd:556-559.

Ricotta, C., Arianoutsou, M., Diaz-Delgado, R., DygB., Lloret, F., Maroudi, E., Mazzoleni, S., Moo, J. M.,
Rambal, S., Vallejo, R., and Vazquez, A. 2001. -Balfanized criticality of wildfires ecologically visited.
Ecological Modellingl41:307-311.

Riera, J., and Castell, C. 1997. Efectes dels iliseforestals recurrents sobre la distribucié desdespécies del
Parc Natural del Garraf: el pi blanc (Pinus halspan la savina (Juniperus phoenicea). Butlletil'bhestitut
Catala d'Historia Natur&5:105-117.

Robinet, C., and Roques, A. Direct impacts of readimate warming on insect populations. Integrat&oology
5:132-142.

Rodrigo, A., Quintana, V., and Retana, J. 2007e Faduces Pinus pinea distribution in the nortleeastberian
Peninsula. Ecosciendd:23-30.

Rodrigo, A., Retana, J., and Pico, F. X. 2004. @iregeneration is not the only response of Meditexan forests to
large fires. Ecolog5:716-729.

Romero-Calcerrada, R., Novillo, C. J., Millingtah, D. A., and Gomez-Jimenez, |. 2008. GIS analg§ispatial
patterns of human-caused wildfire ignition riskthre SW of Madrid (Central Spain). Landscape Ecology
23:341-354.

Root, T. L., Price, J. T., Hall, K. R., Schneid8r,H., Rosenzweig, C., and Pounds, J. A. 2003.efprints of global
warming on wild animals and plants. Natded:57-60.

Rosenzweig, C., Karoly, D., Vicarelli, M., NeofatR., Wu, Q. G., Casassa, G., Menzel, A., Root,. TEstrella, N.,
Seguin, B., Tryjanowski, P., Liu, C. Z., Rawlins, 8nd Imeson, A. 2008. Attributing physical andlbgical
impacts to anthropogenic climate change. Nad56:353-U320.

Rounsevell, M. D. A., Reginster, |., Araujo, M. Barter, T. R., Dendoncker, N., Ewert, F., Hous¢,, Kankaanp,
S., Leemans, R., Metzger, M. J., Schmit, C., Snkth,and Tuck, G. 2006. A coherent set of futurellase
change scenarios for Europe. Agriculture, Ecosyst&rinvironmentl14:57-68.

Rudiger, O., Garcia-del-Rey, E., Gil Munoz, P., &®inandez-Palacios, J. M. 2010. The effect of daeerity on
first-year seedling establishment in a Pinus canais forest on Tenerife, Canary Islands. Eurogeamnal of
Forestry Researct29:499-508.

Salvador, R., Lloret, F., Pons, X., and Pinol, 302 Does fire occurrence modify the probabilitybeing burned
again? A null hypothesis test from Mediterranearsgstems in NE Spain. Ecological Modellib88:461-469.

San-Miguel-Ayanz, J., Camia, A., Liberta, G., anatB, R. 2009. Analysis of Forest Fire Damages itufda2000
Sites During the 2007 Fire Season. EUR 24086 EN6BRTZ2, European Commission, Luxembourg.

Sankaran, M., Hanan, N. P., Scholes, R. J., Ratdgmugustine, D. J., Cade, B. S., Gignoux, Jggitis, S. I., Le
Roux, X., Ludwig, F., Ardo, J., Banyikwa, F., Brgmk, Bucini, G., Caylor, K. K., Coughenour, M. Bjouf,
A., Ekaya, W., Feral, C. J., February, E. C., FrBstG. H., Hiernaux, P., Hrabar, H., Metzger, K.Rrins, H.
H. T., Ringrose, S., Sea, W., Tews, J., Wordenard, Zambatis, N. 2005. Determinants of woody caoner
African savannas. Naturk8:846-849.

Sardans, J., and Penuelas, J. 2007. Drought chaigesphorus and potassium accumulation patternanin
evergreen Mediterranean forest. Functional EcoRig¥91-201.

Schroter, D., Cramer, W., Leemans, R., Prentic€. |.Araujo, M. B., Arnell, N. W., Bondeau, A., Bugnn, H.,
Carter, T. R., Gracia, C. A., de la Vega-Leinert,@®, Erhard, M., Ewert, F., Glendining, M., House,|.,
Kankaanpaa, S., Klein, R. J. T., Lavorel, S., LimdM., Metzger, M. J., Meyer, J., Mitchell, T. Reginster,
I., Rounsevell, M., Sabate, S., Sitch, S., Smith,®nith, J., Smith, P., Sykes, M. T., Thonicke, Khuiller,
W., Tuck, G., Zaehle, S., and Zierl, B. 2005. Esbdsgn Service Supply and Vulnerability to Global Gfe in
Europe. Sciencd10:1333-1337.



T-PVS/Inf (2010) 10 50

Schwilk, D. W. 2003. Flammability is a niche constiion trait: Canopy architecture affects fire imgty. American
Naturalist162:725-733.

Sgardelis, S. P., Pantis, J. D., Argyropoulou, M, Bnd Stamou, G. P. 1995. Effects of Fire on Saoll
Macroinvertebrates in a Mediterranean Phryganicsizstem. International Journal of Wildland FBel13-
121.

Spencer, C. N., Gabel, K. O., and Hauer, F. R. 200R&lfire effects on stream food webs and nutrigyiamics in
Glacier National Park, USA. Forest Ecology and Mmmaentl78:141-153.

Stubbs, D., Swingland, I. R., Hailey, A., and PdfoE. 1985. The Ecology of the Mediterranean Tisgd estudo-
Hermanni in Northern Greece (the Effects of a Getabe on Population-Structure and Density). Bialah
Conservatior8l:125-152.

Syphard, A. D., Radeloff, V. C., Hawbaker, T. hd&tewart, S. I. 2009. Conservation Threats Dukluman-
Caused Increases in Fire Frequency in Mediterrattiamate Ecosystems. Conservation Biol@&$y758-769.

Tapias, R., Gil, L., Fuentes-Utrilla, P., and Pardd. A. 2001. Canopy seed banks in Mediterranéaes pof
southeastern Spain: a comparison between Pinugdmais Mill., P. pinaster Ait., P. nigra Arn. andgtea L.
Journal of Ecology9:629-638.

Telesca, L., Kanevski, M., Tonini, M., Pezzatti, &, and Conedera, M. 2010. Temporal patternsrefdequences
observed in Canton of Ticino (southern SwitzerlatBtural Hazards and Earth System Scied0e&23-728.

Thanos, C. A., and Daskalakou, E. N. 2000. Repriooluén Pinus halepensis and P-brutia. EcologygBanraphy
and Management of Pinus Halepensis and P BrutiesE&cosystems in the Mediterranean Basin:79-90.

Thieme, H. 1997. Lower Palaeolithic hunting spées1 Germany. Naturdg5:807-810.

Thomas, C. D., Cameron, A., Green, R. E., BakkeesBeaumont, L. J., Collingham, Y. C., ErasmusFBN., de
Siqueira, M. F., Grainger, A., Hannah, L., HugHesHuntley, B., van Jaarsveld, A. S., Midgley, s, Miles,
L., Ortega-Huerta, M. A., Townsend Peterson, Ailllieg, O. L., and Williams, S. E. 2004. Extinctigisk
from climate change. Natur®7:145-148.

Thompson, J. R., Spies, T. A., and Ganio, L. M.2M®eburn severity in managed and unmanaged vegetata
large wildfire. Proceedings of the National Acadenfycienced04:10743-10748.

Thonicke, K., and Cramer, W. 2006. Long-term treitssegetation dynamics and forest fires in Brarmeg
(Germany) under a changing climate. Natural Haza8d233-300.

Thuiller, W., Lavorel, S., Araujo, M. B., Sykes, M., and Prentice, I. C. 2005. Climate change tsréa plant
diversity in Europe. Proceedings of the Nationalademy of Sciences of the United States of America
102:8245-8250.

Thuiller, W., Lavorel, S., Sykes, M. T., and Araupd. B. 2006. Using niche-based modelling to astiessmpact of
climate change on tree functional diversity in EagoDiversity and Distribution&2:49-60.

Torre, I., and Diaz, M. 2004. Small mammal abunéaimc Mediterranean post-fire habitats: a role foedators?
Acta Oecologica-International Journal of Ecol@%y137-142.

Trabaud, L. 1994. Postfire plant community dynaniicthe Mediterranean basin. Pages liiMoreno, J. M. and
Oechel, W. C., editors. The role of Fire in Medisgrean-Type Ecosystems. Spring-Verlag, New York.

Trabaud, L., and Galtie, J. F. 1996. Effects o firequency on plant communities and landscapenpaih the
Massif des Aspres (southern France). Landscapeggdl:215-224.

Trabaud, L., and Oustric, J. 1989. Heat Requiresntait Seed-Germination of 3 Cistus Species in theiGue of
Southern France. Flod83:321-325.

Trigo, R. M., Pereira, J. M. C., Pereira, M. G., t&loB., Calado, T. J., Dacamara, C. C., and Sant&. 2006.
Atmospheric conditions associated with the excegtidire season of 2003 in Portugal. Internatiaiairnal
of Climatology26:1741-1757.

Turner, M. G. 1989. Landscape Ecology - the EffettPattern on Process. Annual Review of Ecology and
Systematic0:171-197.

UNECE. 2002. Forest fire statistics. UNECE, Gen&wmitzerland.



51 T-PVS/Inf (2010) 10

Valbuena, L., Tarrega, R., and Luis-Calabuig, EO®0Seed banks of Erica australis and Calluna visiga a
heathland subjected to experimental fire. Jourhglegetation Scienc#l:161-166.

Vallejo, R., and Alloza, J. A. 1998. The restoratiof burned lands: The case of eastern Spain. P2lyd98in
Moreno, J. M., editor. Large Forest Fires.

Vanniere, B., Colombaroli, D., Chapron, E., Leroéx, Tinner, W., and Magny, M. 2008. Climate verswsnan-
driven fire regimes in Mediterranean landscapes: Hiolocene record of Lago dell’Accesa (Tuscanyy)lta
Quaternary Science Revie®$:1181-1196.

Vézquez, A., and Moreno, J. M. 1993. Sensitivity-o Occurrence to Meteorological Variables in Medanean
and Atlantic Areas of Spain. Landscape and Urbanrithg24:129-142.

Véazquez, A., and Moreno, J. M. 1995. Patterns ref diccurrence across a climatic gradient and igioaship to
meteorological variables in Spain. Pages 408id3voreno, J. M. and Oechel, W. C., editors. Globhhagye
and Mediterranean-type Ecosystems. Springer, Neik.Yo

Vazquez, A., and Moreno, J. M. 1998. Patterns ghthing-, and people-caused fires in peninsularirGpa
International Journal of Wildland Fi&103-115.

Véazquez, A., and Moreno, J. M. 2001. Spatial distiobn of forest fires in Sierra de Gredos (CenB8phin). Forest
Ecology and Managemef7:55-65.

Vazquez, A., Perez, B., Fernandez-Gonzalez, F.,Mmikno, J. M. 2002. Recent fire regime charadiessand
potential natural vegetation relationships in Spaaurnal of Vegetation Scient8:663-676.

Vega-Garcia, C., and Chuvieco, E. 2006. Applyingalomeasures of spatial heterogeneity to Landsatimibes
for predicting wildfire occurrence in mediterrandandscapes. Landscape Ecol@3y595-605.

Vega, J. A. 2000. Resistencia vegetativa anteeddua través de la histoira de los incendios. Pad&64.85n
Vélez, R., editor. La Defensa contra Incendios &wtes - Fundamentos y Experiencias. McGraw Hill,
Madrid.

Vega, J. A., Fernandez, C., Perez-Gorostiagan@.Fanturbel, T. 2008. The influence of fire setyerserotiny, and
post-fire management on Pinus pinaster Ait. regreitt in three burnt areas in Galicia (NW Spain)eBb
Ecology and ManagemeR56:1596-1603.

Vélez, R. 2008. Forest fires in the Mediterraneasith Fire Management Tod&§:14-.

Vélez, R. 2009. The causing factors : A focus oanemic and social driving forces. Pages 21i2®irot, Y.,
editor. Living with wildfires: What science canltak? European Forest Institute.

Verdaguer, D., Garcia-Berthou, E., Pascual, G.,Ruidderrajols, P. 2001. Sprouting of seedlingthode Quercus
species in relation to repeated pruning and th@emnary node. Australian Journal of Botat®y/67-74.

Verdu, M., Pausas, J. G., Segarra-Moragues, Jaml, Ojeda, F. 2007. Burning phylogenies: Fire, madkr
evolutionary rates, and diversification. Evoluti@h2195-2204.

Viedma, O., Angeler, D. G., and Moreno, J. M. 20@@ndscape structural features control fire sizeain
Mediterranean forested area of central Spain.hatesnal Journal of Wildland Fir#8:575-583.

Viedma, O., Moreno, J. M., and Rieiro, |. 2006.ehatctions between land use/land cover change,tféires and
landscape structure in Sierra de Gredos (Centa@hEnvironmental Conservati@®3:212-222.

Viegas, D. X. 1998. Weather, fuel status and ficeusrence: Predicting large fires. Pages 3imBloreno, J. M.,
editor. Large Forest Fires.

Vila, M., Lloret, F., Ogheri, E., and Terradas, 2001. Positive fire-grass feedback in Mediterran®&asin
woodlands. Forest Ecology and Managenigat3-14.

Whelan, R. J. 1998. The ecology of fire. The P@&gwdicate of the University of Cambridge, Cambridge

Wittenberg, L., and Malkinson, D. 2009. Spatio-temgb perspectives of forest fires regimes in a miagu
Mediterranean mixed pine landscape. European Jooffr@rest Researct?8:297-304.

Zedler, P. H. 1995. Are Some Plants Born to Burendls in Ecology & Evolutiod0:393-395.



