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Abstract

Calluna vulgarisdominated heathlands are globally important h&baad extremely scarce outside
of north-west Europe. Rotational fire, grazing aatting by local farmers were dominant features of
past heathland management throughout Europe betlieen abandoned, altering the historical fire
regime and habitat structure. We briefly reviewessh onCalluna heathland conservation
management and provide the background and methgy@do a long-term research project that will
be used to define prescribed fire regimes in coatimn with grazing and cutting, for management
of Callunaheathlands in north-west Italy. We outline thelegizal and research issues that drive the
fire experiment, making explicit the experimentabdn and the hypotheses that will be tested. We
demonstrate how Adaptive Management can be usadfdon decisions about the nature of fire
prescriptions where little formal knowledge exigsperimental plots ranging from 600 to 25080 m
are treated according to one of eight alternatiwatinents (various combinations of fire, grazind an
cutting), each replicated four times. To datetrathtments have been applied for 4 years, from 2005
to 2008, and a continuation is planned. Detailedsueement of fire characteristics is made to help
interpret ecological responses at a microplot sddle results of the experiment will be fed badk in
the experimental design and used to inform heathhaanagement practice in north-west Italy.

Additional keywords: Calluna vulgaris cultural landscape, fire behavior, fire effectguda
experiment.

I ntroduction

Calluna vulgarisHull. (Calluna-dominated heathland is one of the dominant caltiandscapes (as

in Farina 2000) of the Atlantic regions of northsveand Central Europe (Gimingham 1972,
Thompsonet al. 1995; Webb 1998). Heathlands developed roughly04@ars ago as a result of
forest clearance and they have been maintainedtbyagpogenic disturbance regimes, primarily a
combination of burning, grazing and cutting (Ginham 1972; Webb 1998; Goldamnetial. 2007).
Outside their main distribution are@alluna heathlands occur in isolated areas of eastern and
southern Europe and throughout their range areookiderable nature-conservation, landscape,
aesthetic and cultural value (Gimingham 1960; Habib Gimingham 1987; Thompsehal.1995).

Heathlands are currently under threat from a raoig@npacts and reductions in their overall
distribution have led them to be classified as tyeandangered (Habitats Directive 92/43/EEC)
(Roseet al. 2000). The abandonment of traditional managemadtiges has led to conversion to
woodland (Thompsoeat al. 1995; Webb 1998); increased atmospheric nitrogersalfur deposition
causes early replacement@dllunaby grasses such olinia spp. (Heil and Diemont 1983; Marrs
et al. 2004; Terryet al. 2004; Bryset al. 2005; Britton and Fisher 2007) and inappropriae dnd
grazing management can leadQalluna being out-competed byteridium (Watt 1955; Snow and
Marrs 1997). Climate change in the coming decatiEsmses a significant threat to the integrity of
heathland areas and will impact on accidentalréggmes (Goldammeat al. 2007).




Callunaheathland conservation management is thus aatnsisue and has been intensively studied
(Hobbs and Gimingham 1987). A range of differentnagement regimes, including prescribed
burning (FAO 2006), grazing at different stockimages, and mechanical cutting have been proposed
for maintaining heathland habitats throughout Ear@@¥/'hittaker and Gimingham 1962; Hobbs and
Gimingham 1984; Hestet al. 1991; Sedlakova and Chytry 1999; Pakermiaal. 2003;_ Niemeyeet

al. 2005; Vandviket al. 2005; Britton and Fisher 2007; Goldammeéal. 2007).

The majority of research concerni@gllunaheathland management has been completed in its mai
oceanic distribution area, and in the United Kingdm particular, whereCalluna moorlands
represent a significant financial and cultural tese through their use for grouse shooting (Hobbs
and Gimingham 1987). Comparatively little work haken place in southern Europe (Valbuena

al. 2000; Calveet al. 2002; Bartolomeéet al. 2005) and even less in Italy, where informationwb
heathland sensitivity to land-uses and climate ghans very scarce. Heathlands in this area are
subject to a very different environment, occurrim@ continental rather than oceanic climate and on
mineral rather than peat soils, and further studies needed of regionally critically threatened
habitats.

In Italy, Callunaheathlands are mainly located on the north-welst sf the Po River Plain (Mugion
1996) bordering the foot of the Alps (Fig. 1). Thexe relic ecosystems that developed, similar to
elsewhere, on nutrient-poor, acid soils as a resulfiorest clearance, and were maintained by
anthropogenic disturbance in the form of pastorahing, grazing and harvestir@alluna and
Molinia for forage (Sartoret al. 1988; Mugion and Martinetto 1995). In the post-Wyériod,
heathlands covered extensive areas (Pavari 1987 olay they are limited to isolated patches.
Remnant heathlands have a high nature-conservadloe as they represent an important shelter for
several plant and animal species. Moreover, theyaaunique cultural landscape and a tourist
attraction of the region.

Fig. 1. Callunaheathland landscape in north-west Italy.



The majority of remaining heathlands have beengthesed as ‘Managed Nature Reserves’ in order
to safeguard them from degradation. Paradoxictilg,protection is often applied in a passive way,
through a removal of any management or disturbaratber than via the adoption of suitable

management plans. A recent study of landscape dgeamNW Italian nature reserves (Garbarino

et al. 2006) demonstrated that the lack of managementdased the loss of ~50% of the heathland
habitat over the last 50 years.

At the Managed Nature Reserve (MNR) of Vauda, é@Riemonte Region of north-west Italy, a long-

term fire experiment has been established to daterthe effects of various prescribed fire regimes
on heathland dynamics. The study has been develapgart of a multidisciplinary management

experiment that aims to provide users of the MNB&isuitable management plan for conservation
of theCallunaheathlands through the wise use of prescribedgyrgrazing and cutting.

The present paper discusses the fire researclsissiauda and describes the rationale for the use
of Adaptive Management (as in Holling 1978) to daghe fire experiment. It provides an important
example of how ‘adaptive learning experiments’ bamsed to develop sustainable, evidenced-based,
best-practice approaches for prescribed burningevitde formal knowledge exists. Long-term fire
experiments are a rare but important feature efdrology research and our work has significance
for those considering developing similar programs.



Calluna heathlands at the MNR of Vauda
Site location and climate

The MNR of Vauda covers an area of 2635 ha andcatéd ~20 km N-NE of Torino (7°4A17"E,
45°1313’N), at an altitude ranging from 240 to 480 m (R2Q. The climate is continental, with
roughly 81% of the mean annual rainfall (1000-1400) falling between April and November. The
driest month is March with, on average, 35 mm ah @nd 0.3 days of snow. The mean annual
temperature is 11.8°C, with monthly means rangiognf 1.6°C in January to 21.9°C in August
(Nimbus 1993-2004; http://www.nimbus.it, accessgd/zay 2009).

Fig. 22 The Managed Nature Reserve (MNR) of Vauda boueslaand the surroundinghar
development.
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Vegetation and soils

The Reserve is located on a stream terrace plateamed in the Late Pleistocene by the Stura di
Lanzo River, and is dissected by several creekgyidpfuand Martinetto 1995). Most of the land is

level or very gently sloping (<2% slope). The saite acidic, rich in silt and clay and classifiexd a

Typic Fragiudalf (USDA-NRCS 1999). The major vegileta associations on the plateau are
characterized by different stages of successioarndsvthe alliance @@uercion roboripetraeagand




to a lesser extent to ti@arpinionforests (Oberdorfer 1957), ranging from open Heath belonging
to the Calluno-Ulicetea phytosociological class_(Sindaai al. 2003), toPopulus tremulaL.
(European aspen) arRetula pendulaRoth (silver birch) thicket stands, aMblinia arundinacea
Schrank (tall moor grass) grasslands. Forests damthe creek slopes.

A recent study promoted by MNR land-managers incth@se of the European action Interreg Il1A
(Regione Piemonte 2004) examined species richngskabitat type and recorded 58 habitats
according to Corine Biotopes and more than 600t iaecies; the study demonstrated the importance
of the Reserve and revealed that it held sevegabmal rare and endangered species in wetland sites
located in the heathland matrix, suchGagex hartmaniiCajander andleocharis carniolicaKoch
(Pignattiet al. 2001; Borghesio 2004; Regione Piemonte 2004). Mare the Reserve represents
one of the few strips of land for nesting birdghe local area (123 bird species were registered by
Cattaneo (1990)).

Site history

The MNR of Vauda was established in 1993 to presére characteristic heathland of the area. Its
boundaries coincide with a pre-existing militaryirfg range, which has helped to preserve the
heathlands from urban expansion and agricultunatldpment for at least two centuries. In addition
to military access, shepherds were allowed to lsarferage and use the area for cattle grazing.
Similarly to heathland management in north-west oar (Gimingham 1972; Webb 1998;

Goldammeet al.2007), fire was applied by graziers to reducdrde cover and to maintain pastures
for livestock. Periodical burning in winter and seluent grazing and cutting have strongly
influenced and subsequently maintained the vegetatructure and composition of the heathlands.

Over the last 40 years, changes in land use andgeament have altered the traditional fire regime,
while grazing and cutting practices have eithent&fecomparatively low intensity or entirely absent
(Borghesio 2004). The present fire regime is charad by uncontrolled winter fires (February—
March), with some sites burnt accidentally everyaryender extreme fire weather conditions.
Shortened fire return-intervals have caused thastoamation of heathlands into grasslands
dominated byolinia spp. (Mugion 1996). In some areas, particularbgsthnear the urban interface,
fire has been completely excluded. Here, less &myulisturbance due to fire suppression and
extensive grazing and cutting has enabled spage®bpulus tremulaandBetula penduldo form
large, dense stands of juvenile trees that, irmbsence of disturbances, later develop into woaoglan
with the establishment duercus roburlL. (Pedunculate oak) and other species ofQuercion
robori-petraeaeand Carpinion alliances (Mugion 1996). These changes affectctiracteristic
biodiversity of the heathland ecosystem (Mugion Muttinetto 1995; Borghesio 2004; Regione
Piemonte 2004) and suitable management actiomequéed to protect these habitats.

The Adaptive Management process at Vauda

Adaptive Management (AM) is an iterative processdecision-making for natural resource
management that is used to minimize the risks &ssalowith a disturbance or change of management
regime where significant uncertainty exists ovebited response _(Holling 1978). Given the lack of
knowledge aboutCalluna fire ecology in continental regions and the absewnf long-term
experimental studies of prescribed burning in I{algoneet al. 1999; Ascoli 2008), we have adopted
some of the principles of AM to design a ‘managenesiperiment’ (Walters and Holling 1990). AM
requires:

1. Establishment of clear objectives (Holling 1978).



2. ldentification of alternative management actiong/p@itheses) that integrate existing
interdisciplinary experience and scientific infotina (Walters 1997).

3. Formulation of performance indicators to monitoid amssess management effectiveness
(Anderseret al. 1998).

4. lterative feedback to management policies and ety learning from the experimental
management outcomes (Taykiral. 1997).

Management objectives at Vauda
The management objectives at the MNR are to:

+ Regenerate th€allunaheathland, creating a mosaic of even-aged standiferent stages
that corresponds to a reference heathland struahdepecies composition as defined by the
Interreg 11l Project (Regione Piemonte 2004).

- Limit tree encroachment and competition with chegastic heathland species, and reduce
the land area undergoing secondary succession Ilpymiming tree-stump resprouting
capability or inducing stump mortality.

« Enhance species and structural diversity, creatingosaic of heathlands, grasslands and
woodlands.

Existing scientific knowledge

In order to define an appropriate prescribed fagime to meet our management objectives, it i firs
essential to determine the independent and intagpeffects of fire season, frequency, intensitgt an
severity on plant responses (Bond and van Wilge96)1Extensive literature concerni@alluna
heathland management by prescribed burning exatsthe oceanic strongholds of their distribution
(e.g._ Whittaker and Gimingham 1962; Gimingham 19H@hbs and Gimingham 1987; Niemegtr
al. 2005;_Goldammeet al.2007). Though we have little specific knowledgenirour region, we can
draw on research completed elsewhere and idemtifgral issues:

Fire season

The season when vegetation is burnt has pronowftezts on plant resilience to fire (Bond and van
Wilgen 1996) while fire intensity interacts withas®n, increasing in dry, hot and windy periods
(Anderseret. al.1998). We will apply fire treatments in winter finree key reasons:

1. Fire has the greatest impact on plants during gerad active growth because carbohydrate
and nutrient reserves have been depleted (BondvandVilgen 1996) and consequently
prescribed fires during the dormant season in wigte likely to be less severe.

2. The Fire Management Plan of the Piemonte RegiomifRe Piemonte 2007) authorizes
prescribed fire only in the dormant season (As2008).

3. We wish to mimic historic fire regimes and evidesbews that shepherds used fire in winter
to eliminate dry biomass and stimulate plant prdduacin the following growing season
(Mugion and Martinetto 1995; Borghesio 2004).

Fire frequency

How often fires occur determines the state of thgutation when it is burnt and therefore its post-
fire response_(Bond and van Wilgen 1996). Firerreinterval also interacts with intensity through
its effect on fuel load (Andersat al. 1998). We still do not know how many years aredeéefor a

Callunastand to reach a structure and composition thefgdhe management objectives and that




are resilient to a new fire treatment. We will #fere study fire frequency under the ‘adaptive’
approach and thus have not fixed the return intefvére.

In the UK, current advice for heathland (moorlanthnagement is tha&alluna stands should be
burnt roughly on a 15-20 year rotation (Scotlandsorland Forum 2003) or when ~20 cm tall
(Natural England 2007), though recent studies guesite wisdom of such blanket prescriptions and
suggest that greater variation in fire regimes wMdnefit both land-management and nature
conservation objectives (Davietsal. 2008). Existing advice from the UK suggests th&dkes from

8 to 25 years for heathlands to reach the recomatendnimum height for burning, depending on
the amount of browsing and local soil and climatanditions (SEERAD 20Gi 200Db). No
references are however available to compare thetgnates ofCallunain north-west Italy and the
UK.

Fire behavior

In heathlands, fires characterized by low fireimensity (Byram 1959), ranging from 50 to 500 kW
m~%, can be achieved in burns that spread againstvih@ (backfire); whereas wind-driven fires
(headfire) display higher fireline intensities op o 4000 kW mt (Kayll 1966; Hobbs and
Gimingham 1984; Daviest al. 2006). Peak temperatures in headfires have bessmadd to range
from 220 to 940°C in the canopy and from 140° t0°® at the ground surface (Whittaker 1961,
Kenworthy 1963; Hobbs and Gimingham 1984; Davied520This range of behaviors is influenced
by weather variables (wind speed and direction adicularly important), micro-relief, fuel
distribution and moisture (Kayll 1966; Hobbs andn@igham 1984; Daviest al.2006). Such factors
may vary between burns but also within a burn; eqaently, over the course of a fire treatment,
they may affect the spatial pattern of fire behawithin the burned area (plot). The fire behavior
heterogeneity can strongly influence the survival post-fire recruitment of plants (Bond and van
Wilgen 1996), thus producing variation in fire sewyeat broad and fine scales (Atkins and Hobbs
1995).

In order to assess prescribed fire effects and wafbetheir heterogeneity within a burn, we wilhk

fire behavior characteristics to effects using echoplot-scale analysis’ (Smitt al. 1993; Fernandes

et al. 2000). This will consist in correlating at a sulip$cale vegetation responses (e.g. tree stem
mortality) to fire behavior descriptors such aseraf spread and Byram’s (1959) fireline intensity,
flame temperatures and their duration at diffefeights measured using an infrared camera, and
flame peak temperatures at ground level and a defpthcm below-ground using heat-sensitive
pellets (Omega undated). We stress the importahaesing the microplot quantification of fire
characteristics. a macroplot approach for three key reasons:

1. Itis able to describe the whole burn and its \mlitg (Fernandest al. 2000).

2. It provides a consistent number of repetitions awdder range of observations to establish
reliable models in regression analyses with a ikt low number of burns_(Smitkt al.
1993); consequently, considering the fact thattaty) conducting experimental burns is
particularly difficult (Mazzoleni and Esposito 1998scoli 2008), the microplot approach is
preferable.

3. The understanding of fire behavior effects Populussurvival andCalluna regeneration
success is critical and requires a detailed arslysi

Fire severity

The ecology oPopulus tremulas very similar to that dPopulus tremuloide®lichx. (quaking aspen)
(De_Chantalet al. 2005; Latva-Karjanmaat al. 2006), which has been widely studied in North




America. Brown and DeByle (1987, 1989) studied quiegd fire effects orP. tremuloidesand
observed that high fireline intensity kills the ggous part of individuals of larger diameter than-|
intensity fires, suggesting we should aim for higtensity burns to maximize stem mortality.
However, at Vauda, the. tremulapopulation is characterized mainly by young thickands with
diameter at breast height (DBH) of <10 cm. Browm &eByle’s (1987) results show that the
probability of stem mortality for a DBH of 10 cm g to 90% both for low and moderate fire
severities, as defined by the authors using chajhheMoreover,P. tremuloidesshows a high
resilience to fire by suckering from the roots. Wlapical dominance is reduced by post-fire stem
mortality, sucker-stimulating cytokinins increasethe roots, where buds are protected from heat by
the soil stratum, resulting in high sprout cap&pi(Brown and DeByle 1989). Brown and DeByle
(1987, 1989) concluded that ‘a strong relationdgtween suckering and fire severity was not
demonstrated’. This suggests that at Vauda highdfire) and low (backfire) fireline intensities
probably have the same management implicationstree survival: dramatic resprouting is
unavoidable. There is evidence, however, that ggaaind cutting after fire will be effective in
limiting the density oPopulussuckers (Bartos and Mueggler 1981; Wright ande®all982; Bailey

et al. 1990; Dockrillet al. 2004).

Unlike for Populus tremulathere is abundant scientific literature about éfffects of burning on
Calluna (Hobbs and Gimingham 1987). Several studies hae®dgnized the importance of
temperature residence time as a key factor in stal@ling post-fir€€alluna sexual and vegetative
regeneration_(Kenworthy 1963; Kayll 1966; Hobbs &ichingham 1984; Davies 2005}alluna
seed germination is increased at exposure to 18°G0 s, 60 s at the same temperature slightly
depresses it, whereas 60 s at 160°C is, by contedisal (Whittaker and Gimingham 1962). Thus,
although fire may kill seeds at the soil surfate, germination of those that are partially protécte
may be stimulated (Gimingham 1960).

The residence time of high temperatures may alctabelowground buds and resprouting from
dormant adventitious buds (Mohamed and Gimingha@OXL9n dry conditions, management and
wild-fires, characterized by temperatures lastmggl enough to ignite the surface organic horizon,
have a deleterious effect @allunaresprouting potential, seed survival and seedstgblishment
(Kayll and Gimingham 1965; Mallik and Gimingham 59&eqgget al. 1992).

Field and laboratory fire experiments in a varietyegetation types have shown how the residence
time of temperatures at the ground surface dependsiel characteristics and fire rate of spread
(these two factors being interlinked themselvelg @uration of raised temperatures increases with
greater fuel loads and lower fuel moisture con(genhworthy 1963; Wright and Bailey 1982; Neary
et al. 1999; Molina and Llinares 2001; Davies 2005), @adonger in backfires compared with
headfires (Mendes-Lopest al. 2003; Davies 2005). In the UK, ‘muirburn’ practice mainly
characterized by headfires burnt as 25- to 30-newtdps (Hobbs and Gimingham 1987; SEERAD
2001b). Backfires may be used @allunastands older than 20-25 years old (Kayll 1966;b$cdnd
Gimingham 1987), though their use is now discoullage some agencies (Natural England 2007)
over concern about damage to peat, litter layeid @mosses. Several field, wind-driven fire
experiments within the range of management fires@iptions have been conducted and none
measured residence times of temperatures at gleuatover 400°C greater than 60_s (Kenworthy
1963; Kayll 1966; Hobbs and Gimingham 1984; Davi@85). Similar results have been observed in
grass headfires (Wright and Bailey 1982; Bxial. 1996), which are fast-moving fires with a low
amount of heat release to the soil (Neetral. 1999). Consequently, in terms of impact@alluna
regeneration potential at Vauda in stands rougblydars old, headfires are likely to be preferable
to backfires for achieving management objectives.

Management options and hypotheses



Our brief review of existing relevant researchwaBais to form the following alternative management
options forCallunaheathland conservation:

1. Winter headfires or winter backfires.
2. Winter fires or grazing or cutting.
3. Use of winter fires, grazing, cutting alone or, teinfires combined with grazing or mowing.

We can also form the following hypotheses:

i.  Headfires with a fireline intensity ranging from@®t 3000 kW m! and a return interval of
15-20 years are suitable to regene@d#unastands and kill the epigeous part of trees.
ii.  Fire behavior does not have significant effectsh@Populus tremulaesprouting potential.
iii.  Grazing and cutting after fire will control the dratic Populusresprouting.

Experimental design

To test our hypotheses, we will utilize a randordibéock design. We chose four experimental areas
(blocks) characterized by homogendilaluna stands in the building phase (as in Watt 1955h wit
an early stage oMolinia and juvenile tree encroachment. Each block is am®g of eight
experimental units (plots) ranging from 600 to 2&F)each subject to one of eight treatments (Table
1):

Table 1. Synthetic description of treatments
For grazing, stocking rate20 grazing days per livestock unit per hectare

Treatment Description Size (m?) Season Frequency (year)
F Fire ignited upwind along a 25-m line 1250 Winter Undetermined

G Grazing 2500 Spring 1

C Cutting with phytomass removal 600 Spring Undetermined
FG Fire (F) followed by Grazing (G) 2500 Winter-Spring Undetermined — 1
FC Fire (F) followed by Cutting (C) 600 Winter-Spring Undetermined - 2
FF Fire ignited upwind along a 25-m line 1250 Winter 1

CcC Cutting with phytomass removal 600 Spring 2

U Unmanaged control 600

o F: Winter prescribed fire eveny years is designed to assess fire behavior eftaetsd-v.
backfire) at a microplot scale; the fire returnemial will be determined by feeding back
results of long-term vegetation monitoring.

o G: Grazing each year in springtime is designed & tee hypothesis that grazing and
browsing animals may control (or at least st®jppulus tremulaand Betula pendula
encroachment, even at a light stocking-rate, asadir shown by several authors in other
environments (Baileet al. 1990; Garmoeet al. 1993; Lombardi and Cavallero 2000). It
involves local graziers in the area; stocking réée®rage stocking rate20 grazing days per
livestock unit per hectare, corresponding on avetag0% of carrying capacity) and animal




species will be considered each year accordingpeairtteractive monitoring of vegetation
responses.

o C: Cutting everyn years with phytomass removal assesses cuttingtef@d, similarly to F,
does not fix a return interval.

o FG: Winter prescribed fire eveny years with subsequent grazing each year in spmegt
This approximates the traditional fire and grazimngctices of the area.

o FC: Winter prescribed fire everyyears with subsequent cutting every 2 years imgpme.
This approximates the traditional fire and cuttorgctices of the area.

o FF: Winter fire every year simulates a high-frequenalgfire regime.

o CC: Cutting every 2 years in springtime with phytosiasmoval simulates an intensive
harvesting regime for forage.

o U: A control plot (untreated) assesses the absenmamagement.

The last three treatments approximate current digcsaat Vauda. All treatments have been applied
since winter 2005.

Precautionary measures against wildfire includema frebreak around the perimeter of each plot
area and containment of the fires during burningspsaying water along the plot perimeters; the
prescribed fires are performed with the suppothefState Forestry Corps and Volunteer Firefighter
Teams of the Piemonte Region.

All plots are fenced for rational grazing and wifiellexclusion.
Ecological responses survey and performance indicators

Pretreatment site characterization and the mongoaf post-treatment vegetation response are
essential to assess the effectiveness of managéAmaersen et. al. 1998). Pre- and post-treatment
sward spatial structure and species frequency agsuned using the vertical point quadrat method
(Wilson 1963) along fixed-line transects (10 m Iptwgo to four per experimental plot) to quantify
the species contribution and cover (CS). The C$ veilperiodically monitored in each plot and
compared with the control as defined by the IntgthH& project (Regione Piemonte 2004). Pre- and
post-treatment tree stand structure and compositierassessed on fixed belt transects (2 x 10 m;
two to four per experimental plot). During the swas following treatments, canopy cover, stem
mortality, sprouting capability (humber and sizespfouts) and complete plant death (i.e. top-kill
and failures to resprout) are monitored to asgeasnent effect and stand development with regards
to desired structure.

At a landscape scale, pre- and post-managementukadnaps, rendered in a geographical
information system (GIS) environment from aeriaditéil photos (Johnson 1990; Garbarigioal.
2006), will allow us to compute landscape metrind aompare landscape structure changes with
management policies.

Conclusion

The research project at Vauda developed from dieddgetween scientists and land managers; only
with a continuing interaction between them wilbé& possible to cope with uncertainties and define
suitable management actions. At present, we musatggul to not jump to far-reaching conclusions

as the treatments have only been applied sincem2W05; nevertheless the short-term results will

feed back in a second step of the project in wlhingh changeover to a ‘landscape management
experiment’ is desirable (Walters and Holling 198@idersenet al. 1998). We are aware of the




difficulties in translating research results integxriptions that are applicable by land manageas a
landscape level. Recommendations for landscape-snahagement will be based on continual
review of the results of the formal experiment.

Like all fire experiments, ours is affected by kgt and resource constraints. In Italy, prescribed
burning is complicated by the lack of scientificokviedge (Calabri 1988; Leonet al. 1999;
Xanthopouloset al. 2006; _Ascoli 2008), and this breeds mistrust ibliguadministration and is
reflected in gaps in the rules, legal constraimi3 the lack of qualified personnel. Organizing fire
experiments in Italy is therefore even more comphen usual and often lacks the flexibility that is
required to take advantage of suitable conditiomskdy (Buresti and Sulli 1983; Mazzoleni and
Esposito 1993; Massaiu 1999; Ascoli 2008). Dedpiése constraints, our experiment will stimulate
further discussion and will contribute to the dexehent of a prescribed burning expertise in Italy a
it is happening throughout Europe, where the ‘wise of fire’ has been and still is one of the key
objective of Europe-wide research projects sudhir@sTorch (Rigolot and Gaulier 2000; Boteléo

al. 2002; www.crc.ensmp.fr/europe/firetorch/index.htadcessed 29 May 2009) and Fire Paradox
(Regoet al. 2007; www.fireparadox.org/, accessed 29 May 2009).

The AM process presented here is highly formalemedidesigned to produce scientific understanding
of ecological processes as well as suitable managermgimes. The approach has lessons for fire
managers globally, including those managing heattdan other regions. It is indeed ironic that whil

in Italy or Germany (Goldammet al.2007) scientists and managers are striving toempht novel

fire management, in some of the strongholds of Kedge of fire impacts ofallunadominated
vegetation, there is still simplistic discussioroabbanning burning in some moorland habitats
(Davieset al.2008). In the face of climatic, environmental aodial change, fire management must
strive to be evidence-based and the principlesMf éarefully observing the impacts of alternative
management interventions and learning from onetsesses and failures, should be common to all
fire management plans.
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