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The ethnography of prehistoric forest fires

Elliot DEWERTE & Philippe CROMBÉ

The impact, or lack thereof, of pre-Neolithic hunter-gatherers on their environment has 

been debated since at least the 1960’s (Lee & Devore, 1968).  The common assumption in 

European archaeology is that human impact only started when farming was introduced, at 

the start of the Neolithic period.  The potential impact of hunter-gatherers is presumed 

hard to notice in pollen-diagrams due to the low-impact nature of their inferred activities 

such as hunting, fishing and gathering (Marquer et al., 2017).  This assumed invisibility and 

low-impact lifestyle stand in stark contrast with evidence of modern and historic hunter-

gatherer groups, such as Native Americans and Aboriginals, who influence their environ-

ment through burning, sowing, weeding, etc.  Controlled firing of vegetation could also 

have played a role in the daily subsistence activities of pre-Neolithic hunter-gatherers in 

Northwestern Europe.  For this research a background for the use of fire within (sub)

recent hunter-gatherer groups was established in order to better understand the use of 

fire in human niche construction by hunter-gatherers.

1. Ethnographic background

The use of fire as a tool for utilizing, manipulating and even shaping the environment is a 

well-known and well-documented phenomenon in ethnographic groups, both modern and 

historic, spread all around the globe (Mellars, 1976).  In the present study information on 

different Native American tribes and Australian Aboriginal groups was used.  The reason 

for this was primarily because of the many ethnographic and historic accounts on the use 

of fire by these different groups beginning at least in the 18th century and continuing well 

into the 20th century.

Within North America more than 100 hunter-gatherer groups are known that utilized 

fire during their daily subsistence activities (Stewart, 1956; Anderson, 2005), e. g. during 

hunting or gathering (Lewis, 1973).  The present study focusses on present day California, 

Alberta and New-England as these regions provide the best-documented and studied 

examples of controlled forest burning by hunter-gatherer groups.  The same holds for 

the western desserts, Queensland, Arnhemland and Tasmania, in Australia (Jones, 1969; 

Gould, 1971; Bird et al., 2005).

From both these regions an ethnographical framework could be established for the 

different uses of fire in niche construction as well as the frequency, intensity and timing 

of burning activities performed by these groups.  Although the details of these activities 

differ between groups, a lot of similarities can be observed in the overall exploitation 

strategies.  Even though different studies have been performed on the usage of fire by 

different groups within North-America and Australia, for example Jones (1969), Gould 

(1971), Lewis (1973), Hallam (1985) and Bird et al. (2005), there still is a lack of research 

on the long-term effects on a landscape scale.
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1.1. Goals

The long-term effects of hunter-gatherer niche construction and landscape management 

is still under debate, with critics (such as Mooney et al., 2011 and Williams et al., 2015) 

presuming at most local and temporary influences; and defenders (such as Jones, 1969; 

Miller et al., 2005 and Bliege Bird et al.,2008) postulating large-scale and long-term changes 

in vegetation and habitats.  These debates are still ongoing and will not be expanded upon 

here, yet the short-term local effects of the fires and the extensive knowledge the different 

hunter-gatherer groups possessed on the use of fires have not been up for debate and 

should be acknowledged.

Burning vegetation could serve a large number of goals.  An almost universal objective for 

controlled forest burning in both North America and Australia, and in differing vegetation 

types, was improving mobility and visibility.  The removal of high grasses, shrubs, under-

growth and plant detritus, thereby creating an almost park-like landscape, greatly improves 

both visibility and travel speed.  Different Aboriginal and Native American groups applied 

controlled firing as a way of cleaning up their environment and caring for its health (Lewis, 

1989; Cochcrane, 2009).  After the removal of crown-vegetation, sunlight and rain can 

better reach the soil and nutrients were added through the ashes.  This improved the 

growth, quality and quantity of early-stage, productive vegetation such as berry-plants and 

grasses, up to 400 % according to some studies (Einarsen, 1946; Swank, 1956; Dills, 1970; 

Mellars, 1976).  This was not only beneficial to human groups, but also to wild game which 

was attracted by these open spaces rich in new and fresh undergrowth vegetation.  This 

concentration of game, coupled with greater mobility and visibility, greatly improved the 

chances of a successful hunt.  However, these beneficial effects were mostly temporary 

and restricted to the first couple of years after a fire.

Fire was further actively used: 1° during hunts to drive game or to surround it, 2° during 

gathering activities for clearing undergrowth or detritus in order to provide better access 

to nuts, roots or tubers, 3° as a means of communication, 4° as a safety precaution to 

reduce the risks of natural wildfires, 5° to collect materials for different crafts such as 

branches for weaving baskets or cordage, 6° to remove insects and others pests, 7° for 

warfare, and more.  Lewis, in his 1973 study of vegetation burning practices within different 

Native American groups in California, listed more than 70 reasons for the burning of 

vegetation (Lewis, 1973; Williams, 2003; Anderson, 2005).  These seem almost universally 

shared among hunter-gatherer groups spread all around the globe.

On a landscape-scale the usage of fire to create small openings in the vegetation cover 

results over long periods of time in a mosaic landscape with patches of vegetation in 

different stages of ecological succession.  This produces a large number of ecotones and 

increased edge-effects throughout the environment and therefore a more heterogenous 

and diverse landscape (Williams, 2003).  Long-term selective usage of fire could alter not 

only the appearance and structure of forests, but could also alter the vegetational compo-

sition of forests and grasslands (Anderson, 2005; Bliege Bird et al., 2008).  The created 

open patches could be linked by long stretches of recently burned vegetation, which 

formed corridors through which travel was made easier (Lewis & Ferguson, 1988).

1.2. Timing, frequency and scale

The size of the area being burnt was dependent on several factors such as wind-speed, 

moisture content, the type of vegetation, the goal, the topography, etc.  The area could 

therefore range from a couple of acres to several dozens of square kilometers.  In aerial 

pictures taken in the western desserts of Australia, large burned tracts spanning multiple 

kilometers have been observed (Burrows et al., 2006).  Precise dimensions can hardly be 
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deduced from historic accounts, but in more recent ethnographic studies the majority 

of fires are small, only spanning areas of less than 50 ha (Scherjon et al., 2015).  Even 

when large areas were affected by a single fire, these were generally constrained to the 

undergrowth and the accumulated plant detritus on the forest floors (Moore, 2001).  

Crown fires or the burning away of entire sections of forests seem to have been applied 

only rarely.  In deciduous forests burning of crown vegetation was a difficult feat in any 

case, except in the most dry periods or with the most dedicated methods such a lighting 

large fires underneath individual trees.  It would have been much simpler to make use of 

natural clearings, resulting from the trampling and grazing of herbivores, treefalls, floods 

or natural forest fires, and keep these areas open and traversable.

The timing of the burning season differs between groups and between regions and was 

adapted to the particular ecosystem and to the perceived goals (Phillips, 1985).  Most 

groups performed burnings of their surroundings on a yearly basis.  Yet this does not mean 

that the same places were burned year after year.  The return-interval of fires is dependent 

on several factors such as the length of the growing season, climate, population density, 

etc., and varies between twice every year to once every 80 years or more (Scherjon et al., 

2015).  Within North America controlled burning was mostly executed in the spring or 

autumn (Gruell, 1985; Lewis, 1985; Kimmerer & Kanawha Lake, 2001).  In most cases the 

winter months were too wet in most regions, while vegetation in summer was too dry.  

Burning in summer, or very dry periods in spring and autumn, would result in uncontrol-

lable forest fires that would not only negate the desired effect of maintaining the woods and 

encouraging growth, but would also endanger villages, camps and lives.  Before a fire was 

started, all resources such as berries and nuts were first harvested as to not destroy them.  

This further explains why autumn was often chosen as the preferred season (Scherjon 

et al., 2015).  In Australia, particularly in the northern territories, characterized by only two 

seasons - a wet and a dry season, the latter occurring during the southern hemisphere’s 

winter months - most wildfires occurred during the dry season.  Yet, most manmade fires 

happened either during the beginning of the dry months when the vegetation was still 

damp, or at the end of it with the coming of the morning-dew.  Again this aimed at reducing 

the risk of creating too destructive forest fires (Kimber, 1983).

2. Forest f ires in pre-Neolithic Northwestern Europe

Within Northwestern Europe there is increasing evidence of forest fires during the pre-

Neolithic period.  Already in 1994 M. Zvelebil listed more than 20 sites where hunter-gath-

erer groups are suspected to have used fire to influence their environment.  Since then the 

number of sites has increased mainly in the UK, e. g. Star Carr, Rhoin Farm, North Gill and 

Dartmoor (Simmons & Innes, 1987; Caseldine & Hatton, 1993; Zvelebil, 1994; Innis et al., 

2013) but also in other regions of NW Europe, such as Belgium, e. g. Kerkhove (Crombé 

et al., 2019), the Moervaart palaeolake (Bos et al., 2019), Rieme (Bos et al., 2013) and the 

Liereman (Vanmontfort et al., 2010; Verbruggen et al., 2019), and The Netherlands, e. g. 

the Kreekrak area (Bos et al., 2005a) and Zutphen-Ooijerhoek (Bos et al., 2005b).  Most 

evidence consists of peaks of microcharcoal, observable in pollen slides, indicating the 

occurrence of forest fires at a local or regional scale, at least from the Late Glacial/Early 

Holocene onwards.  Microcharcoal research involves the detection and quantification of 

microscopic charcoal fragments.  Anomalies such as peaks in microcharcoal concentra-

tion or changes in overall dynamics can be considered as burning phases or changes in 

fire regimes, particularly when they correspond with changes in pollen spectra such as 

significant shifts in AP/NAP ratios (Moore, 2001; Power et al., 2008; Conedera et al., 

2009).  Microcharcoal can be scattered over vast distances depending on the size of the 

charcoal particles and the size and intensity of the fire.  Small particles, smaller than 

100 μm, can be spread over dozens of square kilometers, while fragments larger than 



8

E. Dewerte & P. Crombé

100 μm generally only spread up to several 1000 meters (Clark, 1988).  The selection 

of large fragments through size distribution analyses could help determine if a fire was 

local/on-site or originating from a larger area.

The rise in fire-occurrences in the Early Holocene is further supported by macrocharcoal 

evidence, e. g collected from the “Usselo-soil” (Hoek, 1997; Kaiser et al., 2009; van Hoesel 

et al., 2012) and hundreds of charcoal-rich features formerly interpreted as Mesolithic “pit 

hearths” but recently reassessed as burnt ant nests (cfr Peeters & Niekus, 2017 versus 

Crombé et al., 2015; Crombé & Langohr, in press).

Despite the fact that the occurrence of pre-Neolithic forest fires is well attested today, 

the debate on the origin of these fires – natural or human induced – is still ongoing.  An 

important observation, however, is the tight correlation between pre-Neolithic forest fires 

and coniferous vegetation.  During the Late Glacial the drastic increase in forest fires clearly 

was synchronic with the rapid expansion of pine trees (Pinus sylvestris) in the Final Allerød, 

covering the sandy lowlands of the NW European plain, including the lowlands of northern 

Belgium and the Netherlands.  Similarly the majority of Holocene forest fires occurred 

during the Preboreal and (early) Boreal period, when pine was the dominant tree species 

(Bos et al., 2005b; Crombé, 2017).  Pinus sylvestris is known as the tree with the highest 

fire risk within the Eurasian woody taxa today (Dreibrodt et al., 2010; Rowe & Scotter, 

1973; Timbal et al., 2006), hence, it seems reasonable to assume that Late Glacial and early 

Holocene forest fires were predominantly natural in origin.  The marked decrease in forest 

fires from the Atlantic onwards, as observed in the analysis of burnt ant nests (Crombé 

et al., 2015; Crombé & Langohr, in press), corresponds with the expansion of deciduous 

tree species, which gradually replaced the coniferous species.  It is commonly known that 

deciduous forests are less inflammable compared to coniferous forests, a notion propagated 

by, amongst others Clark (1952), Stewart (1956) and later Rackham (1980).  Although full-

grown deciduous trees are less susceptible to fire-damage than coniferous trees, they can 

still catch fire.  The assumption that hunter-gatherers and particularly Mesolithic hunter-

gatherers lacked the necessary technology to burn down deciduous trees is also prevalent.  

The felling of full-grown trees is a common practice with ethnographic groups though.  

Simple techniques can be used such as ring-barking or just starting large fires underneath 

individual trees (Anderson, 2005).  The creation of open spaces in deciduous forest would 

be more labor-intensive than creating spaces in coniferous forests or grasslands, yet would 

still be feasible with limited technology.  It must also be noted that creating open spaces 

did not need to have been a time consuming endeavor as already existing clearings could 

have been used and maintained through the use of fire, such as in North Gill in the North 

York Moors (Innis & Simmons, 2000).  A combination of natural and anthropogenic factors 

could keep a clearing open for decades if not centuries (Brown, 1997; Bishop et al., 2015).

3. Towards further archaeological research of f ire disturbance phases

In areas were extensive ethnographic research has been conducted, more fire-ecological 

research on different ecosystems should be undertaken which could help create an 

ecological dimension to ethnographical research.  This could help explain why certain 

techniques were used and what could have been the goal of a burning phase and further 

elaborate on the mean sizes of fires, the fire-return intervals and the most beneficial 

timing within particular ecosystems and vegetation types.  This could be a valuable asset 

to fire-regime research in areas without ethnographical research or historical sources, or 

for time-periods preceding both such as the Mesolithic period in Northwestern Europe.

Fire-ecological research should also be performed in Northwestern Europe.  Case studies 

on both Native American and Aboriginal groups have demonstrated that both the goals 
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and the scale of fires is largely dependent and adapted to the particular ecosystems in 

which they are executed.  As fire-ecology studies from North America and Australia do 

not cover the same vegetation and climate conditions as those in Europe, the studies do 

not provide a full picture.

The usage of disturbance phases in palynological data and current microcharcoal research 

to reconstruct local and short-lived prehistoric burning phases, the two most common 

methods, are starting to show their limits.  Their main drawbacks being the resolution, 

both spatial and temporal (Scherjon et al., 2015).  Most fires lit by hunter-gatherer groups 

are constrained to the undergrowth and grassy areas, and mostly limited to small areas.  

The effects of a fire are mostly temporary, noticeable only for up to a decade (Zvelebil, 

1994).  Even after severe fires the effects last for less than half a century.  A lot of fires 

therefore would not leave traces that can be detected, unless using fine-tuned analyses and 

robust dating techniques.

A major problem within the study of microcharcoal is the spatial resolution as the charcoal 

could originate from a large area, up to dozens of square kilometers or more.  To mitigate 

this problem only large fragments, larger than 100 μm, should be used (Clark, 1988).  

Smaller fragments can be considered as background noise.  Samples should therefore be 

taken with care in order not to fragment particles.  The conventional method in Belgium 

and the Netherlands of preparing pollen samples involves the use of chemicals, such as 

hydrogen peroxide or hydrochloric acid, to remove certain particles and bleach plant 

material, and the use of a centrifuge.  The sometimes violent chemical reactions and 

strong centrifugal force can further fragment the charcoal particles which make any size-

distribution analyses useless.  As there is no consensus on the optimal extraction of micro-

charcoal from samples as of yet (Rhodes, 1998; Turner et al., 2008) this must first be 

addressed before moving forward.

Equifinality should also be taken into consideration when studying burning phases.  

Different processes such as floods, herbivore trampling, natural forest fires, illnesses and 

anthropogenic fires can all lead to the same signals such as shifts in the AP/NAP ratios 

(Brown, 1997).  These processes do not necessarily occur in isolation and combinations of 

different processes could have occurred.  Only by combining both palynological data and 

microcharcoal research can a more accurate reconstruction of fire-regimes be reached.

Places where optimal preservation of pollen can be found, such as in low-lying wet areas, 

do not necessarily correspond with the places were human habitation occurred, such as 

high and dry sandy ridges (Crombé, 2016).  It can therefore be difficult to link evidence 

of disturbance-phases or burning-phases with evidence of human activity, both in finding 

archaeological sites in the vicinity and in dating both.

4. Conclusion

In both modern and historic hunter-gatherer groups the use of fire during daily subsis-

tence activities is a widespread, if not universal, practice.  Through the controlled burning 

of vegetation they could promote the growth of early-stage plants, attract wildlife, improve 

mobility and more.  These activities could also have been performed by pre-Neolithic 

groups in NW Europe, in particular during the Late Mesolithic (Atlantic) when deciduous 

trees covered the landscape.  In periods of dominantly coniferous stands, such as the Late 

Glacial and Early Holocene, most forest fires were likely to be of natural origin.

Further research on this subject should further strive to incorporate ethnographic data which 

can provide a solid background on the use of fire in human niche construction in hunter-
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gatherer groups.  Information that could be helpful in interpreting pre-Neolithic burning 

phases.  Both microcharcoal and palynological data have disadvantages which should be 

addressed and taken into consideration.  The study of burning phases is vital in understanding 

the potential impact of pre-Neolithic hunter-gatherers on their environment.
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Abstract

Hunter-gatherers and their impact on the environment has been debated since the second half of 

the 20th century.  Due to the low-impact nature of their inferred activities, such as hunting, fishing 

and gathering, it is assumed that in Northwestern Europe humans only started asserting influence 

on their environment when farming was introduced in the Neolithic period.  However, ethno-

graphic research on (sub)modern Native American and Aboriginal groups has shown that hunter-

gatherers can alter their environment, particularly through the regular use of controlled burning of 

vegetation.  Archaeologists have been studying and debating for many decades the possible use of 

controlled forest fires by prehistoric hunter-gatherers, with a main focus on the Mesolithic.  Most 

of these studies apply to Britain and Southern Scandinavia and are based on detailed palynological 

and microcharcoal analyses.  Recently similar research has been applied in other areas of NW 

Europe, in particular in the sandy lowland of Belgium and the Netherlands.  The first results seem 

to indicate that during the Late Glacial (mainly Allerød) and Early Holocene (Preboreal and Boreal) 

forest fires were predominantly of natural origin, while the role of hunter-gatherers in this process 

likely increased during the Atlantic, when coniferous forests were replaced by deciduous forests.

Keywords: Forest Fires, Ethnography, Pre-Neolithic, Microcharcoal, Palynological disturbance phases, 

Late Glacial, Early Holocene, Mesolithic.

Samenvatting

Over jager-verzamelaars en hun impact op de omgeving wordt al sinds de tweede helft van de 

20ste eeuw gedebatteerd.  Door de lage impact van de verwachte activiteiten, zoals jagen, vissen 

en verzamelen, wordt er verondersteld dat in Noordwest Europa de mens pas een invloed op zijn 

omgeving begon uit te oefenen vanaf de komst van de landbouw in het neolithicum.  Etnografisch 

onderzoek op (sub)recente Indianen en Aboriginal groepen heeft echter aangetoond dat jager-ver-

zamelaars hun omgeving wel kunnen aanpassen, voornamelijk door het regelmatig gecontroleerd 

afbranden van vegetatie.  Het mogelijke gebruik van gecontroleerde bosbranden wordt al verschil-

lende decennia bestudeerd door archeologen, voornamelijk gefocust op het mesolithicum.  Het 

grootste deel van deze studies handelde over Groot-Brittannië en zuid Scandinavië en zijn geba-

seerd op gedetailleerde palynologische en microhoutskool analyses.  Recentelijk wordt gelijkaardig 

onderzoek toegepast op andere regio’s in Noordwest Europa, in het bijzonder in de zandige 

laagvlaktes van België en Nederland.  De eerste resultaten lijken aan te tonen dat gedurende het 

laat glaciaal (voornamelijk Allerød) en het vroeg holoceen (preboreaal en boreaal) bosbranden 

hoofdzakelijk natuurlijk van oorsprong waren, terwijl de rol van jager-verzamelaars waarschijnlijk 

groter werd tijdens het atlanticum, wanneer dennenwouden vervangen werden door loofbossen.

Trefwoorden: Bosbranden, Etnografie, Pre-neolithisch, Mircohoutskool, Palynologische verstorings-

fases, Laat Glaciaal, Vroeg Holoceen, Mesolithicum.

Elliot DEWERTE

Ghent University

Department of Archaeology

Section Prehistory of western Europe

Sint-Pietersnieuwstraat 35

BE – 9000   Gent

Elliot.Dewerte@ugent.be

Philippe CROMBÉ

Ghent University

Department of Archaeology

Section Prehistory of western Europe

Sint-Pietersnieuwstraat 35

BE – 9000   Gent

philippe.crombe@ugent.be



7

Te r v u r e n                        2 0 1 9

I n f o r m a t i o n s h e f t  h e r a u s g e g e b e n  v o n 
-

I n f o r m a t i e b l a d  u i t g e g e v e n  d o o r
-

B u l l e t i n  d ’ i n f o r m a t i o n  é d i t é  p a r

S t u d i a  P r a e h i s t o r i c a 
B e l g i c a
L i è g e  -  B r u s s e l s  -  L e u v e n

  39

N O T A E
P R A E H I S T O R I C A E



8

3 9 s t e  P r e h i s t o r i e d a g
3 9 .  Ta g  d e r  U r -  u n d  F r ü h g e s c h i c h t e
3 9 è m e  J o u r n é e  d e  P r é h i s t o i r e
T e r v u r e n  -  1 4 . 1 2 . 2 0 1 9

F N R S  C o n t a c t g r o e p
« P r e h i s t o r i e »
K o n t a k t g r u p p e  F N R S
« U r -  u n d  F r ü h g e s c h i c h t e »
G r o u p e  d e  C o n t a c t  F N R S
« P r é h i s t o i r e »

Organisation

R o y a l  M u s e u m  f o r  C e n t r a l  A f r i c a

S e c t i o n  o f  P r e h i s t o r y  &  A r c h a e o l o g y ,

A l e x a n d r e  L i v i n g s t o n e  S m i t h

&  E l s  C o r n e l i s s e n

B E - 3 0 8 0    T e r v u r e n

w w w . a f r i c a m u s e u m . b e

Koordination / Coordination / Coördinatie

Philippe Crombé
Marc De Bie

Ivan Jadin
Veerle Rots

Michel Toussaint
Philip Van Peer

P r i n t e d  i n  2 0 1 9

I S S N  0 7 7 4 - 3 3 2 7

Organisation

R o y a l  M u s e u m  f o r  C e n t r a l  A f r i c a

S e c t i o n  o f  P r e h i s t o r y  &  A r c h a e o l o g y

A l e x a n d r e  L i v i n g s t o n e  S m i t h

&  E l s  C o r n e l i s s e n

B E - 3 0 8 0   T e r v u r e n

w w w . a f r i c a m u s e u m . b e



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


