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Introduction 
 
Mediterranean Forest Ecosystems  
Around Mediterranean regions the most difficult season of the year is not the 
winter but the summer. Plants and animals of this landscape suffer not from 
frost but from heat and lethal drought that accompanies it. The trees and 
shrubs of Mediterranean region are for the most part evergreen which risks 
the loss of precious water by evaporation through the leaf pores. Evergreen 
plants, therefore, have to develop methods or adaptations of coping with this 
dilemma. Most of the leaves of these plants are thick and leathery with waxy 
surfaces having thick mats of hair cover and very few pores. Some Mediterra-
nean plants grow smaller, hairier and waxier leaves for summer reducing wa-
ter loss and increasing flammability. 
Smaller lower shrubs such as sage, thyme, rosemary, etc. (garrigue) which 
sprout from bare rock immediately after autumn rains or wildfires grow on 
rocky places where the soil is thin or non-existent. Their long roots reach deep 
into the crevices to extract water and nourishment. Where the soil is just a 
little thicker, the vegetation can grow higher and more densely to form maquis 
with oleander, myrtle, laurel, broom, arbutus etc. The trees of this region are 
also, for the most part, evergreens including several pine species, holm oak 
and cork oak, cypress, juniper, olive, etc. They all have leathery leaves pro-
tected by waxy surfaces, resin rich trunks and insulative thick barks. These 
mechanisms developed by plants can basically be attributed to summer 
drought, recurring wildfires and grazing which prevails in the region (S1). 
Not only in Mediterranean region but in all other regions of the world life was 
brought in light in an environment where fire was one of the major compo-
nents. In other words, fire was prior to the all forms of life. Thus, plants and 
animals particularly the ones occurring within the Mediterranean regions of 
the world had to take fire into account for every step of their evolutionary 
processes, just like they had to for coping with drought, grazing, etc. Geology, 
geography, climate, vegetation, and fauna all evolved together by interacting 
with each other and gave shape to the Mediterranean landscape as a whole. 
Thus the living components of these ecosystems, right from the beginning of 
their origins, have simultaneously been adapted to external impacts such as 
drought, fire, grazing, human etc. 
Fires and forests go back to the prehistoric, they have been with each other 
for millions of years. World forest ecosystems as well as Mediterranean forest 
ecosystem have developed with forest fires as a preeminent partner, a re-
generator, a rejuvenator. This fire-forest symbiosis is as it should be. Fire may 
occur naturally as a result of volcanic activity, meteorites, and lightning 
strikes. In the distant past, there might be some time episodes with more fre-
quent fires caused by these natural activities than it is experienced today.  
Plants, especially the ones growing in Mediterranean regions should already 
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have inherited evolutionary records developed for these more frequent fires 
caused by natural activities. 
At a certain time in the overall evolutionary processes of Mediterranean eco-
systems a new species, man, emerged and gradually became one of the main 
shape-giving component. Although man, as a separate species, has nearly two 
millions years at his back,   his impact on nature can only be dated back 
roughly to 12 thousand years when he has shifted from his biological evolu-
tion phase to cultural evolution phase. Man would have known about fire, and 
later its beneficial uses, long before the ability to make fire on demand was 
developed. Since then, human activities such as grazing, firing, clearing, 
transporting, constructing, etc. turned to be one of the most significant ele-
ments on shaping the current landscape of the whole Mediterranean regions 
which was always very densely populated by man. 
Although it is widely recognized that man has played a decisive role in in-
creased fire frequencies, whether current man-induced fire frequencies are 
higher than that of the natural fire frequencies of distant past or lower is not 
well documented. 
Because of their long subjection to frequent wildfires the Mediterranean forest 
ecosystems are generally considered a “fire type” or “fire climax” which recog-
nizes fire as one of the major ecological and evolutionary factors. 
 
Wildfires  
A wildfire is any uncontained and freely spreading fire in flammable vegeta-
tion that consumes natural fuels such as litter, dead branch wood, snags, 
stumps, foliage and even the green trees and occurs in the countryside or a 
wilderness area. Other names such as brush fire, bushfire, forest fire, grass 
fire, vegetation fire and wildland fire may be used to describe the same phe-
nomenon depending on the type of vegetation being burned. A wildfire differs 
from other fires by its extensive size, the speed at which it can spread out 
from its original source, its potential to change direction unexpectedly, and its 
ability to jump gaps such as roads, rivers and fire breaks. Wildfires are char-
acterized in terms of the cause of ignition, their physical properties such as 
speed of propagation, the combustible material present, and the effect of 
weather on the fire. The challenge of fire management in Mediterranean eco-
systems is made more stringent by the flammability of the native vegetation 
and the frequent occurrence of long periods of severe burning conditions. 
All plant material will eventually burn if subject to enough heat for long 
enough time. However some are able to resist the force of fire better than the 
others. The response of trees and shrubs to fire varies significantly between 
and within species, and is dependant on the parameter being measured. 
Moreover, this response is influenced by a variety of fire parameters including 
intensity, severity (e.g., amount of organic matter consumed), residence time, 
soil heating, season of burn, and time since last fire, all of which can vary sig-
nificantly among fires and within a fire. These variations will cause differences 
in how individuals and the community as a whole respond. In addition, nu-
merous physical and climatic factors (e.g., fuel condition, weather, slope, and 
aspect) as well as biological factors (plant morphology and physiology) also in-
fluence post-fire effects on plant communities. This includes direct effects 
such as the ability of individual species to resist the heat of a fire (depending 
on age and seasonality) and the mechanisms by which they recover after fire. 
Because their stationary nature precludes fire avoidance, plants span the 
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range from fire-intolerant species to fire-tolerant to fire-resistant species: 

 Fire-intolerant plants: Fire-intolerant species tend to be highly flammable 
and completely destroyed by fire. Some of these plants and their seeds may 
simply fade from the community after a fire and not return, yet others have 
adapted to ensure that their offspring survive in the next generation. “Obligate 
seeders” (Pinus halepensis, P. brutia) are plants with large, fire-activated seed 
banks that germinate, grow, and mature rapidly following a fire in order to re-
produce and renew the seed bank before the next fire. 
 
Fire-tolerant plants: Fire-tolerant species, on the other hand, are able to 
withstand some forms of fire and grow despite some damage. These plants are 
sometimes referred to as “re-sprouters.” Some species of re-sprouters store 
extra energy in their roots for recovery and re-growth following a fire. In some 
tree species typical re-growth characteristics can be encountered.  
 
Fire-resistant plants: Fire-resistance refers to plants that suffer little damage 
during a characteristic fire regime. These fire resistant plants, having low oil 
and resin content in their leaves, smooth bark and high leaf moisture content, 
are able to slow the progress of a fire and thus help with fire control. These 
plants are also acting as a wind break, absorbing and deflecting heat and 
trapping embers and sparks from a fire. Cypress constitutes a good example 
of this type.  

In spite of our best prevention, detection, suppression, pre-attack, firebreak 
and fuel-break strategies and the money spent to implement these strategies 
we still seem unable to reduce the number of high intensity wildfires that 
burn under extreme weather conditions and the changes associated with this 
wildfires. On an average, half a million of hectares of Mediterranean forests 
and scrub lands burn every year, mainly located in Spain, Portugal, France, 
Italy and Greece, the countries bordering Mediterranean sea. Wildfires, larger 
than 50 ha in extent, account for 75% of the total burnt area while they pre-
sent only 2.6% of the total number of wildfires.  More specifically, in the 
southern parts of Europe the number of forest fires during the period of 1980-
2006 was 1 336 291, where 13 298 486 hectares of forest were burned. The 
distribution of the fires and burned areas is represented in the following two 
graphs (Figure 1 and 2) 
In the year 2007 the wildfire phenomenon got even worse, especially in the 
south-eastern countries (Greece and Italy in particular), and the total area 
burned jumped over 500,000 ha. The fire regime in Portugal has become 
worse along time, with 2003 and 2005 been the most recent worst years – 
leading respectively to the conversion of about 425,000 (8.6% of the 
total Portuguese forests)  and 340,000 hectares. Between 2002 and 2006, 
every year in Portugal on average 200,000 hectares burned and 1.6 million 
tones of carbon were emitted into the atmosphere due to wildfires. The aver-
age economic value lost by the Portuguese forest because of wildfires in 2002-
2006 has been estimated to amount to more than € 300 million per year. This 
includes the value of timber and non-timber products lost, of damage to rec-
reational activities and carbon sinks, and to the protection of agricultural 
soils and aquifers and biodiversity protection. The worst annual losses have 
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been registered in 2003 and 2005- respectively about €600 million and €500 
million (Bassi, S., Kettunen, M. 2008). 
In the year 2007 in Greece a total of 97,518 ha of natural vegetation cover 
were burned by wildfires, 30,132 ha of which were located in Natura 2000 
sites. Based on the WWF’s ecological assessments (2007), seven important 
Sites of Community Importance were affected, as well as certain species of 
ecological importance (eg. the golden jackal). Furthermore, a significant part 
of the National Park of Mount Parnitha and of the Parnitha true-fir forest was 
effected – with substantial change for biodiversity, as true-fir forests are not 
adapted to fire events and will require great human effort to be regenerated. 
The forest fire in Parnitha also deeply influenced the populations of several 
protected bird species, mammals (especially deer), and other vertebrates and 
invertebrates. 
An independent estimate made by the international assessment firm Standard 
& Poors evaluates the economic damage in the range of €3 to 5 billion, corre-
sponding to 1.4% to 2.4% of the country’s GDP. Tourism and agriculture have 
been hard-hit and the regeneration of forests will take many years (Bassi, S., 
Kettunen, M. 2008). 
Another important phenomenon affecting Mediterranean forest ecosystems is 
the increasing share of the young plantations within the total burnt area. As 
the proportion of the man-made plantations (reforestation or afforestation) is 
steadily increasing in extend all over the Mediterranean region, the share of 
the burnt plantation areas within the total burnt area is also increasing with 
even greater pace. A study carried out in Turkey revealed that the share of the 
burnt plantations within the total burnt area increased from 8% in 1984 to 
13% in 1985, 29% in 1986 and 21% in 1987 (Neyisci 1994). The amount of 
fine dead fuel builds up horizontally as well as vertically with the age of plan-
tation, reaching its maximum between 10-30 years of age. Since fire spread 

and intensity increase with the age of the vegetation up to a certain age range, 
the probability of a large fire occurring is greater than in younger (1-10 years) 
fuels. Within this age range the flammability of plantations is very high and 
they are very susceptible to fire under favorable conditions. The Younger 
plants (1-10), either seedlings or sprouts, in the absence of dead fine fuels, 
are, to a degree, fire resistant and incapable of carrying fire (S10).  
 

Figure 1 Burnt area in the Southern Member States  
(Source: EC 2007) 
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On the other hand, the flammability of plantations or stands where the verti-
cal arrangement of fuels is broken into two separate parts as surface fuels 
and crown fuels through natural pruning (30+) and, having no connecting 
ladder fuels such as under-story vegetation, dead and dry branches, etc., is 
reduced dramatically by not allowing the ground fires to mount into crown 
fires. 
If a plantation is burnt until it reaches an average age of 30 years, economi-
cally speaking, almost everything is lost since almost no economic value is 
gained from the plantation after the fire. As the plantation matures the nega-
tive economic impact of wildfires is reduced because the burnt timber may 
have an equal economic value as the un-burnt timber. Hence, the protection 
of plantations from wildfires till the age of 25-30 years is utmost important 
and priority should be given to those. 

Statistical records and observations show clearly that fire exclusion strategies 
from Mediterranean forests and shrub ecosystems have led to increased fuel 
accumulation which  provoked the uncontrollable and destructing wildfires. 

 

Cypress 
 
Mediterranean cypress, Cupressus sempervirens var. horizontalis (Mil), which 
together with Pinus pinea and Olea europaea represents one of the essential 
tree species of Mediterranean landscape, is a valuable species known and 
used for centuries in the history. Such a species which has not only shaped 
mans daily life by providing materials he requested for his basic needs but 
has also deeply influenced his spiritual and emotional life, such as his poems, 
beliefs, music, handicrafts, etc. The value and importance of Mediterranean 
cypress owe its existence to its emotional character more than anything else. 
It is this species which guards the graveyards and decorate the tombstones. It 
is this species which frequently seen on world famous Turkish carpets in the 
form of “tree of life.” 
Phoenicians who were one of the people around Mediterranean basin used cy-
press wood for ship building. In order to meet and guaranty their future needs 
they have introduced it to almost every Mediterranean country or region they 
occupied. Thus, it may not be a speculation to claim that cypress owes its 

Figure 2 Number of fires in the Southern Member States  
(Source: EC 2007) 
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wide distribution basically to Phoenicians. 
Persian fire-worshippers considered cypress as a sacred tree and planted it 
around their temples. The faiths of fire-worshippers must have been inspired 
by the flame-like form and long-living evergreen canopy of cypress. 
In far-east particularly in China it has been customary to plant a cypress tree 
on graves to strengthen the soul of the deceased and thus to save his/her 
body from corruption and as the evergreen cypress are deemed to be fuller of 
vitality than others, they have been chosen by preference for this purpose. 
Hence the cypress that grows on a grave is identified with the soul of the de-
parted.  
It is believed that the famous philosopher Plato has written all his works on 
cypress wood which he thought as durable as eternity. It was during this pe-
riod of time that the gates and the furniture of the major temples were made 
of cypress wood and mother goddess figurines and handicrafts made of cy-
press wood became the most popular items in the markets. Romans who also 
loved cypress deeply, established cypress stands of certain sizes to celebrate 
the birth of their daughters as to be her trousseau at the age of marriage. 
Later, Christians and Muslims have kept the tradition alive by planting cy-
press widely in the courtyards of churches and mosques in addition to grave-
yards.  
It is quite surprising to realize that flame shaped evergreen cypress tree forms 
a vertical bridge between the sun and the soil, between the body and soul, be-
tween the life and dead, between the past and future. A flame shaped tree 
challenges the flames. 
 
Cosmic Aspect 
  
At the very beginning there was fire only 
Simply defined, cosmic evolution is the study of change--the vast number of 
developmental and generative changes that have accumulated during all time 
and across all space, from big bang to humankind. To quote some long-
forgotten wit, "Hydrogen is a light, odorless gas which, given enough time, 
changes into people." More seriously, cosmic evolution comprises the sum to-
tal of all the many varied changes in the assembly and composition of radia-
tion, matter, and life throughout the history of the Universe. These are the 
changes that have produced our Galaxy, our Sun, our Earth, our plants and 
animals, our Mediterranean and ourselves (S2). 
Radiation from distant galaxies suggests that our Universe began in a cata-
clysmic event, a "big bang", approximately .6 billion years ago. Unimaginably 
hot at first, the fireball of this cosmic “bomb”. This fire dominated event seems 
to be the ultimate origin of all things. Thus we may suggest that at the very 
beginning there was only fire. Sometime later, the fire (energy) weakened and 
the matter cooled enough to allow some of the elementary particles to com-
bine thus forming the simplest and most abundant element, hydrogen from 
which all animate and inanimate objects evolved. 
 
With cosmic evolution as an ecological or intellectual framework, we can begin 
to understand the environmental conditions needed for matter to have be-
come increasingly ordered, organized, and intricately structured, and not 
merely among biological systems. Cosmic evolution is the study of many var-
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ied changes on a universal scale, a subject that seeks to synthesize the reduc-
tionistic posture of specialized science with a holistic view of systems science, 
the ecological thinking. It is a story about the awe and majesty of twirling gal-
axies and shining stars, of Mediterranean ecosystems and recurring fires, of a 
Universe that has come to know itself. But it is also a story about our human 
selves, our origin, our existence, and perhaps our destiny. 

Evolutionary Aspect 
 
Life together with all its diversity evolved in a fire environment 
Let alone intelligence or civilization, there is no sign of life anywhere in the 
universe but on earth. The earth is a dynamic system that has been subject to 
change for the last 4.5 billion years (the age of our planet earth) and its life-
forms have evolved and perished in response to these changes. The history of 
the earth and of the life on it, is one of unrelenting change. The pattern of the 
earth’s crust, the position of mountains, of epicontinental seas, and of the 
oceans, the structure and distribution of vegetation types have all  been 
changed drastically in accordance with the global environmental changes 
through the course of geological time. Some of these global changes affected 
many forms of life more or less synchronously, while others were of more lim-
ited or no impact (S3). 
If we are to see the present concerns over the environmental effects of human 
activities in perspective, we need to see them in the context of the long-term 
(pre-human) processes of global change. We need to look briefly at the history 
of life on earth, from its origin to the present complex interactions of human-
kind with the environment. Of particular interest here is the extent to which 
physical changes may have influenced the course of evolutionary change, and 
the ways in which living organisms have in turn brought about changes in the 
physical environment (Moore, Chaloner & Stott, 1996). 
The age of the earth is some 4.5 billion years. There is no secure record of  
fossil remains of any form of life until the 3 billion year of time past, meaning 
that the evolution of simple life has taken  roughly 1 billion six hundred 
years. The very first land plants evolved and appeared on the earth merely 
400 million years ago. The appearance and spread of humankind would have 
been accomplished only within the last few million years. 
The burning of vegetation has been a feature of the biosphere for some 400 
million years, ever since plants produced sufficient biomass on the land sur-
face. In any one location the incidence of fire is controlled by the nature of the 
vegetation, which is itself largely controlled by climate (S4). But a series of 
other physical and biological factors have influenced and interacted with the 
occurrence of wildfire in natural communities over past geological time (Cope 
& Chaloner, 1985) 
A study on the historical roles of fires on Pinus brutia forests around Antalya / 
Turkey has revealed that the average fire frequencies calculated for the last 
150 years, were ranging from 9 to 25 years (Neyisci, 1985).  But, on the other 
hand, the seedlings of the same pine species start to bear cones at 4 years of 
age to assure their survival in case of an early wildfire. Based on these infor-
mation, we may hypothesize that these pine forests have been subjected to 
more frequent fires such as 5,6,or 7 years, in their distant past and they have 
evolved the response of  bearing reproductive organs at early ages. 
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Global Aspect 
 
Today, we are all living in between two fires; the sun above and the 
molten magma below 
Scientists theorize that 14.6 billion years ago, when the universe was first 
forming, all matter exploded and released huge amounts of energy. It is this 
energy that still fuels the sun. It also produces the heat energy found inside 
the earth. Whole forms of life occur on a very shallow band of earth crust in 
between two great sources of energy or fire, the hot and molten rocks beneath 
the surface of the earth and the sun in the sky.  So life and fire are deeply in-
terwoven (S5). 
 
Philosophical Aspect 
 
Heracleitos; All things are made of primal fire and all things will 
eventually return to that primal fire 
Fire, which was considered as one of the four basic elements of antiquity to-
gether with earth, water, and air, dominated natural philosophy for more than 
two thousand years. The premise that everything was formed from these four 
elements was developed by the Greek philosopher Empepedocles of Sicily, and 
continued to be believed until the rise of modern science. 
Another Greek philosopher, Heraclitus who is famous for his doctrine of 
change being central to the universe, had it correct: All flows; nothing perma-
nent except change. His widely known saying is "You cannot step twice into 
the same stream". It’s perhaps the best idea anybody ever had. We now have a 
reasonably good understanding, not only of how countless stars were born 
and have died to create the matter composing our world, but also how life has 
come to exist as a natural consequence of the evolution of matter. We can re-
liably trace a thread of knowledge linking the evolution of primal energy into 
elementary particles, the evolution of those particles into atoms, in turn of 
those atoms into stars and galaxies, the evolution of stars into heavy ele-
ments, and of those elements into the molecular building blocks of life, and 
furthermore the evolution of those molecules into life itself, of advanced life 
forms into intelligence, and of intelligent life into cultured and technological 
civilization (S6). 
Heracleitos has also proposed that, all things are made out of primal fire, and 
all things will eventually return to that primal fire. He refers to the world as 
“ever-living fire” and makes statements such as “Thunderbolt steers all 
things,” alluding to the directive power of fire which are manifested in photo-
synthesis and decomposition. In photosynthesis, sun, a sort of fire gives life to 
all living creatures, in decomposition the products of photosynthesis are bro-
ken apart and fire in the form of heat is released. Fire can be considered as a 
speeded up version of decomposition. 
Chemical Aspect 
 
Photosynthesis, Combustion,  Decomposition,  Energy 
The essential focal point of commercial forestry is basically confined to the 
production of usable wood fiber and creating and maintaining a living plant 
cover. All forestry consists of the management of creative force of photosyn-
thesis. This is the chemical process on which all life depends on. Through this 
slow moving process, carbon dioxide from the air, water (containing nutrients) 
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from the soil and sun’s energy from the space are combined together to pro-
duce cellulose and other carbohydrates (S7).  
Combustion, on the other hand, is reversed in direction where cellulose or 
other carbohydrates are broken apart by kindling temperature into carbon di-
oxide, water and heat. In photosynthesis, energy is fixed slowly and in com-
bustion energy released rapidly. Decomposition of plant materials releases en-
ergy slowly as it is fixed in photosynthesis. The essential difference between 
combustion and decomposition is in the speed of process.  
 
Ecological Aspect 
 
Fire neither destroys nor develops, it only changes! 
Understanding; Ecocentric approach, Management; Antrophocentric ap-
proach 
As Brown and Davis (1973) pointed out in their book titled “Forest Fire, Con-
trol and Use”, understanding of the wood fire, and especially the forest fire out 
of control, is still much less complete than that of atomic fission. Because a 
wildfire interacts with its local environment to create a highly variable phe-
nomenon, it is much less subject to precise control. Potentially wildfires are 
generally considered as destructive since it can injure or kill trees of all ages, 
downgrade timber products, consume litter and organic mater, cause erosion, 
insect attacks, etc. Yet not all the effects are destructive (S8). 
To understand the real ecological roles or functions of wildfires on ecosys-
tems, the man-made definitions such as good-bad, destructive-constructive, 
harmful-useful, black-white, etc. are to be strictly avoided. Something useful 
for one component might be harmful for another. For instance, a forest man-
ager may well consider a wildfire as a destructive phenomenon and conse-
quently tries to keep it out of the forests he is responsible to manage. But 
from an ecological point of view, Mediterranean forest and shrub ecosystems 
were evolved by taking the recurring wildfires into account thus they take 
wildfires as an essential integral component of their existence and survival. In 
the course of millions of years they, as a whole, have adapted many mecha-
nisms to go along with these natural (or man induced) external impacts (living 
or nonliving). The absolute exclusion of wildfires may cause severe and un-
foreseen inconveniences on the functions of these ecosystems. Without under-
standing these ecological functions natural systems can not be adequately 
managed. But for the management of these natural systems we have to refer 
to the man-made definitions and values. If, for managerial purposes, we do 
not want to use fire in our ecosystem management practices, we have to find 
other measures which can replace the ecological functions provided by wild-
fires.  Let’s give an example to make this point clearer. 
In a game reserve area for fallow deer in Antalya / Turkey, wildfires, consider-
ing that it is destructive to game reserve, were kept away for much longer pe-
riods of time (30+ years) than natural fire frequencies of  9-25 years (Neyisci, 
1985). Recently, some serious health problems such as digestive system dis-
orders, baby miscarriages emerged. Investigations have revealed that fire ex-
clusion was one of the major reasons of these health disorders. Fire fighting 
strategy that is mainly based on fire exclusion stopped sprouting of under-
story vegetation which has led to severe nourishment problems and exploded 
the populations of fungi, insects, and bacteria which negatively affected the 
health of fallow deer within the reserve. In this particular case, one of the eco-
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logical roles of reoccurring wildfires was to force understory vegetation to re-
sprout. Since the fresh browses are greedily grazed by deer the nourishment 
quality and quantity are improved. In addition, reoccurring wildfires can effec-
tively keep the population sizes of fungi, bacteria, virus, insect, etc. under 
control for the benefit of the health of deer. For some reason, the managers of 
the reserve may not want to have fire within their reserve. This is a manage-
rial decision or choice. But the managers have to provide the ecological func-
tions or services carried out by wildfires by some other measures they might 
prefer. For instance, the aged under-story vegetation may be cut down 
(coppiced) regularly for re-sprouting and fungicides, bactericides and insecti-
cides may be used to keep the populations under control.  The replacement of 
wildfire services by regular coppicing and by using chemicals are managerial 
decisions and activities based on ecological understanding of the system func-
tions.. 
Successful management of natural systems can only be achieved by under-
standing the ecological functions of the ecosystems in question. For under-
standing a pure eco-centric approach where man-made definitions and values 
does not mean anything, is needed. Only over this eco-centric understanding 
managerial decisions and preferences can be placed. For management pur-
poses anthropocentric approach where man-made definitions and values are 
to be used is needed. 
Studying the role of wildfire in Mediterranean forest ecosystems is a two-way 
process. Plants are both fuels which start and carry fire and species adapted 
to it. As fuels, the productivity, continuity and arrangement of plant materials 
effect intensity and frequency of wildfires but in return, because of different 
adaptation measures of individual species, wildfire may influence the plant 
community composition. 
Mediterranean climate landscapes include evergreen forests, evergreen ma-
quis, deciduous maquis, and grasslands. Each of these vegetation types has 
evolved in the presence of recurring wildfires. Many of the characteristic plant 
species exhibit specialized fire adaptations. These include the ability to stump 
sprout, seeds which lie dormant until exposed to intense heat, thick and insu-
lating bark, serotinous (late opening) cones, and other physical and chemical 
structures which maximize flammability and resilience to wildfires (Biswel, 
1974). It has also been hypothesized that fire-dependent or fire-adapted plant 
communities burn more readily than do communities less dependent on fire 
since natural selection has favored the development of characteristics which 
make them more flammable (Mutch, 1970).. 
Most present-day wildfires are not nature’s way, but are nature’s alternatives 
to man’s interventions. 
 
Flammability Aspect 
 
All plant materials are flammable But, Some are less flammable than 
others. Cypress is  a less flammable species 
Flammable items can be any item made of a material capable of catching on 
fire if exposed to a source of ignition. Flammability than can be defined as 
how easily a material will burn or ignite, causing fire or combustion. Combus-
tion or burning, on the other hand, is the sequence of exothermic chemical 
reactions between a material (fuel) and an oxidant accompanied by the pro-
duction of heat and conversion of chemical species (S9). 
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The flammability of a fuel type is mainly controlled by its physical characteris-
tics, arrangement and quantity, rather than by its chemical composition. The 
ignition, build up and behavior of a fire depends on fuel more than any other 
single factor. The other factors are always to be considered in relation to fuels. 
No tree or vegetation is fire resistant. Given the right conditions all trees and 
vegetation will burn but some are more flammable than others. Being both 
well aerated and flammable, the live needles and twigs on coniferous trees of 
Mediterranean region constitute an abundant source of fine fuels that can 
support a fast-spreading crown fire. Flammability of coniferous tree species is 
further increased by retained and accumulated dead leaves and twigs, extend-
ing from near the ground to the crown, so often found in pine plantations.  
Dead needles and leaves attached to the branches are particularly flammable 
because they are fully exposed to the air and drier. These, the so-called ladder 
fuels, provide an escalator for surface fires to mount into the crowns. 

The plants or trees that deposit excessive quantities of dead leaves or needles 
and other loose liter on the ground in a short period of time constitute a 
highly flammable surface layer, which ignites very easily. Pine needles shed in 
the two-needle clusters produce a looser, more persistent, and more flamma-
ble litter in large amounts than do other conifers that drop their needles sin-
gly. Because of their greater length and thickness, and their resistance to de-
cay under dry conditions, the needles of pines tend to produce, thick and well 
aerated litter layers which ignite easily and burn readily. It is the most com-
mon environment in which surface fires start and spread in Mediterranean 
forest ecosystems.  
The existence of an abundant under-story fuel, common for Mediterranean 
forest ecosystems, plays a connecting role between the crown and canopy and 
together with a high surface fuel load results in hot and severe crown fires 
particularly in coniferous forests. 
Vegetative or fuel characteristics that control flammability and fire behavior 
can be classified as; physical (compactness, loading, horizontal continuity, 
vertical arrangement, size and shape), chemical (chemical content), and 
physiological (moisture content). 

Compactness or porosity, which has an impact on the ignition, spread and in-
tensity components of fire behavior, refers to the spacing between fuel parti-
cles or to the amount of air space in the fuel bed relative to the amount of 
fuel. If the fuels are very compact, there is less surface area exposed to the 
flames and the oxygen necessary to support combustion. In this case a slower 
rate of fire spread is expected. Fuels that are looser or porous in their ar-
rangement are drier and easier to ignite, and burn with a higher rate of 
spread. 

The quantity of fuel or, in other words, fuel load which can be measured on 
the basis of tons of dry weight per ha is a very important component affecting 
the rate of spread of wildfires but also very variable. The fuel available for 
combustion at a given time depends not only on the quantity but on the mois-
ture content of dead plant materials, on the vegetative stage of living plant 
materials, and on the surface area-to-volume ratio as well.  
Due to the surface area-to-volume ratio, the size and shape of the fuels are an 
important physical factor that controls flammability. The finer the fuel, the 
higher this ratio is. The finer the fuel, the more quickly it will release its mois-
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ture and the lower the heat it will take to ignite. The greater this ratio the 
faster the fuels will be heated to ignition thereby increasing the rate of fire 
spread. Fine fuels, which are the prime carriers of wild-land fires, like the 
needles of coniferous tree species and flat leaves of deciduous trees, have a 
greater surface area-to-volume ratio than larger fuels, like thick branches and 
logs. 

The amount and the arrangement of dead and fine material on the fuel bed 
are very important since they are the primary source of ignition which starts 
the combustion and the heat that will carry fire into the live fuels. If there is 
little or no dead material present, the live fuels normally will not burn even 
under worst conditions. But, on the other hand, live fuels, even those with 
very high moisture content can and do burn when there are sufficient amount 
of dead and dry fuels around. 

The ratio of dead-to-live fuels, which also has a great affect on flammability, is 
one of the primary factors in fire spread and intensity. The greater the amount 
of dead fuel compared to live fuel, the more flammable the total fuel load. 

The overall flammability of a plant is dependent on relative flammability of its 
leaves and branches, and how they are arranged. For example, flames might 
spread quicker and more easily through a tree with well-aerated layers of 
leaves and small branches than they would through a loosely branched tree 
with few leaves. 

Vertical arrangement of fuel has no prominent impact on ignition, spread and 
intensity components of fire behavior but horizontal continuity of fuel does 
have an impact on spread component. 

The two most important weather elements affecting wildfire behavior are wind 
and fuel moisture. As physiological property moisture content of the plants 
influence the potential for ignition and the flammability. Fuel moisture is the 
one fuel characteristic that affects all of the fire behavior characteristics. The 
moisture content of fine and dead fuels is primarily changed by relative hu-
midity. The fine fuels (one-hour timelag fuels; consisting of dead herbaceous 
plants and roundwood about 6.4 mm in diameter. Also included is the upper-
most layer of needles or leaves on the forest floor) take on moisture much 
faster than larger fuels (100-1000-hour timelag fuels; dead fuels consisting of 
roundwood in the size range of 2.5-7.5 cm and 7.5-20.0 cm), but also release 
it much faster. As the dry season progress, the extractive content of the living 
fuels increases and moisture content of either the living or dead fuels de-
creases. Live foliage usually has moisture content between 100-400%, 
whereas the dead fuel has a maximum 30%, which normally drops down to 
less than 10% in summer months. During the drought season when tempera-
tures are high, relative humidity low, and desiccating winds prevail these fu-
els are prime targets for fire to start.  

Wind influences fuel moisture and consequently wildfire in several ways. It 
can increase the rate of evaporation by moving moist, damp air located near 
the fuels and replacing it with drier air, which dries the fuels. If the wind is 
one of the drying winds, it can dry the fuels very quickly. However, if the wind 
is strong enough, it will actually cool the fuels and slow the drying process. 
Light winds aid certain firebrands in igniting a fire. Once a fire is started wind 
aids combustion by increasing the oxygen supply. It aids fire spread by carry-
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ing heat and burning embers to new fuels, and by bending the flames closer 
to the unburned fuels ahead of the fire. 

Plant phytochemicals, particularly monoterpenoids content of plant materials 
and fuels may increase the combustibility by increasing the probability of ig-
nition. This occurs because these materials typically undergo combustion at 
lower temperatures than cellulose and lignin and highly flammable at high 
temperatures. The higher the “oil, resin, volatile extractive content” of the fu-
els or the plant materials, the hotter they will burn. Plant materials with high 
mineral contents have low burning rates, lower available energy content and 
higher char production.  
Due to their different chemical properties, plant flammability can also be re-
lated to the proportion of cellulose, and lignin in plant tissue. Lignin is ther-
mally stable, and volatilizes slowly with increasing temperatures, losing only 
50% of weight at 5000C. In comparison cellulose undergoes rapid combustion 
between 300 and 4000C. 

The ignitibility, flammability and combustibility of plants are controlled by 
many other parameters, such as topography, climate, etc., which will not be 
studied here. 

In order to estimate the flammability of plants, Australian scientists designed 
a broad score system. You might find it helpful. 

 

If fuel is continuous to the plant in question from the main source of 
fires then score one point and go (2). If fuel otherwise do not score a 
point and go to (2). 

If, bark present and flammable, add one point and go to (3). If bark is 
not present or nonflammable then do not increase the flammability 
score and go to (3). 

If there is a continuity of fuel from the surface to the crown of the plant 
in question, add one point and go to (4). If there is no continuity do 
not add a score and end count here. 

If canopy present and has substantial dead material, add one point to 
the score and go to (6). If a canopy has little or no dead material, do 
not add to the score and go to (5). 

If the canopy is absent or sparse do not to score and end count. If a 
canopy is present do not add to score and go to (6). 

If the ignitability of leaves is high add one point to score and end count. 
If ignitability is low then do not add to the score and end count. 

Thus the plant can receive a score up to 5 – its flammability rating. 

 
The growth structure and habit of the vegetation contribute to the flammable 
nature of the Mediterranean vegetation type. The basic flammability descrip-
tors of Mediterranean vegetations; 
 
 Surface-to-volume ratio: the greater this ratio the faster the fuel will be 
heated to ignition the thereby increasing the rate of spread. Small leaves and 
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twigs increase the surface-to-volume-ratio. Plants with thick, fleshy leaves 
have smaller surface-to-volume-ration and lower rate of ignition. 
 Fuel bed porosity: the amount of air space in the fuel bed relative to the 
amount of fuel. As the porosity increases to an optimum the burning rate in-
creases. Laddering of dead material within the canopy increases the fuel bad 
porosity and fuel loading. Fallen needles of pines (Pinus brutia L., P. halepen-
sis Mill.) create a porous, easy-to-ignite fuel bed but fallen cypress scales on 
the other hand create a very compact, hard-to-ignite fuel bed. 
 Ratio of dead to live material: the moisture content of fuels in all sea-
sons is lower when the ratio of dead to live materials is higher. Fuels available 
to fire increase with lower fuel moisture contents. Pinus brutia L. and P. hale-
pensis Mill. retain significant amount of old and dead cones in their canopies 
which make them highly flammable. 
 Fuel loading: the greater the fuel loading the greater the “thermal pulse” 
energy output observed from a fixed point. Carob tree (Ceratonia sliqua L.), for 
instance, has a large and dense canopy, that is to say, high fuel load 
 Fuel age: the older the fuel, the greater the dead to live fuel ratio and 
greater the resulting intensity once ignition occurs. Coppicing some plants 
(Nerium oleander L., Acacia cyanophilla Lindl., Spartium junceum L., etc) at 
regular intervals help lower down their age and flammability as well as their 
fuel load. By managing the age of the fuels the manager can favorably influ-
ence fire severity. 
It has been observed for long that some plants have different flammability 
characteristics than others. But only after 1950’s some scientific research 
works on differences governing the flammability of plant species started to be 
carried out. The practical thought at the base of these studies is to minimize 
the probability of ignition and spread of the wildfires by planting slow burning 
or low flammability plant species along high risk roads, on sides of fuel 
breaks, and near structures. In addition, removing the highly flammable plant 
species from the areas having high fire risk and danger will provide an extra 
fire safety. 

For developing an effective fire management system, an understanding on the 
relationship between environmental factors, chemical content of plants, fuel 
characteristics and flammability is needed.  One of the methods for testing 
flammability at the leaf level is muffle furnace tests (Montgomery & Cheo 
1971). Since the leaves are often the first organs of a plant species to ignite in 
a fire and their properties are likely to be those of the species rather than en-
vironment, leaf samples were used for ignition delay time experiments. Two 
levels of plant moisture content representing the dry and wet season condi-
tions were included in the study. 

In order to understand their flammability, leaf samples of 45 native plant spe-
cies of Mediterranean region of Antalya / Turkey were test-burned in a muffle 
furnace at 750OC. Time until ignition at 750OC, or in other words, the sponta-
neous ignition delay times of the leaf samples placed in a muffle furnace were 
recorded at 0,01 sec. level. The list of ignition delay times of 45 plant species 
at 750OC for dry and wet moisture conditions is given in Table 1a and 1b. 
As seen (S11), 8 readily flammable plant species, Pitosporum spinosum, 
Phillyrea media, Pistacia terebinthus, Crataegus monogynya, Ostrya carpinifo-
lia, Paliurus aculeatus, Ptilostemon chamaepevce  and Pinus halepensi,  out of 
10 appear in the list of both dry and wet seasons. There are only two tree spe-
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cies, Pistacia terbinthus and Pinus halepensis,  in this list and of these two 
only Pinus halepensis, which has quite similar characteristics as Pinus brutia, 
forms pure forests and is widely used for the establishment of industrial plan-
tations. 

On the other hand, five evergreen tree species, Juniperus excelsa, Cupressus 
sempervirens var. piramidalis., Cupressus sempervirens var. horizontalis, Cere-
tonia siliqua, and Pinus nigra var. caramanica, appears to be slow burning in 
addition to others. In evaluating the acceptability or suitability of these slow 
burning plant species for the establishment of fire resistant plantations some 
additional characteristics like low volume, wide adaptability, palatability to 
animals, economic value, reproducibility, etc. should also be taken into con-
sideration. 

Although their heat output is rather small when burned, the readily flamma-
ble plants, such as Pitosporum spinosum and Ptilostemon chamaepeuce that 
creep along and cover the ground are to be avoided because they can carry 
flames into the forest or into plantations. Wherever possible, these readily 
flammable plants, particularly when they are near the high risk and danger 
areas should be replaced by Capparis spinosa, which retains high moisture 
content (260%). into the summer and ignites and burns much less readily, or 
Pistacia lentiscus which covers the ground intensively. These two low prostrat-
ing species are also very suitable to plant along the sides of the fire-breaks in 
order to increase their efficiency and on the fringes of heavy traffic roads 
passing through the forested areas for handicapping ignition and spread of 
fire.  

Based on the ignition delay times, Nerium oleander and Acacia cyanophylla 
have been determined as the slowest burning species. Because of its poison-
ous chemical (oleandrin) content the leaves of Nerium oleander cannot be 
grazed by animals. It generally grows along the wet or dry riverbeds implying 
a restricted adaptability. Having long lasting and spectacular flowers and pro-
ducing very limited amount of litter, establishment of a dense Nerium oleander 
belt is recommended on both sides along the highways, where both landscape 
quality is important and fire risk is high. The effectiveness of this fire resistant 
and ornamental belt might be increased by trimming regularly, every 4th or 5th 
year for instance.  
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Table 1a. Ignition delay times of 45 Mediterranean plant species, dry 

Ignition Delay Times at 750 0C / Dry Season 

Plant Species 
Moisture 

(%) 
Ignition Delay Times (sec) 

  X  +  Sx Max - Min 
1  Poterium spinosum L. 53 2,07 + 0,22 3,72 - 1,54 
2  Phillyrea media L. 51 2,31 + 0,11 2,97 - 1,67 
3  Pistacia terebinthus L. 93 2,32 + 0,13 2,98 - 1,67 
4  Crataegus monogyna Jacq. 58 2,34 + 0,07 2,62 - 1,98 
5  Ostrya carpinifolia Scop. 60 2,48 + 0,08 2,90 - 2,11 
6  Paliurus aculatus Lam. 108 2,74 + 1,00 3,58 - 2,07 
7  Myrtus communis L. 59 2,76 + 0,12 3,49 - 2,02 
8  Ptilostemon chamaepeuce Less. 94 2,77 + 0,17 3,50 - 1,82 
9  Coronilla emerus L. 89 2,84 + 0,16 3,60 - 2,15 
10 Pinus halepensis Mill. 94 2,86 + 0,09 3,51 - 2,25 
11 Styrax officinalis L. 94 2,93 + 0,16 3,74 - 2,12 
12 Vitex agnus-castus L. 137 3,05 + 0,14 3,96 - 2,35 
13 Pinus brutia Ten. 120 3,06 + 0,12 3,76 - 2,37 
14 Fontanesia phillyreoides Labil. 69 3,10 + 0,14 3,90 - 2,45 
15 Inula graveolens (L.) Desf. 170 3,36 + 0,24 4,94 - 2,41 
16 Quercus infectoria Oliv. 72 3,48 + 0,16 4,10 - 2,66 
17 Q. infectoria ssp. boissieri Reut. 81 3,55 + 0,20 4,39 - 2,67 
18 Cistus salviifolius L. 60 3,56 + 0,20 4,97 - 2,54 
19 Phlomis fruticosa L. 51 3,56 + 0,26 4,85 - 2,25 
20 Arbutus andrachne L. 104 3,59 + 0,25 4,97 - 2,41 
21 Rhus coriaria L. 118 3,63 + 0,22 4,93 - 2,50 
22 Laurus nobilis L. 77 3,64 + 0,16 4,25 - 2,51 
23 Erica arborea L. 57 3,66 + 0,14 4,47 - 3,05 
24 Quercus coccifera L. 82 3,70 + 0,14 4,32 - 2,92 
25 Olea europea var. oleaster Dc. 82 3,73 + 0,13 4,36 - 2,77 
26 Daphne sericea Vahl. 60 3,77 + 0,20 4,59 - 2,62 
27 Calicatome villosa (Poir) Link. 63 3,89 + 0,20 4,93 - 2,23 
28 Daphne gnidium L. 148 3,91 + 0,15 4,53 - 3,04 
29 Tamarix smyrnensis Bunge. 125 3,92 + 0,16 4,79 - 3,33 
30 Genista acanthociada Dc. 59 3,99 + 0,22 5,16 - 2,94 
31 Colutea arborescens L. 142 4,10 + 0,22 5,44 - 2,98 
32 Juniperus oxicedrus L. 83 4,11 + 0,11 4,81 - 3,44 
33 Pinus pinea L. 139 4,26 + 0,23 5,72 - 3,25 
34 Eucaliptus camaldulensis Dehn. 124 4,31 + 0,16 5,16 - 3,34 
35 Euphorbia sp. 224 4,89 + 0,23 5,70 - 3,25 
36 Cupressus sempervirens var. horizontalis 91 4,72 + 0,42 6,69 - 3,51 
37 Pistacia lentiscus L. 88 4,86 + 0,17 5,66 - 4,27 
38 Pinus nigra var. caramanica Loud. 117 4,99 + 0,37 6,74 - 3,13 
39 Ceretonia siliqua L. 146 5,13 + 0,33 7,21 - 3,86 
40 Cupressus sempervirens var. piramidalis 98 5,13 + 0,24 6,62 - 4,29 
41 Capparis spinosa L. 260 5,17 + 0,20 6,21 - 4,09 
42 Juniperus excelsa Bieb. 83 5,36 + 0,27 6,90 - 4,42 
43 Spartium junceum L. 71 5,75 + 0,33 7,52 - 4,16 
44 Acacia cyanophylla Lindl. 169 6,28 + 0,36 8,53 - 5,03 
45 Nerium oleander L. 137 7,22 + 0,37 8,90 - 5,71 
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Table 1b. Ignition delay times of 45 Mediterranean plant species, wet season. 

İgnition Delay Times at 750 0C / Wet Season 
Plant Species moisture(%) İgnition Delay Times (sec) 

  X  +  Sx Max - Min 
1  Poterium spinosum L. 92 1,91 + 0,20 2,53 - 1,53 
2  Paliurus aculatus Lam. 97 2,64 + 0,23 4,21 - 1,49 
3 Vitex agnus-castus L. 144 2,66 + 0,12 3,33 - 2,11 
4  Crataegus monogyna Jacq. 114 2,83 + 0,14 3,63 - 2,18 
5  Ostrya carpinifolia Scop. 89 2,85 + 0,13 3,64 - 2,22 
6  Phillyrea media L. 60 2,93 + 0,12 3,77 - 2,34 
7  Pistacia terebinthus L. 103 2,95 + 0,19 3,97 - 2,04 
8  Ptilostemon chamaepeuce Less. 103 3,03 + 0,18 4,52 - 2,24 
9 Styrax officinalis L. 118 3,08 + 0,26 4,64 - 1,76 
10 Pinus halepensis Mill. 110 3,28 + 0,13 4,13 - 2,84 
11 Pinus brutia Ten. 123 3,31 + 0,15 3,72 - 2,93 
12 Arbutus andrachne L. 136 3,44 + 0,25 5,40 - 2,44 
13 Rhus coriaria L. 55 3,54 + 0,16 4,23 - 2,52 
14  Coronilla emerus L. 119 3,56 + 0,25 5,32 - 2,46 
15 Inula graveolens (L.) Desf. 205 3,59 + 0,24 5,26 - 2,63 
16 Phlomis fruticosa L. 29 3,60 + 0,23 5,19 - 2,58 
17 Quercus infectoria Oliv. 84 3,70 + 0,18 4,36 - 2,70 
18 Euphorbia sp. 207 4,11 + 0,20 5,25 - 3,34 
19  Myrtus communis L. 128 4,17 + 0,20 5,20 - 3,16 
20 Quercus coccifera L. 84 4,20 + 0,17 5,22 - 3,28 
21 Tamarix smyrnensis Bunge. 183 4,23 + 0,17 5,12 - 3,32 
22 Cistus salviifolius L. 122 4,25 + 0,24 5,31 - 3,14 
23 Daphne sericea Vahl. 65 4,36 + 0,21 5,49 - 3,29 
24 Laurus nobilis L. 113 4,37 + 0,15 5,50 - 3,42 
25 Q. infectoria ssp. boissieri Reut. 99 4,48 + 0,14 5,60 - 3,97 
26 Fontanesia phillyreoides Labil. 119 4,56 + 0,34 7,61 - 3,20 
27 Erica arborea L. 91 4,61 + 0,20 5,46 - 3,20 
28 Pinus pinea L. 152 4,61 + 0,30 6,74 - 3,53 
29 Eucaliptus camaldulensis Dehn. 135 4,69 + 0,39 6,89 - 3,25 
30 Juniperus oxicedrus L. 98 4,72 + 0,17 5,66 - 3,53 
31 Colutea arborescens L. 130 4,73 + 0,42 6,94 - 2,93 
32 Calicatome villosa (Poir) Link. 82 4,83 + 0,25 6,49 - 3,73 
33 Olea europea var. oleaster Dc. 86 4,87 + 0,26 6,43 - 4,07 
34 Daphne gnidium L. 161 5,09 + 0,17 5,96 - 4,33 
35 Ceretonia siliqua L. 142 5,14 + 0,31 6,98 - 3,75 
36 Genista acanthociada Dc. 73 5,22 + 0,23 5,77 - 3,81 
37 Pinus nigra var. caramanica Loud. 138 5,28 + 0,42 7,48 - 3,40 
38 Cupressus sempervirens var. piramidalis 109 5,55 + 0,24 6,74 - 4,17 
39 Cupressus sempervirens var. horizontalis 112 5,76 + 0,43 7,79 - 3,68 
40 Capparis spinosa L. 291 6,30 + 0,52 9,85 - 3,92 
41 Pistacia lentiscus L. 119 6,32 + 0,27 8,04 - 5,00 
42 Juniperus excelsa Bieb. 112 6,50 + 0,44 8,91 - 4,72 
43 Nerium oleander L. 165 7,20 + 0,35 9,01 - 4,83 
44 Spartium junceum L. 80 7,81 + 0,43 10,45 - 6,23 
45 Acacia cyanophylla Lindl. 205 8,01 + 0,44 10,19 - 5,58 
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Same procedure applies for Acacia cyanophylla, a leguminous species enrich-
ing the soil in nitrogen content, whose leaves and beans are used as fodder for 
livestock. Since it accumulates large amounts of litter at the ground and dead 
fuel in the canopy regular trimming is a must for this species as well, if it is 
selected. 

Pinus nigra var. caramanica grows on higher elevations where the fire frequen-
cies are long and fire danger is relatively small. That is the reason why it will 
not be considered but it should be kept in mind that Pinus nigra forests are 
also subject to wildfires even if with lower frequencies. 

Of the 45 test-burned plant species some having shorter ignition delay times 
classified as readily flammable and some others having longer ignition delay 
times classified as slow burning. The replacement of readily flammable plants 
with slow burning ones on the high fire risk and danger areas is one of the 
means of reducing the spread and the damage of a wildfire. The list of readily 
flammable and slow burning plant species were given in Table 1a and 1b by 
dry and wet moisture conditions . 

 
Cypress Aspect 
 
All plant materials are flammable but, Some are less flammable than 
others. Cypress is  a less flammable species 
The leaves of cypress are tiny scales packed on the twig to give a four-sided 
feel and are shed singly. Hence, the fallen scales of cypress tree come in close 
contact with the ground and are less persistent, forming a rather compact lit-
ter layer, which ignites and burns slowly, more like a ground than a surface 
fuel (S12). 
Having relatively dense branching pattern and compact canopy a single cy-
press tree or particularly a cypress stand resist the flames of a spreading fire. 
This low rate of flammability of cypress tree is further supported by low rate of 
dead-to-live fuel within its canopy. These fuel characteristics together with the 
compact litter layer mentioned above provide cypress with an ability of con-
trolling fire spread horizontally as well as vertically. 
Because of their compactness and closeness to the ground, the litter of cy-
press tree keeps its moisture content longer than that of looser ones which 
results in low ignitibility. Thanks to its dense foliage and compact canopy, cy-
press tree functions as an effective windbreak and reduces the wind speed 
considerably (more than 70%). This in turn will slow the firer intensity and 
the rate of fire spread. When properly planted, cypress as a windbreak can 
provide a more than useful firebreak, trapping burning embers and debris 
which would otherwise reach the ground and set a spot fire. 

Either Cupressus sempervirens var. piramidalis or Cupressus sempervirens 
var. horizontalis are native to the Mediterranean region where wildfires are 
usual and frequent. Based primarily on their widely known function as a 
windbreak species and on the essential characteristics such as wide adapta-
bility, economical value, compact canopy, producing little and compact 
ground litter, high live-to-dead fuel ratio, slow burning (some of which ex-
plained previously), etc. Cupressus species appears to be the most suitable 
and promising species in the list to be used for the establishment of fire resis-
tant plantations. Being grown on a large range of elevation from the coast up 
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to roughly 1000 meters above the sea level and having very durable and eco-
nomically valuable wood make cypress superior to the other slow burning 
plants of the list. By considering the close relationship between wind speed 
and fire spread and intensity one can imagine the potential direct effect of cy-
press in reducing the rate of fire spread and consequently fire intensity. 

Cypress trees grow fast and up to 30-35 meters in height. If they are planted 
properly they do not only slow down the wind speed but their dense and com-
pact canopy traps radiant heat and flying embers simultaneously resulting in 
lower fire spread and intensity. 

The slow burning character of cypress trees was first found out through labo-
ratory studies and this finding was then supported or reinforced by evalua-
tions based on its physical and chemical characteristics. And finally all these 
findings and evaluations were proved by observations and studies gained and 
from a real and very severe forest fire which burnt out an area of 4000 ha in 
52 hours at the battle field of famous Gallipoli peninsula in 1994.  The fire 
was so severe that the total energy released every forth hour was the equiva-
lent of the energy released by an atomic bomb that fell on Hiroshima. A large 
portion of the burnt are was covered by pure Pinus brutia plantations at an 
average age of 22, in other words at the peak of the fire susceptibility as far as 
the age is concerned. 16 m wide fire breaks did not have any help to keep the 
flames away from the young pine trees and a young forest engineer lost his 
life in the smoke and flames while trying to save the trees. Only some cypress 
trees, planted along the highways, forest roads and fire breaks survived the 
fire.  These cypress trees were not intentionally planted for fire or fuel man-
agement purposes but for probably for some other purposes like landscaping 
or wind breaking. 

As seen in the photos, despite the neighboring pine plants have been heavily 
consumed down to an average diameter of 3 mm, cypress trees merely 
scorched or partly consumed where they were planted in a single row and 
slightly scorched where they were planted in multiple rows, ranging from 5-7 
(Photo 2 and 3 on S12).  Interesting enough was the pattern of the multiple 
cypress rows. The cypress plants were planted at regular spaces in the rows 
and on the same line between 5 or 7 rows forming open corridors between the 
lines close to the ground surface (S13). The compact and deep barrier of cy-
press trees resisted successfully to the consuming flames and stopped the fire 
spread. But the wind driven embers found their way through the open corri-
dors at the ground level and reached the thick and loose litter layer of the 
pine plantation beyond the multiple-rowed cypress barrier and there started 
the fire again. There were no sign of burning within the open corridors which 
implies the low flammability of cypress litter (Neyisci 1994). 

The fire intensity analysis carried out on the area beyond the multiple-rowed 
cypress barriers have clearly shown that these windbreak like cypress barri-
ers were very effective in reducing wind speed and trapping flying embers. The 
trees right behind the barrier did not show any scorching traces on their 
crowns but the traces of surface fires which merely affected the litter layer. As 
the distance from the barrier increases, firstly crown scorching and secondly 
crown burning come into existence. This also implies that multiple-rowed cy-
press barriers can convert crown fires into surface fires. 

Forest management in general and commercial forestry in particular is di-
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rectly concerned with the production of wood and with creating and maintain-
ing a living plant cover mostly in the form of plantations. As mentioned above, 
uncontrolled wildfires are one of the major thereat of these plantations, which 
cause remarkable losses. Considering the impact and the role of fire on the 
forests, the “wildfire suppression” philosophy targeted to exclude fire entirely 
from forest ecosystems is beginning to be modified or even replaced by an 
“ecological” fire management philosophy which includes the use of fire as a 
management tool.  

In any case, fire prevention strategies and programs cannot be based primar-
ily on replacing readily flammable species with other less flammable ones. 
Forest fire and fuel management strategies supported by preventive silvicul-
tural techniques should be directed towards the idea of controlling the fuel 
load in strategically important places, either by reducing or removing it. The 
traditional concept of fire breaks were replaced by the ideas of fuel breaks, 
which divide the forest into compartments for making it easier to stop fires 
from spreading. Reinforcement of these compartments by cypress trees 
planted around in rows can increase their resistance against uncontrolled 
wildfires. 
The even aged single species stands, particularly pure pine stands and plan-
tations of Mediterranean Region are highly susceptible to fires. It must be re-
membered, however, that unlike extensive forest treatments directed towards 
improving production, the intent of fuel management is to establish fire barri-
ers in and around of these stands and plantations. It should also be kept in 
mind that classifying a plantation as fire resistant does not by itself assure 
that it is fire proof. It does mean that it is less likely for a fire to start, and 
should a fire be started damage should be kept to a minimum. The concept of 
“fire resistant forest” has been developed on the basis of both the outcomes of 
the study on the slow burning plant species (Neyisci 1987) and on the obser-
vations and experiences gained from 1994 Gallipoly Peninsula fire. 
The main philosophy of the establishment of fire resistant forest rests in sur-
rounding the fire susceptible plantations (or stands) by densely planted slow 
burning cypress barriers. These barriers essentially function in two different 
aspects, firstly as a fuel or flame break and secondly as a windbreak, at the 
same time. The success of a barrier is controlled by the planting distance be-
tween individual plants in the row and between the rows themselves as well 
as the number of rows. Multiple row barriers can provide ideal protection 
against fire and wind as well as providing potential future timber supply. It 
has been shown above that how cypress barriers resist and control the fires. A 
normally spaced barrier, windbreak, reduces wind speed by more than 70% 
and shelter an area of roughly 20 times the mature height of trees planted. 
As known, wind is the primary factor that influences fire spread in several im-
portant ways: 
 By moving moisture-laden air that may reduce fire behavior. 
 By hastening the drying of wildland fuels. 
 By increasing the supply of oxygen, thus aiding combustion. 
 By carrying burning embers to new fuels and increasing fire spread. 
 By bending the flames closer to unburned fuels, preheating and igniting 

them. 
 By determining the direction of spread (when wind is the dominating fac-

tor). 
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Consequently we may conclude that, if the wind speed is controlled by a wind-
break at a magnitude of 70%, all these influences can also be controlled 
roughly at the same magnitude. 
If Cypress barriers are formed not too solid or too thin then best windbreak 
effectiveness can be obtained. This can be achieved when cypress plants are 
planted 0.75-1.0 m apart in the rows. In this case, about 45% of the frontal 
area of the barrier consists of, evenly distributed, holes or small gaps. Large 
gaps in cypress barriers or wind breaks should be avoided. 
Windbreak height (H) is the most important factor used to determine the dis-
tance downwind that is protected by a windbreak. The principle is that taller 
the windbreak, the greater the zone of protection. Wind speed is reduced most 
nearest the windbreak; at distances of 5 to 10 times H wind speed is reduced 
almost 80-65 % percent, regardless of wind velocity. Average height of a 
planted cypress tree can reach up to 8-12 m and 18-20 m at the ages of 10 
and 30 respectively. This means that cypress barriers can normally slow down 
the wind speed within a downwind area of about 40-200 m at an age of 30. 
The slope on which a fire is burning is a major factor in the rate of spread. 
Slope contributes to preheating and ignition by presenting the fuels to a flame 
front. As the slope increases the rate of spread also increases. 
The orientation of a slope to the sun is termed as aspect which has a direct 
bearing on the amount of solar radiation received, and on the amount and 
type of fuel available. South and west aspects are the most vulnerable to fire 
due to the fact that the fuels are usually warmer, lighter, and flashy which 
make them easier to ignite and burn faster. Elevation or altitude of a site also 
has a direct impact on how a fire will behave and burn. Fire season and gen-
eral fire danger is longer and more intense at lower elevations. All these rea-
sons mentioned above have an impact on the fire behavior and therefore they 
have to be taken into consideration in the establishment of fire resistant for-
ests. 
A proposed model for the establishment of fire resistant forest is schematically 
given on S14 and S15. As seen, the plantation area on a slope is divided by 
single or multiple-rowed cypress barriers located parallel to the contour lines 
into compartments of different width.  On the slope side of the road at the bot-
tom of the valley a multiple-rowed cypress barrier is located. The number of 
rows which ranges 1-7, should be decided by considering the factors such as 
the risk caused by the road, elevation, aspect, etc. For a south facing, low ele-
vation plantation area and high risk road the number of the rows should be at 
its maximum 7, because these factors represent the worst conditions as far as 
the fire is concerned. For instance, for a north facing slope the number might 
be 5, and for a north facing high elevation plantation 3 rows would be good 
enough. 

At the lower sections of the plantation, the distance between the barriers 
might be shorter (50-75 m) in relation to the higher sections (100-200 m). The 
main function of these barriers is to control the wind seeped within the plan-
tation but in addition it also forms an emergency barrier just in case the first 
one(s) fails. These barriers can be a dense single row barrier or, particularly 
where fire risk and danger is higher, a dense two-rowed one. If it is to be two-
rowed the trees should be cross planted in order to block the corridor forma-
tion. Although it may differ in accordance with the local conditions, a spacing 
of 0.75- 1 m between the trees within the row and 1-1.5 m between the rows 
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is suitable enough. As getting closer to the ridge line the distance between the 
barriers can be reduced to increase the effectiveness. 

Ridge lines, which provide a break between slopes are one of the best places 
to construct fire break in steep countries. Either side of the fire breaks con-
structed along the ridge line should be reinforced by multiple- rowed (5-7) 
barriers. 

Field observations have clearly shown that the fire breaks and fuel breaks of 
different width constructed perpendicular or oblique to the fire causing wind 
direction were no good enough in keeping the fire within the compartments 
when fire is over a certain intensity and size. These are  extremely useless 
where long distance spot firing is a common phenomenon. But on the other 
hand, the fire breaks parallel to the fire causing wind direction were found to 
be very effective in controlling the fires from sides since most of the energy of 
a spreading fire is concentrated at the head of the fire. By using cypress as a 
reinforcing species planted along the sides of the breaks the effectiveness of 
either the fire or the fuel breaks can incredibly  be increased. Reinforced fire 
breaks can be constructed narrower (4-5 m maximum.) allowing only one way 
traffic (Photos 1, 4 and 5. on S12). The effectiveness of barriers along the 
roads and ridge tops and reinforced fire breaks are further increased by 
spraying water or fire retardants from the tankers on the cypress trees on 
both sides of the barriers and brakes under severe fire conditions when neces-
sary (S16). 

For sealing off the corridors or openings through which the embers may es-
cape behind the barriers a dense row composed of slow burning shrub species 
(as mentioned above) can be established at the foot of the barriers. These 
shrubs must be coppiced regularly (3-5 years) to reduce the flammability and 
increase the density of plant coverage. 

A special attention should be given, wherever possible, to plant all seedlings 
including cypress in crosswise arrangement to lower the wind speed and the 
spread rate of fire within the area concerned. Introduction of deciduous trees 
to the plantation area in small groups is highly recommended for the health 
and fire control reasons. 

Prescribed burning is the controlled application of fire to existing naturally oc-
curring fuels under specified environmental conditions, following appropriate 
precautionary measures, which allows the fire to be confined to a predeter-
mined area and accomplishes the planned land management objectives. But 
unfortunately the use of fire is not welcomed by the community in general and 
by some foresters in particular.   Most people will agree that rain is good. 
Without rain, the forest would not be able to grow. The same can be said for 
sunshine. However, excessive amounts of either of these two elements can be 
ruinous. The same formula applies to fire. The appropriate amount of fire ap-
plied at just the right time and in just the right amount is as necessary to the 
forest and the animals that live there, as rain and sunshine. 
The efficiency of cypress barriers can be further enhanced by fuel reduction 
using prescribed burning which employs low-intensity fires lit under mild 
weather conditions at a time when there is still some moisture in the fuel. 
This ensures that the flames are generally short and the fire is confined to the 
surface layer of fine fuel and the green material in the low shrubs. The ideal 
prescribed burn consumes only the surface fuels, leaving behind a layer of 
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ash protecting the soil and the heavy logs. A prescribed burning study carried 
out on 15 sample plots in pine forests around Antalya / Turkey having differ-
ent fuel loads and features reports that an hazardous fuel reduction of about 
78% can be provided (Neyisci, 2002). Prescribed burning should primarily be 
applied where the risk resulting from severe wildfire is greatest such as ur-
ban-interface, tree plantations, critical watersheds and habitat for threatened 
and endangered species (S17).  

As more and more people move to woodland environments to capture social 
and natural amenities, conflicts are becoming more intense, more complex 
and more visible than before. Urban-forest interface issues have become 
among the most contentious and problematic issues for public and forest 
managers. Cypress barriers propped up by prescribed burning may play an 
important in coping with this dilemma (S18). 
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