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8.1 INTRODUCTION 

Crete is the fifth larpcst island in the Mediterranean with 
a s~lrface of 8400 km'. It is predominantly mountainous 
u2ith several massifs. some of which rise to around 
2500m altitude. Neverthciws, there are also lowlands 
as well as mountain  lai ins. rift uilllevs, notablc eorees . . 
snd picturesque coasts o~aking Crete one of the most 
beautiful islands of the world. 

Its climate is of the Mediterranean type, but is vari- 
able. The main gradients occur from east to west, from 
south to north and with altitude. Annual precipitation 
varies from less than 40Omm to more than 2000mm 
and mean air temperature from about 12°C in January 
to 27°C in July (Grove o a/., 1993). Parcnt rocks are 
dominated by old, hard limestones while a large pan of 
western Crete is covered by metamorphic rocks of the 
phyllite-quanrite series. The flora is w r y  rich in life 
forms and species. a good pan of which is eademic. 
The fauna is also very rich and variablc: il is notable 
for the absence of large predators. 

Crete has a long and turhulcnt history. Situated in 
the eastcrn Mcditerraneun. at the crossroads of Eumpe, 
Africa and Asia, it has lhccn affected by a plethora of 
eariy civilisations. In the prehistoric period. i t  developed 

its own renowned Minoan civilisation, but iatcr it 
w;$s occupied successi\~ely by Mycenaeans, Romans, 
Byzantines, Moors, Venetians and Turks until it was 
finally reunited with Grcccc at thc end of thc nineteenth 
century. Nowadays. remains of the great buildings of the 
Minoans still exist along with chapcls. ions. houses anrl 
tcrraccs from later periods. These civilisations affected 
the landscape considerably. 

The most notahlc effccts hitve been on vegetation. It is 
widely belicvcd that Crete was co\*rred by forests in the 
Neolithic period, which weic suhcequently destroyed by 
humans and their activities during the Minonn period 
(3000-IOOOBC) as well as in later pcriods such as 
the Roman and Turkish occupations (Zaharis. 1977: 
Tsoumis. 1985). New cvidence. however, suggests that 
wild herbivores of tropical origin (c.g. pygmy elephants, 
rhinos, etc.) cxisted on thc island before tlic first 
settlers. Domesticated plants and s~nimals appeared about 
8OOOyears ago. Aridificatiun of the climate occurred 
around 5000years ago, favuuring lower (shoner) plant 
forms such as herbaceous and phryganic (dwarf shruhs) 
species (Rackham. 19L)O). 

Human activities hiwe heen part o l  the Cretan land- 
scape since the Neolithic period. At times their cffccls 
were severe, but such times were followed by less 



intensive periods, dcpcnding on population changes 
influenced by historical events (Lyrinuis and Papanas- 
tasis. 1995). In recent dccades, however, landscapc 
changes seem to be more dramatic than in any previ- 
ous historicnl period far two main reasons: the influx 
of thousands of tomists in the isltlnd every year and 
the abandonment of rural arcas by people settling in 
the urban centres and coastal areas of the island or 
abroad (Grovc et rci., 1993). 

Nowhere in Crete are the landscapc changes more 
evident than in its wcstem part. Western Crete is char- 
acterised by a great variety of  natural featores. parent 
rocks and soils. land-usclland-cover types, cultural ele- 
ments and a rich Ron and launa. In addition, i t  displays 
a11 thc landscapc extrcmcs: highlands and lowlands, 
coastal areas and inlands, intensively and extensively 
cultivated agricultural lands, "cry old and very modern 
settlements, abandoned and overpopulated areas (Grove 
el ol., 1993). All these features result in great landscape 
complexity and diversity. 

In this paper, thc land-use changcs in 2 contrasting 
areas in western Crete over the past 40years are 
analysed, and thcir impact on landscapc diversity and 
stability is discussed. 

8.2 MATERIALS AND METHODS 

A zone of 42,400ha, stretching a few kilometres across 
the island to the west of the city of Chania, was selectcd 
far study i n  westem Crete (Figure 8.1). It includes the 
built-up nonll coast. extends up to the Keritis river 
through the Alikianou basin, stretches acloss the White 
Mountains to embrace the Omalos platcau as far as 
the south coast including the Sougia river basin and 
the Samaria National Park. It contains all types of 
Mediterranea~i ecosystems: the developed tourist weas 
and underdevclopcd arcas in the north and in thc south 
respectively, intensively cultivated lands, a large arc8 
of thc White Mountains whcrc altitudes exceed 1800m. 
three major and numerous minor gorges and a rugged 
coastal arca of the Libvan Sea. In addition to se\,eral 
land uses, the study arca also includes several geological 
substrates, such as hard limestones, phyllites and schists, 
mads and alluvia (Figure 8.1). 

This study arca has been the pilot zonc of a 2- 
year long project ( 199 1 - 1993) "A Threatened Mediter- 
ranean Landscape: Wcst Crete", which was financed 
by the European Co!nrnission (DGXII) and carried out 
by the Universities of Cambridge, UK and Thcssa- 
loniki, Greece (Grove el ol.. 1993). The same area was 
subsequently included in thc project "Modelling Vcg- 
elation Dynamics and Degradation in Mediterranean 

Ecosystems (ModMED) phase 11 (1996-1907)". also 
financed by the European Commission (Environment 
Research Programme) as a contribution of the University 
of Athens. 

In this study area, two sites with contrasting geology. 
topography and degree of development in particular 
werc selected for detailed study of landscape dynamics. 
One site is located on the north coast and includes 
the overdeveloped coastal area with the intensively 
cultivated Alikianou basin and thc surrounding hills. 
The area is within the administrative boundary of 
the villages of Agia, Agia Marina, Alikianos, Koufos, 
Platanias, Skines, Stalos and Foumes. Its tolal area is 
5028 ha. The athcr site is located on the south coast and 
includes the less developed Sougia coast, the Sougia 
river basin and the hamlets of the Epanochori village, 
where the dominant activities are extensive livestock 
hushandry and arable agr icu l to~ .  Administratively, it 
lics within the administrativc area of the villages of 
Sougia and Epanochori and has an area of 5526ha 
(Figure 8.1). 

Land-oselland-cover types were mapped from panch- 
romatic aerial photographs taken in 1989 using a 
Bausch and Lomb Stereo Interpretation System (SIS- 
95). The classification scheme was based on the US 
Geoloeical Survey's svstcm modified bv Kawklis and . . . 
Karteris (1993). The tninimum mapping unit was set at 
I km' and a manual mcthod was chosen for the idcnti- 
tication. The interpretation data were transferred from 
the aerial photos at a scalc of 1:30.000 to conventional 
topographic maps at a scalc of 1:15,000 by means 
of a Bauscll and Lomb Zoom Transfer Scope (ZTS). 
This and the aforementioned instrument were subse- 
quently used to compare the 1989 lnlap with the 1945 
photos and to construct tables of land-usc changes 
between the two years. The 1989 land-uselland-cover 
map and the topographic and geological maps of the 
study area were subsequently digitised with the pro- 
gramme Pc-Arcilnfo. Maps w e n  produced with the 
progrwnme Arcview. 

In addition, statistical records were used from the 
National Statistical Servicc to trace the evolution of 
the changes in population, land use, agricultural crops, 
tree cultivation and domestic anin~als, especially sheep 
and goats. in the two sites aver the last 30 to 40years. 
Most of  these reconls are based on estimates from 
national censuscs taken every loyears since World 
War I 1  Finally, inhrmation was also collected from 
the local land-manngcment agencies on forcst and 
range management as well as on agriculture and live- 
stock husbandry. 
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Figure 8.1 The pmject area io \vestznl Crete rhowisp the geological substrate and the location of tile two study sites 
(reproduced hy permission of Dr A. T. Grovc) 



8.3 RESULTS 

8.3.1 North site 

Table 8.1 Changes of land-uselland-cover types i n  m n h  
site of western Crete. between 1945 and 1989, based on 
aerial ghotos (area in ha) 

Figure 8.2 shows the land-use/land-cover types of thc 
northern area according to our interpretation of the aerial 
photos of 1989. I t  is clcar that agriculture covers the 
majority of tile site wliilc f~>cests are totally ahsent. I t  
is a predominantly n~ricultural area, and one of  the 
most intensively cultivated and productive areas o f  the 
whole o f  Crete. Trcc culti*ation is thc dominmt crop 
whilc orhcr land u s c  are found mainly in the liilly 
areas surrounrling the Keritis valley. Rangelilnds wcrc 
clussificd undcr phrygana. ganigues 2nd maquis. 

I. The "phrygana" include thc dene (80% crown dell- 
sity or morc) scrub communities with shrubs less than 
I - m  high, growing on several soil types. They nre 
~.haclctcriseil by the dominance o f  seasonal dimorphic 
dwarf shrubs. both spiny nnd aromatic, such as Sar- 
cr,/>olc'rrm? .spinoram. Coriiiolir~rr,,rr.u cir/~iriilrr.~. and so 
on. !Papanastaris. 1977: Margaris. 1980: Arianoutsou 
and Fnraggitakis. I99h: Arianoutsou, 1997). 

2. The "garrigaes" covcred open scrub communitics 
with evergreen sclcropl~yllouasl~rubs lcss than 1-m high. 
grown on all soil types (Pnpanastasis and Knzaklis. 
1997). 

3. Thc "m;a]uis" clilxsified scrub co~nmuni t ic  with tall 
shrub.; !mnrc than 1-m high). mainly grown on mcta- 
lnorphic rocks. They are characterised by the dotniniurce 
o f  cvergrecn sclecophyllous shrubs. such as Arb!<rus 
ir,ic<lo, l:ri(,t ( 1 r 6 0 ) ~ < t ,  and so on. (Mnrgnris. 1980; Lia- 
cos, 1982: Arianoutsou and Faraggittikis, 1996). 

Thcro have beet, rcmarkahlc cllanpcs between 1989 
and 1945 (Table 8.1 j. Although cultiv;~ted lands increils- 
ed over the U-year period as a whole, this increasc 
was ,minor (13%) comp;tred to the changes within 
agriculloral areas; olive groves and especially citrus 
orchards incrcascd (29 and 176% rcspectiuely) at thc 
emense o f  cereals, wllich substantiallv decreased hv 
79%. and ranpclands. cspccially garrigues and maquis. 
which reduccd bv 29 and 62% resnectivelv. Dramatic 
increases also occuncd in  the built-up areas. hy ahoat 
130%; in 1989 with respect to 1945. while the i-iverine 
vegetation. which mainly consisted o f  PIota,irrs ( I ) ? P , ~ -  

tiriis dccrc;twd by 338. 
A inorc detailed picture o f  the land-use changes 

betwccn 1945 and 1989 is givcn by the statistical data 
collected by the National Statistical Service although 

Olive groves 
Othcr rrce crops 
Cerez~ls 
Total aericultural lands 
~hrygana 
Garrigues 
Maquis 
Total rangelands 
Forest lands 
Builtwp nrc:ls 
Riverine vcpetnrioa 
Bare ground 
Othcr 
Totnl other types 
Grand total 

Change (%) 

these dam are available from 1961 only. These data do 
not coincide with he acrid photo rncesurcments because 
tlicy are estimates. Figurc 8.3(nj shows that the changes 
in  the major land uses between 1961 and 1991 were not 
so profound, except between 1961 and I971 when water 
bodies (e.g. river beds) decreased by 30%, apparently to 
be converted into arable 1;~nd. The changes within the 
cultivated areas wcrc morc pronounced, with a decrease 
in annual crops (c.g, cereals) hy 4 7 F  and vineyards 
by 85% in favour or tree cultivation, which incrcascd 
by 56% hetwecn 1961 and 1991 (Figure 8.4(a)). The 
latter increased cotisidcrahly in the 1970s (by 57% for 
olive trees and by 59% for c i tn~s trees) (Figurc R.S(a)). 
Finally, thc irrigated tree orchards greatly increased (by 
121%) in the 1970s (Figure 8.6(a)) due to a 243% 
incrcase in sprinkler units (Figure 87(a)). 

R..?. 1.2 C l , a n ~ e . ~  in rlvn~e.~rir ania>ol.~ 

Figurc 8.8(a) shows the chanpcs in  the number o f  
domcstic animals between 1961 and 1991. Clearlv. 
thcse gradually decrcascd and work animals (e.g. horses. 
mules and asses) almost <l isa~~e; l red comDlelely. Some . . . - 
production animals, such as goats, pigs and poulu).. 
appeared lo incrcasc in  nombcr in  some decadcs bur 
the overall trend was ncg;ttive. 

The registered population in  the eight communitics of 
the north site between 1951 and 1991 is shown in  



Figure 8.2 Land-oselland-covci types of lhe nunh sile or westcrn Crcre hvsed on aerial photos lakcn in 1989 
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Evolutionof the major land uses in [he (a) north and (b) south sires of western Crele in the period 1961 

Figure 8.9(a). After a gradual decline from 1951 lo 
1981, it picked up in the 1980s to reach the onginal 
estimate of 4665 people in 1991. 

8.3.2 South site 

Figure 8.10 shours the land-uselland-cover types of the 
south sire in 1989. Contrary to the previous site, there are 
few areas of agriculture and few built-up areas; forests 
and rangelands predominate. The forests are mainly 

coniferous, composed of Pinirs bmiia and Cupressus 
sempervirmr, and were classified into three crown 
density classes: "dense" - which have a crown density 
of mare than 70%, "open" - which have 30 to 70% 
density, and "very open" - which have less than 30% 
crown density. 

There have hecn significant changes in the south site 
between 1989 and 1945 hut these are not 8s remarkable 
as in the north sire (Table 8.2). Agriculmral lands were 
reduced by 39% due to thc reduction of cereals by 62%, 
although there was an 80% increase in olive groves. 
Rangelands, especially maquis. were reduced in favour 
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Figure 8.4 Evolution of the major agricultural uses in the (a) north and (b) south sites of western Crete in the period 
1961-1991 

of forests. But t h e  most interesting change was the 
conversion of a sizeable proponion of the forest from 
open to dense stands. Built-up areas did not change but 
rivcrine vegetation also decreased, as occurred in the 
north site. 

Complementary statistical data is provided hy thc 
National Statistical Service although these refer to 
the entire territories of thc two village cotnrnunities 
of the south sitc. Epanochori and Sougia, while the 
photo-interpretation data refer to only pan of thenl. 
Figure 8.3(b) shows thc changes in the major land uses 
between 1961 and 1991, which were not marked. The 
main point that this figurc indicates is that rangelands are 
the major land use in thc south while Table 8.2 shows 
that iorests dominate. This difference could be atuibuted 

to the [act tltat most open and very open forests in 
Crete are grazed by domestic animals and consequently 
they are classified as rangelands (Papanastasis er nl., 
1990). 

Figure 8.4(b) is Inore consistent with the information 
in Table 8.2, which shows the changcs in the culti- 
vated areas from 1961 to 1991. This figurc indicates 
that cereals decreased by 64%. vineyards by 4270, fal- 
low lands by 82%, while tree cultivation increased by 
68%. Thc latter incrcase camc about almost exclo- 
sively from the increase of the plantcd olivc trees. 
especially during the 1970s (Figure R.S(b)). Neither irri- 
gated tree orchards (Figure 8.6(b)) nor changcs in the 
azricultural machinery (Figure 8.7(b)) arc important in 
this site. 
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Figure 8.6 Evolution of irrigated areas in  the (a) north and (b) south sites of  western Crete in the period 1971-1991 
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Figure 8.7 
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Evolut~on of the ;~gricultural machinery in the (a) north and (b) south sites of western Crelc in the pciiod 

9.3.2.2 Changes h rlorrrerric nnhnrris goats respectively. The reason behind this increase is 
the support policy (subsidies) for livestock herders that 

As in the sire, the of domestic animals applied altcr Greece joined the European Union i n  1981. 

decreased from 1961 to 1991 and some animals, such 

goats, allhough in decline untd 1981, suddenly increased The registered population i n  both the village cornmu- 
from 1981 to 1991 by 138 and 111% for sheep and nities of the south site decredsed from 1212 inhabi- 



90 Vasi1io.s P. Papanaslasis. loanni,~ I,~pikoudis, Margarita Arir,noalro!r, Perros Knkouros a~rd Anjielos Kornklis 

Horses Mules Asses Bovides Sheep Goats Pigs Poultry Beehives Rabbits 

(a) North site 

9000 

8000 

7000 

6000 

y 5000 .- 
C 
1 4000 

3000 

2000 

1000 

0 
Horses Mules Asses Bovides Sheep Goats Pigs Poultry Beehives Rabbits 

(b) South site 

Pigttre 8.8 Evolution of domestic animals in the (a) nonh and (h) rnuth sites ol western Crete i n  the period 1961-1991 

tants in 1951 to only 643 io 1991, a reduction of 47% 
(Figore 8.9(h)). Howevcr, thc biggest reduction occurred 
in the 1960s (30%) followed hy thc 1980s (16%). 

8.4 DISCUSSION 

The two study sites have completely different lmd- 
scapes. Thc nonh silo is a more or lcss flal largely 
occupied hy an alluvial plain, which is cut into by the 
Keritis river and intcrs~ersed bv low hills of mosllv 
mnrls with phyllites, while limestone areas are restricted 
to its soulh-eastern end. These geomorpholagical charac- 
teristics. together with the fact that it roccivcs relatively 
high amounts of rainfall (about 700 nlrn each year), have 
~.csuItcd in the transformation into a predominantly agri- 

cultural landscape from its early history. I n  addition. it 
has attracted many inhabitants because of its location on 
the north coast, which is easily accessible not only from 
orher paRs of Crete but also from mainland Greece and 
other Mediternnean pons. 

The south site. on thc contrary, is a mountainous 
area largely occupied hy the sleep slopes o f  the White 
Mountains with metamorphic rocks (phyllites) or hard 
limestones nnd crossed by the Sougirt river, which is  dry 
i n  the summer: mark are restrimed to a narrow zone 
along the cost. These gwmorphologicul characteristics 
have not allowed the develapment o f  agriculmre except 
on terraces. Instead, extensive grazing by livestock is 
favoured, which resulted i n  the translormation into an 
agro-pastoral landscape. In addition, the location is on 
the lcss accessible south coast, sway from the urban 
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Table 8.2 Changes of the land-usenand-cover types in the 
south site of Western Crete, between 1945 and 1989, based 
on aerial photos (area in ha) 

Land-use type Year Change (%) 

1945 1989 

Olive groves 
Other tree crops 
Cereals 
Total agricultural lands 
Phry~ana 
Garrigues 
Maquis 
Total rangelands 
Dense forests (>710/0) 
Open forests (10-7090) 
Very open forests (c309O) 
Total forest lands 
Built-up areas 
Riverine vegetation 
Bare ground 
Other 
Total other types 
Grand total 

centres of Crete and other markets of the Mediterranean, 
so it did not attract many inhabitants. 

It seems that despite their big differences. both land- 
scapes reached a steady state by 1945 largely because 

South site 

nd (b) south sites of western Crete in the period 1951-1991 

human activities were traditional and moderate, aliaw- 
ing natural forces, especially vegetation succession, to 
counterbalance the human impacts and maintain a long- 
term flow equilibrium. The main characteristic of this 
equilibrium was a spatio-temporal landscape hetero- 
geneity, which ensured evolutionary metastability and 
resilience (Naveh, 1988). 

Land-use changes since 1945 suggest that this 
dynamic landscape eql~ilibrium has been disrupted on 
bath sites. On the north site, the disruption was 
particularly dmmatic, where the extensively cultivated 
area with its numerous crops has been transformed 
in an intensively cultivated monoculture of citrus and 
olive trees over the last 20 to 30years. This led to 
a homogeneous landscape based on heavy inputs of 
irrigation water, fertilisers, pesticides and all kinds 
of neo-technological production-oriented and poiiution- 
generating human activities. Moreover, its nearness to 
the city of Chania and the influx of tourists along the 
north coast have resulted in the increase of built-up areas 
at the expense of arable land. Nevertheless, the arable 
land increased in area as Mediterranean ecosystems were 
cleared, especially maquis in the hills surrounding the 
basin, in order to plant olive trees (Papanastasis and 
Kazaklis, 1997). 

Less dramatic but equally disruptive were the changes 
in the south site, where the partial or  complete ces- 
sation of traditional aero-pastoral activities, includ- - .  
ing terraced agriculture, and abandonment, has also 
resulted in a homogeneous landscape, characterised 



Figure 8.10 Land-orelland-cover types of the south sitc of western Crete bared on aerial photos taken in 1989 

by the expansion and the notable increased dcnsity of rangelands in order to ensure more and a het- 
of P.  br~tria forests, which are very pranc to wild- ter standard of reed far the livestock, numbers af 
fires. The prohlem of wildfires was funhcr agzn- which have increased over the last 10 to 15yean as 
vilted by the shortening of the traditional burning cycle a rcsult of national and EU subsidies (Ouled Belgacem 
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Figure 8.11 A general model ol  the land-coverlland~use changes in the study area of western Ccete as a result of major 
human activities. The direction of change among the dillerent types is largely determined by soil and parent material 

and Papanastasis, 1993). All these changes havz dis- 
rupted the traditional dynamic equilibrium of the agro- 
pastoral system. 

Since vegetation is the most notable feature of 
landscapes, its dynamic changes demonstrate the impact 
of socio-economic factors on its evolution. Figure 8.1 1 
shows the model of vegetation changes as a result of 
four major human activities that shaped Mediterranean 

landscapes in the study area; namely fire, livestock 
grazing, ploughing and abandonment (Papanastasis and 
Kazaklis, 1997). In h e  past, h e  balance of these 
activities resulted in a complex, highly heterogeneous 
and stable landscape. This stability is now threatened 
by neo-technological interventions, which has intensified 
the activities, leading to landscape homogeneity and 
instability. 


