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ABSTRACT 

Thi s study reviews the main changes of the vegetation and fauna in northern 
Portugal during the Holocene, Ll sing literatu re from pa laeoecology, archaeol
ogy, history, writings fmm trave lle rs and naturalists, maps of agricu lture and 
forestry and CXpCl1 consultation. The ecological hi story of thi s area shows a 
trend of forestry decli ne, with periods of recovery of the vegetation related 10 

the decrease of human pressure on natural resources. The deforestation began on 
the high plateaus of this region. extending late r to the heavier and more produc
ti ve so il s of the valleys . In the beginning of the Holocene . tbe climate seems to 
have been the most important trigger of change in thi s area , but human impact 
probably became preponderant in the last 5000 years. Tile natural herbivorous 
fauna was probably reduced , with the extinction of species slich as wild horse, 
aurochs and European beaver, and partially replaced by human ac tion. Never
the less, the high res ilie ncc of ecosystcms has cn;]bled their sustainability for 
e ight mil lennia and has al so allowed the recovery of the vegetation and fauna 
in the recent decades. 
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INTRODUCTION 

Medite rranean ecosyste ms have a long history of both human and oalura l impacts 
which had profound consequences for contemporary biodive rsity.l The use of 
fire bx,humans, which dates back to the Middle Ple istocene, probably changed 
the natural fire regimes and the vegetation even before the Holocene.2 Despite 
the difficulty of disti ngu ishing between natu ral and human·induced changes 
in the deve lopment of Mediterranean ecosystems , it is consensual that human 
action increased drastically with the int roduct ion of the agro-pasto ral way of 
life in the Neolithic.) 

The classical viewofthe role of human ac tion in the shapingofMeditcrranean 
landscapes is the so-called ' Ruined Landscape ' or ' Lost Eden' theory, which 
argues that humans were responsible for the degradation and desertification of 
this reg ion :' More recently, this theory has been contested by Grove and Rack
ham (200 I ), who slated that landscape changes were primarily a consequence 
of climatic c hange. re info rced by human impact. Other authors offer an inter
mediate position, arguing, for example. then excessive precipitation events are 
unlikely lO cause significant soil eros ion without prior direct o r indirect human 
impact on the vegetat ion.' 

A lthough there is a general idea about the history of changes in the Mediter
ranean basin. we still lack detailed information about the process of transform a
tion and the implications this can have in the future management of this region. 
Moreover, this information is often scattered through different sc ientific fields 
such as palaeoecology, arc haeology, history and e thnography. We consider that 
the long and complex history of interact io n between Mediterranean ecosystems 
and humans could benefit from the integration of natural and soc ial sc iences, 
and that the combination of these different sources of information can poten
tially provide more appropriate explanations for the e nvironmental history of 
the region.(j 

The objective of this study is to review the main episodes of the historical 
ecology of northern Portugal during the Holocene. More specificaJly, it ai ms 
to (I ) describe the process of vegetation c hange; (2) review the ex tinction of 
mammal and bird species; (3) relate vegetation and fauna changes to human 
his tory and climate change events; and (4) discuss and relate these changes to 

other Meditenanean areas. We take an interdisciplinary approach through the 
integration of diffe rent sources of in formation. The choice of no rthern Portugal 
as a study area is re lated to the g reater fam iliarity of the first two authors with 
this area. A lthough this is a peripheral area in the Mediterranean region. the 
history of hu man impacts shares many common episodes with o thers closer to 
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FIGURE I . The Mediterranean Basin. Iberian Peninsula . and central and northern Portugal. 
showing the Joc'HioHs d isc li ssed. Palynologica l studies in: (a) van der Kn aap and van 
Leeuwen. 1995, \997; (b) Allen ct al.. 1996: (e) Rlli z-Zapata CI al.. \995; (d) Muiioz
Sabrina et al.. 2004; (e) Muiioz-Sobrino ct al.. 2005: (0 Munoz.-Sabrina ct a1..1996: 

(g) Ramil -Rego et <11. ,1998; Marcus . 1992 . 
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METHODS 

In this study. northern Portugal was de fined as the region limited by the Douro 
Ri ve r in the south , the Spanish border in the north and east and the Atlantic 
Ocean to the west, covering an area of approximately 18 ,000 kl11~ . The western 
half of northe rn Portugal is characterised by granite or schist e rosion platforms. 
with wide E- Wor ENE- WSW valleys ti ll ed w ith flu vial and colluvial deposits.' 
Steeper landfo rms appear towards the east and culminate in the g ranites of the 
Galaico~Porlllgllese Mountains (1545 m max. aiL). 

Physiography exerts a strong influence all macroclimate, vege tation and 
present land lI ses in northern Portugal. The balTicreffect of the Galako-Portuguese 
Mountains causes a drop in precipitation fro m more than 3000 mm/year to less 
than 400 mm/year in a 100 km transect. Consequently , along these mountains 
there is an unusually sharp boundary between the Eurosiberian and the Mediter
ranean Phytogeographic Region s!! and be tween temperate and Mediterranean 
mac ro-bioc limate and ag ric ultural systems. 

A te mperate macrobioclinmte dominates in the NW.'1 w ith a sub-medite r
ranean inOuence. revealed by a significant summe r drought (> I month). The 
lowland tree layer is composed of Quercus mbur and Quercus Silber and above 
800-900111 altitude. natural fore sts are dominated by Quercus mimI' and Que/'
ClfS pyrellaica. The main actual land cover types are agriculture. plantations of 
PiJ/us pillaster and Ellcalyp1lls J;/Obll/IIS. lall shrublands of CylislIs slri(/{ /l s and 
Adenocarplls laill;.ii and mi xed low shrublands of Ulex sp. and Erica sp. 

In the moullta ins , chestnut o rchards are fundamental to local economies. 
particularly in Mediterranean territories . In te mperate mountains. semi-natura l 
pastures and low shrublands are grazed by small regional callie breeds. In the 
Mediterranean mountains and plateaus. heathlands are managed with tire to 
provide food fo r regional breeds of sheep and goat. The Med iterranean vegeta
tion is composed of Qllercus pyrel/oica and, on Sleep sunny slopes, Quercus 
mllllldifolia. 

The forests in the study area usuall y reach 650-750m alt itude. and occur 
along the main ri ve r va lleys. Quercus Silber is the dominant tree species in zonal 
soils in sub-humid areas. On deep granitic soils or pediment deposits , these 
forests include Quercus suber. QuerclIs rOfImdi/o/ia and Juniperus oxycedrlls 
trees. In deep dry va lleys, there arc still appreciable stretches of the former 
Quercus rollfl/{/~folia and JUlliperus oxycedrus forest. The most important cul
tivated plant s in the Mediterraneall areas are vines, olive trees. almond trees 
and wheal. Marginal lands are frequent ly covered with thick low shrublands 
of CislUs ladani/er . There is a generalised pallern. frequent in o lhe r Mediter-



7 
HISTORICAL ECOLOGY OF NORTHERN PORTUGAL 

In relation to the population, northern Portugal follows the national trend , 
with a concentration in the coastal regions. Population density in the northeast 
is generally low (below 50 inhabitants per km~) and is decreasing, and most of 
the working population is employed in agro-pastoral activities. In the northwest. 
the population density is higher and increasing, and most people in the region 
are employed in industry and services. 11 

So//rees (4 illformatio/l 

This study reviews the main changes of the vegetation and fauna ill northern 
Portugal during the Holocene, using literature from palaeoecology, archaeol
ogy, history, writings from travellers and naturalists , maps of agriculture and 
forestry and expert consultation. The information used is described beJow in 
more detail. All the dates mentioned in the text were obtained from radiometric 
dating using 1.IC (radiocarbon) without calibration or estimated dates, except 
in the case of the climatic data taken from Desprat et al. (2003) who used 1.IC 

dating with calibration , which are referred to as 'cal'. 
The proxy evidence provided by charcoal dat.a collected in Portuguese ar

chaeological sites and NW Iberia palynological surveys are the main sources of 
information for northern Portugal 's palaeoenvironmental reconstitutions. Pollen 
record similarities in NW Iberia are higher inside the same actual biogeographical 
units .12 POl'eastern areas . the most reliable palaeopalynological information comes 
from Secundcra Mountain in Spain .I~ However. these were used with caution for 
Mid and Late Holocene palaeoenvironmental reconstitutions . because northern 
Portugal's continental mountains have a plain morphology and arc much lower 
than Secundera Mountain. For these reasons, pollen data from Estrcla Mountains 
(central Portugal) was also used, especially for periods after the Neolithic (See 
Diagrams I and 2).1,\ Present-day vegetation ecology was also a fundamental 
component in the interpretation of pollen data. The uniformitarian assumptions 
it involves are more speculative when pollen data or charcoal deposits are scarce 
or absent, as is the case in the lowlands of northern Portugal. 

Palaeoecological literature was also used to assess Holocene climate chang
es in the study area, through the information drawn from Allen et al. (1996). 
Ramil-Rego et a!. (1996) and Dcsprat et al. (2003), in which pollen data was 
used to characterise the climatic changes. The results of these two studies are 
summarised in Table I. 

Since northern Portugal has little information concerning the palaeofaull<l, 
due to the predomillance of acid soils in which bone preservation is POOl', some 
of the data presented is drawn from archaeological studies conducted in central 
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groups. Other studies in archaeology detailing the excavations in a rock-shelter 
during the Neolithic orthe human occupation during the Roman times were also 
cOllsuited,l5 History books and papers were used to collect information related 
to Portuguese forests such as demographic variations, and human activities such 
as agriculture, animal husbandry and hunting pressure. 

Writings (~f[ravellers, natIlralists alld iIllllfers 

Literary sources on northern Portugal which were considered in this review 
include writings from classical authors and books from the sixteenth to the 
early twentieth century.16 Some of these books were particularly useful, since 
they were written by naturalists whilst living in or travelling through the study 
area. In a few cases where books are written in an apologetic tone to please a 
patron, the information was discarded if there was no confirmation of its validity 
through other sources. 17 From the nineteenth and twentieth centuries, there are 
also several descriptions in the press of hunting trips to the mountain areas of 
this region, which were used as a source of information. 

Historical and present-day sllldies ofagriclIlwre,foreslry,fallna and 
elhnography 

Previous studies about the forest and agriculture in Portugal for specific periods 
such as between the fifteenth and sixteenth centuries and from the nineteenth 
century to the present were used in this review. Other studies about subjects 
such as ship construction during the Portuguese Expansion were also consulted. IH 

In relation to cartographic information , the map from Higounet (J996) in Wil
liams (2000) of the major forest areas in Europe between the fifth and eleventh 
centuries and the Portuguese map of agriculture and forestry from 1910 were 
both used for a general assessment of the land uses of northern Portugal in these 
two different time periods. Previous studies of historical information on the 
fauna in Portugal, and present-day studies of vegetation, fauna and ethnology 
were used for the more recent past .I

') Finally. ethnographical studies concerning 
mountain villages in northern Portugal were also consulted to enable a more 
socio-economic perspective of the exploitation of the natural resources.~1l 
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RESULTS 

Transition/rom the Late Pleistocene to rhe Holocene 

The last glacial maximum in the Iberian Peninsula is estimated to have occurred 
betwcen20,000 and 18,000 yr BP (nineteenth and eighteenth millennium Be) . At the 
end of til is period, the higher mountains of northern Portugal were permanently, 
or at least for most of the year, covered with ice . Perpetual snows persisted at 
about 1100-1200 metres and extensive ice sheets accumulated at lower altiwdes 
in more continental areas,2' The areas under greater maritime innuence were 
morc humid than continental ones and she ltered more tree communities. 

C limatic conditions in northern Portugal began to improve at about 16,000 
yr I3P (fifteenth millennium Be) and triggered a period of deglaciation with an 
approximate duration of 3000 years. Between 13 ,000 and 11,000 yr BP (twelfth 
and e leventh millennium He), during the Late-glacial Interstadial , there was an 
accentuated increase in temperature and precipital ion, which promoted an expan
sion of tree taxa and the decline of steppic vcgc tation.21 This trend occurred earlier 
and was more pronounced in the more oceanic and humid western mountains 
and plains because the arboreal lowland vegetation was already signifh.:anl. 
During this period, there was a short peak of expansion of Betllia sp .. before an 
expansion of Pinus sylvestris, which was followed by an increase of English 
oak (Quercus robur) . Between 11,000 and 10 ,000 yr BP (tenth millennium ee) 
(Younger Dryas), there was a contraction of the tree line and an increase of the 
representation of herbaceous [md shrub species in the mOlllltains . with highcr 
representation of other species in pollen assemblages of continental te rritories 
(see Diagram I). Prec ipitation decrease played a larger rolc in these vege tation 
changes than temperature . 23 

As previously described , the physiognomy of northern Portugal is character
ised by deep valleys, which apparently served as refuge areas for the vegetation 
during cold and dry periods. These areas were al so i rnportant for the mammal ian 
fauna, which probably moved along the valleys, as we ll as mountain lOpS. The 
o ldest palaeolithic engravings ill the valleys of Foz C6a (bonIer area be tween 
central and northeast Portugal ) are estimated to be datel' 22 ,000- 20 ,000 yr I3P 

(twenty-first and twentie th millennium He), and represent wild goats (Capra sp. 
and I?//picapra mpiclIpra) . aurochs (Bos prilll igellills) and wild horse (£qlllls 
cabal/liS) . Recent findin gs of palaeolithic engravings along the River Sabor 
(NW Portugal) represent aurochs and wild horses?! The presence of both Capra 
pyrellaica and C. ibex in Portugal is not certain, since the bones of these spec ies 
are very difficult 10 di stjll g ui s h. ~.'i 

Tho T · .t", .-..1 ",,,, ; .., 1 t.~. "" ,· .. t •.• rl; .• 1 h"rI 'l " in~ ."'''' ' 1 An .hp f!l 'ln ~ll ('A 'l1.v,,, i,i l'l n Ar _ 



10 
BRUNO PINTO. CARLOS AGU IAR AN I) MARIA PARTlDARIO 

scraIa ).~(l However, it seems I ikc ly that a species of wild goat (Capro pyrenaica) 
continued to ex ist in the higher mOllntains of northern PorlUgal throughout the 
Holocene. since it became extinct ill the Peneda-Geres mountains in 1890.27 
Other herbivore species such as wild equids (EqllilS cabal/lis antlfllesi and pos
sibly EqllllS hydruntilllfS) and fallow deer (Dalila dama ) became extinct before 
the beginning of the Holocenc.2R During the late-glacial interstadial. the com
position of hunted mammalian archaeofaUll<l became largely dominated by the 
rcd deer (Cerl'lfS elaplllls), but other species such as wild rabbit (Or.vclo!aglls 

,= r' 
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cllniculus) , auroc hs , roe deer and wild boar are also found in an.: haeologicaJ 
s ites. It is interesting to note that , in the Poz Coa Palaeolithic e ngravings , red 
deer also became much more common during the EpipaJaeolithic.2

<J 

Polle n analys is ill NW Ibe ria does not al low for the distinction bClwccnllatural 
changes in the vegetation and human acti vities , which apparently indicates thar 
the latter had a small influence on the vegetation. However, it is known that 
the new tool technologies and a more efficient soc ial organisation of the Upper 
Palaeolithic human populations enabled an incrc<Jscd human influence upon 
their environment. It is also unclear if hunting contributed to the decline alld/o r 
extinction of mammal species that preceded the Ho locene in northern Portugal. 
Several authors suggest that the extinc Lion of chamo is (Rupicapra rupicapra ) 
and the decline of species sU(.: h as wild horse and aurochs were a conseque nce 
of the forest expansion before thc Ho locenc. 3o On the other hand, it has also 
been suggested that ex tincti ons during the Late Pl eistocene were due to the 
combi nation of both anthropogenic impacts and climatic changes.:; ' 

The Early Holocel/ e 

In the beginning o f the Ho locene, c1imale warming contributed to the replace
mcnt of steppe and shrub vegetation in lhe mounta ins by forest. Pollen data 
usually shows an initial peak of Pill liS sp. and Belula sp,. foll owed by a last
ing expansion of QlIercus sp .J ~ (sec Diagram 1). The defini ti ve dominance of 
forest was a rapid event duc to the plain morphology of the northern Portugal 
highlands. In the NE valleys , steppes with dispersed .Ilf1liperlls sp. anel/or PinIls 

sp. were replaced by QuerclIs rolulld~/olia and QI/ercus suber fores ts. Forced 
by compe tit ive exclusion with Quercus sp .. Pillus syl v('slr is was pushed to 
highe r altitudes until it became extinc t in the Portuguese mountai ns. Although 
climate warming is the most likely cause for the dec line of this species. so il 
pedogenes is , the shortening of the recurrcnce period through human-induced 
fires and the stagnation of the spread to o ther areas due to increased rainfall are 
also possible ex planations,JJ 

In the archaeological sites uf the Mesolithic located in the coastal and flu vial 
areas of the va lleys ofille ri ve rs Tagus alld Sado (Central Portugal), it was found 
that spec ies s lich as red deer. wild boar, aurochs (Bos primigellills) and wild horse 
(EqlllfS cabal/liS) continued to be hunted . Since there is only scarce evide nce 
of human occupation in the interior of Portugal, it has been proposed that the 
vegetation and fauna changes in the transition to the Ho locene forc ed humans to 
alte r their subsistence strateg ies. increasing the exploit ation of aqu;,It ic resollrces 
around coastal and t"lu vial areas and abandoning the densely wooded imerio r.:u 
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The changes in the landscape and fauna in the transit ion to the Holocene 
probably have lead 10 changes in hunte r-gmherer stralcgies. ill which vegetation 
mnnagement assumed greater impo rtallce:17 Vegeta tio n management cou ld he 
achieved using primitive tools and/or fire to create open areas wit h herbaceous 
and shrub vegetation , which favoured the presence of steppe birds (e.g . red 
partridge) and large herbivores such as wild horses and aurochs, and improved 
the ability to observe wild animals and so improve hun ti ng success:'~ 

Severa l sources of evidence suggest that the Mediterral1c~U1J'I and Central 
European.Jo biotopes were composed of a mosaic of successional stages before 
human disturbance became significant. In a territory wilh sub-Medi terranean 
or Mediterranean climate with a strong relie f such as in northern Portugal , a 
complex panoply of di sturbance types - fire , landslides, herbivory. tree di seases, 
tree decrepitude - converged and promoted the development of heterogeneous 
vege tation mosa ics in ecologically homogeneous areas. These mosaics certainly 
va ried from almost continuous tine-grained fo res ts to heterogeneo Lis vegetation 
complexes , whe re c limax forests coex isted in a shifting mosa ic with variolls 
types of herbaceous low shrub and la ll shrub commun it ies and secondary forests. 
Since there is evidence o f small-scale anth ropogenic deforestat ion in Estre la 
Mountains more than 8.500 years ago. human ac tions also contri buted to this 
diverse mosaic or success ional stages . ..! 1 

From the Neolithic to the Bron:.e Age 

Accord ing to the maritime pioneer colon isation model. the Neolithic in Portugal 
has its origin in the colonisation by small seafaring groups of agr icultural 
ists coming from the Mediterranean region in the s ixth millenniulll uc...!~ The 
in troduct ion of thi s agro-pastoral way of life coincides with the beginning of 
the Climatic Oplimum. when the temperature and humidity reachcd a peak:l.\ 
The Neolithic groups probably expnndcd from the eoastnl areas of southern 
Portugal and became rapidly estab lished in the interior regions. thus competing 
and overcomi ng the ex isti ng groups of hun te r-gatherers. The lirst agro-pasloral 
communities prac ti sed a shifting ag ric ulture. In the Buraco da Pal .. l. a rock
sheller ill Mirandela (NE Portugal) . evidcncc o r wheat, barle y and broad bean 
were recovered from the fi rst phase or human occupatio n. This occupation had 
a seasonal character and was used for domest ic consumpt ion _ ot:l-urri ng between 
the end of the sixth and beginning of the fifth millennia Be to the e nd or the 
fourth mille nnium Be : I-1 

The conso lidation of the agro-pastoral system in northern Po rtuga l during 
the fo urth mille nniulll Be implied the deforestation of considerable areas. The 



13 
HISTORICAL ECOLOGY OF NORTHERN PORTUGAL 

several archaeological sites,JI, Moreover. palynological slUdies of mountains 
in northwest Iberia also show that sign ificant deforesta tion started around the 
mid-fourth millenniulll Be. In this process, human-induced fire combined with 
animal husbandry and, to a lesser extent. primitive tools were lIsed extensively. 
as has been described in other Mediterranean rcgions:!1 Therefore, the megaJ ilhic 
culture that built impressive stone structures throughout northern Portugal during 
the fourth millennium Be was also responsible for the beginning of large-sca le 
deforestat ion in thi s area :l~ 

In the third millenniulll He (i.e. beginning oflhe Bronze Age), palyno logical 
studies show an intensifi ca tion of defores tati on in northern Portugal.-llJ In the 
Estrela Mou ntains. large !ires with possible human orig in are recorded around 
4,300 yr or (third millennium liC) which devastated and changed the vegetation 
in this area. This is followed by the first s ign of cereals in the pollen an.: hi ves·'iI) 
(sec Diagram 2).About 1000 yea rs hHer, the re was a new and more illlcnsc phase 
of deforestation in this area, which is synchronous with the strong decline of 
trees ill the mountains of northwest Iberia . recorded between 3,500 and 3.000 
yr I3P (second millennium HC).~I In a similar pattern, this was also accompanied 
by the presence of cereals in the palynological records. 

According to the secondary products revolution. the continllo llscx pansion 10 

new agricultural areas is relnted to an increase in population and the beginning of 
the use of animal traction and the plough in agriculture .. ~1 A lthough the re is still 
no direct evidence of this technological change in northern Portugal. there are 
argulllents which support this hypothesis. For example. in the third millennium 
He, the above-mentioned rock-shelter of Burnco da Pala began to be ll sed for 
large-scale storage of cereals. which points to an increase in agricultural produc
tion and human population. Moreover. there is also direct evidence of animal 
husbandry during this millennium in a reasonable number of archaeological 
s itcs of no rthern Portugal. The th ird mille nnium Be is also c haracterised by the 
diversification of economic activities w hich can be a consequence of popula
t;on growth . s ince artefact s such as netlloom weights and arrowheads found in 
archaeological sites suggests fishing/weav ing and hunting in the region .~~ 

The sett lements in mid-J11ountain areas of irregular terrain du ring the transition 
rrom the third (0 the second millennium Be indicates a comple mentary li se of the 
mountain and the va lley areas.s.1 Climate warming Illay have promoted valley 
transhum31lce in these regions. This period of transition is also c haracterised by 
increased production of bronze artefacts and the increase of processes of soc ial 
differentiation. Therefore. there is adiversifkatioll of human settlement systems. 
which at the beginning of the first millcnniulll Be resulted in sett lements loca ted 
in higher areas with natura l and art ificial conditions of defence and other seule-
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of ecological succession and a stabilisation of the herbaceous vegeta tion.56 A 
reccnt study showi ng the increase of biomass burning in Europe since the fifth 
mi llenniulll He corroborates the wide use of human- induced fires throughout 
th is reg ion during the Neolithic . .H The agricul ture practised in these deforested 
areas was characterised by short periods of cultivation and the use of fire and 
domest ic animals to control vegetation succession and soil fertili sation ,5H with 
prolonged periods of abandonment. which enabled a partial restoration of the 
forest or (in E. Boserup 's terms) a long fallow cycle . with no crop rotation nor 
use of organic fCl1i lisers. 

Charco da Candieira (Serra da Eslrela , 1400 m a.s.L) 
~an c1er Knaao & van Leeuwen (1995) 
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This incipient agriculture began in northern Portugal in the central plains of 
Tras-os-Montes, Minho and Douro (mostly above 700 metres a.s.I.). extending 
later to the valleys, where the forests were more resilient and had more bio
mass.-',} The spatial enlargement of these agricultural practices and the probable 
shortening of the rotation periods promoted significant changes in the landscape. 
Several authors argue that extensive open areas were normal features ill north
ern Portugal as early as the Bronze Age , at least on hill tops and plateaus, and 
existed side-by-side with wooded areas, which were mostly located in valleys.w 
The relative abundance of forests in the valleys of northeast Portugal as late as 
the 1920s seems to indicate that winter pastures were never a limiting factor 
for regional animal husbandry. These arguments are reinforced by the fact that 
written accounts by Roman authors when arriving in the Portuguese territory 
describe the landscape as deforested in mountain areas.(,1 On the other hand, 
prehistoric settlements in northern Portugal are more frequent at higher altitudes. 
which seems to reflect a more intense human occupation of the mountains.(,2 
Nevertheless, there are temporary settlemeIHs in areas of low altitude at the end 
of the Bronze Age in the Minho region (NW Portugal), which were abandoned 
during the Iron Age, where intensive agriculture was practiscd.6~_ 

In relation to the fauna. several archaeological sites in the eoa area (border of 
central and northern Portugal) from the Neolithic and Bronze Ages showed that , 
besides domestic animals such as {wines and caprines , there was also consump
tion of wild animals such as wild boar and red deer.(~! Aurochs became extinct in 
Portugal in the Neolithic and the wild horse in the Cha1colithic or Bronze Age. 
In the case of the domestic horse, some authors argue that it was introduced 
to Portugal between the Late Chalcolithic and the Bronze Age, whereas others 
suggest that humans domesticated wild horses in the Iberian Peninsula during 
this period.(,5 Deforestation probably also had a detrimental effect on species 
which are more dependent on forest-type habitats such as roe deer and brown 
bear (UrslIs w·ctos) and may have benefited other species which prefer more 
open habitats. 

Since there is no detailed information about the composition and abundance of 
wild and domestic herbivores during this period, it is difficult to speculate about 
the changes in their effect on natural vegetation. Nevertheless , it seems likely 
that the extinction and/or decline of herbivores such as wild horse , aurochs and 
roe deer and the probable decline of forests and associated herbivores resulted 
in a general decrease in pressure on the vegetation from the native herbivorous 
fauna.(,(' Therefore. the role of creation and maintenance of open habitats in the 
forests of northern Portugal in whieh native herbivores played an important 
role before the Neolithic was replaced and enhanced by human activities sllch 
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Fr011llJze Iron Age 10 the Middle Ages 

The proto-History of northern Portugal is characterised by successive inva
sions of Indo-European populations which came to the region since the second 
millennium He. Although there is little information about the influcIH.:C of these 
people, it is known that some of these immigrations had a s ignificant impact 
011 the vegetation of the region, such as the arrival of the Celts in the first half 
of the first millenni um RC.(~ However, t:ol1siclering that there was a cold period 
between 975 and 250 ci.l l Be. the decline in the arboreal vegetation in northwes t 
Iberia during th is pe riod cannOI be attributed exclusively to c limatic changes 
or to the ac tivities of these Indo-European people .('<) 

At the end of the Bronze Age (i.c. transition to the fi rst mille nnium BC) . there 
is a systematic abandon ment of open se ttlements in northern Portugal and an 
exclusi vc use of fortified sett iemcnls.711 Desp ite their heterogeneity, It is thought 
that most of the Iron Age people in this region depended on cattle raising. which 
was complemented by itinerant or semi-permanent agriculture nnd hunting and 
gathering. Conside ring that cattle rais ing implies ex tensive grazing lands, this 
certainly cOl1lributed to an increase in de forestation. The c lassical author Strabo 
describes these people as savages li ving in lands of poor soils. fceding essen
tially on cattle meat and oak acorns. The numerous stone statues of pigs and 
bulls in the northeast of Portugal dating from the pre-Roman and beginning of 
the Roman period, which served as stone marks inlhe landscape, re inforces the 
importance of cattle rais ing and grazing lands in this area.71 

The high numbe r o f fortified sc ttlements fo und in northeast Portugal (more 
than 500) is indicati \Ie of significam dcmographic prcssure on natural resources 
during this period. Since there was a judicious spatial di stribution of the ir set
tlcments, defensive structurcs with fortifkations and the descriptions of pillage 
acti vitics make it seem Ii kel y that there was inte nse competition over resourccs.72 

Demographic pressure was increased by the lise of iron tools and probably 
resulted in more efticicnl soil erosion and the destruction of forests, cspecia.Jly 
around sett lements. There was also an intense exploitation of a wide range of 
vegetation from Ihe Latc Bronze Age 10 the Ro man period. used as fuc \' build
ing material and food . According to descriptions of several c lass ical authors. 
the mountains of northern Portugal were al ready deforested by the time of the 
Roman i IlV01sion.7J 

The conques t of the Portuguese territory by the Romans between the sec
ond and the first century BC brought drastic changes to agriculture. The Roman 
pax. integratio n wirh a greater economic space . technical developments and 
demographic growth were factors which contributed to a general increase in 
·.,no·' r "I." ,.", ,,, h' t·h \\I~<; nlnh!lh t \l !. I<;n f:lvn",·pd h v Ihp l~ nn1:-.n W:-.nn Pp,·ind 
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areas. Othe r factors such as the introduction of cultures like hard wheat and 
rye, the adoption of the system of po!yculture. the use of agricultural rotations 
and organic fertili sers also had a major impact 011 land use. Considering that 
the traditional diet of the Romans consisted of cereals, wine . oli ves and, to a 
lesser extent , dry legumes and meat. Roman domination also implied a change 
to a more ccreal -based diet. which was maintained in the Portuguese territory 
during subsequent centuries ?~ 

A [though tile irregular terrain and ethnic di vers ity of northe rn Portugal contrib
uted to a res istance to the beginning orlhe Roman domination. their implantation 
during morc than five centuries had an impac t on the human popu lation in this 
region . In re lat ion to the distr ibution of the popu lation. an archaeological study 
in northeast Portuga l showed that , from 246 prnto·hi storic settlements. only 75 
presented signs of romanisation and 151 new settlements were created dur ing 
the Roman occupmion .7h The reaso ns for these changes are re lated to the fac t 
that Romans encouraged or forced local people to descend from the fortified 
settlements in mountains and to create new villages in access ible areas such as 
plains . which had more socio-economic oppurtunitics.77 In conclusion . Roman 
domination had a major impact on the fore sts of the Portuguese territory. Major 
development s in agriculture promoted defores tation that was extended to the 
va lleys.7!! In this respect . it is interesting to note that romuni sation and the fall 
of the Empire match peaks of decline and expansion. respecli ve ly. of arboreal 
vegetation in several palynological studies in NW Iberia ?1 

After the po litit:al instability of the third and fourth centuries . the disaggre
gation urt he Roman Empire in the Portuguese terri to ry in the beginning of tile 
fi fth century opened the way for Germanic domination bctwet:n the fifrh and 
e ighth ce nturies. which brought pillage and general instabili ty and motivated 
the reoccupat ion o f the mountains and other less accessible places. These events 
contributed to the gradual degradation of the adm inistrati ve organisation and 
agrarian ex pio il:.lt io ll systems of Roman ti mes. The abando nment of many rural 
areas during this pe riod resulted in ad rastic reduction in agricultural production 
nncl nnimal husbandry. which is probably a lso re lated to the Dark Ages Cold 
Pe riod (450- 950 cal AD) . Thi s resulted in successive fami nes and epidemics . 
which took a to ll on the human populat ions . Pal ynolog ical in formati on from 
Estrehl Mountains (Central Portugal) shows an expansion of Hew/a alba. which 
indicates a recovery of the fore st in this area~ 1I (sec Di agram 2) . During the short 
pe riods o r political stability. the economy of the region was probably based on 
animal hu sbandry. which was more important to the Germanic peoples than to 
Romans. nssoc intcd with a semi -sedentary or shifting agric ulture.!! 1 

The Mu slim in vasions in the beginning of the e ighth century and the subse-
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invaded the area did not have the condit ions to muilHain the ir domination for 
long periods of lime. The genen]1 insecurity of the populations. especially at 

the beginning and end of thi s histor ical period. promoted shi fting agricuhurc , 
animal husbandry and hunting and gathering. Th is probably resulted in further 
fores t recovery, whic h is indicated by the maintenance of Benda alba in the 
palynological diagram of Estrela MOli lltainsH2 (see Diagram 2). 

According to Higounet ( J966) in Williams (2000). the main fo rest areas 
ill the Portuguese territory between the fifth and the e leventh centuries were 
)oeared between the Tagus and Guadianf.l ri vers (south of Portugal). whereas (he 
north of th is region had a smaller fo rest area. The ex planation for this may be 
that there were was greater demographic pressure in northern Portugal before 
the Roman invasions. The definitive Christian Reconquest of this region by the 
Asturian kingdom in the eleventh century brought a relati ve polit ical stability 
to this area, and migration and recolon isation , which resulted in population 
increase and the foundation of new sett lements .x., During the e leventh century. 
the promot ion of agriculture which is attes tcd by severa l documents resulted 
in the decli ne of the forests. In the palynoiogiccli study of Estre la Mountains 
(cent ral Portugal). there is a gradual decl ine of Quercus sp. and Benda alba in 
the Middle Ages . which is coincident with an increase in shrubland (Ericaceae 
sp.) and agricultural areas (Cerealia sp.)~~ (see Diagram 2). This information is 
coincident with the assu mption that the growth of the agro-pastoral activities 
implied the deforestation of Portugal during the Middle Ages. 

In relation to the fauna between the Iron Age and the Asturian invasions. 
an archaeological study about the Iron Age in the Aboborei ra Mountains (NW 
Portugal) revea led the existence of bones o f cervids and wi ld pig, whereas 
several historical pa intings in the northeast of P0I1ugai represent the hunting 
of red deer.lI~ 

The battles between the Ilrst Portuguese king and the king of Leon and 
Castilla over territories in the north of Portugal and Galic ia (NW Spa in )S(> 
were gradually resolved in the twelfth century as the Christian Reconquest 
progressed to the south and. in the e ighth century, fronti er agreements with 
ne ighbours gU:'lrantccd long-term political stab ili ty to Portugal. In this century. 
the inc reasing popUlation of th is area prefe rred to scnle va lleys near ri vers 
where the te rrain was more su itable for agriculture. resulting in c learance of 
forests and swamps located in the valleys and the foundin g of new villagcs. ),i7 
The numerous letters of privilege conceded by the first kings of Portugal in this 
area were a clear incenti ve for the peopling o f this region. In the area north of 
Ri ver Mondcgo. these forest clearances are mainly motivated by the creation 
of numerous monasteries, but a lso by severa l noble and military orders. These 
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example , several villages of the Pcncda-Geres Mountains (NW Portugal ) had 
an obligation to de li ver large amounts of acorns and chestnuts and to raise pigs 
to offerto the king. which indicates that there were sti II s ignificant areas of oak 
and chestnut trees in these mountains :'! ~ 

Population growth and political stabilisation in northern Portugal afte r the 
Christian Reconques t. enhanced by the Medieval Warm Period in the twelfth 
and thirteenth centuries. resulted in a drastic increase in the rate of deforestation. 
Historical documents show frequent disputes ovcr agricultural lands, which 
contributed to the occupat ion of marginal areas and increased soil e rosion. 
This hypothesis is rei nforced by the [act that there is a high inc rease in sedi
ment release to the Portuguese coast in the twelfth century in the Aveiro reg ion 
(Central Portugal ).~" One of the factors which contributed to defores tation around 
cities and villages is that wood continued to be widely used by the increas ing 
population as fuel, fe nili scr and in the construction of houses and objects . In the 
twe lfth century, there are records of wood exportation from northern Portugal 
to o ther European coull tries, which ceased in the thirteenth century. Moreover, 
thi s period is charac terised by the growth in ex te rnal maritime commerce and 
shipbuildingalld the beg inning ofwood imports from Spain. France and England 
to the OPOI"to and Gaia ports (NW Portugal) . The transition frOI11 expoller to 
importer of wood is probab ly re lated to the progress ive scarcity o f the forests 
in the region. which is reinforced by the fact thal their cOllllllunity use s ince 
the tenth century was replaced in the thirteenth century by divi sions of forests 
be tween ne ighbours and restrict ions o ver c utting trees. Neverthe less. there were 
still ex te nsive forests in northern Portugal during thi s period. espec ia lly in the 
mountains and monaste ry enclosures o f the rcgio ll ."u 

In re lat ion to hunting be tween the eleventh and thirteenth centuries . spec ies 
sLl ch as wi ld boar. wild rabbit. red deer. roc decr. brown bear (UrslIs (lfetus) 

and wolf (Canis IlIpIIS ) arc commonly referred to in documents of the th irteenth 
century. Hunting was espec ially freque nt in the mountain regions of northern 
Portugal. to sati sfy the needs of the local populations but al so to fulfil the ri gills 
that were due to the king. Wild rabbit was an important species . because its fur 
sustained the nat ional pe lt industry, and wasonco[ the most exported Po rtuguese 
produc ts. In the 'Law of the Price-Fixer ' of 1253 , the prices of several species 
of wild animals and birds and seveml restricrions for the ir capture are referred 
to . wh ich suggests that they had s igninc<lnt economic importance."" 

In;) process s imil ar to other European COUll tries. population growth recorded 
ill Portugal during the thirteenth century could no longerbe supported by ex isting 
resou rces . which resulted in gradual food scarci ty and an underfed popUlation. 
The re fore. the end orthe fourteenth and the fi fteenth centuries were marked by 
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of Black Plague. In the particular case of northern Portugal , in the inquiries of 
1290 and 1321 the northeast is considered well populated , but has a reduced 
population in the census of 1422. This idea of population scarcity is reinforced 
by complaints by the delegates of the king in 1439 about the low population of 
Tras-os-Montes region (NE Portugal). requests for the installation of shelters 
for outlaws and the privilege of reduced taxesY-~ 

The general reduction in population led to the abandonment of agricultural 
fields during these two centuries and the decrease in forest clearances. Follow
ing a similar pattern to previous historical periods , the decrease in agriculture 
promoted once more an expansion in animal husbandry, which may have con
tributed to the increase of human-induced fires. Indeed, several authors suggest 
that these fires were very common in the fifteenth century, with the purpose of 
pasture renovation, coal production and even to capture wild rabbitsY" 

The wood scarcity in the larger settlements in the Ilfteenth century is evidenced 
by the complaints of the constant cutting of trees in the monastic enclosures 
in the Oporto region and the implementation of laws to maintain the remain
ing forest and to promote regulation of the exploitation, such as forbidding 
wood extraction, the prevention of human-induced Ilrcs, the creation of forest 
guards and the obligation to plant trees. During the mid-fifteenth century, the 
Portuguese Expansion continued to promote boat construction and this led to 
an increase in wood imports from other European countriesY5 In the second half 
of this century, there was a recovery in the population density and an inherent 
increase in agricultural production: therefore this period is characterised by 
a new episode of intense deforestation, with the purpose of expanding areas 
destined for agriculture. This growth of agriculture also contributed to conflicts 
over space with animal husbandry, which tended to become once again more 
restricted over timeY/} 

There were also special laws in the fourteenth and flfteenth centuries to 
protect hunting areas, in some cases with negative consequences for the local 
populations. This resulted in temporary authorisations to hunt species in prob
lematic areas throughout the fourteenth and fi fteenth centuries and in the popular 
representation to the king in 1371 against the increase of hunting grounds. due 
to the damage to agriculture caused by brown bear and wild boar. In the specillc 
case of northern Portugal. there is a letter written by King D. Afonso V dated 
from 1466, in \Vhich he expresses his indignation over excessive hunting in 
this region and orders lhe people to stop hunting in the lands of the Crown and 
of other nobles. Moreover, the mountains of Peneda-Geres (NE Portugal) had 
large numbers of hunting guards in the fifteenth century, which indicates that 
this area was commonly lIsed as hunting ground ."7 
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!oponymic studies. T he spec ies was limited to the centra l west and northwest 
part of Portugal, and was already rare in the thirteenth century. Since the last 
known reference to thi s species is in an offic ial document of 1446. it is likely 
that it became extinct in Portugal in the fiftee nth or s ixteenth cenlUries.'m There 
are also references to a small equid called 'zebra' (probably Eql/flS hydrunfinIlS 

Or EqlflfS helllimllfs) in the ' Law of the Price-Fixer ' , official documents and 
toponymi c: of both Portugal and Spain in the thirteenth and fo urteellth centuries . 
which may have become extinct in the Iberian Pe ninsula around the fifteenth 
and sixteenth centuries, but this scarce evidence is not enough to confirm its 
former presence Y9 

The brown bear (Ursl/s arclOs) is mentioned in the ' Law of the Price- Fixer ' 
and other documeJ1ls of the saine period. but it seems like ly (hm it became ra re 
during the fourteenth or fi fteenth century. The red squirre l (Sdurfls vfl igari.\·) also 
became rare and probably extinct during this pe riod , due to extcnsive de foresta
tion in the country. In the case of birds. the re are re ferences to the protec tion of 
species for hunting and faiconry. IIKI 

The decline of several fauna species during the fourteenth ancl fifteenth 
centuries is probabl y related to the defores tation and hunting pressure which 
charac teri ses most of the end of the MiddleAges in northern Portugal. However, 
it is too simpli stic to attribute these events to human ac;ti viti es during these 
centuries. Instead. it seems more appropriate to COil sider these changes in the 
fauna as a consequence of a longer history of human interventi on. in which the 
fourteenth and Aftee nth centuries are the Hnal Chapters. 

From the sixteenth to the lI illeteewh eel/wries 

At the end orthe fifteenth century. there was a demogrnphic expansion in northe rn 
Portugal , which was (Q be maintained throughoulthe first ha lf of (he s ixteenth 
century. In the last third of the 15005. the Portuguese people IVere af fecLed by 
several episodcs of fnmine and e pide mics, probably re latecilO illlc r-annual cl i
mat ic instability associated with the Little Ice Age.1U1 The food cris is at the end 
of the s ixteenth century was so severe in regions such as Tnts-os-Montes (NW 
Portugal) that the king decided not to collec t tax on the large amounts of cereal s 
imported fro m abroad . In fact. one of the main motivat ions for the Portuguese 
discoveries was to flnd colonies with good conditions for wheat culti vation. 
In thi s scenario of a country with a food shortage and overseas expansion, the 
develupment of cattle- raising competed with agriculture . anu was not fa vourable 
10 forest c learance or to the increase of agricultural nrcas.lO! 

In re lation to deforestation. there was wide use of wood in the Mi nllo region 
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some cases this led to the limitation of one activity for the benefit of others. 
For example , in order to maintain the plantation of vineyards which required 
wood stakes. the Town Hall of Viana do Castelo (NW Portugal) limited the 
naval and civil industries in certain periods of the second half of the sixteenth 
century. During the fifteenth and the sixteenth centuries, deforestation reduced 
the size of the forests that still existed. According to a description from the 

mid-sixteenth century by Joao de Barros. the scarcity of trees was morc acute 
in the northeast, whereas the northwest still had wooded areas. The explana

tion for this probably lies in soil and climate conditions, at least in the valleys, 
which are more favourable to the development of trees, and to forest res ilience 
in the northwest. 103 

Although shipbuilding continued to have some impact on the deforestation 
of northern Portugal, this probably decreased in comparison with other uses of 
wood. The scarcity of wood justified the implementation of the Law of Trees in 
1562, which promoted the reforestation of uncultivated land or private proper
ties. In the interior regions,reforestation of uncultivated lands competed with the 

exploit<ltion of cattle, honey, shrubs and other products. Considering there were 
also inefficient enforcement mechanisms and I ittle direction for the reforestation 
process, this law encountered local resistance and one of the ways to address 
this problem was to increase wood imports from abroad. III

.
1 

Between the end of the sixteenth century and mid-seventeenth century. maize 
was introduced to Portugal as a new crop and became increasingly important 
to agriculture due to the fact that it took only a short time to mature , afforded 
greater production and could be grown in harmony with other crops and cattle

raising. Nevertheless. the transition to the seventeenth century is characterised 
by food scarcity and a consequent decrease in population. Several authors refer 
to the excessive area of uncultivated lanels as one of the reasons for the lack 
of cereals in the country. Ill'; In fact. Portugal docs not have good biophysical 

conditions for cereal cultivation, which would become clear in the twentieth 
century with the 'Wheat campaign'. 

Descriptions of northern Portugal in documents from the seventeenth and 
eighteenth centuries refer to the cutting of trees, agricultural areas and the large 
stretches of uncultivated land , where extensive cattle-raising was practised. lOt> 

The development of the Portuguese colonies during this period was detrimental 
to the reorganisation of the country, which is evident in the maintenance of 
a low population density in the interior of northern Portugal and also in the 
persistence of an agricultural model of subsistence. Despite the increase in ag
ricultural production at the end of the seventeenth century, there continued to be 

a shortage of cereals throughout the eighteenth century. because the growth of 
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The Ecc lesias tical Inquiries of 1758 a lready describe the north of Portugal as 
a 1110stly deforested area. LU1 

In the transition from the e ighteenth to the nineteenth century. there arc ;] Iso 
several descriptions of Tnis-as-Montes as a deforested region that was espe
c ially dedicated to agriculture and husbandry of cows and horses.lO~ According 
10 the first reliable and detailed description by the Prussian botanist Count 
Hoffmannsegg. it is evident that this area was mostly deforested at the end of 
the 1700s, with occasional oak fores ts in sleeper and morc inaccessible areas . 
Forexalllple, this aUlhor wrote that <In the area surrounding Vila Flor r.o,] the 
usual landscape is reslimed. Cuhi vated fi e lds in a te rritory wilholl~t trees and 
rull or rock outcrops which are unpleasant to see'. In the case of the Minho.the 
botanist described it as an agricultural area with dense population. with some 
pine and cork oaks in the coastal areas and oak forests mostly located in low and 
mid-altitude mountain areas. lI

)'} Other documents refer to the predominance of 
the chestnut trees and oaks in the interior of northern Portugal and plantations 
of pine trces in the more coastal regions.1lO 

In the beginning of the nine teenth cemury. French invasions, c ivil wars 
and political convul sions had a negative effect on population. agricu hure and 
animal hu sbandry, but the rest of this century is characterised by deve lopments 
brought by the end of the Old Regime, moderni sation of the country through 
the agr icultural and industrial revolutions, and popu lation growth . In J 834, the 
enclosures were abolished and the fore st grounds surrounding convents and 
palaces become the only areas of forest protecti on in the cOllntry. In the second 
ha lfofthe ninc teelllh century. the agricultural area in northern Portugal incrc:lscd 
significantly. which implied a reduction of unculti vated common land and the 
dec line of animal husbandry. Nevertheless, some areas in northern Portugal 
suc h as Tras-os-Montcs st ill had about half o f the ir area occupied by uncul
tivated common land in the late nineteenth century, where animal husbandry 
preva iled. 111 Several authors cont inued lO describe the general defores tation of 
northern Portugal and point to reforestation as the best solution to reduce the 
area of uncultivated common lands. 1I2 In this respect. it is curious to notice 
that most of the wood used in the construction of the Portuguese rail way was 
imported from abroad . with occasional exceptions for wood extracted in the 
centre and south of the country. llJ Growth of knowledge about forestry, the 
creation of the Fores try Services and affo restation, mainly with Pillus pil/Clsler, 
of Peneda-Geres and Estrela mountains marks the evo lution of the vegetation 
in northern Portugal at the end of the nineteenth ccntury.ll~ 

In relation to the fauna between the sixteenth and the nineteenth century, 
s ince Lisbon and the nearby c it ies were the new political centres of [he country, 
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D. Joan V imposed the death penalty on individuals caught hunting in enclo
sures. The abolition of enclosures in 1834 implied the abolition of the fauna 
protection in these areas. l l (, 

The brown bear was already rare in the fourteenth and fifteenth centuries 
and probably became extinct when the last individual was shot in the Peneda
Gcres Mountains in 1650. The wild goat (Capra vvrel1aica) also existed in 
northern Portugal until the end of the nineteenth century and probably became 
extinct with the capture of the last individual in the Peneda-Geres Mountains 
in 1890. Several descriptions of the fauna in the seventeenth and the eighteenth 
centuries mention red deer. roe deer and wild boar as common species in this 
area. However, there was a decline of red deer and, to a lesser extent, of roe 
deer and wild boar since the end of the eighteenth century . 117 At the end of the 
nineteenth century, the red deer was considered extinct in northern Portugal and 
roe deer only persisted in the Peneda-Geres Mountains. In the case of birds, a 
document of 1744 confirms the existence of capercaiII ie (TetraD urogallus) in 
the Peneda-Geres Mountains, which is supported by frequent references to this 
species in toponyms of this area. This species probably became extinct in the 
eighteenth or nineteenth century. IIH 

From rhe rwemiefh century to 'he preselIl 

Demography in northern Portugal during the twentieth century is characterised 
by an almost constant migration from rural areas to the major cities of the 
coastal areas, and abroad , motivated by the search for employment and better 
living conditions. The consequences of this migration were the abandonment 
of agriculture, which in some cases increased the conversion of agricultural 
land into forest. ll

,) In the transition to the twentieth century, there was extensive 
topographical work , motivated by the publication of the first national map of 
agriculture and forestry in 1910. According to this map, northern Portugal had 
a low percentage of native forest, which was mostly located in more inacces
sible areas such as steep hills along the waterways.120 This period of transition 
is also characterised by increasing afforestation, which was mainly directed to 
uncultivated common lands in the mountains. 

At the end of the 1920s , there was an increase in afforestation, which was 
stimulated by the export of pine wood to England and the development of Portu
guese industry_ However, thesolutioll totheproblemofuncultivated land was still 
a key point of discussion between economists, agronomists and silviculturalists. 
The idea of an agricultural country prevailed and the 'Wheat campaign ' was 
implemented. In the north of Portugal, the desire for sclf-suficiency in cereals 
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uncultivated land was also implemented from 1938 10 1995 and had its greatest 
influence in the mountains of nOl1hern Portugal.' :!1 

The change from an agricultural and cattle-nlising society to an urban soc iery 
implied a reduction of ag ricultural workers and acti vities with consequences 
for the vegetation. For example. there was an increase in fuel accumulation in 
fores ted areas and. consequently, an increase in the number of fires. whi ch is still 
a serious concern today. This abandonment is still one of the morc influential 
factors regarding the vegetation in northern Portugal , since the shrubl and il rea 
has increased significantly in the last decades. There is also a continuous. but 
very slow, expansion of native forest. However, succession is often blocked 
(at the human scale), which means that the resilience of the shrubland and 
human-induced fire keep these areas covered with pyrophite shrublands ( i.e. 
shrub encroachment). 

in relation to the fauna, the first half of the twentieth century is characterised 
by a change offocus from spec ies which became )ocallyextinct orrare in northern 
Po rtugal , such as red deer and roe deer, to more common species such as wi ld 
rabbit and red pal1ridge .122 Interest in these species \Vas probably motivated by 
the scarcity of larger herbi vores, but also due to the ir probable increase re lated 
to the ' Wheat campaign' prev iously mentioned . 

The creation of spec ifi c protection laws, Protected Areas and ag ricultural 
abandonment contributed to halting the decline of species such as the wolf. 
In the case of the wild rabbit , a keystone species to thi s area , di seases such as 
myxomatosis and HVD , habitat destruction and intense hunting pressure have 
contributed to its general low density in the north of Portugal. C ] However. the re 
are also cases of species, such as red squirrel, red deer and wild goat. which 
have expanded their distribut ion from nonhwes t Spain and were re-establ ished 
in northern Portugal in the 1980s and 1990s. Although the abundance and di s
tribution of red deer and wild goat are still ve ry limited at present , thi s is a posi
tive sign for the future. In the case of birds. the presence of the grey partridge 
(Perdix perdix) is well documented in the high lands of north Portugal, but it 
probably became ra re in the first half of the twentie th century and extinct in the 
regio n between the I 950s and the 1960s. It is likely that the bearded vulture 
(Gypaerw; barbatlls) and c rane (Grlls grus) which occupied the north or Por
tugal became reg ionally extinct during the twentieth century. The golden eagle 
(Aquila chrysaeflls ) also decreased until the mid-twentieth century, occurring 
today in very low density in this area. I N 
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TABLE 1 (continues on facing page). 

Chronology 

Tran si tion to the 
Holocene 

l'vlesolithic 

Neolithic 

Beginning of period 

16.000 yr BP 
(ie. XV mil. Be) 

10,000 yr BP 

(i.e. IX miL Be) 

Late VllEarly V 
millennium ]J( 

Human impact on natural resources 

Hunting and gathering. 

Hunting and gathering activities probably centred 

in coastal and fluvial areas . Small-scale human 

deforestation s. 

Beginn ing of agro-pastoral way of life . 

Bron ze Age Early 1II millennium I3C Intensification of agriculture and animal husbandry. 

Iron Age Early I millennium Be Invasions of Indo-European people. with reduction 
of agriculture and increase of animal husbandry. 

Roman period 11/1 century Be 

German period Early V century ;\ll 

Muslim period Early VIII century AD 

Medieval period Early Xl century,\l) 

Modern Period XVI century AD 

COlltcmporary XX century A ll 

Period 

Roman invasion. with large-scale cxpnnsion 01 

agric ulture and demographic increase. 

German invasion, with frequent episodes of pillage 

and wars; demographic decrease. 

Muslim invasion, with reduced prese nce after mid 

VIll century; scarce populat ion. 

Christian Reconquest, increased farming <llld 

demographic growth until XIII century. Successive 
fam ines and plagues since the m id~XIV eenlllry 

alld demograph ic recovery after mid -XV ce ntury . 

Cycles of demographic growth and reduction; 

expansion of agriculture to marginal lands. 

'Wheat campaign' and afforestation with exotic 

species in uneultivated lands: generalisation of the 
modernisation of agriculture: rural exodus 10 the 

major cities. 
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TABLE I (continued from fac ing page) .. 

Main vegetation changes 

Expans ion of the forest (first. 
Betllia sp .. followed by PillllS 
~p .• rcplaced later by Qllerc/f ,," 

sp.) ,lIld decl ine o f steppe 
vege tation. 

Gr:ldual domination of Quercus 
sp. forests . wi th decline of Pi/m,I' 
sp. to higher altitudes ; Mosak 
of dosed and open vegetation. 

Forest decline due to 
dcfon.:statiOIl for agro-paSIOrrt ! 
activit ies . which started around 
mid · IV mi llenni um Be . 

Large-sca le forest decl ine in the 
II mil lennium Be . 

Forest decl ine, probably lIul.! to 

both dimate change and actions 
of the Indo-European people, 

Expansion of deforestation to 

the valleys . with clearance of 
forest ;lIld swamp areas . 

Forest rel·overy. 

Conti nuatiun uf furest reco very. 

Forest decline and expansion 
of agricultural and uncultivated 
areas. 

Forest decl ine and maintenance 

of ngricultur..Il and unculti vated 

'ITeas. 

Shru b encroachment, s low 
forest recovery and growth of 
industrial afforestation 

Main fauna dUln~cs 

Decline of alpine species and 
colonisation of woodl<lnd
adapted species 

Decl ine of aurochs and wild 
horse. 

Aurochs becomes ex tinct 

Wild horse hecomes cxtim:t; 
probable decline of fores t 
species. 

Exti nction of beaver. red squirrel 
and pussibl y a small equid 

Ex tinc tion of brown bear. 
capercaiJlie . wild gnm and red 
deer: decline of roc dee r and 
wild boar. 

Ex tinction of grey partridge 
and decline of wll{] rabbit: Re
establishment of wild gO;I1. red 
squ irrel and red deer "nd recent 

Main climate chunges 

Climate warming 

Cl imate wanning 
Anathermic phase 
( 10,000-7500 yr HPJ 

Temperature aod 
humidity rcachcd a peak. 
Climmic Optinmm 
(7500- 2,500 yr I3P) 

Te mperatu re and 
humidity reached a peak . 
Cl imatic Optimum 
(7.500- 2.500 yr BP) 

First Co ld Period of the 
Subatlanti c 
(975 to 250 cal. nc) 

Roman Warm Period 
(250 ca l AC to 450 cal AD) 

Dark Ages Cnld Period 
(450 to 950 ca l AO) 

Dark Ages Cold Period 
(450 to 950 ca l An ) 

Medieva l Warm Pl.!riud 
(950 to 1400 cal An) 

Lill ie Ice A ge 

(1 400 to 1850 ca l. AD) 

Lillie Icc A ge 
(1400 to IR50 ca l. AD) 

R~e~nt warming 
(since 1)35(1 en l An) 
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DISCUSSION 

The ecological and historical information about the deforestation process from 
the Neolithic onwards supports the idea of a spatial differentiation in northern 
Portugal, beginning on the high plateaus of this region and extending later to 
the valley areas. This development of deforestation seems to be associated with 
changes of social systems (e.g. increase of sedcntarisation with the location of 
communities in areas of mid-mountain), greater integration of agro-pastoraI 
activities, development of tools and techniques which caused erosion of deeper 
soils, and possibly climatic change (higher climatic irregularity increases agri 
cultural risks on the high plateaus and promotes agriculture in the valleys, where 
the temperature is more temperate). 

These changes in the vegetation of northern Portugal during the Holocene 
follow the model suggested by Boserup (1965) of an increase (which can be 
intermittent) of the area and intensity of agro-pastoral use of the land over time 
due to population growth. Despite the limited information in this area, there is 
a general trend of forest decline after the Neolithic , which is interspersed with 
periods of recovery of the vegetation related to decrease of human pressure on 
natural resources. 125 For example, it is known that the political-administrative 
instability and the reduction of human population during the Germanic domina
tion of this area between the fifth and eighth centuries enabled forest recovery, 
which was probably extended to the period of conflict between Muslims and 
Christians. 

In relation to the influence of climate on the vegetation. the expansion 
of the forest in the transition to the Holocene and during the Mesolithic and 
Neolithic is related to the climate warming which was registered during these 
periods. Between the Late Bronze Age and the Roman periods , human action 
seems to become the most important factor determining the vegetation in this 
area , although the climate continued to have direct and indirect influences. For 
example, the colder periods of the German , Muslim and late Medieval periods 
seem to be associated with food reduction, demographic decrease and political 
instability.126 A recent study by Dinis et al. (2006) about sediment deposition 
in three lagoons of Central Portugal also concluded that anthropogenic action 
was the most important factor determining the vegetation in the last 5000 years. 
The authors also mention that there is a relationship between social develop
ment and climatic trends , which shows that climate continued to playa role 
in the deforestation of this area. On the other hand, Desprat et al. (2003) have 
argued that the forest reduction near the Ria de Vi go (south Galicia, NW Spain), 
since 975 cal He suggests climate as the main cause rather than anthropogenic 
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reinforces the direct effect that the climarc continued to have on the vegelation 
until the present. 

In terms of fauna , the natural herbi vores were probably reduced with the 
extinction of species such as wild horse , aurochs and European beaver. Consider
ing the long periods of decline of the forests in the area. it seems likely that the 
changes brought by agro-pastoral societies resulted in a reduction of woodland 
species and an increase in species which prefer open habitats. In some cases , 
forest decline seems to be the main cause of species extinctions, such as of 
brown bear, red squirre l and capercaillie . In other cases, such as the extinctions 
ofwiJd goat , red deer and grey partridge , the main cause was probably excessive 
hunting . The recent trcnd is for the recovery of the fauna, which seem to have 
benefited from the creation of Protected Areas , specific protection laws and the 
expansion of species fro m northwestern Spain . 

Based on these vegetation and fauna changes , it is possible to argue for a 
' long-term ecological trnnsformation ' of northern Portugal during the Holocene. ln 

In the beginning of the Ho locene.c1 imate seems to have been the most imp0rlant 
trigger of change in this area, but human impact probably became preponderant 
in the last 5000 years. Nevel1heless, the climate continued to have a signiticanl 
direct and indirect role in these changes, influencing factors sllch as the rhythm 
of forest growth and demography. According to several authors , positive and 
negative feedback cycles between human actions and natural systems kept the 
Mediterranean ecosystems resilient and may have. to some extent. replaced 
natura l disturbance regimes such as fires, herbivory, wind-throws and land
slides.12!< In this process, ecosystems flipped into new alternative stable states, 
in order to incorporate the decrease of natural disturbance and the increase of 
human-induced disturbam;e. However. the transit ion from mature oak forest to 
lheearly- to mid-successional vegetation which is common in present landscapes. 
and the extinction of fau na species, implied the loss of ecological functions 
which were not fully compensated by human-induced actions. m For example , 
the European beaver is generally considered a keystone species. because the ir 
browsing and damming acti vities induce signi ficant alteration in the structure 
and composit ion of the habitats where they li ve. DO Such modifications were lost 
after the ext inction of this species in the fifteelllh century. and were not replaced 
by the domestic herbi vores present in the area. 

Despite these arguments in favour of the loss of ecological function during 
the Holocene. it is acknowledged that the Mediterranean area mainta ins 11 high 
res ilience toanthropogcnic impact. In accordance to what happens in other Medi 
terranean regions. the vegetat ion and the fauna of northern Portugal have been 
slowly recoverin,g in recent decades, which is reHcctcd in the gradual recovery 
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domestic animals is an effi cient form of controlling shrub e ncroachment , thu s 
increasi ng the mosaic of habitats which arc known to benefit biodiversity. 

Thi s characteristic of high resi lience has a lso been recently attributed by 
Butzer (2005) to human communities w hic h have li ved in the Mediterranean 
region for mi llennia. I n the case of northern Portugal , ethnographic and histori
cal informat ion concerning villages in the mountain ranges also reveals several 
tre nds that can be interpreted as socio-ccollomicai adap tations to limited natural 
resources. For example, the communitary organismion which was present in 
many villages increased the e ffi ciency of ac tiv ities suc h as catt le- raising and 
limited grazi ng and/or ag ricultural pressure 011 comlllunity lands. These popula
tions also promoted birth cOnlrol th rough the trad itions o f marrying only one 
of the s iblings ) late marriage, sex ua l abstinence and tradi tional methods of 
fertility <':0111ro l. For example, in the vi llage of Rio de O nor (NE Portugal), the 
nllmber of people was relalively slable. al leas!. belween 1796 and 19 11 . Fo l
lowing the exte rna l inOuencc of young men returning fro m World War One there 
was increasing disrespect fo r these trad itions , which led to nn inc rease in the 
number of people during the subsequent years and promoted socia-economic 
di sequilibrium. Other strategies to avoid overcxploil<ltioll of natural resources 
in thi s region include the lise of alternati ve sources of income and periods of 
mass ive e migration. I -,-' 

In conclusion, the environmental history of northern Portugal confirms a long
term impat:( of both natural and human-induced changes that characterises the 
Med iterranean region. in which anthropogeni t: influence became the main factor 
in the last 5000 years. In the transformation of the ecosystems, they probably 
flipped through alte rnative stable states in order to incorporate an increase in 
human act ion and a decrease in natura l d isturbance which implied a s igni ficant 
loss of ecologica l function. Nevertheless, the high res ilience of ecosystems has 
enabled the ir sustainabililY over e ighl millennia and has allowed a recovery of 
the vegetat ion and fauna during recent decades. 

NOTES 

We arc grateful to Dr. Simon Davis and to Dr. rim van del' Knaap for the ir contribu
ti ons to this article. This study was fu nded by the POr\uguese Foundation for Science 
and Technology. 
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