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aBsTraCT

This study reviews the main changes of the vegetation and fauna in 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 ecological history of this area shows a 
trend of forestry decline, with periods of recovery of the vegetation related to 
the decrease of human pressure on natural resources. The deforestation began on 
the high plateaus of this region, extending later to the heavier and more produc-
tive soils of the valleys. in the beginning of the Holocene, the climate seems to 
have been the most important trigger of change in this area, but human impact 
probably became preponderant in the last 5000 years. The natural herbivorous 
fauna was probably reduced, with the extinction of species such as wild horse, 
aurochs and European beaver, and partially replaced by human action. Never-
theless, the high resilience of ecosystems has enabled their sustainability for 
eight millennia and has also allowed the recovery of the vegetation and fauna 
in the recent decades. 
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iNTroduCTioN

Mediterranean ecosystems have a long history of both human and natural impacts 
which had profound consequences for contemporary biodiversity.1 The use of 
fire by humans, which dates back to the Middle Pleistocene, probably changed 
the natural fire regimes and the vegetation even before the Holocene.2 despite 
the difficulty of distinguishing between natural and human-induced changes 
in the development of Mediterranean ecosystems, it is consensual that human 
action increased drastically with the introduction of the agro-pastoral way of 
life in the Neolithic.3

The classical view of the role of human action in the shaping of Mediterranean 
landscapes is the so-called ‘ruined landscape’ or ‘lost Eden’ theory, which 
argues that humans were responsible for the degradation and desertification of 
this region.4 More recently, this theory has been contested by grove and rack-
ham (2001), who stated that landscape changes were primarily a consequence 
of climatic change, reinforced by human impact. other authors offer an inter-
mediate position, arguing, for example, that excessive precipitation events are 
unlikely to cause significant soil erosion without prior direct or indirect human 
impact on the vegetation.5 

although there is a general idea about the history of changes in the Mediter-
ranean basin, we still lack detailed information about the process of transforma-
tion and the implications this can have in the future management of this region. 
Moreover, this information is often scattered through different scientific fields 
such as palaeoecology, archaeology, history and ethnography. We consider that 
the long and complex history of interaction between Mediterranean ecosystems 
and humans could benefit from the integration of natural and social sciences, 
and that the combination of these different sources of information can poten-
tially provide more appropriate explanations for the environmental history of 
the region.6

The objective of this study is to review the main episodes of the historical 
ecology of northern Portugal during the Holocene. More specifically, it aims 
to (1) describe the process of vegetation change; (2) review the extinction of 
mammal and bird species; (3) relate vegetation and fauna changes to human 
history and climate change events; and (4) discuss and relate these changes to 
other Mediterranean areas. We take an interdisciplinary approach through the 
integration of different sources of information. The choice of northern Portugal 
as a study area is related to the greater familiarity of the first two authors with 
this area. although this is a peripheral area in the Mediterranean region, the 
history of human impacts shares many common episodes with others closer to 
the core of this region. despite the limitations inherent in the condensing of 
more than 10,000 years of history into a relatively short text, it is expected that 
this review can open the path to more interdisciplinary accounts of the historical 
ecology of Portugal and also provide useful information for the future manage-
ment of this area.
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figurE 1. The Mediterranean Basin, iberian Peninsula, and central and northern Portugal, 
showing the locations discussed. Palynological studies in: (a) van der Knaap and van 
leeuwen, 1995, 1997; (b) allen et al., 1996; (c) ruiz-Zapata et al., 1995; (d) Muñoz-
sobrino et al., 2004; (e) Muñoz-sobrino et al., 2005; (f) Muñoz-sobrino et al.,1996;  

(g) ramil-rego et al.,1998; Mateus, 1992.

figurE 2. Main land uses of northern Portugal based on the Corine land Cover 2000.
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METHods

in this study, northern Portugal was defined as the region limited by the douro 
river 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 km2. The western 
half of northern Portugal is characterised by granite or schist erosion platforms, 
with wide E–W or ENE–WsW valleys filled with fluvial and colluvial deposits.7 
steeper landforms appear towards the east and culminate in the granites of the 
galaico-Portuguese Mountains (1545 m max. alt.). 

Physiography exerts a strong influence on macroclimate, vegetation and 
present land uses in northern Portugal. The barrier effect of the galaico-Portuguese 
Mountains causes a drop in precipitation from 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 regions8 and between temperate and Mediterranean 
macro-bioclimate and agricultural systems.

a temperate macrobioclimate dominates in the NW,9 with a sub-mediter-
ranean influence, revealed by a significant summer drought (> 1 month). The 
lowland tree layer is composed of Quercus robur and Quercus suber and above 
800–900m altitude, natural forests are dominated by Quercus robur and Quer-
cus pyrenaica. The main actual land cover types are agriculture, plantations of 
Pinus pinaster and Eucalyptus globulus, tall shrublands of Cytisus striatus and 
Adenocarpus lainzii and mixed low shrublands of Ulex sp. and Erica sp. 

in the mountains, chestnut orchards are fundamental to local economies, 
particularly in Mediterranean territories. in temperate mountains, semi-natural 
pastures and low shrublands are grazed by small regional cattle breeds. in the 
Mediterranean mountains and plateaus, heathlands are managed with fire to 
provide food for regional breeds of sheep and goat. The Mediterranean vegeta-
tion is composed of Quercus pyrenaica and, on steep sunny slopes, Quercus 
rotundifolia.

The forests in the study area usually reach 650–750m altitude, and occur 
along the main river valleys. Quercus suber is the dominant tree species in zonal 
soils in sub-humid areas. on deep granitic soils or pediment deposits, these 
forests include Quercus suber, Quercus rotundifolia and Juniperus oxycedrus 
trees. in deep dry valleys, there are still appreciable stretches of the former 
Quercus rotundifolia and Juniperus oxycedrus forest. The most important cul-
tivated plants in the Mediterranean areas are vines, olive trees, almond trees 
and wheat. Marginal lands are frequently covered with thick low shrublands 
of Cistus ladanifer. There is a generalised pattern, frequent in other Mediter-
ranean territories,10 of agricultural land contraction on more fertile soils around 
the villages or on valley bottoms, whilst marginal abandoned lands with shrub 
vegetation are subject to severe recurrent fires.
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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 km2) 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

Sources of information

This study reviews the main changes of the vegetation and fauna in 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 below in 
more detail. all the dates mentioned in the text were obtained from radiometric 
dating using 14C (radiocarbon) without calibration or estimated dates, except 
in the case of the climatic data taken from desprat et al. (2003) who used 14C 
dating with calibration, which are referred to as ‘cal’.

The proxy evidence provided by charcoal data 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 for eastern areas, the most reliable palaeopalynological information comes 
from secundera Mountain in spain.13 However, these were used with caution for 
Mid and late Holocene palaeoenvironmental reconstitutions, because northern 
Portugal’s continental mountains have a plain morphology and are much lower 
than secundera Mountain. for these reasons, pollen data from Estrela Mountains 
(central Portugal) was also used, especially for periods after the Neolithic (see 
diagrams 1 and 2).14 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 al. (1996) and desprat et al. (2003), in which pollen data was 
used to characterise the climatic changes. The results of these two studies are 
summarised in Table 1.

since northern Portugal has little information concerning the palaeofauna, 
due to the predominance of acid soils in which bone preservation is poor, some 
of the data presented is drawn from archaeological studies conducted in central 
Portugal. Nevertheless, there is information in drawings, historical paintings 
and archaeological data which refer to the north of Portugal. since most of the 
palaeofauna studies focus on mammals and birds, this review addresses these two 
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groups. other studies in archaeology detailing the excavations in a rock-shelter 
during the Neolithic or the human occupation during the roman times were also 
consulted.15 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 of travellers, naturalists and hunters

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 studies of agriculture, forestry, fauna and 
ethnography

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.18 
in relation to cartographic information, the map from Higounet (1996) 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.19 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.20
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rEsulTs

Transition from the Late Pleistocene to the Holocene

The last glacial maximum in the iberian Peninsula is estimated to have occurred 
between 20,000 and 18,000 yr bp (nineteenth and eighteenth millennium bc). at the 
end of this 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 altitudes 
in more continental areas.21 The areas under greater maritime influence were 
more humid than continental ones and sheltered more tree communities.

Climatic conditions in northern Portugal began to improve at about 16,000 
yr bp (fifteenth millennium bc) and triggered a period of deglaciation with an 
approximate duration of 3000 years. Between 13,000 and 11,000 yr bp (twelfth 
and eleventh millennium bc), during the late-glacial interstadial, there was an 
accentuated increase in temperature and precipitation, which promoted an expan-
sion of tree taxa and the decline of steppic vegetation.22 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 significant. 
during this period, there was a short peak of expansion of Betula 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 bc) 
(younger dryas), there was a contraction of the tree line and an increase of the 
representation of herbaceous and shrub species in the mountains, with higher 
representation of other species in pollen assemblages of continental territories 
(see diagram 1). Precipitation decrease played a larger role in these vegetation 
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 also important for the mammalian 
fauna, which probably moved along the valleys, as well as mountain tops. The 
oldest palaeolithic engravings in the valleys of foz Côa (border area between 
central and northeast Portugal) are estimated to be dated 22,000–20,000 yr bp 
(twenty-first and twentieth millennium bc), and represent wild goats (Capra sp. 
and Rupicapra rupicapra), aurochs (Bos primigenius) and wild horse (Equus 
caballus). recent findings of palaeolithic engravings along the river sabor 
(NW Portugal) represent aurochs and wild horses.24 The presence of both Capra 
pyrenaica and C. ibex in Portugal is not certain, since the bones of these species 
are very difficult to distinguish.25

The late-glacial interstadial had an impact on the faunal composition. ac-
cording to archaeological records from central Portugal, this period brought the 
decline and probably the extinction of alpine species such as chamois (Rupicapra 
rupicapra), which were replaced by woodland-adapted species such as Euro-
pean beaver (Castor fiber), roe deer (Capreolus capreolus) and wild boar (Sus 
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scrofa).26 However, it seems likely that a species of wild goat (Capra pyrenaica) 
continued to exist in the higher mountains of northern Portugal throughout the 
Holocene, since it became extinct in the Peneda-gerês mountains in 1890.27 
other herbivore species such as wild equids (Equus caballus antunesi and pos-
sibly Equus hydruntinus) and fallow deer (Dama dama) became extinct before 
the beginning of the Holocene.28 during the late-glacial interstadial, the com-
position of hunted mammalian archaeofauna became largely dominated by the 
red deer (Cervus elaphus), but other species such as wild rabbit (Oryctolagus 

diagraM 1. summary pollen diagram of Charco da Candieira (Estrela Mountains), 
late glacial and Early Holocene part. from van der Knaap and van leeuwen (1997), 

redrawn.
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cuniculus), aurochs, roe deer and wild boar are also found in archaeological 
sites. it is interesting to note that, in the foz Côa Palaeolithic engravings, red 
deer also became much more common during the Epipalaeolithic.29 

Pollen analysis in NW iberia does not allow for the distinction between natural 
changes in the vegetation and human activities, which apparently indicates that 
the latter had a small influence on the vegetation. However, it is known that 
the new tool technologies and a more efficient social organisation of the upper 
Palaeolithic human populations enabled an increased human influence upon 
their environment. it is also unclear if hunting contributed to the decline and/or 
extinction of mammal species that preceded the Holocene in northern Portugal. 
several authors suggest that the extinction of chamois (Rupicapra rupicapra) 
and the decline of species such as wild horse and aurochs were a consequence 
of the forest expansion before the Holocene.30 on the other hand, it has also 
been suggested that extinctions during the late Pleistocene were due to the 
combination of both anthropogenic impacts and climatic changes.31

The Early Holocene

in the beginning of the Holocene, climate warming contributed to the replace-
ment of steppe and shrub vegetation in the mountains by forest. Pollen data 
usually shows an initial peak of Pinus sp. and Betula sp., followed by a last-
ing expansion of Quercus sp.32 (see diagram 1). The definitive dominance of 
forest was a rapid event due to the plain morphology of the northern Portugal 
highlands. in the NE valleys, steppes with dispersed Juniperus sp. and/or Pinus 
sp. were replaced by Quercus rotundifolia and Quercus suber forests. forced 
by competitive exclusion with Quercus sp., Pinus sylvestris was pushed to 
higher altitudes until it became extinct in the Portuguese mountains. although 
climate warming is the most likely cause for the decline of this species, soil 
pedogenesis, the shortening of the recurrence period through human-induced 
fires and the stagnation of the spread to other areas due to increased rainfall are 
also possible explanations.33

in the archaeological sites of the Mesolithic located in the coastal and fluvial 
areas of the valleys of the rivers Tagus and sado (Central Portugal), it was found 
that species such as red deer, wild boar, aurochs (Bos primigenius) and wild horse 
(Equus caballus) continued to be hunted. since there is only scarce evidence 
of human occupation in the interior of Portugal, it has been proposed that the 
vegetation and fauna changes in the transition to the Holocene forced humans to 
alter their subsistence strategies, increasing the exploitation of aquatic resources 
around coastal and fluvial areas and abandoning the densely wooded interior.34 
an alternative explanation is ‘a shift from big game to smaller mammals and 
ultimately fish and birds’ due to an increased exploitation of environmental re-
sources.35 finally, a third explanation for this scarcity of human sites is that these 
have not yet been discovered, due to biases in preservation or research.36 
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The changes in the landscape and fauna in the transition to the Holocene 
probably have lead to changes in hunter-gatherer strategies, in which vegetation 
management assumed greater importance.37 Vegetation management could be 
achieved using primitive tools and/or fire to create open areas with 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 hunting success.38

several sources of evidence suggest that the Mediterranean39 and Central 
European40 biotopes were composed of a mosaic of successional stages before 
human disturbance became significant. in a territory with sub-Mediterranean 
or Mediterranean climate with a strong relief such as in northern Portugal, a 
complex panoply of disturbance types – fire, landslides, herbivory, tree diseases, 
tree decrepitude – converged and promoted the development of heterogeneous 
vegetation mosaics in ecologically homogeneous areas. These mosaics certainly 
varied from almost continuous fine-grained forests to heterogeneous vegetation 
complexes, where climax forests coexisted in a shifting mosaic with various 
types of herbaceous low shrub and tall shrub communities and secondary forests. 
since there is evidence of small-scale anthropogenic deforestation in Estrela 
Mountains more than 8,500 years ago, human actions also contributed to this 
diverse mosaic of successional stages.41

From the Neolithic to the Bronze Age 

according to the maritime pioneer colonisation model, the Neolithic in Portugal 
has its origin in the colonisation by small seafaring groups of agricultural-
ists coming from the Mediterranean region in the sixth millennium bc.42 The 
introduction of this agro-pastoral way of life coincides with the beginning of 
the Climatic optimum, when the temperature and humidity reached a peak.43 
The Neolithic groups probably expanded from the coastal areas of southern 
Portugal and became rapidly established in the interior regions, thus competing 
and overcoming the existing groups of hunter-gatherers. The first agro-pastoral 
communities practised a shifting agriculture. in the Buraco da Pala, a rock-
shelter in Mirandela (NE Portugal), evidence of wheat, barley and broad bean 
were recovered from the first phase of human occupation. This occupation had 
a seasonal character and was used for domestic consumption, occurring between 
the end of the sixth and beginning of the fifth millennia bc to the end of the 
fourth millennium bc.44

The consolidation of the agro-pastoral system in northern Portugal during 
the fourth millennium bc implied the deforestation of considerable areas. The 
trend of fixation of the human communities is probably related to an increasing 
dependence on productive activities, which led to an increase in settlements 
at the end of this millennium.45 deforestation and farming during this period 
are well documented by abundant stone axes, adzes and grindstones found in 
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several archaeological sites.46 Moreover, palynological studies of mountains 
in northwest iberia also show that significant deforestation started around the 
mid-fourth millennium bc. in this process, human-induced fire combined with 
animal husbandry and, to a lesser extent, primitive tools were used extensively, 
as has been described in other Mediterranean regions.47 Therefore, the megalithic 
culture that built impressive stone structures throughout northern Portugal during 
the fourth millennium bc was also responsible for the beginning of large-scale 
deforestation in this area.48 

in the third millennium bc (i.e. beginning of the Bronze age), palynological 
studies show an intensification of deforestation in northern Portugal.49 in the 
Estrela Mountains, large fires with possible human origin are recorded around 
4,300 yr bp (third millennium bc) which devastated and changed the vegetation 
in this area. This is followed by the first sign of cereals in the pollen archives50 

(see diagram 2). about 1000 years later, there was a new and more intense phase 
of deforestation in this area, which is synchronous with the strong decline of 
trees in the mountains of northwest iberia, recorded between 3,500 and 3,000 
yr bp (second millennium bc).51 in a similar pattern, this was also accompanied 
by the presence of cereals in the palynological records. 

according to the secondary products revolution, the continuous expansion to 
new agricultural areas is related to an increase in population and the beginning of 
the use of animal traction and the plough in agriculture.52 although there is still 
no direct evidence of this technological change in northern Portugal, there are 
arguments which support this hypothesis. for example, in the third millennium 
bc, the above-mentioned rock-shelter of Buraco da Pala began to be used 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 
sites of northern Portugal. The third millennium bc is also characterised by the 
diversification of economic activities which can be a consequence of popula-
tion growth, since artefacts such as net/loom weights and arrowheads found in 
archaeological sites suggests fishing/weaving and hunting in the region.53 

The settlements in mid-mountain areas of irregular terrain during the transition 
from the third to the second millennium bc indicates a complementary use of the 
mountain and the valley areas.54 Climate warming may have promoted valley 
transhumance in these regions. This period of transition is also characterised by 
increased production of bronze artefacts and the increase of processes of social 
differentiation. Therefore, there is a diversification of human settlement systems, 
which at the beginning of the first millennium bc resulted in settlements located 
in higher areas with natural and artificial conditions of defence and other settle-
ments in lower areas, where intensive agriculture was practised.55 

in relation to the vegetation, the beginning of the Neolithic brought a large-
scale use of human-induced fire, animal husbandry and the use of primitive tools, 
which were essential in the process of deforestation, providing active management 
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of ecological succession and a stabilisation of the herbaceous vegetation.56 a 
recent study showing the increase of biomass burning in Europe since the fifth 
millennium bc corroborates the wide use of human-induced fires throughout 
this region during the Neolithic.57 The agriculture practised in these deforested 
areas was characterised by short periods of cultivation and the use of fire and 
domestic animals to control vegetation succession and soil fertilisation,58 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 fertilisers.

diagraM 2. summary pollen diagram of Charco da Candieira (Estrela Mountains), 
Holocene. from van der Knaap and van leeuwen (1995), redrawn
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This incipient agriculture began in northern Portugal in the central plains of 
Trás-os-Montes, Minho and douro (mostly above 700 metres a.s.l.), extending 
later to the valleys, where the forests were more resilient and had more bio-
mass.59 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 in 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.60 
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.61 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.62 
Nevertheless, there are temporary settlements 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 practised.63 

in relation to the fauna, several archaeological sites in the Coa area (border of 
central and northern Portugal) from the Neolithic and Bronze ages showed that, 
besides domestic animals such as ovines and caprines, there was also consump-
tion of wild animals such as wild boar and red deer.64 aurochs became extinct in 
Portugal in the Neolithic and the wild horse in the Chalcolithic 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.65 deforestation probably also had a detrimental effect on species 
which are more dependent on forest-type habitats such as roe deer and brown 
bear (Ursus arctos) 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.66 Therefore, the role of creation and maintenance of open habitats in the 
forests of northern Portugal in which native herbivores played an important 
role before the Neolithic was replaced and enhanced by human activities such 
as deforestation, human-induced fires and animal husbandry.67
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From the Iron Age to 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 bc. although there is little information about the influence of these 
people, it is known that some of these immigrations had a significant impact 
on the vegetation of the region, such as the arrival of the Celts in the first half 
of the first millennium bc.68 However, considering that there was a cold period 
between 975 and 250 cal bc, the decline in the arboreal vegetation in northwest 
iberia during this period cannot be attributed exclusively to climatic changes 
or to the activities of these indo-European people.69 

at the end of the Bronze age (i.e. transition to the first millennium bc), there 
is a systematic abandonment of open settlements in northern Portugal and an 
exclusive use of fortified settlements.70 despite 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 and hunting and 
gathering. Considering that cattle raising implies extensive grazing lands, this 
certainly contributed to an increase in deforestation. The classical author strabo 
describes these people as savages living in lands of poor soils, feeding 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 in the landscape, reinforces the 
importance of cattle raising and grazing lands in this area.71 

The high number of fortified settlements found in northeast Portugal (more 
than 500) is indicative of significant demographic pressure on natural resources 
during this period. since there was a judicious spatial distribution of their set-
tlements, defensive structures with fortifications and the descriptions of pillage 
activities make it seem likely that there was intense competition over resources.72 
demographic pressure was increased by the use of iron tools and probably 
resulted in more efficient soil erosion and the destruction of forests, especially 
around settlements. There was also an intense exploitation of a wide range of 
vegetation from the late Bronze age to the roman period, used as fuel, build-
ing material and food. according to descriptions of several classical authors, 
the mountains of northern Portugal were already deforested by the time of the 
roman invasion.73 

The conquest of the Portuguese territory by the romans between the sec-
ond and the first century bc brought drastic changes to agriculture. The roman 
pax, integration with a greater economic space, technical developments and 
demographic growth were factors which contributed to a general increase in 
agriculture, which was probably also favoured by the roman Warm Period 
(250 cal bc to 450 cal ad).74 among the technological innovations brought by 
the romans, the introduction of the roman plough and the use of iron tools 
promoted the expansion of agriculture in the deeper and more productive soils 
of the valleys, which led to the clearance of forest and the drainage of swampy 
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areas. other factors such as the introduction of cultures like hard wheat and 
rye, the adoption of the system of polyculture, the use of agricultural rotations 
and organic fertilisers also had a major impact on land use. Considering that 
the traditional diet of the romans consisted of cereals, wine, olives and, to a 
lesser extent, dry legumes and meat, roman domination also implied a change 
to a more cereal-based diet, which was maintained in the Portuguese territory 
during subsequent centuries.75 

although the irregular terrain and ethnic diversity of northern Portugal contrib-
uted to a resistance to the beginning of the roman domination, their implantation 
during more than five centuries had an impact on the human population in this 
region. in relation to the distribution of the population, an archaeological study 
in northeast Portugal showed that, from 246 proto-historic settlements, only 75 
presented signs of romanisation and 151 new settlements were created during 
the roman occupation.76 The reasons for these changes are related to the fact 
that romans encouraged or forced local people to descend from the fortified 
settlements in mountains and to create new villages in accessible areas such as 
plains, which had more socio-economic opportunities.77 in conclusion, roman 
domination had a major impact on the forests of the Portuguese territory. Major 
developments in agriculture promoted deforestation that was extended to the 
valleys.78 in this respect, it is interesting to note that romanisation and the fall 
of the Empire match peaks of decline and expansion, respectively, of arboreal 
vegetation in several palynological studies in NW iberia.79

after the political instability of the third and fourth centuries, the disaggre-
gation of the roman Empire in the Portuguese territory in the beginning of the 
fifth century opened the way for germanic domination between the fifth and 
eighth centuries, which brought pillage and general instability and motivated 
the reoccupation of the mountains and other less accessible places. These events 
contributed to the gradual degradation of the administrative organisation and 
agrarian exploitation systems of roman times. The abandonment of many rural 
areas during this period resulted in a drastic reduction in agricultural production 
and animal husbandry, which is probably also related to the dark ages Cold 
Period (450–950 cal ad). This resulted in successive famines and epidemics, 
which took a toll on the human populations. Palynological information from 
Estrela Mountains (Central Portugal) shows an expansion of Betula alba, which 
indicates a recovery of the forest in this area80 (see diagram 2). during the short 
periods of political stability, the economy of the region was probably based on 
animal husbandry, which was more important to the germanic peoples than to 
romans, associated with a semi-sedentary or shifting agriculture.81 

The Muslim invasions in the beginning of the eighth century and the subse-
quent wars of the Christian reconquest with the asturian armies, the associated 
years of scarce production and the resulting famines, maintained a reduced 
population in northern Portugal. The weak Muslim presence probably disap-
peared around the mid-eighth century, but the asturian armies which regularly 
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invaded the area did not have the conditions to maintain their domination for 
long periods of time. The general insecurity of the populations, especially at 
the beginning and end of this historical period, promoted shifting agriculture, 
animal husbandry and hunting and gathering. This probably resulted in further 
forest recovery, which is indicated by the maintenance of Betula alba in the 
palynological diagram of Estrela Mountains82 (see diagram 2).

according to Higounet (1966) in Williams (2000), the main forest areas 
in the Portuguese territory between the fifth and the eleventh centuries were 
located between the Tagus and guadiana rivers (south of Portugal), whereas the 
north of this region had a smaller forest area. The explanation 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 relative political stability 
to this area, and migration and recolonisation, which resulted in population 
increase and the foundation of new settlements.83 during the eleventh century, 
the promotion of agriculture which is attested by several documents resulted 
in the decline of the forests. in the palynological study of Estrela Mountains 
(central Portugal), there is a gradual decline of Quercus sp. and Betula alba in 
the Middle ages, which is coincident with an increase in shrubland (Ericaceae 
sp.) and agricultural areas (Cerealia sp.)84 (see diagram 2). This information is 
coincident with the assumption 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 aboboreira Mountains (NW 
Portugal) revealed the existence of bones of cervids and wild pig, whereas 
several historical paintings in the northeast of Portugal represent the hunting 
of red deer.85 

The battles between the first Portuguese king and the king of leon and 
Castilla over territories in the north of Portugal and galicia (NW spain)86 
were gradually resolved in the twelfth century as the Christian reconquest 
progressed to the south and, in the eighth century, frontier agreements with 
neighbours guaranteed long-term political stability to Portugal. in this century, 
the increasing population of this area preferred to settle valleys near rivers 
where the terrain was more suitable for agriculture, resulting in clearance of 
forests and swamps located in the valleys and the founding of new villages.87 
The numerous letters of privilege conceded by the first kings of Portugal in this 
area were a clear incentive for the peopling of this region. in the area north of 
river Mondego, these forest clearances are mainly motivated by the creation 
of numerous monasteries, but also by several noble and military orders. These 
monasteries had an important role in the conservation of the forest, since they 
were responsible for tree planting and surveillance in these areas. in the moun-
tains, human occupation was probably much more scarce and unstable, with 
communities dedicated to transhumance and, to a lesser extent, agriculture. for 
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example, several villages of the Peneda-gerês Mountains (NW Portugal) had 
an obligation to deliver large amounts of acorns and chestnuts and to raise pigs 
to offer to the king, which indicates that there were still significant areas of oak 
and chestnut trees in these mountains.88 

Population growth and political stabilisation in northern Portugal after the 
Christian reconquest, 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 over agricultural lands, which 
contributed to the occupation of marginal areas and increased soil erosion. 
This hypothesis is reinforced by the fact that there is a high increase in sedi-
ment release to the Portuguese coast in the twelfth century in the aveiro region 
(Central Portugal).89 one of the factors which contributed to deforestation around 
cities and villages is that wood continued to be widely used by the increasing 
population as fuel, fertiliser and in the construction of houses and objects. in the 
twelfth century, there are records of wood exportation from northern Portugal 
to other European countries, which ceased in the thirteenth century. Moreover, 
this period is characterised by the growth in external maritime commerce and 
shipbuilding and the beginning of wood imports from spain, france and England 
to the oporto and gaia ports (NW Portugal). The transition from exporter to 
importer of wood is probably related to the progressive scarcity of the forests 
in the region, which is reinforced by the fact that their community use since 
the tenth century was replaced in the thirteenth century by divisions of forests 
between neighbours and restrictions over cutting trees. Nevertheless, there were 
still extensive forests in northern Portugal during this period, especially in the 
mountains and monastery enclosures of the region.90 

in relation to hunting between the eleventh and thirteenth centuries, species 
such as wild boar, wild rabbit, red deer, roe deer, brown bear (Ursus arctos)
and wolf (Canis lupus) are commonly referred to in documents of the thirteenth 
century. Hunting was especially frequent in the mountain regions of northern 
Portugal, to satisfy the needs of the local populations but also to fulfil the rights 
that were due to the king. Wild rabbit was an important species, because its fur 
sustained the national pelt industry, and was one of the most exported Portuguese 
products. in the ‘law of the Price-fixer’ of 1253, the prices of several species 
of wild animals and birds and several restrictions for their capture are referred 
to, which suggests that they had significant economic importance.91 

in a process similar to other European countries, population growth recorded 
in Portugal during the thirteenth century could no longer be supported by existing 
resources, which resulted in gradual food scarcity and an underfed population. 
Therefore, the end of the fourteenth and the fifteenth centuries were marked by 
a demographic crisis, which was exaggerated by the proliferation of the Black 
death plague in Portugal from 1348 and consecutive years of reduced agricul-
tural production before and after this date.92 This period is also characterised by 
social convulsions, wars and frequent episodes of food scarcity and outbreaks 
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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 
Trás-os-Montes region (NE Portugal), requests for the installation of shelters 
for outlaws and the privilege of reduced taxes.93 

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 rabbits.94 

The wood scarcity in the larger settlements in the fifteenth 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 fires, 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 countries.95 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 time.96 

There were also special laws in the fourteenth and fifteenth 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 fifteenth 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 specific 
case of northern Portugal, there is a letter written by King d. afonso V dated 
from 1466, in which he expresses his indignation over excessive hunting in 
this region and orders the people to stop hunting in the lands of the Crown and 
of other nobles. Moreover, the mountains of Peneda-gerês (NE Portugal) had 
large numbers of hunting guards in the fifteenth century, which indicates that 
this area was commonly used as hunting ground.97

in relation to the fauna, the fourteenth and fifteenth centuries are characterised 
by the extinction of European beaver (Castor fiber). The presence of this mam-
mal in Portugal has been documented through fossil records, written records and 
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toponymic studies. The species was limited to the central west and northwest 
part of Portugal, and was already rare in the thirteenth century. since the last 
known reference to this species is in an official document of 1446, it is likely 
that it became extinct in Portugal in the fifteenth or sixteenth centuries.98 There 
are also references to a small equid called ‘zebro’ (probably Equus hydruntinus 
or Equus hemionus) in the ‘law of the Price-fixer’, official documents and 
toponymic of both Portugal and spain in the thirteenth and fourteenth centuries, 
which may have become extinct in the iberian Peninsula around the fifteenth 
and sixteenth centuries, but this scarce evidence is not enough to confirm its 
former presence.99

The brown bear (Ursus arctos) is mentioned in the ‘law of the Price-fixer’ 
and other documents of the same period, but it seems likely that it became rare 
during the fourteenth or fifteenth century. The red squirrel (Sciurus vulgaris) also 
became rare and probably extinct during this period, due to extensive deforesta-
tion in the country. in the case of birds, there are references to the protection of 
species for hunting and falconry.100

The decline of several fauna species during the fourteenth and fifteenth 
centuries is probably related to the deforestation and hunting pressure which 
characterises most of the end of the Middle ages in northern Portugal. However, 
it is too simplistic to attribute these events to human activities during these 
centuries. instead, it seems more appropriate to consider these changes in the 
fauna as a consequence of a longer history of human intervention, in which the 
fourteenth and fifteenth centuries are the final chapters.

From the sixteenth to the nineteenth centuries

at the end of the fifteenth century, there was a demographic expansion in northern 
Portugal, which was to be maintained throughout the first half of the sixteenth 
century. in the last third of the 1500s, the Portuguese people were affected by 
several episodes of famine and epidemics, probably related to inter-annual cli-
matic instability associated with the little ice age.101 The food crisis at the end 
of the sixteenth century was so severe in regions such as Trás-os-Montes (NW 
Portugal) that the king decided not to collect tax on the large amounts of cereals 
imported from abroad. in fact, one of the main motivations for the Portuguese 
discoveries was to find colonies with good conditions for wheat cultivation. 
in this scenario of a country with a food shortage and overseas expansion, the 
development of cattle-raising competed with agriculture, and was not favourable 
to forest clearance or to the increase of agricultural areas.102

in relation to deforestation, there was wide use of wood in the Minho region 
(NW Portugal) for the naval industry, town construction and other industries, 
and this increased with the Portuguese expansion. in the mid-sixteenth century, 
the scarcity of wood was not fully compensated for by wood imports, and in 
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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 João de Barros, the scarcity of trees was more 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 resilience 
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 
exploitation of cattle, honey, shrubs and other products. Considering there were 
also inefficient enforcement mechanisms and little 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.104

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 lands as one of the reasons for the lack 
of cereals in the country.105 in fact, Portugal does 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.106 
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 
production was not proportional to the increase in consumption, in both Portu-
gal and Brazil. since the mid-1700s, the scarcity of forestry products increased 
with competition between the different industries and with population growth. 
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The Ecclesiastical inquiries of 1758 already describe the north of Portugal as 
a mostly deforested area.107

in the transition from the eighteenth to the nineteenth century, there are also 
several descriptions of Trás-os-Montes as a deforested region that was espe-
cially dedicated to agriculture and husbandry of cows and horses.108 according 
to 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 forests in steeper and more inaccessible areas. 
for example, this author wrote that ‘in the area surrounding Vila flor […] the 
usual landscape is resumed. Cultivated fields in a territory without trees and 
full of 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.109 other documents refer to the predominance of 
the chestnut trees and oaks in the interior of northern Portugal and plantations 
of pine trees in the more coastal regions.110 

in the beginning of the nineteenth century, french invasions, civil wars 
and political convulsions had a negative effect on population, agriculture and 
animal husbandry, but the rest of this century is characterised by developments 
brought by the end of the old regime, modernisation of the country through 
the agricultural and industrial revolutions, and population growth. in 1834, the 
enclosures were abolished and the forest grounds surrounding convents and 
palaces become the only areas of forest protection in the country. in the second 
half of the nineteenth century, the agricultural area in northern Portugal increased 
significantly, which implied a reduction of uncultivated common land and the 
decline of animal husbandry. Nevertheless, some areas in northern Portugal 
such as Trás-os-Montes still had about half of their area occupied by uncul-
tivated common land in the late nineteenth century, where animal husbandry 
prevailed.111 several authors continued to describe the general deforestation of 
northern Portugal and point to reforestation as the best solution to reduce the 
area of uncultivated common lands.112 in this respect, it is curious to notice 
that most of the wood used in the construction of the Portuguese railway was 
imported from abroad, with occasional exceptions for wood extracted in the 
centre and south of the country.113 growth of knowledge about forestry, the 
creation of the forestry services and afforestation, mainly with Pinus pinaster, 
of Peneda-gerês and Estrela mountains marks the evolution of the vegetation 
in northern Portugal at the end of the nineteenth century.114 

in relation to the fauna between the sixteenth and the nineteenth century, 
since lisbon and the nearby cities were the new political centres of the country, 
northern Portugal became too distant to be regularly used as a hunting ground 
by the King and his escort.115 in the seventeenth century, the kings filipe ii and 
filipe iii ordered and reinforced the interdiction of hunting with rifles, due to 
the intense pressure on game brought by this new hunting tool. in 1733, King 
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d. João 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.116 

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-
gerês Mountains in 1650. The wild goat (Capra pyrenaica) 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-gerês 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-gerês Mountains. in the case of birds, a 
document of 1744 confirms the existence of capercaillie (Tetrao urogallus) in 
the Peneda-gerês 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.118 

From the twentieth century to the present

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.119 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, the solution to the problem of uncultivated 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 self-suficiency in cereals 
and the availability of workmanship in the rural areas resulted in an increase 
in the production of rye and wheat in marginal areas such as steep terrain. The 
idea of afforestation (mainly with Pinus pinaster and Eucalyptus globulus) of 
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uncultivated land was also implemented from 1938 to 1995 and had its greatest 
influence in the mountains of northern Portugal.121

The change from an agricultural and cattle-raising society to an urban society 
implied a reduction of agricultural workers and activities with consequences 
for the vegetation. for example, there was an increase in fuel accumulation in 
forested areas and, consequently, an increase in the number of fires, which is still 
a serious concern today. This abandonment is still one of the more influential 
factors regarding the vegetation in northern Portugal, since the shrubland area 
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 of focus from species which became locally extinct or rare in northern 
Portugal, such as red deer and roe deer, to more common species such as wild 
rabbit and red partridge.122 interest in these species was probably motivated by 
the scarcity of larger herbivores, but also due to their probable increase related 
to the ‘Wheat campaign’ previously mentioned. 

The creation of specific protection laws, Protected areas and agricultural 
abandonment contributed to halting the decline of species such as the wolf. 
in the case of the wild rabbit, a keystone species to this area, diseases such as 
myxomatosis and HVd, habitat destruction and intense hunting pressure have 
contributed to its general low density in the north of Portugal.123 However, there 
are also cases of species, such as red squirrel, red deer and wild goat, which 
have expanded their distribution from northwest spain and were re-established 
in northern Portugal in the 1980s and 1990s. although the abundance and dis-
tribution of red deer and wild goat are still very limited at present, this 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 rare in the first half of the twentieth century and extinct in the 
region between the 1950s and the 1960s. it is likely that the bearded vulture 
(Gypaetus barbatus) and crane (Grus grus) which occupied the north of Por-
tugal became regionally extinct during the twentieth century. The golden eagle 
(Aquila chrysaetus) also decreased until the mid-twentieth century, occurring 
today in very low density in this area.124
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Chronology Beginning of period Human impact on natural resources Main vegetation changes Main fauna changes Main climate changes

Transition to the 
Holocene

16,000 yr BP
(ie. XV mil. bc)

Hunting and gathering. Expansion of the forest (first, 
Betula sp., followed by Pinus 
sp., replaced later by Quercus 
sp.) and decline of steppe 
vegetation.

decline of alpine species and 
colonisation of woodland-
adapted species

Climate warming

Mesolithic 10,000 yr BP
(i.e. iX mil. bc) 

Hunting and gathering activities probably centred 
in coastal and fluvial areas. small-scale human 
deforestations.

gradual domination of Quercus 
sp. forests, with decline of Pinus 
sp. to higher altitudes; Mosaic 
of closed and open vegetation.

decline of aurochs and wild 
horse.

Climate warming
anathermic phase
(10,000–7,500 yr BP)

Neolithic late Vi/Early V 
millennium bc 

Beginning of agro-pastoral way of life. forest decline due to 
deforestation for agro-pastoral 
activities, which started around 
mid-iV millennium bc.

aurochs becomes extinct Temperature and 
humidity reached a peak.
Climatic optimum 
(7,500–2,500 yr BP) 

Bronze age Early iii millennium bc intensification of agriculture and animal husbandry. large-scale forest decline in the 
ii millennium bc.

Wild horse becomes extinct; 
probable decline of forest 
species. 

Temperature and 
humidity reached a peak.
Climatic optimum
(7,500–2,500 yr BP)

iron age Early i millennium bc invasions of indo-European people, with reduction 
of agriculture and increase of animal husbandry. 

forest decline, probably due to 
both climate change and actions 
of the indo-European people.

first Cold Period of the 
subatlantic  
(975 to 250 cal. bc)

roman period ii/i century bc roman invasion, with large-scale expansion of 
agriculture and demographic increase.

Expansion of deforestation to 
the valleys, with clearance of 
forest and swamp areas.

roman Warm Period  
(250 cal bc to 450 cal ad)

german period Early V century ad german invasion, with frequent episodes of pillage 
and wars; demographic decrease. 

forest recovery. dark ages Cold Period  
(450 to 950 cal ad)

Muslim period Early Viii century ad Muslim invasion, with reduced presence after mid 
Viii century; scarce population.

Continuation of forest recovery. dark ages Cold Period  
(450 to 950 cal ad)

Medieval period Early Xi century ad Christian reconquest, increased farming and 
demographic growth until Xiii century. successive 
famines and plagues since the mid-XiV century 
and demographic recovery after mid-XV century.

forest decline and expansion 
of agricultural and uncultivated 
areas.

Extinction of beaver, red squirrel 
and possibly a small equid

Medieval Warm Period  
(950 to 1400 cal ad)
little ice age  
(1400 to 1850 cal. ad)

Modern Period XVi century ad Cycles of demographic growth and reduction; 
expansion of agriculture to marginal lands.

forest decline and maintenance 
of agricultural and uncultivated 
areas.

Extinction of brown bear, 
capercaillie, wild goat and red 
deer; decline of roe deer and 
wild boar. 

little ice age
(1400 to 1850 cal. ad)

Contemporary 
Period

XX century ad ‘Wheat campaign’ and afforestation with exotic 
species in uncultivated lands; generalisation of the 
modernisation of agriculture; rural exodus to the 
major cities.

shrub encroachment, slow 
forest recovery and growth of 
industrial afforestation 

Extinction of grey partridge 
and decline of wild rabbit; re-
establishment of wild goat, red 
squirrel and red deer and recent 
stabilisation of the fauna.

recent warming  
(since 1850 cal ad)

TaBlE 1 (continues on facing page).
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Chronology Beginning of period Human impact on natural resources Main vegetation changes Main fauna changes Main climate changes

Transition to the 
Holocene

16,000 yr BP
(ie. XV mil. bc)

Hunting and gathering. Expansion of the forest (first, 
Betula sp., followed by Pinus 
sp., replaced later by Quercus 
sp.) and decline of steppe 
vegetation.

decline of alpine species and 
colonisation of woodland-
adapted species

Climate warming

Mesolithic 10,000 yr BP
(i.e. iX mil. bc) 

Hunting and gathering activities probably centred 
in coastal and fluvial areas. small-scale human 
deforestations.

gradual domination of Quercus 
sp. forests, with decline of Pinus 
sp. to higher altitudes; Mosaic 
of closed and open vegetation.

decline of aurochs and wild 
horse.

Climate warming
anathermic phase
(10,000–7,500 yr BP)

Neolithic late Vi/Early V 
millennium bc 

Beginning of agro-pastoral way of life. forest decline due to 
deforestation for agro-pastoral 
activities, which started around 
mid-iV millennium bc.

aurochs becomes extinct Temperature and 
humidity reached a peak.
Climatic optimum 
(7,500–2,500 yr BP) 

Bronze age Early iii millennium bc intensification of agriculture and animal husbandry. large-scale forest decline in the 
ii millennium bc.

Wild horse becomes extinct; 
probable decline of forest 
species. 

Temperature and 
humidity reached a peak.
Climatic optimum
(7,500–2,500 yr BP)

iron age Early i millennium bc invasions of indo-European people, with reduction 
of agriculture and increase of animal husbandry. 

forest decline, probably due to 
both climate change and actions 
of the indo-European people.

first Cold Period of the 
subatlantic  
(975 to 250 cal. bc)

roman period ii/i century bc roman invasion, with large-scale expansion of 
agriculture and demographic increase.

Expansion of deforestation to 
the valleys, with clearance of 
forest and swamp areas.

roman Warm Period  
(250 cal bc to 450 cal ad)

german period Early V century ad german invasion, with frequent episodes of pillage 
and wars; demographic decrease. 

forest recovery. dark ages Cold Period  
(450 to 950 cal ad)

Muslim period Early Viii century ad Muslim invasion, with reduced presence after mid 
Viii century; scarce population.

Continuation of forest recovery. dark ages Cold Period  
(450 to 950 cal ad)

Medieval period Early Xi century ad Christian reconquest, increased farming and 
demographic growth until Xiii century. successive 
famines and plagues since the mid-XiV century 
and demographic recovery after mid-XV century.

forest decline and expansion 
of agricultural and uncultivated 
areas.

Extinction of beaver, red squirrel 
and possibly a small equid

Medieval Warm Period  
(950 to 1400 cal ad)
little ice age  
(1400 to 1850 cal. ad)

Modern Period XVi century ad Cycles of demographic growth and reduction; 
expansion of agriculture to marginal lands.

forest decline and maintenance 
of agricultural and uncultivated 
areas.

Extinction of brown bear, 
capercaillie, wild goat and red 
deer; decline of roe deer and 
wild boar. 

little ice age
(1400 to 1850 cal. ad)

Contemporary 
Period

XX century ad ‘Wheat campaign’ and afforestation with exotic 
species in uncultivated lands; generalisation of the 
modernisation of agriculture; rural exodus to the 
major cities.

shrub encroachment, slow 
forest recovery and growth of 
industrial afforestation 

Extinction of grey partridge 
and decline of wild rabbit; re-
establishment of wild goat, red 
squirrel and red deer and recent 
stabilisation of the fauna.

recent warming  
(since 1850 cal ad)

TaBlE 1 (continued from facing page)..
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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 sedentarisation with the location of 
communities in areas of mid-mountain), greater integration of agro-pastoral 
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 play a 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 Vigo (south galicia, NW spain), 
since 975 cal bc suggests climate as the main cause rather than anthropogenic 
activities. one possible explanation for these apparently contradictory results 
may be the local differences in the human impact, which could have been less 
important in south galicia than in other iberian regions. Nevertheless, this study 
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reinforces the direct effect that the climate continued to have on the vegetation 
until the present.

in terms of fauna, the natural herbivores 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 squirrel and capercaillie. in other cases, such as the extinctions 
of wild goat, red deer and grey partridge, the main cause was probably excessive 
hunting. The recent trend 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 from northwestern spain.

Based on these vegetation and fauna changes, it is possible to argue for a 
‘long-term ecological transformation’ of northern Portugal during the Holocene.127 
in the beginning of the Holocene, climate seems to have been the most important 
trigger of change in this area, but human impact probably became preponderant 
in the last 5000 years. Nevertheless, the climate continued to have a significant 
direct and indirect role in these changes, influencing factors such 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 
natural disturbance regimes such as fires, herbivory, wind-throws and land-
slides.128 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 disturbance. However, the transition from mature oak forest to 
the early- to mid-successional vegetation which is common in present landscapes, 
and the extinction of fauna species, implied the loss of ecological functions 
which were not fully compensated by human-induced actions.129 for example, 
the European beaver is generally considered a keystone species, because their 
browsing and damming activities induce significant alteration in the structure 
and composition of the habitats where they live.130 such modifications were lost 
after the extinction of this species in the fifteenth century, and were not replaced 
by the domestic herbivores 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 maintains a high 
resilience to anthropogenic impact. in accordance to what happens in other Medi-
terranean regions, the vegetation and the fauna of northern Portugal have been 
slowly recovering in recent decades, which is reflected in the gradual recovery 
of the forest and the reestablishment of several fauna species which were locally 
extinct.131 Moreover, Mediterranean ecosystems have adapted to human action 
and the biodiversity they contain usually cannot be maintained without it.132 for 
example, Perevolotsky and seligman (1999) have demonstrated that grazing by 
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domestic animals is an efficient form of controlling shrub encroachment, thus 
increasing the mosaic of habitats which are known to benefit biodiversity. 

This characteristic of high resilience has also been recently attributed by 
Butzer (2005) to human communities which have lived in the Mediterranean 
region for millennia. in the case of northern Portugal, ethnographic and histori-
cal information concerning villages in the mountain ranges also reveals several 
trends that can be interpreted as socio-economical adaptations to limited natural 
resources. for example, the communitary organisation which was present in 
many villages increased the efficiency of activities such as cattle-raising and 
limited grazing and/or agricultural pressure on community lands. These popula-
tions also promoted birth control through the traditions of marrying only one 
of the siblings, late marriage, sexual abstinence and traditional methods of 
fertility control. for example, in the village of rio de onor (NE Portugal), the 
number of people was relatively stable, at least, between 1796 and 1911. fol-
lowing the external influence of young men returning from World War one there 
was increasing disrespect for these traditions, which led to an increase in the 
number of people during the subsequent years and promoted socio-economic 
disequilibrium. other strategies to avoid overexploitation of natural resources 
in this region include the use of alternative sources of income and periods of 
massive emigration.133

in conclusion, the environmental history of northern Portugal confirms a long-
term impact of both natural and human-induced changes that characterises the 
Mediterranean region, in which anthropogenic influence became the main factor 
in the last 5000 years. in the transformation of the ecosystems, they probably 
flipped through alternative stable states in order to incorporate an increase in 
human action and a decrease in natural disturbance which implied a significant 
loss of ecological function. Nevertheless, the high resilience of ecosystems has 
enabled their sustainability over eight millennia and has allowed a recovery of 
the vegetation and fauna during recent decades. 
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