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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, archacol-
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.' 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.? 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.?

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.! 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.

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.’

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 hum:m nnpacts shal €S many common eplsodes with others Closer to
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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: (¢) Ruiz-Zapata et al., 1995; (d) Muiioz-

Sobrino et al., 2004; (e) Muiioz-Sobrino et al., 2005; (f) Muiioz-Sobrino et al.,1996;
(g) Ramil-Rego et al..1998; Mateus, 1992,
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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 km?, 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.’
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 barriereffect of the Galaico-Portuguese
Mountains causes a drop in precipitation from more than 3000 mmy/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 Regions® and between temperate and Mediterranean
macro-bioclimate and agricultural systems.

A temperate macrobioclimate dominates in the NW.” with a sub-mediter-
ranean influence, revealed by a significant summer drought (> | 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 Eucalyprus 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-
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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 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 pecople in the region
are employed in industry and services."

Sources of inforination

This study reviews the main changes of the vegetation and fauna in northern
Portugal during the Holocene, using literature from palaecoecology, archacol-
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 |, C (radiocarbon) without calibration or estimated dates, except
in the case of the climatic data taken from Desprat et al. {2003) who used | ,C
dating with calibration, which are referred to as “cal’.

The proxy evidence provided by charcoal data collected in Portuguese ar-
chaeological sites und NW Iberia palynological surveys are the main sources of
information for northern Portugal’s palacoenvironmental reconstitutions. Pollen
record similarities in NW Iberia are higher inside the same actual biogeographical
units.'* Foreasternareas, the mostreliable palacopalynological information comes
from Secundera Mountain in Spain.'* However. these were used with caution for
Mid and Late Holocene palacoenvironmental 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 | and 2)."* Present-day vegetation ecology was also a fundamental
component in the interpretation of pollen data. The uniformitarian assumptions
itinvolves 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
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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."” 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.'® 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.'” 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.™
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." 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.™
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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 gr (nineteenth and eighteenth millennium c). 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 1 100-1200 metres and extensive ice sheets accumulated at lower altitudes
in more continental areas.”’ 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 B (fifteenth millennium gc) and triggered a period of deglaciation with an
approximate duration of 3000 years. Between 13,000 and 11,000 yr e (twelfth
and eleventh millennium #c), during the Late-glacial Interstadial, there was an
accentuated increase in temperature and precipitation, which promoted anexpan-
sion of tree taxa and the decline of steppic vegetation. 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 sp (tenth millennium sc)
(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.

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 Coa (border area between
central and northeast Portugal) are estimated to be datec 22,000-20,000 yr e
(twenty-first and twentieth millennium g¢), 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.™ 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.”

Tha T ata alacial Intarctadial had an imnact an the fannal comnncitinn Aee
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scrofa)”® 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-Gerés mountains in 18907
Other herbivore species such as wild equids (Equies caballus antunesi and pos-
sibly Eguus hydruntinus) and fallow deer (Dama dama) became extinct before
the beginning of the Holocene ** 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 (Oryvetolagus

Charco da Candieira (1409 m), Late-Glacial and early Holocene
Pollen cancentration diagram (grains/0.001 ml) 3
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cuniculns), aurochs, roe deer and wild boar are also found in archaeological
sites. It is interesting to note that, in the Foz C6a Palaeolithic engravings, red
deer also became much more common during the Epipalaeolithic.®

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.™® 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.”

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.* (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.*

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 printigenius) 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.™
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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.”” Vegetation management could be
achieved using primitive tools and/or fire Lo 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.™

Several sources of evidence suggest that the Mediterranean® and Central
European™ 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.*'

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 sc.** 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 *
The Neolithic groups probably expanded from the coastal arcas 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 se.®

The consolidation of the agro-pastoral system in northern Portugal during
the fourth millennium se implied the deforestation of considerable areas. The
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several archaeological sites.* Moreover, palynological studies of mountains
in northwest Iberia also show that significant deforestation started around the
mid-fourth millennium ec. 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 ' Therefore, the megalithic
culture that builtimpressive stone structures throughout northern Portugal during
the fourth millennium e was also responsible for the beginning of large-scale
deforestation in this area.™

In the third millennium sc (i.e. beginning of the Bronze Age), palynological
studies show an intensification of deforestation in northern Portugal * In the
Estrela Mountains, large fires with possible human origin are recorded around
4,300 yr gp (third millennium sc) which devastated and changed the vegetation
in this area. This is followed by the first sign of cereals in the pollen archives™
(sce 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 gc).” 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 ™ 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.”

The settlenents in mid-mountainareas of irregular terrain during the transition
from the third to the second millennium ge indicates a complementary use of the
mountain and the valley arcas.™ 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 ol social
differentiation. Therefore, there is adiversification of human settlement systems,
which at the beginning of the first millennium sc resulted in settlements located
in higher areas with natural and artificial conditions of defence and other settle-
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of ecological succession and a stabilisation of the herbaceous vegetation.™ 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.*” 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 suceession and soil fertilisation,™ 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.

Charco da Candieira (Serra da Estrela, 1400 m as.l.)

van der Knaap & van Leeuwen (1995)
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This incipient agriculture began in northern Portugal in the central plains of
Trds-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.™ The spatial enlargement of these agricultural practices and the probable
shortening of the rotation periods promoted significantchanges 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
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.” 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.™
Nevertheless, there are temporary settlements in arcas 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.”_

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.®* 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.*® 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
roc 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 which native herbivores played an important
role before the Neolithic was replaced and enhanced by human activities such
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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 ge. 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 ge.*® 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.”

Atthe end of the Bronze Age (i.e. transition to the first millennium 8c), there
is a systematic abandonment of open settlements in northern Portugal and an
exclusive use of fortified settlements.™ 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 {rom 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.”

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
activitics make it seem likely that there was intense competition overresources.”
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.™

The conquest of the Portuguese territory by the Romans between the sec-
ond and the first century sc 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
aaricultura which wac nrnhahlv alen favonred hv the Raman Warm Perind
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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.™

Althoughthe 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.” 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.” 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.”™ 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.”

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 ap). 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 arca™ (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 *

The Muslim invasions in the beginning of the eighth century and the subse-
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invaded the area did not have the conditions to maintain their domination for
long periods of time. The general insccurity 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 Mountains* (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.® 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.)™ (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.®

The battles between the [irst Portuguese king and the king of Leon and
Castilla over territories in the north of Portugal and Galicia (NW Spain)*
were gradually resolved in the twellth 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 setile 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.”
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
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example, several villages of the Peneda-Gerés 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 ™

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).™ 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, tertiliser and in the construction of houses and objects. In the
twelfth century, there are records of wood exportation trom 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.”™

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 ol 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.”

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
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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 taxes.”

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.™

The wood scarcity inthe larger settlements in the fifteenth century isevidenced
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.” 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.*

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 pecople to stop hunting in the lands of the Crown and
of other nobles. Moreover, the mountains of Peneda-Gerés (NE Portugal) had
large numbers of hunting guards in the fifteenth century, which indicates that
this area was commonly used as hunting ground.”

=
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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.” There
are also references to a small equid called “zebro’ (probably Eqitus hydruntinis
or Eqguus 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.”

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 (Sciwrus virlgaris) 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."™

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 nineteentlh centuries

Attheend of the fifteenth century. there was ademographic 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.""! The food crisis at the end
of the sixteenth century was so severe in regions such as Tras-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 [ind 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 arcas."”

In relation to deforestation. there was wide use of wood in the Minho 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 Jodo 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."

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.'™

Between the end of the sixteenth century and mid-seventeenth century, maize
was introduced to Portugal as a new crop and became increasingly important
Lo 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."™ 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.'"
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 Ecclesiastical Inquiries of 1758 already describe the north of Portugal as
a mostly deforested area.'”

In the transition from the eighteenth to the nineteenth century, there are also
several descriptions of Tris-os-Montes as a deforested region that was espe-
cially dedicated to agriculture and husbandry of cows and horses.'"™ 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 outerops 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."” 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.""

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 Tras-os-Montes still had about halt of their area occupied by uncul-
tivated commeon land in the late nineteenth century, where animal husbandry
prevailed.""! 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."* 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."” Growth of knowledge about forestry, the
creation of the Forestry Services and afforestation, mainly with Pinus pinaster,
of Peneda-Gerés and Estrela mountains marks the evolution of the vegetation
in northern Portugal at the end of the nineteenth century.'*

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,
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D. Jodo 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.!'®

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-
Gerés 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 Iast individual in the Peneda-Gerés 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.!"” At the end of the
nineteenth century, the red deer was considered extinct in northern Portugal and
roe deer only persisted in the Peneda-Gerés Mountains. In the case of birds, a
document of 1744 confirms the existence of capercaillie (Tetrao urogallus) in
the Peneda-Gerés 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.!'®

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.""” 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.'* 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
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uncultivated land was also implemented from 1938 to 1995 and had its greatest
influence in the mountains of northern Portugal.'!

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).

Inrelation to the fauna, the first half of the twentieth century is characterised
by achange 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.'?* 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 wolt.
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.'* 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.'*
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TABLE 1 (continues on facing page).

Chronology

Beginning of period

Human impact on natural resources

Transition to the

16,000 yr BP

Hunting and gathering.
2 g 2

Holocene (1e. XV mil. o)
Mesolithic 10,000 yr BP Hunting and gathering activities probably centred
(i.e. IX mil. BC) in coastal and fluvial areas. Small-scale human
deforestations.
Neolithic Late VI/Early V Beginning of agro-pastoral way of life.

millennium nc

Bronze Age

Early III millennium sc

Intensification of agriculture and animal husbandry.

Iron Age

Early I millennium sc

Invasions of Indo-European people. with reduction
of agriculture and increase of animal husbandry.

Roman period

11/I century nc

Roman invasion. with large-scale expansion of
agriculture and demographic increase.

German period

Early V century ap

German invasion, with frequent episodes of pillage
and wars; demographic decrease.

Muslim period

Early VIII century an

Muslim invasion, with reduced presence after mid
VIII century; scarce population.

Medieval period

Early X1 century ap

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.

Modern Period

XVI century ap

Cycles of demographic growth and reduction;
expansion of agriculture to marginal lands.

Contemporary
Period

XX century ap

‘Wheat campaign’ and afforestation with exotic
species in uncultivated lands: generalisation of the
modernisation of agriculture: rural exodus to the
major cities.
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TABLE 1 (continued from facing page)..

Main vegetation changes

Main fauna changes

Main climate changes

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

Decline of alpine species and
colonisation of woodland-
adapted species

Climate warming

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)

Forest decline due to
deforestation for agro-pastoral
activities, which started around
mid-1V millennium Be.

Aurochs becomes extinct

Temperature and
humidity reached a peak.
Climatic Optimum
(7.500-2,500 yr BP)

Large-scale forest decline in the
Il 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)

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

First Cold Period of the
Subatlantic
(975 10 250 cal. )

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

Roman Warm Period
(250 cal rc to 450 cal ap)

Forest recovery.

Dark Ages Cold Period
(450 10 950 cal an)

Continuation of forest recovery.

Dark Ages Cold Period
(450 to 950 cal Ap)

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 ap)
Little Ice Age

(1400 to 1850 cal. an)

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. an)

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

Recent warming
(since 1850 cal 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 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
s0ils, 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.' 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 farest 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.' 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 Y75 cal Be suggests climate as the main cause rather than anthropogenic
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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-termecological transformation’ of northern Portugal during the Holocene.'*’
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 3000 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.'"™ 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.'” 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."*” 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
resilicnce toanthropogenic 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
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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.'™

Inconclusion, the environmental history of northern Portugal confirms along-
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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