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Towards an interdisciplinary approach on ancient forests
Sylvain Burri
Forests provide numerous services today: carbon sequestration, soil erosion control, air and water purification, biodiversity refuge, raw materials and food reservoirs, and areas for recreation and relaxation (Galochet, 2006; Cesaro et al., 2008 Eds.; FAO, 2010; Pilli and Pase, 2018). Nevertheless, forests face serious combined natural and anthropogenic threats. The impacts of climate change are already being felt: increases in fire and storm frequency, local drying out of soils.[1] These effects are often exacerbated by intensive land-use practices (e.g., monoculture plantations of introduced species, over-grazing), unsustainable timber exploitation, deforestation for agriculture) and urbanization (Achard et al., 2009; Siedl et al., 2011; Lindner et al., 2014). Major consequences include the fragmentation of forest habitats and the loss of plant and animal biodiversity (Bakkenes et al., 2002; Petit et al., 2005; Mansourian et al., 2013; Haddad et al., 2015). Thus, the whole forest ecosystem is endangered.
International institutions, such as the United Nations[2] and the European Commission[3], have focused on forests and set out targets to preserve such ecosystems in the face of climate change. The challenge is to develop sustainable management of these multifunctional spaces that will combine their ecological, economic and social functions. This management must address the increasing deforestation of some world’s regions and desertification process in semi-arid areas; the need to expand forested areas for increasing carbon storage abilities and for supporting the energy transition (renewable energy resource); and the importance of protecting biodiversity and preserving a high environmental quality for local human communities.[4] Between conservation, productivity and local development, current forest policies are inevitably extremely complex.
Our current forests are inherited through centuries, even millennia, of interplay between human and nature – the past complexities of forest demand. They have been transformed, managed and shaped by past societies to meet their needs over the centuries (fuel, timber and other plant raw material supply for domestic, trade and industrial activities, as well as being sources of food, grazing areas, places to live and of wonder and magic). The influence of human-forest interactions on the environment varies from region to region according to their various historical trajectories. Wooded areas are more fragmented in the Mediterranean region, where the forest landscape has been deeply shaped by millennia of human influence, than in boreal or tropical environments. Nonetheless, one must be very cautious about the myth of ‘virgin forest’, whether tropical or semi-arid, supposedly devoid of any human disturbance: many of these in fact been shaped by sustainable traditional agroforestry practices (Michon, 2015; Michon et al., 2007; Ford and Nigh, 2015).
Some forests have been maintained over the centuries through the present day for different reasons (low human population, the need to preserve natural resources, hunting reserves, religious beliefs, limited accessibility, cost-benefit issues, etc.). These forests are characterized by their ancientness, reflected in a higher biodiversity value than recent forests. They may be named ‘mature forests’, ‘relict forests’, ‘wild forests’, ‘old-growth forests’, ‘natural forests’, ‘native forests’, ‘climax forests’, ‘primary forests’, ‘virgin forests’, ‘pristine forests’, ‘primeval forests’, ‘authentic forests’ etc. depending on countries, definitions and stakeholders (scientists/managers/politicians). These terms refer to two categories of forest, both characterized by a certain degree of ancientness: ‘ancient forests’ and ‘old-growth forests’. Protecting these precious ecosystems, both rare and endangered, especially in Europe, requires a clear definition of what constitutes an ‘ancient’ or an ‘old-growth’ forest, independent of the forest type (boreal, temperate, Mediterranean etc.), to be used in conservation policies. To solve the problem of terminology used to qualify such forest (e.g., FAO, 2002), the international community has put much effort into clarifying definitions over about the last thirty years.
Ancient and old-growth forests: definitions and main conservation issues
Different kinds of forests fall under the umbrella term of ‘ancient forest’ according to two main criteria: (i) duration of forest cover continuity and (ii) maturity. The first category is called ‘ancient forest’. This concept has been clearly defined in the past thirty years first by British scholars (‘ancient woodlands’ – Rackham, 1976; 1980; Spencer and Kirby, 1992; Goldberg et al., 2007; 2011; Rotherdam, 2011) and by French academics (‘forêts anciennes’ – Dupouey et al., 2002a; 2002b; 2007; Vallauri et al., 2012; Cateau et al., 2015) scholars (mainly ecologists and geographers). The concept of ‘ancientness’ refers to the number of years of continuous forest cover in a specific area. The appreciation of this ancientness depends on time-based thresholds that in turn depend mostly on the sources available to help reconstruct their history. These time-based thresholds are extremely country/region dependent. They often reflect the differential availability of forest-related sources. In England, a scientific consensus set the limit at AD 1600, as there was thought to be little evidence for forest tree planting prior to this in written records. This date also coincides with the first maps produced or preserved. In Scotland, the threshold was brought forward to 1750 (Goldberg et al., 2011).
For reasons of ease of access and data processing, ancient maps are often the reference material used to define the threshold between ancient and recent forests, as in Belgium (1775 map – Hermy and Verheyen, 2007; De Keersmaeker et al., 2014) or the Netherlands (1850 map – Bijlsma et al., 2010). In other countries, it is the first non-cartographic cadastral data to be used to (e.g., 1780 Josephinian Cadastre for Polish Carpathians – Troll and Ostafin, 2016). French researchers emphasize the importance of the choice of the thresholds which must be based on specific local historical and ecological elements. After a decade of debate, they chose not to use the oldest map available for nearly the entire French territory as the threshold (Cassini map, second half of the 18th century), but instead the date for the minimum forest cover (mid-19th century). This is a reasonable choice as the forests that have been maintained during this period are likely to have existed in a more remote past. In addition, these forests may be accurately mapped using the État Major map and the Napoleonic Cadastre. It is then possible to turn the clock back using the Cassini map or other regional maps (Dupouey et al., 2007; Vallauri et al., 2012; Cateau et al., 2015; Panaiotis et al., 2017).
The use of different thresholds makes it difficult to compare the surface areas of ancient forests to be preserved or rates of fragmentation between various countries or regions. We do not have a clear and comprehensive evaluation of the ancient/recent forest cover ratio at the international scale. According to the different time-based thresholds considered by each country, ancient forest may represent 23% of current woodlands in United Kingdom but only 16% in Belgian Flanders, while 29% of current French forests already existed during the late 18th century (Goldberg et al., 2011; Hermy and Verheyen, 2007; De Keersmaeker et al., 2014; Cateau et al., 2015).
The question of how to define a woodland or a forest itself arises too. Because the composition, structure and maturity of forest cover is irrelevant to this definition, some of these ancient forests, being entirely shaped by centuries of human management and use, look very little like the picture of a ‘natural forest’. Coppicing for producing fuel for trades and industries supply or pollarding trees for producing leaves used as fodder and litter and fruits (acorns, chestnuts) to feed animals, has created very anthropogenic woodlands. Ancient coppice woodlands, for example, are characterized by the presence of aged coppice stools, multi-stemmed trees whose massive bases result from the centuries of felling and regrowth, and by a diverse range of tree forms shaped by human practices (culturally-modified trees). Despite this high level of anthropization and often a low tree species diversity, these woodlands are refuges for distinct forms of forest biodiversity. Furthermore, they are considered as key cultural landscapes inherited from endangered, or already vanished, practices and knowledge (Rackham, 1976; 1980; Belhoste, 1990; Rozas, 2005; Bürgi and Gimmi, 2007; Genin and Simenel, 2011; Genin et al., 2013; Barnes and Williamson, 2015; Maděra et al., 2017).
By contrast the second category of ancient forest is defined by a high degree of both naturalness and maturity: ‘old-growth forests’, sometimes called, ‘(sub-)natural forests’. Three decades of research on ‘natural’ forest ecosystems have led to a generally accepted definition of typical old-growth forest features. These include the diversity of trees, species and habitats; species endemism; forest stand structure (multi-layered canopies and canopy gaps); tree-related microhabitats; maturity of living trees and diversity of age classes; presence of deadwood; forest dynamics (range of successional stages and phases); minimum signs of human disturbance; the continuity in time of forest cover (i.e., ancientness); and intangible aspects such as the ‘feeling’ of nature/naturalness. None of these features are exclusive or compulsory. The balance between the different qualities may range from one forest type to another. The thresholds of each feature may be set for different forest types and climatic conditions (Franklin and Spies, 1991; White and Lloyd, 1994; Peterken, 1996; Frelich and Reich, 2003; Mosseler et al., 2003; Alexander and Butler, 2004; Gilg, 2005; Hilbert and Wiensczyk, 2007; Vallauri, 2007; Bauhus et al., 2009;Vallauri et al., 2010 Eds.; Gutiérrez et al., 2010; Le Quéau et al., 2010; Dudley, 2011; Mansourian et al., 2013; Rossi et al., 2013).
Ancientness is only one quality of an old-growth forest. According to the above definitions, all old-growth forests are ancient forests, but not all ancient forests show old-growth features. The lack of systematic survey prevents us from accurately assessing the proportion of old-growth forests worldwide. Data and their quality are highly country dependent. In industrialized countries, extended human activity has almost completely eradicated old-growth forests (Wirth et al., 2009b). They represent less than 3% of European forests (Kirby and Watkins, 2015). This rate ranges widely according to the countries. Indeed, of the total forest area in central Europe, only 0.2% of old-growth forests have survived, mainly in remote mountainous areas or within nature reserves (Frank et al., 2009; Schulze et al., 2009). The same is true in France (Gilg, 2005; Cateau et al., 2015). This rate may be higher as reported in Romania (4% according to Giurgu et al., 2001). Old-growth forests in the Mediterranean ecoregion have been estimated to be about only 1% (Mansourian et al., 2013). A major bias is that the evaluation of old-growth forest rate depends on the various definitions adopted by national institutions.
Whatever their maturity and biodiversity value, ancient forests constitute highly endangered relict ecosystems. They are vanishing at an alarming rate around the globe (Achard et al., 2009; Wirth et al., 2009b; Knorn et al., 2013). Old-growth forests represent a key element in preserving biodiversity (Vallauri, 2007; Gibson et al., 2009; Wirth et al., 2009 Eds., Thompson et al., 2009). They provide important habitats for wildlife, particularly for vulnerable or range-restricted species that cannot colonize newly opened areas. They contain deadwood and tree-related microhabitats, which are home to a rich variety of species, notably saproxylic species, fungi, small mammals, birds and butterflies (Mansourian et al., 2013). The considerable vertical (multi-storeyed forests) and horizontal (sylvatic mosaic) structural diversity of old-growth forests explain their larger specific richness and the greater long-term stability of their animal communities (Gilg, 2005). Additionally, ancient forests as carbon sinks may also play an important role in the response to climate change. Contrary to the long-standing view that they are carbon neutral, even old-growth forests continue to sequester carbon for long periods of time (Luyssaert et al., 2008; Wirth et al., 2009 Eds.). In addition to ecosystem services, ancient forests may provide incomes to local communities through sustainable timber production and non-timber forest product (e.g., medicinal plants, fruits, edible mushrooms, cork and leaves for tanning or dyeing, resins) through sustainable ecotourism or markets. Such activities must be carried out with due respect to environmental issues and local economic development, which can be challenging in fragile environments (e.g., the exploitation of ancient Argan tree forests in south-western Morocco for oil extraction mainly used in cosmetics – Simenel et al., 2011; Faouzi and Martin, 2014). The study of traditional close-to-nature forestry may also improve current silvicultural methods and yield greater economic benefits (Bürgi, 2015; Mansourian et al., 2013), but do not necessarily increase biodiversity (Gossner et al., 2013). Ancient forests (old-growth or not) should also be more resistant and resilient to climate change (Vallauri, 2007; Thompson et al. 2009). Thus, to better design conservation and restoration strategies to address current and future threats, it is useful to understand how ancient forests have adapted over time and through different climate regimes and other natural and anthropogenic stressors, and to draw lessons from the past (Blasi, 2010; Mansourian et al., 2013).

Investigating past forest management legacies of current ancient forests
Ancientness is at the core of the ancient forest concept and a key component of naturalness. Even the largest old-growth forest tracts in Europe need to be interpreted with caution due to their histories of human interaction, including the Białowieża forest in Poland (Niklasson et al., 2010; Latałowa et al., 2015) and the remote forests of Fennoscandia (Uotila et al., 2002; Josefsson et al., 2009). Nevertheless, the history of human-forest interactions is still only rarely considered in conservation-related research and policies (Willis and Birks, 2006; Dupouey et al., 2007). Being aware of the past trajectory of current forests is critical for their classification and conservation. Indeed, continuity or discontinuity in forest cover influences the soils and vegetation composition, diversity and structure over the long term. While some human disturbance may be ‘absorbed’, i.e., erased after a century of regeneration, other elements may have impacts on the forest ecosystems over centuries or even millennia (Dambrine et al., 2007).
The effects of human disturbance, mostly 19th century agro-pastoral land use, on modern species composition, structure and distribution of forests are now well identified. Persistent compositional differences were documented between the vegetation of continuous forests and post-agricultural secondary forests. This indicates that distribution patterns for many plant species still reflect the former open, agricultural or pastoral environment, despite the current predominance of forest cover (Hermy et al., 1999; Compton and Boone, 2000; Bellemare et al., 2002; Dupouey et al., 2002; Verheyen et al., 1999; 2003; Cateau et al., 2015; Dambrine et al., 2007; Sciama et al., 2009; Baeten et al., 2011). Clearings and the conversion of wooded lands for pasturing or farming modify the chemical and microbial balance of soils. Post-agricultural secondary forest soils are characterized by a lower carbon rate, higher phosphorus and nitrogen rates and a decreased C/N ratio. These impacts on soil composition may be visible after 2,000 years of forest dynamics (Dambrine et al., 2007). Changes in soil composition logically lead to changes in forest plant diversity and global biodiversity (flora, fauna and fungi). Slow colonizing ancient forest vascular plant species can be negatively affected, as they depend on long and continuous forest land use and they suffer from habitat loss and fragmentation at a rate that exceeds their slow colonization capacities. They are maladapted for rapid population recovery and recolonization following severe disturbance, such as from clearing and agricultural conversion (Bellemare et al., 2002; Dupouey et al., 2002; De Keersmaeker et al., 2014; Cateau et al., 2015). Soil composition changes also impact seed banks in the soils leading to long-lasting changes in vegetation (Plue et al., 2008).
Agro-pastoral use of forest land is not the only human activity to impact the composition and structure of current forests. Some ecological studies also revealed the short- to long-term effects of historic charcoal burning on forest soil properties, such as physical (e.g., saturated hydraulic conductivity, bulk density, total porosity, soil texture and colour, infiltration rates, surface albedo and soil-surface temperature) and chemical properties (e.g., soil enrichment with soil organic matter and pyrogenic organic matter consisting of diverse aromatic carbon compounds) (Oguntunde et al., 2008; Knicker, 2011; Hirsch et al., 2018). The effects on vegetation growing on charcoal burning sites are not widely known. Mikan and Abrams (1995; 1996) and Young et al. (1996) stressed that these sites developed very different forest cover following abandonment, characterized by a significantly lower overstorey tree cover and density on charcoal kiln platforms than for surrounding areas. The inhibition of regeneration appears to be a result of persistent differences in soil nutrient availability from more than a century ago (Mikan and Abrams, 1996). More recently Carrari et al. (2016a; 2016b) demonstrated a general positive influence of charcoal kiln platforms on woody species at their first stage of regeneration in three different forest types; however, they also showed a negative effect of modified soil and environmental conditions on the further growth and development of trees that prevent their access and establishment into the higher layers. This effect slows down the recolonization of charcoal burning sites. There has been some research on the effects of less visible forms of traditional forest management (e.g., coppicing, pollarding, plant harvesting and wood pasturing) on current forest composition and soils, as well as on the consequences of their recent abandonment on species richness decline (Rozas, 2005; Bartha et al., 2008; Van Calster et al., 2008; Baeten et al., 2009; Hartel and Plieninger, 2014 Eds.; Müllerova et al., 2015; Hartel et al., 2014 Eds.; Hartel et al., 2015; Šramek et al., 2015). Other studies question the long-lasting impacts of hunting on forest animal and plant communities (Fletcher, 2015). Finally, other factors external to woodland management may have long-term consequences on forest environments. For example, land ownership patterns and their evolution across time is an important but often underestimated factor that influences current woodland biodiversity (Schaich and Plieninger, 2013; Bergès et al., 2013; Mölder, 2016). These activities all have long-term legacies on current forests, so it is crucial to accurately investigate the history of past forest use and management to better understand the current state of our inherited forests.
Until now the distinction between ancient and recent forests was binary. Similarly, only the absence or presence of human action, mostly recent disturbances (from fifty years to two hundred years at most), are used to evaluate the intensity of past forest management and of naturalness for old-growth forests (Rossi et al., 2013; Schall and Ammer, 2013; Kahl and Bauhus, 2014). These studies are essentially based on ecological and biological factors (e.g., the presence of ancient forest fungi, plant and animal species, and maturity features), while historical, archaeological and palaeoecological data, when available, are used only marginally. The latter are often used just as a marker of presence/absence of past human impact or continuity/discontinuity in forest cover. In recognition of this weakness, some ecologists have suggested integrating additional thresholds to refine the analysis of past human legacies on forest soil and vegetation. Manegold et al. (2009) distinguish two categories of ancient forests: ‘old forests’ for forests established between 1772–1899 and ‘ancient forests’ for those with an ancientness of more than 300 years. Cateau et al. (2015) warn that these thresholds should be based on both relevant criteria about forest-human interaction history and on soil and vegetation resilience to human actions. For France, they suggest classifying ancient forests into three categories according to their ancientness, reflecting the four key moments of high anthropogenic pressure on forest environment: ‘millennia ancient forest’ dating back to the end of the last Ice Age (more than 8,000 years ago), ‘Celtic-Roman ancient forest’ (more than 2,000 years ago), ‘medieval ancient forest’ (more than 600 years ago) and finally ‘ancient forest’ dating back to the beginning of the Industrial Era (more than 150 years ago). These new thresholds are defined according to the discovery of dated archaeological features within the forests or to historical documents.
However, these milestones, which prove the presence of a forest at a given moment in the past, should not be confused with continuity of forest cover; significant changes could have happened between two milestones. Demonstrating actual continuity or discontinuity of forest cover requires a historical, archaeological and palaeoecological investigation. Moreover, these data are often used as dated ‘presence/absence’ markers, regardless of the type, intensity and periodicity of human action. The presence/absence, even dated, is unsatisfactory because it ignores the historical depth and complexity of the socioeconomic history of forests. Current patterns and processes in nature have a historical trajectory that must be investigated in detail (Szabó, 2010a). Indeed, considering the forest history over the long term and its complexity is crucial to better interpret ecological observations. For example, improving our understanding of the mid- and long-term effects of agricultural conversion of forest land requires an understanding of past farming practices in their complexity and evolution. The type and intensity of changes observed in current soils and vegetation may depend on the type of agricultural or pastoral conversion: clearing processes (with or without certain standards; use of fire or not; ploughing or not; stone removal), the use of manure or not for fertilizing newly cultivated soils, the duration and cycle of cultivation and the duration and cycle of forest cover regeneration (permanent versus shifting cultivation), and its chronology. This requires detailed historical and palaeoecological investigation. Permanent farming during the Roman era (centuries of agricultural use) still has tangible effects on current forest vegetation (Dambrine et al., 2007), but what effect did shifting temporary cultivation within forest lands, a common agricultural practice during pre-industrial times (Sigaut, 1975; Viader and Rendu, 2014 Eds.) still practised in some parts of the world (Michon, 2015; Ducourtieux, 2015) have? Sustainability and the effects of current shifting cultivation on forest dynamics have been debated in scientific and institutional circles for the past thirty years, especially in tropical environments, with no consensus yet reached. Several studies aim to assess the nature of the impact, which depends both on the shifting cultivation system phase (conversion, cultivation, or fallow) and on the soil properties (physical, chemical, and biological) (Kathick et al., 2009; Ribeiro Filho et al., 2013; Mukul and Herbohn, 2016). The question of the mid- to long-term effect of past shifting cultivation deserves attention but new tools and interdisciplinary research will be necessary to shed light on this farming practice, for which very few traces on the current landscape and in written records remain (Beltrametti et al., 2014; Reinbold, 2014; Burri, 2016).
The same problems arise for the many other activities that took place in forests. Apart from timber supply for civil and religious construction and shipbuilding, forests were a large and key reservoir of plant fuel (firewood and charcoal) that supplied domestic needs but above all the development of trades and (proto-)industries, (e.g., mining, metallurgy, glass, ceramic, tiles and bricks, lime, dyeing etc.) and other plant resources (e.g., leaves and barks used for tanning and dyeing). They were often also common pasture areas (grass, fruits, leaves). The animal component of forest ecosystems and the related domestic and economic activities should not be forgotten, such as fishing, hunting, beekeeping, and cattle and pig grazing (Devèze, 1961; Birrel, 1969; Carmen Carlé, 1976; Rackham,1976; 1980; Bechmann, 1984; Andreolli and Montanari, 1988; Métailié, 1992 ed.; Cavaciocchi, 1996 ed.; Corvol, 2004 ed.; Szabó, 2005; Smout et al., 2005; Duceppe-Lamarre, 2006; Beck, 2008; Burri, 2012; 2014; Fletcher, 2015). All these activities should be studied as a social, productive and ecological system in a long-term perspective.

Investigating past forest trajectories: from pluridisciplinarity to interdisciplinarity
To improve the analysis of today’s legacies of past management, ecologists need detailed knowledge about the history of ancient forests. A wide range of methods and approaches such as palaeoenvironmental studies, historical ecology, archaeology and historical geography enable us to reconstruct forest histories at different time and space scales and with varying degrees of precision. While evaluating forest cover continuity over time is relatively easy, characterizing former composition, structure and disturbance regimes is more challenging. Palaeoenvironmentalists, using various proxies such as pollen, non-pollen palynomorphs, plant macrofossil (fruits, seeds, needles), charcoal, fossil insects and wood analyses mainly focus their research on the reconstruction of vegetation history and its evolution over long time periods. Using these data for palaeoecological issues requires a change in perspective and an emphasis on the ecological impacts of environmental change, i.e., the response of organisms in the past to environmental change, including human activity (Rull, 2010; Birks, 2012). In this way, palaeoecological records provide a valuable long-term perspective on the dynamics of contemporary ecosystems. During the last thirty years, palaeoecological data have not been widely used in conservation-related research because they were considered too imprecise, and therefore of little relevance to actual conservation challenges (Willis and Birks, 2006). Recent major advances in palaeoecological techniques have now made it possible to analyse forest landscapes at high-spatial resolution and based on high-resolution chronologies, which are better suited to conservation-related research.
Within palaeoecological approaches, pollen analysis is the main method used to provide quantitative estimates of former tree species occurrence and to trace their evolution (establishment, expansion, decline) (Lindbladh et al., 2013). Pollen analysis was first used to analyse vegetation history at regional scale using data coming from large lake cores. The spatial interpretation of pollen data faces the challenging issue of assessing the representativeness of pollen due to the varying amount of pollen produced by trees and to the dispersal abilities of each pollen type. In the last decade, pollen analysis has been significantly improved (pollen taxonomical precision, automated pollen identification, definition of pollen assemblage). Spatial resolution has been refined by exploring small bogs and peat lands which contain a majority of pollen coming from within 100 to 1000 metres. Thanks to the development of modelling, researchers are better able to delineate pollen source areas and quantify local vegetation cover, even if could still be further refined. This very fine spatial resolution enables researchers to cross pollen data with vegetation information extracted from ancient maps and is more suitable for conservation-related considerations (Sugita, 2007a; 2007b; Hannon et al., 2000; 2010; Lindbladh et al., 2008; 2013; Etienne et al. 2013; Mazier et al., 2015; Abraham et al., 2016; Robert et al., 2018). Plant macrofossils, which are complementary to pollen assemblages, can provide information on taxa that produce fragile or small amounts of pollen and improve vegetation reconstruction at tree stand level (higher taxonomic precision) (Hannon et al., 2000; Lindbladh et al., 2013).
Dendrochronology applied to living trees also provides key insights into both current and former forest stand age structure (Kipfmuller and Swetnam, 2005; Speer and Hansen-Speer, 2007; Motta and Edouard, 2015). In a short-term history perspective, dendrochronology can be used to estimate the longevity and the date of death of surviving trees (Watkins et al., 2004; Lombardi et al., 2008). Although extensive dendrochronological data have been collected in palaeoclimatological perspectives (Amoroso et al., 2017 Eds.), they are usually underexploited and rarely reported in detail (Lindbladh et al., 2013). The same problem occurs for data collected on archaeological deadwood, preserved in dry or waterlogged conditions. Dendrochronology is mostly used for dating archaeological sites and cultural heritage, but archaeological timber and woods are seldom considered in a palaeoecological perspective (Haneca et al., 2009). Cross-dating and tree-ring analysis enable us to trace long-term forest history and to consider ancient woodland composition and structure as well as tree management (Haneca et al., 2005; Haneca et al., 2006; Girarclos and Petit, 2011; Bernard, 2012; Bobiec, 2012). Whether on living trees or on dead timber, tree-rings analysis is very useful for assessing the natural disturbance history of forests, mainly former fire events using fire-scars, but also outbreaks of defoliating insects, windstorms, landslides, avalanches (Splechtna et al., 2005; Fraver et al., 2007; Niklasson and Granström, 2000; Niklasson et al., 2010; Saez et al., 2011; Christopoulou et al., 2013; Corona et al., 2013). Beyond natural disturbances, tree-ring analysis can also document former woodland management, such as pollarding and coppicing (Rozas, 2005; Copini et al., 2009; Girardclos and Petit, 2011; Girardclos et al., 2012; Bernard et al., 2006; Bernard, 2012; Altman et al., 2013; Müllerova et al., 2016). When lichens and mosses are preserved on the bark of archaeological timber, they are relevant indicators of the ecological conditions in which trees occurred before cutting and of subsequent environmental change (Yarh et al., 2011; 2014).
The analysis of charcoal found in sediment provides insights into former tree species composition, age and structure over long time periods (Carcaillet et al., 2000; Talon, 2010; Touflan et al., 2010; Cunill et al., 2013; 2015; Saulnier et al., 2015). Charcoal is resistant to biological mineralization and microbial activity, so it can be found even where conditions are not suitable for pollen preservation. Because of the complexity of soil taphonomic processes, pedoanthracology must be based on robust radiocarbon dating chronologies, especially outside a well-stratified context (peat core). Charcoal is generally not suitable for quantitative reconstruction of past vegetation, but it does provide valuable qualitative data on the presence/absence of species. Charcoal is thereby used as a complement to pollen analysis for identifying tree species whose pollen is rarely found in sediments (Nelle et al., 2010; Lindbladh et al., 2013; Cunill et al., 2015). Charcoal analysis is, of course, also a very suitable proxy for reconstructing fire history, identifying undocumented fire events and the related burnt forest vegetation (Pitkanen et al., 2002; Tryterud, 2003; Robin et al., 2013; Robin and Nelle, 2015; Hawthorne and Mitchell, 2016).
Fossil beetles shed additional light on former forest composition and structures (Lindbladh et al., 2013). Indeed, some beetles may act as a marker of past vegetation when they depend only on specific tree genders and more rarely tree species (Whitehouse et al., 2010). Since many saproxylic beetle have particular requirements for specific wood size and/or age, their remains may indicate the presence of former aged or large trees (Whitehouse, 2006).
Recent advances in molecular genetic analysis of trees provide hitherto unknown understanding of the origin and movement of species over the last 20,000 years (Watkins, 2015; Puglisi et al., 2000; Gil et al., 2004; Wagner et al., 2018).
In addition to palaeoecological studies, archaeology may be useful for characterizing former human forest management and occupation. Since forests and wooded landscapes are relatively unaffected by gross disturbances, they may hold well-preserved evidence of past human-forest interactions. One can distinguish two types of archaeology: ‘archaeology in woodland’, which is the most widely practised, and the ‘archaeology of woodland’ (Rotherham and Ardron, 2006; Dupouey et al., 2007 Eds.; Barnes and Williamson, 2012). As noted by Rotherham and Ardron (2006): “[wooded] landscapes often hold the evidence of two main human influences: those related to the woodland and its utilization and those of non-wooded periods in the timeline of the site. The present-day woodland was formed and influenced by both, though not always in equal measure”. Archaeology in woodland provides insight into the long-term dynamics of human occupation of current woodlands, which were not necessarily continuously wooded and might have been cleared for agro-pastoral purposes at a given time with various cultural features: settlements, necropolises, military or religious buildings, quarries, former field systems etc. Archaeology of woodland investigates archaeological imprints related to past woodland management and use. It deals with forest-related economic activities which have left traces within the landscape, such as charcoal burning, tar making, mining and ore processing. Some features are also related to cattle and herd breeding (e.g., enclosures), hunting (e.g., deer parks and other hunting parks), fish farming and fishing in ponds and rivers. Former woodland structures such as woodland boundaries and paths are often fossilized within woods.
Whereas forest cover has protected archaeological features, it was long representative of the disadvantage of low visibility, which makes it difficult to survey. Moreover, because of their remote location, forests and woodlands are rarely affected by extensive archaeological excavation in advance of developments. Major advances in remote sensing surveying and spatial data processing (GIS) have revolutionized the archaeology in/of woodland. The LIDAR (light detection and ranging) surveying method is used to survey and analyse archaeological features within wooded cover and has led to very significant advances in terms of recognizing archaeological sites. Extensive and diachronic landscape archaeology can now allow researchers to reconstruct an unexpected long-term history of current wooded landscapes (Devereux et al., 2005; Crutchley, 2006; Risbøl et al., 2006; Doneus et al., 2008; Crow, 2008; Crutchley and Crow, 2010; Georges-Leroy, 2007;2009; 2012). The most studied forest-related activity is charcoal production, which was the main fuel supply for the development of metallurgical industry (ore processing and metalworking). It is also the most relevant activity in a palaeoecological perspective. Initiated by the French and Italian schools of historical geography in the 1990s, the archaeology of charcoal kilns increased over the last two decades (Métailié, 1992 Ed.; Davasse, 2000; Ludemann, 2002; 2010; Nelle, 2003; Deforce et al., 2013; Paradis-Grenouillet et al., 2018 Eds.). Because this was a widespread activity, even in the most famous old-growth forests (Samojlik et al., 2013), charcoal hearths are considered as a key archive of past forest management for supplying industrial fuel (Paradis-Grenouillet et al., 2018 Eds.). The use of LIDAR combined with anthracological advances has completely transformed our knowledge about this nearly forgotten activity in Europe. The increasing number of sites revealed by remote sensing and the development of automated recognition of charcoal kiln platforms have enabled an extensive study of charcoal burning within entire forests (Ludemann, 2012; Raab et al., 2015; Schneider et al., 2015; Rassat et al., 2018). However, one must be cautious about how representative these data are because i) not every charcoal hearth is preserved, and ii) charcoal was also produced in pits whose remains cannot be detected with LIDAR. This was a particularly widespread practice from Iceland to Spain (Church et al., 2007; Durand et al., 2010; Martin Seijo and Teira Brion, 2018). The development of dendro-anthracology provides a better understanding of past forest management by reconstructing the forest stand structure, based on the diameter estimations of logs used for producing charcoal (Dufraisse, 2006; Ludemann, 2008; Marguerie et al., 2010; Strachan et al., 2013; Paradis-Grenouillet et al., 2018; Dufraisse et al., 2018). Dendro-anthracology can be also applied to charcoal consumption-related contexts (Deforce and Haneca, 2015).
Other wood fuel consuming activities, such as mining, lime burning, tar making, and glass and ceramic/brick production have left traces in forests. They are less studied, and rarely in a palaeo-ecological perspective, but this is worth developing in the future to provide a comprehensive view of fuel consumption (firewood and charcoal) by trade and industrial activities, and the influence on ancient forest management and preservation (Vaschalde et al., 2013; Py et al., 2014; Burri et al., in press).
Archaeological studies generally document ‘the plant component’ of ancient forests; less consideration is given to the animal component. Animal husbandry would have deeply influenced the forest structure (wood pasturing, clearing areas for meadows, pollarding trees for producing litter and fodder, goat overgrazing), but pastoral archaeology is still mainly focused on high mountain environments beyond the forest line (Collis et al., 2016 Eds.; Costello and Svensson, 2018 Eds.). Pastoral archaeology within woods needs further development. The same is true for the archaeology of hunting and fishing in the forest environment. The remains of such activities, such as animal enclosures and hunting parks (Duceppe-Lamarre, 2002; Liddiard, 2007; Mileson, 2009), are often more suitable for socio-economic studies than palaeo-ecological research.
Archaeozoology can fill in some of the gap in our knowledge of the animal component of past systems (Wolverton and Lyman, 2012 Eds.). Recent advances in palaeo-genetic and isotope analysis enable researchers to explore issues related to the population dynamics of large herbivores (Kuemmerle et al., 2012; Markova et al., 2015), the nativeness of animal species (Baumann et al., 2005) and the introduction of new ones, such as fallow deer (Dama dama L.) (Sykes et al., 2011; Valenzuela, 2016), the evolution in animal management as a response to ecological and/or economical change (Sykes et al., 2006; Hamilton and Thomas, 2012) and the extinction or reduction of predator species, such wolves during the medieval period (Pluskowski, 2006). Unfortunately, interrelations between ‘plant-related’ researchers and ‘animal-related’ researchers are scarce and greater interdisciplinarity needs to be developed to form a comprehensive history of human-forest ecosystem interplay.
The legacies of past use and management on ancient forest can also be inferred from written records for a certain historical period (i.e., from Antiquity onwards). Historical investigations on forests are rooted in an ancient tradition of rural history in Europe, which has produced a very abundant but dispersed literature. Several syntheses have tried to collect and cross-check data at national scale (Devèze, 1961; Carmen Carlé, 1976; Giurescu, 1980; Bechmann, 1984; Andreolli and Montanari, 1998; Ramos, 2001 ed.; Szabó, 2005) and at European scale (Cavaciocchi, 1996 Ed.; Agnoletti and Anderson, 2000b Eds.; Corvol-Dessert, 2004 Ed.). Save a few exceptions (Szabó, 2005; Beck, 2008; Burri, 2012), forest history, as well as the whole rural history (except common land studies), tends to be outdated and neglected in favour of cultural, political or urban history. In addition to forest history, the history of forestry has also long been a topic for institutional historians. Central authorities whose aim was to manage forest resources were established early in some European countries, such as France and Italy, and later in all of Europe. These authorities adopted both an economic perspective (improving productivity for different sectors) and a more ecological outlook (efforts to fight deforestation) (Alfred Maury, 1865; Di Bérenger, 1863; Decq, 1922; Beck, 2008; Appuhn, 2009; Lazzarini, 2009; Oosthoak and Hölzl, 2018 Eds.).
Ancient maps are the historical resource most used by ecologists and historical geographers to assess forest area dynamics (Dupouey et al., 2007; Hermy and Verheyen, 2007; Bijlsma et al., 2010; Vallauri et al., 2012; Cateau et al., 2015; De Keersmaeker et al., 2014; Panaiotis et al., 2017). Contrary to information extracted from written documents, which are difficult to spatialize, ancient maps are better suited for comparison with current vegetation surveys. Nevertheless, the question of the accuracy of each cartographic representation must be asked. Maps are subjective representations of space addressing specific issues (political, military etc.). The stakeholders involved in and reasons for creating and drawing a map must be clearly considered to assess how well it represents reality. Often only major land uses are represented, yet multiple land uses were typical in most preindustrial European outlands. Furthermore, wooded lands are sometimes not represented as such because of their scrubby vegetation or small surface area. Information from maps should be cross-checked with written documentation to consider the complexity of past reality.
For the medieval and postmedieval periods, both the quantity and quality of the documentation is very country/region dependent, according to the various types of written traditions and archive preservation policies. Generally speaking, the quantity and precision of written records significantly increase by the 18th century onwards with the development of scientific forestry institutions. Historical documents are the only source of crucial insights into not only the state of a forest at a given moment but into the driving forces behind forest landscape shaping and changes as well. As Szabó (2010b) stated, “Throughout European history, people used various management forms to produce the kinds of trees they needed for specific purposes. As their needs changed through time, so did the forms and extent of forest management. Although local environmental conditions and vegetation had to be respected, which management form was chosen in a particular wood in a given historical period almost entirely depended on woodland owners and managers”.
Theoretical models based on recent history and current reality identify five types of driving forces: socioeconomic, political, technological, natural and cultural (Bürgi et al., 2004). This model is difficult to apply to real-life complexity, especially for medieval and postmedieval periods during which it is very hard to clearly distinguish socioeconomic, political and cultural mechanisms, since these notions often represent various aspects of the same phenomenon (Szabó, 2010a). Based on a study of Czech forests, Szabó (2010b) selected four anthropogenic driving forces behind forest change that can be applied to any particular forest: business, need for firewood, nature conservation and forestry policy. The second driving force must be, in this author’s opinion, enlarged to cover other domestic (non-commercial use) harvest of ‘forest products’ (both raw plant materials and fauna). To do so, a very wide range of historical document types are available, in varying proportions, quantity and quality according to the various local written traditions, documentary preservation and the period considered (normative regulation, fiscal documents, legal procedures, notarial deeds, accounting documents, etc.).
Szabó and Hédl (2011) note that written sources are connected to social, economic and legal phenomena that are impossible to understand without a deeper knowledge of the historical context. Documentation is produced to address specific issues and should therefore be appraised critically. For example, everybody knows that there is a gap between laws and reality. The use of written data should be approached cautiously and require the involvement of historians with the necessary skills. Despite the relevant interest of written records, they have not often been integrated into ecological or conservation-related research. Furthermore, studies usually focus on the past 200 years because available sources are accessible, numerous, written in modern languages, and sometimes quantitative and compatible with freshly collected ecological data (Szabó, 2010a; Szabó and Hédl, 2011). Earlier material is less easy to access and use; it may be written in ancient languages, there is a scarcity of quantitative data and it can be difficult to precisely locate where the information relates to according to place names etc. Collecting, reading and analysing written records requires very specific skills and knowledge, and because language and socioeconomic/political contexts change over time, there are few long-term historical studies.
Written records and ancient literature also open a window to the perception of forest by past populations as well as intangible aspects that could have been relevant for the conservation of forest stands. In addition to the analysis of anthropogenic driving forces, written records are also relevant to studying historical biodiversity (Beck, 2008; Beck and Fabre, 2013) and natural disturbances such as fires (Lloret and Marí, 2001) or storms (Brázdila et al., 2018). They are also suitable for past forest environment reconstruction, but data need to be collated from diverse archival sources in a compatible form (Szabó et al., 2015; 2018). Recent advances in data processing and in spatial modelling are very promising and enable the analysis of large datasets with a spatial component and the comparison with other spatial data. Archival data about tree composition must be combined with information extracted from historical maps or fiscal surveys (Wulf and Rujner, 2011; Wulf et al., 2017). This has been developed in particular within the framework of the ERC LONGWOOD project (Szabó et al., 2018). This database, which focuses on three types of forest-related information (forest size, species composition and management) has made it possible to analyse forest changes in the Czech Republic from the Middle Ages through today to assess legacies with regards to current forests and to address conservation issues (Altman et al., 2013; Jamrichová et al., 2013; Szabó, 2013; Müllerová et al., 2015; Szabó et al., 2015; 2017; 2018). This database can be adapted and expanded to include other types of historical forest information, such as natural disturbances. Even if the database needs to be improved to combine written data with historical maps and palaeo-ecological and archaeological data (which are part of another database in this project), it offers very promising perspectives. This model should be applied to other regions and adapted to the various available sources.
Finally, collecting and considering ‘traditional’ knowledge about forest management, tree shaping, various and complementary uses of natural resources within a territory, and time-based and space-based management of natural resources may be very helpful to better understand ancient forests and to develop more close-to-nature preservation strategies by reintroducing traditional sustainable practices (Gimmi and Bürgi, 2007; Saratsi et al., 2009: chap. 31-36; Parrota and Trosper, 2012 Eds.; Bürgi et al., 2013; Genin and Simenel, 2013; Genin et al., 2013). Anthropological studies also document some intangible aspects of forest preservation, such as beliefs and magic. Traditional knowledge also provides key insights for better interpreting information from the past – collected during historical, archaeological and palaeo-ecological investigations – to improve new methodologies and raise new questions (Ruas et al., 2016; Burri et al., 2018).
One conclusion emerges: pluridisciplinarity is not enough. Refining the analysis of ancientness to better assess the legacies of the past on current ancient/old-growth forests and to improve their conservation needs the development of interdisciplinary research. Each of the above methods and materials has its own insights and limitations. The practice of interdisciplinarity is at different stage of development depending on the disciplines. Over the past decade, archaeological and palaeo-ecological research has adopted a more interdisciplinary approach, using multiple proxies to access a comprehensive and detailed overview of past forest composition, structure and trajectory (Lindbladh et al., 2013). At the opposite end of the spectrum, interdisciplinarity is less developed within the humanities. There is still miscommunication between the natural sciences and the humanities, and even among social scientists themselves; historians are generally more conservative and discipline-focused compared to archaeologists who are more open to interdisciplinarity. There is very little integrated historical and archaeological/palaeo-ecological forest-related research (e.g., in France: Durand, 1998; Burri, 2012; Beck et al., 2018 Eds.). The practices of historians is changing (slowly) towards more interdisciplinarity and being more actively involved in global debates (Szabó and Hédl, 2011). As stated by Szabó and Hédl (2011), “The driving forces […] had and continue to have a huge impact on forest structure and consequently on species composition. Exploring and analysing these driving factors not only allows for a better understanding of current forest ecosystems but also helps to develop forestry management techniques that can function in a sustainable manner in the current socioeconomic conditions”. Despite the increasing precision, improved by both high-spatial and high-chronological resolution and interdisciplinarity, examples of applied palaeo-ecological or historical study toward conservation-related issues are still rare (Altman et al., 2013; Jamrichová et al., 2013; Szabó, 2013; Müllerová et al., 2015; Szabó et al., 2015; 2017; 2018; Natlandsmyr and Hjelle, 2016). One lock yet to break open for integrating data from the past into current ecological and conservation issues, is the lack of time continuity in research, from historical (or even prehistorical) periods to today. Interdisciplinary research on ancient forests must involve scientists focused on the present day (ecologists, biologists, dendroecologists etc.) and those who study the past (historians, archaeologists and palaeo-ecologists). Each record type, whether from biological (e.g., contemporary vegetation surveys, dendroecology), sedimentary (e.g., pollen, charcoal, seeds and fruits, animal remains) or archive (e.g., written documents, maps) registers, provides a unique kind of information, with its own spatial and temporal resolution and its own limitations. The greater the variety of sources, the more reliable knowledge about the past and present ecosystems is because of the opportunities to cross-check data sets. More than a simple sum of information gathered from individual disciplines, research must be synergetic, with each discipline improving other disciplines’ theories and methods, talking the same language, making compromises and addressing the same problems. Only through interdisciplinarity can researchers piece together the most possible detailed picture of past activities and biological communities to formulate and test hypotheses about causes of past and present forest ecosystems and landscape changes. Furthermore, an integrated approach fosters better informed management and policy decisions in order to not repeat failures of past conservation efforts (Kirby and Watkins, 1998 Eds.; Agnoletti and Anderson, 2000a Eds.; Verheyen et al., 2004; Willis and Birks, 2006; Szabó, 2010a; Szabó and Hédl, 2011; Willis, 2012; Watkins, 2015; Armstrong et al., 2017).
Building interdisciplinarity is a long process. However, a number of efforts have been made in recent years. For example, previous conferences and their proceedings, especially those organized by the International Union of Forest Research Organizations (IUFRO), have helped build bridges between disciplines over the past twenty years and fostered the emergence and development of interdisciplinarity in forest-related research (Kirby and Watkins, 1998 Eds.; Watkins, 1998, ed; Agnoletti and Anderson, 2000a Eds.; 2000b Eds.; Honnay et al., 2004 Eds.; Dupouey et al. 2007, Eds.; Saratsi et al., 2009 Eds.; Parotta and Prosper, 2012 Eds.; Rotherham, 2013 Ed.; Rotherham et al., 2013 Eds.; Kirby and Watkins, 2015 Eds.).

“Into the Woods” international conference: advancing interdisciplinarity
Because of the need to bring together forest scientists with both a past and present focus, Sandrine Paradis-Grenouillet, Chantal Aspe and this author decided to organize the international conference “Into the Woods. Overlapping perspectives on the history of ancient forests” held at the University of Padua (Italy) from 18 to 20 April 2017. The aim was to gather historians, archaeologists, palaeo-ecologists (anthracologists, palynologists, dendrochronologists), geographers, sociologists, ecologists and forest managers to lead a common discussion on the relevance of studying past trajectories of ancient forests and legacies to improve the current management and preservation of these fragile ecosystems.
This book gathers a selection of papers that contribute to the comprehensive debate. Part 1 deals with the current perception and management of ancient forests as natural and cultural heritage. In the opening paper, Keith Kirby provides a comprehensive assessment of the definition and meaning of the ‘ancient woodland’ concept in England. Through the example of Walloon ancient woodlands, Thierry Kervyn et al. go on to illustrate the relevance of considering ancientness in current forest management and conservation policies. The paper of Tomáš Slach et al. addresses the conservation issues of ancient coppice woodlands and their endangered specific ecosystem in Czech Republic. The next two papers look at the definition of ancient forest from the perspective of the general public. First, Michel Dupuy considers the use of the ‘ancient forest’ concept in the French media as a proxy to assess its reception and perception by general public. Nelly Parès and Chantal Aspe then explore French Mediterranean forest users’ perception of key ecological concepts, such as ‘ancientness’, ‘naturalness’ and ‘biodiversity’ and their relationships with forests. These five examples reveal the gap that still exists between scientific/management discourse and actions and their perception by the general public.
Part 2 focuses on the various methods available to investigate the ancientness of current forests as well as to assess the maturity of past forests. The first two papers examine legacies from recent history (less than 200 years ago) on current forest ecosystems. As public forest managers, Benoît Renaud, Laurent Lathuillière and Maud Gironde-Ducher propose a toolbox, mainly based on bioindicator species (flora and fauna), the maturity of stands, maps and archives from the French Office national des forêts, to identify and characterize ancient forests and provide guidelines for their conservation. Roberta Cevasco, Carlo Montanari and Valentina Pescini demonstrate how the insights gained through an interdisciplinary regressive historical approach (palynology, dendrochronology, iconographic and recent written documents) can be applied to the understanding of current ecology of two Ligurian woodland stands shaped by centuries of agro-pastoral management. In the next paper Sylvain Burri investigates the history of the old-growth forest of la Sainte-Baume (France) based on written records. He highlights human intervention as a key driver in the conservation of this exceptional forest stand over five centuries. Moreover, he explains how historians can contribute not only to establishing forest continuity and age but to evaluating maturity over long time periods as well. Vincent Labbas and Lisa Shindo prove the strong potential of archaeological timber to reconstruct past forest structures over the previous millennia in the southern French Alps. Cross-dating and tree-ring analysis are used to demonstrate the existence of old-growth forest stands and their maintenance over centuries and questions the pressure of building activity on forest resources and their management. In the final paper, Vanessa Py-Saragaglia et al. propose an interdisciplinary palaeo-ecological approach at a high spatio-temporal scale of a Pyrenean forest, mainly managed for producing charcoal. Anthracology and dendro-anthracology of charcoal sampled in charcoal hearths combined with pedoanthracology are used to assess the long-term evolution of forest composition and structure based on robust C14 chronologies at forest stand level. These results are then discussed with previous palynological and historical studies to address issues of long-term human-forest interplay.
Finally, Part 3 questions our conception of ancient and old-growth forests by exploring a variety of forest stands that do not fit precisely into the latter category, either because of their high degree of human shaping, because their old trees look young, or because there are trees where they should be missing. Through a regressive approach on maps and land-use surveys combined with charcoal analysis of charcoal kilns, Sandrine Paradis-Grenouillet and Giuseppe Bazan demonstrate the uninspected ancientness of the Monte Venda woodlands (Padua, Italy), which were previously thought to be recent secondary forests. Didier Genin and Mohamed Alifriqui then question the concept of ‘ancientness’ and ‘youthfulness’ based on the study of traditional management of ancient ash tree stands in the Moroccan High Atlas, which are shaped and regenerated for producing fodder. They bring up the relevance of the concept of ‘culturally modified ancient forests’ in the global debate on ancient forests. Stella Bogino tackles the issues of the ancient dry forest of the Argentinean Pampas. She deconstructs the constructed myth of the Pampas as a treeless landscape and traces the history of old-growth Prosopis caldenia stands using a dendroecological approach. Finally, Scott Timpani and Lara Band change perspectives to investigate the Pett Level (UK) submerged forest. They highlight the presence of a vanished ancient and old-growth forest, which existed from the early Neolithic to the early Bronze Age. This forest fits the definition of ancient forest, except for one detail: it no longer exists as a vertical entity. All the experiences gathered emphasize the need to build integrated research. Developing interdisciplinarity is an ongoing process and we hope this book will be an additional step on the road to an integrated and comprehensive understanding and conservation of ancient forests, past and present, as a natural and cultural heritage.
Let’s go Into the Woods…
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    Part 1: Perception and management of ancient forests as a natural and cultural heritage


    
      

      Chapter 1: Distinguishing the definition and meaning of ancient woodland in England


      Keith Kirby


      The idea of ‘ancient woodland’, that is sites that had been wooded for many centuries and, as a consequence particularly rich in species, can be traced back at least to the early 19th century in Britain (Watkins, 1988). Good (1948), in his surveys of the vegetation in the county of Dorset. These distinguished woods, which “though now modified to meet human purposes, are of very ancient and perhaps spontaneous origin” from more recent plantations. He suggested that old maps might be used to identify such ancient woods, noting that Isaac Taylor’s map of 1765 “antedates the popularity of the landscape gardener and, also, the development of the great sporting estates” which had created many of the plantations. However, these remained matters of only intellectual curiosity. It was the pioneering work of Peterken (1974, 1977) and Rackham (1990, 2003) that spread the ideas more widely and showed their relevance to practical woodland management and conservation. Ancient woodland has become a widely used concept in the conservation movement in Britain (Goldberg et al., 2007; Goldberg, 2015). The term features in wider public discourse, in novels, local plans etc. This has raised the level of concern and protection for ancient woodland, but tensions can arise because of different interpretations of, and failure to distinguish between, the definition and meaning of ancient woodland.


      
        

        A definition of ancient woodland


        As applied in England (there are some differences in Scotland, Wales and Northern Ireland), the definition is straight forward in principle: it simply means a site that has been wooded since at least AD 1600 (Spencer and Kirby, 1992). The composition and structure of the wooded cover is irrelevant to the definition. The 1600 date was chosen by Peterken (1977) because in his studies in East England:


        
          	
            recent woodland dating from the late 18th century was still less rich than older stands;

          


          	
            AD 1600 predated most woodland created by planting; and

          


          	
            it was also about the time when maps and other documents that could be used as a source for studying the history of individual sites started to become more common.

          

        


        Any earlier would be impractical as there would be so little data for most sites, although the idea that there was little planting before AD 1600 has been challenged. For example, in Scotland in 1458, James II of Scotland’s parliament passed a law encouraging landowners to get their tenants to plant trees and broom: the practice of planting trees and woods, not just orchards, was already well-known (Smout et al., 2005). It appears, though, that the law was not very effective, because in 1535 a somewhat stronger version was promulgated, with additional versions again in 1607 and 1661.


        Oliver Rackham tended to use a later date of AD 1700 as the threshold for defining ancient woodland. This postdates the upheavals of the English Civil War (1642-1646) and is towards the beginning of the Enlightenment which altered people’s views on landscape, trees and woods (Auricchio et al., 2012). Jean-Luc Dupouey (personal communication) has suggested that the date for the forest cover minimum might be used: for England this would be sometime between 1700 and 1860 (Charles Watkins, personal communication) with a cover of about 3-4%. There are estimated to be about 2.7% cover of ancient woodland, which sets a minimum for this figure, while the total forest cover at the end of the nineteenth century was 4-5%, which sets a maximum figure.


        There are other uncertainties in the definition: what counts as a wood; which aspects of the woodland need to have continuously existed; what, in terms of time, constitutes a break in continuity; and what counts as evidence for continuous presence of woodland.


        
          

          What counts as a continuous presence of woodland?


          ‘Woodland’ is largely determined by reference to the tree cover. Below 10-20%, tree canopy cover areas may not be marked on maps as woodland or referred to as such, so it becomes difficult to establish continuity of their existence. Open wood-pastures have often been left off the inventories because their history as woodland was not apparent.


          What is it about the wood that should be continuously present? Ancient woods are not ‘natural’: all show evidence of past human alterations to their structure and composition.


          
            	
              They do not necessarily contain old trees (so they are seldom old-growth); in many instances ancient trees are more common outside woodland, on the remnants of old common grazings, royal hunting forests and parks (Rackham, 2003). Most stems are quite young because of past management as coppice (Buckley and Mills, 2015).

            


            	
              They may not currently have a native tree cover because conifer plantations are included where these have replaced the former native cover (Goldberg, 2003). The soils, ground flora and understorey may all have been disturbed to varying degrees, often independently of any changes in the tree cover.

            


            	
              Patches of ancient woodland were regularly cut over. While they regrew, there could have been several years when there was no canopy cover. On the continent, and possibly in Britain as well, there might have been catch crops sown and harvested in this open period (Rochel, 2015). Do these count as a break in continuity?

            


            	
              Many upland oakwoods are thinned out to just a scatter of trees grazed by sheep. These have often now been fenced and filled-up with regeneration. Does the ‘thin’ stage count as a break in continuity?

            

          

        


        
          

          The availability of evidence


          For most sites believed to be ancient woodland it is impossible to prove there has not been a break in continuity during the 18th century: the evidence is not generally available. There may be references in documents to the presence of woodland, but not to precise location extent or boundaries. At times, there may simply be no easily accessible direct evidence about them in this period.


          The need to cover the whole country quickly meant that in the original inventories, presence back to 1600 AD was generally inferred from the relatively comprehensive maps of the early 19th century back to the threshold date (Spencer and Kirby, 1992). Factors such as the presence of indicator species, wood name, shape or location in the landscape were used to support the assumptions (Rackham, 1990). In most cases, subsequent more detailed analysis has confirmed the presence of ancient woodland at the inventory sites, if not always the precise boundaries.


          Despite these uncertainties, the definition of ancient woodland has largely been accepted in the face of challenges.

        

      


      
        

        The meaning of ancient woods


        Peterken (1983) set out a series of reasons why ancient woods were important as follows:


        
          	
            They include all primary woods, the lineal descendants of the wildwood. Their composition preserves the natural composition of the Atlantic forests; once destroyed they cannot be recreated.

          


          	
            Being relatively unaffected by humans, they provide baselines against which our impact can be measured.

          


          	
            Their wildlife communities are generally richer than those of recent woods.

          


          	
            They contain a high proportion of rare and vulnerable species, many of which cannot colonize newly created woodland or do so only slowly.

          


          	
            Where large old trees have been present for several centuries, they provide refuges for the characteristic inhabitants of primeval woodland such as lichens and saproxylic beetles.

          


          	
            They contain other natural features that rarely survive in farmland such as streams in their natural watercourses.

          


          	
            They have been managed by traditional methods for centuries and could be considered as ancient monuments of value to historians and village community consciousness.

          


          	
            They are reservoirs from which the wildlife of the countryside has been maintained and could be restored.

          

        


        Ancient woods may or may not show all of the above characteristics.


        While less affected by some types of modern human activity, the degree of past human impact in ancient woods is often considerable. Archaeological studies suggest that many ancient woods have developed on land that had been cleared at some stage pre-1600 (Barnes and Willliamson, 2015). Continuity with the original wildwood seems less likely for most ancient woods than was thought in the 1980s.


        Ancient sites are often richer than recent woods, but there is overlap in species richness even if only ancient woodland indicator plants are considered, particularly small plants. Large old trees are frequently not found within ancient woods as listed on the inventories, but rather in more open situations such as wood-pastures, hedgerows, or trees in fields. Streams and such in woods have often been modified. Traditional management is maintained in only a minority of sites. The value of ancient woods as potential wildlife reservoirs is still valid, but this role may be shared by other types of woodland and other semi-natural habitats more generally.

      


      
        

        Definition versus meaning


        One reason for attempting to identify ancient woodland originally was as a shortcut to finding woods that would be important for conservation (Peterken, 1977), i.e., those that would show the sorts of features listed in the previous section. The formal definition was a way of guiding which woods to choose for further study or survey.


        In practice subsequent policy and regulation has tended to focus on the definition. One of the first cases where a farmer was refused permission to clear a woodland under the 1985 Broadleaves Policy in England (Forestry Commission, 1985) required only that there was good evidence (which there was) that it was an ancient broadleaved woodland. The wood was largely birch with dense understorey of rhododendron. It did not rank very highly in terms of Peterken’s reasons for valuing ancient woodland, but the felling licence to clear the wood was refused. More recently another piece of woodland was the subject of a proposal to clear it for housing development. It was quite species rich and was initially defended on the grounds that it was ancient and the national planning guidance suggested such sites should be avoided (ODPM, 2005). However, further historical research showed that it had not been wooded in the 18th century: this did not change the documented biodiversity value of the wood, but it removed a major policy argument for its protection.


        Focusing on definition leads to a binary division of woodland – ancient (high value, high protection) or not (lower value and lower/no protection); looking at meaning results in more of a gradation of values. At the extremes this makes no difference; the value of a medieval coppice woodland is clearly much higher than a field recently planted up with trees. However, in the middle ground the significance of age of the woodland per se may be less significant than other factors in determining its value: for example, a semi-natural woodland originating from the mid-nineteenth century may be much richer than an ancient woodland much altered by twentieth century plantations and deer grazing.


        
          

          Exploring the gradation using vascular plants


          Vascular plants were the first species group to be associated with ancient woods in the UK: for example, Beevor (1925) suggested Hyacinthoides non-scripta in Norfolk was only in old woods; Eustace Jones, in the 1950s, associated Paris quadrifolia with the ancient parts of Wytham Woods. Peterken (1974), in his classic study of the Lincolnshire limewoods, showed clear quantitative variation in the frequency with which some woodland flora occurred in woods of different historical origins. There have since been many more studies that identify possible ancient woodland indicators for different parts of the UK (summarized in Glaves et al., 2009) and elsewhere in Europe (Hermy et al., 1999).


          The differences between ancient and recent woods are likely to be more obvious the richer the overall vascular plant list. There is more overlap in the number of species (and ancient woodland species) found in small woods (Hill, 2003; Peterken and Game, 1984) than in larger woods. Woodland types rich in vascular plants, such as the Fraxinus excelsior-Acer campestre-Mercurialis perennis community (W8 in the British National Vegetation Classification (Rodwell, 1991), have more potential indicator species, than the species-poor Quercus spp-Betula spp-Deschampsia flexuosa community (W16).


          Recent woods that have developed on semi-natural pre-cursor vegetation (Rodwell and Patterson, 1994) are likely to be richer than those growing on former intensive farmland. There is little overlap (almost none) between the flora of arable fields or improved pasture and that of the subsequent woodland, whereas there can be a dowry of species from the open community that also form part of new woodland community: Calluna vulgaris, Deschampsia flexuosa and Vaccinium myrtillus from former heaths; Filipendula ulmaria and Iris pseudacorus from former fens; or Cirsium heterophyllum and Trollius europaeus from former hay meadows. Woods of 18th and 19th century origin are more likely to have had such semi-natural precursor vegetation than those formed in the 20th century.


          Explanations of why some plants might be more abundant in ancient than recent woods often concentrate on the poor colonizing ability of these species, with estimates of localized spread of only a metre or two a year. However, in some circumstances much faster rates of spread and establishment must be possible: how else could species have spread from glacial refugia to Britain, before it was separated from the continent in the mid-Holocene, and in many cases, colonized woods across the country by the early medieval period?


          Barnes and Willliamson (2015) report a number of woods, once thought to be ancient because of their flora, that have since been shown on historic evidence to be only a couple of hundred years old. At other sites, woodland specialists may arrive, establish for short periods, but then disappear again (Harmer et al., 2001; Woodruffe-Peacock, 1918). Rackham (2003) mapped the changing distribution of Hyacinthoides non-scripta, Mercurialis perennis and Primula elatior through a small patch of recent woodland attached to the ancient Hayley Wood over a 40-year period. Other species that have spread over the same time include Brachypodium sylvaticum, Carex sylvatica, Daphne laureola, Fragaria vesca, Geum urbanum, Lonicera periclymenum, Sanicula europaea, Tamus communis and Viola riviniana.


          The ancient woodland flora itself may have been changed in recent years. High levels of deer grazing, the replacement of the native broadleaved tree cover by coniferous plantations, nitrogen deposition from adjacent fields or diffuse sources such as power stations may obscure the ancient-recent difference by creating more homogenous woodland communities (Keith et al., 2009). Increased shade through growth from coppice to high forest tends to have reduced species richness (Kirby et al., 2005). Conversely, deliberate ground flora introductions or the translocation of soil may enrich and diversify recent woods (Buckley et al., 2017; Francis and Morton, 2001). Further developments are likely through the effects of climate change (Carey, 2015).


          There may still be differences between ancient and recent woods, even if their flora is the same, in terms of other features of value that were listed by Peterken (1983), but these are also likely to show similar gradations in significance, rather than being strictly split according to woodland origin.

        

      


      
        

        Conclusion


        The binary division of woodland into ancient and recent woodland, based on a simple threshold date definition, transformed woodland conservation policy and practice in England. However, this threshold does not always coincide with a step-change division in the meaning or value of woodland, because other factors influence the pattern as represented in Figure 1-1.


        
          [image: Into-the-woods-2017-44-Figure-1-1-1.jpg]

        


        Figure 1-1. Representation of the overlap of species richness between ancient and recent woods as influenced by different factors. The arrows indicate how the overlap of species richness in ancient and recent woods may be influenced by management or other factors.


        The question is whether policy and regulation could be improved to represent the graduated approach better, without losing the relative simplicity and robustness of the current classification.
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      Chapter 2: Managing Walloon ancient woodlands as heritage


      Thierry Kervyn, Jean-Pierre Scohy, Didier Marchal, Olivier Collette, Brieux Hardy, Laurence Delahaye, Lionel Wibail, Floriane Jacquemin, Marc Dufrene and Hugues Claessens


      Taking into account woodland ancientness in forest management plans as well as in wood product certification is a specificity of Walloon forest management. By combining the visions of public service and academic world views, this chapter details the historical traits of the Walloon woodlands, the influence of forestry operations and the recognition of the heritage value of ancient woodlands. Guidelines for differentiated management are provided.


      
        

        A diverse history of Walloon woodlands


        Abundant and precise mapping information allows woodland ancientness in Wallonia (Belgium) to be uncovered. The first reference map for Belgium was drawn around 1775 by Earl de Ferraris with outstanding geographical precision (about 1/11,520) and rich typology. Other maps from the second half of the 18th century can provide additional information, such as the French maps (Vallauri et al., 2012) and the ‘Seven Years’ War’ map (Nekrassoff, 2014). Two 19th-century (Van der Maelen and Dépôt de la Guerre) can also be used to assess land use at that time. Cross refrencing these old maps with current maps reveals an increase of 27% of the wooded area in Wallonia, from 431,000 ha to 546,000 ha, and considerable compositional changes.


        Since the 18th century, large parts of Walloon broadleaved forests (which occupied about 431,000 ha on the historical maps) have been deforested for agriculture (124,000 ha or 30%) or transformed into exotic coniferous stands (108,000 ha or 26%). Only 44% of the 18th-century woodlands is still currently occupied by the original broadleaved woodlands (Table 2-1, Figure 2-1). Agricultural deforestation mainly concerns northern Wallonia (Figure 2-2), allowing the intensive development of crops on good soils, or grasslands in the wettest biotopes or valleys. Transformation into coniferous stands took place mainly in the Ardenne region (southern part), due to lower soil fertility and climatic conditions (Figure 2-2).
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        Figure 2-1: Regression of subnatural ancient woodlands in Wallonia, i.e., continuously forested broadleaved woodlands between the 18th century (woodlands mainly visible on the ‘de Ferraris’ map) and the 20th century. The difference is mainly due to deforestation (30%) and transformation into coniferous stands (26%).
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        Figure 2-2: Map of woodland ancientness in Wallonia (extract).


        Table 2-1: Surface area (ha) of each ancientness category.


        
          

          
            
              	Age level of forest massifs

              	Area occupied (ha)

              	Percentage of 18th- century forest area

              	Percentage of current forest area
            


            
              	Subnatural ancient forest

              	181,000

              	44%

              	33%
            


            
              	Resinous transformation of ancient forest

              	108,000

              	26%

              	20%
            


            
              	Temporary resinous transformation of ancient forest

              	800

              	0.2%

              	0.1%
            


            
              	Deciduous afforestation

              	117,000

              	

              	21%
            


            
              	Coniferous afforestation

              	140,000

              	

              	26%
            


            
              	Net deforestation since the 18th century

              	124,000

              	30%

              	
            

          

        


        Walloon landscapes have been shaped by these interventions. Their intensity has varied over time but they have caused the gradual decrease of wooded area until the middle of the 19th century.


        At that time, woodland area started to increase again due to the conjunction of various factors: the energy revolution (coal), a decline of sheep farming and the growing needs for wood. As a result, the current Walloon landscape is composed of three categories of woodlands (Kervyn et al., 2014) with different levels of ancientness:


        
          	
            subnatural ancient woodlands, with a continuous broadleaved cover since at least the second half of the 18th century, when the first land-use maps were produced (Cateau et al., 2015). Relatively unaffected by anthropogenic changes, these woodlands are still in the form of native broadleaved stands, regardless of the silvicultural management;

          


          	
            ancient woodlands that have been transformed, sometimes temporarily, into coniferous stands;

          


          	
            recent broadleaved or coniferous stands, usually planted on heathland, grassland, arable land or, more recently, industrial land.

          

        


        
          

          Subnatural ancient woodlands


          Preserved for centuries, these woodlands constitute a remarkable heritage of high scientific and ecological value (Jacquemin et al., 2014). Their economic, social and cultural role is also significant. Their structure and composition may have changed because of past management such as intensive coppicing, but their major characteristic is their preserved soil, which today gives them high heritage value. Developed by natural processes since the end of the glaciations, the soil has usually not been disturbed by tillage or fertilization. Possible exceptions include woodlands that have experienced slash-and-burn agriculture, but changes remained limited thanks to the absence of deep ploughing and chemical fertilization.


          This exceptional continuity of broadleaved land use and soil preservation allows the conservation of a unique biological (Hermy et al., 2007) and archaeological heritage (Dupouey et al., 2002; Françoisse, 2015).


          Long-lived species, whose life expectancy for individuals exceeds several decades, and/or philopatric species, whose dispersal abilities are limited, are typical of these ancient woodland areas. These species include many trees, but also geophytes, lichens, mycorrhizal fungi and even animals.


          Conservation of old relict woodlands is considered a priority by many authors (Peterken, 1977; Vellend, 2003; Wulf, 2003).


          Because of their authenticity, these woodlands are currently important natural resources, allowing our society to enjoy unspoilt places to reconnect with nature. The large number of tourists visiting these woodlands during bluebell flowering is a good example of these social and cultural roles.

        


        
          

          Ancient forests transformed into coniferous stands


          Many open broadleaved woodlands, previously harvested for charcoal, have been planted with coniferous trees, mainly since the second half of the 19th century (Thibaut et al., 2007). In these plots, preparatory work for planting (clearcutting, drainage, and more recently, crushing, etc.) has weakened the biological and archaeological value, sometimes severely. In spruce stands – the most frequent coniferous stands in Wallonia – the permanent darkness and the physical-chemical changes of the soil (Nys, 1981) caused by the accumulation of needles have deeply modified the soil fauna and flora. For instance, geophyte species have disappeared from the alluvial plains (Herault, 2005). However, these woodlands have not undergone the same drastic soil transformations as is the case with current agricultural land (ploughing, fertilization, soil improvement practices, use of herbicides, removal of vegetation and/or of soil seed bank). As a result, the potential for original broadleaved forests restoration in the long term still exists (Wulf et al., 2008) after a slow recolonization of typical species. Coniferous species allowing a lush undergrowth, such as larches or pines, offer more restoration opportunities (Pryor et al., 2002; Bergès et al., 2017) than conifers with a dense canopy.

        


        
          

          Recent afforestation


          The Ardenne plateau has been the main focus of afforestation efforts, especially through conifer plantations. After a first wave of Scots pine plantation (in Belgium, these covered 130,000 ha at the peak in the early 20th century), spruce became the most planted species in 1895; many plots are today at their third revolution of mono-specific spruce stands. Scots pine is now only significantly species present on the poor soils of Fagne-Famenne, Ardenne and sandy regions (Thibaut et al., 2007), while black pine used to be planted on the calcareous soils of the Mosane Valley and Calestienne. European larch has been rapidly neglected because of Melampsora epidemic, and Douglas fir has been frequently introduced since the end of the 20th century, in particular as a substitute for other coniferous species (Alderweireld et al., 2015).


          Most of the time, these stands have not been as converted into cropland, and they offer the possibility to restore pre-existing open habitats, whose areas have considerably decreased in the meantime, namely calcareous grassland (Delescaille, 2007), lean meadows, dry heathlands (Frankard et al.,2014) and wet moors (Cristofoli et al., 2010). This opportunity has been promoted in the context of many European co-funded LIFE[5] projects targeting the re-creation of these natural habitats of community interest (Dufrêne et al., 2015).


          In addition to dense coniferous plantations, broadleaved afforestation also took place in Wallonia, namely poplar plantations mainly in Hainaut and Lorraine, and various native broadleaved species elsewhere: oak and beech plantations in the Ardenne, natural regeneration and plantation on agricultural land in Condroz, spontaneous shrubbing of calcareous slopes and moors no longer used by extensive grazing, shrubbing or plantations along transport infrastructure, slag heaps and industrial wastelands.

        

      


      
        

        The significance of forest management methods


        Because of their intrinsic characteristics, soils of subnatural ancient woodlands deserve special attention during forest management operations. They have better physical qualities (structure, porosity) and a specialized biodiversity (pedoflora, pedofauna, mushrooms, etc.). These parameters are the basis of mineral element recycling and water storage, which are the main drivers of soil fertility (Diedhiou et al., 2009; Fichtner et al., 2014; Hofmeister et al., 2014). Additionally, these soils constitute the most intact and contamination-free soil reference systems, with major scientific and conservatory value (Ball et al., 1981; Baeten et al., 2011). Preserving these characteristics in the long term implies maintaining optimum soil functioning, namely by avoiding land-use changes, clearcuttings, tillage, amendments, fertilizers and pesticides. It is also essential to prevent soil compaction caused by the use of increasingly heavy logging machines in forestry, especially on soils with low bearing capacity (Delecour, 1987; D’Or et al., 2016). In addition to the alteration of flora and soil fauna, the anaerobiosis of woodland soils due to compaction is one cause of forest dieback (Goutal-Pousse et al., 2014; Lüscher et al., 2015). Many Walloon forests are already affected by this problem (Herbauts et al., 1998), which is difficult to mitigate. Restricting soil compaction to marked logging paths is highly recommended and increasingly implemented. Cable logging could also be a more widely used option to limit damage on sensitive soils and steep slopes.


        Geophyte plants, microflora and soil microfauna are sensitive to tillage operations such ashwood crushing. Superficial decompaction (cover crop) gives spectacular seedling brushes (Delvingt et al., 1996), but its long-term impact on the superficial soil structure and function is poorly controlled. This practice, fortunately undeveloped in broadleaved forests, must be prohibited, except for the sole purpose of restoring the functioning of highly degraded areas of forest habitats (e.g., former logging roads).


        These guidelines are also essential for the conservation of archaeological remains preserved in forests. On the basis of the LIDAR surveys carried out in 2013 in Wallonia, it turns out that a great diversity of archaeological structures can be detected in some ancient woodlands: Roman temples, tumuli and other funerary structures, stacking stones, old roads, traces of iron ore exploitation and metallurgical infrastructures, sand pits, marl and about 200,000 charcoal kiln sites (Hardy et al., 2012; Françoisse, 2015; Hardy, 2017). Silvicultural operations disturbing the soil microrelief (disking, rotary grinding, stumping, heavy machinery, etc.) have a negative impact on the conservation of these remains (Prignon, 2015). Despite the fact that they reflect past human activities, these vestiges are not incompatible with woodland ancientness because of the ecosystem ability to restore in the very long term (several centuries, exceeding the cartographic threshold which allows us to define ancient woodlands from 18th century maps). The results of Dupouey et al. (2002) and others point out that even about 1,200 years after human occupation in the woodland, traces are still detectable; however, the slow but real recolonization of ancient forest species in recent woodlands has also been observed (Hermy et al., 2007).


        Finally, another element of degradation of subnatural ancient woodlands results from their contiguity of exotic species plantations, whose seeds have a strong dispersal capacity. Due to a lower consumption by wild herbivores, the undergrowth is thus frequently colonized by spruce. In the Ardenne, this gradual transformation occurs when subnatural ancient woodlands are surrounded by spruce stands. This proximity could also compromise the maintenance of the naturalness of ancient Ardenne woodlands through the aerial dispersion of calcium and magnesium amendments used to correct pH in contiguous conifer stands, impeding the acidophilous flora (Dulière et al., 1999).

      


      
        

        Recognition of the heritage value of ancient woodlands in forest management


        Incorporating this ancientness concept into forest management provides an appropriate focus on high conservation value woodlands. Taking them into account is indeed important when establishing forest management plans. In Wallonia, the Forest Code and the Programme for the Endorsement of Forest Certification (PEFC) certification process contribute in a useful way to this achievement. The PEFC charter asks for the identification of ancient woodlands and assigns particular importance to them in forest management (PEFC, 2017), in particular by promoting natural regeneration and preservation of soils and flora during logging (PEFC, 2016).


        
          

          Improved tourism development of ancient woodland areas


          Because forests in Wallonia are frequently close to large urban centres and constitute original and relatively coherent landscape complexes, they are popular recreational areas (Colson et al., 2012). Together with the other natural environments often associated with them, they have a high socioeconomic potential through the development of high value-added eco-tourism (Farcy et al., 2015). Various initiatives are currently being launched to promote natural capital, notably with the concept of ‘Forêt d’Ardenne’, which is characterized by a predominance of subnatural ancient woodlands and significant naturalness (FTLB, 2017).

        


        
          

          Guidelines for consideration of woodland ancientness in forestry


          To ensure the conservation of subnatural ancient woodlands, differentiated management is required. Such management must emphasize ecosystem conservation, particularly through the protection of its soil (which must be considered a complex organism) and vegetation, offering the living conditions needed by specialized forest biodiversity. The following guidelines are recommended:


          
            	
              Maintain or restore the rich structure and specific composition of natural habitats, in particular by promoting natural regeneration and strictly controlling the pressure of large herbivores on regeneration. Indeed, since they exert a differentiated pressure on vegetation (e.g., browsing of oaks, maples, ash regeneration), herbivores can induce a modification and a simplification of the stand composition and associated biodiversity;

            


            	
              As much as possible, limit coniferous transformations and natural seeding of coniferous species, e.g., by avoiding the plantation of coniferous cells isolated in subnatural ancient woodlands;

            


            	
              Limit clearcuttings and avoid associated techniques such as rotary grinding, stump grinding, grading (i.e., removal of the top layer of soil and the vegetation that covers it) or windrowing;

            


            	
              Whenever possible, restrict the circulation of machines to a few marked logging paths, or consider cable logging;

            


            	
              Do not apply pesticides (Forest Code) or inputs (amendment or fertilizer).

            

          


          In addition, the more general objectives of ancient woodland management should be:


          
            	
              to consider management on a wide scale (e.g., forest) when the spatial configuration and land status allow it;

            


            	
              to ensure dialogue with the Walloon Heritage Agency;

            


            	
              to highlight the biological and archaeological value of ancient woodlands in tourism communication.

            

          


          Nowadays, new pressure is put on broadleaved forests because of their lower wood productivity. Since 2008, when the Forest Code called for the long-term stability of the balance between coniferous and broadleaved stands at the Walloon region scale, the socioeconomic (more favourable to the harvesting of coniferous trees), ecological and environmental conditions have led to a decrease in the surface area of coniferous stands. A failure to question the Forest Code relevance on this issue has led to debates on the transformation of broadleaved surfaces into coniferous stands. If this were to happen, it would be wise to prioritize the transformation of recent broadleaved stands, which occupy a cumulative surface of 117,000 ha (out of which 86,000 ha are outside Natura 2000 sites, see Table 2-2) and are more likely to respond to the concerns justifying these transformations.


          Table 2-2: Proportion of each ancientness category in public woodland and in the Natura 2000 network.


          
            

            
              
                	Woodland ancientness

                	Surface area (ha)

                	Percentage on public property

                	Percentage in the Natura 2000 network
              


              
                	Subnatural ancient woodland

                	181,000

                	63%

                	48%
              


              
                	Ancient woodland transformed into coniferous stands

                	108,000

                	53%

                	21%
              


              
                	Ancient woodland temporarily transformed into coniferous stands

                	800

                	46%

                	59%
              


              
                	Recent broadleaved stands

                	117,000

                	26%

                	26%
              


              
                	Recent coniferous stands

                	140,000

                	35%

                	17%
              

            

          


          If some forest owners who do not have recent broadleaved stands consider deforestation or transformation of subnatural ancient woodland into coniferous stands, and despite the irreversible and non-compensatory impact of these actions, several principles should be respected:


          
            	
              avoid coniferous plantations in infertile and poor soils, such as peat, white clay soils, podzolic soils, steep slopes, etc. and reserve the production of high quality coniferous wood where it will be economically justified;

            


            	
              avoid sites of high heritage interest such as woodlands within the Natura 2000 network or woodlands containing rare or threatened species and habitats, sites within large-area subnatural ancient woodlands, sites with archaeological remains or with a high naturalness revealed by flora indicating woodland ancientness. Although their indicator value has not yet been fully established statistically in Wallonia, the following geophytes can be cited: among rhizome plants: Blechnum spicant, Convallaria majalis, Luzula luzuloides, Maianthemum bifolium, Mercurialis perennis, Paris quadrifolia, Polygonatum multiflorum; among bulbous plants: Allium ursinum, Anemone nemorosa, A. ranunculoides, Gagea spathacea, Galium odoratum, Hyacinthoides non-scripta, Narcissus pseudonarcissus, Ranunculus auricomus;

            


            	
              restrict transformation to parcels of low heritage interest, such as woodlands that were formerly mowed or stripped. These can be recognized by several characteristics. In addition to the absence of the above mentioned geophytes, visible traces of clearing can sometimes still be observed, such as microrelief and the presence of a typical soil horizon. In the Ardenne, slash-and-burns can also be recognized by the unnatural dominance of pedunculate oak on dry soils, as the species was formerly favoured in woodlands, either for ease (Poskin, 1934) or for its better tannin content;

            


            	
              group the new coniferous plantations, rather than disperse them, in order to limit the effect of the lateral natural seeding and the aerial drift of the possible calcium and magnesium amendments in the surrounding broadleaved forests;

            


            	
              consider first planting larches or pines – rather than shade tolerant species such as spruce or Douglas fir – as they allow the development of a more diversified undergrowth, natural regeneration, and the potential restoration of the original habitat at the end of a forest revolution. These tree species are also very suitable for mixed stands (broadleaved and coniferous) that better combine coniferous production with habitat protection.

            

          

        

      


      
        

        Perspectives on territory development


        Following social evolution, a growing number of non-forest activities are exploiting woodland surfaces: infrastructure for heat and power generation from forest biomass, new roads, telecommunication pylons, industrial areas, recreation areas, quarries, agricultural zones, etc. Analysis of these projects, which digress from the initial allocation of the woodland area, should explicitly take into account the woodland ancientness. The same goes for tourism facilities or wind turbines in woodlands. The Walloon territorial development code states that these activities cannot irreversibly challenge the character of the zone.

      


      
        

        Conclusion


        Awareness of the heritage value of subnatural ancient woodlands is recent. In addition to communication that highlights this unique natural legacy, these forests must benefit from a differentiated management approach where conservation is paramount. In Wallonia, the Forest Code allows the application of this vision to all public woodlands. Sustaining the goods and services provided by forest while preserving ancient woodlands is a new challenge for forest managers. To be fully taken into account, the recommendations issued may require support and clarification to be implemented. This multi-secular heritage, passed down through generations of foresters, deserves to be preserved for future generations.
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      Chapter 3: Ancient coppice woodlands in the Czech Republic


      Tomáš Slach, Antonín Buček, Linda Černušáková, Michal Friedl, Martin Machala, Daniel Volařík and Petr Maděra


      Traditional cultural landscapes (Cullotta and Barbera, 2011) or ancient countrysides (Clare and Bunce, 2006) are landscapes that reflect human-nature interactions over time. Those landscapes have been created by the long-term application of traditional forest management techniques, which include coppicing and pollarding. These silvicultural systems were in widespread use in Europe until the beginning of the 20th century (Mitchell, 1989; Müllerová et al., 2014; Szabó et al., 2015). Dendro-archaeological research has shown that coppicing started in the Neolithic, and was practised throughout European history (Szabó, 2009). The first written records of coppicing date to 1384 (Bretholz, 1930) and pollarding from 1523 (Fitzherbert, 1523; Read, 2000). The use of coppicing and pollarding is also captured in their frequent display in the visual arts (Lacina, 2016). Brown and Oosterhuis (1981) used the term ‘ancient coppice woods’ to describe woodlands that had been continuously coppiced since at least the year 1800 AD. In the Czech Republic, the term ‘ancient coppice woodlands’ is being used for coppice-originated forest stands of long-term continual development and with typical preserved natural and historical elements (Maděra et al., 2017a; 2017b).


      
        [image: Into-the-woods-2017-44-Figure-1-3-1.jpg]

      


      Figure 3-1: Ancient coppice woodland in Bohutický Forest, Czech Republic.


      
        

        Recession of ancient coppice woodlands


        In Europe, forests and other woodlands occupy 215,422,000 ha, covering 38.1% of land; of this, 27,495,100 ha are coppiced forests (TBFRA, 2000). This means that coppice woodlands cover 12.7% of wooded areas in Europe. Many of the existing coppice woodlands are characterized as ancient woodlands (Rackham, 2003). However, the distribution of coppice woodlands among European countries varies widely. For example, less than 1% of woodlands are coppices in Cyprus, the United Kingdom, Denmark, Sweden, Poland, Germany, Ireland, Finland, Malta, Estonia, Latvia and Lithuania. Meanwhile, coppices account for more than 10% of woodlands in Greece, Italy, France, Bulgaria, Hungary, Spain, Portugal, Luxembourg, Belgium and Slovenia. In 2009, there were only 7,000 ha of coppice forests in the Czech Republic, which totalled 0.3 % of the country’s forest area (Kadavý et al., 2011). In many countries where coppicing was formerly widespread, it is now becoming scarce. The practice of singling out coppice stools (cutting out all shoots except for the strongest and most upright plants) resulting in structures similar to high forests (so-called pseudo high forests or stored forests) was recorded in management instructions as far back as the 17th century. Demand for firewood production gradually declined. Coppicing as a silvicultural system was then completely abandoned in many European countries during the 20th century (Müllerová et al., 2014).


        In ancient woodlands, natural processes have been interacting with human activities in complex and subtle ways for centuries or even millennia (Peterken, 1996). Glaves et al. (2009) listed a wide range of ancient woodland values, including biodiversity, rarity, history and irreplaceability. The demise of traditional forest management is considered to be a driver of forest biodiversity decline (Hédl et al., 2010), resulting in changes in both plant communities (Hédl et al., 2010; Kopecký et al., 2013; Müllerová et al., 2015) and invertebrate populations (Beneš et al., 2006). Indeed, the occurrence of red-list species has diminished considerably after coppicing was abandoned (Müllerová et al., 2015).

      


      
        

        Inventory is necessary


        As previously mentioned, the Czech Republic is one of several countries where only very small areas woodlands are coppiced today. In fact, more than 1,000 square kilometres of coppice woods were converted into high forest and stored coppices after the Second World War. These stored coppices could be the last remainders of ancient coppice woods in the Czech Republic.


        To conserve the natural and cultural heritage associated with ancient woodlands, Great Britains’ former Nature Conservancy Council created an ancient woodlands inventory in the 1980s. Ascertaining and maintaining the condition of ancient woodland in Great Britain is considered a major challenge for the future (Goldberg et al., 2007). The inventory forms a basis for more detailed follow-up surveys and contributes to the development of woodland conservation policies. It also provides a baseline against which the success of these policies can be monitored (Spencer and Kirby, 1992). In the Czech Republic, there is a similar need for an inventory of ancient coppice woodlands because their remainders will reach maturity soon; thus, they will be harvested in the near future and replaced by high forests. The area and distribution of stored coppices is not known in the Czech Republic because they are often recorded as high forests in forest management plans. The risk that these last remainders of the ancient coppice woods will be lost is high. For this purpose, a map of the predicted occurrence of ancient coppice woodland in the Czech Republic was created in 2016 to support the abovementioned planned inventory (Maděra et al., 2017a).
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        Figure 3-2: Ancient hornbeam coppice stool in Lesonický forest (Czech Republic).

      


      
        

        Predicted occurrence of ancient coppice woodlands in the Czech Republic


        No historical maps from before 1941 are available for the entire Czech Republic to document coppice woodland distribution and continuity, and thus to prove the existence of ancient coppice woodlands. Consequently, Maděra et al. (2017a) aimed to create a set of maps of historical, present and potential occurrences (based on favourable habitats) of coppice woodlands in order to infer the likely distribution of remaining ancient coppice woodlands in the Czech Republic. This distribution can help prioritize areas to be included in the field inventory and the subsequent conservation of remaining ancient coppices. Data used in the creation of these maps were as follows:


        
          	
            Natural conditions: Maděra et al. (2017a) used altitudinal vegetation zones as the main information source on natural conditions influencing the occurrence of coppice woodlands for three main reasons. First, they carry information about the main tree species in the forest species composition, which is a crucial prerequisite for coppicing, as tree species differ in sprouting ability (Bond and Midgley, 2001). Second, there is a long history of altitudinal vegetation zones mapping in the Czech Republic, resulting in detailed data on altitudinal vegetation zones in the country (e.g., stored in the biogeography register, a database where information about the distribution of altitudinal vegetation zones is stored at a level of cadastral areas – Vlčková et al., 2015). Third, the characterization of altitudinal vegetation zones contains information about climatic conditions, which are the main driver influencing coppice distribution (Szabó et al., 2015). The gradient of tree species composition ranges from good resprouters at lower altitudes and in low altitudinal vegetation zones (e.g., oak and hornbeam) to a worse resprouter (beech) and finally to non-resprouters (conifers: silver fir and Norway spruce) at higher altitudes in the mountains.

          


          	
            Coppice woodland area in 1845: To obtain information about the occurrence of coppice woodlands in the mid-19th century, Maděra et al. (2017a) used land-use registry records from 1845, which are available for each cadastral area (there are more than 13,000 cadastral areas in the Czech Republic). These records are based on results of the mapping of stable cadastres (over the period from 1826-1843) at a scale 1:2880 (Bičík et al., 2010). With regards to forests, they list areas of high forests (classified as broadleaved, coniferous and mixed), coppice woods, glades, shrublands, landscape parks and burnt-over areas. Thus, they constitute a unique source of information about the condition of forest stands for that period.

          


          	
            Area of coppice and oak woodlands in 1941 and 1947: Maděra et al. (2017a) also gathered information about coppice woodlands and oak woodlands distribution about 100 years later, as provided in two maps – one from 1941 (Svoboda and Weingartel, 1941) and one from 1947 (Svoboda, 1947). On both maps, the main tree species composition (e.g., oak forest) and designation as coppice vs. high forest are indicated. Maděra et al. (2017a) were interested both in areas designated as coppices and those indicated as oak woodlands. The map from 1941 covers about 92% of the Czech Republic while the 1947 map encompasses the whole country.

          


          	
            Natura 2000 habitats: Maděra et al. (2017a) used two sources for the current occurrence of coppice woodlands: the Natura 2000 list of habitats and the comprehensive forest management plans. The mapping of habitat types for Natura 2000 (Chytrý et al., 2010) was carried out in the Czech Republic on a national scale in 2001-2004 and has been continually updated since 2006. As a result, the Natura 2000 maps contain relatively accurate and up-to-date information about habitat types included in the catalogue of habitat types in the Czech Republic (Chytrý et al., 2010), although coppices (or stored coppices) and high forests are not distinguished in these maps. Nevertheless, the likelihood of each habitat type consisting of coppices (including stored coppices) can be deduced. For example, the highest estimated probability of the occurrence of coppice woods is within the Peri-Alpidic thermophilous oak forests habitat type (90%). From other habitat types with a high probability of coppice woods occurrence, Acidophilous thermophilous oak forests (80%), Pannonian oak-hornbeam forests (75%), Pannonian thermophilous oak forests (70%) or Polonian oak-hornbeam forests (60%) can be identified.

          


          	
            Comprehensive forest management plans: Maděra et al. (2017a) then obtained information on locations and areas of forests listed as coppice woods and coppices with standards from the database of comprehensive forest management plans administered by the Forest Management Institute in Brandýsnad Labem. The data enabled the authors to calculate the area of coppices and coppices with standards in all administrative districts. Although the comprehensive forest management plans did contain information about coppicing, they lacked many stored coppices (Kadavý et al., 2011) as mentioned previously.

          

        


        After synthesizing the abovementioned input data, a COP (derived from the word ‘coppice’) index was constructed and calculated (Maděra et al., 2017a). The range of COP index values was divided into classes reflecting the inferred likelihood of the occurrence of ancient coppice woodlands in a given administrative district of the Czech Republic. These likelihoods were inferred based upon several areas where the authors mapped the actual distribution of ancient coppice woodlands in the field. Classes of the predicted occurrence of ancient coppice woodlands are as follows: very poor, poor, moderate, good and very good. Very good predicted occurrence of ancient coppice woodlands can be found in administrative districts totalling an area of 6,850 square kilometres or 8.7% of the Czech Republic. The other classes occupy the following areas of the country – good 8.2%, moderate 12.6%, poor 26.2 % and very poor 44.3% (Maděra et al., 2017a). Thus, priority areas with the highest probability of the occurrence of ancient coppice remainders are given. The current task is to complete a field inventory of these areas focused on mapping, characterizing and preserving at least some of their remainders before they cease to exist.
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        Figure 3-3: Predicted occurrence of ancient coppice woodlands in the Czech Republic according to COP index.

      


      
        

        Natural and historical elements of ancient coppice woodlands


        Glaves et al. (2009) listed a wide range of ancient woodland values, including biodiversity, rarity, history and irreplaceability. There are three broad types of features to look for in the ancient woodland according to Glaves et al. (2009): 1) vascular plant indicators; 2) tree shape and form; and 3) surface and buried archaeology. In the Czech Republic, a slightly different approach was chosen. Maděra et al. (2017a, 2017b) classify the essential elements of ancient coppice woodlands into two groups – natural and historical. These ancient coppice woodlands are typical by the combination of elements of both groups, which could have developed due to the long-term impact of humans while preserving natural values. With regards to the natural elements, Maděra et al. (2017b) include old coppice stools, pollard trees, reserved trees, dendrotelms, nesting trees, ecotone communities of forest margins, forest openings, and important plant and animal species. From the group of historical elements, archaeological monuments, boundary ditches and mounds, landmarks (boundary stones), boundary trees, myths and legends, sacral objects, old roads or paths, technical objects or remainders of ploughland are included.
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        Figure 3-4: Boundary stone from 1687 in Lesonický Forest, Czech Republic.


        The main component of ancient coppice woodlands is the presence of ancient coppice stools, which can reach 1,000 years in age and demonstrate the long-term continuity of coppicing (Rackham, 1986; Pigott, 1989; Vrška et al., 2016). Dendrotelms, another important element, are favoured by coppicing because their development is based on the removal of stems from the live coppice stools. Kitching (1971) considers water-filled tree holes to be the most common type of phytotelmata in the temperate zone, distinguishing ‘pans’, which maintain unbroken bark lining throughout their existence, and ‘rot-holes’, which penetrate to the tree sapwood and heartwood. He connects the rot-hole type of dendrotelms with stump-holes, holes in pollarded or coppiced trees and holes originating in wood exposed to pruning. Ouin et al. (2015) recorded dendrotelms when the orifice was wider than 3 cm, differentiating similarly between rotted-bottom dendrotelms with the cavity bottom of decayed wood and bark-lined dendrotelms with the cavity bottom of intact bark. The first classification of dendrotelms was published by Kitching (1971) and it was based on their position on the stem (up to 2 m above the ground or higher) and on their size (small – diameter up to 15 cm, medium – diameter 15-30 cm, and large – diameter over 30 cm). Schmidl et al. (2008) pointed out the importance of leaf litter content and water volume in dendrotelms. They recorded water-holding capacities ranging from 0.2 to 13 L and maximum depths from 5 to 57 cm. Total litter contents (dry material) were 745 g in large dendrotelms and only 0.1 g in very small dendrotelms. Kitching (2000) mentioned dendrotelms with water volumes greater than 20 or 30 L.


        Maděra et al. (2017b) searched for the presence of ancient coppice stools and dendrotelms (two of the most typical features of ancient coppice woodlands) during the preliminary inventory of ancient coppice woods in selected areas of the Czech Republic. Results from the Czech Republic compared to results from the Romanian Banat show that coppice stools in a long-term and actively managed coppice can exhibit multiples of stem numbers compared to stored coppice forests. In terms of maximum dimensions measured, Piggot (1989) mentions small-leaved lindens occurring on many sites in the north of Lancashire and in the Lake District (UK) with diameters ranging from 6 to 8 m and Vrška et al. (2016) mention a seven-stemmed polycormon of oak with a diameter at the base of nearly 5 metres. It seems that the antiquity of localities with coppice woodlands can be quickly determined and mutually compared exactly by the size of several largest polycormons (coppice stools). Polycormon girth at the base, or in other words, the diameter of an imaginary circle formed by individual stems of the polycormon, is directly proportional to age during which it was coppiced (Pigott, 1989; Maděra et al., 2017b; Vrška et al., 2016). The age of ancient polycormons is difficult to ascertain and can be only estimated. Piggot (1989) published the first method for estimating the age of coppice polycormons, which was based on extrapolation between the growth of polycormons of limes and maiden trees. By comparing the growth of lime sprouts of known-age, he determined the diameter of a circular polycormon at the base to be 1.8 times larger than the diameter of a maiden tree stem of the same age at chest height. He used this method to estimate the age of the bulkiest lime polycormons by comparing them with maiden trees with a chest-height diameter of 1.8 times smaller, determining them to be 1,300 – 1,900 years old. Rackham (1986) described ancient coppice stools of European ash, which were found to be thousands of years old. Vrška et al. (2016) published their own method of age estimation and mentioned a polycormon of oak with 7 stems and stool diameter at ground up to 5 m, which was 825 ± 145 (SE) years old. It seems however that these estimates may be somewhat overstated. Coppice polycormons of beech with diameters of 2.5 m observed in Banat are most likely older than 200 years because the area was colonized as late as in 1820 (Maděra et al., 2014, 2017b).

      


      
        

        Conclusions


        Coppicing and pollarding were the most widespread historical silvicultural systems in broadleaved forests of the European deciduous temperate forest zone from the Neolithic times until the early 20th century (Szabó, 2009; Müllerová et al., 2014; Szabó et al., 2015), when they were abandoned in many European countries (Szabó, 2010b; Szabó and Hédl, 2013; Müllerová et al., 2015). Their decline is well documented by Maděra et al. (2017a) in the Czech Republic, where coppice woodlands occurred on an area of 1,457.4 square kilometres in 1845 and only on 109.9 square kilometres in 2013. In most central and north-western European countries (where coppice woodlands were dramatically transformed into high forests), coppice woodlands – especially stored coppices and coppices with standards – are now considered, from a biodiversity conservation perspective, as valuable forest habitats providing important conditions for saproxylic species and a unique herbaceous layer (Mölder, 2016). In the 19th and 20th centuries, scientifically trained foresters apparently associated traditional forms of management (including coppicing) with degradation and depletion as well as with poor timber quality (Vandekerkhove et al., 2016). In the Czech Republic, the benefits of ancient coppice woodlands are appreciated by conservationists. However, most foresters still consider the coppices to be poor quality and undesirable woodlands, and are thus not involved in efforts to re-establish coppicing. This outlook is likely due to the fact that 100% of forests were in state ownership until as recently as 1989 (Maděra et al., 2017a). In contrast, coppice structures have persisted in the Osnabrück region (north-west Germany) until today, which Mölder (2016) mainly attributed to the low economic importance of small private forest parcels, as well as to the individualism of forest owners.


        Based on the careful study of archival sources, Szabó et al. (2015) argued that coppicing was not only widespread in the lowland regions of Moravia in the Late Middle Ages but also rather predominant and even exclusive. Practically all lowland woods were intensively managed by coppicing. Szabó et al. (2015) calculated the area of woodlands needed to obtain firewood to be 4,500 sq km in Moravia in the Late Middle Ages (from the 15th to 16th century). Most of that area probably consisted of coppices. Results of Maděra et al. (2017a) show that in 1845, there were only 1,457.4 sq km of coppice woodlands in the current territory of the Czech Republic, suggesting that the decrease in coppices started before 1845. The coppice woodland area in 1845 estimated in their study corresponds closely with the historical data on the distribution of coppice woodlands in the Czech Republic; the revised cadastre from 1900 shows a figure of 1,550 sq km (Kadavý et al., 2011), of which 950 sq km were coppice woodlands and 600 sq km coppices with standards. These data suggest that the conversion of coppice woodlands into high forests began prior to the 19th century (Maděra et al., 2017a).


        In countries where the conversion of most coppice woods into high forests has been completed, there is a danger of losing biodiversity (Bradshaw et al., 2015). Similarly, the cultural and historical heritage relating to ancient coppice woodlands could be threatened (Rotherham and Ardron, 2006; Szabó, 2010a). The failure to identify ancient coppice woodlands may result in accidental damage to the sites by management activities that could otherwise be avoided (Rotherham and Ardron, 2006). Thus, especially in stored coppices, small archaeological features such as boundary stones, boundary trees, old paths, woodbanks, walls, stone rows and lynchets (Szabó, 2010a) could be destroyed by harvesting. Human influence through forest management is likely to have contributed to the long-term presence of oak in European woodlands (Altman et al., 2013), especially in ancient coppice woodlands. Sustainable management of coppice woodlands resources could be achieved by both considering traditional management approaches and introducing new ecologically, economically and socially sound management practices (Stajic et al., 2009), as well as by ensuring close cooperation between various state authorities and non-governmental organizations at different levels, i.e., local, regional and national (Maděra et al., 2017a).
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      Chapter 4: How the ancient forest concept emerged in the French media


      Michel Dupuy


      The concept of ancient forest appears in forestry literature as early as the 1950s and 1960s. However, it was not until the 1990s that debate about the term began within the field. In 1998, the French National Forests Office established the following definition: “ancient forest: a primary or secondary forest, subjected to management, in which drastic changes were implemented in structure and composition over a period of several hundred years” (Lathuilliere et al., 2014). However, there has been no unanimous consensus on this definition, especially as the years have gone on. In their book on forestry terminology, Yves Bastien and Christian Gauberville (2011) are vague about age in their definition: “A woodland massif which has not suffered any clearing over a more or less long period for which a date must be determined and justified with a retrospective and historical analysis” (Bastien et al., 2011). In 2002, the threshold of 200 years was put forward because of the availability of historical documents. The GIP Ecofor public interest group lowered the threshold to 150 years based on the Napoleonic cadastre. This shows that ecological and archival criteria are closely connected (Dupouey et al., 2002).


      This debate within the forestry field in France and Europe did not extend to such terminology used in the public space even if examples of ancient forest can be found in traditional media (press, radio and television) and on the Internet. However, in all of these media, the expression is rare, and in 2017 there was no real appropriation process to speak of. With regards to the spread of the concept of biodiversity on French television, a preliminary study highlighted the following process: 1) scientists, 2) environmental stakeholders, 3) environmental journalists, and 4) journalists (Dupuy, 2009). It took 25 years for the expression to reach the public space. For the concept of ancient forest, while the expression is relatively old, its theorization dates from the 1990s. In contrast to biodiversity and climate change, it does not show a downward spread from international use to the local level. In this case, the concept is used more at a local level with no visibility at the national level.


      
        

        General shifts inside the public space


        First an analysis of the use of the term ancient forest(s) in the Europresse database (in the French press only) was carried out, with the limitation that not all newspapers were digitized at the same date (Figure 4-1). There was a spike in the year 2002, when Greenpeace launched a campaign on ancient forests for the Conference of the Parties in The Hague. Press mentions in 2004 were related to Greenpeace actions against deforestation. In 2011, controversy arose when Germany’s beech forests were listed as world heritage but France did not obtain the same recognition for buildings designed by Le Corbusier. Both decisions were negatively viewed by experts (Vadot, 2011). The increase in 2014 cannot be attributed to any particular event. Since 2009, the regional press has dominated the debate on the ancient forests.


        The different definitions were then analysed. When a new notion appears in the media, journalists initially tend to define the term for the general public. When they no longer do so, the concept can be considered to have entered the public’s collective vocabulary.
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        Figure 4-1: Use of the term ancient forest by the French press.


        From a quantitative point of view, there are four definitions out of 421 occurrences in the press and one out of 26 for televised media.[6] The near total lack of definitions demonstrates that the expression ancient forest seems clear to journalists and other stakeholders (ecologists, scientists, foresters). However, the definitions do show a gradual shift. The first two definitions emphasize forest origin and explain that they are similar to a virgin forest. The last three focus on a more recent time period (between 100 and 200 years) and put humans back into the definition.


        Table 4-1: The only five definitions of ancient forest in the French press and televised media.


        
          

          
            
              	Sources

              	Dates

              	Definition
            


            
              	Schnitzler-Lenoble A., “In Europe, the primary forest”,

              La Recherche

              	1 September 1996

              	“The word ‘ancient forest’ designates a forest made up of very large trees and dead trees with a complex structure and which is biologically rich. These ancient forests correspond to the remains of the original woods and generally cover only small surfaces of less than one hundred hectares.”
            


            
              	“Partenord and Greenpeace guide youth through sustainable development”

              La Voix du Nord

              	8 November 2009

              	“What is an ancient or a primary forest? All forest areas known as ‘the green lungs’ of the earth and which are the source of life and biodiversity, whether in Amazonia, Canada, Siberia, Equatorial Africa, North Europe and the Far East…”
            


            
              	“Research testimony”,

              La Montagne

              	23 November 2014

              	“The ONF propose the definition of an ancient forest in Auvergne as a territory that has been continuously forested for 200 or more years regardless of the age of stands, their composition or the management approach.”
            


            
              	“A new goal: promoting public awareness of the threat to the vascular plants”

              Le Progrès

              	27 May 2015

              	Forest untouched by humans for around one hundred years.
            


            
              	“Nature: ancient forest”

              19/20. Edition Limousin

              	20 August 2016

              	An ancient forest is a forest that has not been changed by humans for at least 200 years.
            

          

        


        For Internet sources, care must be taken because websites may be taken offline (Table 4-2). There is a weak progression in mentions of the term ancient forest on websites in France and its use remains very rare.


        Table 4-2: ‘Ancient forest’ used on French websites on 11 April 2017.[7]


        
          

          
            
              	Year

              	Occurrences
            


            
              	2010

              	140
            


            
              	2011

              	110
            


            
              	2012

              	120
            


            
              	2013

              	130
            


            
              	2014

              	271
            


            
              	2015

              	224
            


            
              	2016

              	373
            

          

        

      


      
        

        Greenpeace campaign on ancient forests


        Until 2000, the term ancient forest was only rarely used in the French press and archives of French televised media. For the first time, it was applied to a forest near La Teste in south-west France for the protection of the littoral on 30 April 1980 in the newspaper Sud-Ouest. No definition for the term was given. In 1998, Greenpeace launched an international campaign for the protection of ancient forests with actions in Sweden (January) and in Russia (December). In 1999 in France, Greenpeace published two reports, one in August and a second in December, against the commercial exploitation of tropical timber and the destruction of ancient forests (Cotton, 1999; Aidenvironment et al., 1999). The term ancient forest dominated throughout these two reports (Table 4-3):


        Table 4-3: Terminology comparison between two Greenpeace reports.


        
          

          
            
              	

              	Buying Destruction: A Greenpeace Report for Corporate Consumers of Forest Products

              	Market Alternatives to Ancient Forest Destruction
            


            
              	Ancient forest(s)

              	198

              	140
            


            
              	Primary forest (s)

              	0

              	1
            


            
              	Tropical forest(s)

              	22

              	23
            


            
              	Natural forest(s)

              	1

              	4
            


            
              	Virgin forest(s)

              	0

              	0
            


            
              	Original forest(s)

              	6

              	2
            

          

        


        In March 2001 in France, after a Greenpeace operation in La Rochelle Harbour against a vessel loaded with Canadian lumber, Ludovic Frère Escoffier, Greenpeace-France forest campaign manager, used the term ‘primary forest’ during interviews and in an article in the Greenpeace magazine in autumn 2001 (Frère Escoffier, 2001).


        The agency dispatch used the term ancient forest, but other press outlets did not. For example, on 28 September 2001, an AFP dispatch about Greenpeace sounding the alarm about the destruction of the ancient forest in Amazonia was not covered by other press outlets (AFP-PARIS, 2001). In late October, Greenpeace did receive wider media coverage, in connection with a Greenpeace action in Paris on 28 October 2001, when the environmental association rented a barge on the Seine to raise public awareness about the disappearance of ancient forests. The event ended at the Bibliothèque François Mitterrand national library, where militants burned several few logs in protest of tropical wood from ancient forests being used to build the forecourt (Anonymous, 2001). The event was reported in three short articles in Le Parisien and another in L’Humanité. French media also covered a Greenpeace operation in February 2002 in the harbour of Sètes (southern France) against a vessel transporting timber from Liberia.


        Greenpeace often used the term ancient forest without an accompanying definition, including in the French version of the Greenpeace magazine (Veter, 2000). However, definitions were given in reports from 1999 (Cotton, 1999). The source of Greenpeace’s definition was a report published in 1997 by the World Resources Institute in Washington, The Last Frontier Forests (Bryant et al., 1997), in which the term was used only once in the references. In fact, the ‘frontier forests’ referred to in this book became the ‘ancient forests’ in the 1999 Greenpeace report. However, the environmental organization retained the data on deforestation, claiming that 80% of the ‘original forests’ had been destroyed and that the ‘last’ ancient forests were located in Brazil, Canada and Russia; the use of the word ‘last’ implied a sense of urgency. These data were then reported by the press and television media. Greenpeace put a focus on deforestation and the role of developed countries in the tropical timber market and promoted Forest Stewardship Council (FSC) ecocertification as a solution.


        In Greenpeace communication, the April 2002 conference of The Hague was referred to as the “Conference on ancient forests”, when in fact, its official name was the Sixth Meeting of the Conference of Parties to the Convention on Biological Diversity (AFP-ATENS, 2002). Greenpeace was committed to the fight against deforestation, the promotion of biodiversity and FSC ecocertification, but made no mention of climate issues, especially with regards to forests being carbon sinks. In fact, new forests are more efficient at absorbing carbon than ancient forests, but ancient forests are more biodiverse.


        While Greenpeace’s campaign aimed to protect primary forests, the term was not used in the press despite Greenpeace actions, namely because most of Greenpeace’s actions at that time were not reported by the press (Table 4-4). Of Greenpeace’s 20 actions on ancient forests, 11 were not reported in the press, while others were only covered in short articles.


        Table 4-4: Greenpeace actions on ancient forests between October 2001 and March 2004.


        
          

          
            
              	Date

              	Greenpeace actions

              	Press coverage with

              the expression

              ‘ancient forest’
            


            
              	28/10/2001

              	Barge on the Seine

              	Le Parisien
            


            
              	28/10/2002

              	Logs burned in front of the Bibliothèque François Mitterrand

              	Le Parisien
            


            
              	20/02/2002

              	The Rainbow Warrior II in Marseille’s Old Port, before the conference of The Hague from 8 to 19 April 2002

              	L’Humanité
            


            
              	25–28/02/2002

              	Prevent the unloading of tropical timber in the harbour of Sètes

              	Le Progrès, Le Télégramme, La Nouvelle République, La Croix, etc.
            


            
              	03/03/2002

              	New action against a vessel in the harbour of Sètes

              	Sud Ouest and La Nouvelle République (short article)
            


            
              	20/03/2002

              	Occupation of a company that works with tropical timber (Switzerland)

              	Not covered
            


            
              	21/03/2002

              	Occupation of a vessel in a Greek harbour

              	Not covered
            


            
              	22/03/2002

              	Action against a vessel in the harbour of Salerno (Italy)

              	Le Parisien (short article)
            


            
              	07/04/2002

              	Children’s demonstration in The Hague at the opening of the conference

              	Not covered
            


            
              	09/04/2002

              	Demonstration in front of Matignon

              	La Tribune, La Croix (short article)
            


            
              	17/04/2002

              	600 children call for the protection of the old forest (in The Hague during the 6th UN Biodiversity Conference)

              	Not covered
            


            
              	17/04/2002

              	Action against a vessel transporting Amazonian timber in the harbour of Flushing (the Netherlands)

              	Not covered
            


            
              	15/03/2003

              	Inspection of a vessel in the harbour of Sètes transporting tropical timber

              	Not covered
            


            
              	13/06/2003

              	Action in Valencia (Spain)

              	Not covered
            


            
              	23/06/2003

              	Prevention of unloading of tropical timber in Ravenna (Italy)

              	Not covered
            


            
              	18/11/2003

              	Ministry of Culture against the use of tropical timber in construction

              	Le Parisien
            


            
              	03/12/2003

              	Campaign in Finland against a company that manages ancient forests

              	Not covered
            


            
              	17/02/2004

              	Children for the forest in Kuala Lumpur

              	Not covered
            


            
              	06/03/2004

              	Disturbance of official speeches in Nantes (France)

              	Ouest France
            


            
              	01/03/2004

              	Actions in Sweden against the cutting down of an ancient forest

              	Not covered
            

          

        


        Greenpeace has seldom used the term ancient forest since 2007. In winter 2007, Greenpeace magazine featured several articles on the Congolese forest while the following issue included articles on deforestation. In these two issues, the authors did use the term ancient forest but rather more traditional terminology such as tropical or boreal forests. These terms correspond to the general public’s perceptions of these forests.


        Most Greenpeace actions were not reported in the press, aside from the action in Sètes (Louchez, 2007). Although Greenpeace used tropical forest stereotypes in its campaign on ancient forests, the organization was not consistent in its use of the term.

      


      
        

        Diffusion through local action: 2011-2016


        Since 2011, articles about ancient forests have been more focused on France. The two major issues are now heritage and biodiversity rather than deforestation (Table 4-5).


        Table 4-5: Topics of articles in the French press.


        
          

          
            
              	Ancient forest in the French press: 1999-2010

              	Ancient forest in the French press: 2011-2015
            


            
              	Heritage

              	6%

              	Heritage

              	35%
            


            
              	Nature protection

              	1%

              	Nature protection

              	3%
            


            
              	Biodiversity

              	25%

              	Biodiversity

              	46%
            


            
              	Deforestation

              	58%

              	Deforestation

              	7%
            


            
              	Climate

              	10%

              	Climate

              	9%
            

          

        


        The emergence of the concept of ancient forest is mainly due to the regional press. The national press deals more with global aspects (climate, deforestation) or foreign cases such as Tasmania or Amazonia, such as is the case for the newspaper Le Monde (Anonymous, 2014). The regional press is more closely focused on local players (journalists, environmental stakeholders) and the results of early research on this theme. In May 2016, the Journal du Centre reported an investigation of an inventory of stag beetles (Sirugue, 2016). This inventory has existed since 2011 and is managed by the association Bourgogne-Nature. In autumn 2015 in Auvergne, the Regional Directorate for Environment, Development and Housing (DREAL) launched a participative survey to inventory lichens in the Auvergne-Rhône Alpes region. An ancient forest map was drawn up by the National Botanical Conservatory of the Massif Central in 2015 (Collectif, 2016). A similar survey has been made by a research group for old Pyrenean forests since 2008 (Camier, 2014).


        Since the end of the 2000s, certain ancient forest-related inventory programmes have been deployed progressively and are reported in the regional press and by televised media. However, journalists do not always speak in terms of ancient forest. For example, the television station France 3 Auvergne talked about ‘biodiversity’ when discussing the lichen inventory in a report broadcast on 16 February 2016 (Darneuville et al., 2016).


        When the regional press speaks about ancient forests, they focus on fauna and flora diversity; dead trees and stag beetles are perfect examples of this. Rather than promoting a forest plantation, the model is sustainable management or otherwise an unmanaged approach. Such is the wish of biologist Johan Michaux in the documentary “Il était une fois la forêt” (Once upon a time a forest), broadcast on TV5 Monde in March 2017 (Dumortier, 2017).


        When online sources are analysed (using Google) with regards to ancient forests, ecologists make up a minority (Table 4-6) of those discussing this topic. Content on this theme is published by institutional players rather economic players, and most exploit the expression ancient forest in conjunction with tourism, green tourism or naturalness. For example, the forest of Païolive (in Ardèche, France), a WWF pilot site, is described as an ‘ancient forest’ on a tourist camping in the Cevennes mountain range.[8] The French website Brittany Ferries use this expression to promote Wales: “Wales is primarily a country of uplands and highlands. The Cambrian Mountains spread from north-west to south-west. Pengelli Forest in Pembrokeshire is the largest ancient forest in Wales, with large numbers of oak and ash trees and more. In the spring the blue hyacinths cover the forest floor”.[9]


        Table 4-6: ‘Ancient forest’ used on French websites between 10 April 2016 and 10 April 2017.


        
          

          
            
              	Source

              	Occurrence

              	%
            


            
              	Institutional players in environment

              	22

              	17.6
            


            
              	Press/TV

              	13

              	10.4
            


            
              	Timber professionals

              	3

              	2.4
            


            
              	Geographical websites

              	4

              	3.2
            


            
              	Environmental association

              	10

              	8
            


            
              	Local political institution

              	9

              	7.2
            


            
              	Scientific review

              	3

              	2.4
            


            
              	Economic players

              	30

              	24
            


            
              	Blog

              	15

              	12
            


            
              	Social network

              	2

              	1.6
            


            
              	Education

              	1

              	0.8
            


            
              	Various

              	13

              	10.4
            

          

        

      


      
        

        Conclusion


        While the concept of biodiversity has found its place in the media today, this is not the case for ancient forests. However, a grassroots-driven process is currently underway. New scientific research and programmes on this theme is helping to spread its use.


        The media, public and other stakeholders have a number of choices when it terms to semantics use to qualify a forest. In the report on France 3 Auvergne about the ‘wild forest’, the term ‘ancient forest’ was used by Sylvain Pouvaret, a research officer at the Auvergne Nature Conservatory. Another journalist preferred the terms ‘wild forest’ and ‘old forest’ in a report on 7 December 2013 (N’Guyen, 2013). An analysis performed using Google Search shows a dominance of the expressions of ‘virgin forest’ and ‘primary forest’ in the French language at the international and national levels (Table 4-7).


        Table 4-7: Research of occurrences will all different expressions to describe the forest on 9 April 2017.


        
          

          
            
              	Expressions

              	Worldwide

              	%

              	France

              	%

              	France (9 April 2016 - 9 April 2017)

              	%
            


            
              	Ancient forest

              	31.700

              	4.5

              	18.500

              	5.5

              	481

              	4
            


            
              	Primary forest

              	169.000

              	25.5

              	99.400

              	29

              	3.650

              	34
            


            
              	Secondary forest

              	20.500

              	3

              	9.380

              	3

              	212

              	2
            


            
              	Virgin forest

              	328.000

              	49.5

              	159.000

              	46.5

              	4.740

              	44.5
            


            
              	Natural forest

              	65.000

              	9.5

              	28.200

              	8.5

              	848

              	8
            


            
              	Old forest

              	34.900

              	5.5

              	21.000

              	6

              	564

              	5.5
            


            
              	Artificial forest

              	17.200

              	2.5

              	4.870

              	1.5

              	208

              	2
            


            
              	Total

              	666.300

              	100

              	340,350

              	100

              	10,703

              	100
            

          

        


        Finally, Table 4-1 shows a slow progression for “ancient forest” in the media, but the choice of the adjective ancient is relevant. In the 1990s, the media increasingly spoke about the “ancient varieties” for seeds. They reflect the original nature, the biodiversity and its usefulness for human beings. They are a hybrid between nature and culture. The same ambiguity exists for “ancient forest” ; on one hand, they reflect the original nature and on the other they were under the influence humans. They are the remains of a natural forest in an anthropogenic landscape. However, in the collective imagination, the forest reflects nature. Thus, urban populations consider the Landes Forest (southwestern France) as natural forest important to the country’s heritage (Bouisset et al., 2016). With this in mind, it is difficult to place this concept between a collective representation, which considers the forest as natural withouting deny human actions, and the concept of a virgin forest, which has been part of our representation for two centuries.
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      Chapter 5: Mediterranean forest users and ancient forests: appreciating nature as a social and welcoming place rather than wilderness


      Nelly Parès and Chantal Aspe


      ‘Ancient forest’ is a notion that does not appear to have a universally accepted definition. For part of the scientific community, it is a multi-facetted concept that refers mostly to ideas of naturalness, biodiversity, deadwood etc., without being fully removed from timber production. The following analysis focuses on how people who use Mediterranean forests understand these different dimensions. It also focuses on their relationships to nature and forest management.


      Most people who use forests do not generally talk about them using scientific terms such as naturalness, biodiversity or ancient forests. They generally view woodlands as relaxing places that symbolize life and freedom and which are perceived as a living environment or system. However, this analysis shows that ancient forest indicators as applied by the scientific community do indeed appear to be part of their vocabularies.


      After explaining the methodology and the socio demographic characteristics of the random sample surveyed, we will present the two main aspects that characterize forests for interview respondents: a relaxing place and a living environment/system. We will discuss their views of timber production and forest management, which generally appear to be compatible with forest protection.


      
        

        Methodology


        Four national forests in the Provence-Alpes-Côte d’Azur region in southern France were selected to conduct the interviews. They were chosen based on the degree of official protection they enjoy, because visible and identified protection could have an impact on behaviours and practices. We chose the Sainte-Baume forest (a biological reserve) the Bachelard forest (within the Mercantour National Park), and the Castillon and Estérel forests, which have no visible or identified degree of protection.


        
          [image: Into-the-woods-2017-44-Figure-1-5-1.jpg]

        


        Figure 5-1: Locations of the four forests selected in the Provence-Alpes-Côte d’Azur region in southern France. Mapping by LPED - 2017 - Source: IGN-CRIJ PACA.


        The authors encountered nearly 60 individuals and conducted 30 semi-structured interviews, carried out once between Monday and Friday and once at the weekend. The sample is random. The main questions pertained to the individuals’ forest activities, the meaning they give to their activities, how they view the forest and their opinions about forest management. They were also asked two questions about what came to mind when they heard the words biodiversity and nature.

      


      
        

        Characteristics of the people encountered


        The following graph shows the characteristics of the people who were met at random in the four forests during the interviews.


        
          [image: Into-the-woods-2017-44-Figure-1-5-2.jpg]

        


        Figure 5-2: Characteristics of the people who were randomly met in the forests.


        As Figure 5-2 shows, there is an over-representation of higher social classes such as businessmen/craftsmen/shopkeepers, managerial and professional employees and those working for intermediary businesses as compared to national figures for these occupations. Other employees and blue-collar workers are under-represented groups. Other employees and blue-collar workers were mainly met in the less-protected Estérel and Castillon forests.


        We observed that the sociocultural level rises in protected areas, which has been noted previously by sociologists in other areas, such as by Bernard Picon in the Camargue (Picon, 1987). Protected forests appear to play the role of ‘green museum’ (Kalaora, 1993; Dobré et al., 2005). When Bernard Kalaora used this term with regards to the Fontainebleau forest, he meant that there were certain differences among the individuals visiting the forest: social classes with greater cultural capital were over-represented and their activities focused more on contemplation and communion with nature, while those from lower social classes tended to take part in more ‘hedonistic’ activities such as family picnics.


        However, the sample was small and may not be fully representative of all individuals visiting the Provence-Alpes-Côte d’Azur forests. It should be considered more like a snapshot of forest users at a given time. The main interest in this analysis lies in how people talk about the woods and forest management.

      


      
        

        Mediterranean woodlands according to visitors: a relaxing place


        The following table shows interviewees’ answers to the question about nature.


        Table 5-1: Types of responses to the question about nature.


        
          

          
            
              	Main categories

              	Quotes

              	Occurrences
            


            
              	Relaxation

              	“calm”, “tranquillity”, “rest”, “stroll”, “freedom”, “breathing”, “silence”, “oxygen”, “health”, “quiet”, “well-being”, “give energy”, “nature we come from”

              	39
            


            
              	Life and living beings

              	“life”, “animals”, “squirrels”, “cicadas”, “trees”, “birds”, “fauna”, “flora”, “animal life”, “human life”, “flowers”

              	34
            


            
              	Protection

              	“respect”, “preserve”, “people are dirty, there is rubbish everywhere”, “essential”, “care”, “protection”, “future”, “global balance”

              	22
            


            
              	Opposite to urban lifestyles

              	“wild”, “forest”, “away from the city”, “green”, “not urban”, “fewer people”

              	16
            


            
              	Aesthetic

              	“contemplate”, “discover”, “beautiful”, “beauty”, “magnificent”, “landscape”

              	7
            

          

        


        The first types of responses from most people when they heard the term ‘nature’ were about relaxation. Most were looking to rest and relax, regardless of their social class or chosen activities (e.g., sport, walking, picnics etc.). Most of the people interviewed were looking for calm and tranquillity in nature and the forest.


        One example is a police officer in the Castillon forest:


        
          

          


          “[I’m looking for] calm. It’s peaceful here, there aren’t very many people.” (Police officer, Castillon)

        


        People generally wanted to get a break from everyday life (particularly urban life) and work. Most interviewees lived in cities with populations of over 2,000. The third most frequent type of response was ‘opposite to urban lifestyles’, such as ‘away from the city’, ‘green’, ‘not urban, fewer people’, ‘see nature rather than sitting in front of the television’ etc.


        Although the reasons for visiting a forest appeared similar, they were not all looking for pure relaxation. Indeed, respondents tended to use a French word, ressourcement, which can be interpreted in two different ways. While some viewed relaxation as ‘regaining strength’, others saw it as ‘going back to the source, the origins’. For those in the first category, visiting a forest was a break from their stressful daily lives: they could relax and forget their worries. These kinds of activities were typical among working-class social classes and similar to what Bernard Kalaora (Kalaora, 1993) referred to as ‘hedonistic’ activities meant to enhance the experience, such as outings with family or friends for a picnic or walk.


        Those in the second category were driven by a desire to reconnect with nature and find a healthier lifestyle that was closer to nature. These activities are more characteristic of social categories with greater cultural capital. This type of activity is similar to what Kalaora called contemplation activities, except that they do not require any particular equipment such as binoculars or guidebooks. They do not tend to refer to literature, art or science but rather more to Asian hedonistic philosophies such as Taoism and Zen. Among those encountered in the forests were a Tai Chi professor, a life coach calling herself an ‘energy therapist’, and ‘bioenergists’ from Switzerland who mentioned ‘energy’ and ‘Chi’. They had generally left corporate positions with significant responsibilities, such as accountants or managers, to change careers.

      


      
        

        Mediterranean woodlands according to visitors: a living environment or system


        The second most frequent type of responses about nature (Table 5-1) was related to life and living beings, such as ‘life’, ‘animals’, ‘plants’, ‘trees’, ‘birds’, ‘fauna and flora’, ‘human life’ etc. Most of the respondents seemed to view forests as living environments. A majority of the interviewees also came to enjoy the landscape and see animals, plants and even insects. For instance, this customs officer met in the Castillon forest said:


        
          

          


          “The other day, I was out walking. There was a trunk and I saw small piles of sawdust on the ground. So I stopped and saw ants digging in the trunk and pulling out pieces of wood one by one. That was amazing.” (Customs officer, Castillon)

        


        As the following table shows, people are beginning to see the forest as a living system.


        Table 5-2: Types of responses to the question about biodiversity.


        
          

          
            
              	Main Categories

              	Quotes

              	Occurrences
            


            
              	Life and living beings

              	“animals”, “insects”, “trees”, “birds”, “fauna”, “flora”, “plants”, “flowers”, “things growing in the forest”, “every species”, “everything that is alive”

              	38
            


            
              	Protection

              	“nature conservation”, “animal suffering”, “create a new society that is respectful of everything that exists”, “take care of”, “disappearance”

              	15
            


            
              	Interactions

              	“cycle of life”, “necessity”, “obligation”, “preserve”, “chain”, “share with elements, with the environment”, “relation”, “interdependence”

              	10
            


            
              	Opposite to urban environments

              	“nature”, “more than in Saint-Raphael which is only concrete”

              	9
            

          

        


        When looking at interviewees’ main types of responses when asked about ‘biodiversity’, it is clear that most are related to the same ideas they mentioned when asked about ‘nature’: ‘living beings’, ‘protection’, ‘opposite to urban environments’. For most people, ‘biodiversity’ is synonymous with ‘nature’.


        Respondents also mention ideas categorized as ‘interactions’ such as the ‘cycle of life between nature, animals, water’, ‘interdependence’, ‘interactions’, ‘everything is linked in a chain and if something is missing, there will be consequences for the other links in the chain’. For some, they consider the forest to be a living system, i.e., an environment inhabited by living beings that interact and are interdependent. This is very similar to how ecological science defines an ecosystem: a system of interconnected elements, formed by the interaction of a community of organisms with their environment. From this perspective, respondents seemed to view deadwood as a part of the cycle of life in a forest.


        
          

          


          “That’s nature.” (Electrician, Castillon)


          “We’d like to keep forests intact, but that’s not necessarily good. They must be allowed to work. [Dead wood] is part of evolution [of forest].” (Unemployed, Sainte-Baume)

        


        Fewer interviewees seemed to consider deadwood as unsightly or as a disturbance for forest regeneration or health.


        However, most respondents did not seem to be familiar with ecological science. For instance, for the question about ‘biodiversity’, a non-negligible percentage of people answered that they did not know the meaning of the word (15%). More than 30% attempted define the concept and then asked if they were correct. For example:


        
          

          


          “It depends: is it only animals or maybe plants and everything else?” (Customs officer, Castillon)


          “It evokes… What is biodiversity about, exactly? Is it about conservation of nature?” (Craftman’s wife, Estérel)


          “Everything to do with plants, with trees, no?” (Retired social worker, Estérel)


          “I learnt about it at school… But I don’t remember (laughs). Biodiversity… I don’t remember what that is. It’s the different plants, the different… is that it?” (Student, Estérel)

        


        Contrary to nature conservation associations or scientists, which generally focus on species and habitats, the respondents were not particularly interested in rare or remarkable species. Most of those interviewed were not familiar with how areas or species are defined as rare, remarkable, endemic or threatened, such as IUCN red lists, Natural Zone of Interest for Ecology, Flora and Fauna or Natura 2000. Respondents mostly mentioned ordinary plants and animals or species that are typical of the region (cicadas, thyme etc.). Seeing ordinary species already felt like an extraordinary experience to most of them if they did not see usually them in urban areas.


        Interviewees used several contrasting categories to describe forests, such as mountains versus plains, forests versus beaches. However, the most frequently used opposition was forests versus cities. In contrast to urban environments, woods are a completely different place: calm and peaceful, a place of relaxation and rejuvenation. Woodlands evoke solitude, tranquillity and fresh air (mostly considered the ‘lungs of the planet’) in contrast to cities, which are associated with noise, pollution and crowds. Cities are symbolized by concrete while forests are viewed as ‘natural’ or even ‘wild’, symbolized by green and open spaces.


        Accordingly, many respondents believed that woodlands need protection. For the most part, the considered forests to be endangered and threatened. Many people often believed that forest areas are in decline rather than in expansion, and many though the greatest threat to nature is our modern and urban way of life, including issues such as waste, urbanization and forest fires.


        
          

          


          “People should realize that the more we use our cars, the more we throw rubbish in the outdoors while walking… If we don’t raise awareness about it, we are heading straight for disaster…” (Park caretaker, Estérel)


          “[Forests should be protected] against people who are unaware that they are harming every species here. Particularly fires.” (Retired social worker, Estérel)


          “We need to take care of nature. Do you see a bit further up? There’s a magnificent mountain invaded by little houses.” (Retired factory worker, Estérel)


          “When I was younger, we didn’t have washers. We didn’t have television; many things didn’t exist back then. I think nowadays we destroy a lot of things for our comfort. I mean, that also applies to me, I don’t mean I’m any better than other people… But I think in the long run…” (Retired flight attendant, Estérel)

        


        The analysis does show, however, that this relationship to nature in need of protection does not generally preclude timber production or human intervention.

      


      
        

        Protection and timber production: towards an ecocentric view of forests and ancient forests?


        John Baird Callicott (2010) opposes an ecocentric ethic with anthropocentric and biocentric ethics. As opposed to a utilitarian means of interpreting nature which characterizes an anthropocentric ethic (protecting nature for humans’ sake), biocentric and ecocentric ethics recognize an inherent value to nature. The major difference between the two latter ethics is the place the make for mankind within nature (Larrère et al., 1997). A biocentric approach tends to exclude mankind, such as the mainstream stance of nature conservation in the United States, which advocates for conserving unspoilt wilderness. An ecocentric approach, as illustrated by Aldo Leopold or Callicott, attempts to rethink relationships between mankind and nature to break away from the dichotomy of nature versus culture. According to Leopold, we should reconsider people as “only fellow-voyagers with other creatures in the odyssey of evolution” (Leopold, [1949] 2000).


        This theoretical framework was used to analyse the various arguments put forward by the respondents. Three types of arguments were categorized: anthropocentric, biocentric and ecocentric. Here are some examples of each:


        Table 5-3: Examples of anthropocentric, biocentric and ecocentric arguments.


        
          

          
            
              	Type of argument

              	Examples
            


            
              	Anthropocentric arguments (nature provides commodities)

              	“We always need a little green area nearby. If life nearby is gone and we have to travel 10 kilometres to find some…”
            


            
              	Biocentric arguments (valuing life and living beings)

              	“Forest exploitation… I believe a tree is alive. So, it kills the trees.”
            


            
              	Ecocentric arguments (as in “respect for interaction inside the biosphere” (Larrère et. al., 1997))

              	“We should try to live in harmony with nature as much as possible. We are part of nature; we are living beings.”

              “It is a cycle. Birds will eat insects, and so on… I think we need to let it go. We have to let it go.”
            

          

        


        While some respondents said they preferred ancient forests and old trees, that forest exploitation could only destroy ecosystems or living beings, and that mankind should stop using wood as a resource, most believed that a certain amount of management was necessary, such as maintaining hiking trails or firefighting. Forest management also helps maintain and regenerate woodlands, although some acknowledged that this occurs naturally. For instance:


        
          

          


          “Forests also evolve alone, I think we should let the forest evolve. But… Perhaps we should also, I don’t know, provide some specific know-how we have. Something that would also be interesting for the forest.” (Retired social worker, Estérel)


          “I think woods have to be cut back a little, to vent the forest. Because if you don’t, the risk of fires increases.” (Retired factory worker, Estérel)

        


        Wood as resource is also valued for the most part, either because of its traditional use or because it is viewed as an ecological material.


        
          

          


          “No, we should not stop all timber production: wood heating has been going on from the dawn of time. I mean, our elders used to burn it and the planet was doing fine.” (Secretary, Castillon)


          “No. I heat with wood, we have paper, wood is important even for… apparently for the greenhouse gases.” (Student, Bachelard)

        


        However, according to most of the respondents, timber production should not disrupt the environment or species. Timber production should be monitored and done in a way that respects living beings and ecosystem functioning.


        
          

          


          “In Canada, at least – I saw a documentary on it – they cut several trees chosen by their [own national forest office] and then, they cut one tree, and leave four or five, then go on like that… Like a sort of checkerboard. Then they retrieve the wood to not to disturb fauna and flora… It’s done in a smart way.” (Factory worker, Bachelard)

        


        Certain management practices such as clearcutting are criticized because they have come to symbolize the pursuit of profit and an economic model that does not care about ecology, nature or living beings. In general, it is the idea of profit that was most often criticized.


        
          

          


          “It’s management! But will it be respected? We care more about business than protecting nature. But something should be done. Birds are disappearing. Where we come from, there are fewer birds than before.” (Craftman’s wife, Estérel)


          “Private management… They are more interested in profits than anything else. We see in Saint-André, they have clear cut many square kilometres. It’s infuriating, because we all know it’s not good, and they do this. (…) Management is good, proper management is better.” (Student, Bachelard)

        


        Overall, more than protecting wilderness and keeping nature free of human activities, those interviewed seemed more interested in seeing nature as a social and welcoming place. Their idea of naturalness seems to be similar to that highlighted by Chantal Aspe when analysing Luberon regional park inhabitants’ representations of landscapes (Aspe, 2008): “‘Wilderness’ here must not be read in its literary meaning but as a state of natural logic which would self-organize again after mankind releases its grip. When woodlands represent areas to protect, it is also because they guarantee wildlife.”


        The co-existence of timber production and forest protection as well as the tendency to reconsider the pursuit of profit when it comes to nature suggest that an ecocentric view of nature may be emerging.

      


      
        

        Conclusion


        Most people who visit Mediterranean forests do not generally use scientific terms such as naturalness, biodiversity or ancient forests to describe these areas. A significant number of them are not familiar with the notion of biodiversity. However, they do mention key ancient forest concepts when speaking about them, such as deadwood being a part of the forest life cycle. Interviewees may be more influenced by popularized messages based on ecological science.


        Regardless of respondents’ social class, forests symbolize life and freedom and are viewed as living environments and systems where people can relax and rejuvenate. Accordingly, they are seen as the opposite of today’s urban environments and lifestyles. That said, this relationship to a natura naturans does not generally preclude timber production and human intervention. Wood as a resource is for the most part and a majority of respondents consider some forest management to be necessary. Certain management practices such as clearcutting are criticized because they symbolize industrial and capitalist exploitation, for which the search for profit takes precedence over ecosystems and living beings. Overall, ‘naturalness’ would seem to refer more to seeing nature as a social and welcoming place rather than to ‘wilderness’.
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          5LIFE is the EU’s financial instrument supporting environmental, nature conservation and climate action projects throughout the EU.
        

      


      
        

        
          6In the archives of French television, this term was not recorded.
        

      


      
        

        
          7Using the keyword ‘forêt ancienne’ (ancient forest), this author searched all French websites using the term on their pages.
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    Part 2: Investigating forest ancientness: advocating for interdisciplinarity


    
      

      Chapter 6: A toolbox to identify and characterize ancient forests in the French Massif Central


      Benoît Renaux, Laurent Lathuillière and Maud Gironde-Ducher


      
        

        Geographical and historical context of French Massif Central


        In mid-19th century, the Massif Central mountain range in France was depicted as “the bald head of France”, with only about 10% of the range covered by forests (Braun-Blanquet, 1932). Except for the highest summits, the driest areas and the wettest areas, the open landscapes at the time were former forests that had been cleared, mostly for agriculture, and forest cover was the lowest since the end of the ice age (Cinotti, 1996; Beaulieu et al., 1988).


        Before the agricultural decline, most people were farmers; indeed, seven out of ten French people were farmers in 1870 (Molinier, 1977). More people lived in the Massif Central than today (for example, there were 1,547,600 inhabitants in the Auvergne region in the North of the Massif Central, and only 1,359,000 in 2014; Waszak, 2014). Between the 19th century and today, many areas have been abandoned due to the agricultural decline and rural exodus, and have now been recolonized by recent forests. New forests were also planted on agricultural lands to tackle a lack of log supply as well as severe land erosion. Reforestation efforts to address these issues started when forest coverage in the area was at its minimum, just before the beginning of the agricultural decline.


        Forests now cover about 36% of the Massif Central (IPAMAC, 2011), but only part of this forest existed 200 years ago and can be called ancient. In France, an ancient forest is defined as a forest that has existed continuously since the oldest available land-use maps (Hermy et al. 1999; Hermy et al., 2007). The first national map is the Cassini map, drawn up between 1749 and 1790 (Vallauri et al., 2012), but it was mapped before the forest minimum, small forests are not mentioned, their boundaries are not precise and the scale is quite large (1/86,400). Napoleon’s ordnance survey maps were drawn up just at the forest minimum (between 1818 and 1866) and are far more precise, as they were made at a 1/40,000 scale for military use (Vallauri, 2007). This is a good tool, and it makes the mid-19th century a threshold date for the study of ancient forests in France (Dupouey et al., 2002a).

      


      
        

        Ancient forests: a biodiversity reservoir of relict species?


        
          

          The origin of ancient forest species


          Many forest species are found more frequently in ancient forests, and some are rarely found in recent forests. Such ‘ancient forest species’ are especially found among vascular plants (Hermy et al., 1999; Dupouey et al., 2002b; Verheyen et al., 2003; Graae et al., 2003; Bergès et al., 2016; Sciama et al., 2009) in addition to arthropods, beetles, lichens, bryophytes and fungi (Rose, 1993; Goßner et al., 2008; Fritz et al., 2008; Diedhiou et al., 2009; Brin, 2016; Buse, 2012). These differences can be explained by poor dispersal abilities (Verheyen et al., 2003) as well as competition between ancient and recent forest species (Flinn and Vellend, 2005), the effects of inbreeding depression in small populations recolonizing recent forests (Vellend, 2004), and long-term differences between ancient forests and former agricultural land (Dupouey et al., 2002a; Graae et al., 2003).

        


        
          

          A long-term effect of clearing and agricultural use


          According to the conceptual definition based on old land-use maps, a forest can be considered ‘ancient’ after two hundred years of forest continuity. However, this is not the case for many ancient forest species. In the northern part of the Massif Central, old roman settlements have been found in the famous oak forest of Tronçais (Laüt 2004; Laüt et al., 2015). Even 1,500 years after the return of the forest, there are still significant differences in soil and vegetation compared to areas that have not been cleared in the past (Dambrine et al., 2007). Among ancient forests that date to at least the 19th century, it is crucial to differentiate ancient medieval ones that have existed since the Middle Ages and before the Hundred Years’ War, ancient Gallo-Roman forests, and even ‘ancient millennial forests’ that have not been cleared since the last glaciation (Cateau et al., 2014).

        


        
          

          The effects of past and present management on forest biodiversity


          Just like past agricultural land use, past and present forest management also have long term effects on the forest ecosystem. The biological potential and conservation issues for ancient forests are not soley dependent on geographical situation, physical characteristics and ancientness. Many species need veteran trees, considerable deadwood (Nilsson et al., 2004; Gilg, 2004; Speight, 1989; Stokland et al., 2004) and tree microhabitats (Vallauri et al., 2005; Larrieu, 2014). According to Dudley and Vallauri (2004), up to 30% of European forest species depend on veteran trees and deadwood for their survival, which is much rarer in managed forests than in natural forests (Vallauri et al., 2002; Vallauri and Poncet, 2002). Tree microhabitats are also more abundant in unmanaged forests (Vuidot et al., 2011), especially for veteran trees (Larrieu and Cabanette, 2012; Larrieu et al., 2013). Old-growth forest (both ancient and mature) are the rarest and most threatened ancient forests (Schnitzler-Lenoble, 2002; Quézel and Médail, 2003; Gilg, 2004). Only 0.2% of French forests are considered old-growth (IGN, 2011), and they are not only hotspots of biodiversity but also area with wilderness-related aesthetic and spiritual values (Vallauri, 2007). While the French administrative departments of Hautes-Pyrénées, Haute Garonne and Ariège have 7,000 ha in such forests (Savoie, 2015), they are rare in the Pyrenees. Most forests are far more accessible in the Massif Central, and pressure was intense on the remaining ancient forest prior to the agricultural decline (Lathuillière, 2013; Gironde-Ducher, 2014). Old growth forests are likely to be even rarer in this area and it is crucial that they are identified and protected.


          As with ancientness, maturity is a gradient and deadwood or living veteran trees can also be found in forests where forestry has been sufficiently extensive, such as on steep mountain slopes or in shallow canyons where it was harder to log all the trees and ‘clean’ the forest from residues in the past. It is important to identify those forests and promote sustainable forest management that maintains enough deadwood and veteran and habitat trees.


          Continuity is implicit in ancientness, but not in maturity or stand structure and composition. Maturity refers to the actual presence of veteran trees, deadwood etc. in a tree stand. Continuity of maturity means that such habitats have also been present in the past, in the stand or the forest nearby. ‘Structure and composition’ means that the stand is close enough to a natural forest in terms of tree composition, with the natural climax species instead of alien or pioneer species, a multi-layer vertical structure with horizontal heterogeneity and a large diversity of microhabitats. Continuity of this aspect means in particular that no broad clear-cut has disturbed the wet and shady understorey microclimate.
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          Figure 6-1. Effect of ancientness, maturity and stand structure and composition on different groups according to scientific literature (Renaux and Villemey, 2017).

        


        
          

          The need for a toolbox to characterize ancientness and maturity


          Awareness about forest biodiversity in the Massif Central has risen along with the increasing need for logging and expanded clearcutting. People better understand the importance of the remaining old-growth forests as well as the common biodiversity in semi-natural managed forests, especially ancient ones. More and more local stakeholders are launching programmes for ancient and mature forest biodiversity.


          A good diagnostic of ecological issues is critical to adapt forest management and conservation actions, both at a local and landscape scale. It is not only important to identify ancient forests but also to know how ancient and mature the stands are and what their current or potential biodiversity is. To do so, a toolbox was needed that either adapted existing methods or created new tools based on historical forestry documents, archaeology and pedology, dendrology, or bioindicators. The National Botanical Conservatory of Massif Central was given one year to create such a toolbox and worked with 11 co-authors, specialists of several animal groups, lichens or French forestry history, and 12 technical partners. A scientific committee and working groups were also formed. A dedicated website (http://cbnmc.fr/forets_anciennes/ [image: ]) was created to raise awareness about ancient forests and forest biodiversity, gather the results of all local studies and make the toolbox accessible.

        

      


      
        

        The Massif Central ancient forest toolbox


        
          

          Synthesis studies and a dedicated website


          The first task was to synthesize knowledge about ancientness and maturity from scientific papers and local studies. A total of 74 studies on ancientness or maturity were found in the Massif Central following a survey conducted with the Forest Ecology Network of Rhône-Alpes (REFORA). Most of the studies were local technical studies that sought to identify ancient forests, mature stands and sites with high conservation issues; they provide a good idea of which methods were used and why. There were 44 studies that included analyses of forest stands (measuring of deadwood, veteran trees, dendromicrohabitats, etc.), 66 used indicator species and 16 used old maps, particularly ordnance survey maps as well as Napoleon cadastre and Cassini maps. Vectorization of ordnance survey maps was completed on 49% of the Massif Central, which corresponds to natural and national parks and the Allier administrative department. Some 38 projects combine at least two of these three approaches.


          There have been 16 syntheses written on various topics (e.g., forest archives, Napoleon’s ordnance survey maps, forest soil and archaeological evidence of past non-forest uses, stand structure, landscape ecology) and species groups (saproxylic beetles, vascular plants, mosses, epiphytic lichens, syrphids, amphibians, fungi, bats, gastropods, micromammals, birds). The aim was to specify the effect of ancientness and maturity on the forest ecosystem and several species groups (Figure 6-1), but also to find tools, methods and indicators to characterize ancientness, maturity and ecological issues.


          Many of the abovementioned species groups are sensitive to maturity, stand structure and composition, and perhaps even ancientness, but no indicator is available. Moreover, bats, micromammals, birds and amphibians have rather good dispersal abilities, making it hard to find indicator species usable for a specific location. Nevertheless, saproxylic beetles, vascular plants, epiphytic lichens and syrphids can be used as bioindicators. Lists can be drawn up from various studies and adapted to the Massif Central, except for vascular plants, for which analyses have been carried out on local data. For each tool, lists of species, methods and parameters are indicated (ancientness and maturity together, or other characteristics) as well as the cost, degree of precision and limits of each (Renaux and Villemey, 2017).

        


        
          

          Physical evidence of ancientness and maturity


          
            

            Soil memory


            Several studies have shown that forest soil has a long memory of ancient human activities. Former agricultural soils have higher pH values and nitrogen and phosphorus concentrations and less organic carbon (Jussy et al., 2002; Koerner et al., 1997; Koerner et al., 1999). This is true even in forests that were only used as farmland in the Gallo-Roman period and abandoned 1,500 years ago (Dupouey et al., 2002a; Dambrine et al., 2007). Chemical analysis and soil description (Gebhardt, 2004, 2010) can show evidence of past agricultural use, but no threshold values exist and many soil samples must be taken to compare former human settlement areas to other areas. Ecologists, soil scientists and archaeologists should work together because the best evidence is archaeological. It can be helpful in identifying former activities (crop and livestock farming, craft trades, etc.) as well as the settlement period. Archaeological evidence can also provide evidence of past forest use, such as wood charcoal production determined through anthracology (Rouaud, 2013). Such activities prove the ancientness of at least some of the surrounding forests since charcoal was made near where wood was logged. These direct approaches require considerable human resources and imply excavations. Archaeologists can look for surface evidence – usually the first step before any excavation – but such evidence is useful even without complete excavations. Airborne LIDAR surveying can be helpful to find former buildings and field limits (Georges-Leroy, 2011) or charcoal burning sites. Such approaches only prove past intensive human activities: they rely on soil memory and extensive grazing leaves very little chemical or archaeological evidence.


            Although generations of plants, animals and fungi have lived and died since the return of the forest, current vegetation can still reflect the past (see Section 3.3.1). The longest living plants – trees – can even remind us of the environment they grew in when they were younger.

          


          
            

            Characteristics of mature stands


            A tree’s architecture holds the memory of the past. An old tree does not necessarily prove that a forest is very ancient, because it can be inherited from a former wooded pasture. These rural trees tend to have short, wide trunks with many low branches or the scars of dead ones. However, an old tree with a straight trunk without branches has grown surrounded by other trees and the surrounding forest is at least as old as the tree itself (Lathuillière, 2013; Gironde-Ducher, 2014). Large stumps forming a large circular row are not only a proof that the forest is or was a coppice, but also that it has been a coppice (and a forest) for a long time.


            Although measuring trees can provide evidence of past forest use, the main reason to measure them and their physical characteristics is to identify mature stands, veteran trees and microhabitats. Such stands have substantial biological potential and may be home to endangered species. The simplest and most direct method is to count the density of old trees and tree microhabitats and the volume of deadwood. Old trees are large and thresholds can been set depending on various ecological contexts: for example, more than 70 cm in plains to mountain forests or 40 cm in very dry or very wet conditions or for small species as birch or rowan (Savoie, 2011). Lower thresholds apply in Mediterranean forests (60 cm for fertile conditions, 30 cm elsewhere). Typologies also exist for tree microhabitats (Larrieu, 2014; Kraus et al., 2016). This type of direct method can be used by foresters after a short training. Dendrology is the core of several methods to diagnose the potential biodiversity (Gonin et al., 2016), wilderness (Rossi and Vallauri, 2013) or conservation state of the forest (Maciejewski, 2016). Identifying mature stands is useful for focusing conservation actions on areas where the chance of finding endangered species is highest, but this does not ensure that such niches are occupied by the species we are trying to protect; the most sensitive among them also depend on temporal continuity.

          

        


        
          

          Bioindicator species and indirect diagnosis of ancientness, maturity and habitat integrity


          
            

            Vascular plants


            Vascular plants are well known to be good ancientness indicators. Various authors have drawn up lists of such species outside the Massif Central (Peterken and Game, 1984; Hermy et al., 1999; Dupouey et al., 2002b; Verheyen et al., 2003; Graae et al., 2003; Bergès et al., 2016; Sciama et al., 2009) or for small territories along the border of this area (Dambrine et al., 2007 in the north; Febvre 2010 in the south-east). Even if other direct indicators are more precise (archives, including maps), vascular plants can give additional evidence and confirm ancientness.


            A total of 5,343 forest surveys containing data for 1,083 species of vascular plants in the northern part of the Massif Central and 972 species in the supra Mediterranean area from the Chloris® database were used. For each one, forest ancientness was indicated with ordnance survey maps. In the area within the Atlantic to sub-Atlantic climate, which applies to the largest part of the Massif Central, we found 55 species that were significantly more frequent in ancient forests and 56 in recent forests. Most species were also found in other studies (for instance, lily-of-the-valley, wood anemone or Greater Wood Rush as ancient forest species). Some (e.g., Snowy Wood Rush) are typical of southern mountain forests and are not mentioned in studies of north-western Europe. In addition to this list, an ‘ancient forest index’ (IFA in French) indicator was created to estimate foreign ancientness and the accuracy of this estimation. IFA is a ratio between the number of ancient forest species and the number of recent forest species found in a particular area. No result is given if there are fewer than 10 species in the inventory, or if the difference between the number of ancient forest species and the number of recent forest ones is too slight. Although it must still be tested, this index is a more useful tool than a mere list of ancient forest species. The whole method and results are further developed by Renaux and Villemey (2017) with a spreadsheet to calculate the IFA.

          


          
            

            Other bioindicators: lichens, syrphids and saproxylic beetles


            For lichens, syrphids and saproxylic beetles, existing methods have been adapted to the Massif Central (Renaux and Villemey, 2017). Good indicators exist, but they have not yet been calibrated to this area. None prove forest ancientness alone but rather show the combined effects of various important characteristics for forest ecosystem functionality.


            Lichens are very sensitive to the understorey microclimate and are slow growing. There are 54 species present in the Massif Central that are indicators of a long continuity of shady, wet and buffered microclimate conditions, with trees old enough to allow them to grow and reproduce. A ratio between the number of species from this list found in the forest and the potential number that can be found in the area gives the ‘forest continuity indicator’ (ICF in French; Coppins and Coppins, 2002). Distribution of each species is given for the 13 French administrative departments of the Massif Central, allowing users to adapt the ICF not only to the Massif Central but to the area where the forest is. High values (ICF +75%) indicate that the stand is close to an old-growth forest while mid-range values (ICF = 50% to 75%) indicate that there has been good ecological continuity without too much clearing and large trees have been preserved.


            Some syrphids can be good indicators of conservation status and ecosystem functionality (Speigh et al., 2007). The method ‘Syrph the Net’ (http://www.iol.ie/~millweb/syrph/syrphid.htm [image: ])compares the number of species captured in a forest to the potential list that could be found if the integrity of the ecosystem was in perfect condition. A good ecological integrity value corresponds to forests with various stages and types of deadwood, veteran trees and microhabitats (some larvae develop in deadwood) as well as a vegetation structure and composition similar to a natural forest, with small gaps in the canopy allowing forest understorey to bloom (adult syrphids feed on flowers). Even if these insects do fly and have rather good dispersal abilities, they seem to be sensitive to the temporal continuity of these qualities and the spatial connectivity of forest habitats.


            Saproxylic beetles are good indicators of present maturity. A list of indicator species of ‘good ecological quality’ has been drawn up (Brustel, 2004; Bouget et al., 2008). For each species, a heritage value (IP in French) corresponding to the degree of geographic rarity in France is given. A biological functionality value (IF in French) is also given. The presence of the most sensitive species (IF 2 or 3) can be evidence of temporal continuity of maturity at the site, because such species need large deadwood pieces and rare microhabitats or depend on other sensitive species (e.g., predators of saproxylic species or beetles living on saproxylic fungi). The absence of these species does not necessarily prove that the forest is not ancient, or does not have enough deadwood today. It may be an ancient forest with a lack of deadwood in the past, at times where remaining ancient forests where often over exploited in the Massif Central. Even if there is neither further evidence of that in actual stands nor in old maps, proof can be found in forest archives.

          

        


        
          

          Forest archives: a good supplement to survey and land-use maps


          It is important to combine several methods to assess ancientness. Certain traditional tools such as survey maps show gaps with missing ancient forests that were recorded with certainty in other historical documents. This is why the French National Forests Office has examined its own historical documents to identify and characterize ancient forest areas in the Auvergne region, especially in state-owned by the French state or local authorities (Lathuillière and Gironde-Ducher, 2014b).The results of these efforts were included in the toolbox developed with the National Botanical Conservatory of Massif Central (Lathuilliere and Gironde-Ducher, 2017; Renaux and Villemey, 2017). A shared definition of ancient forests has since been established for the Massif Central that corresponds to the specific forest history of this region: “an ancient forest is defined as having been continuously forested, regardless of the age of the forest stands, their composition or management practised for at least 200 years” (Lathuillière and Gironde-Ducher, 2014a).


          This work is an innovative method for identifying and characterizing ancient forests, based on three complementary approaches:


          
            	
              Ancient maps (Cassini maps, ordnance survey maps, forest maps and plans, aerial photography, etc.) which provide temporal timing information of forest presence;

            


            	
              The study of forestry archives;

            


            	
              An ecological approach, linked to the presence or absence of ancient forest or saproxylic species (fauna or flora), considered bioindicators of forest continuity (see Section 3.3).

            

          


          The aim is to find evidence of ancientness or forest discontinuity in forestry archives, a rich and original resource that provides a better understanding of the history, evolution and heritage value of these ancient forests. Forestry archives are administrative and technical documents produced by the French forestry administration, particularly since the beginning of the 19th century. They represent strategic resources, complementary to cartographic approaches, and deserve to be integrated into the research of ancient forests, in particular to characterize the continuity of forest cover, beyond the ancient forest presence proved by maps, and to better appreciate the history, evolution and ecological value of these ancient forests. Archives provide valuable information on the evolution of stands and include:


          
            	
              Old forest management documents with maps and plans (figure 6-2);

            


            	
              Forestry reports of work and woodcutting carried out;

            


            	
              Proof of forest recognition, surveying and demarcation (figure 6-3);

            


            	
              Daily log books and order books for forest rangers.
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          Figure 6-2. Old map of the ‘Gayme’ forest (Picherande, France) dated 1830, showing wooded areas and gaps in the forest. These areas are now forests, but with different stands and tree species.
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          Figure 6-3. Proof of recognition of the ‘Pavin Lake’ forest (Besse, France) dated 1827 with the description of the stands present at that time.


          Archives can not only enhance the presumption of ancientness but also provide specific information about the composition, structure and past characteristics and treatments of forests, as well as the evolution over time of these determinants of forest ecosystem functionality. They can help explain, for instance, how practices have led to forest stands becoming a fir forest (for timber) or a beech forest (for firewood). Archives can provide a better understanding of the current state of forests, their ecological and forestry heritage (fauna and flora associations, spatial and temporal sustainability of microhabitats), and their evolution. They can also be used to assess historical continuity or discontinuity of habitat trees and deadwood. For instance, it has been reported that every single dead branch and dead tree were picked up for firewood in certain forests during the 19th century, and that many forests were over exploited, with only a small density of small trees. These facts not only illustrate the lack of firewood today but the lack of deadwood and large trees in forests as well.


          The set of temporal references obtained with the different methods used to characterize ancientness can be plotted on a temporal diagram of forest continuity, which constitutes a multidisciplinary and chronological mode of representation that can be enriched with new clues.

        

      


      
        

        Conclusion


        Identifying ancient forests, including the most ancient forests, mature stands and remaining old-growth forests is crucial for focusing conservation measures on the right sites, and developing actions that can sufficiently tackle the ecological issues. Forest clearing should not be carried out in ancient forests, as they bear a heritage that is rarely found in recent ones. Good integrative forest management practices with local tree species, special soil maintenance and a network of tree microhabitats and mature stands is important to maintain most forest biodiversity. Old-growth forests are the rarest and most endangered. They are refuges for certain specialist species, which are highly sensitive to logging because they require large amounts of deadwood and high densities of habitats or veteran trees. An efficient network should therefore also include unmanaged forest reserves, with priority given to choosing old-growth or ancient forests with enough deadwood and veteran trees (Kraus and Krumm, 2013).


        Conserving ancient and rare old-growth forests, with their precious biodiversity, becomes even more important when we understand that losing it means losing it for centuries – and for some species, millennia. Policymakers and land and forest managers need tools to identify ancient forests and characterize their ecological issues. There are a number of approaches: using old maps, historical and forest archives, archaeology, soil chemistry, bioindicator species (plants, animals or fungi), etc. Each is useful but none is a magic wand. The key is to combine approaches. Some tools can be used to identify ancient forests, but their efficiency differs with regard to geographical or time precision. Some can detect intensive agricultural use even 1,500 years ago, some only recent clearings. Some tools indicate only current mature stands, while others can show where there have always been old trees and deadwood in a forest. Some methods such as survey maps are inexpensive but only provide presumed ancientness. Others still, such as forest archives or archaeology, are more precise but require more time and money.


        After identifying ancient forests and mature stands at a local scale, an extra step is needed: working on landscape connectivity to conserve or restore an ecologically functional forest landscape, with ancient forests, habitat trees and mature stands, but also recent forests, young stands and even fences and rural trees in agrarian and suburban areas. Such connectivity is especially crucial to avoid the collapse of genetically isolated populations, but also to allow ancient forests species to recolonize recent ones, and saproxylic species or cavity nesters to move from current habitat trees and mature stands to future ones after their collapse.
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      Chapter 7: On the ecology of ancient and recent woodlands: the role of the historical approach


      Roberta Cevasco, Carlo Montanari and Valentina Pescini


      This chapter presents several Italian case studies to interpret and discuss the concept of ancient forests by means of methods and sources used by historical ecology. The concept and definition of ancient forest has been largely discussed in UK by the Historical Ecology Discussion Group (HEDGE) since the late 1960s in a series of seminars hosted at the Huntington Institute of Terrestrial Ecology. This was followed in 1976 by Oliver Rackham’s book Trees and Woodlands in the British Landscape, published in the “Archaeology in the Field Series”. In 1980, Rackham’s book Ancient Woodland: its history, vegetation and uses in England inspired nature conservation policies in British ancient woodlands (Rackham, 1976, 1980; Arnold, 2016).


      Recently, the debate in continental Europe about the role of the historical approach in ecology has neglected these English works, favouring instead American historical ecology. Moreover, scholars have widely focused on the French Annales E.S.C. tradition rather than on British local history (Hoskins, 1955), an approach based on multiple historical sources that was the background of the HEDGE historical approach in the study of ecosystems (Cevasco and Moreno, 2015).


      The historical approach adopted by the Laboratory of Environmental Archaeology and History (LASA) of the University of Genoa involves the use of multiple sources (textual, geographic, archaeological, ethnologic, oral, environmental), a regressive method and strong spatial and social contextualization. In fact, the methods of British historical ecology (sensu Oliver Rackham) have been developed by reworking and comparing contents of British local history with those proposed by the Italian microhistory (Grendi, 1996; Raggio 2004).


      This analytical historical approach has been used in discussing the interest of microhistorical-geographical sources (Cevasco, 2007). The sedimentary and observational sources generally related to woodland environmental archaeology are now more generally produced and analysed as part of an archaeology of environmental resources (Pescini, 2018).


      The strengths and weaknesses of this approach will be illustrated through two selected case studies concerning the history of Mediterranean multi-use systems of woodland resources (agrosilvopastoral). The first case study pertains to a mountain area (Upper Trebbia-Aveto Basin) while the second is on the coast of western Liguria (Merula Valley, north-west Italy; Figure 7-1).
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      Figure 7-1: Location map of Upper Trebbia-Aveto Basin (1) and Merula Valley (2).


      Sedimentary, observational, cartographic and textual sources have been used to characterize the state of ancient forests (Quercus cerris woodland in Upper Trebbia-Aveto Basin in the north-western Apennines) and recent forests (woody neo-formations) growing on former pastures and meadows bearing Pinus pinaster and Pinus halepensis standard trees in the Lower Merula Valley in the coastal area of the western Riviera.


      When textual and iconographic sources at topographical scale are not found for an ancient time period (e.g., over 250-300 years) we can look to biostratigraphic archives (soil, sediments, preserved biologic remains). Going backwards with a regressive analysis, we assume that a continuity of pollen deposition recorded at sampling sites can prove continuity with the present living population of several species at the study site (see the Trebbia-Aveto site). This approach resulted in a regressive history of the site ecology and a more defined environmental content of the surrounding ‘individual landscape’ (Pescini et al., 2018; Molinari and Montanari, 2016). As we will show in the following case studies, this approach can be very helpful in ascertaining the difference between ancient and recent forests. Moreover, in the Mediterranean (both in mountain and coastal areas), we considered an ancient forest with a tree population with more than 200 years continuity (sensu O. Rackham), demonstrated by land-use continuity recorded in historic documents and cartography. By contrast, a recent forest, as we will show in the Merula Valley example, has a living tree population with a minor (e.g., decennial) continuity, growing at a site with documented land-use discontinuity.


      
        

        Upper Trebbia-Aveto Basin: Lago di Rezzo


        A recent vegetation map ( De Rigo et al., 2016) shows an irregular diffusion of Quercus cerris in Europe in comparison with its assumed native distribution. The high frequency of occurrence in the Balkan and Italian Peninsulas has been associated with the past use of acorns and foliage as a pastoral resource (Praciak et al., 2013; De Rigo, 2016). Turkey oak was an important tree in the northern Apennines in the context of local multiple tree-land systems (Cevasco, 2004). However, the historical dynamics of these oak populations remain largely unknown. The present (AA. VV., 2006) western distribution in Liguria, for instance, shows only two small populations in the Upper Bormida Valley that are generally included in the Illirian oak-hornbeam forest phytosociological group. Even so, in medieval documents Quercus cerris is mentioned extensively in central and western Liguria and there is rich place-name evidence of its past presence. Currently this species is characteristic of many woodland areas, especially in the eastern part of the region.


        Our research provides new information that is useful in understanding the past role of Turkey oak in the mosaic of specific local multiple tree-land systems (Cevasco, 2004) that have shaped the eastern Ligurian landscapes.


        A project devoted to the study of wetland habitats considered to be biostratigraphic archives for the study of environmental resource archaeology allowed us to localize a number of unrecorded sites in this section of the Ligurian Apennines (Guido et al., 2013). The Lago Rezzo site (Rezzoaglio – Upper Trebbia-Aveto Basin) was cored and a pollen diagram was produced (Cevasco, 2013; Figure 7-2).
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        Figure 7-2: Upper Trebbia-Aveto Basin (Lago di Rezzo, Rezzoaglio) pollen diagram showing postmedieval (ca. 1750 AD) and medieval (ca. 1300 AD) phase of Quercus pollen expansion (Cevasco, 2013).


        The diagram provides evidence on a local scale of two main medieval and postmedieval phases of oak tree/woodland expansion on the slopes of this small lake basin situated at 779 m asl (Cevasco, 2013); we will briefly discuss this evidence with reference to a number of possible environmental indicators (Table 7-1) and historical sources. Two radiocarbon dates at depths of 45 cm and 145 cm provide an initial chronology for the core (in this text and in the diagram approximated as ca. 1750 AD and ca. 1300 AD).


        In the diagram discussion, by means of the abovementioned regressive approach, the postmedieval phase has been interpreted as covering the whole feudal economy: we can start from the present pollen rain (0-10 cm deep) and go back in time. The diagram shows an increasing trend of deciduous Quercus pollen around 1600 (with increase of Cerealia, Secale as well) to the 1820s. This feature is consistent with the effects of the local system of common land management on trees and herbs. At present, in the small basin of the Lago di Rezzo, other species of Quercus are present while Quercus cerris is lacking. This observation is completed by the description of the oak tree canopy of the same basin slopes, as documented in a woodland inventory (Bertolotto et al., 2000) of the parish of Rezzoaglio (compiled by Forestry Administration in 1822). The site is described here as ‘terre alberate di cerro’, meaning a land bearing Turkey oak trees. The inventory also specifies their use as ‘cerri da foglia’, referring to the importance of this species for leaf fodder production. The shredding Turkey oak trees was largely still in practice in the 1950s but it was a relict of a more complex previous system. The ‘terre alberate di cerro’ of the first half of 19th century were still part of the Turkey oak wood-pasture common land system. They were grazed by large flocks of transhumant sheep and goats (of which the coprophylous fungi in the pollen diagram can be a clue, Figure 7-2), providing, through an annual cycle, leaf fodder, hay, and cereals as temporary crops (see Cerealia, Secale, Rumex acetosella in the pollen diagram as an indicator species of a temporary field system: small patches of land were cultivated by sowing cereals in between trees (Watkins, 2014). The annual cycle also included a set of different agrosilvopastoral practices employing controlled fire (this activity and its variation in time is evidenced by the micro-charcoal regular trend in the pollen diagram in Figure 7-2).


        In the same way a medieval phase (1150-1300 AD) could be identified as characterized by the increase of deciduous Quercus and Corylus pollen, the presence of Pteridium, and micro-charcoal variations. These trends have been related to an increase in the importance of pig farming activity on the lands of Bobbio Abbey founded in the Trebbia Valley in 614 AD by the Irish monk Saint Columbanus. It is interesting to note that a very early representation of a shredded and pollarded oak tree is found in the crypt of the Bobbio Abbey church. In the mosaic, dated to the second half of the 12th century, the image for the month of November shows pigs and sheep feeding on acorns under a shredded oak (Watkins, 2014, Figure 7-3). Some of the environmental indicators characterizing the two pollen phases are summarized in Table 7-1.


        Table 7-1: Woodland history indicators at Lago di Rezzo, High Trebbia-Aveto Valley. The bold text indicates certain possible environmental indicators related to the medieval and postmedieval phases of Turkey oak trees/woodland expansion.


        
          

          
            
              	POSTMEDIEVAL PHASE (1600-1820 AD)

              	MEDIEVAL PHASE (1150-1300 AD)
            


            
              	Quercus

              	Quercus
            


            
              	Cerealia

              	Cichorioideae
            


            
              	Secale

              	Pteridium aquilinum
            


            
              	Rumex acetosella

              	Microcharcoal
            


            
              	Rosaceae

              	Corylus
            


            
              	Coprophylous fungi

              	Asteroideae
            


            
              	Micro-charcoal (regular trend)

              	Alnus
            


            
              	Plantago

              	Poaceae
            


            
              	Cichorioideae

              	
            

          

        


        In the same township, a 16th century map – made to settle a border dispute between the village of Coli and the Bobbio Abbey – documents many scattered and shredded turkey oaks around the village of Coli, near Bobbio. The individually named and owned Turkey oak trees (cerro) were growing on common land, but does the map show a continuity of management for sheep and pig pannage of the medieval expansion phase? Each tree is named, which emphasizes the importance of the ownership of every single oak tree. The diffusion of such a peculiar woodland microtoponimy is an effect of the resource access regime called ‘proprieté arboraire’, or tree ownership, which can be find in certain Mediterranean pastoral regions (Provence, Corsica, Liguria; Coppolani et al., 2015) as well as in the Alps, where individual possession of the single tree is separate from the possession of the common ground. This kind of resource access can be a sign that the customary common land system for centuries allowed the integration of the potential conflict between shepherds and farmers over the use of Turkey oak fodder resources.
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        Figure 7-3: Upper Trebbia Basin. A hamlet part of the Coli parish in the Bobbio township: an ‘individual landscape’ showing scattered Turkey oaks in a manuscript map (1564 AD, A.S.P., Uff.Confini, b.busta 266/1, Paulo de Podio, A public notary, 27/09/1564).


        Extending these results to the present day distribution of Turkey oak, site data as well as textual and iconographic documents suggest that Quercus cerris ‘woodlands’ in the Ligurian Apennines have some common widespread features. They have been continuously managed almost since medieval times in multiple use common land systems. Rather than a woodland ecosystem, this reflects a system of ‘land bearing trees’ (terre alberate). These kinds of populations were planted/promoted up until the 1820s and generally managed as single trees producing domestic fruit/leaf. This type of management declined slowly between 1850 and 1950 following the decline of transhumant sheep flocks and the demise of common land rights of access. The postmedieval phase of Turkey oak expansion was preceded by an important (medieval) phase of Turkey oak management possibly connected with pig farming pannage practices associated with Bobbio Abbey. It is interesting to note that there was no apparent conflict in obtaining acorns and fodder from the same trees: we find this in some specialized areas of 19th century Ligurian chestnut orchards.


        Can the current Turkey oak woodland in this part of north-western Apennines be considered ‘ancient forests’? These arboreal populations show a long genetic continuity (see the continuous curve in pollen diagrams), and in the Trebbia Valley some Turkey oak veteran trees (from ancient wooded pasture) are still living. In fact, each individual tree could be a historical living archive of this past management: shredded individuals can (in this mountain area) easily live for more than a hundred years. In the nearby Upper Vara Valley, living shredded Quercus cerris trees have been cored for dendrochronological analysis, revealing an age ranging between 35 and 200+ years (Howard et al., 2002).

      


      
        

        Merula Valley


        In the Merula Valley, the watershed vegetation cover was recently (2015) classified as ‘mixed woodland’ (with Quercus pubescens) by a regional government land-use map (Table 7-2 line 10). Different Quercus pubescens populations on this slope have been observed to have different responses to water stress. Six sites (ME1-ME6) were chosen to investigate the site ecology to understand its past land-use history. Results from surveys of archaeological features, soil profiles and present vegetation have been compared with land use and plant cover as shown in a series of topographical maps from different dates using a regressive method. A list of analysed maps (1750-2015 AD) is shown in Table 7-2 and comparisons are given in Table 7-3. Field observations undertaken in winter 2017 are summarized in Table 7-4.
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        Figure 7-4: Distribution of sites studied in a portion of the eastern watershed of the Merula creek valley, western Riviera (Liguria, NW Italy).


        Table 7-2: Merula Valley map references (1750-2015 AD).


        
          

          
            
              	1750 (around

              	Carta Topografica in misura del Litorale della Riviera di Ponente, Parte V, Ufficio Topografico del Corpo di Stato Maggiore del Regno di Sardegna, ms, 1:9450
            


            
              	1829

              	Ricognizioni eseguite alla scala di 1/20,000 che comprendono le due Riviere degli ex Stati Sardi e parte delle attuali Provincie di Alessandria e di Pavia, 1:20,000
            


            
              	1852

              	Gran Carta degli Stati Sardi in Terraferma di S.M. il Re di Sardegna, 1:50,000
            


            
              	1879

              	Tavole della Carta d'Italia dell'Istituto Geografico Militare, Foglio 92 n. III, Alassio (1:50,000)
            


            
              	1944

              	Aerial photograph, Royal Air Force flight RAF, Istituto Geografico Militare
            


            
              	1936

              	Nuovo Catasto Terreni – Stellanello/Andora 1:2,000
            


            
              	1996-2013

              	Carte delle Aree percorse dal fuoco, Corpo Forestale dello Stato e Regione Liguria (1:2,000)
            


            
              	2007, updated 2016

              	Carta Tecnica Regionale, Liguria, 1:10,000 ed.
            


            
              	2013

              	Tipi Forestali della Regione Liguria (1: 25,000)
            


            
              	2015

              	Carta Uso del Suolo Regione Liguria (1:10,000)
            

          

        


        Table 7-3: Merula Valley land use/cover history at the studied sites: results of map comparison (1750-2015 AD). X = no record available.


        
          

          
            
              	Site/Date

              	1750

              	1829

              	1852

              	1879

              	1945

              	1956

              	2015
            


            
              	ME 1

              	X

              	Pines

              	Gerbido

              Wooded / meadow

              	Uncertain

              	Wood

              	X

              	Mixed wood
            


            
              	ME 2

              	X

              	Pines

              	Wood

              	Land bearing trees

              	Wooded / meadow

              	X

              	Mixed wood
            


            
              	ME 3

              	X

              	Wood

              	Wood

              	Open area

              	Wooded / meadow

              	Wooded pasture

              	Mixed wood
            


            
              	ME 4

              	X

              	Open area

              	Open area

              	Open area

              	Wooded / meadow

              	Pasture

              	Mixed wood
            


            
              	ME 5

              	Wood

              	Open area

              	Gerbido

              Wooded / meadow

              	Wood

              	X

              	Wood

              	Wood
            


            
              	ME 6

              	Wood

              	Wood

              	Wood

              	Wood

              	X

              	Wood

              	Pine wood
            

          

        


        Table 7-4: Archaeological features from field survey, soil profile and current vegetation of the Merula Valley (Winter, 2017). X = no record available.


        
          

          
            
              	Site/ Sources

              	Dendrology

              	Pedology

              (soil profile)

              	Charcoal

              in soil profile

              	Archaeological features
            


            
              	ME1

              	Pinus pinaster: 100-200 y

              Quercus pubescens: 100 y

              	A: 10YR 3/3

              C: 10YR 4/4

              	in A horizon

              	Clearance stone cairns; earth bank terraces
            


            
              	ME2

              	Quercus pubescens 30 y

              Fire scar: 1986 and 1994

              	X

              	X

              	Stone walled terraces, shieling ruins
            


            
              	ME3

              	Quercus pubescens: 27-30 y

              	X

              	X

              	Stone walled terraces
            


            
              	ME4

              	See transect

              	A: 7.5YR 4

              (B): 7.5YR 5/6

              C: 7.5YR 6/8

              	in A and B horizons

              (fire-induced coppice)

              	X
            


            
              	ME5

              	Erica arborea and Quercus pubescens: 30-35 cm

              	Litter

              A: 10YR 3/3

              C: 10YR 6/6

              	charred stems

              	Stone walled terraces

              (two typologies, see discussion below)
            


            
              	ME6

              	Quercus pubescens and Pinus pinaster: 70-80 cm

              	Litter

              A: 10YR 4/3

              B: 25YR 7/6

              C: 10YR 6/8

              	X

              	X
            

          

        


        The ME1 site shows a thermophile deciduous wood with conifers which is described by the official land-use map (Table 7-2) as ‘mixed broadleaved forest’. Nevertheless, according to cartographic sources from the first half of 19th century (Tables 7-2 and 7-3) the land cover was a wooded meadow, bearing pines. An environmental archaeology survey allowed us to identify a rare population of Maritime pines (Pinus pinaster) that were 100 to 200 years old mixed with some downy oak (Quercus pubescens), possibly around 100 years old. Clearance stone cairns were detected, probably linked with past wooded meadow use for hay production (19th-20th century). A preliminary botanical survey indicated (not unexpectedly) both wood habitat species and meadow species. A soil profile clearly showed a forest soil with traces of recent fire (charcoal in the most superficial part of the A horizon).


        The ME2 site shows a mixed oak wood with Mediterranean scrub understorey, described by a current land-use map as ‘mixed wood’. The pines have disappeared and the downy oak trees show the effects of a wildfire regime established on this slope over the last 30 to 40 years. Past fire effects appear in the form and shape of the downy oak. Oak trees take the form of coppiced stumps (‘coppice by fire’) and show irregular rings growing with recurrent fire scars. As for ME1, we found archaeological remains such as ruined buildings, probably with a phase of pastoral shelter use, and terraced land.


        The ME3 site shows a genetic continuity of tree populations, probably downy oak; the tree cover can be traced back to 1829, with infilling by hornbeam and Mediterranean shrubs due to the recent establishment of a new fire regime. As in the previous site, we found traces of terraced land under the tree canopy.


        The ME4 site is Mediterranean scrub with downy oak infilling due to the recent fire regime. We classify this vegetation cover as ‘recent woodland’ since it is derived from previous (possibly the 19th century) pastoral open land. A transect showing the present vegetation structure is presented in Figure 7-4; in the same picture a first field document of the soil profile is shown. This diagram shows a very thin soil with two distinct horizons which contain charcoal remains. These can be clues of the recent fire regime (in the upper horizon A) and the previous pastoral fire regime (horizon B).


        
          [image: Into-the-woods-2017-44-Figure-2-7-5.jpg]

        


        Figure 7-5. Transect of the present vegetation in the Merula Valley, with soil profile at Site M4.


        For the ME5 site, cartographic analysis proves the presence of an ‘ancient woodland’ site. In 1750 AD (Table 7-3) this area was shown as a wooded site; in the following years its uses changed. The 1852 map documented it as a wooded meadow site. This discrepancy could be due to the application of different classification methods of the same (continuous) land cover by surveyors evaluating the density of trees differently. Continuity of the tree population seems to be granted at this site. Field observations show a terraced slope, with indicator species such as Coronilla emerus, which confirms a thermophilous deciduous woodland habitat; the ancient wood cover appears now infilled by Mediterranean shrubs regularly burnt under the present wildfire regime.


        Similarly, an ancient woodland site is documented in ME6 by a 1750 map. Cartographic analysis shows a clear continuity of land use and land cover. At present we find a mixed population of downy oak and maritime pines (estimated to be around 100 years old). The soil profile also shows a mature woodland soil.


        To conclude, the comparison of field and documentary sources allows us to divide the studied sites into two groups. A first group (ME1 and ME6) is characterized by woodland cover (or better, ‘land bearing trees’) with continuity of management practices and land uses. We consider this group to be an ‘ancient forest’. The second group (ME 2, 3, 4, and 5) is characterized by a discontinuity in management practices and land use over the past 250 to 300 years.


        It is interesting to note that, according to Italian National Forest Inventory data[10], Liguria shows the largest quantity of deadwood in Italy. In the structural ecology approach this parameter is currently used to define the present ecology of an ancient forest (Blasi et al., 2010). In a sense, and based on the information of the recent official maps on land use and the NF Inventory data, we could classify all the woodland of the Merula Valley slope as an ancient forest. Using a historical approach to individual woods (or individual sites) allows us to shed more light on complex vegetation and soil dynamics.


        By comparing different environmental dynamics leading to the present plant cover in an individual landscape of this type of Mediterranean valley, the role of past local land management systems in shaping sites can be carefully evaluated.


        In the Merula Valley, indications about the transition from an ordered pastoral fire regime to present uncontrolled fires emerge from the combined study of historical topographical maps and field observations (plants, soils, dendroecology) carried out at a topographical scale. For the area covered by the study sites, the Italian State Forestry Corp (Corpo forestale dello Stato, CFS) has recorded every fire event since 1969. A first glance of the fire events affecting the examined vegetation is summarized in Table 7-5.


        Table 7-5: The establishment of the new fire regime in the Merula Valley. Fire events affecting the studied area, as recorded in CFS registers (1979-1993). Column 1 gives the date of the fire event; column 2 indicates the cadastral location; column 3 indicates the burned vegetation.


        
          

          
            
              	WILDFIRES (CFS record) – ANDORA (sheet 3)
            


            
              	Date

              	No. of land parcels

              	Burned vegetation
            


            
              	16/01/1979

              	5

              	Maritime and Aleppo Pine, brooms
            


            
              	24/02/1980

              	Sheet 3 fully burned

              	
            


            
              	15/08/1981

              	8

              	
            


            
              	27/09/1983

              	30

              	
            


            
              	1, 2 and 5/09/1986

              	271

              	
            


            
              	29/01/1989

              	Sheets 1, 2, 3, 6, 9, 12 burned

              	Pines, coppices, maquis
            


            
              	4 and 5/03/1990

              	24

              	Pines, coppices, maquis
            


            
              	31/12/1992

              	7

              	Coppices, maquis
            


            
              	19/08/1993

              	3

              	
            


            
              	3 and 4/02/1993

              	6

              	Pines, coppices, maquis
            

          

        


        
          

          
            
              	WILDFIRES (CFS record) – ANDORA (sheet 6)
            


            
              	24/02/1980

              	28

              	Coppice, fallow land, shrubland
            


            
              	6 and 7/01/1985

              	57

              	
            


            
              	27/06/1986

              	3

              	Abandoned cropland
            


            
              	2 and 3/09/1990

              	20

              	Pines, maquis
            

          

        


        There is some evidence for the medieval phase of fire practices in the Merula Valley. For example, the information hidden in the detailed Latin text of the ancient by-laws (‘Statuti’) is of considerable interest, since they regulated the life and economy of the local political community under the seigneurial regime (‘comunitas’). A very interesting example is provided by several chapters in the Statuti of the community of Stellanello, a text dated 1317 AD with the addition of variations until the end of 18th century when these local regulations were discontinued (Bracciale, 2012). The regulations describe (and proscribe) the practices of people who were clearly very knowledgeable about the use of fire within a system of access to common pastoral resources. This management is called the ‘bandita’, or multiple land uses, which allowed the use of controlled fires in certain areas of the valley. New perspectives can be opened by the research into archaeological remains of this medieval (or more ancient) fire regime, which we assume we have recovered in the ME4 soil profile. Specific anthracological work is planned in this direction.


        If we go back to the different water stress reactions observed in the different Quercus pubescens population sites, we can now suggest a fresh interpretation of the ecological response as historically-derived, or as a consequence of the specific historical processes that have affected the specific site ecology.

      


      
        

        Conclusion


        The two case studies highlight the role of different past pastoral practices in the management of the tree canopy, such as the importance of leaf fodder production between the 19th and 20th centuries for Turkey oak or the fire regime established by the system of coastal Bandite (settled here at least since the 14th century) and its variations during the 19th century in pastures with scattered pines. Certain tree populations present a long continuity in the observed sites (e.g., with a continuous trend in pollen diagrams) and some veteran trees are still living in the valleys. Site biodiversity changes over time depending on changes in the type of woodland resource management.


        As discussed above, in Liguria and across the entire Mediterranean area, the present ecology of ancient forests depends more on the environmental legacy of tree-bearing land (which has had at least more than three centuries of ecological continuity) than a historical natural or semi-natural woodland.


        The results of this research can be applied to planning documents and maps, with the aim of improving the accuracy of the environmental dynamics they assume and, consequently, the scope of their contents.
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      Chapter 8: Ancient forest and old-growth forest from the perspective of medieval and modern written sources. The case of the ‘Bois de la Sainte-Baume’ (France, AD late 13th to early 19th centuries)


      Sylvain Burri


      The Sainte-Baume Massif mountain ridge is located in south-western France, 40 km east of Marseille and 20 km from the Mediterranean Sea. It is an anticline that stretches east to west, with a summit reaching 1148 metres high, characterized by a dissymmetry of vegetation: Mediterranean on the southern slope (Pinus halepensis, Quercus ilex) and sub-Mediterranean to mountainous on the northern slope (Pinus sylvestris, Quercus pubescens, Fagus sylvatica etc.). The Bois de la Sainte-Baume forest, the subject of this study, covers an area of 138 ha on the northern slope of the mountain (Figure 8-1). It is famous for its exceptional natural and cultural heritage. This forest harbours the grotto where Mary Magdalene is said to have lived a life of penance. Already a place of pilgrimage, its fame increased at the end of the 13th century with the ‘discovery’ of the bones of Mary Magdalene in 1279 and the subsequent founding of the Dominican convent at Saint-Maximinin 1295. The convent was given the sanctuary of Sainte-Baume and the surrounding woodland, previously owned by the Benedictine abbey of Saint-Victor de Marseille (Faillon, 1865; Albanes, 1880). The grotto thus became an important place of pilgrimage where the rich and powerful, the counts of Provence and later the kings of France, succeeded one another. To this day it remains a place of worship for believers and a recreational area for the local population (Sammani, 1995).[11] Contrary to the medieval legend that Mary Magdalene did penance in a dreadful desert devoid of water, grass and trees, the grotto is surrounded by forest currently conserved as a natural heritage area (classed as a Natura 2000 area and an exceptional forest area with remarkable trees). It is a mixed forest made up of beech (Fagus sylvatica), yew (Taxus baccata), holly (Ilex aquifolium), maple (Acer opalus, Acer campestris), lime (Tilia platyphyllos) and oak (Quercus pubescens). The lower part is dominated by pubescent oak groves (Molinier, 1951, 1952). This vegetation, exceptional in Provence, can be explained by the combination of topographical conditions that gives rise to a very localized climate environment, comparable to a mountain climate, which is favourable for beech. This peculiarity soon drew the attention of naturalists who questioned the origins and history of this forest, sometimes considered as a ‘primary’, ‘relic’, ‘fossil’ or ‘climax’ forest, which would have been preserved by its custodians, the Dominicans, due to its ‘sacredness’ (Laurent, 1925; Molinier, 1951, 1952; Dugelay, 1957, 1958; Chalvet 2003a, 2003b).
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      Figure 8-1: Location of the Bois de la Sainte-Baume according to the Napoleonic cadastral maps (1810).


      Recent palaeoenvironmental studies have sought to retrace the history of this exceptional forest population. Dendrochronological analyses carried out on still standing living beech trees show that the current beech groves mostly date from the beginning of the 19th century. Some individual trees, however, are older, dating back to before the French Revolution (>256 years). Pedoanthracology goes further back in time and highlights the ancient presence of beech and oak during late antiquity and the early Middle Ages (Talon et al., 2011). Historians, on the other hand, have focused on the history of the cult of Mary Magdalene but have shown very little interest in the history of the Bois de la Sainte-Baume. The broad outlines of its history have been passed on via a series of copies from the pioneering studies of M. Faillon (1865) and J. H. Albanes (1880), without recourse to the primary sources. Only the contemporary period has been the subject of investigations that focus on the process of recognizing the heritage value of the forest (Chalvet 2003a; 2003b). To address this shortcoming, we returned to the sources by studying the archives of the Dominican convent of Saint-Maximin.[12] Our study focuses only on the Bois de la Sainte-Baume belonging to the Dominican friars, not on the rest of the forest covering the northern slope of the mountain, whose history is quite different. This study aims to free itself from historiography and to trace the history of this woodland from written records over the long term, from the late 13th century to the early 19th century. It has two main objectives: first, to question the ancientness of forest coverage and thus its continuity, and second, its maturity and thus the advanced age of its trees over time.


      
        

        Ancientness and continuity of the Bois de la Sainte-Baume


        
          

          Donation of the nemus of the Baume to the Dominican friars, its boundaries and its royal protection (14th to mid-16th century)


          The Bois (nemus) of Sainte-Baume appears in the written record in a papal bull, dated 18 June 1300, in which Pope Boniface acknowledges that the church of La Baume belongs to the friar preachers of Saint-Maximin, even though it was not explicitly mentioned in the donation of 1295; this was to the detriment of the Benedictine priory of the Plan d’Aups, a dependant of the abbey of Saint-Victor de Marseille[13] (Faillon, 1865; Albanes, 1880). During the conflict, arbitrated by the Bishop of Marseilles, the Benedictines, claiming ownership and use of the woodland, demanded compensation and estimators were appointed to assess its value.[14] In 1302, Charles II, Count of Provence, granted the Benedictines an annual pension of 150 pounds, to be taken from the fisheries of Saint-Geniez, in compensation for their former rights over this forest.[15] During an enquiry into the boundaries of the Bois de la Sainte-Baume in 1317, several witnesses, produced by the Dominican friars, attest to the initial boundary delineation in the years 1302-1303.[16] The forest extends over an area from the rock of Trieg[17] in the south to the Capella spring in the north-east, and then runs along the meadows belonging to the Dominicans and the Chaplaincy of Plan d’Aups, to the Brusquet spring in the north-west. An inspection of the boundary markers of the forest was ordered in the presence of representatives of the Dominicans of Saint-Maximin and of the Abbey of Saint-Victor of Marseille to replace the displaced boundary markers.[18] As the clashes between the two parties continued, King Robert intervened to order the Benedictines to respect these boundaries and to stop their incursions to graze their herds and farm the land.[19] In 1323 the boundary was once again marked out in the presence of both parties.[20] The forest was accurately surveyed and its boundaries defined by the creation of 44 markers. The boundary started from the Saint-Pilon pass, where the public trail went towards Riboux, joined the road leading from the castrum of Nans to La Baume as far as the cultivated land belonging to the Priory of Aups and then ran below the Capella spring. It then followed the edge of the farmed land belonging to the Benedictine priory, the edge of the Baume meadow and then the meadow of the Chaplaincy of Plan d’Aups, went up towards Brusquet spring, followed a valley in a straight line and penetrated the dense forest up to the summit. Unfortunately, it is impossible to map these boundaries accurately today due to the absence of any identifiable markers.[21]


          This new delimitation did not seem to put an end to the conflict. In 1337, King Robert authorized the Dominicans to remove the ban and gave orders for the royal insignia to be placed in the Bois de la Sainte Baume and for offenders to be brought before the royal court of Saint-Maximin.[22] Probably as a result of infringements, Louis II forbade anyone to hunt there, cut down trees, cut wood or graze animals without the Prior’s permission, under penalty of a fine of 10 pounds,[23] half of which would be paid to the friar preachers to be used to repair the sanctuary. This prohibition was renewed in 1414 as a result of a problem with illegal grazing of pigs in the meadows of La Baume.[24] After the amalgamation of the county of Provence with the Kingdom of France (1498), Sainte-Baume came under the protection of the kings of France on account of their devotion to the worship of Mary Magdalene. In 1516, the ‘pathway of the kings’, by which one reaches the grotto, is edified by the construction of seven oratories representing events in the life of the Saint, allowing pilgrims to understand her penance; the forest became the setting for this mystic experience. In 1538, the royal protection was renewed by King Francis I.[25]

        


        
          

          Facing the threat of the Royal Navy (mid-16th to 17th century)


          The shortage of wood suitable for shipbuilding (for both commercial vessels and military navy) on the coast of Provence and a little further inland, already an issue in the 15th century, intensified over the following century. The increase in activity pushed the ‘axe masters’ (navy carpenters) to obtain supplies directly from private properties by order of the king. In this context, the Bois de la Sainte-Baume attracted shipbuilders’ attention. In 1552, the Parliament of Provence granted the Grand Prior of Lombardy the right to cut the timber necessary for the construction of two galleys for the service of the king, excluding from royal woodlands.[26] The Dominicans of Saint-Maximin were notified of this authorization so that trees could be cut as necessary in the Bois de la Sainte-Baume.[27] The Dominican prior was against this, claiming that the forest was under royal protection. In 1554 and 1555, King Henry II renewed this protection and ordered that his coat of arms be placed at the entrance to the forest so that no one could ignore it, including the captains of the royal galleys.[28] This did not appear to suffice to curb the appetite of the naval officers. Just a few years later, the Dominicans complained to King Charles IX that galley captains were cutting timber on their land, even at the very foot of the grotto. The king renewed the order of his predecessor to the conserve the forest, which was essential because it was the scenic backdrop of a place of pilgrimage.[29] In 1565, at the request of the consuls of Marseille, a decree from the Parliament of Provence authorized the cutting of timber for the navy everywhere except from the royal woods, including the Sainte-Baume forest.[30] The ban on the captains of galleys and royal ships and everyone else was publicly renewed in Marseille the same year, and a reminder was published in 1567.[31] Nevertheless, in 1571, the treasurer of the convent of Saint-Maximin informed Parliament that certain captains wanted to cut down trees in the Bois de la Sainte-Baume and asked that the royal protection be respected to safeguard the worship of the faithful.[32] The ban was renewed in 1572, 1575 and 1576.[33] As a symbol of this protection, the royal insignia were placed at the east, the west and the south of the forest.


          From the 17th to 19th centuries, the growing demand for timber for shipbuilding, in Marseille as well as Toulon, placed considerable pressure on forest resources. Provence alone could not satisfy the need despite the quality of its wood, and even more so in the context of disposal of common property (Peyrat, 1966; Peter, 1995; Buti, 2002; Pichard, 2003). In 1681, an ordinance issued by Louis Girardin de Vauvré, the intendant of the navy in Toulon, made an alarming observation about the forest populations around Toulon.[34] Despite the ban on felling, enacted by Colbert’s order of 1669 on water and forests, he noted the destruction of the woodlands within a five-league radius around the arsenal at Toulon. He also requested a visit to the existing woodlands in an eight-league radius around the arsenal and asked for a detailed inventory of the quantity, quality and location of the trees suitable for the navy, namely oak, Aleppo pine and stone pine. In addition, he prohibited the owners of wooded lands from cutting or selling them. This order must have been implemented quickly because in the same year the Dominicans wrote to the intendant of the navy to complain about the arrival of naval commissioners in the Bois de la Sainte-Baume, which was then located within the newly reserved area (eight-league radius). These commissioners had marked trees they intended to cut. The friars remind the intendant of the navy that the forest was under royal protection and that no one had the right to cut wood there, not even for the king’s fleet, because the kings want to preserve this ancient woodland for its beauty and the worship of Mary Magdalene. To this end, he referred to the letters patent of King Henry II (1554), King Charles IX (1564) and their endorsement by King Louis XIV during his pilgrimage to Sainte Baume in 1660.[35] In 1686, Louis Girardin forbade all cutting in the woods of Saint-Maximin and Sainte-Baume that belonged to the friar preachers, including for shipbuilding purposes, without permission signed by his own hand.[36] Habert de Montmor, intendant of the galleys of Marseille, undertook a parallel, larger-scale investigation in the years 1683-1687 (Pichard, 2003). The Bois de la Sainte-Baume appears to have been excluded from the survey due to its protected status. It was also left out during the following general survey of the woodlands of Provence carried out on the impetus of Chabert de l’Isle, controller of woods, in the years 1720-1730 (Laurent, 1911; Nicod, 1952; Peyriat, 1966; Pichard, 2003). The royal protection, continually renewed by the sovereigns and which the Dominicans knew well how to achieve, made it possible to preserve the Bois de la Sainte-Baume and protect it from locals and the navy for four centuries.

        

      


      
        

        An old-growth forest through time


        
          

          Already an old-growth forest during the late Middle Ages?


          Because the main objectives were to delimit and protect the forest and its resources and to settle possible conflicts, the archives hardly document its plant composition at all. Only one oak tree, marked with a cross, is mentioned in the report from 1317.[37] A report from 1323 mentions some oaks and one pear tree on the edge of the forest and two oaks and undetermined dead trees within the dense part of the forest (“densitatem dicti nemori”).[38] No further reference is made to the composition and structure of the forest until 1538, when King Francis I describes it as ‘highstand forest’, without specifying the tree species that grew there.[39]


          To understand the composition and morphology of the Bois de la Sainte-Baume between the 13th and the late 16th centuries and to describe their history, one must refer to an unusual type of historical forest-related record: the accounts of field trips made by botanists and medical students from the university of Montpellier, who came to search for and collect new or rare plants, and those of pilgrims who came for religious reasons. At first glance, botanists would seem be better suited to describing the woodland from a naturalistic perspective, but they were more interested in the plants and grasses than the trees. Pierre Pena and Mathias de Lobel searched for plants in the valley of Saint-Pons (Gémenos), where they came across the Spanish broom (Spatium junceum L.), and below the Pas de la Basque, a plant that would have been Erysimum australe Gay. On the plateau of the Plan d’Aups they found beds of Achillea Tomentosa L. and Santolina Chamaecyparissus L., and they also collected Seseli montanum L. and Genista aspalathoides Lamk. on the rocky slopes above the grotto of Mary Madeleine (Legre, 1899).[40] However, species of trees, no matter how rare they were in the forests of Provence, did not attract their attention.


          Although it was a secondary sanctuary, the grotto of Mary Magdalene attracted many local pilgrims, influential people and international travellers (Montagnes, 2001, 2002). Having come to experience the penance of Mary Magdalene, the pilgrims were keen to depict a cold, rocky desert, in keeping with the legend. Nevertheless, some free themselves pro parte from their topoi in favour of a more ‘realistic’ description of the landscape. The earliest account is that of the Franciscan brother Salimbene of Adam, from Parma, in 1248 (Montagnes, 2001, 2002). His story was characterized by the emphasis, drawn from his Italian culture, on the dimensions of the grotto and the rock above it. The forest was not left out. He described it as being made up of large trees that resembled, when viewed from the summit of the Saint Pilon, fields of sage or nettles, located in the middle of an area reputed to be an uninhabited desert, in accordance with the eremitic ideal[41]. More interesting is the evidence of the German Hans von Waltheym, who came in 1474 (Paravicini, 1991; Saxer, 1991)[42]:


          
            

            


            “At the foot of the mountain, there is a wood and a forest, mostly yew trees. These are trees so large that they are two ‘klafter’ or more and, at the bottom of the mountain, there is a sacred house: there, the king of Sicily[43] had his letters displayed and made it forbidden on pain of death to harm the friars of the order of the Preachers of the forest etc.”

          


          This statement identifies, for the first time, the presence of the yew tree (ywanholcz), which the author considered the most common tree in the forest population of what he describes as “woodland” and “forest”, although it is impossible to know on what criteria he made this distinction. Hans von Waltheym was impressed by the size of these trees. We assume that the author was more likely to be referring to the circumference than the height of the trees. The klafter that he mentions, a unit of measurement meaning ‘arm span’, would have been about 1.8 m; thus if we interpret the adjective ‘groß’ to mean ‘tall’, the trees would be 3.6 m or more, which would be nothing out of the ordinary for yew trees, which can reach a height of 15 to 20 m. By contrast, if groß means ‘wide’, then klafter would be used to measure the circumference of the trunks, and the trees described would be mature, multi-centuries-old trees of a great height. He goes on to say that the woodland is thick and made up of plants with prickly thorns. On the top of the mountain, the trees give way to grassland. Finally this testimony confirms the display of royal ordinances and banners, signifying royal protection. In 1495, another German traveller, Hieronymus Münzer, made the pilgrimage. After a description of the north face of the mountain and its climate, Münzer described a very large forest mainly made up of beech and oak, yew, Phoenician juniper and tamarisk (Coulet, 1991).[44] Like his predecessor, he was impressed by the morphology of the trees, whose trunks were so wide that one man cannot put his arms around them.[45] He also pointed out that he had never seen a tree of such calibre in Germany. The account of Jérôme Durant’s pilgrimage in 1586 is interesting as well, since he described a large, very dense forest composed of oaks, beech, pine and other unidentified trees. He also described the scenes portrayed on the oratories along the “path of the Kings” (Montagnes, 2002). Due to its attractiveness, Sainte-Baume was the subject of a number of illustrations from the 16th century onwards. Of these, an engraving in François de Belleforest’s Cosmographie puts the most emphasis on the forest setting, which is shown as a dense, deciduous forest (Figure 8-2).


          
            [image: Into-the-woods-2017-44-Figure-2-8-2.jpg]

          


          Figure 8-2: Le grand plant and vray pourtraict de la Baulme by François de Belleforest, La Cosmographie universelle de tout le monde […], Paris, 1575, p.340-341, (Bnf, dép. Cartes et plans, GE DD-459).

        


        
          

          The modern old-growth forest: indirect proof of the woodland’s morphology and composition during the 17th to18th century


          The survey carried out by Habert de Montmor (1683-1687) is the earliest ‘statistical’ document about the forests of Provence, as it includes an accurate breakdown of the trees, classified by place, species and dimensions (height and thickness). The trees are sorted into three categories: trees of ‘expectation’ (young trees that could be used for shipbuilding in the future), trees of ‘service’ (mature trees, usable immediately) and trees of no value (old, rotten or unsuitable trees not fit for use). The Bois de la Sainte-Baume was excluded from the survey due to its protected status. The survey does document, however, the populations of oak in the surrounding area, depending on the village of Plan d’Aups (Figure 8-3). The comparison of the populations in the area called “on the edges of the forest under the grotto” with those in the rest of the area shows a clear difference in their age structure (Figure 8 -3c and d). The worthless trees account for 87% of the population in the woodlands neighbouring the Bois de la Sainte-Baume compared to only 58% in the rest of the area. The ratio is reversed for young and mature trees, at 14% and 28%, respectively, over the remaining area, versus only 6% and 7% for neighbouring woodlands. The numbers of individual trees confirm this difference, the two spatial entities having a completely different age structure. This reveals a differential history in terms of management and usage but is difficult to interpret when the owner of each area is not specified (Figures 8-3a and b). Unfortunately, beech and other tree species were not recorded.
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          Figure 8-3: Age structure of the oak woods of the Plan d’Aups area (1683-1687).


          Qualitative information about the Bois de la Sainte-Baume itself only becomes available towards the end of the 17th and beginning of the 18th century[46] when the bursar of the convent opposed a tax that the intendant of the navy wanted to introduce. We learn that the Bois de la Sainte-Baume covered a total surface area of 339,856 square cannes (132.5 ha), including 8,498 square cannes of meadows (3.3 ha) and 18,129 square cannes of cultivated land (7 ha), no doubt in the low lying areas.[47] The remainder was made up of a wood of beech, oak, lime, holly, yew and other non-specified species. This is the first time that lime and holly are mentioned in the texts. The general survey of Chabert de l’Isle (1720-1730) gives an impression of the change in the forest population over the 40 years between the two surveys. As in the previous survey, the surveyors did not count the trees within the Bois de la Sainte-Baume. In the overall area of the Plan d’Aups, they counted 6,200 old oaks unsuitable for use and 615 mature trees suitable for service but only 340 oaks of expectation, which were in three sectors: the Béguines, the Bastide des Pères and “below the cave”. The morphology of the oak groves of the Béguines and of the Bastide des Pères differs completely (Figure 8-4. The wood below the cave is the oldest, being composed of 92% old trees and 8% mature trees, with no young trees at all, whereas the others include all age classes and have a good renewal rate, with 41% young, 26% mature and 33% old individuals.
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          Figure 8-4: Age structure of oak groves of the Plan d’Aups area (1720-1725).


          The surveyors measured the height and the diameter of the trees suitable for service and of expectation (Table 8-1)[48]. The mature oaks in the area beneath the grotto are taller and thicker than those in other areas. The dimensions of the old trees unsuitable for shipbuilding were, quite logically, not taken.


          Table 8-1: Composition and morphology of the woodlands (1720-1730).


          
            

            
              
                	YOUNG OAKS

                	 

                	 

                	 
              


              
                	Location

                	Number

                	Height

                	Diameter
              


              
                	Beguines

                	260

                	From 2.6 to 3.2 m

                	From 16 to 19 cm
              


              
                	Bastide des Pères

                	80

                	From 2.6 to 3.2 m

                	From 16 to 19 cm
              


              
                	Below the cave

                	0

                	-

                	-
              


              
                	MATURE OAKS

                	

                	

                	
              


              
                	Location

                	Number

                	Height

                	Diameter
              


              
                	Beguines

                	135

                	From 2.6 to 3.2 m

                	From 32 to 38 cm
              


              
                	Bastide des Pères

                	120

                	From 2.6 to 3.2 m

                	From 32 to 38 cm
              


              
                	Below the cave

                	360

                	From 8 to 9.6 m

                	From 32 to 49 cm
              


              
                	VERY OLD/USELESS OAKS

                	

                	

                	
              


              
                	Location

                	Number

                	Height

                	Diameter
              


              
                	Plateau (Beguines + Bastide)

                	2000

                	Old and stunted trees

                	-
              


              
                	Below the cave

                	4200

                	Old trees with rotten branches

                penetrating into the heart of the

                tree

                	-
              

            

          


          No beech is listed in the survey tables, either in the Plan d’Aups or the Nans areas, whereas they were counted elsewhere in Provence. This species did not attract the attention of the surveyors here, but they nevertheless noted its presence in the common lands of the community of Nans. With regard to the Bois de la Sainte-Baume itself, although it was excluded from the count, the surveyors described a very dark, damp forest made up of oak, mixed with beech and other deadwood. They noted that these were ornamental trees around the sanctuary.

        

      


      
        

        From the modern forest to the current forest in the 18th to 19th century


        
          

          When nature becomes a burden


          During the 18th century we see a reversal of the perception of the Bois de la Sainte-Baume amongst the Dominican friars themselves. From being a treasure worth keeping, the woodland, at this point made up mainly of old trees, became detrimental to the development of the place of pilgrimage. In 1718, following heavy rainfall, the sanctuary became inaccessible due to the destruction of the trails, putting future pilgrimages at risk. The bursar wrote to the department of Water and Forests of Provence to demand that the trails be repaired and the trees alongside them be cut down so that they could be widened. They also asked that a large number of dead or rotting trees be felled in the woods, because when blown down by the wind, they crushed younger ones, thus causing “a natural deformity of these woods which are one of the main features of this holy place”.[49] The general prosecutor required that a visit be made to assess the condition, quality and location of the trees in question, to check whether or not they were suitable for shipbuilding. During their visit, the surveyors went through the Bois de la Sainte-Baume, made up of oak and other species they did not detail. They noted the presence of almost rotten and decapitated trees, falling down due to old age onto the young trees and preventing them from growing properly. The trees bordering the trails and the old, rotten individuals within the woodland were judged unsuitable for the service of the king, good only for firewood for the friars and that they could therefore be cut down. Unfortunately, there are no texts to document that this clearance actually happened: felling in the Bois de la Sainte-Baume was rarely mentioned. When the friars need timber, they took it from their woodland at la Cairée, with the permission of the intendant of the navy and the department of Water and Forests.[50] Timber was taken only occasionally from Sainte-Baume to meet repair needs for monastery buildings[51] or the hostelry at Saint-Maximin.[52] There is no means of quantifying this removal of timber, but it was no doubt minimal. The only felling about which any detail is known was carried out in 1736. It included 16 oaks and 20 yew trees, a species unsuitable for shipbuilding.[53] Equally rare were prosecutions for illegal cutting of wood,[54] such as that of 1777, which relates to the cutting of eight holly trees.[55]


          The clearance of 1718 and these occasional fellings seem to not have had any great impact on the structure of the tree population since it was once again a declining forest described by the Dominicans in a request written to the department of Water and Forests in 1782: “spacious forest of oaks, beeches, limes, elms, maples, yew and other plants”.[56] They pointed out the problem of the ageing tree population: “oaks and beech trees, aged over a thousand years, are in a state of absolute decline. They are almost all rotten”. This description is probably exaggerated but it reflects reality very well: that of an old-growth forest with numerous ancient, centuries-old, dilapidated trees. These old trees “harm young trees from the same forest, which are suffocated and overwhelmed by their branches and roots”. The friars also asked permission, in order to “preserve” and “improve” the forest – not to “destroy” it – to cut the rotten oaks and beeches, unsuitable for the service of the king. From once being a positive aspect, the age of the woodland had become a detriment to the sacred place. During his visit, the master carpenter of the navy mentions that the oaks were present in great number, offering long, straight and curved wood, which would have been useful “if we had cut them in their prime”. These centuries-old trees had become useless due to their old age and poor quality: “The said trees, overwhelmed with dilapidation and over 800 years old, are in a state of decay”. The beech trees, more numerous than the oaks, are of great size and very old. Their description is telling: “They are subject to hollows, to rotten branches that make their quality dubious, and most of them being in the most sombre places, they are covered with extraordinarily moss. They are of poor quality and about the same age as the oaks, one can only decide after having cut some to test”. The limes, elms and maples were less numerous and too small to be suitable for use. No yew was considered to be useful.[57]

        


        
          

          To preserve or to exploit? (Late 18th to early 19th century)


          During the French Revolution, the Dominican friars were evicted and the bastide and its lands, renamed the ‘Lot des Pères’, were sold to the Marquis d’Albertas. The Bois de la Sainte-Baume was nationalized. Certain authors attribute ‘coupes désordonnées’, or ‘disorderly felling’ to the revolutionary period, conforming to rather widespread and now largely nuanced thinking, without referring to archived documents (Dugelay 1958, p.5; Chalvet, 2013). While some French forests did indeed suffer from the vagaries of administration and forestry legislation until the creation of the General Administration of Forests by the Consulate, in 1801, it is difficult to evaluate the impact of revolutionary events on the Bois de la Sainte-Baume in the absence of any documents.[58] What is certain is that the forest evaded attempts to dispose of it, until it was registered as the property of the government in the Napoleonic cadastral maps of 1809-1810 (Figure 8-1) The cadastral matrix records it as being made up of highstand forest but gives no other details.


          A plan to dispose of the woodland re-emerged in 1814 and inspectors were appointed to estimate its value[59] (Chalvet, 2013). The woodland covered an area of 138 hectares, 32 ares, 40 centiares, including 10 hectares of 6-year-old oak coppice, most likely in the lower part. In the reports, officers noted the maturity of the forest composed “largely of trees in decline and most withering”. This situation can be explained by the lack of felling by the Dominicans, who “limited themselves to cutting at intervals the trees that were about to die or dilapidated”. They did, however, mention the felling of dying trees by a master glassmaker in Saint-Zacharie to be used as fuel, without citing the quantity. They advocated selling the forest as a single lot. The revolutionary disturbances do not therefore seem to have affected the forest itself too much. Another estimate, undated but probably prior to 1817, documents the proposed sale of the Sainte-Baume forest divided into 13 sectors.[60] Each of these was described in terms of whether it was a forest, coppice, fallow/uncultivated land or pasture and includes numbers of trees by species and an estimate of their proportions in the sector (Figure 8-5). The lower part of the forest as dominated by beech and oak.[61] There were also a considerable number of yew trees. Only economically useful mature trees were identified and estimated, distorting the view of forest composition. The beech trees were all between 80 and 200 years old, the oaks between 30 and 200, the yews between 40 and over 100, the elms between 40 and 80 and finally the maples between 30 and 60 years old. This proposed sale did not go ahead.
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          Figure 8-5: Number and proportions of different tree species in the Bois de la Sainte-Baume forest at the beginning of the 19th century.


          The idea of disposal of the forest resurfaced in 1820 as a sale by auction as a single lot (Chalvet, 2013).[62] This project aroused the emotion of the religious and civil authorities who were opposed to the cutting down of “this antique forest” which served as a “decoration” of the place of pilgrimage, arguing on one hand that cutting down the forest “would entail the loss of the whole establishment and the uses attached to it”,[63] and on the other hand that it would cause an environmental, economic and health disaster (loss of the source of the Huveaune river, which supplies Marseille and its industries with water, creation of a marsh on the plateau of the Plan d’Aups, epidemics). The project was abandoned by the Minister of Finance, but the question of the development of its exceptional forest resources, with its 4,500 to 5,000 trees of great size, including oaks from 5 to 7 m in circumference and beeches from 14 to 15 m in height and 3 to 4 m in circumference[64], remained open throughout the 19th century. Cutting and thinning will always clash with public opinion (Chalvet, 2013), but this is another issue.

        

      


      
        

        Conclusion


        The Bois de la Sainte-Baume appears to be an exception in terms of forest composition, age and maturity in Mediterranean France. This study of written records retraces the history of the woodland, whose continuity and permanence have been made possible due to its role as a backdrop of the sanctuary of Mary Magdalene. This earned it the protection of the counts of Provence and the kings of France and saved it from the greed of private individuals and, in particular, the navy. This protection, which resulted in the maintenance of an old-growth forest, seems to have been already in place at the end of the Middle Ages and to have continued over the centuries, to the point that the old age of its population was not detrimental to the development of the pilgrimage site in the 18th century, necessitating just the cutting of dead trees to promote its regeneration. Despite some thinning out and occasional felling, the old-growth forest persisted until the 19th century, during which it was threatened by attempts to exploit it for commercial purposes, resisted by the mobilization of the clergy, the population and politicians. The current forest, notably the highstand beech groves, is the result of the regeneration of this ancient woodland. Going beyond the history of this exceptional forest, this study shows how historians can contribute not only to establishing the continuity and the age of forests, provided they work over long time periods, but also to evaluating forest maturity over the course of time. It argues in favour of the (still too scarce) integration of history into palaeoenvironmental and ecological studies. Taking the palaeoecological interpretation of forest-related historical records even further now requires close collaboration with ecologists.
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      Chapter 9: Using a dendrochronological and archaeological approach to understand timber uses and ancient forest management in the southern French Alps over the last millennium


      Vincent Labbas and Lisa Shindo


      Our purpose is to contribute to the history of the former ancient forests in the southern French Alps from the 12th to 19th centuries by analysing trees still standing in situ this is part of local rural heritage. Archaeological and dendrochronological research on buildings from the Middle Ages gives us chronological results, with accurate dates based on the dendrochronology. The data presented in this chapter mainly come from two recent theses defended at Aix-Marseille University (Labbas, 2016; Shindo, 2016). The research was based on questions about the age of this mountain heritage and associated building practices. The evaluation of the amount of wood used for building also provided insights into the relationship between the human communities and forest resources. We explore the impact of the mountain building constructed in the subalpine forests of the southern Alps. Tree-ring series data leads us to propose a theory about the management history and age structure of larch forests during the second millennium AD.


      Historical studies carried out during the 20th century on the southern Alps and the Provence region focused on deforestation in Provence. Jacqueline Dumoulin proposed the hypothesis that a lack of regulations and the vulnerability of various tree species to cattle grazing would have been the main factors in the forest impact (Dumoulin, 1995). However, the conflicts between forest owners and users seemed to be “less dramatic” in the high valley of Verdon (in a high mountain area) than in lower Provence. Geographical research on the extent of forest during the mid-20th century, in particular on the larch forests (‘mélézin’) in the southern French Alps, suggests some relationship between pastoralism and larch forests (Leroy, 1946; Fourchy, 1952). The larch forests would tend to decay without cattle grazing, thereby opening up the forest environment. Additionally, historical research focused on mountain regions revealed community regulations to protect forest areas and manage pastoral activities from the 12th century onwards (Boyer, 1990; Palmero, 2005; Lassalle, 2008).


      We propose here an interpretation of forest management development in the southern French Alps, mainly from the chronological archives represented in tree rings of larch. In addition to being important indicators of pastoralism, farms and subalpine barns represent genuine archives of past forests through the timber from which they were built. This relationship between humans and forests explores two main questions: what does timber tell us about the past forests in mountains areas; and how can the tree-ring series provide information about resource management, forest age structure, continuity and renewal? Before answering these questions, we will explain the materials available and the main methods used to acquire the data.


      
        

        Materials and methods


        The materials used here comes from civil buildings located in mountain areas of the southern French Alps. The buildings provided materials for dendrochronological studies, for which tree-ring series for larch (Larix decidua Mill.), Scots pine (Pinus sylvestris L.) and Silver fir (Abies alba Mill.) were produced. However, only the results for larch are presented here.


        
          

          Buildings: mountains and middle mountain level areas


          The mountain buildings are located in two main areas in the southern French Alps: one in the Mercantour Massif (Figure 9-1, upper right map, black oval to the south), and the Briançonnais to the north (Figure 9-1, upper right map, black oval to the north). These 110 buildings were built at between 790 and 2,150 m asl. They are mainly built using larch wood and provide a long chronological series from the 12th to the 20th centuries.


          At the middle mountain level and hill range, the buildings are found between 300 and 1,300 meters altitude. They are mainly large farms dating from the 16th to the 19th centuries. A large variety of tree species were found in the timber: larch, Silver fir, Scots pine and oak (Quercus sp.). Each building was the subject of an archaeological analysis based on a stratigraphic approach from the foundations upwards, supported by surveys which put all selected and dated timber into historical context.

        


        
          

          The tree-rings series archive and dendrochronological methodology


          This research produced a large number of tree-ring series, especially for larch: 1,331 dated wood samples allowed us to produce a chronology covering most of the last 1300 years.


          The first step was to prepare the samples and to measure the tree-ring widths.[65] Indexing and cross-dating were done with Dendron IV software.[66] The indexing function produces the curvilinear band, largely improved since 2005 (Lambert, 2005; Lambert and Durost, 2005; Lambert et al., 2010). This method corrects noise (disturbances) caused by factors other than climate and the indexed values are close to natural values. The band indexation maintains a part of the middle frequency oscillations, which are the growing season swings at a decadal scale. The cross-dated series were dated using a correlation coefficient (r) associated with a Student test (t value).
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          Figure 9-1: At the top, a general map of France (to the left) and detail of the southeast quarter of France (to the right) (sources: IGN -National Geographic Institute, © IGN – 2017). In the center, a barn dated to the 17th / 18th century (left) and a broken-down barn dated to the 15th / 19th century (right) (photo: V. Labbas). At the bottom, a barn from the end of the 18th century and detail of a piece of wood (photo: V. Labbas).

        


        
          

          Cartographic documents


          Aerial photographs and maps were used to compare the evolution of the housing environment and forest change over several centuries. The aerial photographs, taken from the IGN photo database, as well as the 1:25,000 scale IGN topographic maps, cover the whole French territory. Historical documents from the 18th and 19th centuries added further detail. In this study, we worked from the 19th-century land registry (known as the ‘Napoleonic cadastre’) drawn up during the first half of the 19th century (1824) for the High Verdon area; in the mid-19th century for the Briançonnais sector; and during the second half of the 19th century (1875) for valleys located in the Alpes-Maritimes. We also used maps drawn by the engineers Pierre Joseph Bourcet and J.C.E Michaud d’Arçon between 1748 and 1778.[67] These maps provide valuable data on building locations, communication roads and land use (e.g., afforested or cultivated lands). The Cassini map was drawn up in the second half of the 18th century: 180 sheets were digitized and assembled within the framework of the research work conducted by the EHESS and the BNF.[68] A part of the Mappe sarde, established from 1728 until 1738, representing the former County of Nice (Alpes-Maritimes) has also been integrated into the collation. However, the Cassini and Mappe sarde maps appear to be less detailed than Bourcet and d’Arçon map, especially with regards to the representation of buildings (the locations are less accurate) and the extent of forest represented.

        


        
          

          Calculating lumber and timber volume


          By calculating the volume of wood used we can evaluate the number of trees needed for constructing these buildings, and by extension, assess the impact of building activity on larch forests. The volume has been calculated on the basis of the size of every piece of wood from several buildings in Briançonnais and the Mercantour Massif.


          To calculate the volume of a log, two geometrical forms were taken into account: the truncated cone and the cylinder. The truncated cone is the closest geometrical shape for larch timber; however, modern forest companies approximate a log to a cylinder for convenience (IFN of the IGN). The difference between the two forms of calculation ranges from 6% to 25% (the cylinder gives the greater volume). From the beams used in the buildings, it appears that the trees used had a maximum exploitable height of 20 m up to 25 m; the timber had a maximum diameter of 0.40 m to 0.50 m at the base and 0.10 m to 0.15 m at the top.


          A second calculation parameter was used based on the maximum observed length for the beams used in the buildings (14 m), and according to three different diameters (20 cm, 25 cm and 30 cm, without the bark). These figures were chosen after discussion with a Briançonnais carpenter. These last values seem also consistent with those of larch used today.

        


        
          

          ‘Box plots’


          Cambial ages were represented in temporal windows of 20 years (according to the date of the last measured ring) as a ‘box plot’. These diagrams represent the median, maximal and minimal values of tree ages for every group as well as the first and third quartiles (25% and 75%). The number of dated trees in every window is represented in the form of a histogram, at the top of graphs.

        

      


      
        

        Building wood volume and forest


        What was the impact of the construction mountain buildings on the forests? High mountain buildings may be long lasting. Buildings studied in the subalpine zone were mainly occupied and used from the 15th to the 19th century. However, some structures have a much longer history, dating from the 12th to the 19th century. These long chronologies and archaeological evidence also indicate timber re-use (Labbas, 2016; Shindo, 2016), which led to fewer trees needing to be felled.


        Wood volume is calculated on the basis of the original building. The example of the Roya Valley (Tinée Valley, Alpes-Maritimes), presented in a second part of this section, provides a more precise view of particular uses in a specific area. In the third part, we look at roofing boards, which are an exception to the systematic practice of timber re-use.


        
          

          Building wood volume


          We calculated the number of trees needed to construct the buildings on a typical farm, i.e., a large building to store hay, shelter cattle and a family home, along with a separate barn (Labbas, 2016; Shindo, 2016). The values obtained for the construction volume allowed us to estimate the forest impact. The calculation was based on the elements of the building frame and ceilings and included partition walls, roofs and floorboards.


          Building a three-storey farm with an internal volume exceeding 400 m3 requires 26 m3 to 36 m3 of timber. The dimensions of the agro-pastoral barns vary considerably, from a small barn of a few meters long to large buildings of more than 20 m in length with up to four floors. For these barns, the estimated wood volumes range from 12 m3 to 35 m3. Because of the assumptions in the various parameters used in the calculations, we have chosen to present a range of values in estimating the number of trees needed. The smallest log would be 14 m with a constant diameter of 20 cm to give a volume of 0.44 m3. A bigger log of 25 m in length with a diameter at the base of 50 cm and 15 cm in its highest point gives a volume of 2.27 m3. Accordingly, the number of larch trees that might be needed varies significantly: for a big farm, the number of trees varies from 16 to 59 larches and between 6 and 79 larches for an agro-pastoral barn depending on its size.


          What would this mean for the forests? In the Alpes-Maritimes, data supplied by the French National Forests Office (ONF), indicate that a mature larch forest has a density of around 300 stems per ha and is able to provide between 50 t per ha to 800 t per ha of timber. For the Hautes-Alpes / Briançonnais, data are more precise: between 2009 and 2013, there were 94 ± 26 stems of larch per hectare in the forests, i.e., between 68 and 120 stems. We used these latter data here to suggest that a farm absorbs between 13% and 86% of a forest hectare whereas a barn requires between 5% and 116% of a hectare of larch forest, depending on its size and according to our two calculation methods. The following case study will provide more in-depth details.

        


        
          

          The Roya Valley forest (Saint-Etienne-de-Tinée, Alpes-Maritimes)


          The Roya Valley (Figure 9-2) is located in the Tinée Valley in the Mercantour Massif. The Roya Valley covers a surface of nearly 42 km² (18 km² on the south-facing slope and 24 km² on the north-facing slope) or 4,200 ha. In this high mountain valley, 18 archaeological and dendrochronological studies of buildings were made. The construction in this mountain area dates (by dendrochronology) from the 13th century to the early 20th century, including new constructions and repairs. These studies identify timber re-used at each new reconstruction or repair phase, although the amount of new timber compared to re-use timber at each phase is unquantifiable. One of these buildings is a barn built with very old larches (350-450 years old, Figure 9-1, centre left). This exceptional building essentially bears witness to medieval forests; the trees used for its construction grew between the late 11th century and the mid-17th century.


          Based on the volume calculations made for buildings dating from the 16th to the 18th centuries, we estimated the total wood volume used in the Roya Valley for building activity during the second half of the 19th century (i.e., at the point of highest population between the 15th and early 20th centuries). The Napoleonic land registry from 1875 records 123 buildings in the valley. Medieval and modern mountain communities generally fetch timber from the closest source. Figure 9-2 compares the distribution of buildings and forests in the Roya Valley between the second half of the 18th century and the beginning of the 21st centuries. The forest surfaces are nearly the same with the minimum forested area being reached in the mid-19th century.


          If we use the previous estimates, i.e., a minimum of 68 larch stems per ha, the forest area used to build all these buildings would be a maximum of 6% of the north-facing slope. Using the average estimates, we obtain 3% of the north-facing slope surface, which would be a rather weak impact on the local forest resources.
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          Figure 9-2: Distribution of built sectors and forest sectors in the Roya Valley (Saint Etienne-de-Tinée, Alpes-maritimes) according to Bourcet d’Arçon's map) (at the top) and current aerial photography (at the bottom) (Labbas, 2016). Bottom of map: Departmental Archive of the Alpes-Maritimes and National Geographical Institute, © IGN – 2017.

        


        
          

          The particular case of roofs


          Roof boards, also called ‘échandoles’ (similar in meaning to the English ‘shingles’), in the French Alps during the late Middle Ages and modern era, are a particular aspect of the consumption of timber in the subalpine buildings (Figure 9-3). Unlike the other parts of agro-pastoral buildings, the use of ‘new’ shingles for every repair appears to be the most likely hypothesis. Calculations of échandole volumes vary from 1.26 m3 for a small barn (or approximately one larch log) to 29 m3 for a big farm, which would require at least between 18 and 20 logs to completely repair the roof.


          Échandoles are thin sections that are more quickly affected by rain, wind and snow. Marie Pascale Mallé mentions roof repairs in the Hautes-Alpes / Briançonnais every 70 to 100 years (Mallé, 1999, 160). Our investigations in Mercantour are consistent with this information. A single example examined by dendrochronology gave a similar interval: the material was dated between the last third of the 18th century and the mid-19th century (Labbas, 2016, 426).
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          Figure 9-3: View of a roof in board in the high valley of Verdon (upper left). Drawing in section of a board roof in the high valley of Tinée (upper right). Cutting of an “échandole from the 18th century from Hautes-Alpes / Briançonnais (lower left). Flat view of a roof board dating to the late 12th century from Hautes-Alpes / Briançonnais (lower right).


          The timber consumption absorbed by the mountain buildings therefore appears to exert only a small burden on the forest resources. While it may seem as if the construction of a farm or a large barn would consume a substantial amount of timber, the analysis of archaeological, dendrochronological and cartographic data suggests otherwise. The practice of timber re-use further reduces timber consumption.


          Even on the forest valley scale, agro-pastoral buildings are not a drain on forest resources. Nevertheless, the production of roof boards would imply more frequent forest cuttings, possibly since the 12th century. The next section, dedicated to the evolution of the exploitation of forest resources, proposes instead another reading of forest history, based on timber age.

        

      


      
        

        One vision of forest management from the 10th to 20th century


        We propose a reading of the management history of subalpine forests of the southern Alps, based on long-term (10th to 20th century) timber dendro-archaeological data. Two levels of reading are proposed here: the number of trees cut over time and the age of trees at the time of their felling.


        
          

          The number of trees felled during the second millennium AD


          For the period from the 10th to the early 20th century, the number of dated pieces of wood fluctuates (Figure 9-4). These fluctuations are difficult to interpret for the Middle Ages (10th-15th centuries) because of the low number of samples available for this period. Nevertheless, these data reveal the presence of dated pieces of wood from the end of the 11th century until the beginning of the 14th century, followed by an apparent absence of felling during the 14th century, particularly in the second half of the century.
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          Figure 9-4: Number of dated logs felled from the 10th to 20th century (20-year time display windows).


          In the modern period (16th-19th century), the abundance of dated samples increases significantly, from about the mid-15th century to the first third of the 19th century.


          The very high value in the first third of the 16th century reflects an overrepresented site. Otherwise wood cutting seems to have been relatively stable from the beginning of 17th century to the mid-18th century. There is then a higher level of cutting between the end of 18th century and the first third of 19th century. From about 1830-1840, cutting becomes less common and declines even more in the first third of 20th century.


          These variations seem to be echoed in the textual data. In the Middle Ages, the scarcity of cuttings in the second half of 14th century could be related to the declining population, which would result in less need for construction. Economic and demographic recovery from the 15th century onwards might then be translated into an increase in wood cutting. The significant increase in wood samples dating from the end of the 18th century and reaching a maximum in the first third of 19th century would correspond to the minimum forest area already recorded by previous research as well as an optimum demographic reflected in the population censuses.

        


        
          

          Evolution of the management of larch forests from the 10th to the 19th century


          In this section we describe the change in the median age of trees felled during the second millennium AD as well as changes in the extreme values, especially those of the oldest trees. The observed median age indicates the changing structure of the larch forests over time. Tree age at the time of their cutting also allows us to propose hypotheses on forest management in the mountains of the southern French Alps from the Middle Ages onwards.
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          Figure 9-5: Cambial age evolution from the 10th to 20th century (20-year time display windows).


          The collection of tree-rings series, represented with a box plot diagram, reveals two different periods: one from the mid-11th century to the beginning of the 14th century and a second from the early 15th century to the start of the 20th century. Before the mid-11th century, data are too incomplete to be used.


          During the medieval period, from the 11th century until the 14th century, the median age constantly increases. In the mid-11th century, is the median age is around 100 years, increasing to more than 200 years at the beginning of the 14th century. From the beginning of the 15th century, the cambial age of the felled trees is relatively stable. The median age is 98 years with a standard deviation of 50 years. This standard deviation therefore reveals that the majority of trees were cut down between 50 and 150 years. Trees felled in the Middle Ages were older, on average, than those felled during the modern era. However, some very old individuals, some exceeding 450 years, were still being used until around the 17th century.


          Very old trees (>350 years old) reflect the maintenance of old-growth forest stands until the 16th century. During the modern and contemporary periods, and more precisely, from the mid-17th century to the early 20th century, the average cambial age of larch timber is constant. Very old trees are no longer employed in sub-alpine construction.


          Based on the wood samples, the amount of felling during modern era appears stable during the 17th and 18th centuries, and the median age of the trees at the time of cutting is also stable. The average cambial age is 98 years (σ = 50 years). During the 19th century, there was a significant increase in wood cutting, but the cambial age median also increases. This could indicate the exploitation of old trees that had been preserved since the mid-17th century.

        

      


      
        

        Conclusion


        This research demonstrates that timber used in mountain buildings can offer more than just a set of dates. These civil constructions are a forest data reservoir and provide information on social and economic history and can be used to make several assumptions on forest management in the medieval and modern Alps of southern France.


        Is there a link between forest management and the timber production? The fast renewal of larch populations observed mainly since the 16th century until the early 19th century would fit with the need for boards for roof repairs. Historical and dendrochronological data indicate complete or partial roof repairs every 70 to 100 years, at least in the 18th and 19th centuries.


        Is there a link between mature tree production (from 60 years), the selection of timber suitable to produce boards and effective forest management? The timber volume estimates for a mountain building indicate a relatively small impact on the forests. The practice of timber re-use in construction further reduces this impact, in contrast to the land needs of the mining and pastoral economies.


        Cutting wood for private needs was actually regulated by communities (Boyer 1990). Medieval written records indicate that, during the 14th and the 15th centuries, the number of stems that could be cut in a year was regulated and limited by law. In the Vesubie Valley, that number is limited to 12 stems each year (Boyer 1990, 54). These quotas would appear sufficient to build a barn of average size or even repair a larger one. This rationing and the optimization forest resources described in historical texts are backed up by our dendrochronological and archaeological sources.


        The demography impact on natural resources is a current concern. It is therefore essential to look at the links between demographic and forest evolution. The medieval and modern demography in Haute-Provence, mainly studied by historians, indicate important population from the 13th century to the early 20th century (Baratier 1961, Pecout et al., 2008).


        During the Middle Ages, the optimum demographic point was reached during the first third of the 14th century. Various crises (economic, political, state, health) occurred during the 14th century, causing a population decline. The population only reached similar levels again during the 17th century. In rural areas, and especially in the mountains, the population reached its maximum in the first third of the 19th century. Meanwhile, particularly during 18th century, wood cutting was important for shipbuilding and urban construction (Noël and Bocquet 1987). While the link between densities and their impact on forest resources has already been pointed out, interdisciplinary dialogue had led to new hypotheses on forest uses.


        Whatever a tree’s age, we note that tree diameter is constant, i.e., an average of 21 cm to 22 cm, because the builders were looking for a specific diameter instead of a specific age. This age bracket follows the latitudinal gradient (young trees in the south are the same size as older trees in the north) and is perpendicularly oriented to the contour line (trees grow faster at low altitudes than at higher altitudes). This could explain the difference in ages between larch cut in the lower subalpine level (around 1,600 m) and the upper level at an altitude of almost 2,200 m. This analysis shows rapid tree regeneration over this period. However, while a link can be demonstrated for the 15th to 19th centuries, the data remain insufficient for the Middle Ages.


        This study also shows that dendrochronological data provide new insights into forest history, which supplement and complement the contribution of written, cartographic and archaeological sources.


        However, this research depends on having a large sample of different pieces of wood. The acquisition of medieval wood samples, even if scarce in construction, should be a major element in the framework of future research.
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      Chapter 10: Long-term forest evolution and woodland uses in an ancient charcoal-production forest of the eastern French Pyrenees: an interdisciplinary approach at high spatio-temporal resolution


      Vanessa Py-Saragaglia, Mélanie Saulnier, Raquel Cunill Artigas, Léonel Fouédjeu Foumou, Sandrine Paradis-Grenouillet, Sandrine Buscaino and Didier Galop


      This study characterizes the long-term history at a local level of an ancient ‘charcoal-production forest’ located in the high Vicdessos Valley in the eastern French Pyrenees. We are interested in knowing its history and the evolution of human practices that have shaped it throughout time. The forest is in the north-western part of the state forest of Freychinède in the high valley of Suc-et-Sentenac (Figure 10-1). It is within a managed biological reserve created in 1983 which primarily aims to ensure the biodiversity conservation of a large peat bog called Bernadouze and the complex of peat bogs, mountain lakes, woodland and open landscapes that surrounds it.
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      Figure 10-1: Study area location in France and at the scale of the Vicdessos and Suc-et-Sentenac valleys and mapping of 1) charcoal kiln sites (circled white triangles: dated by radiocarbon analysis and studied by anthracological analysis; white triangles: studied by anthracological analysis only; black triangles: sampled by auger coring but unanalysed), 2) pedoanthracological pits, and 3) trees sampled for dendrochronological references (circled white circles). ©L. Fouédjeu Foumou, 2018


      The public values the area, but mistakenly regards it as highly natural. It is used for seasonal grazing by farmers from the commune of Suc-et-Sentenac, which helps maintain open areas near the peat bog. The forest is managed by the French National Forests Office, which has prescribed a group-selection harvest in a 90-ha buffer zone. Other activities are restricted or prohibited.


      The part of the forest studied is around the Bernadouze peat bog between 1350 and 1600 m asl (Figure 10-1). It has a north and north-west exposition on slopes with varying degrees of steepness. The soils of the watershed have a chalky origin. According to the bioclimatic model this is within the montane beech-fir forest zone, but fir (Abies alba Mill.) is currently very restricted. There are few individuals at the upper margin of the beech stand (Fagus sylvatica L.) around 1650-1700 m asl, in an ecotone situation. A very localized stand of conifers with pines (Pinus uncinata Mill. ex. Mirb.) and fir occupies scarps at the higher part of the southern-eastern woodland cover. A small plantation also exists of young trees (30 years) mixed with deciduous species in a forest aisle corresponding to an avalanche corridor. However, overall the natural regeneration of fir in beech woodland is scarce.


      The forest is almost exclusively dominated by beech, which constitutes a large part of the current forest cover in the High Ariège and Vicdessos Valley (40% of the forested surface in 1990, according to the National Forest Inventory). In the Bernadouze forest, beech wood exists in three different forms: (i) high forest, from the conversion of former coppices, dominated by 130 to 150-year-old trees; (ii) tall-growing coppices of old trees from a coppice selection method (i.e., stump sprouts are of different ages) located in the north-western part of the forest; (iii) a strip around the peat bog of tall-grown coppices that have been browsed in the past. Thus, this forest shows the main characteristics of northern slope beech forests of the eastern Pyrenees that have been exploited in the past for charcoal production (Davasse, 2000).


      These forests, more or less modified by human activity, survived because of the past management of coppice systems, mainly to supply iron works. Evidence of iron metallurgy in archaeological data comes from the end of Late Antiquity within the Lercoul Massif in the north-eastern part of the Vicdessos Valley not far from the Rancié (Sem) mines (Dubois, 2000; Figure 10-1). No archaeological data revealing steel-making activities during the early medieval period has, as yet, been discovered but archaeologists and historians assume such continuity (Dubois, 1996; Verna, 2001). This is supported by texts from the late 13th century and mainly from the early 14th century with the introduction of the mouline technology. This sort of hydraulic forge including a low shaft furnace (direct reduction) was spread along the waterways on the left bank of the Ariège, as in Vicdessos, between the beginning of the 14th and the 15th centuries. This required more fuel than the previous hand-forging process, and so strongly increased the pressure on forest cover. Historians propose that this resulted in the introduction of more restrictive forestry practices and the prohibition of access to certain forests such as oak or fir woodlands.


      Geographers and palaeoecologists have demonstrated that fir was disadvantaged because it does not have the capacity to regrow from stumps as beech does. Therefore, the beech wood culture based on coppice systems was implemented until recently to ensure the constant renewal of fuel wood resources (Davasse and Galop, 1990; Davasse, 2006). Nevertheless, the stages of this process in terms of their impact on pre-existing forest ecosystems, their changes and spatial dynamics at a local scale, are still poorly documented from the medieval period to the first half of the 17th century when the Catalan forge process arose (Cantelaube, 2009). The texts are relatively silent on this topic and there are few archaeological remains dating back to the early medieval period studied from this perspective. There is no charcoal kiln site prior the mid-15th century detected in Vicdessos by Davasse, 2000, although at least ten were found within the Lercoul forest (Dubois and Métailié, 2001). This study of charcoal kilns showed that beech dominated until the medieval period and was replaced by fir from the 14th century.


      At the regional scale, palynological data has shown that mountain forests were largely dominated by fir before ca. 2500-2300 BC. Beech expansion after this period was associated firstly with climate cooling and secondly with the development of agro-pastoral and steel-making activities (Kenla and Jalut, 1979; Jalut et al., 1982; Reille, 1993; Galop and Jalut, 1994). However, fir was still in the woodlands of the high Soulcem Valley (Figure 10-1), which was logged for charcoal making during the 16th century and later elsewhere (Davasse, 2000). The fir-beech relations related to human activities were complex and processes observed in different valleys cannot be generalized. The confidence intervals for radiocarbon dates are too high to follow what could be rapid changes. In addition, the actual charcoal-making practices and how they evolved are largely undescribed before the mid-18th century, when steel-makers sought to perfect traditional methods (Bonhôte et al., 2002; Cantelaube, 2009).


      In our study area, the use of new multi-proxy analyses of sedimentary sequences for the late Holocene palaeoenvironmental reconstruction at very high temporal resolution is not possible because the Bernadouze peat bog was exploited in the past for peat production. Consequently, to overcome these limits, we used an interdisciplinary approach, mobilizing archaeological investigations and new methodologies based on charcoal analysis from charcoal kiln sites and soils. Initial results and interpretation of this ongoing research look at: (i) the reconstruction of the pre-charcoal-making forest evolution, and (ii) the characterization of a conjunction of different human practices and uses over time.


      
        

        An interdisciplinary and suitable methodology for a local-scale high-resolution study


        
          

          Archaeology of charcoal kiln terraces: systematic survey and charcoal sampling


          Forestry archives of the 17th, 18th and 19th centuries used for eco-historical inquiries (Davasse, 2000) did not give the precise location of charcoal kiln sites. However mid-17th century documents indicate that the upper section of the basin was devoted to charcoal making and that six forges existed around the main basin (a total of twelve forges was estimated ca. 1650, Davasse, 2006). The writings of the 18th century mention charcoal-making restrictions in certain woodlands and a complete prohibition throughout the territory in 1740. During the 19th century, five forges were mainly supplied by charcoal sourced outside of Vicdessos (Bonhôte and Cantelaube, 1989).


          Forested areas that have supplied charcoal production can be investigated through archaeological techniques, but the exhaustive study (planimetric excavation) of individual or a few charcoal kiln terraces provides limited information (Davasse, 2000). Thus we have chosen to do a systematic field survey throughout the forest massif over an area comprising around 30 ha (Figures 10-1 and 2). Within the study zone, particular attention was given to black soils with charcoal on the surface, stream banks, flat surfaces, suspicious terraces on steep slopes and margins of both past and recent paths. This large-scale field approach aimed to detect a maximum number of charcoal kiln sites.


          All features were geolocated with a differential GPS, measured, described and systematically sampled using a soil auger, by steps of 20 cm in depth. This sampling method, already tested in the Pyrenees (Py-Saragaglia et al., 2017), makes it easier to collect charcoal throughout the entire kilns’ charred sediments and provides a high-resolution view, both spatial and temporal, of the past charcoal-burning activity. For this study, at least six sampling points were taken per terrace to obtain a sufficient number of charcoal pieces for dendro-anthracological analysis. Charred sediments were sieved with water using a column of 4 mm and 2 mm sieves and then dried out in direct sunlight. Here, only charcoal retained in the 4 mm mesh was studied. The analysis of 50 to 60 charcoal fragments per sampling layer is sufficient to obtain a reliable representation of the composition of the past-harvested forest (Davasse 2000; Py-Saragaglia, 2017) but more are necessary to make create a picture of the initial diameter of the wood used (Fouédjeu et al., 2017).
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          Figure 10-2: In the central part of the figure: representation of sampling protocol for soil charcoal analysis (3 pits: Berna 1, 2 and 3) on a north-west/south-east transect and location of dated charcoal kilns (CK 79, 27, 6, 4, 1, 11 and 19) on it; in the lower part, percentage anthracological spectra (cumulative histograms) of dated charcoal kilns; in the top part, mass of charcoal fragments by layer in milligrams per kg of dry soil per identified taxa (called specific anthracomass) for the three pits. ©R. Cunill, L. Fouédjeu Foumou, M. Saulnier, 2018

        


        
          

          Dendro-anthracological analysis of charcoal remains: reconstruction of forest dynamics and human practices


          The dendro-anthracological approach followed the methodology developed by Paradis-Grenouillet (2012) and was based on the 1990s pioneering work focused on the reconstruction of initial wood diameter from charcoal (Dufraisse, 2002; Nelle, 2002; Marguerie and Hunot, 2007). It consists of measuring the radius curvature – i.e., the distance between the last ring visible on the charcoal transverse plane and the pith – of about 50 charcoal fragments from the same species per sampling layer. Initially we measured about 30 fragments for each species (Abies alba and Fagus sylvatica) at which point the diameter class proportions were beginning to stabilize. Additional measurements are ongoing. Measurements were performed using trigonometry in an isosceles triangle with the AnthracoloJ software developed by Paradis-Grenouillet et al. (2010). This method applied to charcoal-making contexts allows us to explore issues relating to historic forest dynamics and management practices (Paradis-Grenouillet et al., 2015).


          In parallel with this approach and the conventional identification methods (Chabal et al., 1999), we made a systematic quantification of anatomical deformations: radial cracks, cellular collapses, reaction wood, vitrification patches and fungal infestation traces (charred hyphae) as in Py-Saragaglia et al. (2017). This can provide information about the physiological and phenological state of the wood before the carbonization process (Marguerie and Hunot, 2007; Théry-Parisot, 2001; Théry-Parisot and Henry, 2012; Henry and Théry-Parisot, 2014). Moreover, when bark was preserved, we registered its position in the last growth ring: for example early wood, transition between early and late wood, late wood, end of the late wood. All these observations make it possible to more fully characterize the forest management, supply practices and charcoal burners’ uses and their seasonality.

        


        
          

          Improving the chronological high-resolution of environmental changes: radiocarbon dating and application of the dendrochronology method on larger charcoal remains


          The radiocarbon dating of charcoal is very useful to establish a chronology for forest evolution. The method is based on comparing the measurement of the residual 14C content in organic matter with the modern activity of carbon (Oberlin, 2005). It makes it possible to determine the time elapsed (number of years) from the death of the organism (tree, branch, root), and then to go back to its death date (death of cells – for charcoal without bark – or tree death or part of it). Accelerator mass spectrometry (AMS) was preferred over the liquid scintillation method. The AMS method is now faster and offers important advantages, especially the possible dating with 1 milligram of carbon or less which is required for soil charcoals.


          The BP dates were calibrated using the OxCal computer software Oxford Radiocarbon Accelerator Unit, version 4.2 (Reimer et al., 2013). Only calibrations with a 95% confidence level are used (Figure 10-3). Calibration allows us to convert the date range (statistical ranges of about 80-100 to 200 years) in real years and provides probability peaks. Uncertainties still exist, especially with the radiocarbon plateaus, but we aimed to increase the chronological resolution of dated events using a dendrochronological method. This consists of cross-dating tree-ring chronologies which are constructed using living and fossil woods (from peat bog and barns) and larger charcoal fragments from charcoal kiln sites (Figure 10-4). This method has been validated in experimental (Blondel et al., 2018), archaeological and natural contexts (Brossier and Poirier, 2018). We aimed to detect synchronous charcoal kilns and in the best cases specify the date of wood cutting with an annual resolution and even its season.


          The implementation of this dendrochronological approach required the construction of a local reference chronology for beech. We took advantage of a forest cut carried out in autumn 2016 by the French National Forests Office foresters to sample beech slices on the cut trees which were distributed throughout the Bernadouze forest (Figure 10-1). The slices to be sampled were selected according to the estimated age of the trees in order to obtain the longest possible chronologies, and according to the position of the trees in order to avoid edge effects. In the laboratory, all slices were smoothed by sanding with progressively finer grades of sandpaper, to an optimum surface resolution that allowed the annual rings to be easily recognized under magnification.


          All of the individual ring-widths were measured to an accuracy of 0.01 mm (RINNTECH®, 2010A) and cross-dated using TSAPwin scientific programs (RINNTECH®, 2010b). Cross-dating was accomplished by matching patterns of wide and narrow rings between cores from the same tree, and between trees from the same area. The average chronologies obtained on each tree slice were then themselves averaged to obtain a standard reference chronology for the Bernadouze forest.


          Beech charcoal fragments from charcoal kilns with a minimum of 30 measurable rings were selected for dendrochronological measurements. The chronologies constructed from charcoal pieces will in the future be compared to the Bernadouze reference chronology using the cross-dating method. In another project the chronologies based on timber from wood barns will also be constructed (V. Labbas, post-doctoral research fellowships Chaire IDEX GRAGSON). Other information will come from sedimentary archives (peat, lake) made by M.R. Coughlan within the framework of the Human-Environment Observatory Haut-Vicdessos. The results of this combined approach will be presented in the future.
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          Figure 10-3. Probability distributions of 14C dates from soil charcoal (fire event) and charcoal kiln sites from the Bernadouze area. Black plots show possible ages with 95.4% probability (calibrated date cal BC/cal AD). Tree drawings symbolize the species dated (Abies alba, Taxus baccata, Fagus sylvatica); cold and warm climate phases according to Tinner et al. 2003 are represented. ©Vanessa Py-Saragaglia, 2018 according to Oxcal v4.3.2. Bronk Ramsey (2017); r:5Int Cal 13 atmospheric curve (Reimer et al., 2013).
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          Figure 10-4: Dendrochronological protocol elaborated for dating charcoal kiln sites with higher chronological resolution than with radiocarbon dating. © M. Saulnier and L. Fouédjeu Foumou, 2018

        


        
          

          Combined study of charcoal fragments from soils


          Soil charcoal analysis or pedoanthracology allows us to reconstruct past woody vegetation changes during the Holocene (Thinon, 1978, 1992). Charcoal fragments isolated from soil firstly confirm the presence of past woody vegetation within the sampled area, and secondly, their microscopic analysis allows us to identify the taxa involved. Their 14C dating makes it possible to estimate their age. Thus, the information from the last few centuries provided by the charcoal kilns study can be supplemented by the last millennia information from the soil charcoal analysis (Figure 10-2).


          The edaphic origin of charcoal is independent of human selection and so provides a high reliability in terms of the spatial variation between valleys. The soil presence being the only requirement, the method can be widely applied to terrestrial environments. It is particularly relevant in areas where sedimentary archives are not present and/or preserved as in the Bernadouze peat bog due to past cutting. Here, the aim of the pedo-anthracological multi-sampling strategy was to obtain high spatial resolution analysis within a valley (Figures 10-1 and 2).


          Three sampling areas were defined (Berna 1, 2 and 3). Two of them (Berna 2 and 3) were located inside the beech woodland and with the other in the pasture area nearby the peat bog (Berna 1) (Figures 10-1 and 2). The contamination of soils by charcoal from charcoal-making activity seems highly improbable in Berna 2, because it is situated in the uppermost part of the charcoal production area within the south-eastern area of the forest. In Berna 3 contamination from charcoal kilns seem improbable or limited because it is located in a relatively steep gradient of the opposite side of the northernmost charcoal-making areas. Berna 1 is located in a pedo-sedimentary context, at the foot of a small alluvial cone. As a result, it is assumed that natural and/or anthropogenic fire activities from both northern and north-western slopes have been recorded there.


          Soil samples were extracted by digging pits revealing complete soil profiles presented by Saulnier et al. (submitted for publication). The depth of the pits varied from 100 cm to 170 cm. A total of 5 litres of soil were sampled in the different visible soil layers. Dried soils were wet-sieved through 4 mm, 2 mm and 0.8 mm sieve meshes. When possible, a minimum of 50 charcoal fragments from each mesh size of each layer were randomly chosen for taxonomic identification using the method presented by Cunill et al. (2015). A total of 10 charcoal fragments possessing sufficient mass (4 mg) were dated by AMS radiocarbon dating in both Beta Analytic (Miami, Florida, USA) and Poznan Radiocarbon Laboratories (Poznan, Poland).

        

      


      
        

        Results and discussion


        
          

          Main forest changes from the Bronze Age to the early modern period


          Our charcoal analysis did not allow the detection of evidence of charred wood remains from the first half of the Holocene. The regional vegetation evolution during this period is documented by palynological studies carried out some time ago in the Bernadouze peat bog improperly called Freychinède (Jalut et al., 1988, 1992; Reille, 1993; Reille and Lowe, 1993 synthesized by Saulnier et al., submitted for publication). They highlighted the arrival and expansion phases of the main forest species since the beginning of the post-glacial period at ca. 10,422 BC. The fir pollen curve started at ca. 6136 BC and its optimum was dated from ca. 4304 BC (Jalut et al., 1982). The start of beech expansion is dated 2990 BC i.e., between the Late Neolithic to the beginning of the Early Bronze Age. Our combined study of charcoal from soils and charcoal kiln sites allows us to reconstruct at very high spatio-temporal resolution the Bernadouze woody vegetation evolution from the Bronze Age to the early modern period (Figure 10-2). This provides new insights into the chronology of local vegetation changes from both Middle and Late Bronze Age to the 17th century AD (Figures 10-2 and 3).


          During the Middle and Late Bronze Age, the structure and composition of the Bernadouze forest was quite similar to the sub-natural mountain fir (-beech) forest for the north slope of Ariège Pyrenees. It was mainly composed of two natural ‘dryades’ (shade-loving tree species at least during the juvenile stage; there are four dryade species in the European flora: Fagus, Abies, Taxus and Picea): fir, largely dominant, probably associated with beech, poorly represented in the deeper pit levels. The significant presence of a third dryade – yew (Taxus baccata L.) – indicates a more complex structure that we can see currently in Pyrenean old-growth forests. The yew is currently rare within the dominant vegetation storey but still present particularly on calcareous substrates (it may also be on rich and acidic substrates). The significant presence of this species, which do not reach the canopy but are part of the dominant vegetation storey, could provide evidence of a dense and structured forest with centuries-old trees (Saulnier et al., submitted for publication). Soil charcoal analysis implies therefore the existence of an old-growth fir-dominated forest around 1300-900 BC, i.e., until more recently than assumed from palynological data. This may also indicate that there was more waterlogged soils than currently because fir is very tolerant of these soil conditions, which might be limiting for other species such as beech.


          After this period, the forest vegetation began to change with both fir and yew decreasing and beech expanding. This suggests the opening of gaps in the canopy (exceeding 500 square metres, see Walter, 2002; Diaci, 2002) which are rapidly colonized by beech. In the Gallo-Roman-Late Antiquity and Carolingian periods, the forest appearance was clearly different from the Bronze Age. It was dominated by beech associated with fir, the latter being significantly more restricted. At the same time, a higher level of canopy openness is evidenced by the higher occurrence of deciduous species in Berna 1 (layer 7). Fir stands were located at the upper part of the mountain vegetation storey and/or on waterlogged soil conditions as we can see currently.


          The main features of the current Ariège Pyrenees mountain vegetation storey with northern slopes, covered by beech between 900 and 1600 m asl, were thus put in place between the Late Antiquity and Carolingian times. Between the medieval period and the first half of the 17th century, soil charcoal analysis (Berna 1 and 2) shows that beech was still the main dominant species, with fir poorly represented. This result corresponds with historical data. Two reports illustrated by a map drawn up by Louis de Froidour during the reformation of the Water and Forest Office in 1669 for the Vicdessos area showed that beech was dominant and present everywhere but exclusively in the form of coppices, mostly degraded (Davasse, 2000). Fir woodlands were located in “unattainable summits” of slopes where they were “sparse” or mixed with beech. They were specified in more detail by the surveyors, who however did not visit the upper part of the basin. The presence of juniper – a heliophilous species – in the upper layers of Berna 2 could indicate that these woodlands were opened and degraded and also close to the “kampfzone” (meaning the altitudinal belt of stunted and often prostrate trees, located between the upper limit of tall, erect trees growing in forest densities and the upper limit of tree growth).


          Charcoal analysis of charcoal kiln sites reveals that beech was almost exclusively exploited for charcoal manufacturing in the late medieval period, i.e., from the 14th century to the first half of the 15th century. From the second half of the 15th century to the first half of the 17th century, charcoal makers exploited both fir and beech. This result suggests that fir was still present in the Bernadouze forest cover and not confined to the upper margin of the mountain vegetation storey or in the subalpine area. Indeed it was present near both peat bog and current pasture area, as reflected by the anthracological composition of charcoal kilns 1 and 6 (Figure 10-2).


          In the vicinity of the peat bog, it is possible that there were low-lying site conditions and/or waterlogged soils which the fir tolerated better than beech. These anthracological data confirm that surveyors did not visit the upper basin of the Vicdessos valley and their report was very approximate. Currently, charcoal kiln 4 is the only one dating from between the end of the 17th century to the contemporary era. However, from historical archives, its charred remains were almost exclusively composed of beech. At the beginning of the 19th century (1807), the Dralet report described beech coppices (10-20 years old) “in good condition” within the north-western part of the forest; “degraded” beech coppices in the south-eastern area, and fir stands mixed with beech towards the southern steep margins (Davasse, 2000).


          Finally, this long-term study shows that the Bernadouze forest is very ancient. Its canopy has been opened mainly from the Late Bronze Age but a more or less dense and continuous has been maintained. Fir, which is currently a quite rare species, formerly reigned with yew in this forest. It was replaced by a beech (-fir) forest from the Late Bronze Age up to the Late Antiquity and Carolingian periods and then by almost mono-specific beech woodlands from the second half of the 17th century up to the first half of the 19th century. Fir has never completely disappeared from the discussed area; it has been maintained in refuge position in waterlogged site conditions and in the southern steep slopes nearby the kampfzone. We will now examine anthropogenic and/or natural forces that have driven these processes.

        


        
          

          Climate changes and human impacts on forest ecosystems throughout the time


          Around the world, numerous palaeoenvironmental studies have shown that past or recent climate variations triggered vegetation changes. In the Pyrenees, Late Glacial fire activity reconstruction based on macro-charcoal lacustrine records has shown that climate as well as vegetation and land-use changes are the main drivers of fire regimes (Rius et al., 2011; 2014). At the millennial scale, major cold periods are characterized by negligible or low fire activity. At the onset of the Holocene, the fire regime increase was most probably driven by both rise of summer drought and development of deciduous woodlands in lowlands. However the variations in fire frequency during the last 3,000 years are probably human-driven (Rius et al., 2009). Thus we can draw on this work to characterize the nature of fire events registered in the Bernadouze area by soil charcoal analysis.


          Firstly, our results show an outbreak of fire events between 1300-895 cal BC (with 95.4% probability). Overall, the major part of the chronological sequence covered by radiocarbon curves was cold and humid. However, the very beginning coincides with a short warm-dry phase (at ca. 1450-1250 cal. BC) and the end just predated a worsening climate (at ca. 800-750 cal. BC) with an increase in precipitation and/or a decrease in temperature (Tinner et al., 2003; Figure 10-3). As a result, it is difficult to connect these fire events with climate warming and so we assume that they were more likely caused by human activity.


          In western European high mountain areas, the Bronze Age was a major period of increased anthropogenic activities (Galop et al., 2013; Walsh et al., 2014). In the Pyrenees, two distinct phases of mountain population growth have been detected by archaeological and palaeo-environmental records: firstly, the beginning of the Bronze Age at ca. 2000 BC and the secondly, at the end, at ca. 1000 BC (Galop et al., 2007; Carozza and Galop, 2008). The development of agrosilvopastoral and agropastoral systems led to the transformation of mountain territories using fire (Rius et al., 2009). In our study area, only the second phase is registered in soil archives, which suggests a late anthropization process at the local scale (Saulnier et al., Submitted). Beech can take advantage of the opening of fir forests carried out as part of slash-and-burn agriculture and/or grazing areas (Keller et al., 2002; Wick and Möhl, 2006; Kozáková, 2011). Although we cannot totally exclude that the 800-750 BC climate shift played a part in beech expansion, we think that this is questionable at the local level (Saulnier et al., submitted for publication).


          Fir starts to leaf out earlier and so is more sensitive to late frost in spring because unlike beech it is not able to regenerate leaves. It also tends to be less resistant than beech to grazing pressure because it relies on advance regeneration under the shade of its competitors for up to 200 years. This increases its vulnerability to wild ungulate and cattle browsing and to fire. Beech can also be more competitive because it is capable of regrowing from stumps and is more browsing resistant. Thus beech has been mainly favoured by anthropogenic activity, leading to a shift from a fir-dominated forest to a beech-dominated one.


          The second fire event registered in Berna 1 occurred between the 2nd century AD and the Late Antiquity (137-347 cal AD) during a climate phase that was probably cold and humid (Tinner et al., 2003). This fire coincides with an erosive event (layer 7) and an increase in angiosperm taxa (other than beech) that could support the hypothesis of large forest clearings in the northern and north-western slopes. Yew, which is the more stress-tolerant woody species (shade- and xeric-tolerant), was able to maintain itself. At the French Pyrenees scale, after an abandonment phase of upland areas during the Iron Age, which is also likely to be reflected at the local scale, the Gallo-Roman period is characterized by local deforestation. Further agro-pastoral reconquest with new forest-clearings using fire leading a decline of mountain forest occurred during the Late Antiquity and early medieval period (Galop et al., 2013; Galop, 2016). Consequently, it is highly likely that this local-scale fire event was human in origin. No local archaeological data is currently available to reinforce this hypothesis but this phase coincides with the development of mining and iron metallurgy in the neighbouring Lercoul forest.


          Other fire events registered in Berna 3 dated from the 7th and the first half of the 8th century AD likely correspond to a dry/warm period (at ca. 700 AD) (Tinner et al., 2003). The return of fir in Berna 1 (layer 6) and its significant representation in Berna 3 suggest a low human-induced pressure between the Late Antiquity and the 7th century AD. Although the possibility of a natural origin of these fires apparently affecting the three dryade species cannot be dismissed, the hypothesis of its human origin is again more likely. This cultural phase corresponds to a second major phase of anthropization in the Pyrenean massif which is characterized by large forest clearings between 700 and 1300 m asl and an increase of pastoralism evidence (Galop et al., 2013; Rendu et al., 2013). At the local level, yew disappeared during this period. This species had survived for centuries, resisting several climate phases (cold and dry/warm and dry) and frequent human pressure, so we conclude that it was intentionally eliminated during the early medieval period. Apart from its aril, all parts of the plant are highly toxic for human and cattle (Guido et al., 2013; Uzquiano et al., 2015). Between 1991 and 2006, it was a primary cause of plant poisoning in cattle in France (Isler et al., 2007). This could be the reason for its drastic reduction at least partly by fire as shown by the anthracological composition of Berna 3 (Figure 10-2 and see Saulnier et al., submitted for publication).


          A new fire event that occurred in 1150-1256 cal AD is registered in Berna 2 (layer 2). This phase corresponds to the intensification of the agrosilvopastoral system, at the origin of modern Pyrenean landscapes. Soil charcoal evidence again suggests that forest-clearance operations to create pasture at the upper dense beech-dominated forest limit and/or to maintain silvicultural thinning through fire (the herbaceous plants being favoured) were the most likely cause (Métailié, 1978, 2006). This period was just prior to the early charcoal kilns located in both the north-western and south-eastern parts of the forest (Figure 10-3). Charcoal manufacturing had been developing within the beech (-fir) forest of Bernadouze when the mouline became established on the waterways of the Vicdessos Valley. Before that, this activity mainly took place in the vicinity of iron mines (as in the Lercoul forest). In Bernadouze, it almost certainly between the 15th and the early 18th century. The ongoing radiocarbon dating of ten other sites will clarify this aspect. The final fire event recorded in Berna 1 (layer 4) occurred during this period (1470-1640 cal. AD). It is difficult to define precisely its origin. It is followed by a main erosive event (layer 3) leading to a strong increase in slope deposits and charcoal accumulation. This event could be related to the superimposition of wood collecting for charcoal production, which still involved beech as well as fir at this time, to silvopastoral practices (e.g., undergrowth cleared out by fire for grazing). This assumes that the virtual elimination of fir took place at this time. This last point raises the question how charcoal makers managed the forest to ensure charcoal production.

        


        
          

          Woodland management and seasonal practices for charcoal manufacturing from the 14th century to the contemporary period


          The first radiocarbon dating results (time ranges with 95% probability and peaks; Figure 10-3) show that charcoal manufacturing took place in the Bernadouze forest for more than four centuries: between the first half of the 14th and the early 18th century, and in the 19th and first half of the 20th centuries. This last phase is confirmed in the local memory, the gap perhaps being the consequence of the prohibition enacted in 1740. The right to use wood for charcoal manufacturing and the practices of wood collecting were regulated in the Vicdessos Valley from the turn of the 14th century (Verna, 1997, 2001, 2017). An act issued by the count from 1303 ordered that people from the community first had to use dead or dried-out trees for charcoal making before cutting green (i.e., living) trees designated by forest guards. A tree had to be entirely used – trunk and branches – before felling another one but the main species used were not specified (Verna, 2001, 121). However, we do not know if this forest legislation, which was strongly rejected by consuls of the Vicdessos community, was actually applied.


          The count’s forest policy was completed with an agreement concluded in 1348 between the Vicdessos and the neighbouring county of Couserans that remained in effect until the 18th century. It involved the exchange of iron from Vicdessos for wood and charcoal from Couserans to reduce the pressure on Vicdessos forests and develop the Couserans iron economy (Verna, 2001, 125-127). The terms and conditions of this treaty throughout this time are not clear because the original text, which is almost illegible, has been falsified. Moreover, it is not possible to know when and how it was actually applied. Archaeological investigations show that it did not suppress charcoal manufacturing in the upper valleys of the Vicdessos. In fact, our research reveals that it increased in the Bernadouze forest from this time. Moreover, research carried out in the Couserans near the Port de Saleix – the main road used for trade – has demonstrated that charcoal manufacturing increased significantly locally from the 17th century up to the 19th century (Py-Saragaglia et al., 2017). Thus it is possible that this part of the Couserans supplied charcoal to Vicdessos from the first half of the 18th century when charcoal making had been prohibited in Vicdessos. In the study area, the shutdown of charcoal production allowed the return of silvopastoral practices.


          The anthracological spectra of charcoal kilns dating from the late medieval period (Ck 27 and 11) show a very marginal use of fir, which occupied a restricted place in the forest cover. This was the main species used for timber production in the 14th century (Verna, 1994, 2001) and may have been excluded from wood collecting for charcoal making. For example, texts show that its use was prohibited for this activity in the northern Catalan Pyrenees (Izard, 1994, 1999). In the Vicdessos, it is only from the mid-17th century that we have formal textual proof of the existence of fir forest reserves restricted for lumber (documents of the Reformation of 1669). But these stands were located near places of consumption, in the downstream part of the basin (Davasse, 2000). In the upper section, as within the Bernadouze forest, fir was used in the same way as beech for charcoal manufacturing from the 15th until the 17th century (Ck 79, 6, 19, 1). Its dominant use in some of them (Ck 6) while it was less available than beech in the forest cover could indicate its deliberate elimination by charcoal makers and/or woodcutters. Furthermore, this could also suggest that it had been able to regenerate in certain areas during the previous phase when beech wood was entirely removed for charcoal production. Thus, forest management practices in the Bernadouze forest could have changed between the 15th and 16th centuries.


          The initial results of dendro-anthracological analyses confirm and clarify this process (Figure 10-5). Firstly, the log size through different charcoal-making periods shows a significant decrease of beech wood diameters used over time (Figure 10-5A). The oldest charcoal kilns (CK 27, 11, 6 and 79) show a dominance of a wood mix with ‘small’ diameters (i.e., between 2 cm and 5 cm) and ‘larger’ diameters (i.e., 10 cm to more than 18 cm). In contrast, the latest ones (CK 1, 19 and 4) show a significant decrease of larger diameters in favour of smaller ones. This suggests an evolution of silvicultural practices, first with logging of stands close to coppice-with-standards – producing a wide range of diameters – and then their gradual conversion into short rotation coppices. This management mode was indeed more productive and profitable for iron masters but it resulted in stump exhaustion. Fir charcoal pieces present a different pattern (Figure 10-5B). The oldest charcoal kiln (CK 6) shows a dominance of wood with diameters ranging from 1 cm to 18 cm with a very marginal use of ‘very large’ wood (i.e., more than 18 cm). The later charcoal kilns (CK 1 and 19) clearly show an increase in use of very large wood diameters. In the first case, charcoal could have been made from branches and crowns only, while the bole was used for lumber. After the Renaissance, the change in logging practices probably led to the use of the entire tree, hence the increase to larger diameters. This conversion of the Bernadouze forest into an ‘industrial forest’ probably contributed to the elimination of other practices such as forest grazing and lumber production between the 16th and 17th centuries. Finally, from the end of the 19th century, the steel industry stopped, and the majority of beech coppices have been progressively converted into a quasi-even-aged beech high forest.


          The quantitative results of the charcoal analysis also suggest a change in charcoal-making practices around the 16th century (Figure 10-5C). The decrease of charcoal fragments with fungal hyphae and the increase of those with radial cracks over time could be interpreted as a reduced drying period of wood used for charcoal production. The low frequencies of charcoal with high occurrence of hyphae (12.7%) associated with cellular collapses (2.4%) could suggest a marginal use of deadwood or dried-out trees. For this reason, the 1303 text must be revisited because using deadwood for charcoal making has not been confirmed by our preliminary results. Moreover, would this practice be reasonable? Deadwood is highly degraded and produces low quality charcoal that was long regarded as not suitable for metallurgy (Biringuccio, 1572, Chapter 10; FAO, 1983). Secondly the stock of dead standing wood and deadwood on the ground was probably very low in forests, because of rights for firewood given to the local community and the effects of regular fires.


          The proportions of charcoal fragments with hyphae contamination coupled with the fact that 60% of charcoal pieces with the bark preserved (n=453) have the growth stop area at the last ring located in the late wood make it possible to reconstruct the annual calendar of historical charcoal-making activity (Figure 10-6). As in the Couserans (Py-Saragaglia et al., 2017), woodcutting was mainly done during the autumn and the off-season perhaps during winter just before the return of growing season. The cut wood was stored in the forest for at least six months to a year for seasoning, allowing contamination by fungi during the warm season. It was probably carbonized at the beginning of the following autumn. This implies that charcoal manufacturing was mainly practised during the quiet season of agropastoral activities and could be carried out by the poorest farmers (Verna, 2017, 126). These hypotheses will require testing with experimental data, which will also examine the change of the wood drying period over time.
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          Figure 10-5: (A) Evolution of beech wood diameters and (B) fir wood diameters used in charcoal kilns over time and based on dendro-anthracological analyses. (C) Evolution of proportions (%) of charcoal fragments with charred fungal hyphae and radial cracks over the time. © L. Fouédjeu Foumou, 2018
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          Figure 10-6: First reconstruction of the past annual charcoal burning calendar based on anthracological data and the phenology of beech and fir in the northern slope of the Pyrenees. © L. Fouédjeu Foumou, 2018

        

      


      
        

        Conclusion


        The first results of this interdisciplinary study carried out at this micro-local level demonstrate its efficiency. Previous historical and palaeoecological documentation has allowed us to check the robustness of our methodology and validity of these results. We have been able to identify and clarify the long-term Bernadouze forest evolution from the Bronze Age to the contemporary era and to better characterize the state of the forest cover when charcoal manufacturing was introduced in the 14th century AD. The ancientness of the Bernadouze forest has been clearly highlighted. The main opening of the canopy dominated by fir for development of grazing areas goes back to ca. 1300-900 BC. It allowed to the establishment of a beech-dominated forest where silvopastoral practices (pastured woodlands) were being intensified between the Late Antiquity and the Carolingian era without eliminating the forest cover. There was eradication of yew, an extremely poisonous plant for livestock and yet appreciated for its mechanical wood properties. Its importance within past northern Pyrenean mountain forest ecosystems was also highlighted and has resulted in a new ongoing research project focusing on the Holocene history of this ‘relic’ tree species in the north Pyrenean slope.


        This study contributed to a synthesis in progress by Cunill et al. relating to the glorious past of fir in Pyrenean mountain forest ecosystems before the development of agrosilvopastoral systems. Our results showed that it was the dominant tree species before the first human incursions mainly during the Late Bronze Age. During historical periods, it was maintained within the Bernadouze forest cover in a refuge position where site conditions were limiting for beech, such as northern slopes beyond 1600 m asl and waterlogged soils. Beechwood logging in for charcoal burning in the 14th century may have led to its return within smaller forest aisles. The virtual elimination of fir occurred during the 15th and 16th centuries in order to create an industrial forest entirely devoted to supply the iron metallurgy industry. The links between the forest transformation and the change in human activities has been identified thanks to the combination of dendro-anthracological and dendrochronological analyses. Thus, our preliminary results highlight the potential of our approach for estimating the degree of forest maturity.


        The scenarios proposed will be clarified in the future through the development of new experimental procedures looking at indicators of practices in charcoal cells (fungal hyphae, radial cracks, vitrification) and new reference chronologies for beech locally. The combination of all these data will surely shed new light on eco-historical data that remain very fragile for the crucial phase of steel industry development in the Vicdessos during the late medieval period. Finally, this study demonstrates that the Bernadouze forest, which is currently perceived as an exceptional natural place by walkers, has a very long and rich history closely related to evolution of human activities.
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          11See also Parès and Aspe in this volume.
        

      


      
        

        
          12Here after Arch. Dom.
        

      


      
        

        
          13Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (18/06/1300).
        

      


      
        

        
          14Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (14/07/1300 – missing act; 5/10/1300; 26/09/1300). Faillon, 1865, t.2, p. 845-848.
        

      


      
        

        
          15Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (25/10/1302 – missing act).
        

      


      
        

        
          16Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (10/09/1317).
        

      


      
        

        
          17This would currently be Saint-Pilon.
        

      


      
        

        
          18 Faillon, 1865, t.2, p. 885.
        

      


      
        

        
          19Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (20/10/1319). Faillon, 1865, t.2, p. 889.
        

      


      
        

        
          20Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (26/08/1323).
        

      


      
        

        
          21 It seems, however, that these boundaries were kept more or less the same until the cadastral mapping in 1810.
        

      


      
        

        
          22 Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (12/12/1337).
        

      


      
        

        
          23 Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (29/04/1403). Faillon, 1865, t.2, p. 1049-50.
        

      


      
        

        
          24 Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (24/11/1414).
        

      


      
        

        
          25Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (24/10/1538).
        

      


      
        

        
          26Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (16/07/1552).
        

      


      
        

        
          27Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (16/07/1552).
        

      


      
        

        
          28Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (26/03/1554); (20/02/1555).
        

      


      
        

        
          29Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (30/11/1564). Faillon, 1865, t.2, p.1431-1434.
        

      


      
        

        
          30Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (19/01/1565 – act missing).
        

      


      
        

        
          31Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (14/03/1565); (06/03/1567 – act missing).
        

      


      
        

        
          32Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (26/01/1571).
        

      


      
        

        
          33Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle, (13/03/1572); (26/09/1575);(20/10/1576). Faillon, 1865, t.2, p. 1439-1142.
        

      


      
        

        
          34Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (23/01/1681).
        

      


      
        

        
          35Previously reiterated by King Louis XIII in 1620. Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (30/06/1620).
        

      


      
        

        
          36Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (10/05/1686).
        

      


      
        

        
          37Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (10/09/1317).
        

      


      
        

        
          38Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (26/08/1323).
        

      


      
        

        
          39Arch. Dom., 3rd cabinet, 2nd bag, 1st bundle (24/10/1538).
        

      


      
        

        
          40However, they noted the presence of beech in the Cévennes and yew in Languedoc, so they knew how to recognize them (Legre, 1899, p.188; p.220-221).
        

      


      
        

        
          41“The gigantic trees of the forest below looked like nettles or sage-plants in comparison.” Translation by J. Ferguson. Berenger, 1925, 86-87 Chronica fratris Salimbene de Adam edidit O. Holder-Egger Hanovre Leipsig. Monumenta Germaniaie Historica, t. XXXII. 1905-1913, p. 521 (fol426c); Bibl. Vatic. Cod. 7260, folio 223v, Chronica fr. Salimbene de Parma, ord. Min. ab an. 1168 ad an. 1297.
        

      


      
        

        
          42Waltheym H. von, Le pèlerinage en l’an 1474: 3 - La Sainte-Baume (edited and translated by A. Faugère). Provence historique, 41 (166), 587-591.
        

      


      
        

        
          43The count of Provence was at that time also king of Sicily.
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Part 3: “At the edge of the forest”: other ways to think about ancient and old-growth forests
Chapter 11: The ‘recent’ forests of Mount Venda (Padua, Italy): when historical cartography and archaeobotany tell quite a different story
Sandrine Paradis-Grenouillet and Giuseppe Bazan
The Euganean Hills, the green lungs of the Padua plains, are known today for their landscape diversity, combining vine terraces, olive groves and forests. Although forested areas represent just over 32% of the area of the Colli Euganei Regional Park, very few studies have been carried out to date (Del Favero, 2001; Sitzia et al., 2010). Considered recent by local stakeholders, these forests are usually described as being the result of spontaneous reforestation linked to various phases of rural decline that have taken place over the last century. Away from the tourist trails, however, the structure and composition of these forests suggest a much older history. The work carried out as part of the research programmes THISTLE[69] (MSCA Fellowship – Paradis-Grenouillet, grant agreement: 656397) and MEMOLA[70] (EU FP7 Project – Jose Maria Civentos, grant agreement: 613265), involving a multidisciplinary approach that combines historical mapping with spatial archaeology and archaeobotany, offers a new interpretation of the forest history in this area. These two research programmes, conducted in collaboration with Colli Euganei Regional Park staff, aim to trace the evolution and transformation of forest areas over time to better understand the landscapes and their current dynamics. Using Mount Venda, the highest hill of the massif, as an example, this work demonstrates a lack of understanding, or perhaps even denial, of local forest history and allows us to deconstruct the myth that the mountain was devoid of forests in the past.
Study area and historical context
The Euganean Hills stand out quite distinctly from the topographically flat plain that stretches between the Adige and the Bacchiglione, south-west of Padua. Of volcanic origin, they are a range of small hills such as Monte Venda (Figure 11-1) that are just over 600 meters above sea level. The Colli Euganei Regional Park, established in 1989, is responsible for the protection of this area, which includes, in whole or in part, 15 municipalities. Although the area has a continental climate, with cold, rainy winters and dry summers, the morphology of the hills offers shelter from cold winds and creates favourable microclimates, explaining the presence of Mediterranean vegetation, such as the fragmented Mediterranean maquis shrubland located on the warmer siliceous foothills. The Euganean Hills, which have always been recognized for their environmental features, are an island of high biodiversity within a lowland area subject to intense anthropogenic exploitation. The high level of biodiversity is related to Mediterranean and oriental influences and is increased by the type of substrate.
The great landscape heterogeneity of the Euganean Hills, combined with the diversity of topoclimatic contexts, is enhanced by the historical context. Landscape transformations brought about by anthropogenic activities are confirmed by palynological analyses dating back to at least the Neolithic period, with an increasingly pronounced influence from the Bronze Age to modern times (Kaltenrieder et al., 2010; Bianchin Citton, 2011). The best-known history of this area is associated with the development of the thermal baths that are still in operation in Montegrotto or the extraction of trachyte, a building stone used to pave numerous cities in the Padua region (Billanovich, 1997; Fasulo et al., 1997; Grandis et al., 1997; Bortolami, 2003). In this local history, forests are very rarely mentioned (Lorenzoni et al., 1989; Grandis, 2011) although they seem to have played a significant role in the development of the Po Valley. Drainage work to extend agricultural land, known as reclamation, started in the 12th to 13th centuries by the Republic of Venice and led to the gradual eradication of wooded areas. From then on, reliefs such as the ‘Colli Euganei’, the ‘Colli Berici’ and indeed the ‘Trento’ became veritable reservoirs of ligneous material that was used both for timber and for fuel. Although the floating of timber originating from Trento, particularly on the river Brenta, is well understood and relatively well documented since it is the main means of wood supply for the city of Venice (Braunstein, 1988; Casti and Zolli, 1988; Agnoletti, 1998), no work has been carried out on other potential wood supply basins. The research conducted under the THISTLE programme provides new insights into the role played by the Euganean Hills in the wood supply strategies of the Padua region. This approach to forest archaeology provides valuable data for local forest managers who are striving to meet the objectives set by national and European institutions for the protection and appreciation of ancient forests.
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Figure 11-1: Map showing the locations of the Euganean Hills and Monte Venda.

Materials and methods
This work is based on a retrogressive approach, starting from the composition and structure of current forests and going back in time from various documentary collections: ancient maps, written documents, and archaeological and archaeobotanical remains. The research is focused on seven municipalities in the northern half of the Euganean Hills: Rovolon, Teolo, Cinto Euganeo, Vo, Torreglia, Galzignano Terme and Battaglia Terme, with particular attention on Monte Venda, which is located on the boundaries of four of these villages.
Cartographic approach
The current forest inventory was initially compiled from regional databases (Regione Veneto, 2016) then refined in some areas during field surveys carried out in collaboration with botanists and ecologists from the University of Padua and with local associations.
Thanks to historical mapping and especially analysis of the old cadastral maps established under the Austrian regime in the 1840s, it has been possible to reconstruct the expansion of forest areas in five of the seven municipalities. Unfortunately, the villages of Galzignano Terme and Battaglia Terme could not be fully documented due to the loss of records during a fire, when only the plans were saved. This historical mapping work required the georeferencing of nearly a hundred old maps, vectorization of more than 20,000 parcels and recording the land use and the owner’s name for each of them. All of the data recorded was integrated into a geographic information system to complete this comparative approach.

Archaeological approach in the forest
While cartographic documents allow spatial reconstruction of ancient forest areas and sometimes provide information on silvicultural management methods, it is particularly difficult to ascertain the botanical composition of the forests. Pedestrian surveys, supplemented by analysis of digital models of the terrain acquired using the LIDAR technique, were carried out on various hills, thus revealing traces associated with the presence or absence of forests in the past.
Charcoal platforms are excellent indicators of past forest presence. The conversion of wood into charcoal to produce a more easily transportable fuel with a greater calorific value was generally carried out in the heart of the forest, which is why these platforms enable us, by their location alone, to map the extent of previously forested areas. In addition, radiocarbon dating of charcoal residues shows the period of activity, while anthracological and dendro-anthracological analyses provide a relatively accurate reproduction of the physionomy of the forest areas exploited (Bonhôte, 1987; Ludemann et al., 2004; Pelachs et al., 2009; Rouaud, 2013; Paradis-Grenouillet et al., 2015).
In contrast to the evidence provided by charcoal platforms, the remnants of low stone walls associated with agricultural terraces or indeed dwellings, along with stone and clay quarries, bear witness to the openness of the environment in the past.
All of the archaeological remains have been mapped within the same geographical information system as that used for the historical cartography to compare these data with known land uses, both in the present day and in the 19th century.
To date, surveys have been carried out on the ‘della Madonna’, ‘Grande’, ‘Cinto’ and ‘Venda’ mountains. But a systematic survey has only been done on Mount Venda. This is why comparative analysis of all of the acquired sources has been carried out only on this massif.

Anthracology of the charcoal platforms
To date, over 40 charcoal platforms have been identified on the mountains surveyed and 13 of these have been sampled. Sampling was carried out according to protocols established by previous work on charcoal making, i.e., at 5 cm intervals in 25 cm by 25 cm pits (Davasse, 2000; Fabre and Auffray, 2002; Paradis-Grenouillet, 2012). Separation of the charcoal was then performed using the flotation system at the archaeology department at Ponte di Brenta (University of Padua). A total of 130 samples were taken.
The taxonomic determination and dendro-anthracological measurements of 12 samples were carried out in the GEOLAB – UMR 6042 CNRS (University de Limoges) research laboratory using a Nikon SMZ800 binocular magnifying glass and a Nikon Eclipse LV100 episcopic microscope. Taxonomic determination entails observation of three cross-sections of each piece of charcoal to identify the anatomical criteria specific to each taxon (Schweingruber et al., 2011; Crivellaro et al., 2013).
As regards dendro-anthracological analyses, these are carried out by recording the measurements of each charcoal, counting the number of visible rings and measuring the curve radius (the distance from the last visible ring in relation to the heart of the wood) using the AnthracoLoJ software (Paradis-Grenouillet et al., 2010). This data provides an overall picture of the diameter of the wood used for making the charcoal and allows for an analysis of the growing conditions of the trees used in the past (Dufraisse and Garcia-Martinez, 2011; Paradis-Grenouillet, 2012). The results obtained are compared with the botanical surveys carried out on each of the platforms, thus enabling the identification of any possible changes in the forests in the Euganean Hills.
The analysis initially focused on depth levels, allowing the selection of the most suitable charcoal fragments for radiocarbon dating (pieces with bark still visible or those furthest from the heart of the wood). Ten dating operations were carried out on 5 grams of charcoal of the same taxon using the liquid scintillation method at the Radiocarbon Dating Centre at the University of Lyon.
In the context of this chapter, only the anthracological results from the charcoal platforms found on Monte Venda will be presented.


Results and discussion
Almost equivalent afforestation rates from 1840 to the present day
Comparison of data from the current vegetation map with that acquired from the vectorization of the Austrian cadastral maps shows only a slight change in afforestation rates over the last 180 years (Figure 11-2). Although the description of the afforestation is not consistent for the two periods studied, knowledge of the area allows us to associate ‘chestnut woodlands’, made up of ageing coppices, with the mixed thickets shown on the Austrian cadastral maps. While it is impossible to be certain that these were chestnut coppices from the cartographic documents alone, an initial comparison allows us to put forward the hypothesis of a continuous presence of coppices on the slopes of these volcanic hills.
The comparison between current vegetation and that of 1840 also brings to light the development of new forest formations: monospecific Robinia pseudoacacia forests. This invasive alien species was first imported into Italy in 1602, to be grown in the botanic gardens in Padua, and was reported in the Euganean Hills along the edge of cultivated field by Béguinot (1904). It was gradually introduced into the gardens of the grand villas of the Euganean Hills from where it spread, colonized, and indeed continues to invade agricultural land and abandoned pastures.
This initial comparison thus highlights the presence of two types of afforestation: recent forests composed of Robinia pseudoacacia at the foot of the slopes, and on the slopes themselves, probably ancient forests, made up of chestnut thickets. The focus on Mount Venda within this paper supports these hypotheses.
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Figure 11-2: Comparison of the forest areas of the 19th century and today in the communes of Rovolon, Teolo, Torreglia, Cinto Euganeo and Vo.

Monte Venda, a case study conducive to a multidisciplinary approach
Identification of the ancient forests of Monte Venda using cartographic data
Mount Venda’s forests are dominated by chestnut coppices (Castanea sativa woodland) and by downy oak coppices (Quercus pubescens woods) covering 52% and 35% of the study area, respectively, while the lower slopes are covered almost entirely by False acacia formation (Robinia plantations), accounting for 10% of the area. Lastly, it is worth noting the presence of Pseudomaquis on the southern side of the mountain, which accounts for a little over 3% of the total afforestation (Region, 2016; Figure 11-3).
In 1840, the mountain was mostly covered by mixed coppices. This alone accounted for 73% of the area covered by the Austrian cadastral maps studied (land use and names of owners in the commune of Galzignano not having been included because the records had since been destroyed).
Comparing the Austrian cadastral maps with maps of current vegetation shows very little change in the locations of forested areas. The area around the Monastery ‘degli Olivetani’, located near the summit of Monte Venda, has closed in, as have some lower parts of the slopes which were once cultivated after having been terraced. This closing in of the vegetation, especially at the foot of slopes, is the result of colonization by monospecific Robinia forests.
In the absence of any study of maps dating from the intermediate periods, it is difficult to prove continuity of these wooded areas during the 19th and 20th centuries. Nevertheless, the presence of particularly large stumps, sometimes up to 6 m in diameter, on numerous parcels of land suggests a pattern that has continued for several centuries. The works of Ries (1988) and Aymard and Fredon (1986) indicate that “for 20-year rotations, the stumps would have a diameter of about 1 m by the end of a century”.
Additionally, the biodiversity within these forest areas reinforces the hypothesis of woodland having been present on these same plots for several centuries.
Going back a little further in time, thanks to a religious document ‘il catastico di San Giovanni del Venda’ it is possible, albeit in a somewhat ad hoc manner, to attest to the presence of forests on some plots in 1750. Given the description “wood intended to provide firewood for the house”, these forests were probably managed as coppices (Figure 11-3).
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Figure 11-3: Map of Monte Venda, showing forest areas on cadastral maps and in the present day and localization of archaeological charcoal kilns.

Anthracology of charcoal platforms attests to forest continuity on some plots since the 14th century
The presence of charcoal platforms also reinforces the hypothesis of forest continuity on these plots. These archaeological remains are especially vulnerable not only to forestry activities but also to erosion, which is greatly accentuated in areas of the Euganean Hills where the landscape is open. The discovery on the slopes of Monte Venda of about thirty particularly well-preserved charcoal platforms adds much to the debate on the age of the forests.
Furthermore, radiocarbon dating carried out on deeper layers of seven of the platforms reveals that the practice is much older than is generally suggested by tourist information about the national park. Often associated with the 19th century, charcoal making appears to have begun much earlier. For example, the deeper levels of charcoal platforms Venda 199 and 207 date to the end of the 13th century (Figure 11-4). As for the other dates, they are between the 14th and 18th centuries. It is particularly interesting to note the absence of very recent platforms. In fact, the vast majority of studies on charcoal making reveal a large number of 18th- and 19th-century platforms and a smaller number of older platforms (Davasse, 2000; Euba, 2008; Oillic, 2011; Rouaud, 2013).
In addition to the spatial and chronological information provided by the archaeological study of charcoal platforms, anthracological and dendro-anthracological analyses enable the reconstruction of local forest populations over the last six centuries. To date, over 1,000 charcoal pieces taken from the deeper layers have been analysed. The taxonomic results reveal a very small change in forest composition between archaeological remains and current vegetation. The anthracological spectra obtained show a clear distinction between vegetation on the northern and southern slopes. Within the platforms on the southern slopes we find taxa associated with Pseudomaquis with a significant occurrence of numerous fragments identified as Erica arborea.
As regards the northern slopes, there is also a botanical diversity similar to that visible today, with some areas dominated by chestnut and others dominated by beech and oak. All that can be observed is a change in the proportions of the taxa. This is the case for charcoal platforms Venda 198 and 199, which show a predominance of beech charcoal in the deeper layers, whereas today, although present in the environment, this taxon represents less than 3% to 5% of the tree vegetation in a 300 m radius around the platform.
It is interesting to note that analysis of anthracological assemblages has revealed very little taxonomic diversity for the charcoal platforms overall, generally with one or two dominant taxa (oak, chestnut or beech) and fewer than ten additional secondary taxa, which are also secondary in current tree populations. These are ash, maple, hornbeam, hazelnut, poplar, spindle, viburnum, elm and dogwood.
This absence of any radical change in the tree taxa over the last six centuries reinforces the idea of a continued presence of forests on the slopes of Monte Venda and of ancient forests in the surrounding area.
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Figure 11-4: Radiocarbon dating and anthracological results.

The use of dendro-anthracology to better understand silvicultural practices
To complete this analysis and better understand the past silvicultural practices that led to the creation of the current landscapes, wood diameter studies were carried out and proved to be especially interesting. Curve radius measurements were made on more than 800 pieces of charcoal, but given the methodological requirements for wood diameter studies, measurements were taken only on the dominant taxa. This enabled the acquisition of more than 50 curve radius measurements, which were used to reconstruct the diameters of the wood originally used to make the charcoal. This represents a collection of 487 usable pieces of charcoal. The results obtained show that most of the wood used was less than 5 cm in diameter, and even 2 cm for some charcoal platforms (Figure 11-5). Results from only three platforms (Venda 198, 199 and 221) indicate the use of wood with a diameter of over 18 cm. These three platforms, located on the northern slopes and in areas with relatively thick soil, are also the oldest dated so far (13th to 15th centuries). This raises the question of whether the presence of larger diameter wood is dependent on the location of the platforms or on the chronological period, which could correspond with a period of lower pressure on forest resources. The last platform analysed to date on this same slope, dating back to a more recent period (Venda 220, dating from the 17th to 20th centuries) presents smaller wood diameters, which may indicate an increase in pressure on forest resources over time. However, based on these results alone, it remains impossible to confirm this type of hypothesis and it is therefore essential not only to continue such analyses on a greater number of platforms on the northern slopes, but also to study the layers of older platforms in order to evaluate a possible change in wood species exploited over the course of time.
With regard to the southern slope, regardless of the chronological period, the wood used for making charcoal was always less than 5 centimetres in diameter. While the topo-climatic conditions are indeed less conducive to the rapid growth of tree species, such diameters suggest a specific practice corresponding either to the use of only branch wood, with the trunks being used for other purposes, or to the exploitation of coppice with very short rotation cycles. In terms of historical data, the second hypothesis seems to be the most likely, since most of the forest areas shown on the 1840 cadastral maps are labelled as coppices. To produce wood with a diameter of less than 5 cm, the coppices were probably harvested between the sapling stage and the juvenile stage, i.e., before the wood reached a diameter of 10 cm at a height of 1.3 m from the ground. These observations could partly explain the apparent amnesia amongst the locals with regard to forest history. Such coppices were perhaps not considered to be forests, especially since regular cutting must have made the landscape appear quite open.
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Figure 11-5: Dendro-anthracological results.



Conclusion
The combination of historical mapping, spatial archaeology and archaeobotanical approaches now offers new insights into the forest history of the Euganean Hills and more specifically the history of Monte Venda. While the forests in this area are generally regarded as recent and without any particular economic potential, our approach has revealed not only a long forest history but also the presence of many ancient forests. These old-growth thickets bear witness to the important economic role played by the forests of the Euganean Hills over the centuries. If they are sick and endangered today, it is not due to climate change or a new disease, but to a change in human practices. Maintaining this type of coppice requires regular cutting (every 10 to 20 years) which no longer takes place today, so some coppices are as much as 40 years old.
These cultural landscapes, passed down through at least five or six centuries of forest exploitation, are today in a state of constant transformation, no longer needing to meet society’s demands. When it has had the authority and funding, the Colli Euganei Regional Park has gradually transformed these coppices into oak woods (notably through the LIFE Programme), Pannonian woods with Quercus pubescens, and 9260-Castanea sativa woods. However, factors included in this study could also encourage park authorities to safeguard some of these cultural forest landscapes by reintroducing shorter cutting intervals of oak and chestnut coppices. In these days of energy transition and with the return of green energies, the forests of Euganean Hills could even resume their productive function.
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Chapter 13: Rejuvenating the elderly and aging the youngsters: ancient management practices in continuously renewed native ash tree forests in the High Atlas of Morocco
Didier Genin and Mohamed Alifriqui
“Ancient forests? How old are they?”: an ongoing debate on where to place the threshold on the notion of ‘ancientness’
Forests can be defined in a number of ways (Gyde, 1999) and the notion of forest ancientness of forests has received much attention from historians and ecologists. The latter consider an ancient forest as a piece of land which has been covered by trees for a long period, and which has never been used as cropland or experienced soil removal. The temporal threshold is subject to variations, depending on the country. In spite of the different justifications put forward, the main reason is the availability of a reliable document to confirm the presence of the forest as far back in time as possible. Since the duration of a permanent dense cover by trees and the natural evolution of undisturbed forest soils seem to be the main factors for defining biodiversity linked to forest ecosystems, the criteria adopted appear to be appropriate. However, the long-term history of forests can sometimes be full of surprises. For example, the forest of Russy in Sologne, in the center of France, was assumed to have been covered by trees for millennia. Recent research using the LIDAR technology showed that in the Gallo-Roman period, it was used as agricultural land for farming and housing (Crozet et al., 2017). Moreover, in some parts of the world, such as the Mediterranean region, forests have always been widely and intensively exploited by local populations (Stevenson and Harrison, 1992), who always extracted resources critical for their livelihood, and to a large extent shaped forest ecosystems.
It is therefore very difficult to be certain of a continuum of an undisturbed or barely disturbed forest when dealing with the historical ecology of landscapes. This difficulty is exacerbated in regions where historical information on forest landscape cover is rare or non-existent, such as North Africa. For example, the Moroccan High Atlas has long been populated by Berber societies, with no or very fragmented written sources, and presents a long history of conflicts that have made systematic surveys on past land-use patterns difficult (Aderghal and Simenel, 2012). Moreover, the Mediterranean mountain climate, associated with dense and secular occupation by local populations, led to the intensive exploitation of the region’s scarce resources. Hence, resources such as deadwood have until present been systematically collected everywhere to provide firewood for local needs and played a role in the particular configuration of Mediterranean forest ecosystems (Barbero et al., 1990; Auclair and Alifriqui, 2012). In this region, the structure and functioning of the forest are systematically impacted by humans to shape anthropogenic forests in the sense of Senanayake (1998) of “Natural tree dominated ecosystems (that) have been impacted by humans with a frequency or intensity to change established serial patterns and natural biodiversity status”. Does this mean that the notion of ‘ancient forest’ cannot be applied to forests found in this part of the world?
Mediterranean forests constitute a keystone element of local livelihoods and have been maintained for centuries to provide the resources necessary to ensure the resilience of local societies in usually harsh environments over the long term (Auclair et al., 2011; Gauquelin et al., 2018). In contrast to other parts of the world, forests are considered by Berber communities as part of their domestic universe, and deserving of respect and consideration. Moreover, there does not seem to be the same divide as that classically found in western perceptions between ‘the wild’ and ‘the human sphere’. These rural forests present multi-faceted characteristics –ecological, economic and sociocultural (Genin et al., 2013) – which have persisted over the course of centuries and which are an integral part of the conceptual universe of the local societies. Therefore, should these rural forests not be considered as ancient and patrimonial forests because they do not fit all the canonical characteristics established for more temperate forests? As domestic forests in the sense of Michon et al. (2007), they are the subject of deep ecological knowledge and know-how concerning their use and management. This knowledge was built up progressively over the centuries, based on observation, mimicry of natural processes, failure and degradation, adaptation, transformations and innovation. To illustrate our meaning, we would like to describe the sophisticated traditional management of the native dimorphic ash tree (Fraxinus dimorpha Cosson and Durieu) stands found on the northern slopes of the central High Atlas Mountains to reposition the ancientness of the human-forest relation within the ancient forest debate.

Native dimorphic ash tree stands in the High Atlas mountains
Fraxinus dimorpha occupies a particular ecological niche in the central High Atlas as it is located mainly at the bottom of rocky slopes and ravines with temperature inversions, at an altitude between 1200 and 2000 m asl. The dimorphic ash tree (imts in Berber) is characterized by two types of leaves, depending on the development stage of the tree and the level of browsing pressure. It is typically a multi-functional tree for the local community, providing firewood, timber mainly for house roofs and agricultural tools, food (spices) and medicinal products, and its leaves are used for dyeing textiles. But the most critical use is as fodder in the autumn (late August to November), in a period when standing range forage is scarce and dry (Genin et al., 2016).
Ash tree stands constitute fragmented wooded areas along the Atlas. We focused our investigations on the rural commune of Ait M’Hamed, located in the central High Atlas, Azilal Province (Figure 12-1). Altitude ranges from 1300 to 1700 m asl. The climate is mountain Mediterranean with annual rainfall between 450 and 600 mm, a mean minimum temperature in winter of 5°C and a mean maximum temperature in summer of 28°C. Local agropastoral systems are low-input systems based on unirrigated cereal cultivation, associated with small flocks of ruminants composed of 20 to 150 sheep and goats in various proportions. The local inhabitants are Berbers, related to the famous Ait Atta nomadic tribe, but sedentarized in the 19th century.
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Figure 12-1: Location of dimorphic ash tree stands in the Moroccan central High Atlas mountains.
Forested areas represent about 25% of the total territory and are divided into two categories: those dominated by the holm oak (Quercus ilex) and those dominated in the coldest areas by dimorphic ash (Fraxinus dimorpha), a tree species native to the mountains of North Africa and Central Asia. These two species also occur together to form mixed forests and parklands. The physionomy of ash tree stands is in the form of scattered trees (15 to 50 trees/ha), parklands or ‘tree savannah’-like, as referred to by Boffa (1999), with a density ranging from 50 to 800 trees/ha, or denser forests (1000 to 2000 trees/ha). Fraxinus dimorpha is always spontaneous, and it is never planted by the local inhabitants.
Relationships between the forest and the local population are illustrated by two highly visible features. These features reflect the silvopastoral nature of activities and deep ecological knowledge of ‘surgical’ practices on trees in a context of resource scarcity: the generalized pollarding of trees and a high heterogeneity of tree ports, particularly with the presence of trees with large, thickset and compartmentalized trunks with a basal diameter of sometimes more than 1 m (Figure 12-2).
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Figure 12-2: Overall physiognomy of ash tree forests (left), and heterogeneity of ash tree port (right), particularly with large, thickset compartmentalized trunks (in the background left of the picture).

The ‘circular’ time of patiently developed tree exploitation cycles
Ash trees are mainly pollarded for use as fodder, which is browsed directly in the forest by small flocks of goats and sheep. People (generally men) climb up a previously selected tree and use an axe to cut nearly all the branches that had resprouted from a previous cutting operation. Cutting follows a highly rigorous four-year cycle. Branches which had developed during this lapse of time present a stem diameter of about 3-4 cm and a length of 3.5-4m (Figure 12-3). The cutting period runs from the end of August until the leaves turn yellow and fall (late October to mid-November). During this period, ash tree foliar forage represents almost half of the daily diet consumed by sheep and goats, and constitutes good quality forage in a period when forage resources are very scarce (Genin et al., 2016). Measurements taken directly in the fields showed a mean daily consumption of ash leaves of about 220 gDM/head (SE=61) in flocks depending exclusively on rangelands. Since ash tree stands are mainly privately owned, pastoralists know exactly the number of ash trees they will be able to pollard, and can therefore more or less accurately estimate the available quantity of forage from trees.
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Figure 12-3: Pollarding ash tree for fodder. From left to right: just after cutting, two years after cutting and four years after cutting.
Sometimes, certain straight branches are preserved, the leaves are picked off along lengths of 3.5 meters and left to complete another four-year cycle. After eight years, they produce standardized 7-cm diameter and 3.5-4-m long poles used to cover the roofs of houses. Some particularly robust poles are sometimes left to grow and are shaped directly on the living tree to produce beams with a wider diameter after about 30 years to sustain house roofs. Hence, on the same living tree, three types of resource are produced and shaped according to refined nested exploitation cycles (Figure 12-4). This form of exploitation makes it possible to 1) provide annually diversified resources from living trees, 2) obtain ‘calibrated’ products as a result of shaping resprouts directly on the tree, and 3) estimate more or less accurately the availability of forage produced by trees each year. This vernacular tree management is also found in various parts of the world, although with less clearly defined patterns of time, rules and techniques (Andersen et al., 2014; Petit and Mallet, 2001; Singh et al., 2015).
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Figure 12-4: Ash tree exploited for fodder and poles and beams shaped for wood construction.

The accelerated ‘extended’ time of tree regeneration management
One of the most remarkable aspects of tree management know-how and practices found in this region is related to the regeneration of overgrazed trees, and the protection of new seedlings or resprouts. Locally, the practice is called ‘tahboucht’ and consists of building stone walls around the small trees to protect them against browsing, until they are above the maximum reach of sheep and goats (1.5-2 m tall). The protected coppice can then grow normally by developing twigs from the collar of the tree. Only the most vigorous and straight resprouting twigs are then conserved (3 to 12) and are lopped to enhance the diameter growth of the twigs. The stems are then moved and attached as close together as possible. As they grow, they will become joined together through a process of anastomosis, and become a single large trunk composed of several stem compartments (Figure 12-5). According to the local inhabitants, the aim of this practice is to enhance the tree’s productivity and longevity. In fact, measurements of leaf production during the four-year cycle of tree exploitation showed that leaf biomass production increased by about 30% compared to non-anastomosed trees (Genin et al., in progress).
Even if this practice has begun to die out today (only 15% of the panel we interviewed declared that they to still practise ‘tahboucht’), it has had a strong impact on the current physiognomy of ash tree stands, and is a perfect illustration of the richness of traditional ecological knowledge with regard to the conservation and restoration of the resource.
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Figure 12-5: Sequence of protection of overgrazed ash tree using the ‘tahboucht’ technique and shaping of resprouts to promote trunk anastomosis.

Discussion and conclusion: ‘ecological’ versus ‘humanized’ ancient forests
The case we have presented here is a remarkable example of the full integration of a native forest ecosystem within an agro-forestry system, where the divide between forest and agricultural area is tenuous, as commonly found in the Mediterranean biome (Michon, 2015). This is an example of what some scholars call ‘culturally modified living trees’ (Turner et al., 2009), which emphasize the richness of human adaptations to the environment, as well as to the inherited ecological knowledge and management practices related to heritage approaches “in terms of resilience” developed by Berkes et al. (2003). The local expertise implemented here requires skill and knowledge with regard to trees’ ecophysiological functioning, the climate and agro-pastoral seasonality, techniques for tree pruning and pollarding, and ensuring regeneration in a context of high pastoral pressure. This knowledge was built up over time to take advantage of the rare available resources. Shaping forests and trees, together with preserving the forest nature of ecosystems, are traditional practices with long historical trajectories, commonly found in various environments, from the tropics to temperate and semi-arid areas (Michon et al., 2007; Genin et al., 2013; Siebert and Belsky, 2014). The techniques used are very old: for example, pruning for harvesting fodder is evidently an old tending practice, depicted as early as the New Kingdom of Egypt (1539-1075 BC) (Andersen et al., 2014). Petit and Watkins (2004) mentioned that pollarding and shredding trees were widespread and common practices in Britain until the 18th century. Trees were an important source of fodder and their branches were regularly lopped so that sheep and cattle could eat their twigs and leaves. The branches could be used for firewood and other purposes. Boreal forests were also intensively exploited for fodder, by trimming, pollarding and lopping living trees (Slotte, 2001). Another positive effect is the increased longevity of pollarded trees (Mansion, 2010). Ancient European oaks are one well-known example, and this phenomenon may be explained by the fact that pollarding contributes to a tree’s ability to sustain substantial biomass (Rackham, 2003). Longevity in dryland trees protects viable populations during recruitment ‘bottlenecks’ (Andersen et al., 2012), and continued renewal of branches by pruning prolongs the production of viable seeds.
As claimed by Bhagwat et al. (2012), the long-term ecological knowledge that today’s ‘pristine’ forests might have been yesterday’s agricultural fallows should be applied to the concept of the ‘naturalness’ of landscapes and biodiversity conservation approaches. Evidence of long-term uses and shaping of forests is found worldwide and provides insights into the interest of reconsidering the place of human beings, and the diversity and particularity of their impact, even in the context of ancient forests (Willis et al., 2004; Miller et al., 2006).
The links between people and forests are thus very old and based on mutual adaptation, shaping and transformation (Moran and Ostrom, 2005). The forms of interactions are diverse, and the classical divide between forestry and agriculture is much too clear-cut and cannot describe the diversity and complexity of situations worldwide. There is a continuum between ‘nature’ and ‘culture’ (Descola, 2005) in the physiognomy of current forests which may be insufficiently considered in the study of ancient forests. Consequently, biological aspects, though essential, should not be the sole criteria used to define ancient forests, but should be seen in parallel with the status and ancientness of traditional knowledge associated with forest use patterns.
As argued by McNeely (2004), ancient forests do not necessarily mean ancient tree stands, because ancient forests can be exploited over time. The opposite question deserves to be asked: could the presence of ancient trees indicate ancient forests? In our case, it is very difficult to determine the age of these forests due to a lack of maps and historical data. Objectively speaking, we cannot really postulate that these are ancient forests, because of the lack of objective proof and because of the obviously high human impact on both tree stands and the overall ecosystem. However, some indicators can be taken into account: a native forest species which has never been seen nor planted; the presence of very old (and still productive) trees; the permanence of wooded areas, which constitute key territories for the livelihood of local societies; and the particular cognitive perception of forests which are not separated from human beings, but on the contrary are part of the domestic sphere of the local community’s livelihood.
We can thus introduce the concept of the ‘culturally modified ancient forest’ (Bobiec, 2012), which could usefully expand the ancient forest debate, in the sense that there is a particular mix of natural indicators, associated with transformation, shaping and structural aspects which are characteristic of long-term interactions between trees, forest ecosystems and humans (Figure 12-6). These forests also play a role 1) with regard to biodiversity sensus stricto (Bhagwat et al., 2008), 2) with regard to the security and development of human livelihoods (Moran and Ostrom, 2005), and 3) as a source of inspiration for the renewal of natural resource management methods in a changing world. Finally, they constitute a social ecological heritage as part of human and world patrimony.
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Figure 12-6: Temporalities and relationships between forests, natural ecosystems and human societies.
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Chapter 13: The ancient forests of the Argentinean Pampas: challenging old paradigms about a treeless landscape
Stella Bogino
The Pampas and the desert: a social construction of a barren site
Pampa is a Spanish word that comes from Quechua and means ‘plain’ or ‘flat area’. The pampas cover about 750,000 square kilometres in Brazil, Uruguay and Argentina (Cabrera and Wilkins, 1973). The Oxford dictionary describes the pampas as “large treeless plains in South America”. This definition is not entirely accurate since the driest part of the Argentinean Pampas is occupied by caldén (Prosopis caldenia Burkart) woodlands. These forests are mainly dominated by caldén, a Fabaceae endogenous tree species that only grows in Argentina (Burkart, 1976).
The first human occupants of the Argentinean and Uruguayan Pampas arrived during the Pleistocene (between 8,000 and 12,300 years BP). They had a hunter-gatherer economic system that was adapted to steppe environments. Agricultural activities were not detected by the Spaniards when they arrived into the area in the 16th century (Parodi, 1966; Politis et al., 2011). The absence of a highly organized society in contrast to other Pre-Hispanic groups such as the Incas or Aztecs, a vast land without any relevant orographic interference and the lack of valuable minerals resulted in the notional idea of a ‘desert’. “The desert is an empty landscape, nothing happened there because there was nothing” (Rodríguez, 2010).
The idea of the pampas as a desert persisted from the Spanish arrival up to the beginning of the 20th century. Juan Diaz de Solis, the first Spaniard who arrived in the pampas in 1516, commanding a small group of people, died due to an aborigine attack saying: “This land with nothing…”, once more expressing the idea of an empty area (Rodríguez, 2010). Alexander von Humboldt travelled throughout South America between 1799 and 1804. He described the pampas as a landscape without trees, crops, people or mountains reinforcing the notion of a land to be discovered. The arrival of European travellers mainly looking for precious minerals at the beginning of the 19th century reaffirmed this point of view and reinforced the idea of nothing (Miers, 1826; Bond Head, 1826). Among these explorers was Darwin (1839), who described the pampas as a wide desolated plain. Aborigines were considered by the Europeans as a part of nature, not as people, further contributing to the idea of a desert (Rodríguez, 2010).
Paradoxically, the capital city of the San Luis province, which is located to the north-west of the caldenales (forests of caldén trees), was founded in 1594 to keep over-exploitation of the forest in check. In 1627, a law to limit cutting activities was passed. However, neither this law nor taxes for the exploitation of wild cattle were ever enforced (Brailovski and Fogelman, 1991). Historical reviews mention that the shores of the River V, within the caldén forest, was populated by farms and poor villages and by ‘immense wild trees’ that “grow up to the clouds and whose sturdiness showed the richness of the land” (Rodríguez, 1858). These two facts enhance the idea of an old-growth forests rather than a barren place, showing that the notion of a ‘desert’ was from a European sociopolitical viewpoint that eventually favoured military intervention (Rodríguez, 2010).

The genus Prosopis and the dry forests of the Argentinean Pampas: Prosopis caldenia woodlands
Species that belong to the genus Prosopis are adapted to arid and semi-arid areas of Asia, Africa and America, with Argentina considered as the centre of its polymorphism (Burkart, 1976). Prosopis species appeared in the Mesozoic or at the beginning of the Tertiary period, and had been growing for at least 25-36 million years (Burkart, 1976). Nowadays, two differentiated Prosopis groups with a possible common origin can be found in America: one in the north and the other in the south. The endemic species, as Prosopis caldenia, may be the result of millions of years of specialization that created more than thirty different species in South America. Argentina is considered as the origin of the South American species which were subsequently transferred to the north via seed dispersal by birds and mammals (Carman and Mabry, 1975).
Prosopis forests provide many ecosystem services including shade, food, firewood, building materials, bee food, basin protection, carbon storage and desertification management. Many insects and small mammals depend on Prosopis species. Caldén woodlands are of critical ecological, conservational and social interest. They support 931 species of wild plants, 59 of which have potential medical uses, and 333 species of vertebrates, many of them endemic to central Argentina (Sayds, 2007). Archaeological remains of Prosopis nigra Griseb found in a cave in Argentina and dating from around 10,600 BP reinforce the historical value of this genus for human beings (Rogers, 2000).
Prosopis caldenia is an axerophilous deciduous tree species that thrives at the dry edge of the pampas. Caldén woodlands, which originally covered 169,333 square kilometres of central Argentina, have been severely affected by deforestation for more than a century (Cabrera, 1976). Today, caldén woodlands cover approximately 8,438 sq km (Sayds, 2007), equal to only 18% of the original area. The current deforestation rate of 0.82% per year is mainly due to land-use change from woodlands into grazing pastures and cropland.
Based on Clements’ theory of the ecological equilibrium, the climax community of caldén forests was described as being similar to a savannah with open to semi-open forests (Koutche and Carmelich, 1936; Veblen et al., 2004). Later on, changes from the climaxic community to Pickett’s no-equilibrium theory provided new insights about these forests in particular and the landscape in general (González et al., 2014). The ‘First and Second Major Clearings”, two extensive deforestation events that happened during the First and Second World Wars and which are widely considered as the biggest human impacts on caldén forests, challenge the idea of these forests being savannahs. As Dussart et al. (2015) wrote “a massive deforestation in a savannah or a place with few trees is impossible”.
The concept of forests in general and of the caldén woodlands specifically has changed throughout history depending on the social, economic, political, scientific and cultural context. We will develop the ancient p. caldenia forest concept, taking into account what this has meant throughout history and how these forests can be defined from a new paradigm perspective.

Defining the ancient forests of the Pampas
Forests in general and temperate forests in particular grow old in many ways. It is therefore nearly impossible to provide a unique scientiﬁc deﬁnition for old-growth forests that encompasses the full spectrum of structural and succession options (Wirth et al., 2009), even when speaking about forests mainly dominated by one species as is the case of Prosopis caldenia woodlands (Figure 13-1A). The most widely accepted criterion is based on structural characteristics of trees including tree age. In Belgium for example, old-growth forests are described as sites that have had a continuous forest cover since approximately 1775. This definition includes both primary forests (primeval forest present since the Holocene) and ancient secondary forests established before 1775, for example, on former arable lands (Honay et al., 1998).
In the case of caldén, dendrochronological studies performed on basal cross-sections throughout its natural distribution area have determined its longevity to be around 300 years old and its culminating growth age between 60 and 100 years (Villalba et al., 2000; Bogino and Villalba, 2008; Bogino and Jobbágy, 2011; Dussart et al., 2011). These data improved structural studies (e.g., the National Forest Inventory of Argentina), since no significant association was determined between diameter at breast height (DBH) and tree age in this species, meaning that sometimes forests whose physiognomy suggests old-growth are barely 70 years old (Figure 13-1B). A growth culmination age of 60 years may be considered as a reference value to establish a limit to define old-growth caldén forests. Some old registers portrayed caldén forests as “jungles” (De Moussy, 1860) “that grow up to the clouds” (Rodríguez, 1858; Figure 13-1A) or “impossible to travel though” (Greslebin, 1924), suggesting the idea of high, dense and frequently mature forests along the 19th century. These descriptions of caldén forests by common people suggest the idea of a landscape that is frequently covered by mature woodlands.
How many of these forests that used to grow “to the clouds” can be found today in the p. caldenia area? The first, and only, National Forest Inventory of Argentina (Sayds, 2007) noted that only 18% of the pristine areas of the p. caldenia forests are still in place. Is this remaining 18% ‘ancient’ p. caldenia forests? They can be defined as such even if their physiognomy does not always resemble that of an ancient forest. Because of fire events affecting more than 33% of these forests, at times they present a low, thorny shrubby structure known as fachinales (Sayds, 2007; Figure 13-1C).
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Figure 13-1: Prosopis caldenia old-growth forests in the southern caldén forest distribution area: (A) older than 200 years, (B) around 70 years, and (C) and affected by fire. ©Gerardo Salonia
Fachinales were described for the first time in 1938 as a shrubby plant community of 1 m to 3 m high which prevailed in arid and semi-arid areas (Monticelli, 1938). They are the result of secondary succession from degraded forests, dominated by woody species (P. caldenia, Prosopis flexuosa D.C., Celtis iguanaea (Jacq.) Sarg., Geoffroea decorticans (Gill. Ex Hook. et Arn.) Burkart, Condalia microphylla Cav., Chuquiraga erinacea D. Don., etc.) due to overgrazing, cutting and fire (Dimitri and Zacattieri, 1982; Figures 13-2A and B). Another definition describes fachinales as thickets formed by thorny shrubby species growing on poor soils and in a continental climate (Sayago, 1969). Two opposite opinions were stated in relation to the succession of fachinales: on the one hand, the idea of a modified community that was once a forest and that will be a forest in the future and, on the other hand, a community that will never have the chance of being a forest again (Cozzo, 1995).
Presently, fachinales physiognomy prevails in the caldén area, including the remaining 18%, as the result of massive fire events. This implies that the succession criterion for an ancient forest without any allogenic processes in sensu stricto may be not adequate for caldén forests (Oliver and Larson, 1996). The concept of pioneer species replaced by late-succession species throughout time does not apply here, where after disturbances an extensive recruitment of woody species occurs, with caldén behaving as both a pioneer and a late-succession component of these forests (Oliver and Larson, 1996; Figure 13-2C).
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Figure 13-2: Fachinales or low, thorny shrubby community of Prosopis caldenia settled after fire events or massive recruitment favoured by cattle (A, B), and a young forest (C). ©Gerardo Salonia
New studies have determined that anthropogenic disturbances have driven the caldén forest physiognomy throughout the last four centuries. The chronological description of human impact on the area may provide a new understanding about forests, the Pampas and a desert landscape.

Human occupation chronology of the Prosopis caldenia forests
Ancient inhabitants of the Argentinean Pampas old-growth forests
The aborigine settlements in the caldén area during the primeval human occupation of the Argentinean Pampas were once near freshwater sources such as rivers and jagüeles (human-built fenced water wells). They were hunter-gatherers, with the guanaco (Lama guanicoe Müller), an endogenous ruminant, as the most important species in their daily diet (Berón and Fontana, 1996). The use of vegetables was determined indirectly due to the presence of mortar and grinding tools. Carbon remains suggest its use for cooking and pottery manufacture around 2750 years BP. Given the species that were found, Beron and Fontana (1996) concluded that the area has not changed for at least 4,500 years since those species are similar to those of today. The aborigine people did not farm and they hardly left a trace on the caldén forests. Their economy was based on cattle breeding, grazing and a small amount of hunting and farming (Tapia, 2005).

Massive human immigration in the Prosopis caldenia forests
The land occupation by aborigines from Chile: the araucanization process
The first major transformation of the Pampas landscape started in 1536 with the Spaniards’ introduction of horses and then goats, sheep and cattle. Due to the lack of endogenous predators and the availability of excellent quality forage, cattle reproduced exponentially, and became wild livestock (Giberti, 2010). Subsequently, and since the middle of the 18th century, the area was affected by a vast human immigration of aborigines known as ranqueles, who came from the neighbouring country of Chile. Both exogenous processes were linked in the Pampas since the aborigines’ aim was to capture wild livestock and to transport it to Chile (Tapia, 2005).
After their settlement in the Argentinean Pampas, the ranqueles had a very active economic trade with Chile selling cattle raised in the Pampas and sold in Chile. Studies about ranqueles determined that they were established mainly in the caldenal (or Mamül Mapu in the ranquel language) and used fire as a tool to increase forage availability. The establishment of the ranqueles in the calden forests was not an accidental event but an extensive process of araucanization, named after araucanian aborigines from Chile. Their economy was based on cattle breeding, grazing and very little hunting and agricultural practices (Tapia, 2005). At the north of caldén forests, colonists (Spaniards and Creoles) were established two hundred years before the ranqueles and the limit between these communities was once very conflictive and cruel from each side. The aborigines were a bellicose community, attacking colonial lands, robbing cattle and kidnapping people, especially women (Figure 13-3A). English travellers passing throughout the area admired the ranquel’s feeling of freedom (Bond Head, 1826; Rocchietti et al., 2013). In 1878, aborigines attacked the Argentinean army using fire and favourable winds as their allies. The army reported that they had to travel during the night to avoid the mammoth blaze, which went from the grass up to the crown of the tallest caldén trees (Zeballos, 1881).
Recent studies on the ranqueles determined that they had a social and political organization that strongly affected the economic activities in southern Chile and central Argentina throughout the 18th and 19th centuries (Carreño, 2004; Tapia, 2005). The ranqueles arrived in Argentina during the Spanish colonial times and remained more than sixty years after Argentina’s independence. At the end of the 19th century, the large country of Argentina (more than 2,780,000 sq km) had a population of only 1,877,490. To populate the country, the Argentinean government established a state policy that favoured European immigration. These immigrants looked for safe places to settle and the presence of bellicose aborigines ran contrary to that plan.

Political decisions, the desert campaign and aborigine extermination in the Prosopis caldenia forests
Social changes took place at the end of the 19th century when a military campaign, known as the Desert Campaign, practically annihilated the aborigines. Some 14,000 people were either killed or deported to favour European immigration. After 1880, the aborigines were nearly eliminated and many European immigrants, mainly Italians, arrived in Argentina with nothing but a shotgun and farming tools (Rodríguez, 2010; Figure 13-3B).
When the military campaign ended, six million hectares were distributed in 1882 (Rodríguez, 2010) as compensation to those who served in the Desert Campaign. This meant that land was not available for the newly arrived Europeans. Land was organized into large farms similar to those during colonial ones before independence. Land owners most commonly business men who lived in Europe and who made their livings off immigrant work (Molins, 1918).
The biggest changes in the caldén forests took place at the end of the 19th century when more than six million sheep were introduced in the area, bringing about massive deforestation to promote quality wool production (Bogino et al., 2015; Figures 13-3C and D). Between 1881 and 1890 the ‘modern’ occupation took place, and around 1.5 million hectares of caldén forests were deforested until 1935 (Garbarino, 2008).
The forests’ physiognomy was considered inconvenient and their ‘cleaning’ an urgent need to allow for sheep grazing. Molins (1918) explained how “the forest and thorny shrublands of the ‘dirty’ countryside disfavour and reduce the value of sheep wool. With few exceptions, the San Luis province is occupied by large and thick forests whose trees are not so high or full but there are jungles that could be compared with the Chaco forests, not for the variety of species or vitality but for the tree size and the numerous trees of heavy wood as forests alongside the River V, Cochengan and so on. Caldén dominated all of them”.
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Figure 13-3: ©Ranqueles after attacking European and Creole settlements (A) (The Return of the Indian Raid, Della Valle, 1892). Crop production by European immigrants, 1909 (B) ©Stella Bogino, private collection. Massive deforestation at the beginning of the 20th century (C) ©Fototeca Bernardo Graff (https://fototecabernardograff.wordpress.com/ [image: ]). Sheep introduction and the absence of mature forests after “cleaning” (D) ©Estancia La Holanda, 1910 (Dussart et al., 2015). Cutting at the Prosopis caldenia forests in 1910 (F) ©Rothkugel, 1938 and 1947 (G) (Argentina Archivo General de la Nación Dpto. Doc.. Fotográficos o AR_AGN_DDF// Consulta_INV: 49436).

European immigration and its impact on Prosopis caldenia forests: from the end of the 19th century to the present
The last century provides more information about Prosopis forests and the disturbances affecting them. According to oral tradition, during aborigine occupation, grassland in the northern area used to be 1.5 m high. People had to use meandering shadowed paths to travel across the tall caldén forests. Greslebin (1924) recounts how “nowadays it is very strange to find this type of forest”, reflecting the transformation that took place in a short period of time in this area (Figures 13-3F and G). Sheep grazing persisted until the middle of the 20th century when, as a result of a change in trade interactions, wool lost its value and sheep were replaced by cattle. It has been widely assumed that the largest deforestation process happened during the First and Second World Wars, but this hypothesis is controversial at present. The current physiognomy of the caldén forests is thought to be the result of the replacement of sheep by cattle in the middle of the 20th century. Cattle eat Prosopis fruit, which has favoured the seed dispersal of this species, increasing seedlings and tree density and therefore has made the forest structure denser and lower in the last 60 years (Dussart et al., 1998; Figures 13-2A and B).



Using dendrochronological studies to understand past forest dynamics
Scarce historical documents provide limited information about woodland physiognomy.. This gap can be filled by dendrochronology, which can be used to analyse spatial and temporal patterns of biological, physical and cultural processes. It provides information about the past and current environmental events including those related to weather, fires, periodic insect outbreaks, etc. (Speer, 2010).
The agronomists Krebs and Fisher conducted the first dendrochronological study in South America in 1931 when they tried to connect caldén growth dynamics to rainfall. A severe drought occurred in 1929, leading to ecological and social changes including a massive exodus. This period is known as the ‘great agricultural penury’ (Bogino, 2014; Dussart et al., 2015). Dendrochronological studies then came to a halt and restarted in the 1980s based on the exceptional potential of caldén for these studies (Villalba et al., 2000).
Dendrocronological studies allow us to understand numerous changes that took place in the caldén area throughout the last four centuries. First, aborigines used fire extensively, contrary to beliefs that they maintained an idyllic relationship with forests. The effects of fire on thick forests were described by travellers as similar to the impacts of war or pests (Bon Head, 1828; De Moussy, 1860; Medina et al., 2000; Medina, 2008). Fire scars can be detected and consequently dated on cross sections using dendrochronological methods. At the beginning of the 21st century two studies were carried out in the caldén area using this technique and demonstrated the occurrence of fire events during aboriginal occupation (Medina, 2007). The idea that forests remained unaltered and without any ecological impact during this period is a myth, since fire was extensively used prior to the European settlement in South America (Denevan, 1992). Fires determined the physiognomy of these forests, and their frequency increased at the end of aboriginal occupation due to its use as a defence tool. During the 20th century, fires continued to be used as a management tool, especially to control woody species. As a result, the mean frequency of fire events increased, with a fire event every ten years, creating a low, dense fachinal. According to Dussart et al. (2015), a shrubby landscape is the only forest possibility under such management practices.
Coetaneous forests, in relation to their age, which are the result of a disturbance (fire, deforestation, etc.) and subsequent recruitment, are common in the area (Dussart et al., 2015; Bogino et al., 2015). In the 18th century a simultaneous recruitment occurred, which could have been favoured by the massive cattle movement that helped dissemination (Dussart et al., 1998). In the 20th century, and more specifically in the 1920s, another simultaneous recruitment happened, due to land abandonment as a result of the great agricultural penury. Sheep overgrazing caused low grass availability during dry periods, which likely had a beneficial effect on recruitment due to the reduction of grass competition (Walter, 1971; Villalobos et al., 2005; Bogino et al., 2015).
Finally, dendrochronological studies demonstrated that during the aboriginal period forests had low growth rates (annual radial growth between 1.77 mm and 1.88 mm year-1), which shows that the physiognomy of these forests’ was denser than today. A simultaneous growth release linked to extensive deforestation as a result of European immigration occurred, changing the woodlands’ physiognomy into a savannah-like area. The old paradigm of caldén forests being open to semi-open woodlands can be challenged in light of dendrochronological studies (Dussart et al., 2015; Bogino et al., 2015).

Conclusion
The study of the historical dynamics and uses of forests provides new insights about the link between forests and people’s uses of them throughout history. A better understanding of these ecosystems allows us to develop sustainable management strategies in a changing world. Prosopis caldenia physiognomy is strongly linked with human occupation of the Argentinean Pampas. Aborigine settlements and European immigration transformed these dense and closed forests into savannahs, and they remained that way until the middle of the 20th century when fachinales became the most frequent caldén forest physiognomy.
Old-growth caldén forests can be defined from a structural point of view based on species longevity, but the fact of these forests being affected by fire need to be taken into consideration when studying these woodlands.
This review allowed us to have a better knowledge of the landscape of the Argentinean Pampas, challenge myths about an undisturbed landscape during the aboriginal period and emphasize the value of interdisciplinary studies between historical and dendrochronological tools.
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Chapter 14: Root and branch: a community archaeology and palaeoecology approach to the investigation of a submerged forest at Pett Level, Sussex, UK
Scott Timpany and Lara Band
Submerged forests, the remnants of prehistoric former woodlands, are present in various coastal locations in the UK between the lowest tides and high water marks (Jenkyn, 1969; Heyworth, 1978; Clapham and Allen, 2000; Seel, 2001; Timpany, 2005; Charman et al., 2015; Timpany et al., 2017), together with fully submerged locations (Momber et al., 2011). Many exposures represent woodland killed by the rising of the water table or the ingress of saltwater and have been preserved through burial by later growths of peat, or marine clay, silts and sands. These types of sites are palaeoecologically important as they offer a unique opportunity to investigate past woodland structure; the age and size of individual trees and their spatial distribution (Timpany, 2005).
The study of these ancient woodland remains can be traced back to as early as the 17th century with accounts such as that by the Reverend Richard James (1636) in his book Iter Lancastriense where he expressed wonder at the exposed remains at Sefton, Formby. Within such early accounts submerged forests were often linked with mythical lost lands with authors recognizing trees that belonged to a past landscape very much different to today (Godwin and Newton, 1938; Johnson and David, 1982).
A large volume of studies of these remnant woodlands can be found in the literature of the mid-19th to early 20th century (Watt, 1820; Traill-Dennison, 1893; Ashton, 1909; Travis, 1926) with the focus of investigation being the stratigraphic relationship of the woodlands as much as of the trees themselves. Perhaps the most renowned publication is still Clement Reid’s (1913) pioneering book entitled Submerged Forests in which he provides an account of numerous submerged forest exposures along the British coast, within which Reid suggests the submergence of these woodlands was due to subsidence of the land, rather than rising sea levels.
More recent studies (Clapham and Allen, 2000; Seel, 2001; Timpany, 2005; Charman et al., 2015) have continued to take a more science-oriented approach to the study of submerged forests, employing a number of palaeoecological (e.g., palynology, archaeobotany, palaeoentomology) and dating techniques (e.g., dendrochronology, radiocarbon dating) to reconstruct past landscape change. This has led to much of this type of study having effectively taken place behind closed doors to the general public. However, submerged forests continue to facilitate a sense of wonder and images of these enigmatic trunks and stumps are often brought into the public arena by the media (including at Pett Level), particularly following storm events which strip back intertidal sands and muds revealing the tree remains.
Community archaeological projects have increased in popularity within the UK over the last 10 to 20 years, with the majority of archaeological projects now involving at least some form of community archaeology. However, it has been questioned whether such projects are effective in providing knowledge transfer and enabling communities to take forward research through developing their own skill sets (Simpson and Williams, 2008, 70). Similar projects that combine community archaeology with more scientific elements have found varying levels of success (e.g., Brown et al., 2004). The investigation at Pett Level sought to involve the local community through an outreach programme and collaboration with local archaeological groups and societies. This has been furthered through partnership with CITiZAN (Coastal and Intertidal Zone Archaeology Network), developed by the Museum of London Archaeology from their successful Thames Discovery Programme. The aim of this integrated approach was to involve the community in the recording and sampling of a previously little studied, but locally well-known, submerged forest at Pett Level, Sussex (Figure 14-1) as a forum for knowledge transfer and the development of archaeological skills.
This paper discusses some of the results of this work to date including the recording and mapping of the remnant woodland in the intertidal zone by the community and some of the more laboratory-oriented elements such as the wood identifications.
Site description
The Pett Level submerged forest (TQ 8895 1400) is located within a stretch of intertidal peats approximately 7.5 km to the south-east of Pett Village, Sussex, which run along the coastline, covering an area of approximately 2 km from Cliff End eastwards (Figure 14-1). At the south west-end of the site the peat is bordered by the cliff face at Cliff End; a prominent landmark formed from fine sandstone of the Ashdown Beds formation. The cliff section has been designated a Site of Special Scientific Interest (SSSI) due to its geological importance and inclusion of well-preserved fossils including dinosaur footprints and plant remains.
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Figure 14-1: Site location map with reference to previous work by Sutherland (1984).
This cliff face, which is now actively eroding from tide and storm damage, would have been protected during the Mid-Holocene by the woodland (now submerged forest) present around the base of the cliff. Available radiocarbon dates suggest that is would have been growing at around 5000 BP. The observation of the submerged forest is important as it changed long-held views that this cliff section once extended 1.6 km to 7 km seawards before it was eroded back to its present position by the sea (Gulliver, 1897; Lewis, 1932). Eddison (1983, 41) notes that together with the woodland, the cliff was also protected by a shingle barrier, which suggests that much of the erosion to this cliff section has taken place during modern times.
The submerged forest at Pett Level has been observed recently by several authors (Welin et al., 1972; Lake and Shepherd-Thorn, 1987; Waller et al., 1988). Available radiocarbon dates from peat at the base of an in situ tree stump of 4346-3651 cal BC (IGS-C14/55; 5300±100 BP) and the stump itself of 4322-3783 cal BC (IGS-C14/56; 5205±105 BP) suggest the woodland at Pett Level is Late Mesolithic/Early Neolithic in age (Welin et al., 1972); a date that has also been suggested by Sutherland (1984) based on pollen assemblages from the peat analysed during PhD research (Figure 14-1).
The intertidal peats at Pett Level are located on the southern edge of the Romney Marsh depositional complex, a large former wetland, coastal lowland area of about 27,000 ha, which incorporates Dungeness Foreland, Romney Marsh and Walland Marsh (Waller et al., 1999). A significant amount of stratigraphic and palaeoenvironmental study has taken place across this area (Figure 14-2). Long et al. (2006, 64) observes that these marshes are formed by around 25 metres of unconsolidated sediment, the majority of which was formed during the Holocene and includes an extensive lateral peat bed. The main marsh is thought to have formed around 6000 BP during a period when sea level rise slowed and the coastal barrier of Eddison (1983) was active, providing protection for the development of the freshwater peat that grew to its maximum extent at around 3200 BP (Long et al., 1998, 2006). Shortly after this the area of Romney Marsh is thought to have been inundated by rising sea level with Walland Marsh being completely submerged by around 1700 BP (Long et al., 1998, 65). However, areas of saltmarsh and tidal channels were then reclaimed during the 14th to 16th centuries.
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Figure 14-2: Palaeoenvironmental and stratigraphic study sites across the Romney Marsh area.

Methods
Due to the large extent of the exposed tract of submerged forest at Pett Level an area of intertidal peat, approximately 600 m in length by 63 m in width at its thinnest end to the southwest and 167 m in width at its widest end to the northeast, was used for the location of the tree recording and sampling (Figures 14-1 and 14-4). The outer edge of the peat at the seaward and landward sides, together with a possible channel running through the peat shelf, was surveyed using a Leica Viva dGNSS (digital GPS). This area incorporated the southern end of the intertidal peat and was also chosen due to having easy accessibility from the end of the walkway, providing close proximity to amenities if needed by community members. This was also one of the first areas to become exposed and last to be covered by the returning tide, allowing for the maximum working time (of approximately 4.5-5 hours) during low tide.
All trees were recorded using a specially designed Intertidal Peat and Tree Recording Form (see Timpany, 2005), which, following training given in the field by members of the team, enabled volunteers to confidently work independently from the team members in small teams (Figure 14-3). The Tree Recording Form allowed the following information to be obtained:
	Identification of tree remains as oak or non-oak 

	Identification of the tree remains as a trunk, stump, root/branch or indeterminate fragments

	The maximum diameter of the exposed trunk/stump/root/branch

	The maximum length of exposed trunks and root/branch fragments

	The number of branches and distance to first branch on trunks (to provide information on woodland density) 

	Orientation of trunks from root to crown (to provide information on any potential storm damage, see Allen, 1996)

	Identification of any evidence of wind damage (e.g., root snap)

	Identification of any charring present on tree remains (possible woodland burning episodes)

	The level of preservation (e.g., any evidence for hollowing of trunk and stumps)

	A sketch of the tree remains to aid identification should it need to be revisited
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Figure 14-3: Community members recording submerged forest tree remains.
Identification of the form of the tree remains was done through observation (e.g., trunk or stump, identification of branches). If community members had any doubt over the form of the tree (e.g., trunk or root, evidence of a branch), it was discussed with team members prior to being recorded. A hand tape measure was used to record measurements such as trunk length, maximum and minimum diameter and distance to first branch. Only the exposed length of the trunks/roots/branches were measured in order to mitigate any further erosion to the peat shelf and tree remains caused by digging into the peat to expose trees. The tape measure was also used to provide a scale for the sketches. A compass was used to measure the orientation of the trunks from root to crown. Training was provided to recognize oak from non-oak trees in the field, based on the observation of raised rays (appearance of ridges) and the hardness of oak to separate from the softer non-oak trees. A wood identification sample of around 2 cm3 was taken from the outer part of each recorded tree during recording, incorporating where possible bark and sap-wood boundary to identify the tree remains as close to species level as possible during laboratory work. Once a tree had been recorded and sampled, its position and OD height was then surveyed using a Leica Viva dGNSS. For trunks and roots/branches a survey point was taken at each end of the tree remains, while for stumps a survey point was taken at the centre.
Wood identification samples were taken from each of the recorded trees. For identification wood samples were thinly sliced along the radial, tangential and transverse sections using a razor blade and then bleached before being mounted on a slide in silicone oil and examined under a microscope at x100 and x400 when required. Wood sections were identified using features described by Schweingruber (1978, 1990).

Results
Tree recording
A total of 153 trees were recorded and sampled for identification by community members during fieldwork (Figure 14-4). This is the largest number of recorded and sampled tree remains from a submerged forest site in the UK and demonstrates the success of the work done by community members. The most commonly recorded tree type across the surveyed area of peat shelf was alder (Alnus glutinosa), represented by 40.52% (62) of the total (Figure 14-4). The second highest tree remain recorded was oak (Quercus sp.), which comprises 25.49% (39) of the total assemblage and is largely distributed to the landward and seaward edges of the peat shelf. Ash (Fraxinus excelsior) is also prominent at 13.07% (20) of the total assemblage and occurs across the peat shelf, particularly in the northern part; although this may be more a reflection of where trees were sampled. Willow (Salix sp.) accounts for 7.19 % (11) of the total assemblage and was recorded largely in the northern half of the peat shelf. Yew (Taxus baccata) comprises 5.23% of the total assemblage and are scattered across the peat shelf, while tree remains of birch (Betula sp.) accounted for 3.92% of the total assemblage and are distributed mainly along the seaward edge of the peat shelf. A single hazel (Corylus avellana) tree remain was identified and contributed 0.65% to the total assemblage, located at the extreme southern end of the peat shelf. Unfortunately, wood identification samples for six trees (T9, T15, T22, T56, T61 and T192), accounting for 3.92% of the total assemblage, were not taken in the field and so these identifications are shown as unknown. The representation of blank areas of the peat shelf in Figure 14-4 is more a reflection of no recording of trees in these areas rather than an absence of tree remains.
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Figure 14-4: Wood plan of identified recorded tree remains of the submerged forest.
Information gathered on the Intertidal Peat and Tree Recording forms by community members offered further information on this submerged forest. Community members were encouraged to record tree remains indiscriminately in order to gain information on characterizing the types of tree remains present on the peat shelf. However, there is thought to be a large element of bias with this approach as community members seem to have been attracted to trunks more than other tree remains and this may have been due to trunks being easier to recognize and record, especially due to the fluidity of community members joining and leaving the project after initial training. Nevertheless, the tree records show that 69.93% (107) were recorded as trunks, 16.34% (25) as stumps and 13.73% (21) as roots/branches. A breakdown of these overall percentages by tree type indicates that alder remains comprise 28.76% (44) trunks, 6.54% (10) stumps and 5.23% (8) root/branches of the overall assemblage. Oak tree remains accounted for 18.3% (28) trunks, 5.23% (8) stumps and 1.96% (3) root/branches of the overall assemblage, while ash tree remains comprised 11.11% (17) trunks and 1.96% (3) root/branches, with no stumps recorded for this tree type. Tree remains of willow comprise 2.61% (4) trunks, 0.65% (1) stumps and 3.92% (6) roots/branches of the overall assemblage with yew accounting for 2.61% (4) trunks, 1.96% (3) stumps and 0.65% (1) root/branches of the assemblage. Birch tree remains contribute 1.96% (3) trunks and 1.96% (3) stumps of the overall assemblage. The solitary hazel recorded comprised 0.65% (1) trunk of the assemblage. This data should only be viewed as a breakdown of the recorded trees rather than being a representation of all tree remains across the surveyed area of peat shelf.
Recording of the length of visibly exposed trunks in the peat to gain information on tree size indicated that 73.83% of trunks (79 of 107) had a maximum length of 4 m and that within this size category 28.04% (30) of trunks were between 1-2m in length and 26.17% (28) between 2-3 m in length. Within this trunk assemblage alder range in size from <1 m to 10-11 m in length, again with the majority between 1-4 m in length (31 of 44). Oak trunks range from <1 m to 6-7 m with the majority between 1-3 m (16 of 28). The majority of ash trunks lie between <1 m to 5-6 m in length with an outlier of 10-11 m. Willow trunks range between 1-5 m, while birch trunks have a recorded range of <1 m to 4-5 m and yew <1-4 m. The single hazel trunk in the assemblage had a range of 1-2 m in length.
Evidence for branching and branches were identified on trunks during tree recording to gain information on the openness of the woodland, with 73.83% (79 of 107) of trunks recording no evidence for branching. Of those 26.17% (28) of trees where branching evidence was recorded, 19.63% (21) had one branch recorded, 1.87% (2) had two branches recorded, 3.74% (4) had 3 branches recorded and 0.93% (1) had five branches recorded. All identified tree types were observed to display branching evidencing at least one branch. One oak and one yew trunk showed evidence for two branches, while three oak trunks and one birch trunk displayed evidence for three branches. An outlier of one oak trunk recorded evidence for having five branches.
The distance to first branch from the root end of the trunk was measured in order to gain further information on woodland openness. A closer the distance between root bole and first branch would indicate a greater degree of woodland openness, with trees branching earlier in their growth. The information showed that of those trunks that displayed evidence for branching (26.17% (28) of overall trunks) 18.69% (20) of branches were a maximum of 2 m from the base of the exposed tree remains. Alder trunks had the largest range of minimum branch distance being between 0.1-1m to 5-6 m, followed by oak which ranged from 0.1-1 m to 4-5 m. Ash, birch and yew had a range of 1-2 m to 3-4 m, while Salix ranged from 1-2 m and hazel from 0.1-1 m.

Community archaeology
The use of the recording form, proved to be extremely effective during fieldwork. Using a combination of tick boxes and recorded information (e.g., trunk length) together with a few lines of dialogue and a sketch of the tree remains meant that volunteers found the forms easy to use, accessible and not overly complicated. A brief explanatory session around a tree by the project team for the volunteers was required prior to handing over the tree recording to community members. This enabled the team to discuss what was required to record tree remains and each element of the recording form as well as to field questions from volunteers. A demonstration of recording was given, including how to take a wood identification sample, where it should be taken on the tree remains (e.g., incorporating the outside of the tree) and instructions on labelling and how to make sure the wood sample is kept waterlogged by making sure to have water in each bag covering the wood fragment.
Once volunteers had been inducted to the foreshore area and to the tree recording methodology they were divided into small teams to go out onto the peat shelf and record trees within the set area of the survey. Almost straight away the teams had organized themselves with ‘tree recording kits’ gathering together all the equipment they would need to record trees. These assembled kits would then be used throughout the duration of the fieldwork, occasionally requiring top-ups of consumables such as nails and sample labels (pre-labelled by the team so as to avoid duplication of numbers). From as early as the second day of fieldwork volunteers from the first day where able to instruct newcomers on recording the tree remains using the tree recording form method, demonstrating the user-friendly recording system, the confidence of volunteers and successful knowledge transfer.


Discussion
The woodland
The wood identification results from the 153 recorded trees within the submerged forest at Pett Level suggest an alder-dominated woodland with a significant presence of ash and oak, together with willow. Yew, birch and hazel were also recorded but in smaller quantities (Figure 14-4). Tree remains of oak and alder have been recorded from submerged forests across the UK at sites such as the Severn Estuary (Timpany, 2005), Stolford, Bridgewater Bay and Borth, Cardigan Bay (Heyworth, 1978), the Thames Estuary (Seel, 2001) and Langstone Harbour (Clapham and Allen, 2000), although not always as part of the same woodland. The identification of ash and yew are of particular interest as ash has only previously been recorded in the submerged forest along the lower Thames Estuary at Erith, Kent (Seel, 2001), while yew has been recorded at Erith and Langstone Harbour, Hampshire (Clapham and Allen, 2000). The tree morphology information gained from the Intertidal Peat and Tree Recording forms suggests this woodland was fairly open with the majority of trees with branches recorded able to branch out between 0.1 to 2 m from their base. Pockets of denser woodland are also likely to have been present given the height of some trees indicated by trunk length in excess of 11 m; this scenario has also been suggested from preliminary insect work.
The wood identifications from the site show the presence of a largely wet woodland with elements that may have similarities with Rodwell’s (1991) W7 Alnus-Fraxinus-Lysimachia woodland. However, the produced wood plan created by the community members presents a complicated picture as the tree remains present on the peat surface represent a palimpsest of former woodland rather than a single phase of woodland growth. The complexity of this issue has been highlighted by a programme of dendrochronology on 20 oak trees, which failed to provide a chronological match and subsequent radiocarbon dating of tree remains. The dating results from the tree remains at Pett Level (Figure 14-5) indicate they represent woodland, which was present from at least the Early Neolithic with oak trees T132 and T194 providing dates of 3350-3020 cal BC (SUERC-58692; 4483±29 BP) and 3100-2910 cal BC (SUERC-58693; 4389±29), respectively. These dates appear to correlate well with the formation of the uppermost peat (Figure 14-5). A second period of woodland growth of Late Neolithic date is given by oak trees T129 and T121, with T121 radiocarbon dated to 2300-2060 cal BC (UBA-28273; 3770±30 BP). A third group of dates of oak (T44), alder (T32), ash (T44) and willow (T41) trees shows a continuation of woodland growth into the Early Bronze Age with a date range of 1950-1740 cal BC (UBA-28251; 3518±38 BP) to 1750-1610 Cal BC (SUERC-58580; 3381±29 BP). This final date appears to be from the ultimate end of woodland growth at Pett Level before it was submerged by rising sea levels that had breached the offshore gravel spit, with the last date for peat accretion at Pett Level being 1750-1520 cal BC (UBA-28252; 3350±38 BP).
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Figure 14-5: Plotted radiocarbon dates from the submerged forest tree remains against uppermost peat dates.
The story of woodland development is further complicated by the complex stratigraphy of intercalated peats and marine clays suggesting phases of periodic inundation on some but not all parts of Pett Level. In effect the tree recordings made by the community members presents a chronologically diverse snapshot of a former woodland at various stages of development.
Preliminary palynological work from test pits through the uppermost peat, which were excavated, recorded and sampled by specialists working with the community members, has also begun to provide some information on the development of the woodland at Pett Level. Two test pits were dug during fieldwork, with subsequent radiocarbon dating indicating one test pit sequence spans the Neolithic and the second the Neolithic through to the Early Bronze Age.
Both sequences suggest alder-dominated, probable carr-woodland is present, with alder pollen values reaching up to 80% TLP in both diagrams. The dominance of alder plant remains is likely to reflect the immediate local environment with alder known to be a high pollen producer (Waller et al., 2005) and catkins falling directly onto the peat. This is also reflected in the presence of macroscopic remains of alder catkins, buds and seeds within the peats. Oak is also prominent in both sequences, with the recovery of pedunculate oak (Quercus robur) acorns in the peat indicating it is this species of oak present rather than sessile oak (Quercus petraea). Willow and ash pollen is present in both sequences suggesting the remains of these trees on the peat surface may not just be constrained to the Early Bronze Age. However, being insect-pollinated the representation of ash is much lower than its physical presence on the peat surface, where it contributes 13% of the identified tree remains and highlights a problem of using palynology alone as a method for woodland reconstruction. This is also an issue for yew but with yew pollen only present in the Early Bronze Age sequence it would suggest this species may only have formed a constituent of the woodland during this period.
The preliminary pollen work so far conducted from the two test pit sequences compare favourably to those of Sutherland (1984), who also recorded alder-dominated sequences with oak, ash, willow and hazel present. The recording of yew pollen in the assemblage from one of the test pits (and wood remains) is an addition to the woodland composition information gained by Sutherland. Alder-carr woodland is also the main past woodland type identified through pollen analysis of the extensive lateral peat present across the Romney Marsh area (Tooley and Switsur, 1988; Waller, 1987, 1994, 2002; Waller et al., 1999; Long and Innes, 1995; Waller and Schofield, 2007).

Community archaeology
The project successfully established that there is a public interest in learning more about submerged forests and in particular for communities who have these enigmatic remains present locally and from around which stories have developed. The remnant woodlands themselves create their own dialogue with the public. The recording and sampling of the tree remains with the use of the recording forms proved to be very successful with a wealth of data generated from the fieldwork. Subsequent return visits to the site as part of the annual CITiZAN programme of events are generating further data. That community members keep returning to undertake fieldwork each year, receive updated information on the project and immerse themselves in intertidal archaeology provides some empirical evidence for the continued interest in this form of community archaeology project.
Going out into the intertidal zone with community members to undertake the submerged forest study also provided a forum for on-site knowledge transfer where people could get exposure to and interact with a number of different environmental archaeology techniques such as dendrochronology, sediment auguring, section recording and sampling, as well as with test pit digging. These were supplemented by additional workshops during periods of low tide to increase awareness and understanding of the scientific elements of the project and give community members the opportunity for a hands-on experience of these analyses.
This approach was met favourably by community members. For example, Red Mason contributed the following in the site visitors’ book: “It was fascinating to be given an insight into all the techniques and the hard work that goes into recording and sampling, the work that lies behind it, the complex and often unintelligible reports in publications. Thank you.” The final part of this comment is elucidating in the frustration often met by community members when attempting to engage with academic and/or grey literature. Through this project these techniques were able to be explained and engaged with through hands-on experiences that allowed community members to look behind the closed doors often associated with this type of project. An additional comment by Andy Dinsdale also showed how community members enjoyed being able to engage in a project that provided an inroad into the scientific exploration of a locally well-known coastal feature: “Absolutely fascinating to discover more about the submerged forest. Great info and transferring of knowledge. Enjoying the recording and can’t wait for the final results! Thanks.”
The combination of the scientific methods and the choice of using an exposure of submerged forest for this type of combined study means that inevitably the project still retains a top-down approach rather than bottom-up, which has been a criticism levelled at community archaeology projects in terms of ownership (Simpson and Williams, 2008). Through conducting a project on a site that is not specifically archaeology in the traditional sense it may have extended the reach of public engagement beyond a pre-existing group of archaeological enthusiasts, a critique previously levelled at community archaeology (Carman, 2011). It has thus provided an engagement hub for community members to interact with a site that has generated much public affection on a level that would previously have been inaccessible. Similar to properties observed by Jones (2004), it is the essence of the submerged forest at Pett being a local character in its own right and intrinsic to the sense of place at Pett Village that helped to generate community interest in the project to gain a greater understanding of not only this former woodland but of Pett itself.


Conclusion
Tree recording and sampling of 153 trees by community members has provided one of the largest submerged forest data sets in the UK. The tree remains have been identified as mainly alder and oak, with ash, birch, willow, yew and hazel. The recording of yew and ash is of particular interest as they have been recorded within the canopy of few submerged forests. Yew has been identified at Langstone Harbour, Hampshire and Erith, Kent, and ash at the latter location. The woodland at Pett Level seems to compare well with other identified submerged forest remains from the southern English coastline and previous pollen studies from the Romney Marsh region.
The radiocarbon dating of the trees and peats shows that the woodland remains exposed on the surface at Pett Level represent trees from the Early Neolithic through to the Early Bronze Age. It also highlights the complexity of attempting to reconstruct specific phases of woodland from tree remains that represent a palimpsest of woodland growth and succession.
The Intertidal Peat and Tree recording form was a great success with volunteers, who found it both accessible and easy to use. The completion of the form using mainly tick boxes combined with measurements and sketches proved that by keeping it simple volunteers were able to complete recordings without being intimidated by the task.
The selection of a submerged forest site that has long lived in the imagination and is entwined with the sense of place of the location itself ensured great success in the level of community engagement, while the exposure to different archaeological techniques and the hands-on nature of the project allowed community members a varied experience. However, debate will continue over the sense of ownership of such projects as community archaeology projects and what the drivers behind such projects are.
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Conclusions
Reflections on interdisciplinarity in the social and natural sciences from the perspective of disciplinary frontiers in the face of a complex reality
Chantal Aspe
 
« Mais tout en reconnaissant les prodigieux résultats de cette division (du travail intellectuel), tout en voyant désormais en elle la véritable base fondamentale de l’organisation générale du monde savant, il est impossible, d’un autre côté, de n’être pas frappé des inconvénients capitaux qu’elle engendre, dans son état actuel, par l’excessive particularité des idées qui occupent exclusivement chaque intelligence individuelle. »
Auguste Comte, 1830
“But while recognizing the prodigious results of this division (of intellectual work), while henceforth seeing in it the fundamental basis of the general organization of the world of scholarship, it is impossible, from another point of view, not to be struck by the major drawbacks that it engenders, in its current state, by the excessive particularity of the ideas which occupy exclusively each individual intelligence.” 
Auguste Comte, 1830 

The conference in which all the authors of this book took part had the stated aim of addressing, on the basis of an interdisciplinary approach, the vast question of ‘ancient forests’. This is what each attempted to do in their oral and then written presentations, forcing their discipline to look elsewhere and differently at this object of study. If we may consider that complex thinking is today laid claim to by many researchers, it remains very difficult for them to graze across other academic fields than their own, even if in recent years there has been a profusion of recommendations, or even obligations, from research organizations to develop this kind of approach.
We shall attempt to deal with this paradox by first analysing the importance of the complex approach to address the relations between nature and society, of which forest management is one key element. We shall then see what these frontiers tell us about the sharing, the division and the relationship.
Forests: construction between nature and society
Of all the natural resources, forest were undoubtedly the earliest to give rise to the drawing up of rules destined to ensure their conservation and upkeep. From Colbert ordinance on water and forests, dating from 1669, with the aim of protecting and restoring wood resources to meet shipbuilding requirements, to the recent project to set up a national park dedicated to the forest[71], with a view to protecting forest biodiversity, the constant factor is not the purpose of protection measures, but rather the close relationship between French society and forest spaces. The social history of forests (Corvol, 1987; Kalaora et al., 1986; Larrère et al., 1993) bears witness to the different approaches taken with forests over the centuries, i.e., the duality between forest management production, with an optimization of the various forest uses, and at the other end of the scale, management as natural forests prioritizing preservation. Between these two extremes, approaches have been adopted by societies to adapt to their resources and manage the forests by prioritizing, depending on the time and the place, either economic requirements or ecological heritage quality. Some societies have for this purpose developed customary and community rules which have been handed down over the centuries and have led to practices making it possible to achieve both of these objectives (Ostrom, 1990; Genin et al., 2011).
In an interview with the journal Natures-Sciences-Sociétés (Decamps, 2005), Michel Badré, engineer for water and forests who has held a range of senior positions in the French forestry service, insists on this close relationship between social transformations and interactions with the natural environment, showing the impact of changes in one on the other. He discusses one example, the French mountain land restoration policy introduced at the end of the 19th century. The aim was to mitigate damage caused by overgrazing, but Badré shows that in the end, it was the rural exodus that led to the restoration of plant cover, not the policy. Similarly, stopping the overexploitation of coppices with standards in France was due less to the actions of forestry officials following the orders of Colbert than to the improvement of agricultural yields limiting the need for clearing, and later to the development of electricity use.
Forests are still socially marked by the image of nature preserved in a human-impacted world, and fears linked to forest degradation remain strong, in spite of factual evidence show that these fears are likely unfounded. In 2004, a survey by the French national forests office revealed that only 12% of the French population questioned knew that the surface area of forests had increased over the past twenty years. Contrary to preconceived notions, French forests have doubled in area over the past 150 years. Since the 1970s, they have expanded by about 78,000 hectares a year.[72] Nevertheless, protecting forests is a high priority for society, and debate over anything that might threaten forests always generates strong feelings, such as the issue of acid rain in the early 1980s. These were some of the headlines in the papers at the time: “Adieu à nos forêts” (“Farewell to our forests”, Marie-Claire, December 1984), “Nos forêts à l’agonie” (“Our forests in the throes of death”, Paris Match, January 1985), and “La forêt assassinée” (“Murder of the forest”, Le Point, May 1985) (Bouleau, 2016). These same fears are expressed today when there are forest fires or what are commonly referred to as climate accidents (storms, decline, drought): “The storms of December 1999 caused the forests of France and all associated activities unprecedented throughout history. Natural scientists see in these storms the expression of ‘natural’ phenomena or disturbances affecting forest ecosystems and playing a role in their dynamics through the vegetal successions they cause. The owners, and more broadly the forestry managers, politicians and business leaders, and much of the public view things differently: they saw this event as a very serious accident and, in the case of those most badly affected, as a catastrophe” (Birot, 2002). Similarly, whereas most members of society consider forest fires as catastrophic and a serious threat for the forest, scientists have a more measured view of the negative impact: “Fires can also contribute to creating heterogeneous landscapes, rejuvenating certain parts of the territory. The large-scale result is the creation of a landscape mosaic, made up of different types of vegetation. This landscape mosaic may furthermore be very beneficial for the coexistence of species with different ecological requirements” (Jaket et al., 2008, 60).
These examples show the very strong emotional bond between forests and society, and the emergence of the issue of actual and predicted climate change would appear to enhance these trends. But most forestry managers remain attached to the idea of the forest as wilderness, often excluding the societies in which they operate from their field of intervention or analysis (Kalaora et al., 1986). They do this because it is difficult for societies to express their wishes to them directly: “Cases are rare where society has, speaking with a voice of authority, explicitly told the forestry managers what it wants” (Descamp, 2005, 428); but also and above all because they show a certain suspicion when dealing with new indicators dedicated to the sustainable forest management, such as deadwood (Deuffic, 2010). The publication of the first national strategy for biodiversity (2004) aroused strong opposition among some of the stakeholders of forest-related matters (Alphandery et al., 2007). The fauna and flora associated with deadwood were considered in the 19th century a danger by the forestry service, and deadwood was considered as waste matter, whereas it had in fact constituted a vital source of firewood for rural populations for centuries (Bartoli et al., 2005). Attempts at rehabilitation driven by scientists during the 20th century (Speight, 1989) all failed to a greater or lesser extent. The fauna and flora associated with deadwood have thus long remained a factor that has been ignored, sometimes attacked, in many forest management models in force in Europe until the early 1990s (Bensettiti et al., 2009).
The interaction among natural and social processes in the contemporary construction of forests highlights the need to consider them from the viewpoint of their multifunctionality within a context of climate change. This means that those who are responsible for forest management must find a way of coping with the multiple demands of the local community (firewood, construction timber, forest as biodiversity, forest as heritage, forest for pleasure, forest for gathering food, etc.) and the wide range of scientific knowledge required to deal with this complexity. For example, work to increase forest productivity has been accompanied by major research programmes on biogeochemical cycles. The adaptation/reaction of forest trees to alterations in their climate environment increasingly calls for ecophysiological studies. Drought and temperature increases have an impact on their ecophysiological performance, and thus on their growth and development. The trees are subjected to severe stress which, under extreme conditions, may cause them to die. Accurate knowledge of their physiology is necessary to understand these responses and to better estimate the impact of climate change on the forest.
Meanwhile, many scientific discussions call for prudence in the interpretation of scientific results from which the role of past local communities has been excluded. A conference at Chambéry (France) in October 2008 (Fuhr et al., 2010) reported on these controversies: “Discussions on the links between the concepts of biodiversity and wilderness have been very lively. Many landscapes that today are rich in terms of biodiversity, and are seen as natural, are in fact of anthropic origin – certain conference participants have talked about ‘inherited wilderness’” (Fuhr et al., 2010, 67). Aside from the objectivized wilderness concept, conference participants discussed the question of the perceived wilderness, which is highly sensitive to cultural variations between eastern perceptions (anthropic natural state, constructed and maintained, such as Japanese gardens), and western perceptions (biological wilderness), but which diverges according to social variables (sex, age, socioprofessional category, level of education). Today’s management practices must take into account this multifaceted nature.
In the light of this analysis on nature/society interactions, let us now reflect on the scientific approach to understand them and the interdisciplinary process which drove discussions among the “Into the Woods” conference participants.

Symbolism of the frontiers and dialogue between disciplines
The social foundations of the frontiers
A frontier never exists in its own right – it is always only a construct. Why do humans need to constantly invent frontier situations to position themselves in the world and in relation to others? Without launching into an overly detailed an analysis of this explanation, we can say that separation enables us to create a group in the social world with which, based on the frontier created, it may establish a relationship and thus exist with regard to others. The frontier is necessary for the recognition of oneself and the other. There is a within and a without; we delimit to exist.
A frontier is spatial: it defines a space for action; it is also temporal, in the sense that the community (the disciplinary field) have not always existed. They were founded at a given moment, and this relativity of the frontier between the before and the after also suggests that the event might well not have occurred. Symbolically, it would thus be useful to recall the event and the sharing of the period it has created. The courses taught in the first years of university offer the opportunity for each disciplinary field to remind students, some of them future colleagues in the same field, when it was institutionalized, who were the founding fathers, how its concepts, theories and methods were produced. By telling the story of a discipline, we embody it in what legitimizes its field of intervention, and thus its right to exist.
For some authors, the disciplines also have social origins (Renisio, 2015). Since Antiquity, societies have ranked their disciplines; this ranking varies according to the period and the life choices that societies attribute to themselves. Encyclopaedia authors have made the tree of knowledge the symbol of modernity. This model has historically ranked fields of knowledge: “When we climb the tree, each branch is a point of no return: taking one path means renouncing all the others. The experience of these orientations / selections thus teaches us that (in the tree) all fields of knowledge are equal as of right, but that (in the educational environment) certain ‘are more equal than others’” (Chartier, 2013). The specializations and the appearance of new disciplines occur progressively from primary to secondary school to university. Thus, philosophy is only taught at secondary school and astronomy only at university. The culture of polyvalence is the hallmark, often discredited, of the primary school. What we learn from this curriculum is that we become learned by specializing and that we progressively close off the frontiers of our own knowledge.
All societies have always valued the disciplinary knowledge corresponding to the economic and social development it seeks. Thus, certain countries give priority to teaching morality, theology or art; others philosophy, sociology or ecology. These variations of classification may go so far as prohibition or, inversely, overvaluing. For example, in France, school curricula are regularly discussed and reconstructed according to the priorities of the current government (Latin/no Latin, history/no history, morality/no morality, etc.).
The disciplines are thus categorized in at least two major groups: those concerning ‘the natural sciences’ and those concerning ‘the humanities’. These fields attract different types of people. Literature and humanities faculties in France enrol more female students than the science faculties (Renisio, 2015). If gender is a discriminatory factor, inherited educational capital is also a fundamental variable in the ‘choice’ of disciplines and how much they are valued. “This hierarchy between ‘hard’ and ‘soft’ disciplines, generally viewed through the prism of gender, is equally apparent on the basis of the rate of children of secondary and primary teachers, that is a kind of inherited form of educational capital, the rate of children of engineering school graduates marking again a distinction between the scientific disciplines and those of literature and the human sciences” (Renisio, 2015, 26). Muriel Darmon (2013) shows how students in the classes préparatoires (preparatory courses for elite engineering school entrance examinations) are shown the hierarchization of the disciplines on the basis of rankings wars presented to the ‘chosen few’ in a humorous way. Beyond the disciplinary content, it is a relationship with the discipline that is taught. The frontiers between disciplines are also constructs and above all are formed in a mindset of differentiation of ‘The Other’, and led to both a sharing of knowledge as well as a relation with The Other which is intended to involve distancing and distinction with regard to another person. The tenants of a disciplinary field recognize each other on the basis of the existence of “a collective capital of specialized methods and concepts, the mastery of which constitutes the tacit or implicit entry permit to the discipline” (Bourdieu, 2001, 128). The various disciplines thus produce embedded schemas of perception and appreciation, which are constitutive of more or less distinctive styles (Heilbron et al., 2015).
The full spectrum of these social determinants act in a more or less conscious manner on the difficulties of development of interdisciplinary analyses between the social sciences and the natural sciences.

Attempts at interdisciplinary cooperation
Before discussing interdisciplinarity as a constructed research process that methodically assembles knowledge, viewpoints and working methods from different disciplines, it would be appropriate to first reflect on the conditions of a possible encounter which could possibly lead to dialogue. When disciplines’ fields of intervention are similar, such as in the case of history and sociology, the interdisciplinary process may be relatively frequent; certain authors refer to this as ‘neighbourhood interdisciplinarity’ “which results from an endogenous research dynamic that is a kind of progressive and collective ‘ripening’ of the issues within specialized scientific communities” (Jollivet et al., 2005, 185). The relationship becomes more complex when developing it involves engaging in dialogue between disciplines operating in fields of intervention that have always been mutually exclusive, such as the human and social sciences on one hand, and the life, natural and earth sciences on the other. For an encounter to occur, it is first necessary for dynamics of domination and competition that we referred to earlier to be acknowledged and overcome. No discipline will accept the idea of playing a supporting role for others or being treated as a subsidiary discipline. It is partly for this reason that the social sciences, and in particular sociology, were long reluctant to take part in interdisciplinary programmes such as the UNESCO Man and the Biosphere Programme (launched in 1971) or the CNRS interdisciplinary environmental research programme (Programme Interdisciplinaire de Recherche sur l’Environnement – PIREN), which started in 1978 (Aspe et al., 2012).
Sharing a common research focus does not mean an ecologist will become a sociologist or vice versa. It is more a matter of attempting to understand all the facts of an issue and being willing to call into question the notion of ‘one cause, one effect’ and moving towards an approach to complexity.
The second situation appears to have enabled dialogue between natural and social disciplines relates to encounters in the field to tackle issues raised by managers or political authorities. These social demands, often related to an issue concerning resource development and/or management, have given rise to research with a two-fold focus. The first consists in responding to a need for action by providing a state of knowledge for the benefit of members of the public who wish to impact their everyday lives. The most complete example in France is undoubtedly that of multiagent models and role playing,[73] where a panel of members of the public intervenes in a matter concerning water resource the management (de Coninck, 2015). The second focus of this research responding to a societal demand is to show how the natural and social dimensions of the problem at hand influence each other and how they interact in a dynamic manner. The managers of regional natural parks, whose mission is specifically to reconcile local human activities in the territory and its protection, increasingly develop this pattern.
The notion of ‘transfer’ of knowledge is central to contemporary scientific production, since the questions to which scientists attempt to respond are those raised within society. This is what today justifies a research policy that should meet ‘societal challenges’,[74] a policy that has quickly spread among the circles of scientific politics. “At the core of this vision today is the imperative of ‘innovation’, which is in turn associated with the idea and with the demands of the ‘knowledge economy’” (Heilbron et al., 2015, 6).

The interdisciplinarity of social sciences and natural sciences: from ideal to obligation
The funds allocated to CNRS interdisciplinary programmes from the late 1970s undoubtedly enabled the emergence of new research practices: “For eight years, in a shifting context – often exciting but sometimes delicate – environmental research made significant progress. It was all made possible because a large scientific community was convinced of the value of this collective work, invested enormously in it and devoted to it all their dynamism, their competences and their support, even in difficult times. In May 1998, about a thousand researchers and lecturers, from a wide range of disciplines, and from most of the research organizations, took part in the actions of the Programme Environnement, Vie et Sociétés (Environment, Life and Societies Programme)” (Pavé, 2001, 13). What characterizes this period, which came to an end with the termination of the CNRS interdisciplinary programmes in the early 2000s and the founding of the French National Research Agency (Agence Nationale de la Recherche – ANR) in 2005, is, as Alain Pavé suggested, the commitment and the energy of the researchers involved. Researchers participated in these programmes on a voluntary basis and knew that by committing themselves in this way that they would have to face a certain degree of upheaval in their disciplinary field, with a possible impact on their career. Even if the results did not altogether meet expectations and if in many cases, truly interdisciplinary practices remained marginal, the experiments undertaken encouraged the idea that other forms of knowledge and of construction of knowledge were possible. These pioneers opened up pathways that have to this day never been closed.
Nevertheless, recent urgings to ‘go interdisciplinary’ seem to be light years away from what was envisaged by these precursors. There are now virtually no local, national or European research programmes that do not ostentatiously and in a somewhat tub-thumping way proclaim the interdisciplinary nature of their approach. But once the various disciplines are assembled, and the different laboratories contacted to put together a project, each takes its share as a ‘work package’, most often monodisciplinary, or at best with ‘neighbourhood pluridisciplinarity’ (economics and sociology, ecophysiology and ecology), and the researchers meet once or twice in the course of the programme for ‘discussions’.
While these programmes may bring in more reliable funding than the former interdisciplinary programmes, they are likely to do away with the essential value of the advancement of ideas for which the former programmes were the springboard. All that remains is to hope that the increasing demand from the public, managers and forestry services will encourage debate on the social purposes of scientific knowledge and bring into focus once again the understanding of complexity in relation to action through a genuine interdisciplinary process.
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