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Abstract

Abstract

Understanding long-term woodland dynamics is reguas essential to investigating the legacy of
past human actions and adequately conserving woddiabitats of higher ecological and cultural
value. In Scotland, direct evidence of woodlandeektand management is usually scarce and
incomplete before the mid-nineteenth century Fadition Ordnance Survey maps (OS). For this
PhD thesis, historical plans of private estatedeuntilised in the UK, are proposed to fill thigpga
Although each of these plans covers only a smal,ahey were drawn at large scale, permitting a

detailed and accurate depiction of woodland podhe First Edition OS.

This research collates 352 Scottish estate plaatgddc.1740 to ¢.1835, from both private and
public collections. Hundreds of these plans arevgpely-owned and had been previously
unavailable to researchers. A GIS-based methadptemented to integrate the spatial information
of a large variety of historical plans into a horaogus database. The consistency in the depiction,
accuracy and reliability of estate plans enablegialty explicit reconstructions of the woodland
cover extent for two time series, namely T1 (17409) and T2 (1801-1833). These
reconstructions cover a total of 107,700 ha in $tilie and Annandale (Dumfries and Galloway)
and can be compared with the First Edition OS n{aps T3, ¢.1860) and modern data (i.e. T4,
2014). The uncertainties resulting from the chasnof working on a large variety of plans drawn
by different mapmakers are also assessed. Thissmseat uses a conceptual framework that
explores in a chronological manner the uncertagmiyen from the estate plans production to their

practical use for research on woodland cover change

Quantitative analysis based on the reconstructgimsns a marked and consistent growth in
woodland cover during the eighteenth and nineteeatiuries. While the woodland covered about
3% of the study area in T1, it increased to 4.5% 2n and to between 6.5 and 8.5% in T3. The
lowest coverage in the study area occurred, alatlest, some time in the mid-eighteenth century
with an upper estimate of 2.5% of woodland coverdd#nough it is not possible to determine to

what extent the trends observed in the study goply @0 the rest of Scotland, this research casts
doubt on the methods and assumptions that may leavprevious research to overestimate the

amount of past woodland cover for the whole Scdtlan

Change detection analysis allowed mapping and gication of where the woodland was new,

lost or extant between two time series. Traject@malysis enabled the tracking, mapping and
categorising of the various historical trajector@spresent-day broadleaved woodland since the
eighteenth century. Along with the study of variousodland metrics, these spatial analyses

underline how the present-day woodland cover has Ipeogressively shaped by plantations and
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clearance at different spatio-temporal rates. bhtawh, a modelling approach using binary logistic
regression allows a better understanding of pasidland distribution and changes in relation to
landscape physical contexts such as slope steeplesation, soils and distance to the nearest
streams. Hence, these models highlight changesoodland plantation practices over time and
space. Other historical sources, including thet #isd second Statistical Accounts of Scotland
(1791-1845), offer a complementary insight intoetreomposition of past woodland cover,
management practices and the reasons that encdyskgeing woodland. These sources indicate
how the temporal resolution of the mapping recamsion may still underestimate the magnitude

of past woodland changes.

Estate plans can also provide a rare insight inéohtistory and ecology of the so-called ‘ancient
woodland sites’. Defined in Scotland as continupwgboded since c¢.1750, these sites have been
compiled in the Scottish Ancient Woodland InventddWWI) using evidence from official
historical mapping, namely the Roy map (c.1750) &irdt Edition OS mapping (c.1860). At
present, ancient woodlands are recognised as afegr®ater ecological and cultural value that
deserve priority for UK woodland conservation. Avgarison between the Scottish AWI and the
woodland reconstructions in T1 and T2 indicates tiwa former is largely inaccurate. The amount
of ‘pseudo-ancient woodland’ — of more recent aritfian expected in the AWI — is estimated to
reach at least 40% of the woodland compiled inA¥d. This discrepancy is discussed in the light
of a new assessment of spatial accuracy of thenRgyand First Edition OS maps. In addition, the
logistic regression models of past woodland cowan belp distinguishing the pseudo-ancient

woodland from the probable ancient woodland inAkl.

Using evidence from estate plans, 41 native woallkites of different continuity classes were
selected for botanical survey. Although ancient éland sites are likely to exhibit more species
supposed to be ‘indicators’ of ancient woodlandesal recent woodland sites are very similar in
plant assemblage to those of ancient woodlands. obeerrence of many indicator species of
ancient woodland in non-ancient woodland habitaidicates how rapidly these species can
establish themselves in recent woodlands, helpinglur the distinction between woodland
habitats of different continuities. While criticalassessing the current criteria for defining amicie
woodland and the applicability of those criteriasoodland conservation, this study suggests that,
depending on the connectivity to ancient woodlaadyironmental conditions and history of
woodland, relatively recent plantations (i.e. péditns made after ¢.1750) could deserve the same

recognition as ancient woodland for conservation.
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Chapter 1

Introduction

Europe’s woodland has undergone major changes tiresufrom long-term and complex
interactions with human activities. Deforestatiolse and management of wood resources, tree
plantation and introduction of non-native tree sgetave shaped the distribution and character of
present-day woodland (Rackham, 1993; Hermy and é&senn, 2007; Kirby and Watkins, 2015). A
better understanding of the long-term changesusial to investigate woodlands’ environmental
legacy and to adequately conserve and managengxigdiluable woodland (Foster et al., 2003;
Holl and Smith, 2007; Davies, 2011; Szabo et @11, 72. Traditional ecological field methods alone
cannot provide the depth of information needed moewstand when and where the changes

occurred, the form they took and how diverse woundidadevelop.

For this PhD thesis, historical estate plans (Q1F835), hitherto underutilised in the UK, are
proposed as a source to address this gap and mgqlehe corpus of historical maps generally
used in Scotland. While providing detailed eviden€gast woodland cover, these relatively old
plans offer a valuable time perspective for reawmsing long-term woodland history and
investigating the long-lasting implications of pasianges. It is also assumed that evidence from
estate plans can enhance our understanding ofist@ryhand ecology of the so-called ‘ancient
woodland sites’, identified in Scotland as woodetheut interruption since at least ¢.1750
(Kupiec, 1997) — ancient woodland sites have beengnised as areas of greater ecological and
cultural value that deserve priority for UK woodtaoonservation (Goldberg et al., 2007; Houses
of Parliament, 2014).

This opening chapter examines why estate plans aftmique opportunity to supplement the more
commonly used historical cartographic sources alibgl in Scotland for reconstructing past
woodland cover and changes. This chapter thendates the notion of ancient woodland and
discusses the potential of estate plans to cHyicatsess this concept and its applicability to
woodland conservation. The presentation of the na@ms of this interdisciplinary research is

followed by an introduction to the study area anaatline of the thesis content.
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1.1 Using Scottish historical maps to investigate long-term
woodland cover changes

Historical maps are valuable and unique in beinig &b provide spatially explicit evidence of
landscape changes during recent centuries. Inlpatale development of Geographic Information
Systems (GIS) has enhanced the possibility of @patudies based on historical cartographic
evidence and thereby opened new avenues for cai@rdiand qualitative studies of past woodland
cover changes (e.g. Wulf et al., 2010; Skadbal., 2012; Kaim et al., 2014; De Keersmaekex.et
2015). The integration of historical maps into Gi&n thus help to link woodlands’ current

distribution and characteristics with their histaticontext.

The historical Scottish landscape was surveyed iphelltimes between the sixteenth and the
nineteenth centuries. The accuracy of successiys neded to increase as the surveying tools and
techniques were improved. Timothy Pont (c. 15654)6drafted the earliest known detailed
mapping of Scotland. His maps were compiled, relisend completed during the seventeenth
century, in particular by Robert Gordon of Stralg&b80-1661) (Stone, 1989; Fleet et al., 2011).
The whole corpus of maps for Scotland was firstlipbbd in the fifth volume of Joannes Blaeu’'s
Atlas Novug(1654) (Fleet et al., 2011). Although the origim@nuscripts are today regarded as
most valuable for historical studies (Fleet, 2000 Pont maps present various inaccuracies,
including the approximate extent and location ofodlands (Smout, 2001). These inaccuracies

limit the potential of theses historical maps fovdstigating in detail past woodland cover changes.

In the course of the mid-eighteenth century, thg Rulitary survey of Scotland (1747-1755) —
known as ‘the Roy map’'— was completed. Coveringahire Scottish mainland, this topographic
survey was undertaken in the aftermath of the Jeecabing of 1745 and became a prime source of
information for historical studies of eighteentmuey Scotland (Whittington and Gibson, 1986;
Smout et al., 2005; Fleet et al., 2011). The Roy mas also acted as the basis for the ‘Scottish
Ancient Woodland Inventory’ that compiles woodlasides that are believed to have been
continuously wooded since at least c. 1750 (Kugi®8,7; Goldberg et al., 2007).

The First Edition Ordnance-Survey (OS) of Scotlaras carried out during the years 1843-1882.
The 25-inch to the mile survey (1:2500) covers anlyart of Scotland and was completed with the
smaller scale 6-inch to the mile survey coverirgpitihole of the country (1:10,560) (Oliver, 2013).
In comparison with previous maps covering largettgpaf Scotland, the First Edition OS maps
show the boundaries of the woodland cover with tgredetail. In addition, these maps are more
informative concerning the name, structure andatdtar of a wood (e.g. broadleaved, coniferous,

mixed woodland and open woodland) (Harley, 1979).
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In contrast with the First Edition OS maps, theeptil of the Roy map for mapping of past
woodland appears limited. This military survey washieved with surveying instruments
considered of lower accuracy (Whittington and Gihsb986) and it provides considerably less
detail concerning woodland than does the Firsti&@diOS maps. In addition, caution has been
advised as ‘Roy’ has been proved unreliable in sévastances (Whittington and Gibson, 1986;
Smout et al., 2005; Fleet et al., 2011). AccordingSmout et al. (2005), only a fraction of the

woodland would have been recorded by Roy’s sungeyor

The county maps — produced during the late eigkthheand early nineteenth centuries in most of
the UK (Macnair et al., 2016) — are additional araduable sources of information on past
woodland cover. However, despite being probablyeraliable than the Roy map, the county
maps were drawn at a relatively small scale (ire imch to one mile; 1:63,360) (Macnair et al.,
2016). The woodland boundaries are depicted onlghly when compared to the First-Edition OS
maps and little additional information is providagbut the woodland cover. In sum, little is known
with confidence about woodland cover’'s global ektend changes before the time of the First
Edition OS. By extension, the environmental legatyelatively recent changes in the woodland

cover and management practices has not been fglpred.

Historical estate plans can address this gap. oil&8w, estate plans were drawn mostly in the
course of the eighteenth and nineteenth centuretars, 1971). During this period, new
agricultural practices, including improvement (elgning, draining, and crop rotation) and
enclosure of lands, led to major transformatiothimm Scottish landscape (Adams, 1971; Fleet et al.,
2011). The long-standing forms of landscape inbdrfrom medieval practices, such as infield-
outfield — the division of arable lands accordingheir location and productivity, runrig — which
controlled the periodic allocation of land to tlemdnts, and commonty — where common property
rights applied, were progressively replaced byghid-like pattern of rectangular enclosed lands
(Adams, 1971; Turnock, 2005; Fleet et al., 2011 Bo-called ‘Scottish agricultural revolution’
encouraged Scottish landowners to commission sarsgelp map their estates, which led to the
massive production of estate plans until the Fidition OS maps were published (Adams, 1971;
Fleet et al., 2011).

Although each of these plans covers a small ategy, were drawn at a larger scale and finer
resolution which permitted a more detailed and eateu depiction of the woodland cover
boundaries, closer to that of the First Edition @&ps. In addition, thtable of contentsegularly
associated with these plans can provide unique waldvant information about various
characteristics of the woodlands. Therefore, inrest to the Roy map, estate plans provide a level
of detail that can help reconstructing past woodlleaver in order to better describe quantitative

and qualitative changes in woodland since the eggith century.



Chapter 1

While a large number of estate plans are needeck$march projects that aim at investigating past
changes at the landscape scale, many of these gtiirfselong to private owners. Their limited
access certainly accounts for the paucity of UKdigtsl that focus on estate plans. In order to
address this issue, this project was undertakeoldse collaboration with the community-led
Dumfries Archival Mapping ProjedDAMP). DAMP facilitated access to hundreds ofvptely-
owned pre-OS estate plans that had been previouslyailable to researchers. These plans cover

mostly the region of Nithsdale and Annandale in Eriga and Galloway (South West Scotland).

As well as enhancing our understanding of Scottisbdland history, estate plans can contribute to
strengthening the connections between ecology eamdstape history. In so doing, these plans can
relate the present-day characteristics of woodlandise dynamic interactions with human actions

that have shaped them through time.

1.2 Woodland’s current context and the concept of ‘ancient
woodland’

In 1900, an estimated 5% of Scotland’s land ares eeaered by woodland (Hopkins and Kirby,
2007); by 2006 this cover had increased to about 48d current government policy aims to reach
25% by 2050 (Forestry Commission, 2009a; Thomaal.et2015; Wilson et al., 2015). After
centuries of decline — it is believed that betw&8rand 60% of Scotland was once covered with
woodland (Smout et al., 2005) — this change is Ipdire result of commercial plantations of non-
native conifers (Hopkins and Kirby, 2007). The t@eea of native woodland, where native species
compose at least half of the canopy cover, remaiwsand is estimated to be just 4% (Forestry
Commission Scotland, 2014). These fragmented woddlalso face several threats including
clear-felling, excessive grazing, lack of managetmerposure to edge effects, pests, invasion of
exotic species such aRhododendron ponticumand climate change (Forestry Commission
Scotland, 2009a; Wilson, 2015). Therefore, the gmegion of extant fragments of native
woodland and its expansion represent a priorityctmrservation planning (Davies, 2011; Wilson,
2015).

Conservation emphasis has been placed particutarlyvoodland with long and uninterrupted
existence, namely the ‘ancient woodland’ (Goldbetal., 2007). Following the work of Oliver

Rackham and George Peterken in England in the 19F6sconcept of ancient woodland has
sparked a growing interest in the UK and in manyogean countries (Goldberg et al., 2007;
Hermy and Verheyen, 2007). The threshold date éfinshg woodland as ‘ancient’ varies between
countries depending on the historical sources ali@l (Goldberg et al., 2007; Hermy and
Verheyen, 2007). For Scotland, the threshold isthamn the date of the Roy map (i.e. ¢.1750)

(Kupiec, 1997) — in comparison, the date of 1809 has been retained in England, Wales and
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Northern Ireland (Goldberg et al., 2007). Ancierdodland sites have experienced the long-term
influence of human activities and have been indnghs recognised for their ecological and

cultural heritage value (Rackham, 1993; Rotherh&il1). Woodland continuity has been

regarded as a key element in woodland ecology dftexs been shown that woodlands with long
continuity are more likely to provide ecological bitats to species rarely found elsewhere
(Peterken, 1974; Hermy and Verheyen, 2007; Nordéh.,€2014). In Europe and North America,

several studies suggest that plant communitiesnaieat forests can be distinct from those of
recent forests and point out the possibility ofngsicertain plant species as indicators of
‘ancientness’ (Rose, 1999; Sciama et al., 2009;mBithet al., 2014). Other research has
highlighted the importance of woodland continuity providing suitable habitats for rare or

threatened species across bryophytes (e.g. Moétdat.,e2015), lichens (e.g. Fritz et al., 2008;

Whittet and Ellis, 2013), invertebrates (e.g. BuX¥,2; Cateau et al., 2018) or mammals (Bright et
al., 1994). For conservation goals, ancient wodtllean also represent potential nuclei for future
expansion to new areas of species associated wafiterwoodland (Peterken, 2000; Gkaraveli et
al., 2004; Watts, 2006).

The term ‘ancient woodland’ refers to woodland aaity independently of the tree composition

and structure (Kupiec, 1997) but the UK Ancient \Wamd Inventories further categorise ancient
woodland sites into two broad categories, namely Aimcient Semi-Natural Woodland Sites

(ASNW) and the Plantations on Ancient Woodland S{leAWS). The ASNW are composed of a
majority of native trees and shrub species thaimated from natural regeneration (self-sown or
stump regrowth). At present, the ASNW is recogniasdhe most important for conservation of
native woodland (Forestry Commission, 2014) and ynaBNW sites have been designated as
Sites of Special Scientific Interest (SSSIs) (Geldpet al., 2007). The PAWS refer to ancient
woodlands that were planted with a majority of mative tree species for forestry. Over recent
years, efforts have been made to restore some edetlsites to native woodlands (Forestry
Commission, 2003; Wilson, 2015).

Although there is no statutory protection for antievoodland, the integration of ancient
woodland’s value is encouraged for UK planning siecis (Houses of Parliament, 2014).
However, the UK Ancient Woodland Inventories hawwegal important limits. Some ancient
woodland sites are believed to have been overloakedittle is known about both the history and
true ecological value of most of the sites compiledhe inventories (Goldberg et al., 2007).
Another concern is that only sites greater thaa Rdwe initially been recorded, while smaller sites
can also display valuable ancient woodland feat(@ddberg et al., 2007). In Scotland, despite
some doubts surrounding the reliability of the Ragp (Whittington and Gibson, 1986; Smout et
al., 2005), it does not seem that a critical agsens of the Scottish Ancient Woodland Inventory

has ever been made. Moreover, despite various sagological benefits, the concept of ancient
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woodland remains controversial as recent reseaslgbestioned the recognition and definition of
ancient woodland as a distinct ecological catederg. Nordén and Appelgvist, 2001; Rolstad et
al., 2002; Rotherham, 2011; Stone and Williams@1,32 Barnes and Williamson, 2015).

While providing a better understanding of ancieabdland’s history (both ASNW and PAWS),
estate plans can help in assessing the Scottishe®n®/oodland Inventory’s accuracy and
reliability and, therefore, the current method ompilation of ancient woodland sites. These plans
can also assist with the identification of casedgtsites for field surveys that aim to test the
importance of woodland continuity on woodland’'s legacal characteristics and value.
Consequently, estate plans can help to criticadlseas the concept of ancient woodland and its

applicability to woodland conservation in Scotland.

1.3 National inventories of woodland cover

The National Forest Inventory (NFI) and the NatiM®odland Survey of Scotland (NWSS) are
woodland inventories that are used in this thesimadern references for investigating the history
of present day woodland since the eighteenth cgrBath inventories include woodland sites over
0.5 ha in area, 20 m width and with a minimum o%@20anopy cover — the NFI uses the terms
‘woodland’ and ‘forest’ interchangeably (Forestrgr@mission, 2011, 2013). The inventories are
freely available online as shapefile data for G aan serve for comparison with georeferenced

reconstructions of past woodland cover based doridal maps.

The NFI is based on aerial photographs, and datéftiagery, and was completed with a field
survey of a sample of woodlands (Forestry CommigsiD11). The woodland data categories
comprise broadleaved (i.e. at least 80% of broadlkapecies), conifer (i.e. at least 80% of conifer
species), mixed mainly broadleaved (i.e. betweeariD80% of broadleaved species) and mixed
conifer (i.e. between 50 and 80% of conifer spgciesaddition, the inventory includes sites with
the potential to meet the criteria mentioned ablovesize, width and canopy cover. These sites
include ‘ground prepared for planting’, ‘felled’ windthrow’, ‘young trees’, and ‘assumed
woodland’. The latter compiles woodlands under gsgahemes, known as having been planted, but

not yet visible on aerial photography (Forestry @asasion, 2011).

The NWSS is a prime source of information on thet®&h native woodlands. Native woodlands
are categorised into different habitat types dejpgndn their location and compaosition, namely
upland birchwoods, native pinewoods, wet woodldmg]and mixed deciduous woodland, upland
oakwood, and upland mixed ashwood (the detailsachecategory are available Bcotland’'s
Native WoodlandsForestry Commission, 2014). Nearly-native woodlaigs between 40% and
50% of native species compose the canopy) and PAWSlso included in the NWSS. All the
sites listed in the NWSS — and thus all the ancMaudlands — were mapped and surveyed, thereby
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providing important information on their ecologicetharacteristics, including dominant habitat,
maturity of the woodland, level of grazing presswaed presence of invasive species (Forestry

Commission, 2014).

1.4 Thesis aims

Using estate plans and GIS, the first aim of tegearch is to reconstruct historical woodland cover
in the study area at different time periods from slecond half of the eighteenth century onwards.
The second aim is to characterise the long-termgdsin woodland and assess their legacy on the
distribution and characteristics of present-day dlaod. The third and final aim is to critically
assess the criteria to define ancient woodland dsstinct ecological category and to discuss
implications for conservation planning. While foimgs mostly on Nithsdale and Annandale, it is
expected that the method to study estate plansbeaapplied outside the study area and thus
provides a new approach to investigating Scottisbdiand history and the environmental legacy

of past changes.
Specific objectives are to:

1. Develop a GIS-based methodology to reconstruct wastdland cover at different time

periods using the spatial information of a largeety of estate plans;

2. Assess the uncertainties associated with the apmweess and their implications in the

study of past woodland cover changes;

3. Characterise the spatio-temporal changes of thellaod cover, in particular between the
mid-eighteenth and mid-nineteenth centuries, aopefor which there is a paucity of

information;

4. Assess the spatial imprint of changes over the2@8t250 years on present-day woodland

cover;

5. ldentify what processes, driving forces and ‘actonay have accounted for these past

changes;

6. Assess the accuracy and overall reliability of 8edttish Ancient Woodland Inventory
and, by extension, the Roy map and First Edition €D8/ey that were used for the

compilation of ancient woodland sites; and
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7. Test in the field the assumption that ancient waondlsites are more likely to have a higher

ecological value and should form a distinct ecatabcategory.

Several studies combining the use of historical sreapd GIS helped to develop and to implement
the various methodologies applied in this thesiesénted in the relevant chapters, these examples
involve: the assessment of historical maps’ acguaaa reliability (e.g. Leyk et al., 2005; Kaim et
al., 2014); the study of quantitative changes ist peoodland cover (e.g. Wulf et al., 2010); the
characterisation of the changes in the spatiabpattof woodland cover (e.g. De Keersmaeker et
al., 2015); the mapping of historical trajectoriefs each woodland site (e.g. Swetnam, 2007;
Kayhko and Skanes, 2008); and the use of a modedfiproach to identify past driving forces (e.g.
Loran et al., 2017). Historical maps were useddnjunction with other data sources, including
other written archives, Digital Elevation Modelgrial photographs and botanical data collected in
the field for this study.
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1.5 Introduction to the study area
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Figure 1.1 Location of the study area and woodland cover in 2014. See section 1.3 for the details of the
woodland listed in the NWSS and NFIl. Note that the exact boundaries and size of the study area are
provided in Chapter 2 after the georeferencing of the estate plans. © Local Government Boundary
Commission for Scotland. Contains Ordnance Survey data © Crown copyright and database rights 2013.

The opportunity to have access to a large colleatioprivately-owned estate plans, made possible
by the Dumfries Archival Mapping Project (DAMP),shdetermined the location of the study area.
Estate plans used for this study cover mostly Mdhes and the west part of Annandale in South
West Scotland, while a few plans also cover thet gmmt of the historic county of
Kirkcudbrightshire. Figure 1.1 shows the generahtmn of the study area. Its exact boundaries
are presented in Chapter 2 after the georeferemditige estate plans that could be collated fa thi
study. Nithsdale and Annandale are former distiottthe county of Dumfriesshire and border the
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Solway Firth to the south. The whole study areao® part of the council area of Dumfries and

Galloway.

The River Nith, the River Annan and the River Eskni three major valleys that divide
Dumfriesshire from north to south. At 821 m aboea $vel, the highest summit of the region is
White Coomb, which is located about 10 miles neist of Moffat. The bedrock geology is
largely dominated by sedimentary Ordovician andr&ih formations (greywacke sandstones and
siltstone). There are also Carboniferous rocks 1@zarquhar, some large areas of Permian red
sandstone around Dumfries, Thornhill, Lochmaben Btaffat, and a large Devonian granite
intrusion around Dalbeattie. Glacial or marine sand gravel, till - diamicton, alluvium and peat —
form most of the superficial geology from the Qumagey period (British Geological Survey,
2018). In general, the soils are said to be lomadalerately fertile with some shallow infertile ssea
associated with the granite intrusion (Wilson, 20Maps of soil and elevation for the study area

are provided in Chapter 3.

The climate is temperate; the annual average mimirtemperature is 4 — 6 °C and the annual
average maximum temperature is 11 — 13 °C; theamainfall is 1121 — 1742 mm (Met Office,
data from the climate stations of Dumfries and Béchuir for the period 1981-2010). Dumfries
and Galloway is windy and strong storms have beearded in the region over the last 200 years
(Davies, 1982).

Woodland covers about 31% of Dumfries and Gallowdyich is one of the highest coverages in
Scotland. As in the rest of the country, woodlaader in Dumfries and Galloway is dominated by
non-native species including commercial plantatiohsonifers (Dumfries and Galloway Council,
2014). Native woodland represents 9.4% of the twtaddland cover and 2.6% of the lands of the
region (Forestry Commission, 2013). Wet woodlandland birchwoods, and lowland mixed
deciduous form the three main types of native waiodl (Forestry Commission, 2013). It is
noteworthy that, in contrast to northern Scotlgpidewoods are not native in southern Scotland
(Wilson, 2015). The occurrence of Scots pinemijs sylvestrisin the study area is therefore an
indication of plantation. Although regularly fouimd Scottish woodlands, beechagus sylvatich
sycamore Acer pseudoplatanlisand sweet chestnuCéstanea satija are broadleaved species

that are also recognised as introduced (Wilson5R01

10



Chapter 1

1.6 Thesis content

This thesis comprises three related pieces of refséa address the objectives stated above (section
1.3).

Chapter 2 — Reconstructing past woodland cover frostorical estate plans and First Edition

Ordnance Survey maps

Historical plans of private estates, produced hytre@ted surveyors, provide rich but underutilised
evidence of the long-term changes in woodland cdzach one of these plans represents a small
area but, put together, they offer a new insigl jpast management and changes in woodland
distribution over time. The development of GIS toblas been a considerable improvement to
collate and interrogate spatial information of digtal maps. Chapter 2 presents a GIS-based
methodology to reconstruct past woodland coverifégrdnt time periods using estate plans and
First Edition Ordnance Survey maps. Three caseiestuserve to illustrate the results of the
reconstruction: the Dukedom of Drumlanrig; Dalswimtestates; and Annandale estates. Inherent
issues relating to the accuracy of estate plansliaoeissed as well as uncertainties resulting from

the challenges of working on a large variety ohpldrawn by different mapmakers.

Chapter 3 — Spatio-temporal woodland cover charges their drivers since the mid-eighteenth

century

Based on the reconstruction of past woodland-cavetifferent time periods (1740-1799, 1801-
1833, and ¢.1860), this chapter aims to charaet¢his long-term spatial and temporal woodland
cover changes in the study area. The analysesnmeplied for this chapter are as follows: 1) the
landscape indices and change detection analysigsactto track past changes between each time
series and to explore the progressive emergengaesent-day woodland-cover patterns; 2) a
trajectory analysis focusing on the broadleaved diaal sites of 2014 assesses the woodland
continuity of these sites since the eighteenth wgntThis study also aims to provide further
information about the planimetric accuracy of theodland reconstruction; and 3) a series of
spatially explicit models using logistic regressimrthods based on multiple data sources — DEM-
derived variables, soil and water network maps, actiaeological data — investigate the processes
and potential driving forces behind past woodlahdnges. The results are discussed in light of
other historical sources: the first and secondisSizal Accounts of Scotland (1791-1845) and the
writings by other eighteenth and nineteenth centauthors. These archives provide additional
information on the historical tree composition obadland, drivers responsible for the changes,
and how the temporal resolution of the mapping metraction may underestimate the magnitude

of past woodland changes.

11



Chapter 1

Chapter 4 — Testing woodland continuity: A cartqgne assessment of the Ancient Woodland

Inventory and ecological implications

Woodland continuity has been recognised as detamhin woodland ecology. Ancient woodland
sites are assumed to be of higher ecological atidiralivalue and have been the subject of
provisional inventories in the UK since the 1980ke Scottish Ancient Woodland Inventory is
based on historical cartographic sources, namedyRay map and the First Edition OS maps.
Using past woodland cover reconstructions fromtegikans, the first objective of this chapter is to
provide a critical assessment of the Scottish AricWoodland Inventory’s overall accuracy and
reliability. By extension, this study assesses po&ential of the Roy map to identify ancient
woodland sites. The logistic regression models ldpeel in Chapter 3 are also tested to determine
whether these models can be used to identify eimafse inventory. Based on the plant surveys of
41 woodland sites in the study area, the seconectig of this chapter is to test the assumption
that ancient woodlands are more likely to haveghéii ecological value and thereby should form a
distinct ecological category. Ultimately, using tfiadings from the cartographic study and
fieldwork, this chapter aims to critically asselss turrent criteria to define ancient woodland and

to discuss implications of the results for woodlapdservation planning.

Chapters 3 and 4 are based on the historical woddiaver reconstructions presented in Chapter
2, while Chapter 4 also makes use of the variondirigs discussed in Chapter 3. Chapter 5
summarises the findings of this PhD submissiong@leith the propositions of avenues for future

research.
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Chapter 2

Reconstructing past woodland cover from historical
estate plans and First Edition Ordnance Survey maps

2.1 Introduction

2.1.1 Surveying an estate and instrumentation

Bendall definegstateas an entity that belongs to a single owner aptesents a continuous area
of land or land in one parish (Bendall, 1992, p.28) the context of the so-called ‘Scottish
Agricultural Revolution’, during the eighteenth amideteenth century, estates were more surveyed
than ever before (Adams, 1971; Fleet et al.,, 20Chntracted surveyors were commissioned
primarily to produce plans of estates that the daviters could use for various purposes such as
designing improved lands and enclosure, implemgmiew agricultural techniques and assisting
with estate management (Adams, 1971). In that cegarseph Udnyca 1770-1828)a surveyor
who drew several plans studied for this researchtan ‘The chief benefit of a plan is to point out
the defects and to enable one to remedy them’ dands, 1971, p.27). As such, these plans were
considered as valuable tools and it happened ndgulzat estates were mapped several times

within a few decades, representing lands beforeafted major changes.

Other common reasons for a landowner to commissgiate maps were renewal of leases and
decisions on new rents after productivity improvaméAdams, 1971; O’Cionnaith, 2011),
settlement changes, or lands to be exchanged osaitherited (Adams, 1971; Bendall, 1992). A
plan could also be commissioned for its decorafimieie and to demonstrate the important social
status and authority of its owner (Bendall, 19%%) Bendall (1992) has also noted, members of the
aristocracy like Dukes and Earls, being landowidérsonsiderably larger areas, doubtless had the
most estate plans drawn. Occasionally, surveyors also commissioned by the Court of Sessions
to solve legal disputes — for instance, boundasfeswnership or water rights — and division of

lands, notably in the case of commons (Bendall218@ams, 1971; Fleet et al., 2011).

Chains for measuring distances, the surveyor's e@sp- also called circumferentor — to read
horizontal angles, and plane tables to draw planigwel surface, composed the instrumentation of

most of the eighteenth and early nineteenth cerguryeyors (O'Cionnaith, 2011; Macnair et al.,
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2016; Bendall, 1992). In addition, after significamprovement by Jonathan Sisson in 1737 and
Jesse Ramsden later on, the theodolite was inngdagised throughout the eighteenth century
(Ainslie, 1812; Macnair et al., 2016). One of thaimadvantages of the theodolite over the
circumferentor lies in the fact that it is free rMfroerrors induced by magnetic variations

(O’Cionnaith, 2011). Another asset was the posgibib measure simultaneously horizontal and

vertical angles and, with triangulation, to caltelaistances. This made the theodolite a more
reliable and accurate instrument, which was ofi@aer interest to survey large area (Ainslie,

1812; O’Cionnaith, 2011). Additionally to bringingonsiderable technical improvements, the
theodolite had a significant advantage over thaglable when the weather conditions were too
wet or too windy to lay paper sheets on a leveletand draft the plan on site (Ainslie, 1812;

Bendall, 1992; O’Cionnaith, 2011).

As the theodolite’s accuracy improved, it seems tthia instrument slowly but ultimately replaced
circumferentor and plane table during the eighteemtd early nineteenth century (O’Cionnaith,
2011). Unfortunately, even though it might havduehced the spatial accuracy of the plans, it
remains difficult to know how often the surveyosed a theodolite in the set of maps studied for
this thesis. However, some evidence can occasjoballfound. On a plan dated 1756 depicting
mineshafts in the industrial landscape of Wanloekhe- about eight miles north-east from

Sanquhar —, James Wells wrote:

In surveying the several burns which run into Wakjathe perpendicular Heights
from Wanlock were taken each station by the sextdnthe theodolite and are
expressed in feet by the Numbers placed alongstdhese of the said burns [Plan of
Wanlockhead, 1756, RHP37555].
James Wells was one of the busiest surveyors apgtiatNithsdale during the eighteenth century,
suggesting that a model of the theodolite was diréa use by 1756 in the region. It is therefore

likely that other surveys by Wells and his contemapies were undertaken with a theodolite.

2.1.2 Why use historical estate plans for landscape reconstruction

With the emergence of Geographic Information SystgiG1S), historical maps have been
increasingly used for studying landscape changg (@ousins, 2001; Petit and Lambin, 2002;
Skalos et al., 2011, Biro et al., 2013). Howevhere is a paucity of UK studies that focused on
historical estate plans to investigate environnerdhanges at regional scale. Although

underutilised, these plans appear unique for |amsceconstructions.

Firstly, in contrast with other pre-Ordnance-Survegps covering large areas of Scotland — the
Roy Military Survey of Scotland (1752-1755) and ®eottish county maps (see Chapter 1) — the
relatively small portion of land covered by estglans often represent a prime source of

information in depicting past landscapes with aguailevel of topographic detail (i.e. positioning
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of objects) and spatial accuracy (Figure 2.1). Fauidings, houses, gardens, arable lands, moor,
meadow, pasture, trees and woodland, rivers arghra were amongst the most commonly
depicted features, and their boundaries were ditesly delineated. Each plan can also provide

further information related to the plan’s commissisuch as the location of mines and quarries.

Secondly, estate plans were usually produced wigthle of contentshat provide explanations of

the symbols, acreage and tenurial conditions, aé ag most importantly for this research,
additional information related to the land-use/laoder (Fleet et al., 2011). Regarding woodlands,
estate plans occasionally mention whether a wood @antation, sometimes the date it was
planted, and they provide various evidence of pashagement such as coppicing — periodic
cutting of trees to stump in order to encourageawth of poles, and wood pasture — often
referring to open woodland with grazing livestocRmout et al., 2005). For Dumfries and
Galloway, as for most of the UK, this pre-Ordnaeevey cartographic information is exclusive

to estate plans.

Thirdly, estate plans are often a unique cartogcapburce of information in depicting the same
estate at different time periods. Therefore, théfgroa valuable time-depth for the study of

landscape change that occurred prior to the Fagida Ordnance Survey (OS).

Consequently, estate plans can give a rare insight past woodland cover distribution and
changes over time. Their level of detail and accyian also make them directly comparable with
the First Edition OS maps. However, and it is aeelyaone of their main drawbacks, a large
number of plans is needed for research projectsdima at investigating large scale landscape
changes. Ready access to the plans must also Bhlpps potential difficulty when plans are
mostly privately owned — it is noteworthy that difflties of access have been also reported in a
study of Dutch estate plans (Heere, 2006). Thigeignight partly explain why estate plans are
regularly overlooked in historical landscape stadi that regard, close collaboration with the
Dumfries Archival Mapping Project was essential dollate hundreds of plans that allowed

coverage of an area over 1,000°%kmDumfries and Galloway.
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A. Roy military Survey of Scotland (c.1755) B. Estate plan by H. Leslie (1767)

C. County map by W. Crawford (c. 1804)

Figure 2.1 Historical maps covering part of Eliock estate near Sanquhar. While the estate plan by H. Leslie
(B.) and First Edition Ordnance Survey maps (1:10,560) (D.) show detailed boundaries of the land-
cover/land-use, such as woodland, the Roy military survey of Scotland (A.) and County map of
Dumfriesshire (one inch to one mile) (C.) are more schematic and show less topographic detail. Courtesy of
the National Library of Scotland for A., C. and D.
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2.1.3 Initial considerations about the heterogeneity and comparability of
estate plans

Figure 2.2 Examples of the different forms of estate plans. (A.) The estate of Amisfield — The property of
Charles Chateris Esqr, by James Wells, 1778 (c.68 x 47 cm, NLS); (B.) Farm of Holehouse and Table of
contents - Book of plans of the barony of Drumlanrig, the property of Charles, Duke of Queensberry and
Dover, Volume 1, by J. Leslie, 1772 (c.21 x 16 cm, RHP38134/15); (C.) Plan of farms belonging to the Duke of
Buccleuch, by W. Crawford, 1820 (c.170 x 95 cm, RHP37668).
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Like any map, historical maps show a certain pdreepof an infinite reality that result from a
process otonceptualisatior{Plewe, 2002; Leyk et al., 2005; Jenny and HW2811). As a result,
each map represents only a selection of landsegperés. For estate plans, land representation can
vary according to the mapmaker, instructions bypheple who commissioned the survey, and the
survey’s purpose, the three being related to sottente A wide range of historical collections, as
used for this research, means the bringing togetherork by different surveyors, sometimes for
different purposes, at various scales and timeogsriFigure 2.2). Significant variations may
therefore be expected regarding accuracy of theegar conceptualisation by the cartographer and
subsequent cartographic reproduction. The latteoltes the semantics related to symbols and

language, also known asnventionand the level of topographic detail (Leyk et24105).

However, does working on estate plans by differer@pmakers mean working on strongly
heterogeneous data? This critical question is sacgsto assess the comparability of the
information from the different plangntegrating data from maps by various mapmakemés of

the most common issues that landscape historiarestbdace when the objective is to implement a
consistent geospatial database (Petit and Lambid;2<aim et al., 2014). Different survey and
drawing skills as well as instrumentation may hkageto important variations between the plans.
As such, some estate mapmakers were stylisticalig an accuracy recognised by their

contemporaries as better than others (Adams, 1971).

Nonetheless, it would be rather wrong to consitlat the methods to survey an estate and depict
the results on a plan are solely dependent upooahiegrapher and, consequently, that each plan
was absolutely distinct from every other. From thighteenth century, surveying required
important scientific knowledge in mathematics ardrgetry, as well as practical knowledge in the
use of the surveying instruments (Bendall, 199ZiGnnaith, 2011). At that time, surveying texts,
apprenticeships and schools were the three mairs Wt enabled a surveyor to develop their
skills, with apprenticeships taking up to severahng of training (Bendall, 1992; O’Cionnaith,
2011) For instance, O’Cionnaith (2011) reported thaewaes year apprenticeship was common in

Ireland. In sum, there was commonality of practind purpose in the surveyors’ work.

Likewise, in Dumfries and Galloway, most surveyknew and were undoubtedly influenced by

the work done by previous generations and conteanparolleagues, while many started their

careers as assistant and were trained by the mpstienced. Some examples of this are given by
Adams (1971) concerning surveyors who mapped vargstiates in the study area, including John
Leslie as assistant of William Cockburn, and Jolilo as apprentice of James and John Tait.
These relationships might certainly explain siniies in conventions and aesthetic aspects
between apprentice and master. In addition, theegors operating in the same regions shared

regularly mutual acquaintance among their emplogeitit is likely that they occasionally knew
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each other (Adams, 1971). For example, James Wills) Leslie, John and James Tait operated
during the eighteenth century at similar time p#siand regularly covered estates belonging to the

same landowners.

Other relevant points tend to link the numerousitesplans that were used for this research.
Several inscriptions by nineteenth century mapnsakefer to preceding plans of the same estate,
confirming that previous maps and plans were rebutansulted. It is reasonable to conclude that
such links would have had an influence on the syless production. The landowners also
occasionally employed surveyors from the same fgrsibmetimes over several generations. For
example, in the eighteenth century, Charles Doudlaed Duke of Queensberry commissioned
successively John and James Leslie (operating fhenyears 1750s to 1770s), while fathers and
sons, John and Hamilton Leslie, and John and Jaaigsmapped many estates and commonties in
Annandale in the 1750s to 1780s (Adams, 1971).rdstangly but not surprising, the maps
produced by members of the same family are stgdiblyi very similar. All these observations
support the assumption that mapmakers did not tpevithout the significant influence of their

peers.

As a result, despite the challenge of working canplfrom a large number of mapmakers, the
strong similarities between their works indicateatttheir plans are often comparable in terms of
style and content. It is also noteworthy that miastdowners had preferred estate surveyors
(O’Cionnaith, 2011), which explains why a restrittést of only eight surveyors from the

eighteenth and early nineteenth century accourdednbre than 80% of the maps used for this
study. However, even if similarities are real, figant differences between plans and mapmakers
still remain and they may cause a level of uncetyathat requires consideration and further

discussion (see section 2.4).

2.1.4 Research objectives

The development of GIS tools has been a considerafgbrovement to collate and interrogate
spatial information of historical maps. This chapf@mesents a GIS-based methodology to
reconstruct past woodland cover at different tireeiquls using estate plans and First Edition OS
maps. Specifically, this research aims to investil@w a large set of estate plans can be combined
and compared with the First Edition OS maps to iplea better understanding of changes in
woodland cover since the second half of the eigitkeeentury. Several methodological issues are
examined: How can we integrate the spatial inforomabf a large variety of estate plans into a
homogenous database to reconstruct past woodlandrdVhat types of uncertainties are
associated with this process and how do they affectreconstruction of woodland cover? How

can the impact of these uncertainties on subsegesearch goals be mitigated?
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2.2 Methodology

2.2.1 Sources of historical maps
2.2.1.1 Pre-Ordnance Survey estate plans covering the study area

Access to private collections allowed the collatmihapproximately 340 maps, constituting the
primary source of estate plans for this reseanchaddition, about 60 pre-OS estate plans were
gathered from College, public and national archiwvesluding the National Library of Scotland
(NLS), the National Records of Scotland (NRS), ltheary of Hull University, the Ewart Library

in Dumfries, and Dumfries Museum.

Among private collections, the most important ig thell preserved archives of the Duke of
Buccleuch and Queensberry at Drumlanrig castlechvprovided 191 plans. These plans reflect
the distinct periods of surveying that followed taeds’ ownership history. In 1810, after the death
of the fourth Duke of Queensberry, the Dukedom Bndmlanrig castle passed to the Scotts of
Buccleuch with a collection of plans mostly datedni 1764 to 1772. Shortly afterwards, the
estates of the new owners experienced a signifipambdd of agricultural improvement when other
surveyors were charged, in the 1820s, with remapttia lands of the Dukedom. This provides the
opportunity today to appreciate the landscape amingthe Dukedom during the second half of
the eighteenth century, before enclosure of thedaand early nineteenth century, after major

improvements.

Estate plans at Dalswinton and Maxwell houses thddiale, as well as the collection belonging to
the Earl of Annandale and Harfell in Annandale @tleer significant private sources of maps. Like
the dukedom of Drumlanrig, many estates with mappecords experienced at least two major
periods of surveying within a few decades, allowimge again a comparison between maps drawn

during the eighteenth century and nineteenth centur

The estate plans collated for this research wesdymed under a wide range of forms, sizes and
scales. A plan can cover a single farm or largeasuup to one or more parishes (Figure 2.2). In
Drumlanrig, 163 plans showing pre-enclosed landsospre made in the years 1764-1766 and
1772, and bound into four volumes. Each volume wme or two parishes and starts with a
general arrangement plan showing the boundari¢tsegbarish and the boundaries of each farm in
the parish. The next pages of the volumes showvithal farm plans with different symbols
depicting the land-cover/land-use, followed byr#tated table of content (Figure 2.2B). The link
between the plan and its counterpart table of cdrisemade with numbers. In contrast, the maps
made from surveys dated 1820-1825 on the samecareeover a much larger area of land, such as
several parishes. For instance, in 1820, Williard &avid Crawford surveyed and drew a map

covering a maximum length of c. 23 km from WestBast by ¢.13 km from North to South,
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corresponding to the parishes of Tynron, Penpamd, garts of the parishes of Durisdeer and
Closeburn (scale c. 1:11,200, Figure 2.2C). Oftla@l maps that were collated, this covered the

largest area in a single map.

To maintain a high level of detail, mapmakers haditaw plans of much larger size. Thus the
Crawford and Crawford’'s map is ¢.170 cm by ¢.95 while each farm plan of the volumes from

the eighteenth century are of a relatively smalé 93f ¢.21.5 cm by ¢.16.5 cm. Another example
can be found in the collection of Dalswinton estatevolume of 14 plans by William McCartney

dated 1768 covers in detail Dalswinton estates edsea large 1817 map drew by W. Crawford
covers the same area in a single sheet. Regrettatdpmakers who made the largest plans
commonly listed the table of contents on a sepatateiment that can rarely be found today. In

that case, map’s annotations, symbols and coloartha only evidence of past landscape.

In most cases, the estate plans studied for theareh are hand-drawn, with a scale bar using the
Scottish or English systems of measurements; a a@ssnpose or north arrow showing either
magnetic or geodetic ‘true’ north (i.e. also nanwdthe plans ‘line of the meridian’); a title
cartouche of the estate and name of the land ownfermation about the date of survey; name of
surveyor and map drawer — also called ‘delineatowhen the surveyor was not in charge of the
drafting. Mapmakers also regularly drew decorateatures to embellish the aesthetic aspect of the
document with a vignette of the castle or landovgnleouse, heraldry, local scenes, or a particular

area lying in the estate.

2.2.1.2 Selection of the final set of estate plans

Some private collections being very large and beeaof time constraints and restrictions to

copying the maps at the owner’s properties, twonnagiteria helped to prioritise the documents to

copy:

1) Only maps of the areas surveyed before 1835 wdeeted. It was assumed that the
changes occurring in the woodland cover between ybars 1835-1860 could be
characterised afterwards using the First Editionn@$s dated c¢.1860.

2) The maps showing the woodland cover depicted frmid fmeasures by the surveyors
constituted the core of data for georeferencingctarate sketches were not used but were
occasionally copied and studied when they provilgoplementary information about the
age of woodland or the type of management. A skeéchbe mainly identified by its low
levels of topographic detail, and spatial accurasyyell as the absence of a scale, or by
the title of the document that explicitly mentidgtssnature. It is however to be noted that a

few plans defined as sketches in the title weréepty accurate geographically. They were
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perhaps described as such because they were mipegly version of the final map or
because the surveyor did not complete the mapdcstifindards expected for a finished
production.

Therefore, the selection of estate plans focusemh ube maps with the potential to reconstruct
woodland cover changes for two historical time eserthe second half of the eighteenth century
(1740-1799) and the early nineteenth century (1B885). The First Edition OS maps (c.1860)
were the third and last historical time series @odland cover reconstruction. The online NRS
catalogug along with meetings with map curators and arshéviworking for the different
institutions, often followed by a viewing of the lieztions, helped to identify and locate the

relevant archives.

The earliest estate plans were dated in the y&ai8s] by E. Vernon. Most plans by Vernon were
too inaccurate to be georeferenced but some dépreleable information on past woodland cover
and, consequently, were integrated into the stlidy.to also to be noted that it was not possible
date accurately seven eighteenth century mapsheunames of the surveyors provide a good
approximate indication as to when they were made [Atest selected item was surveyed and
drawn in 1833 by H. Stitt.

From the 400 digitised estate plans dated 1740-188@ring Nithsdale and Annand3lg52
served for this study (Table 2.1). The full list edtate plans used for this PhD is provided in
Appendix A. Most of the remaining maps, omittednfrehe study, appeared covering scattered
areas outside the study area. They were ignorecder to keep consistency in the coverage and to
avoid large gaps. This decision was to make tharduinterpretation of the results easier in
working on a few large quasi-continuous and homogsmregions more likely to share similar
land-cover/land-use changes history and landschpsigal features. A few other plans, covering
large areas, were also omitted because they semaeclrate. They were drawn at much smaller
scales compared to the other items, and most cfethpans did not show a good level of

topographic detail.

! https://www.nrscotland.gov.uk/research/catalogues-and-indexes
2 Many of these maps are now available online on the website of the National Library of Scotland (Dumfries-
shire and Kirkcudbright-shire): http://maps.nls.uk/estates/index.html
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Table 2.1 Sources of estate plans and material for digitising

Number of . s
Sources Material to digitise the plans
plans
National Records of Scotland (NRS) 27 Phase One IQ180MP Camera (DMF, 300 ppi)
National Library of Scotland (NLS) 13 Sheet-feed scanner Colortrac Gx+ 42 (400 dpi)
University of Hull Library 1 n.d
H *
Drumlanrig Castle 191 - Versascan 3650 Flatbed Scanner,
Annandale house* 59 1270 x 915 mm (600 dpi)
Maxwell house* 21 - Epson A3 Flatbed scanner (400 dpi)
Dalswinton house* 17 - Nikon D7000 - 55mm Micro f2.8 lens
. " (DSLR, 300 ppi)

Other private owners 8 - Custom-built camera using Phase One back and
Ewart Library (Dumfries)* 8 Schneider enlarging lens (DMF, min 400 ppi)

Dumfries Museum*

Total 352
*estate plans copied in collaboration with DAMP; n.d = not determined.

2.2.1.3 Methods for digitising estate plans

Digitisation is the process that converts histdrmaps into numeric image files made of coloured
pixels (Fleet, 2007). Only estate plans from thegbte collections, the Ewart Library and the
Dumfries Museum were digitised in collaborationhwibDAMP; the other institutions — NRS and
NLS — copied their own maps with a wide range ofenal and methods (Table 2.1). As a result,

the control of the consistency of the digitisinggess between the collections proved difficult.

Most of the plans from private collections had ® dopied at the owner’s property due to the
owner’s concern about their archives being takeayafinom their house. Camera was easier to use
on site and is recommended to prevent damage tontst fragile items (Fleet, 2007). A large
format high resolution flatbed scanner was onlyduse copy a dozen of the largest maps at
Drumlanrig castle with a resolution of 600 dots pexh (dpi). Another flatbed A3 scanner also

served to copy about 20 of the smallest plans coyestates in Annandale (400 dpi).

Photographic sessions were organised by DAMP ardatlthor of this thesis at the owner’s
properties. The pictures were taken with studibtigoy professional photographers working for
DAMP and the University of Glasgow, namely, Les|Hdraphic technician at the School of
Geographical and Earth Sciences (University of @lag and Lance Steward, independent

photographer based in Thornhill who worked with DRMt the beginning of the project.

Due to their size — sometimes more than 100 cm lengnd to maintain a high resolution, the
largest plans were photographed in small sectiotisanrevelled camera: respectively ¢.15 x 10 cm
with a Digital Medium Format (DMF) mounted on a izontal rig for Lance Steward, and a

maximum of ¢.50 x 75 cm with a Digital Single LeReflex (DSLR) on a vertical copy stand for
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Les Hill. Les Hill's larger section size pictureslped to speed up the process while maintaining

the image quality appropriate for this research.

The quality of the pictures had to be sufficientread all the details depicted on the maps,
particularly the writings and mapping symbols, dadeproduce sharp lines. Les Hill produced
images under JPEG format with a minimum pixel aw&$000 x 3000 pixels and a resolution of
300 pixels per inch (ppi). Lance Steward used Tiilg-format, approximately 20,000 x 14,000

pixels and a minimum resolution of 400 ppi. Like 8IAnd NLS, and as it is commonly the case
for archival imaging (Fleet, 2007), both capturedges with 24-bit colour depth. While the image
quality produced by Lance Steward is much highrex files proved to be very difficult to use into

GIS software afterwards because of their very lopgning times. The two photographers worked

randomly on the private collections.

Regarding the NRS methods, items up to about AGwepied with a glass plate to flatten the
item and a DSLR camera. For larger maps, the NR8 adarge format workstation, which has a
DMF PhaseOne Camera mounted on a motorized colantwth up and down arm movement and
forward to back head movement. Cleaning and flatgenf maps would be considered on a case
by case basis by conservators. Magnets were uskdldomaps and plans in place whilst being

imaged (Rebecca Nielsen, Maps and Plans Archit/iNRs, pers comm).

The NLS also occasionally used an overhead DMF ¢®yas camera for digitising items too
fragile to go through their sheet-feed scannepaadpy maps in a bound volume. A glass plate to
flatten items as well as cleaning to prevent saaslcaused by dust were also used on a case-by-

case basis (Chris Fleet, Map curator at the NL& pamm).

2.2.1.4 Limits of photographing historical maps

Photographing archives present several signifides#dvantages: Firstly, the camera cannot cope
with wrinkles on the maps nor the curve when thayehbeen rolled up for years. When there was
no risk of degradation, rules and weights placethatedge of the photographed section helped to
flatten the surface. Photographers occasionally gems behind a glass plate. However, this
shortcoming could still considerably affect thewwecy of the maps once embedded in a GIS and it
had sometimes to be addressed again during theokiggoreferencing, as explained later in this

chapter (section 2.2.2).

Secondly, because of variation of the magnificatioross the lens, the camera may be responsible
for a radial distortion that can slightly affecetproportions of the final image (Kingslake, 1992).
These optical aberrations affect mostly the edtijes; are calledarrel distortions when the lines
tend to curve outwards amincushionwhen they curve inwards (Kingslake, 1992). In 2Qdror

to this research project, Andrew Bates, UniversityGlasgow, MSc student, investigated the
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different possibilities for copying estate plansa{@&s, 2014). The photography equipment was
carefully chosen for maximum sharpness and minirdigtortion, with Les Hill and Andrew Bates

selecting a Nikon 55mm Micro 2.8 lens built onemsor smaller than 35mm film (Bates, 2014).
The same material was used by Les Hill to copy $lan this PhD. Lance Steward took images
with a custom-built camera using PhaseOne baclSahdeider enlarging lens after ensuring that it

presented no significant distortion either (Lantaa&rd, pers comm).

2.2.1.5 Digitised First Edition Ordnance Survey maps (c.1860)

The First Edition OS maps are available on EdirgirDap websitéwhich provides a wide array of
maps and geospatial data for UK academia. They bmmdownloaded as black and white
georeferenced Tiff raster files (GeoTIFF). The Fidition OS maps were drawn at two different
scales: the 1:2,500 series (25-inch to the mile, more detailed but cover only some parts of
Scotland, while the 1:10,560 series (6-inch tortiile) cover the whole of Scotland (Oliver, 2013).
The first was preferred for vectorising the woodlsiin all areas covered by the ‘25-inch’ series

and the ‘6-inch’ series helped to fill the gapshia study area.

2.2.2 Georeferencing estate plans

The open-source QGIS v2.6.1 software (QGIS, 2016)vad georeferencing of the maps, data
acquisition as polygon shapefiles of woodland, ifmplementation of a consistent geospatial
database, and the visualisation of the data orhigterical maps in relation to other cartographic

resources and aerial images.

2.2.2.1 Control points

Georeferencing is the process that assigns tortugkanaps a modern metric reference related to
Earth coordinates or their corresponding map-ptimjedBalletti, 2006). To do so, it is necessary
to choose points on the historical map, so catledtrol points at locations where it will be
possible to determine accurate coordinates. Idejgicts to be used as control points (CPs) must
have been stable over time, making them recogmsablboth the historical map and the map or
image layer(s) that serve esference(Figure 2.3). For this research, the coordinatethefCPs
were identified using as reference layers @ MasterMap Topography Layéscale 1:1 250),
available on Digimap, and satellite images provitdgdBing maps with thépenlayersplugin
available in QGIS (QGIS, 2015). The set of CPse@ro bring the estate map into coincidence

with reference layers.

The great topographical detail depicted on estltesphelped to find CPs. The most obvious CPs

were converging field boundaries: cross shapesyrttions, and sharp corners (Bates, 2014).

® http://digimap.edina.ac.uk/
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Roads and streams junctions, and the corners lofifogyi such as bridges and old castles, were also
carefully used after comparison with modern mapmngmnages, to ensure that shape, course or
position had not been altered or changed over tionethermore, aerial photographs can help to
find more CPs when they reveal other distinctivedess on the ground that can be associated with
previous land-uses or land-cover depicted on thmhcal maps (e.g. ruins or geometric variations

in ground colour revealing past structures reca@pieson estate plans).

Like any cartographic document, the number, qualitgt distribution across the map of the CPs are
often a limiting factor for the accuracy of the geferencing (Balletti, 2006). During the eighteenth
and nineteenth centuries, the Enclosure movemesuicieded with the agricultural improvement
period led to major changes in the Scottish Lanus¢Adams, 1971; Turnock, 2005; Fleet et al.,
2011). The grid-like pattern of rectangular enctb&nds, still very familiar today, replaced the
long-standing forms of landscape such as infieldield, runrig and commonty that had been
inherited from medieval times (Adams, 1971; Turn&®05; Fleet et al., 2011). As a result, early
plans covering pre-enclosure rural estates provgetthe most difficult to georeference as fewer
CPs can be identified through comparison with modeferences (Bendall, 1992). Likewise, plans
of single farms (e.g. see Figure 2.2B) constitutetlzer challenge to georeference as they cover

small areas with sometimes too few distinctivefezd that are likely to be stable over time.

However, the use of other georeferenced histontaps and particularly the First Edition OS
helped partly to overcome these issues. As theylated c.1860, these maps share more common
features with pre-OS plans than do modern-day magpg@nd images. Moreover, the georeferenced
images of First Edition OS maps overlay on modarages with a spatial uncertainty of less than
5m from true (Winterbottom, 2000). As a result, Biest Edition OS was used as reference to find
more CPs than it would have been possible otherflisee these new CPs were determined, it was
sometimes possible to adjust their position udirgaerial images and OS Mastermap Topography

layer. The latter served as much as possible amalrereference.

After being georeferenced, pre-OS maps that shawepable positional accuracy — less than
¢.20m from true — could in turn be used as newresfees to find more CPs and georeference the
earliest historical maps. For a given area, ihereéfore most appropriate to georeference first the
most recent estate maps using First Edition OSnaodiern data to decide on control points, and

then, in a retrogressive manner, to georeferergpaeseially earlier maps (Figure 2.3).
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Estate plans

Georeferencing

Reference layers

Coordinate system

Figure 2.3 Reference layers to georeference estate plans under the same coordinate system. T1 and T2
are time series 1 and 2. First Editions OS maps and georeferenced estate plans can also serve in turn to
georeference anterior estate plans. The Roy map was not georeferenced for this project but serve in
Chapter 4 for comparison with estate plans.

2.2.2.2 Transformation methods

Once the control points are determined, the tramsftion process assigns each pixel of the
historic map to real coordinates of the chosen dioate system: WGS84/Pseudo Mercator. The
first order polynomial transformatigralso callechffine transformationhas initially seemed to be
the most appropriate transformation to georeferethee maps. This five-parameter Euclidean
transformation is determined by a least squaremason (Jenny and Hurni, 2011). It allows
scaling, translation, rotation and preserves ogdliity (Jenny and Hurni, 2011; QGIS, 2015). As
the new image produced with affine transformatiepresents the original more faithfully than
with most other available methods, it appearedet@ lyood compromise between the accuracy of
the georeferencing and the preservation of thedaa of the survey. For similar reasons, the NLS
has used affine transformation for georeferendmegy thistorical maps (Chris Fleet, map curator at
NLS, pers comm).
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Affine transformation can perform with as few aethCPs but more points are necessary to obtain
higher accuracy (Balletti, 2006; QGIS, 2015). When few CPs could be identified for this

transformation to perform well, two different optowere available:

1) Using as an intermediate stéfelmert transformation— or four-parameter Euclidean
transformation (Jenny and Hurny, 2011) — provebfdovery appropriate. From two CPs,
Helmert transformation allows simply a uniform gegland rotation which does not distort
the spatial geometry of the historical map (QGI81%, Jenny and Hurny, 2011). After
proceeding to Helmert transformation, the newlyrgéarenced image may help to uncover
the less conspicuous CPs that can serve, in twnfinally perform an affine

transformation.

2) When there were still too few CPs available or @s were not evenly distributed across
the map, Helmert transformation eventually offertb@ best results. Whereas affine
transformation may be responsible for a strongateil distortion pattern along horizontal
or vertical axis of the map (Jenny and Hurny, 201li§ more constrained, uniform scaling,
Helmert transformation does not cause any chandbkemproportions of the map image.
Consequently, this transformation could compengat¢he lack of CPs while preserving
better the raw data from original survey. Howewtenas to be noticed that insufficient CPs
increased the uncertainty related to the positiacalracy of the georeferenced map (see
2.4.1.2).

Jenny and Hurny (2011) also recommend using inripridhe more conservative Helmert
transformation, while they suggest using affinengfarmation when one needs to compensate
shearing or any unilateral alteration of the dragvsupport, like shrinking or stretching. Due to
storage and time effect, these alterations happesgaarly in the set of plans studied for this
research. As a result, the choice of the bestfmamation depended on: 1) the number, quality and
distribution of the CPs; and 2) the need to comaginany deformation of the drawing support.
Consequently, the choice of the most appropriaesformation was flexible, on a case-by-case
basis, after trying the different options descrilpeeliously. A visual assessment of how well after
each trial the georeferenced image overlaid onreate layers allowed selecting for individual
plans the transformation that showed the bestteedunlthe end, Helmert transformation was used

for about 60% of the georeferencing cases andeaffansformation helped for the remaining 40%.

Figure 2.4 shows an example of map boundaries terdlla distortion induced by affine
transformation compared to the Helmert transforomatiThe maximum difference between these

two transformations occurred at east of the farrKidéride for a shift between 20 to 30 m on the
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ground. As this may impact the positional accuratyoodland in the reconstruction, the best

transformation must be chosen carefully after caimapa with reference layers.

Figure 2.4 Subset of the georeferenced
farm of Kirkbride (Leslie, 1772, RHP
38134/28): boundaries of the farm
after affine transformation (red line)
compared to original shape (Helmert

transformation, background map).

2.2.2.3 Root Mean Square Error

After the transformation process, a residual egeeturned by QGIS for each of the control points
used to georeference the map (QGIS, 2015). Exatéasmetric or pixel unit, it accounts for the

coordinate difference, along X-axis and Y-axis,wen the CP on the georeferenced historical
map and its actual target location as specifiedreefransformation of the map (Grosso, 2010).

The residual for each CP is calculated as follows:

Residual(i) 5/(dXi2 + dYi?)

The error values of each CP are also aggregat€@di$ into a single value calledean erroror
Root Mean Square ErrdRMSE, Menke et al., 2016). The RMSE value is ualed as follows:

RMSE ?/@

Where RD = coordinate(s) of the CP as on the reéerélata (predicted value); HM = coordinate(s)
on the historical map after transformation (obsérvalue); n = number of observations. Note that
in QGIS, n = number of CPs - minimum number of G®@gperform the transformation. The

minimum number is 2 for Helmert transformation, &nfir affine transformation.
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RMSE is defined as a measure of the magnituderof &/eregin, 1999). As such, this statistic can
serve as an indicator of the quality of the tramsfdion by quantifying the consistency and

accuracy of the transformation (e.g. Bitelli et @009; Lukas, 2014). However, the RMSE varies
with the transformation type and should not be wstded simply as an indicator of the overall

positional accuracy of the map (Bitelli et al., 2D0For instance, more mathematically complex
transformation methods allow important warping leé image, which tend to produce very low

RMSE values even if large sections of maps podifgnad on reference data. The RMSE value
will also depends on the number, distribution andlity of the CPs (Tan et al., 2013), which is

often a limiting factor for georeferencing hist@icmaps. However, as Helmert and affine
transformations allow little deformation of the igga CPs with the highest residual error can often
be explained by positional errors during the survajstakes in attributing wrong CPs on the

historical image, or inaccuracy due to locatedratien of the drawing support. Consequently,

removing carefully some of the CPs presenting tigadst residual errors helped to improve the
alignment of the georeferenced map over refereager(s) and then increased its positional
accuracy. This had to be done while bearing in nilmat a very low number of CPs (2,3 or

sometimes 4) can in turn also lead to a very lowSEMeven if large sections of the map do not
overlay properly on reference layers. Thereforgade-off had to be found between the number of
CPs and their quality. The variation of RMSE acooydo CPs number, distribution and quality

will be discussed further in the section relatedolanimetric accuracy of estate plans (section
2.4.1.2).

2.2.2.4 Local georeferencing

Identifying a high number of CPs was also impor@shit increased the possibility of undertaking
on the same map several local georeferencing. daepting georeferencing errors to accumulate
across the maps, this step proved to be essemtiaiprove the spatial accuracy of georeferenced
maps. Local georeferencing was therefore partiulaaluable to georeference documents
covering the largest areas, for which surveyingdog@acies can propagate and accumulate towards
the edge of the plan or from the first to the [agints recorded by the surveyors in the field.hig t
regard, such maps were often divided in severdlosecthat were georeferenced separately. For
instance, the map by Crawford and Crawford (1828,Fgure 2.2C) covering an area of c.24 km
x ¢.13 km was divided and georeferenced in six rsg@asections, and the plan of the Barony of
Lochrutton by James Wells (1774-1755), coverin3Z,4a, was divided in four sections (Figure
2.5A). Such local georeferencing used, as in theerotgeoreferencing, Helmert or affine

transformations.

To illustrate further the improvement allowed bgdbgeoreferencing over global georeferencing,

Figure 2.5B and Table 2.2 show a comparison betwleeitwo methods for the plan by J. Wells.
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The boxplots presented in Figure 2.5B are basetth@mesidual values of the CPs calculated after
Helmert transformation. A boxplot shows the spread centre of the distribution of a dataset
using quartiles. The lowest 25% of the data ramgenfthe lowest value (i.e. end of the lower
‘whisker’) to the bottom of the box (i.e. first qtiée); the median (i.e. second quartile) corregfson
to the black line in the middle of the grey box thighest 25% of the data range from the top of the
box (i.e. third quartile) to the highest value .(t@p of the upper ‘whisker’). As a result, thegre

box represents the middle 50% of data. The ciicldisate the outliers.

The same set of 55 CPs served to georeferencdahdqgs both methods. The comparison shows
that the set of residual values decreased signtficavith local georeferencing (Mann-Whitney U
test, p < 0.001). The decrease of the range aduakivalues, as well the median— from 25.1 m to
12.4 m— and RMSE — from 29.4 m to 10.4-16.6 m adicgy to the section of the plan — reflect
the transformation’s more consistent and accueselts (Table 2.2).
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Figure 2.5 Example of local georeferencing: ‘A Plan of the
Barony of Lochrutton’ by J. Wells (1774-1775). (A.)
Boundaries of the plan and subsets for local georeferencing;
(B.) Boxplot of residual values of control points after global
and local georeferencing. For both methods, the same set of
55 control points was used to enable the comparison.
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Table 2.2 Summary data of RMSE, residuals and median of residuals for the two methods used to
georeference ‘A Plan of the Barony of Lochrutton’ by J. Wells (1774-1775).

Global georeferencing Local georeferencing
RMSE (m) 29.4 10.9-16.6
Residuals (m) 29-517 0.7-29.2
Median of residuals (m) 25.1 12.4

In preventing the accumulation of georeferencingreracross the map, local georeferencing can
also help to mitigate the inaccuracy of items thefe experienced physical degradation, such as
shrinkage or creases with which digitising methfzadled to cope. As a result, the number and size
of the sections used for local georeferencing dafilowing three criteria: 1) True ground size of
the area covered by the map — the larger the areaed by the map is, the more sections might
be necessary; 2) Spatial accuracy of the digitreag — the less accurate maps can be subject to
more local georeferencing; and 3) Number of CPslaba — a sufficient number of points for
each section is needed for the transformation tstggerform well. Several trials were necessary
before obtaining the local georeferencing that jutes the best outcome. Results of each trial were
assessed through visual assessment and using tif®ERMIues. Reasons for differences in

accuracy between the plans are discussed furthbisichapter (see 2.4.1).

2.2.3 Data acquisition and integration into a geospatial database

2.2.3.1 Vectorisation of the woodland cover

33



Chapter 2

1. Control points (in red) on reference map (Ordnance Survey) and the
estate plan to georeference (Land of Blackwood by Morrison, 1804)

2. After Helmert transformation
(rotation and rescaling)

Seoin

3. Vectorisation of the woodland depicted
on the estate plan

4. Vector layer of woodland cover
in 1804 (red outline) overlaid
on modern reference map

Figure 2.6 Georeferencing estate plans and
vectorisation of woodland: example of the estate
plan of Blackwood by J. Morrison, 1804.

Contains OS data © Crown copyright and database right
2017
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The woodlands depicted on the historical maps waptured manually as polygon shapefiles and
using theNational gridOSGB 1936projection, which is commonly used for spatial ssdn the
UK (OS, 2015) (Figure 2.6). This step of data ceptis calledvectorisation A database (i.e.
Attribute table) linked each georeferenced woodlpalygon to the name of the estate, the parish,
the date of the survey, as well as the name okgorv For the First Edition OS maps, the surveyor

was tagged only as ‘OS’ (Table 2.3).

Unless later additions are mentioned, it is assutatthe maps selected for this research showed
the land cover at the year indicated on the matwitistanding that a survey could perhaps be
spread over more than one year. This might haviecpkarly concerned the surveys of very large
areas such as the three volumes of plans by Jaesdi® Icovering the Dukedom of Drumlanrig.
Only the year 1772 was mentioned but, considehiegeiktent of the area covered, Leslie may have
started his survey, months or year(s) before. D#tas corresponded to the earliest archival
evidence of a woodland site were also recordednvevailable, along with their historical source
(i.e. ‘Earliest Record’ in the attribute table). rFimstance, a map might not be able to be
georeferenced but it demonstrated the previoudesie of the same woodland or, as it happened

regularly, maps mentioned the exact — anterior te dda woodland plantation.

In many instances, the ‘table of contents’ assediawith the maps brought miscellaneous
information about the land-cover/land-use, sometimpeoviding evidence of particular types of
woodland management (e.g. coppice, wood pastuaetgilion, etc.). On rare occasions, they also
provide some relevant information on the type ajetation that composed the different woodland
sites (e.g. ‘oak wood’, ‘alder bog’, ‘fir plantatig or ‘brushwood’ and ‘bushy woods’). This raw
information as well as other evidence availablemfroon-georeferenced historical maps was
recorded into the GIS geospatial database for palylyon and categorised afterwards (see section

2.2.3.3 about categorisation).

* Ordnance Survey Great Britain 1936 is based on the Airy 1830 ellipsoid and serves as the basis of the
national OS mapping (OS, 2015)
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Table 2.3 Historical woodland Inventory - Attribute table. See further detail in Table 2.4 regarding the

different categories for ‘Class_Code’ and Table 2.5 for ‘Management’.

List of Woodland features

Explanation

Site_Name*

Parish*

Map_Origin*

Date*

Map_Description

Class_Code

Management

Earliest_Record

Source_Earliest_Record

Notes*

Farm name or any other relevant geographic indication of
the woodland site location

Parish where the woodland site is located

Surveyor/mapmaker's name when estate plans; '0S' when
Ordnance Survey plans

Date of the map or survey as provided on the map

Description as written on the map or in the map’s table of
content. E.g. 'Copsee’, 'Brushwood', ‘Oak wood’, ‘Young
planting’

Woodland class category. E.g. 1 = ‘Woodland’; 2 = ‘Low
woodland’; 3 = ‘Bushes’; 4 = ‘Open woodland’

Evidence of management: ‘Grazed’, ‘Plantation’, ‘Orchard
or Garden’, ‘Coppicing’ and ‘Pollarding’

Date that corresponds to the earliest archival evidence of
the existence of a woodland site

Name of the archive providing the 'Earliest record' date

It can refer to an uncertainty or any observation of interest.
E.g. 'Poor accuracy of the georeferencing’; 'Data partly
erased'; 'Later addition in 1812 by J. Jardine'.

* The same information is also provided in the Attribute table related to the polygons from the

vectorisation of each estate plans’ boundaries (table 2.4, section 2.2.3.4)
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2.2.3.2 Limitations on defining past woodland cover

Defining areas of woodland on historical maps i$ &® straightforward as it may seem. While
assessing the potential of historical maps to ifleahcient woodland sites, Glaves et al. (2009a)
reported that symbols on estate plans are not alveaysistent and can be misleading. The
principal issues regarding the visual interpretabbwoodland for this research were as follows: 1)
most, but not all, mapmakers drew a thin line ttingate woodland boundaries. Skalo$ et al.
(2012) reported the same issue in a study of thet Military Surveys map in the Czech Republic
(1780); 2) mapmakers occasionally drew on the saage different symbols to distinguish various
woody vegetation cover, with a meaning that is eactoday. This was particularly an issue when
the table of contents was missing; and 3) the edafihitions of some objects such as ‘bushy
wood’ or ‘natural woodland’ occurring in a few etgbnth and nineteenth century table of

content’s maps are ambiguous and therefore proliema

Delimiting woodland boundaries from historical magan have an element of subjectivity and
some crucial questions had to be asked: How shaimdddraw the limits when they are not clearly
delineated by a line (e.g. open woodland sitesridn vegetation)? And should wood pastures,
open woodlands, orchards or objects with ambigunaanings like ‘bushy woods’ be included
To complicate matters further, 29 different pre-€8veyors over a period of 80 years have been
identified, each with their own conventions for megenting woodlands and with variations in
language to define them. These variations may depen several factors such as when the
mapmakers operated, their geographic origins, eir tknowledge of woodland vegetation and
management. The uncertainties listed below caretber occasionally lead to a misinterpretation

of the original mapmaker’s intentions:

- The distinction between thin woodland plantingsngldield boundaries and hedgerow
trees was not always clear. Likewise, it was pdssib observe — comparing different
historical maps — that a line of trees can be @é&edhen depicted along the fields, and thin
but dense woodlands, when lying along the riverdy@ few mapmakers used different

tree symbols to make these distinctions.

- Wood pastures are not always mentioned and dedcebesuch. This was particularly
problematic on the First Edition OS map. As theg aot delineated by a thin line,
identifying the physical limits of open woodlandsghich can be wood pastures, is often
challenging. This issue was also reported by Kdiml.g2014) while reconstructing forest

cover changes from topographic maps in the Polatp&thians and Swiss Alps.
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- Tree symbols on historical maps being occasionsligerior to 15 m lengths on the
ground, it was sometimes uncertain whether a sgralip of trees on a plan represented
the true existing number of trees, or proper woodll&imilarly, estate plans rarely allow a

clear understanding of density of growth.

- Orchards may not be recorded separately or drafferetly from other woodlands

Comparison between maps covering the same areagtovbe the best method to understand the
mapmaker’s representations and facilitate the oexssvith regard to what might be considered as
woodland or not. This process of familiarising witte individual mapmaker’s conventions was
possible thanks to the large collection collatedtfdés study. It is also to be noted that a small
group of eight mapmakers drew most of the estatespthat served for this research (about 295 out
of 352 plans). This provided plenty of opporturstier comparisons that helped to familiarise with
the work of each. In general, woodland was conemlén a broader perspective, including
landscape elements such as ‘bushy wood’, ‘brushivand open woodland. To address further

some of the shortcomings listed above:

- Lines of trees were not included in the databaserwtney were drawn along field
boundaries as they were likely to depict hedgerow®y were included when they lie
along rivers and streams as this more likely represl denser riparian vegetation. It was
assumed that hedgerows did not represent a remégttwith regards to the scope of this

study, contrary to riparian woodlands.

- A vegetation class named ‘Open woodland’ servedlassify all areas depicted with
scattered trees symbols covering an area betweégnahd 70% within the boundaries of a
geometric area delimited by the most external t(egs in Figure 2.7). This class concerns
woodland sites for which there was no evidence razigg activities. As a result, one

should bear in mind that open woodlands may haee geazed.

- All the orchards and wood pastures mentioned ab sucthe maps were recorded and
assigned to appropriate categories (see sectioi.2.@bout categorisation of woodland

type and past management evidence).
- Whether a group of trees should be recorded as laoddr not was decided based on

cartographic comparisons with maps covering theesaraa at different time periods and

with a good understanding of the convention usethbynapmaker.

38



Chapter 2

All the areas described as ‘bushy woods’ in the gshaables of contents were also

recorded. Even if the exact meaning in terms ofetatipn structure or management

remained unclear, these sites may have becomeenatads today and, as a result, can be
considered at least as the early stage of futuredigad. In general, the terminology

applied in the historical maps was considered waitlion.
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a. ‘Woodland’ [19] b. ‘Plantation’ c. Woodland
J. Wells (1787) J. Jardine (1807) W. Crawford (1820)

d. ‘Shaw wood’ [33] e. ‘Pasture and Brushwood’ [63] f. ‘Brush wood’ [3]
S. Cowan (1814) S. Cowan (1814) J. Leslie (1772)

g. ‘Wood and scroggs’ [3] h. ‘Stob Wood’ [and hedgerow i. ‘Stab Wood’

J. Lewars (1814) trees] - Wells (1778) Unknown (1829)
j. ‘Pasture with bushes’ [6] k. ‘Bushy bogue’ [20] |. ‘Bushes’ [44]
’Wood’ [8]-1J. Leslie (1772) W. McCartney (1783) W. McCartney (1783)

Figure 2.7 Vignettes of trees and woodland from historical estate plans.
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m. Wood [Dark green] - Open Wood n. Wood [Dg] - Open Wood [Lg] 0. Wood [Dg] - Open Wood [Lg]
[Light green] - J. Udny (1793) First Edition OS 1:2,500 (c. 1860) First Edition OS 1:10,560 (c. 1860)

p. ‘Wood and Meadows’ [10] g. Transition from Woodland to Open
W. Crawford (1820) Woodland? - W. Crawford (1820)

s. Wood and hedgerow trees t. Wood along stream u. Wood along stream
J. Tait (1782) J. Wells (1763) W. Crawford (1820)

b SR oy vﬁ*"
v. Wood along stream w. ‘Garden’ [f] and ‘Orchard’ [h] X. ‘Orchard’
First Edition OS 1:2,500 (c. 1860) J. Wells (1778) J. Tait (1782)

Figure 2.7 /continued Vignettes of trees and woodland from historical estate plans.
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Figure 2.7 shows the various symbols to depicstre®odland and related land-cover/land-use on
historical estate plans. The vignettes illustratfeient conventions depending on the surveyor and
type of woodland, as well as the reasoning to wstded mapmakers’ depictions. The following

observations can be made:

- Vignettesa, b and ¢ show tree symbols vectorised as ‘Woodland’. Theises were
delineated by a thin line anandb (probably enclosed), but not an

- On the same map, S. Cowan used different symbatifferentiate ‘woodland’ ) from
‘brushwood’ €). In contrast, J. Leslie seems to use similar oymfor both { andj) but he
depicted ‘bushes’ differently)

- While the table of contents says ‘Wood and Scradgsgst burn’, the scarce symbols used
by J. Lewars oig makesunclear whether the mapmaker intended to show prepedland
or isolated elements only. This was also perhapkedwge space for the writing of the
number.

- Vignettesh andl show ‘stob’ and ‘stab’ for which the meaning wilk discussed later.
Tree symbols used by Wells to show this wood isdiierent from the ones to show any
other woodland (se®).

- While W. McCartney depicted ‘bushy bogu&) @lightly differently with scarce symbols,
there was no difference on the same map to représeshes’ from other woodlandi)(

- Different ways of depicting open woodland and/oodgasture are presented framtor.

On vignettean, n ando, shades of green were added to illustrate hoverdiffces were
made between ‘open woodland’ from ‘woodland’ durithg vectorisation process (see
section 2.2.3.3 about categorisation). Whilandr, by W. Crawford, clearly show that the
woods were probably more open — a comparison cam&eée on vignette with a
woodland site on the upper left corneq-ay be understood as a transition towards open
woodland from lower to left to upper right cornef$is assumption was supported by
comparison with other historical maps and partityldne First Edition OS maps covering
this area.

- Hedgerows as is were not recorded, as opposed to riparian vegetitit, u andv. Even
though separated by forty years, a comparison legtwendv —covering the same area —
tends to confirm that Crawford might have used sitigee lines to show proper woodland
along the stream.

- Vignettesw andx are two examples of gardens and orchards on gstats.
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2.2.3.3 Categorisation of woodland type and past management evidence

Based on map symbols and designation as on the dédlveference, each woodland polygon was
categorised in two distinct mannersVigetation classwoodland; Low woodland; Bushes; Open
woodland; Orchard and Garden; and Unknown; and@nagement typePlantation; Grazed;
Coppice; Pollard; Orchard or Garden; and Unknowar. &ach category, the list of the various
corresponding written or symbol designations oategplans is listed respectively in Table 2.4 and

Table 2.5.
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Table 2.4 Vegetation classes and several corresponding designations on estate plans.

Vegetation class

Object designation (from written description on the map and/or
symbols)

Woodland (1)

‘Wood’
‘Woody’
‘Shaw wood’
‘Banks wood’
‘Natural wood’
‘Plantation’
‘Planting’

‘Clump of firs’

Low woodland (2)

‘Brush wood’
‘Low brush’
‘Coppice’
‘Copsee’
‘Stubs’

‘Stob wood’

Bushes (3)

‘Thorns and hollies’

‘Scroggs’

‘Bushes’

‘Pasture bushy’

‘Pasture [marchy] with bushes’
‘Meadow with bushes’

‘Bushy and Meadow pasture’
‘Bushy bogue’

Open woodland (4)

Open woodland (scattered tree symbols covering > 40% of the area)
‘Wood and bushes’

‘Wood pasture’

‘Pasture and wood’

‘Tree park’

‘Pasture intermixed with trees’

‘Pasture overgrown with wood and bramble’

‘Pasture covered with brush-wood’

‘Meadow intermixed with brushwood’

‘Pasture covered with brush-wood and stubs’

Orchard/Garden (5)

‘Orchard’

‘Garden’

Unknown/Unclassified (6)

‘Pasture Wett’ (with — undetermined — wood or bushes depicted)
‘Alder bogue’

‘Bogue with trees’

‘Bushy and planted lines’

‘Meadow’ (with — undetermined — wood or bushes depicted)
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Table 2.5 Management types and corresponding designations on estate plans. The other forms of

terminology listed in Table 2.4 that are not present here were left out due to insufficient evidence of

management.

Management type

Object names as on the map

Plantation

‘Plantation’
‘Planting’
‘Clump of firs’

Coppice

‘Brushwood’
‘Coppiced’
‘Copsee’

Grazing

‘Pasture bushy’

‘Pasture with bushes’

‘Meadow with bushes’

‘Bushy and Meadow pasture’

‘Wood pasture’

‘Pasture and wood’

‘Tree park’

‘Pasture overgrown with wood and bramble’
‘Pasture covered with brush-wood’

‘Pasture intermixed with trees’

‘Meadow intermixed with brushwood’
‘Pasture Wett’ (with wood or bushes depicted)

‘Meadow’ (with wood or bushes depicted)

Grazing , Pollard and Coppice

‘Pasture covered with brush-wood and stubs’

Pollard ‘Stob’
‘Stubs’

Orchard/Garden ‘Orchard’
‘Garden’
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Tables 2.4 and 2.5 illustrate the wide array afiaology used by mapmakers to define woodland
or related types of land-cover cover. The categtan of old terminology such as ‘shaw wood’,
‘stob’ and‘stubs’ is mostly based on the online “Dictionarfytibe Scots language” (DSL, 2017),
but also on the “Glossary associated with woodlaadagement in South Yorkshire” published by
Jones in 2013. The former provides definition axahaples based on the different uses of words in
historical writings. Although written for Yorkshirg¢he latter provides definitions similar to those

in the DSL and helped to complete it with furthefiormation.

‘Shaw’ can be defined as small farm woodland (Jpop@%3; DSL 2017), while ‘stub’ — and variant
spelling ‘stob — may refer to a low-cut pollard (Jones, 2013%tomp of a tree (DSL, 2017). The
nature of ‘brushwood’ is sometimes explicitly defthon maps as in the farm of Birkhill surveyed
by Leslie (1772, RHP38136/38): ‘Low brush wood rostirch’. Brushwood may also refer to
hawthorn Crataegus monogyna hazel Corylus avellang rowan Sorbus aucuparlg alder
(Alnus glutinospand ‘almost all irregular growing and stintedesenaturally appearing in a state
of neglect’ (Singers, 1829, p.137), including aésh Fraxinus excelsigr oak Quercussp.) and
elm UImussp.). According to Singers (1829), the branchektauigs of these trees could be used
as fuelwood. Tree height and use suggest, theretbed ‘brushwood’ and ‘coppice’ can be
categorised together. Brushwood may also refeheoptoduct of coppice itself (Peterken, 1993).
Likewise, the DSL also defines ‘scrogg’ as simiiarbrushwood (DSL, 2017). A few eighteenth
century plans by W. McCartney also mention ‘natuvabd’ and one of these woods was ‘to be
planted’. Notwithstanding that this usage might lynpoppice woodland according to the use
referred to by Monteath in his ‘Forester's Guidd Brnofitable Planter’ (1824), there was no further
evidence of it on the historical maps. It is alsdoe noted that in the New Statistical Account of
Scotland covering the study area (i.e. Vol. 1V, 884he term ‘natural woods’ was used several
times to distinguish sites that were not of plaatabrigin (e.g. p. 202, 261, 344, 464). This usage
suggests perhaps a drift of the meaning of thimiteslogy over time or different uses proper to
surveyors or writers. In all cases, it is likehattthese woods as reported on the historical plans

were all composed of broadleaved trees. Furthird@ategorisation:

- Vegetation class Classes are based on assumption of vegetatigghthand density
according to the map symbols and written evidenee ambiguous nature of the
terminology used by the different mapmakers presgrihe creation of consistent sub-
classes of the vegetation units. Moreover, the egidence for most classes makes them of
little use for investigating woodland cover changesr time. As a result, only the broader

vegetation classes presented in Table 2.4 wenaeeta

This categorisation is still not without some issas significant ‘permeability’ might still

exist between classes. Firstly, ‘Woodland’ (clapsefers here to sites that might present
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denser woodland vegetation and more closed canopyared to the other classes.
However, some of these sites could also be coppiceoppice-with-standards, which
made use of the lower storey as coppice and therugiprey as mature trees cut on a
longer rotation for timber production (Peterken93p These coppice woods may have
been simply described by some mapmakers as ‘Wood’therefore placed in class 1
rather than class 2 (‘Low woodland’). Likewise, d&ir bogue’, unclassified here, could
have been used as coppice (class 2), for instampeoduct gunpowder charcoal (Smout et
al. 2005), or as woodland pasture (class 4, ‘Opeadiand’) (Wilson, 2015). As already
noted, ‘natural woodland’ could also be coppicecddely, while it seems that special care
was taken by many mapmakers to make the distindietveen woodland (class 1),
brushwood (class 2) and bushes (class 3) — ak twa occur distinctly on the same map —
there is no guarantee that all mapmakers usedathe gefinition criteria for these classes
and the distinction may not always be clear infibkl (in other words, these afazzy
classes Thirdly, it was not always possible to understansymbol so as to assign each
polygon a vegetation class. Symbols sometimes girfgil to differentiate the different
classes on the map, or information provided inttie of reference could not be clearly

located on the plan.

Management type likewise, several issues raised with regardsheorhanagement type
assigned to woodland polygons. This concerns paatly plans without a table of
reference. The principal problem was the lack ohagement evidence for the many
woodland sites described only as ‘Wood’ on the lanithout any physical barrier to
prevent grazing, it is also likely that some opesodiand sites were used as wood pasture
even though there is no explicit mention of this.ua these two cases, it was not possible
to assign any management type to the polygons. cAsdnfor vegetation classes, some
‘permeability’ certainly also exists between marmagat types, and a single woodland site
can occasionally be assigned to two types. For plgrplantation’ can refer to conifers
plantation for timber product, as happened increggi during the eighteenth and
nineteenth century (see Chapter 3), but it may ed$éer to plantations used as coppice,
such as planted oak coppice (Monteath, 1824). Astioreed previously, ‘Alder bogue’,
not classified here, could be coppice and/or waastypre (Wilson, 2015). As a result, one
should keep in mind that management types are basedidence provided by the maps
only. However, in reality, a woodland site couldreomore than one management type as

the types are not necessarily incompatible or niiyteaclusive.
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2.2.3.4 Vectorisation of the estate plans’ boundaries

Besides the woodland cover, the total area coveyedach estate plan was also vectorised after
georeferencing (using the National grid ‘OSGB 193®his was necessary to know the coverage
of each historical plan and therefore to identifg airea that was not wooded. It is noteworthy that
some mapmakers clearly exaggerated the width cére@tirses, such as the River Nith, when the
latter marked the physical boundaries of the maped — perhaps to emphasise the boundaries of
the lands and for aesthetic reasons. As vectortbi@gvhole watercourse could create an important

bias regarding what was wooded or not, only a smatércourse width was vectorised.

2.2.3.5 Spatial aggregation and post-processing

After vectorisation of estate plans’ boundaries awddland, a global assemblage was undertaken
by merging all the polygon layers of all georefe®soh plans in separate files according to their two
categories — woodland or plan boundaries — antintfeeseries to which they belong. This allowed
reconstruction of the woodland cover across thdystwea and at three different time periods: the
mid- to late eighteenth century (1740-1799), eanilyeteenth century (1801-1833) and c.1860
(First Edition OS maps). Although the two earlidgte series do not overlap everywhere (see
Figure 2.8) it will be always possible to comparme cof them against the woodland cover in
c.1860.

The challenge of aggregating plans’ boundaries @mvdland polygons from hundreds of different
maps to create geospatial databases led to sonteprposssing adjustmenthoices and
implementation involved were based on the projeatelof the databases. Indeed, while producing
the coverage map presented in Figure 2.8, misakgmmould occur during the global assemblage
of the different plan’s boundaries. This happenat do positional inaccuracy and more
particularly when the boundaries of adjacent plamse separated by a stream, the depiction of
which appearing not particularly accurate on thetdnical estate plans used for this PhD — the
smaller watercourses, for instance, were oftenatieghias simple snake-like lines. Watercourses
could also change through time causing a mismagtivden the plans’ boundaries of lands lying
on either bank. Two types of data inconsistency thay occur: 1) narrow ‘no data’ gaps between
polygons, also calledlivers and 2) overlap of different data — related to different maps — at
the same location. As the slivers could not be aesible for major issues during subsequent
analysis, they were not corrected. However, to kbepdatabase consistent, overlaps had to be
suppressed in a post-processing step which codsistkeeping only one of the two overlapping

polygons. The choice of the polygon to keep waérarly as it had no impact for future analysis.

The same issues also occurred when aggregatingeatljavoodlands polygons from different

maps. When two or more polygons were separatedsiigam, the slivers remained untouched (i.e.

48



Chapter 2

without filling). This was to keep separate woodlasites on both sides of the stream, the latter
having a potential importance during future analyas an ecological barrier and for the study of
woodland metrics in Chapter 3. However, misalignimsiivers could be filled for adjacent
woodland polygons separated by a fence or a watihwhwas obvious that it resulted from slight
positional differences due to the georeferenciraggss or the accuracy of the plan. As for plans’
boundaries, woodland polygon overlaps at the edigéferent plans were removed in an unbiased

way with the data of only one of the overlappindygons being retained.

In addition, plans of the same time series occadlpicovered the same area twice within a few
years. An example of this is the land of Airds meghjn 1791 by J. Wells, only nine years after a
survey by W. McCartney. While the plan by Wells vdaawn along with other plans belonging to
the same landowner and commissioned by him, thkeeanap by McCartney was actually
commissioned by the Court of Session to solve peaty dispute. Another example concerned
lands belonging to the third Duke of Queensbergr igrumlanrig castle. It appeared that in the
1760s, J. Wells was employed by the Duke to supaay of his lands, while the plans by J. Leslie
(1772) were part of a larger project that aimeduovey all the lands belonging to the Dukedom.
The little dissimilarity between the plans of tlweotsurveyors suggests that Leslie made a new
survey of the lands rather than copying Wells hie tases where the same area was covered by at
least two plans of the same time series, the diatheofirst plan of the overlapping woodland
polygons were aggregated, in order to work with daeliest cartographic evidence for each

woodland site.

2.3 Results
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Figure 2.8 Coverage in Nithsdale and Annandale with 352 estate plans dated 1740 to 1833.

Table 2.6 Area covered by estate plans

Time series Area (ha)
Time series 1 (T1) 86,526
Time series 2 (T2) 63,098
Total covered by T1 and T2 41,984

Total covered by T1 and/or T2 107,698
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Figure 2.9 (A.) Cumulative area covered by estate plans from 1740 to 1833; (B.) Distribution of the
coverage according to the dates of the plans that were drawn during the eighteenth century; (C.)
Distribution of the coverage with maps drawn during the nineteenth century. For B. and C., as an
indicative basis, the right vertical axis show the equivalent cumulative area covered with maps though the
eighteenth and nineteenth century.
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2.3.1 Coverage in Nithsdale and Annandale

Figure 2.8 shows the spatial coverage achieveddoln time series after assembling the boundaries
of all georeferenced historical plans. Altogethiee, estate plans cover a total area of about 107,70
ha while the two time series cover a common are41gd80 ha. The first time series (T1, 1740-
1799) covers about 86,520 ha and the second timess@ 2, 1801-1833) covers 63,100 ha.
Woodland reconstructions in T1 and T2 will be tiemre not systematically comparable
everywhere. However, comparisons with the Firsti&adiOS — 25 or 6 inch to the mile series —

will be possible on the whole study area.

The selection of estate plans aimed to keep some &6 continuity in the coverage but large gaps
inevitably occurred. Many plans used for this stwre commissioned by large landowners and
many of the cutting and gaps in coverage corresporttie boundaries of their lands. However,
national archives, public collections and DAMP Ieelpto collate also plans commissioned by
smaller landowners. These plans particularly emblgeverage of the area south and west of

Dumfries, as well as lands around Lochmaben.

Since the summer of 2016, after the end of dateat@n for this project, DAMP has copied more
estate plans. While some of them could parthtiidse gaps, and more are expected to be found in
the future, it is also certain that gaps will remdlany plans might have been lost or destroyed
over time, making full coverage of Nithsdale andnAndale nearly impossible. However, for the
scope of this study, the area covered by estaies plas already considered as sufficient to uncover

significant changes in past woodland cover in theysarea.

2.3.2 Dates of survey per time series

Aggregating separately eighteenth century fromyeaniheteenth century data from estate plans
could, at first sight, appear arbitrary. Howevdris tseparation is not only due to the common
convention of historians to discuss events of eighth versus nineteenth centuries. With regards to
the periods of estate surveys, Figure 2.9 showsrasied trends in our set of maps between the
two time series. The curve in Figure 2.9A refleitts cumulative area covered by estate plans
through time. There was a steep increase of ab®itk? of land surveyed between 1760 and
1780, with an acceleration that led to more thad 8@ surveyed in 1772 when J. Leslie finished
his plans of Drumlanrig estates. Surveys at theoéitlde eighteenth century seem less regular, with
only a slow increase of 115 krmapped between 1780 and 1799. Between 1804 ar®] &8
curve shows once again a steeper and steady indreasverage to reach the cumulative area of
about 625 krh

Figures 2.9B and 2.9C offer an alternative to isaahe changes in coverage over time. Figure

2.9B shows that 75% of the area surveyed in thitegmth century was surveyed between 1758
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and 1774, 50% within six years (1768-1774 — seg bux). Regarding the second time series
(Figure 2.9C), the distribution is more spread #ominated by maps drawn between 1815 and
1825 (50% of the area). These two periods may teerespond to periods of more intense estate
mapping activity. As a result, we can expect thitire work on this collection of estate plans will
see the results dominated by data from the yea88-1774, for the first time series, while the
weight of the years 1815 to 1825 will dominate ¢ésémates made from nineteenth century plans.
Therefore, the choice of separating the maps imt groups, according to the century they
belonged to, appeared obvious and meaningful heeddition, this separation is supported in the
data by the fact that most estates for which twe-@& plans existed were surveyed in the

eighteenth century and, many decades later, initregeenth century.

2.3.3 Woodland cover reconstruction: three case studies

2.3.3.1 Maps of woodland cover reconstruction
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1772 = 1820
(139 estate plans) (3 estate plans)
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Figure 2.10 Extract of the woodland cover reconstruction for 1772, 1820, c. 1860 and 2014 in the parishes
of Morton, Durisdeer, part of Penpont and Tynron near Drumlanrig Castle. The coverage corresponds to
part of the area surveyed in 1772 by James Leslie and 1820 by William and David Crawford. Data for 2014
are extracted from the National Forest Inventory (NFI, 2014). Polygons for which Category was ‘Non-
Woodland’ in the NFI geodatabase were left out. The number of estate plans used to make the

reconstruction is indicated for the years 1772 and 1820.

Table 2.7 Area covered with woodland in part of the parishes of Morton, Durisdeer, Penpont and Tynron.
Percentages are expressed relative to the total area covered (22,546 ha).

Date Area covered with Woodland (ha)
1772 661 (2.9%)

1820 966 (4.3%)

c. 1860 2,296 (10.2%)

2014 4,248 (18.8%)

54



Chapter 2

1804-1817
Intended for planting (4 estate plans)
(in 1767)

1768-1787
(9 estate plans)

[ ] Boundaries of the parishes
- Woodland cover

[ ] Plantation (estate plans only)
I orchard (estate plans only) \

c. 1860 \ S 2014
(Ordnance Survey maps) (National Forest Inventory)

Figure 2.11 Woodland cover reconstruction for 1767-1787, 1804-1817, c. 1860 and 2014 in part of the
parishes of Closeburn, Keir, Kirkmahoe and Dunscore (Dalswinton estates and surrounding area). Areas as
‘plantation’ and ‘orchard’ were deducted from estate plans indications by the surveyors only and do not

mean to be exhaustive.

Table 2.8 Area covered with woodland in part of the parishes of Closeburn, Keir, Kirkmahoe and
Dunscore. Percentages are expressed relative to the total area covered (2,744 ha).

Date Area covered with Woodland (ha)
1767-1787 180 (6.6%)
1804-1817 332 (12.1%)
c. 1860 411 (15.0%)
2014 941 (34.3%)
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Figure 2.12 Woodland cover reconstruction for 1780-1815, c. 1860 and 2014 in part of the parishes of
Johnstone, Kirkpatrick-Juxta and Wamphray (Annandale estates). Area as ‘plantation’ was deducted from
estate plans indications by the surveyors only and does not mean to be exhaustive.

Table 2.9 Area covered with woodland in part of the parishes of Johnstone, Kirkpatrick-Juxta and
Wamphray. Percentages are expressed relative to the total area covered (12,954 ha). The area covered

with plantations in 1780-1815 is a minimum estimate only.

Date Area covered with Woodland (ha)
1780-1815 total 940 (7.3%)
- 1780-1786 plantation 299 (2.3%)
- 1786-1815 plantation 187 (1.4%)
- 1780-1815 total plantation 466 (3.7%)
c. 1860 1,147 (8.8%)
2014 4,029 (31.1%)
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Figures 2.10, 2.11 and 2.12 show three cases ailetbtwoodland cover reconstructions for
respectively, Drumlanrig, Dalswinton and Annandektates. These examples illustrate various

outcomes from the reconstruction process deperatfirtge source of data and location.

For the three case studies, the coverage inclubsges of woodland cover as presented in Table
2.4. In the case of Drumlanrig estates (Figure 2.tlasses ‘Woodland’, ‘Low woodland’,
‘Bushes’, and ‘Open woodland’ could be preciselyedained from James Leslie’'s table of
contents and accounted for respectively 70%, 10%8 Bhnd 6% of the vectorised woodland
vegetation. The remaining 3% could not be categdrisecause of uncertainties due to unclear
depiction or explanation (i.ePasture wettor ‘Meadow on which were depicted round symbols
representing either trees or bushes; areas that semded on the plans but for which the
description is missing). Due to the scale and fer sake of clarity, watercourses were not
represented on the reconstruction maps but mostllaed cover depicted by Leslie lay along

watercourses.

As these eighteenth century plans were from theesamveyor, the categorisation of the woodland
into vegetation classes was easier for Drumlanstates and certainly more consistent than
elsewhere in the study area. However, these végetelasses cannot be systematically compared
with the classes identified from the plans drewl820-1825 by William and David Crawford
which cover the same area. Unlike Leslie, Crawfartd Crawford did not distinguish the
vegetation by annotations or symbols to distingwisiodland from bushes and brushwood. In
general, the lack of comparability between timaeseregarding vegetation classes is an important
limitation of using estate plans to understandnstc woodland changes. Nevertheless, Crawford
and Crawford mentioned other relevant informatiegarding the vegetation classes and woodland
management. Many sites are indicated as ‘plantagioth the surveyors identified various kinds of

open woodland sites such as ‘pasture with woodandd and meadows’.

Regarding Dalswinton estates (Figure 2.11), ihieriesting to note that estate surveyors named as
‘plantation’ on the plans only some of the siteanpéd with woodland. Indeed, comparisons
between the two earliest time series clearly sugtest there was more plantation than was
indicated by mapmakers on early nineteenth cemntlanys — natural regeneration being unlikely to
have happened on such a large extent. Moreoveg saradland sites identified as “plantation” on
eighteenth century plans were only described ativon nineteenth century plans. Perhaps, the
most recent plantations only were considered al, sarcthe largest planted sites. In any case, this
issue confirms that the surveyors’ indications wiesalfficient to identify all planted sites on the
area covered by estate plans. As a result, essn@ftearea planted with woodland should be

understood as a minimum only.
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Unlike for the Drumlanrig and Dalswinton estategodiand cover reconstruction on Annandale
estates (Figure 2.12) did not allow a systematioparison between T1 and T2 because of their
very small overlap (see Figure 2.8). As many of¢hplans emphasised the woodland plantation
and they often provided the exact dates for eaata ftom plans dated 1780-1815 were merged
here into the same time series. In this mannemgbenstruction from estate plans can be compared
afterwards against other time periods (i.e. c.1&86® 2014 data). The reconstructions also become
more informative showing the large extent plantaiovith regards to the area wooded in 1780-
1815, while it was also possible to estimate theimmim woodland area planted for the periods
1780-1786 and 1786-1815. Although the part of #mmnstruction for the estates located towards

the south of the study area is not discussed harextract is provided in Appendix B.

2.3.3.2 Woodland cover estimates

For all case studies, the woodland cover increasediderably between each time series: from
2.9% to 10.2% between T1 and ¢.1860 in Drumlansigtes (Tables 2.7) and 6.6% to 15.0% for
Dalswinton (Tables 2.8). In Annandale, this carsben through the large area of plantations in the
study area: a minimum of 466 ha of woodland wastplh between 1780 and 1815 corresponding
to almost a half of the total area under woodsrestid during that time period (940 ha). The same
trend of increase can be observed in most of thdystrea, as is shown in Chapter 3. However, it
must be noted that the examples of Drumlanrig, Wiatbn and Annandale were purposely
selected to show how woodland cover changes camvmaled by spatial reconstructions using
many estate plans. Therefore, to visualise the gdmmetter, these examples focused on estates
with a lot of woodland compared to the rest ofshaly area. Consequently, the estimates provided
in Tables 2.7, 2.8 and 2.9 do not reflect the pridgo of woodland at larger scales, which is much
lower when one integrates all areas not woodetlampast. Estimates of the woodland cover at the

scale of the whole study area are considered fumh@hapter 3.

Finally, changes of woodland cover in the studyaahappened progressively and irregularly
depending on location. The increase of the woodleankr we observed previously in Figures
2.10, 2.11 and 2.12 occurred across the whole saneg but at different paces. Therefore, the
resulting composite images produced for each tierees — because estate plans were made in
different years — do not reflect accurately the dland cover at a single point in time. The purpose
of these reconstructions was mostly to uncoverdseat different location to understand better
changes that happened before the time of the Edtion OS mapping. As a result, calculations
behind the quantitative assessment of woodlandraiveach time series as provided in Tables 2.7,
2.8 and 2.9 were approximations that aimed primaalreflect the overall extent of the changes,

rather than estimating the exact amount of woodt#rashges between specific years.
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2.4 Discussion on the uncertainties in the woodland cover
reconstruction

‘Uncertainty’ can be defined as doubt about infaioraprovided by a map at a specific location
(Fisher, 2003). Linked to data quality, severalrees of uncertainty are likely to occur when
working on estate plans. An assessment of uncadsiand limitations of using estate plans is
required before proceeding to further studies. Tdgsessment can help to decide whether the
geospatial database specificities meet the neeflgure application (or, in other words, are fit fo
purpose — Veregin 1999, Leyk et al. 2005). Uncetiteé can be integrated into the three domains
defined by Leyk et al. (2005) in their conceptuahniework of uncertainty investigation
Production-oriented uncertaintyTransformation-oriented uncertaintgnd Application-oriented
uncertainty In drawing on this conceptual framework, thiscdission explores in a chronological
manner the uncertainty arisen from the historisshte plans production to their practical use for

research on woodland cover changes.

2.4.1 Production-oriented uncertainty

The uncertainties arising from field survey (obs¢ion and measurements), conceptualisation by
the mapmaker (discretising, abstraction and gesatain) and map production constitute what
Leyk et al. (2005) defined thproduction-oriented uncertaintyThis domain of uncertainty is
closely linked to the data quality of the plans,ahdrefore, inherent to historical data. Two atpec
of the topographical information are now assessathely, 1)reliability, defined as how true and
comprehensive the information was (Bendall, 1992y 2)positional accuracyIn studies that
make use of historical maps, positional accuracyallys refersto planimetric accuracyand
geodetic accuracyBendall, 1992). The former evaluates how the dista and bearings between
two objects on the map match their true values,thadecond refers to the position of a map in a
coordinate system (Bendall, 1992, Jenny and H@01,1). As estate maps cover small distances,
the latter is considered as not relevant for thislys (Bendall, 1992, Jenny and Hurni, 2011) and
planimetric accuracy only is discussed. Althoughtreated by Leyk et al. (2005), a third issue that

refers to later amendments of some of the estatesji$ also considered.

2.4.1.1 Reliability of the information

Regarding woodland evidence on estate plans, the orétical question is how reliable and
comprehensive is the woodland record on histogstdte plans. For example, Glaves et al. (2009a)
noted that woodland sites were sometimes omitteghvithdid not suit the purpose of the map, and
that hachuring to represent the slope can obsbereyimbols for woodland. While it was perhaps

more often the case for earlier, sketchier, egiltas — such as seventeenth and early eighteenth
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century documents — the omission of woodland tonspbysical characteristics of the landscape

could only be evidenced on Crawford’s county mapuoinfriesshire dated c.1804.

Concerning the estate plans used for this studyjntormation they provide tends to suggest that
woodland was unlikely to be intentionally overlodkeFirstly, all tables of reference refer to
measurement estimates of the woodland cover widaich estate, or part of the estate. This
suggests an interest from the landowner to know imoweh of his land was wooded. In the context
of agricultural improvement and at a time when fdéons were thriving almost everywhere in the
study area, one can imagine that having an accutefection of the woodland cover on

commissioned estate plans was indeed in the intefésndowners.

Secondly, as mentioned previously, it has occa#iiohaen possible to compare plans of the same
area made close to each other in time (i.e. wighuery few years’). These comparisons helped to
assess theonsistencydefined by Veregin as ‘the absence of apparemtadictions in a database’
(Veregin, 1999, p.182). For instance, the parhefgarish of Durisdeer lying east of the River Nith
near Drumlanrig castle was mapped by J. Wells i831and by J. Leslie in 1772. While quite
different in style, Wells drawing showing slightiyore topographical information, the two plans
show very similar woodland cover. Likewise, almantical woodland cover is shown for the
farm of Airds in the parish of Troqueer surveyedlifB6 by W. McCartney and in 1791 by J.
Wells. More differences exist for the Dalswintortia¢ss mapped in a Volume of 14 farm plans by
W. McCartney in 1768, and J. Wells in 1786. Howeteis difference seems to be real and related
to the ongoing trend of increasing plantation cabat occurred in this estate until at least ¢.1860
(see Figure 2.10). Notably though, a large 12.3vbadland site mapped by McCartney in 1768
was not depicted by Wells in 1786 while the trendthis area suggests increasing woodland
planting with time rather than felling. In the redet table of reference, McCartney noted about this
site: “intended for plantation” (Figure 2.10). Tfaet that neither Wells nor anyone else afterwards
depicted this woodland certainly means that thésigition never occurred and that McCartney had
mapped as planted an area that was intended ttabtg but never was. This conclusion should
prompt caution when the table of reference asstiatith an estate map is missing. Although
difficult to know how often it happened, this matthould be borne in mind in the critical

assessment of the woodland changes deduced frate gsns.

Nonetheless, the great detail with which the mapmrakften drew the woodland boundaries and
the degree to which their shapes were consistarttone allowed little doubt on the reliability of

the woodland depiction. The consistent changesrebdafter comparison between the time series
did not point to either any woodland that may hbeen overlooked or ignored in the past. This
second issue is slightly more complicated to detemwever, as it implies that a record for each of

the three historical time series exist for the sanea, which was not case for the whole study area
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(see Figure 2.8). Signs that should signal cautibout woodland depiction include when a
woodland site is depicted on time series 1, disafgpen time series 2 and is depicted again on time
series 3. In a similar way, Kaim et al. (2014) istvgated reliability in the analysis of changes in
forest with atrajectory analysisvhich records absence or presence of a forestosiach of their
four time series. This analysis allowed quantifmatof less realistic trajectories. A trajectory
analysis is undertaken in Chapter 3. While thers wa data to support this hypothesis in this
study, it is also possible that certain forms ofnagement, such as recent coppicing, may have
caused the surveyor unintentionally to overlook sampodland sites and consider them instead as
open lands (Glaves et al., 2009a; Kaim et al. 2014)

The issue of understanding the tree symbols anavithe range of written description referring to
woodland in the tables of reference constitutesiibst significant production-oriented uncertainty
affecting data quality. In that regard, Plew (2088} Leyk et al. (2005) defined eaguenesshe
issue of categorising an object into ill-defined fozzy classes, resulting from overlapping
definitions; and they defined ammbiguity the confusion arising when a concept has several
meanings or weak definitions. Although the latt@m coccasionally be clarified after further
investigation of semantic consistency — for instabg comparison of maps or by using other types
of archives — it is still essential to bear in mitlcht vagueness and ambiguity will influence
whether one considers an object as woodland anditwill be categorised at a certain location.
As a result, using evidence from historical mapsategorise woodland sites into vegetation class
and management types appeared problematic andlwaysaconsistent: some records such as
‘bushy wood’ or ‘natural woodland’ are ambiguous they permit of multiple interpretations,
which may also change over time. In the meantimedland-related categories were defined based
on vague evidence and fuzzy classes. These madtdrsto the impossible challenge of
differentiating ‘woodland’ from ‘bushes’ and ‘brusbod’ in a systematic and consistent way
across all the maps. In addition, due to a laclkewifience or to varying degrees of vegetation

description level between the plans, many woodktss could not be categorised.

However, as we see below in Chapter 3, categogasstill provide a relevant insight into past
woodland cover and management activities undecdnelition that they are used with great care.
Along with the possibility provided by GIS softwate select part of the geo-database with a
combination of queries, categories provide moreilfiéty for defining woodland in future
analysis. Indeed, the use of GIS helps to adaptréla¢ément of data to the aim of the research, and
explore alternative options more easily. This istipalarly useful to add or remove some
categories when one tries to estimate the area@dby different types of woodland. For example,
the total area used as wood pasture can be asdakseglinto account only woodland sites with
explicit mentions of pasture or in integrating apen woodland sites. This helps to place the

estimate area of wood pasture into a range of salui&kewise, vegetation studies of modern
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woodland sites with historical records may wanintegrate or leave out sites recorded as ‘bushes’
or ‘brushwood’ during the eighteenth or nineteecghtury. The use of categories should therefore
vary according to the project goals and it showddbne while bearing in mind the shortcomings

behind the process of categorisation.

2.4.1.2 Planimetric accuracy

The varying purposes of historical maps meant thay did not all need to be planimetrically

accurate (Bendall, 1992; Jenny and Hurni, 2011 Pptanimetric accuracy of historical estate

plans was nonetheless likely to be the objectmdiréicular care. This is, for instance, suggested b
the table of contents associated with plans thavige acreage of the different types of land-
cover/land-use such as infield, outfield, meadovastpre and woodlands. Measurements
undoubtedly served as a tool with regards to the thva landowners would manage their estates
and run their businesses (improvement, price foting, etc. — Adams, 1971). Adams (1971) also

reported complaints of landowners not satisfiedh®yaccuracy of their surveyors.

Surveying instruments, surveyor’s skills and scdlthe plans are all relevant in considering plans’
accuracy when they were made. Some lands werdrdgmaore challenging to survey than others,
including steep areas or lands with higher elewatidls. In addition, errors may have occurred at
each stage of the map production: from field messto data compilation, sketch drawing, and fair
copies production (Jenny, 2006). Errors were dlggyl to propagate if the survey covered larger
areas. This could be mitigated by the use of thigedand triangulation methods, rapidly

considered as more appropriate to survey largeiopsrtof lands and recommended by John
Ainslie, a well-known Scottish surveyor (Macnair &t, 2015), in his 1812 treatise on land

surveying :

(...) a theodolite, which is now the most commortruinsient that is made use of by
experienced practical surveyors, and has many #alyas over all surveying
instruments, particularly for taking the surveydasfje estate. (p.82)

After georeferencing, the alignment of historicadpa with reference data and the calculation of
the RMSE can partly help to assess the planimattracy of these maps. However, how well a
map aligns with reference data after georeferendo®s not only reflect the quality of the mapping

by the surveyors. Digitising methods, preservabbthe drawing support, and size of the subsets
of plans for local georeferencing can altogetheonsgjly affect the planimetric accuracy of the

georeferenced maps. The systematic reasons why glame are more accurate than others was,
therefore, not assessed further. This challengisl tould be the object itself of another research

project.
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Contrary to the approach by Leyk et al. (2005gaes not seem relevant here to use the RMSE
measure as an assessment of the transformationtestigncertainty only (i.e. uncertainty related to
data processing, see section 4.2), when RMSE aldly peflects the varying planimetric accuracy
of the plans and therefore the production-orientadertainty. Therefore, Figure 2.13, which is
indicative of the degree of positional error thHieets georeferenced plans, can be understood as

the result of the combined effect of these two domaf uncertainties.
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Figure 2.13 Boxplot of RMSE values for T1 (time series 1) and T2 (time series 2). RMSE values were
calculated from respectively 143 (T1) and 81 (T2) georeferenced map images on which at least one
woodland site was depicted.

Figure 2.13 shows boxplots of RMSE values for gissemced map images categorised in the two
earlier time series. The images correspond to thelevmaps or subsets of it in the case of local
georeferencing. The medians are respectively 16ahdn11.1 m for T1 and T2. The difference
being statistically significant (Mann—-Whitney U tep < 0.001), the transformation process for
georeferencing seems more consistent and accuhete applied on maps drawn in the nineteenth

century than in the eighteenth century.

It is likely that the significant differences obged between T1 and T2 reflect partly the better
guality of surveys associated with the improvenahinstrumental accuracy and particularly the

development of the theodolite. However, as alreadntioned, various factors can also affect the
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RMSE, in particular the number and quality of cohoints, type of transformation, and map

storage responsible sometimes for wrinkles andesuof the drawing support.

For instance, in T1, 27 maps have a RMSE valueaBdvm. Amongst them, 23 items are farms
plans by James Leslie, bound in four different Viahs (1764-1766 and 1772, see example in
Figure 2.2B). Besides the early dates of the mdifferent reasons may explain a higher RMSE: 1)
a fewer number of CPs could be found on individiaain plans of pre-enclosure landscape and
uncertainties often occurred regarding the qualitthese CPs as the position of objects may have
moved over time in the context of a highly chandemydscape; 2) some of the plans were drawn at
smaller scales — 1:15,000 and less — compared 81 otber estate plans used for this study; 3)
the area covered by the survey present a widetyariéandforms, particularly hills and steep river
banks, making the survey more challenging. This ex@lain why some georeferenced plans from
surveys undertaken on flat lands, by the same garypresented a considerably lower RMSE (e.g.
below 15 m for the surveys in the parish of Keand 4) the availability of plans under the form of
volumes did not permit the making of copies asdiwould be preferred. Notably, the median of
the RMSE values for T1 would decrease from 16.8.38 m if omitting the RMSE values
calculated from georeferenced Leslie’s farm plaridramlanrig estates. It would also decrease for
T2 after removing survey of these estates duriegnitheteenth century, which may support further

the assumption that Drumlanrig estates were mattectying to survey.

By extension, the RMSE of georeferenced maps camsdrve to assess the planimetric accuracy
of the woodland cover reconstruction. However,casfiy statistical metrics, a good understanding
of RMSE properties, and related uncertaintiesguired. In squaring the residual errors before
averaging, RMSE penalises larger errors associatdCPs (Chai and Draxler, 2014). As Chai
and Draxler (2014) also noted, because RMSE is m@meitive to higher error values, it will vary
with the range of error magnitudes and so all CHk net have the same weight in RMSE
calculation. As it is common to observe largerdeal values for isolated CPs at the edge of the
plans (e.g. Leslie’'s farm plans in Drumlanrig) steensitivity of the RMSE may particularly affect
its use to assess the accuracy of georeferencedlidéd maps. In practice, the least accurate parts
of a plan (i.e. with highest CP’s residual errorsl) have more weight on the RMSE value than
any other CPs.

This point is particularly important when one aitnsassess the planimetric accuracy of woodland
depiction on historical plans and the subsequewidiemd cover reconstruction: the number of CPs
was maximised in areas with woodland in order tdearthe georeferencing more accurate at these
specific locations. However, this was done sometiraethe expense of the accuracy of other
sections of the map, for which CPs ultimately hayér residuals and, in turn, increased the

RMSE. As a result, georeferenced plans presentgtg glanimetric accuracy where the woodland
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was depicted, may have a high RMSE because other glathe plan, without woodland, are less
accurate. The RMSE values of these georeferencadspl— and associated woodland
reconstruction — can therefore be considered aspper estimate of the error, or planimetric
uncertainty, of woodland depiction and reconstarctiin contrast, low RMSE values will not be
representative enough of the planimetric accuratythe whole item, and the woodland
reconstruction, if 1) residual errors are calcudt®m a too little number of CPs; and 2) the CPs
are unevenly distributed across the map. As atiesuine georeferenced maps, for which control
points were difficult to find, had a very low RMSflues whereas large sections — wooded or not

— did not overlay properly on reference layers.

In addition, the RMSE value may also suffer biascakulated based on chosen rather than
independent CPs. As pointed out by Bendall (1988)se points are selected because they are
more easily identifiable and, for a similar reasiney may have also served in the past to carry out
the survey. As these points would not reflect the map but the maximum accuracy, this would

have in effect decrease the RMSE.

These different cases show how variations in theSEMalues do not necessarily reflect directly
the accuracy of a map. The RMSE can thus sometmes misleading indicator of the woodland
cover reconstruction accuracy. In all cases, alsingmber to summarise many error values will
always lead to a significant loss of informatiorh&C and Draxler, 2014). In combination with
RMSE, other statistical metrics could be considerethe future to better assess the planimetric
accuracy of woodland reconstruction: for exampthe, mean absolute error (MAE) that gives a
similar weight to each CP’s residual error (Chai &raxler, 2014); and a metric that would give
higher weights to errors near any area of particii@rest like woodland, and that will penalize

georeferencing with few, or unevenly distribute®sC

2.4.1.3 Post-production changes

While not mentioned by Leyk et al. (2005), post rpapduction changes are also likely to occur
and bear with further uncertainties. Many archigedfered time damages. For instance, the
writings can fade away, which lead to a loss obiinfation. It affected particularly the plans’ table

of contents. Some maps were also voluntarily ameiivdéhe following years to reflect future plans

or recent changes. This last point was never aarapp problem for this research though as the
observed changes did not mask the original contéatthermore, it seems that the people
responsible for these changes regularly mentiohedyears of additions on the maps, and it is

believed that amendments were easily identifiethbyuse of different colours and symbols.
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2.4.2 Transformation-oriented uncertainty

The successive steps of integrating data from tiésiomaps into a GIS to produce the final
geospatial database (i.e. digitisation of the maemreferencing the images, vectorisation and
spatial aggregation of the woodland data) may keamsible for further uncertainties that may
particularly lead to positional errors. The progegserror (Kaim et al.,, 2014) is called
Transformation-oriented uncertainfjLeyk et al., 2005). One way recommended by Leyklet
(2005) to assess this domain of uncertainty isddleulation of RMSE values as presented in
Figure 2.13.

The use ofsecond order polynomialvhich allows partial curvature of the map contéQGIS,
2015), or more mathematically compl&xrd-order polynomialand rubber-sheetransformation
methods would have helped to better align the hestbmap with the reference data and would
have decreased the RMSE. These solutions have gaggoularly used on maps covering large
areas like county maps (e.g. Macnair et al., 20I6)some extent, warping the image could also be
used as a correction of the maps for which the idhguaupport suffered shrinkage or other physical
alteration over time (Jenny and Hurny, 2011). Thesmesformation methods would, however, give
a false impression of accuracy and they would rescdyg increase the transformation-oriented
uncertainty in modifying dramatically the spatiata. The modification of the spatial content of
the map would in turn alter to an unknown extesmt ¢thiginal shape and size of the woodland as
initially drawn by the mapmaker. For this reasonpren constrained Helmert or affine

transformation appeared preferable.

Petit and Lambin’s (2002) concerns about the qualitthe processed data being compromised by
the resolution of the smallest scale map are ndicpéarly relevant here given that estate plans
generally cover only small areas and, in any evard, all drawn to a small range of scales.
Likewise, the fact that the resolution of GIS safteris almost without limit and, as such, far bette
than any digitised map (Petit and Lambin, 2002)egs an issue for estate plans than for maps
drawn at smaller scales. For the latter, the vesstion can be exaggeratedly accurate (e.qg.
woodland boundaries vectorised with a resolutioloweone meter) and thus be misleading
considering the low resolution of the original mapsthe present study, most farm plans have a
scale between ¢.1:6,000 and ¢.1:15,000, whereas mkearch studies used an array of historical
maps with a wider range of scales (e.g. 1:25,000160,000 for Kaim et al., 2014). Moreover, it
is noteworthy that the estate plans with smallesies were conveniently used to cover large
portions of lands at high elevation where no wondlavas growing. Only a few eighteenth century
farm plans of smaller scales (c.1:35,000) and diegiavoodland were georeferenced (‘Reduction
plans’ by Josef Udny, see Appendix A). These plangr the parishes of Moffat and Wamphray

and they were retained as they provide also compsate information about past management,
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including plantations, wood pasture, coppice, amdetimes information on tree species. It might
be relevant in the future to add the scale of ttegpsnthat were vectorised in the woodlands’
attribute table, which was not possible for thisdgt— the size of the plans was not systematically

communicated by the organisations who copied them.

Finally, putting altogether a wide variety of plam@de at different dates lead to a composite
reconstruction that does not allow a snapshot efwoodland cover at a single point in time.
Moreover, using the transition from one centurgmother as a threshold to separate the two earlier
time series is not without influencing the woodlataVer reconstruction and, therefore, woodland
estimates calculated for each time series. A diffedate to separate the two earlier time series
would necessarily affect the reconstruction and ld\dead to an increase of the woodland
estimates for one time series at the expense dafttiex. As a result, the influence of the threshold

contributes further to the transformation-orient@dertainty.

2.4.3 Application-oriented uncertainty

Misinterpretation or discrepancy existing betwees original purpose of the map and its intended
application define the last type of uncertainty sdmpplication-oriented uncertaintyAccording

to Plewe (2002), misinterpretation can be the tesfub lack of knowledge by the interpreter as
well as variations in language and concepts betweeorder and interpreter. This can be
illustrated in the definition of various objectssitidy such as open woodland and wood pasture as
we understand it today against mapmakers’ conclgditian and depiction. Ambiguous evidence
(Plewe, 2002; Leyk et al., 2005) could stronglytatwite to this domain of uncertainty as a wrong

understanding by the interpreter may subsequesdly to a misuse of the data.

In addition, the risk of some bias resulting frame fpartial coverage of Nithsdale and Annandale
cannot be completely avoided. Most maps used fsrstindy were commissioned by large private
landowners with, in fact, the financial capacitiesundertake woodland plantations and major
improvements on their estates. One can assumechiaaiges occurred more rapidly, or more
widely, on their lands than on the ones belongingnballer landowners. This should be considered
as a possible bias when quantifying and charasigrizast woodland cover changes at a regional
scale. The database might not be absolutely repase of the whole study area but biased due to
an over-representation of the lands belonging rigela wealthier, landowners. This quality of the
database is referred to by Veregin (1999)nasdel completenesslit defines the relationship
between the “objects in the database” and “[tradired degree of abstraction and generalisation”
for a practical use (p. 183). Nonetheless, theystfdplans from national institutions and the

collection of small landowner farm plans by DAMRtainly helped to mitigate this possible bias.
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Finally, as pointed out by De Keersmaeker et 8018} in their analysis of forest changes in
Flanders since 1775, temporary events affectingdieonl sites — such as temporary wood
clearance — may have happened between two timessand remain undetected due to a lower
temporal resolutionVeregin, 1999) of the woodland cover reconstarctit must be taken into

account when one tries to assess woodland contiougr time (De Keersmaeker et al., 2015).
Examples of this issue are discussed further inp@ne8 and illustrated in Muller and Carruthers
(2017) (Appendix D). Chapter 3 and Chapter 4 amaigsietail the woodland database for specific
research goals, and examples of application-orienteertainty will be further illustrated, as well

as various practical solutions to cope with it.

2.5 Conclusion

This chapter details how data from 352 historicahte maps were collated in a GIS to reconstruct
Nithsdale and Annandale past woodland cover withildel boundaries. This was possible for two
different time periods: the second half of the &#ghth century (1740-1799) and early nineteenth
century (1801-1833). Over an area of about 1,077 this reconstruction provides an accurate and
realistic depiction of past woodland cover disttiba that can be directly compared with woodland
cover extracted from the mid-nineteenth centurystFEdition OS maps (c.1860) and current
woodland cover. Estate plans are also valuabléanh they offer additional information on past
management and shed further light on different «iolwoodland vegetation. More generally, this
methodology demonstrates that the potential otegians is not restricted to local studies ortly. |
highlights the considerable value of estate plasstudies of historical landscape that aim to
reconstruct and investigate past landscape an@magichanges at periods when cartographic

evidence was scarce or considerably less detailed.

Although many uncertainties are associated with tfethodology, the approach used here helped
to mitigate some of their detrimental effect on tk&ability and accuracy of the reconstruction.
Using two transformation types faithful to the am@ survey — Helmert and affine transformation
— is a pragmatic approach that both acknowledgedpttysical characteristics of the plans (e.g.
wrinkles, shears) and subsequent spatial accurdcyth® digital copy and allowed the
georeferencing of map images with a spatial acgusgtable for future research goals. This
approach may compensate or mitigate deformatiomsagcuracies at several stages of the process,
including survey, map production, storage and @igfiton of the plans. This methodology was
enhanced further with local georeferencing of stgoskthe largest size maps, or the ones covering
the largest areas. Finally, although not alwayssistent, categorisation of the semantic elements

related to woodland cover may offer more flexilgiibr future treatment of the data.

However, an assessment of the production, transfitom and application-oriented uncertainties

shows that significant forms of uncertainties camain. These uncertainties are inherent to the
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challenge of working on a large number of plansyivay in form, dates of production, and
woodland data quality. While it highlighted sometloé limitations of the geospatial database, this
assessment helps to decide how its charactercstitsneet the needs of future applications. In that
regard, some uncertainties concerning the reltgtaind accuracy of historical maps, and derived
woodland cover reconstruction, are analysed furimghe two next chapters. These chapters are
based on the woodland reconstruction at each tiereess to characterise qualitatively and
guantitatively woodland cover changes (Chaptetd@assess the reliability of the Scottish Ancient
Woodland Inventory, and to identify specific sitew testing the ecological importance of

woodland continuity (Chapter 4).
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Chapter 3

Spatiotemporal woodland cover changes and their
drivers since the mid-eighteenth century

3.1 Introduction

3.1.1 The importance of understanding past woodland cover changes

The long-term history (>100 years) of land-coverdaise changes has strong implications on
species and habitats distribution, diversity andinalance, thereby influencing present-day
structures and functions of ecosystems (Foste2;19&ster et al., 2003). A better understanding of
this long history has been increasingly regardeelsaential to identify, conserve or restore habitat
of higher ecological and cultural value (e.g. Cogsi2001; Kayhkod and Skanes, 2006; Gimmi et
al., 2011; Biro et al., 2013).

For Europe’s woodlands, past management practisesh as coppicing regimes, grazing,
plantation of non-native tree species, are likelyyave had long-lasting effects on the biophysical
characteristics of present-day woodland sites (pend Verheyen, 2007; Hermy, 2015). Research
has notably investigated the legacy of past prestiand relatively recent changes on soll
properties, seed bank, above-ground vegetatioprtelrate fauna, and lichens (Kirby et al., 1995;
Holl and Smith, 2007; Van Calster et al., 2008; @imard et al.,, 2013; Fortuny et al., 2014;
Munteanu et al., 2015). At the landscape scalet, pmasiagement has contributed to shape the
spatial configuration of the woodland cover ane tspecies abundance patterns (e.g. Kayhko and
Skanes, 2008; Rochel, 2015). It seems therefodafuental to assess, at multiple levels, changing
woodland management practices over time in ordentterstand their implications for present-day

woodland ecosystems.

The continuity (i.e. uninterrupted presence) of dland habitats is regarded as another key
element in woodland ecology (Flinn and Vellend, 208ermy and Verheyen, 2007; Nordén et al.,
2014; Watts et al., 2016). In the UK, the most ®ddexamples to investigate the effect of
continuity on woodland ecosystems are certainly soecalled ‘indicator species of ancient

woodland’ (Rose, 1999; Crawford, 2009) while antignodlands — established since at least 1750
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in Scotland and 1600 in the rest of the UK — ames@ered as areas of higher biological value (see
Chapters 1 and 4). Indeed, the areas continuoustgled for centuries are likely to be occupied by
a larger diversity of slow coloniser’ organismsttih@quire environmental stability (Hermy and
Verheyen, 2007). In addition, the regular higheudural heterogeneity of these woodlands —
shaped by the interplay of continuity and managenméstory — can provide a wider array of
micro-habitats suitable for niche specialists (Heand Verheyen, 2007). Likewise, veteran trees,
in open or dense woodlands, have been recognisedsastial to preserve specialised saproxylic
insect species, rarer lichens, and to maintain ladipns of bats and birds associated with these
trees (Kirby et al., 1995; Siitonen and Ranius,30As a result, ancient woodlands and old trees
are commonly considered as habitats of major inapod for conservation strategies in the UK
(Goldberg et al., 2007).

The ecological properties of relatively more recenbdland that have grown on areas once used
for other agricultural purposes are also stronglgted into the past. For instance, it has been
demonstrated that former land-use, such as arablds) can exert a long-lasting influence on
woodland soil properties — including carbon andogien cycling, pH, phosphorus availability
microbial community —, seed banks, and vegetatmnposition (Fraterrigo et al, 2006; Hermy and
Verheyen, 2007; Plue et al. 2008; Sciama et al92Bzhtner et al., 2014; Hermy, 2015). In north-
eastern France, Dupouey et al. (2002a) pointeth@utformer Gallo-Roman agricultural activities
have influenced the present-day soil and flora adttaristics of woodlands. Likewise, in the
Carpathian region, Munteanu et al. (2015) assurhedl ¢contemporary woodland disturbance
patterns (pest, pollution, wind throws, etc.) isteal in the last 150 years of past land-use, with
odds of disturbance estimated 50% higher in po§8J8antations. As a result, understanding the
ecological qualities of more recent woodland resgiin good knowledge of past land-use and
constitutes another reason for improved assessohéamnd-use/land-cover changes on a long-term

basis.

On a broader scale, the rearrangement of the woddipatial connectivity affects the mobility of
many organisms via changes in the distances betwamrdland patches (Peterken, 2000;
Humphrey et al., 2015; De Keersmaeker et al., 20EBgmentation of woodland cover can
increase spatial isolation of individuals and ldadlocal extinctions of species (Watts, 2006:
Humphrey et al., 2015). In parallel, changes ire @and shape of woodland sites over time can
modify local conditions affecting the viability @opulations (De Keersmaeker et al., 2015). For
example, woodland sites with a low perimeter-ara@or(i.e. long and thin shape) are more
exposed to theedge effectwhich is known to affect woodland biodiversity daecosystem
functions through modification of biotic and ab@tonditions such as light intensity, wind, air
moisture, air temperature and nitrogen depositdar¢ia, 1995; McDonald and Urban, 2006).

Landscape and patch indices have often been usgthtacterise woodland size and shape, spatial
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distribution patterns, anoh fine to understand species diversity (Humphrey et24l15). These
analyses have also been applied to vectorised woddtover depicted on historical maps (De

Keersmaeker et al., 2015).

3.1.2 Investigating past woodland cover changes using historical maps
and other archives

With the improvement of GIS tools, new methodsnalgse the spatial content of historical maps
have been developed over recent decades (e.g.rSp01; Kayhko and Skanes, 2006; De
Keersmaeker et al., 2015). These methods have dmmsionally applied to study the long-term
woodland cover changes and to investigate the lasting effects on present-day woodland
ecosystems (e.g. Wulf et al., 2010; Skalos eall2; Kaim et al., 2014).

To study the landscape changes from historical mape main approaches are regularly
considered (Biro et al., 2013): &hange detection analysiwhich is based on the comparison of
land-cover/land-use configuration between two tgedes and which infers transition matrices
(e.g. Cousins, 2001); and 2) categorisation ofldhescape intdrajectoriesof historical changes
(e.g. Swetnam, 2007; Kayhko and Skanes, 2008). [Esisapproach is considered to be more
gualitative (Biro et al., 2013) as it focuses oregant-day landscape to highlight the long-time
dynamics that generated its properties (Kayhko Skihes, 2006; Biro et al., 2013). The study of
trajectories was also used to assess the ovelbiligy and accuracy of the woodland cover
reconstructions from historical maps (Kaim et 2014). Both approaches are used in this chapter

for their complementary aspects.

Furthermore, the value of historical maps can b®eoed when they are used in combination with
other historical source types. For example, WuHlile{2017) used archival documents, books, and
other elements of the ‘grey’ literature to complatmaistorical maps and to investigate tree species
composition changes since 1780 in north-easterrm@mey. Written archives can also help to
uncover the underlying historical driving forcesiactors that operated in the area covered by the
maps (e.g. Wulf et al., 2010; Birgi et al., 20I3)iving forces are defined by Biirgi et al. (2004)
as the forces responsible for the changes obsénvidte landscape and they can be biophysical
(‘natural’), socioeconomic, political, cultural, ¢n technological. Regarding woodland
management, placing the different trends in prasti;ito their historical contexts (economy,
politics, etc.) may help to better apprehend thegllasting consequences of these changes on
present-day woodland. In addition, Birgi and Sah(2003) have argued that the study of long-
term driving forces can help to provide better fasis of future development via more reliable

projection scenarios of change.
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Finally, spatial models that combine the analydishistorical maps with various biophysical
parameters, and historical and archaeological data,offer more opportunities to improve our
understanding of past woodland cover changes. ¥amgle, Loran et al. (2017) used generalised
additive models to investigate biophysical cont(@sg. climate, slope) and socioeconomic factors
(e.g. population and farm census) that may haweedrthe forest gain in Switzerland during the
years 1850-2000. Although not based on historiggbsrbut on data derived from written archives,
Mullerova et al. (2014) and Szabo et al. (2015)ehalso used spatial models such as maximum

entropy methods to examine past coppicing managepagterns since the Middle-Ages.

3.1.3 Aims and approaches

In parts of Nithsdale and Annandale, the eighteamith early nineteenth century estate plans and
First Edition OS maps are valuable sources of médion to reconstruct past woodland cover with
a unique level of spatial resolution for three dnigtal time-slices, namely 1740-1799, 1801-1833
and c.1860 (see Chapter 2). These depictions ¢owes of great transformations of the Lowlands
Scottish rural landscape, and for which direct enke of woodland extent and management is
usually scarce and incomplete. Through the studiie@fong-term woodland dynamics, this dataset
has the potential to enhance our understandingsoéland history in the study area and the link

between woodland cover changes and their presgrgatdogical implications.

However, historical maps are not sufficient on thaivn to understand the dynamics of past
woodland cover across centuries and historicalirdyiforces and actors. Estate plans offer little
evidence of tree species composition of the woabthay depicted; by nature, they could not show
the physical context of the woodland sites (e.gvation, steepness); and the temporality of the
changes is sometimes unclear due to long intelvetiween time slices and the combination of
plans drawn at different years within each timeeseRegarding woodland vegetation classes and
management types, Chapter 2 highlighted the clggkem thematically harmonising the evidence

from estate plans.

In an effort to overcome these limitations, it sednessential to adopt an integrative approach that
combined multiple data to ascertain and complet woodland cover reconstruction from
historical mapping sources. Historical archiveghaeological data, DEM-derived data and other
environmental data, such as soil and watercoursgs nprovide background information that can
add a new dimension to the woodland reconstrucfitns information can also help to address
some of the uncertainties introduced in Chaptesuzh as the uncertainty related to planimetric
accuracy and the reliability of historical data dgwction and transformation-oriented

uncertainties).
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Drawing upon this integrative approach, this chaptens to fill gaps regarding the following
guestions: 1) how has the woodland cover changed tmne, in particular between the mid-
eighteenth and mid-nineteenth centuries, for wiingre is a paucity of information?; 2) to what
extent does the present-day broadleaved woodlaver deear the spatial imprint of at least 250
years of changes?; and 3) what processes, drieimegd and actors may have accounted for these
changes? In parallel, this chapter continues furéploration of some of the production,
transformation and application-oriented uncertamtinherent to the use of historical maps (see
Chapter 2).

3.2 Methods

3.2.1 Woodland datasets

To perform these analysis, we consider three tierees at which the historical woodland cover
was reconstructed from estate plans and Firstdd®@S maps: T1 (years 1740-1799), T2 (1801-
1833) and T3 (c.1860) (see coverage of each timessé-igure 2.8). We also consider as T4, the

time series for the woodland cover in 2014.

T4 is based on the georeferenced vector formabdagaprovided by the National Forest Inventory
(NFI, 2014) and the Native Woodland Survey of Soudl (NWSS, 2014). The latter provides only
information on the native and nearly native woodldrabitats (e.g. ‘Wet woodland’, ‘Upland
oakwood’, ‘Lowland mixed deciduous’, etc. see Clafl). An initial comparison showed that the
NFI overlooked some woodland sites listed in the $8V which might have resulted from the
different methodologies used to compile these mu@mtories (see Chapter 1). Conversely, some
sites categorised as ‘Broadleaved’ in the NFI waweincluded in the NWSS. These sites may
have been overlooked during the NWSS — any surfeki® extent is likely have uncertainties —
unless they were woodlands dominated by broadleanssl species considered as non-native
species, such as beech, sycamore and sweet ch@#fitaan, 2015). It was therefore not possible
to make a systematic distinction between non-ndireadleaved and native broadleaved woodland
sites in the study area. Considering this limitataad according to the goals of the spatial analyse
undertaken in this chapter, the two vector formaentories provided by the NFI and NWSS were

merged in a unique database as follows:

1) The NFI was first cleaned of the woodland polygasdegorised ‘Non Woodland’,
‘Assumed woodland’, ‘Shrub’, ‘Ground prep’, ‘FelledNindthrow’ and ‘Young trees’. It
was uncertain for many of these sites, particuléflgsumed woodland’, if they were
actually woodlands and extant in 2014. In additibnyas not possible to identify the
woodland dominated by coniferous from broadleaveds, which would have also limited

the consistency of the analysis.
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2) The NFI woodland categories named ‘mixed mainlyaldfeaved’ and ‘mixed mainly
conifer’ were respectively re-categorised as ‘bleaded’ and ‘conifer’. This aimed to
reduce considerably the number of analyses whilgglzer level of accuracy on woodland
cover types would have not permitted a consideraiidye detailed interpretation of the
data. As a result, the woodland categories ‘bemadid’ and ‘conifer’ for this study were

defined according to the dominant type of treeh@canopy.

3) The categories ‘broadleaved’ and ‘mixed mainly biieaved’ from the NFI were merged
with all ‘native’ and ‘nearly-native’ woodland sitdrom the NWSS and overlooked in the
NFI. This was done with the objective to produceomprehensive list of sites for which
the canopy is dominated by broadleaved trees. Byldong, and with the subsequent
intention to use this database to select sitedtferfield survey (see Chapter 4), it is
assumed that all the broadleaved woodland sitdslaiilg-time history were recorded. It is
noteworthy that some vector polygons from the Niiak twere left out in the first step could
be re-introduced when these polygons were categbrés ‘native’ or ‘nearly-native
woodland’ in the NWSS.

3.2.2 Division of the study area

Put together, the estate plans covered a totaheurdf 107,698 ha (Figure 2.8 and Table 2.6).
However, only an area of 41,980 ha was coveredsigtee plans of both T1 and T2. This area
represents 48.5% of the coverage by T1 and 66.0¥eafoverage by T2. Given the heterogeneous
nature of the whole study area (e.g. hilly and lads, areas dominated by the river Nith estuary
and Solway coast, see Chapter 1), the coveragelbgn@d T2 may include lands with different

physical characteristics. In view of increasing tmenparability of the data between all the time

series for the spatial analyses, the study aresbved®n down into three different sub-study areas,

as follows (Figure 3.1):

- Area 1 for the area covered by all the time series, nag| T2, T3 and T4 (41,980 ha)
- Area 2 for the area covered by T1, T3 and T4 (86,526 ha)

- Area 3for the area covered by T2, T3 and T4 (63,098 ha)

It is noteworthy that these three sub-study areasnat spatially independent as they obviously
overlap partially with each other. AdditionallArea 4’ is the whole study area of 107,698 ha
covered by T1 and/or T2, T3 and T4, which servedtfe comparison between T3 and T4 (Figure
3.1).
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Figure 3.1 Division of the study area following the coverage with estate plans in T1 and T2.
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3.2.3 Data conversion

Prior to the analyses, the shapefiles — woodlatgbpas captured from georeferenced estate plans
— were transformed into georeferenced raster bimaages with each grid cell covering an area of
5x5 m (25 ). The cells could therefore only take two valuésfor cells with woodland and ‘0’

for absence of woodland. Despite a slight losssblution, the raster format was an easier format
than vector format for manipulating the woodlandad@om the different datasets (i.e. combining
woodland maps and categorising woodland into histbrtrajectories), while affording a
reasonable calculating time. Furthermore, the gizbe grid cells permitted a spatial accuracy both
faithful to the initial data acquisition under pgbns format and sufficient in regard to the
objectives of the spatial analyses. The rasteoisapirocess also had a minor effect on the
guantitative estimates of woodland coverage — #Hiees are very similar to those calculated from
the shapefiles — and did not impact the minimum diaed size that can be used for spatial
analyses. Finally, a sensitivity analysis condudtgdSwetnam (2007) on a series of maps with
scales between 1:10,000 and 1:25,000 — similarost wf the estate plans used for this PhD project
(see Chapter 2) — showed that coarser resolutiars x5 m could mask the rarer trajectories of
changes. Consequently, Swetnam (2007) found teiduon most appropriate to study landscape

changes.

At this stage, all vegetation classes (i.e. ‘Wondla‘'Low woodland’, ‘Bushes’, ‘Open woodland’,
‘Orchard’ and ‘Unclassified’, see Table 2.4) hadceheasterised and considered indistinctly as
‘woodland’. The GDAL plugin in the processing toolbof the open-source QGIS v2.6.1 software

(QGIS, 2015) allowed the rasterisation of the waadlcover reconstructions.

3.2.4 Woodland metrics

This analysis was done on woodland patchgsatah being defined as a group of adjacent cells
sharing the same categorical value (i.e. ‘1") asibiving an 8-cell rule. According to this rulegth

4 diagonal and the 4 orthogonal cells adjacent fiacal cell belong to the same woodland patch
(McGarigal et al., 2012).

The calculation of landscape metrics aimed to atarise the changes over time in woodland sites
geometrical characteristics and, at the landscegle,schanges in the extent and configuration of
the woodland cover. This study drew upon the cateuh of simple indices for each time series,
namely the total area covered by woodland, numbpaizhes, and statistical distributions of patch
size, including the Euclidean nearest neighboutadie and the shape index. The Euclidean
nearest neighbour distance measures the shoraghsiine — edge to edge — distance between a
focal woodland patch and the nearest woodland, ewtlie shape index aimed to reflect the

complexity of a patch compared to a compact sqehepe of the same size (McGarigal et al.,
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2012). As woodland patches presented a wide rahgizes, the shape index was found more
appropriate for comparison between time series tiramore straightforwangderimeter-areaatio,
which changes according to the size of the patatQtigal et al., 2012). These metrics can reflect
changes in the woodland spatial configuration #natdeterminant for the movement of species and
the viability of populations (De Keersmaeker et 2015). Developed by Martin Jung for QGIS
(Jung, 2016), the python plugirecoS— Landscape ecology Statistiesserved to perform the
analyses using the same calculation methods ofigseads those developed by McGarigal et al.
(2012) in the widely-used softwaFeagstats(Jung, 2016).

It is noteworthy that a pre-processing step wasertallen first to remove artefact patches —
isolated cells or small group of cells — produc@drarasterisation of the woodland polygons, and
the process of clipping the woodland cover accgdm the boundaries of the three sub-study
areas. If these artefacts were considered as seggratches, they could affect the results of the
landscape metrics analysis. TéievedGDAL function available in the QGIS processing hmmt
enabled removing all artefact patches below 5 cellsich correspond approximately to the
minimum woodland size vectorised from historicalpmgsee Chapter 2). In Area 1, the sieving
step decreased the number of woodland patches4&fmo 408 for T1 and 1080 to 1002 for T3.
Even though this revealed to have had a minor itnpadhe subsequent calculations of metrics,

the results were thought to be more accurate.

3.2.5 Change detection analyses

These analyses were based on the productiotraasition maps,which indicated where the
woodland is new, lost or extant between two timgese Quantitative data could subsequently be
extracted. While the woodland metrics analysis antofor net woodland cover changes only, this
technique serves also to quantify gross changestlie total extent of woodland that undergone
changes). Ultimately, the pairwise comparison afcegsive time series helped to reconstruct
gradually the progressive changes in the exterih®fwoodland cover over time (Figure 3.2a).
GDAL and theRaster calculatorfunction in QGIS allowed the combination of rasfides to
categorise the woodland cover as ‘new’, ‘lost’ extant’ between two time seridsecoS(Jung,

2016) served to extract quantitative data.

The ‘vegetation classes’ and ‘management type®goaised from evidence provided by estate
plans (see Chapter 2) were also studied in antdffaglean information on how these categories
evolved with time, despite the limitations discukda Chapter 2. Indeed the ambiguity and

vagueness of the terminology employed by the diffemapmakers for these categories limit the
consistency of any study undertaken over time gades Moreover, in many instances, there was
no evidence available from the historical mapssTésue concerned particularly the woodland in
T2 (1801-1833) where the classes ‘Low woodland’ dukhes’ covered less than 2 ha each,
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which is unlikely to provide an accurate estimafteheir true extent in the historical landscapes.
However, it remained possible for each categoey fvegetation classes’ and ‘management types’)
to assess how much was cleared or wooded in T3Tdnd\s a simple sampling would do, the
results based on the few sites with mapping eviel@h@ast vegetation may reflect some historical
trends that occurred at a larger scale. This assggsvas undertaken independently of the changes
in vegetation characteristics that may have ocduoeer time. For example, even if a ‘Low
woodland’ or ‘Open woodland’ in T1 had become higid dense woodland in T3, the analysis will

only record that the area had remained wooded leetWé and T3.

> Tlvs T2
> T2vs T3

> T3vs T4

Tlvs T3

Scenarios

B 1111
[ o111
[ o011
[J 1101
11011
[ o101

a. b.

Figure 3.2 Methodology: Change detection analyses (a.) and Trajectory analysis (b.)

3.2.6 Trajectory analysis

This analysis focused on woodland sites in whicbatleaved trees were the dominant habitat
(>50% of the canopy cover) in 2014. While the cleadgtection analysis was based on pairwise
comparisons of two time series, this analysis coeibithe data of all the historical time series to
categorise the present-day woodland cover Ims$torical trajectories(Figure 3.2b). In assessing

the stability of the broadleaved woodland sitesrdiree, this work identified the areas that have
been continuously wooded for a longer period oktsnch as ‘ancient’ woodlands. Thereafter, this

categorisation can be used to investigate how toadieaved woodland cover may bear the
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imprint of historical changes that have occurrettsiat least the mid-eighteenth century (see
Chapter 4). As the coniferous woodlands result fplamtations of trees which are not natives of
the Scottish Lowlands (Wilson, 2015,1B), they were ruled out of this analysis. With the
exception of the orchards and gardens, which wise lzeyond the scope of this study, all other
historical woodland categories vectorised from drisal maps were broadly considered as

woodland.

The categorisation of the woodland cover trajeetodrew upon the presence (‘1’) or absence (‘0’)
of woodland at each 5x5 m cell and for each timeeseThe GIS overlay of the different datasets —
woodland cover for each time series — allowed #tegorising of each cell into trajectories defined
by a succession of 4-digit characters taking theesg‘l’ and ‘O’ where the area of study is
covered by all the time series (e.g. category 0-D-for a cell found as ‘woodland’ in T1, ‘non-
woodland’ in T2 and T3, ‘woodland’ in T4) (Figure2B). Each one of these categories is called a
trajectory. In addition, this categorisation of trajectoriesegrated the fact that many woodland
sites were not covered by estate plans from T120The missing time series had therefore to be
included in the categorisation using ‘X' as ‘noalafor example, in Area 3, the trajectory ‘X-1-1-
1’ indicates a cell has been wooded since the edmgteenth century but may be of more ancient
origins, ‘X’ symbolising ‘no data’ for T1. In Are&, the trajectory ‘1-X-1-1' means that the
woodland has been present from at least T1 uniift 2ut there is no historical mapping evidence

that the area was wooded in T2.

The final result of this categorisation is a congsirmap showing the long-term history and various
trajectories of all broadleaved woodland sites thate present in 2014 in the study area. This
stability map (terminology that follows Swetnam, 2007) permittedbsequent extraction of
guantitative data about the extent covered by fifferent trajectories. Similarly to the change
detection analyses, GDAL and thnaster calculatorin QGIS were used for the categorisation

process.

In addition, following Kaim et al. (2014), this dysis enabled the assessment of the uncertainty
related to the planimetric accuracy and reliabitifythe woodland cover reconstructions from
historical maps. Because of the variations in tbediand sites’ shape and positional accuracy (see
Chapter 2), a propagation of this uncertainty wgseeted when overlaying three or four different
historical time series (Leyk et al., 2005; De Cteret al., 2009); some woodland cells could
therefore be allocated false trajectories (Skai@d.£2012). A quantification of the trajectoridst
seemed less realistic — showing several periodefoirestation and re-growth within a short time —

was used as an overall indicator of this uncendidaim et al., 2014; Loran et al., 2016).

Furthermore, thperimeter-area ratidPAR) — where the perimeter is expressed in ‘nd area in

m? — of each woodland trajectory patch was calcalated used as an additional indicator of the
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reliability of the different trajectories. In thegsent study, it is assumed that uncertain trajgcto
patches can be identified through their long ling@ape. Small patches with large perimeters — or
slivers— are likely to result from variations in accuradythe overlaid GIS layers (De Clercq et al.,
2009; De Keersmaeker et al., 2015). Therefore tijamy the patches with the highest PAR can
pinpoint areas for which the woodland trajectorsge most uncertain, being results of either
variations in the planimetric accuracy of the dets®r real changes in woodland boundaries (De

Keersmaeker et al., 2015).

3.2.7 Logistic regression models of past woodland distribution and
changes

3.2.7.1 Binomial logistic regression: aim and principle

Logistic regression methods have been widely usedvestigate land-use/land-cover patterns of
changes and related driving forces (e.g. Serneeld ambin, 2001; Xie et al., 2005; Gellrich et al.,
2007; Matsuura and Suzuki, 2013; Kim et al., 20B4yvaghar, 2015). In the present study,
binomial logistic regressions examine the explayafmower of influential variables that may
partially account for past woodland-cover distribntin T1, and the distribution of newly

afforested areas in T2 and T3.

In this study, binomial logistic regressions (LRjpkore the relationship between a set of
environmental and historical variables, namekplanatory variablegTable 3.1 Figures 3.3 and
3.4), in relation to the distribution of past woaaddl cover in the study area (i.e. presence or
absence of woodland, namelgsponse variable More specifically, LR is based on maximum
likelihood estimation to estimate the probabilifyeach cell to be ‘1’ (presence of woodland) as a

function of a set of explanatory variables.

The choice of using binomial LR is justified by tlkategorical and binomial character of the
response variable (i.e. presence/absence of wa)dIdforeover, LR is said to be flexible as it
makes very little assumption on the distributiontloé explanatory data: these variables can be
continuous or categorical and do not need to folwormal distribution (Xie et al., 2005;
Bavaghar, 2015). The form of the logistic functisngiven by the equations below (Xie et al.,
2005; Bavaghar, 2015):

=t e (1)
y=1loge(:=) = logit(P) @)
V= (Bot P1 Xi+ B2 Xo+.. + n Xn) 3)
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where P denotes the probability of woodland occurrenceache5x5 m cell (i.e. response variable
is ‘1); X1, X,..., X, are the explanatory variables; is the constant?,, 5., 5. are the coefficients
to be estimated through a maximum likelihood ifgeaprocedureyis thelog, of the odds (i.e. the
likelihood ratio that the response variable is ."Ihhe odds ratios (OR) associated with each
explanatory variables were calculated eep(5,). As the regression coefficient indicates the
contribution of each explanatory variable to thebaility P, a positive sign implies that the
explanatory variable increases the probability afedl to be 1 (OR > 1), while a negative sign
implies otherwise (OR < 1) (Xie et al., 2005).

To produce the models, the study area was dividiedtihree regions of comparable size, according
to the ownership of the lands, namely ‘Drumlaniifgr Drumlanrig estates), ‘Annandale’ (for

Annandale estates) and ‘Other’ (for the rest ofstuely area) (Figure 3.4). This division helped to
examine if different spatial trends could be idigedi regarding the distribution of past woodland

cover in T1, newly afforested areas in T2 and T8] d this may reflect distinct management

practices between land-owners. Furthermore, thisidiv of the study area into three regions of
considerably smaller size may mitigaten-stationarity The latter can influence the models when
the explanatory power of the variables differs rsitg across the study area (Wagner and Fortin,
2005). Contrasted topographic characteristics amdam factors, such as distinct management
practices between estates, can lead to major iseleged to non-stationarity and, therefore, affect

the quality of the models.

Due to the limited number of explanatory varialdeailable, it is noteworthy that this series of LR
did not aim to model accurately past woodland caret changes over time, which might require
extensive information about driving forces suchhestorical estimates of population and farms,
local needs in wood, etc. In the present study,LfReanalyses were undertaken to explore the
explanatory power of the variables listed in Tahle and represented in Figures 3.3 and 3.4. Some
of these explanatory variables, such as slopeatitgvand aspect, are widely used to investigate
woodland distribution (e.g. Rutherford et al. 20@avaghar, 2015; Tagil, 2015) and it is
hypothesised in the present study that they caesept some of the driving forces that account for
past changes. As such these analyses aim, firatl,ofo be exploratory to identify how much
understanding of the spatio-temporal changes cagdied by using this set of explanatory

variables.

Finally, spatially explicit (i.e. georeferenced) psavere produced as output to show, according to
the different models, what areas were most likellge¢ wooded in T1 or recently wooded in T2 and
T3. The difference between woodland reconstructiand these maps can feed a discussion
regarding the historical and environmental reasamg the models may fit better in some portions

of the study area than others.
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3.2.7.2 Explanatory variables (Table 3.1 and Figures 3.3. and 3.4)

The environmental explanatory variables are tewvanmbles derived from a 5 m Digital Elevation
Model (DEM, OS Terrain 5 Contours); Euclidean dist variables — calculated from a series of
buffers — derived from the watercourse network drstiribution of anterior woodland cover (for
studies on T2 and T3); and soil data from the 1K2B@tional Soil Map (1984). The soil data from
the more detailed 1:25k survey could not be useduse the digital version does not cover a large
part of the study area. Following Rutherford et(2008), aspect was derived from the DEM and
transformed to cosine and sine to obtain continuvalises ranging from -1 to 1 for ‘eastness’ and

‘northness’, respectively.

For the study of the woodland cover in T1, the ordyiable that used archaeological data is the
Euclidean distance to the nearest castle or towasds with known medieval or post-medieval
occupation. The list and position of these sitesl@sed on georeferenced archaeological data of
the region as provided by the Dumfries and Gallowayuncil Planning and Environment. The
choice to include this variable followed an init@bservation that several woodlands in T1 were
located in the vicinity of ancient castles and toweuses. The underlying assumption was that
these sites may have been preserved at some pdhe past to provide wood for their occupiers.
Likewise, a dataset of the wood-demanding histbricdustrial sites was initially considered.
Unfortunately, this dataset, also provided by tbencil, could not distinguish accurately the sites
used during the time frame of this study from earir later sites, precluding a consistent analysis
on the role of past industries. The explanatoryabdes were prepared using QGIS 2.6.1 (QGIS,
2015) with GDAL and GRASS plugins.
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Explanatory

. Description Unit Data source
variable
Elevation Digital elevation model m DEM - OS Terrain 5 (Edina
(DEM), 5 m resolution Digimap)
Slope Slope calculated in degrees ° Derived from DEM
Eastness Cosine conversion of aspect -1to+1 Derived from DEM
Northness Sine conversion of aspect -1to+1 Derived from DEM
. . Calculated from Dumfries
Euclidean distance to .
and Galloway Council
D _castle nearest castle or tower m . .
Planning and Environment
house
data
Calculated from OS Open
. . Rivers (SHAPE geospatial
Eucidean distance to
D_watercourse ucl ! m data), Scale 1:25,000, Tiles:

Soil

D_woodlandT1
D_woodlandT2

nearest watercourse

Major soil group of the first
named soil (MSG84_1, see
soil classification in Soil
Survey of Scotland, 1984)

Euclidean distance to the
nearest woodland in T1 (or
T2)

Categorical: brown
earths, podzols,
ground-water gleys,
peats, surface-
water gleys, alluvial
soils and rankers

GB, Updated: 13 March 2015
(Edina Digimap)

1:250,000 National Soil Map
of Scotland (The James
Hutton Institute)

Calculated from the
woodland reconstruction in
T1 (or T2)
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Figure 3.3 Explanatory variables used for the logistic regressions (elevation, slope, northness and
eastness)
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Figure 3.4 Explanatory variables used for the logistic regressions (distance to the nearest stream, distance

to the nearest castle or tower house, and soil) and division of the estates into three regions (Drumlanrig,

Annandale and Other)
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3.2.7.3 Process

i) Sampling

The models were based on stratified random samplbngells ‘0’ (i.e. no woodland) and ‘1’ (i.e.
woodland) in the study area. Table 3.2 provideth&urinformation on the sampling procedure for
each time series. The stratification was necessanon-stratified samplings would have generated
insufficient ‘1’ observations due the low coveragfethe woodland during the historical periods

that were studied.

A minimum distance of 200 m was set between randample cells within the same woodland
patch. The cells belonging to different woodlandcpas could be closer than 200 m. The same
distance of 200 m was used to perform the randanpkiag of the cells ‘0’ (i.e. background data).
The minimum distance was set as a balance betwsafficient number of points to perform the
analyses and the largest distance possible to eeghatial effectsSpatial effects, such apatial
autocorrelation indicate that the values of neighbouring samglets are more similar than those
further apart or, in other words, that similar s¢éind to be closer to each other than as thet @fsul
random processes (Wagner and Fortin, 2005; Dorn20GV) This effect could bias the estimated
coefficient of explanatory variables and incredselikelihood of Type 1 error — false rejection of
the null hypothesis which is the absence of effidormann, 2007). The stratified random sampling
with minimum distance has been widely used to mtggspatial effects (e.g. Gellrich et al., 2007;
Lopez, 2014; Bavaghar, 2015; Tagil 2015).

As the woodland cover is restricted to altitude®Wwe330 m in T1, and 360 m in T2 and T3, the
sampling only retained points below respectivelY) 36 and 380 m. While reducing the non-
stationarity of the study area (i.e. less variagiom elevation data), this method also helped to
assess more accurately the predictive ability sheaodel to discriminate cells ‘1’ from cells ‘0’
in considering only the area under elevations wieyedland used to grow at these time periods

(see model assessment below).

At the location of each cell, the correspondingueal for the different response and exploratory
variables were recorded to generate the final detabat served to perform the LR. In total, ten
datasets were produced to fit ten models. As themaR applied to study the woodland cover in
three regions during three historical time ser@e®tal of nine analyses were initially produced. A
last model was added to study past woodland coverli in Annandale without sampling the

plantations of the late eighteenth century, whigpresented about half of the woodland cover for
this time series (see Chapter 2). This last armBisned to study the woodland cover in Annandale
before the extensive planting that led to the majansformation in the woodland spatial

configuration. The slightly unbalanced ‘0’ and $ampling rate for the response variable of most
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datasets (Table 3.2) is not thought to affect sterated coefficients of the explanatory variables
but only the intercept (Serneels and Lambin, 200he sampling was done with QGIS 2.6.1
(QGIS, 2015) and the dataset was imported intsthitstical software package R (R Development
Core Team 3.2.3) to perform the binomial LR (rmpa&kage v.5.1.0; Harrell, 2017).

Table 3.2 Sampling strategies and number of points sampled for the logistic regressions.

Number of Number of cells  Sampling strategies for cells as

Ti i Estat
Ime series states sampled cells  as 'woodland' 'woodland’
Drumlanrig 1346 609 Any woodland in T1 could be
1 Annandale(1) 752 324 sampled except the woodland
Annandale(2) 638 224 known as plantation for
Other 886 430 Annandale(2)
Drumlanrig 887 296
™ Only the woodland appearing
Annandale 250 23 between T1 and T2 was sampled
Other 267 120
Drumlanrig 1720 688
13 Only the woodland appearing
Annandale 416 106 between T2 and T3 was sampled
Other 865 268
ii) Model calibration and assessment

Multicollinearity among explanatory variables wastf tested in R (R Development Core Team
3.2.3). The correlation values range between -ffépeinverse correlation) and 1 (perfect positive
correlation) and it is widely recommended to us@||@s a critical threshold above which removing
some of the correlated variables should be corsitd@venard, 1995; Serneels and Lambin, 2001;
Gellrich et al., 2007). In the present study, tbereation between pairs of explanatory variables

was below |0.6]. Consequently, it was decidedath#te explanatory variables could be used.

Due to the limited number of explanatory variablesexhaustive combination of the variables was
possible to fit all possible models. The variabMghout statistical significance (Wald test) were
excluded and the best models (i.e. final modelsjewselected by comparison of the Akaike
information criterion (AIC), with smaller AIC indating a better goodness-of-fit (Bozdogan,
1987). For continuous explanatory variables, thddWeast indicated whether each explanatory
variable was significantly linked to the responseiable. For the soil variable, which is the only
categorical variable, the Wald test indicated houcimeach category was statistically different
from the category of reference. The category ‘Braanths’ was chosen as the reference as it is

both the dominant category in the study area (Ei@4) and most suitable for woodland (Wilson,
2015, p.24).
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Models quality was assessed using McFadden’s pseudad prediction accuracy. McFadden’s
coefficient assesses the level of improvement @enodel without explanatory variable. A
pseudoR’ betweerD.2 and 0.4 indicates a relatively good performanfcie model (Serneels and
Lambin, 2001; Wilson et al., 2005). The predictageuracy was assessed using receiver operating
characteristics (ROC) curves and, in particularpagh calculation of the area under the ROC
curves (AUC). The ROC measures the predictivetgtofia model to discriminate cells ‘0’ and ‘1’
according to different probability thresholds whilee AUC indicates the overall model accuracy.
The AUC values range between 0.5 and 1; for a gefite AUC = 1, while for a random fit, AUC

= 0.5 (Ayalew and Yamagishi, 2005; Triantakonststial., 2013). To prevent an overestimate of
the models’ predictive ability, the AUC was testwd external validation datasets, different from
the calibration datasets that served to createntbdels (Wilson et al., 2005). The validation
datasets were generated following a sampling proeedimilar to that used to generate the

calibration datasets.

However, ROC and AUC were found to be strongly éiband would sometimes remain high
independently of the quality of the model. Indetdt predictive ability of a model considers
equally the ability to identify accurately the sdenpells as ‘0’ and ‘1’, while in some situations i
can be very simple for a model to identity the £&lf. For instance, although the analysis was
done on sample cells with elevations below 350 3&% m, this threshold remains high for the
woodland in T1, T2 or T3. Hence, it was easy tadjmteaccurately that most cells with higher
elevations were likely to be ‘0’ (i.e. non-woodlarahd the AUC values would increase as the
amount of sample cells with higher elevation insesa— this amount is also different between the
datasets being based on random sampling in reginsontrasted elevations, sizes, and for

different time series.

To address this issue, another indicator, namelftbcore was also used to assess only the ability
of a model to predict accurately cells ‘1’, inde@ently of the number of ‘0’ cells in the dataset.
TheF-scoreis calculated for a fixed probability thresholddamased on the harmonic mean of two
complementary indicators, namebensitivity (or recall) and precision (Guns et al., 2012).
Sensitivity and precision were calculated froomtingency tablethat compared the prediction of
each model against real data from the historicabdland cover reconstructions and using an
arbitrary probability, p = 0.5 as decision thresh(le. for a given cell, when p > 0.5, the model

predicts the cell as ‘1"):
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F — score = 2 X (precision Xsensitivity)

(precision+sensitivity)

(number of true positives)

sensitivity = (5)

(number of true positives + number of false negatives)

precision _ (number of true positives)

(6)

(number of true positives + number of false positives)

where the ‘true positives’ are the cells that tradei correctly predicted as ‘1’; the ‘false positv

are cells incorrectly predicted as ‘1’; and thdéséanegatives’ are cells incorrectly predicted®s *

3.3 Results

3.3.1 Woodland metrics

3.3.1.1 Overall trends for woodland cover and vegetation classes

Table 3.3 Woodland cover (in ha) estimated for each time series. Percentages are indicated in brackets
and calculated from the total coverage of each study area (see Figure 3.1). T4a includes all polygons
categorised as "Woodland" in the NFI (included "Assumed Woodland", "Ground prepared", etc.; i.e. land-
use). T4b considers only broadleaved, mixed woodland and conifers sites in the NFI (i.e. land-cover).

Time series Areal Area 2 Area 3 Area 4
(T1and T2) (T1) (T2) (T1 and/or T2)

T1(1740-1799) 1,265 (3.0) 2,727 (3.1) - -
T2 (1801-1833) 1,931 (4.6) - 2,994 (4.7) -
T3 (c.1860) 3,468 (8.3) 5,420 (6.3) 4,775 (7.6) 6,762 (6.3)
T4a (2014) 9,600 (22.9) 22,922 (26.5) 13,618 (21.6) 26,969 (25.0)
T4b (2014) 6,531 (15.6) 14,385 (16.6) 9,224 (14.6) 17,104 (15.9)
Total coverage 41,980 (100) 86,526 (100) 63,098 (100) 107,698 (100)
“-“for no data

Table 3.3 shows the considerable expansion of tiadiand cover over time and for each division
of the study area. In Area 2, while the woodlangeted approximately 3% (2,727 ha) of the
landscape in T1, it had doubled by c.1860 to réa8hbo (5,420 ha). Likewise in Area 3, we can
observe a sharp increase by 3% (1,781 ha) of thedlod cover between T2 and T3, to reach
7.6% by c.1860.

Logically these trends are reflected in the estmatrovided for Area 1, which correspond to the
area covered by all the time series. In this attea,expansion of the woodland cover was much

higher between T2 and T3 (1,537 ha) than betweeantlT2 (666 ha), suggesting an acceleration
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of the expansion dynamics during the first halftloé nineteenth century. In Area 4, the trend
shows an increase of the woodland cover from 6:183%1860 to 15.9% - 25% in 2014, depending
on whether we consider woodland as land-use (Té@and-cover (T4b).

100% 100% — —_— —_
R 166 |
95% — s 95% —
9% 192
90% — 90% —
179 73
85% 85% —
62
80% 80% —
75% 75%
70% 70%
65% 65%
60% 60%
T1 (Area 2) T2 (Area 3) T3 (Area 4) T1 T2
a. b. (Area 1)
= 'Woodkand Openwoodand

Lowe weoodland Bushes

m Unknown

Figure 3.5 Changes in the proportion of the different woodland classes based on the evidence

provided by estate plans (T1 and T2) and First Edition Ordnance Survey (T3). The values are expressed

in ha and percentages calculated from the total wooded area — to improve readability, the stacked bars

start at 60%. (a.) Results are based on calculations for Area2, Area3 and Area4 (i.e total coverage for

respectively T1, T2 and T3); (b.) Results are based on calculations for Areal (i.e. covered by all time

series).
Figure 3.5 illustrates the proportions of the diéf@ woodland vegetation classes identified from
estate plans for T1 and T2, and First Edition O$3r(@3, evidence about ‘Open woodland’ only)
— see Chapter 2 for further details about the eRsBirstly it is noteworthy that the classes other
than ‘Woodland’ represent 16%, 14% and 2% of thedlend cover in T1 (Area 2), T2 (Area 3)
and T3 (Area 4), respectively. Given the small ar@eered by the woodland cover in T1 and T2,
these classes do not appear important in sizeregihrd to the total area covered by estate plans as

they represent each less than 0.5% of the histdaied-cover.

Secondly, these results indicate that estate pbteogide more quantitative evidence of ‘Low
woodland’ and ‘Bushes’ in T1 than T2. These twcssés represent altogether 217 ha in the area
covered by T1 (Area 2) but less than 4 ha in tlea aovered by T2 (Area 3). It is uncertain
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whether this observation can be explained by a dessirate depiction by the early nineteenth
century surveyors, the lack of written evidence tumissing explanation tables — which may once
have described the content of the maps — or adexdine of these two vegetation classes. Indeed,
with the agricultural improvement that took placsgtviieen T1 and T2, it is likely that the least
profitable lands, as brushwood and bushes couldwese the object of important changes.
Conversion of these lands might be expected towaais productive forms of agricultural such as
pasture, woodland or arable land. This trend sed@msgver, less credible for ‘Low woodland’
represented by coppice as this form of managemes eommon throughout the nineteenth
century in Scotland (Lindsay, 1980; Smout et &Q%). The total absence of references to coppice
woodland in the estate plans of T2 may be explamethe fact that these woodlands were not

differentiated on the plans from other types of dlaad, such as conifer or mixed plantations.

Regarding the class ‘Open woodland’, the comparisstween time series in Area 1 (Figure 3.5b)
suggests an increase of the acreage of open wabftlam 62 ha to 192 ha between T1 and T2,
before a decline in T3 to 92 ha. The same uncéytais for ‘Low woodland’ and ‘Bushes’ could
also partly affects the changes observed for ‘Opeodland’ class. However, we can assume that
the identification of open woodland is more corsiston historical maps due to the more explicit
symbology used by mapmakers to depict these sitess€attered tree symbol). The lack of tables
of contents associated with the historical plans t&refore not as important in identifying these
sites. In sum, it is likely that the open woodlandreased between T1 and T2 before declining
between T2 and T3.
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3.3.1.2 Patches and woodland cover configuration

Table 3.4 Patch metrics for each historical time series in the different sub-study areas. ‘ENND’ is for
‘Euclidean nearest neighbor distance’.

. Areal Area 2 Area 3 Area 4
Landscape metrics
T1 T2 T3 T1 T3 T2 T3 LE]

Number of patches 408 522 1,002 676 1,842 895 1,731 2,514
Max. patch size (ha) 85 135 509 235 578 365 746 813
Mean patch size (ha) 3.07 3.69 3.47 4.01 2.95 3.34 2.77 2.69
Median patch size (ha) 0.58 0.57 0.32 0.65 0.32 0.45 0.29 0.29
Mean ENND (m) 121 108 80 133 84 100 75 80
Median ENND (m) 40 36 25 40 32 36 29 32
Mean shape index 1.96 2.01 2.10 2.03 2.05 1.92 2.04 2.02
Median shape index 1.60 1.65 1.78 1.62 1.76 1.58 1.73 1.71

The patch metrics (Table 3.4) can portray over tineechanges that affected the woodland cover
at the scale of a woodland site (i.e. woodlandlpatgs the surface of woodland expanded (see
Table 3.3), the number of patches in each sub-stvely increased (e.g. from 408 patches at T1 to
1,002 patches at T3 in Area 1). Likewise the maximpatch size grew considerably over time
(e.g. from 235 ha at T1 to 578 ha at T3 in Areal2)contrast, the mean patch size seems to
decrease over time, from 4.01 ha to 2.95 ha in Rremd 3.34 ha to 2.77 ha in Area 3. In Area 1,
we can observe more variations with a slight ineedaetween T1 and T2 (3.07 ha to 3.69 ha) and
more stability between T2 and T3 (3.47 ha). These@tions however may be influenced by a few
considerably larger patches as the median patehirsiicates a decrease over time for each sub-
study area (e.g. from 0.65 ha to 0.32 ha in Arbateen T1 and T3, and an estimate at T3 of 0.3
ha in Area 4). Estimates for ENND show a decredsleeominimum edge to edge distance between
patches for all sub-study areas. For example, @aAr, the median is 40 m for T1 and 25 m for T3.
These results indicate that the woodland sitesrbedass and less isolated over time. As a result, i
seems that the increase of the woodland cover betwiel and T3 occurred both via the
multiplication of small size clustered woodlandsiaind plantation of woodlands of very large size
(Figure 3.6).

Regarding the shape index of woodland patchesmiben and median increased over time (e.g.
median from 1.60 in T1 to 1.78 in T3). The trenthaéns consistent between each time series and
for each sub-study area. As the shape index inesedlse more irregular become the woodland
patches (the lower limit is 1 for square compadtipes, McGarigal et al., 2012). Therefore the

results suggest that the woodland sites are déeghasompact with time (Figure 3.6).

Several uncertainties raised by McGarigal et 20183 that can affect the metrics must be noted.
As some woodland may extend outside the boundafid®e study or sub-study area, the analysis

may underestimate the real size of several patdhs.issue would also influence the shape index
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of these patches. Likewise, the ENND may be ovenestd due to the presence of unmapped
woodland sites located close but outside the baieslaf the study area. As a result, the nearest
woodland neighbor of a focal patch is not alwaythinithe boundaries of the study area but can be
in an unmapped area. However, it is thought theeffect of these uncertainties is mitigated when
the size of the patches is low compared to thenéxdethe studied landscape (McGarigal et al.,

2012), which is the case in the present work. Iditamh, the analysis was done on hundreds of

patches of which only a small proportion was lodatethe edge of the sub-study areas.
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Figure 3.6 Boxplots of the log,, of size, shape index and Euclidean nearest neighbor (ENN) of woodland
patches in Area 1 for the three historical time series. The outliers on the boxplot of the log;, of patch size

reflect the higher amount of very large woodland sites in T3.
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3.3.2 Change detection analysis

</ Change detection T2/T3

[l New
L [ Extant
I Lost
. X Coverage Area 3
‘“ \ @ Drumlanrig castle

0 4 km
™ — —

Figure 3.7 Example of change detection analysis map between T2 and T3 around Drumlanrig castle (in red
circle).

3.3.2.1 Relative changes in woodland cover

Table 3.3 and Figure 3.5 above reflect the netesse in woodland over time but do not provide
any information about the relative loss that ocediin the meantime. Pairwise comparisons of the
woodland cover reconstructed for each time senedbled to map the relative changes (i.e. the
woodland which is new, extant or lost between tivoet series, Figure 3.7) and to extract
guantitative estimates (Figure 3.8). We define ‘Himsolute change’ as the sum of the ‘relative
changes’, independently of their direction, i.ee ttotal area that underwent changes, which
comprised both the area that lost woodland andatiea — formerly pasture, meadow, etc. —

converted into woodland.
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Figure 3.8 Relative changes of the woodland cover from pairwise comparisons of time series (ha). The
relative percentages of woodland as new, lost or extant are indicated in brackets and calculated from the
initial amount of woodland cover. (a.) in Area 1 between T1 and T2 (T1/T2); T2 and T3 (T2/T3); and T3 and
T4 (T3/T4); (b.) in Area 2 between T1 and T3 (T1/T3); in Area 3 between T2 and T3 (T2/T3); (c.) in Area 4
between T3 and T4 (T3/T4). As the sub-study areas cover different areal extents, it is to be noted that the
estimates of woodland acreages are not directly comparable between Areas 1,2,3 and 4.
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Figure 3.8 illustrates that the net increase ofwbedland cover hides more complicated dynamics
of loss and gain. On Area 1, despite a net gamare than 660 ha between T1 and T2 (Table 3.3),
505 ha of the initial woodland cover in T1 (40%)reven fact lost by T2 (Figure 3.8a). The
absolute change of 1,678 ha — including the 1,1&3ohland converted into woodland — is
considerably higher than the net increase (660va)h highlights an important turn-over of the
woodland cover between T1 and T2. Likewise, betwE2rand T3, the net increase of 1,542 ha,
compared to the 2,190 ha of relative gain, and le&8f relative loss, suggests that the high turn-
over of the woodland cover observed between T1Téhthsted for the first half of the nineteenth

century at least.

In contrast with the pairs T1/T2 and T2/T3, thergfes between T3 and T4 in Area 1 show a
smaller percentage of relative loss of woodlandhwWi’% of the woodland in T3 lost in T4. As a
result, the amount of woodland lost seems staliledss each successive time series (from 505 ha
to 648 ha) while the afforestation increased carsioly with a relative gain from 1,173 ha
(between T1 and T2) to 6,737 ha (between T3 and i@ fact that the time span between each
time series is different must be also considerduk [bnger time span between T3 and T4 (about
150 years) undoubtedly explains the consideraldydri area of lands converted into woodland

while it confirms the high stability of woodlandsle during this time period.

Similar trends in Figures 3.8b and 3.8c supporviptes observations, with slightly more than
1,070 ha of relative loss for T1/T3 (Area 2) ansbdior T2/T3 (Area 3), while the relative gain is
respectively 3,794 ha and 2,880 ha. It is notewuaittlat the areal extent of woodland loss is close
in Area 2 and Area 3 although the comparison ina8gT2/T3) covers a shorter period of time
than in Area 2 (T1/T3). Consequently, this obséovatends to illustrate a higher rate of relative
loss during the nineteenth century in Area 3 tharaA2. In all cases, the absolute change is
considerably higher than the net gain as the imapbrtoss of woodland occurring over time is
compensated by a larger conversion of lands intodemd. Unsurprisingly, the estimates in Area
4 between T3 and T4 are similar to those for Ard&igure 3.8a) with a loss of 2,545 ha that is

proportionally minor compared to the 12,887 ha ested into woodland.
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3.3.2.2 Diagrams of changes
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Figure 3.9 Diagrams of changes over time for the woodland cover reconstructed at T1, T2 and T3, and
dominant tree type (broadleaved or coniferous) in 2014 (T4). (a.) 1740-1799 (in Area 2); (b.) 1801-1833
(Area 3); and (c.) c.1860 (Area 4). Percentages are calculated from the initial amount of woodland for each
time-series. “Ind” stands for “indeterminate”. ‘ER 1740-1833 Ind’ is due to missing estate plans in T1, while

‘ER 1740-1860 Ind’ is due to missing estate plans in T1 or T2; ‘ER 1801-1833’ concerns woodlands not
wooded in T1 in Areal; ‘ER 1740-1799’ concerns woodland recorded in T1. In Figure 3.9b, the categories ‘ER
1740-1799’ and ‘ER 1801-1833’ are comparable (both identified on Area 1), while ‘ER 1740-1833 Ind’
concerns woodlands in the area covered by T2 but not T1.

Figure 3.9 offers a different perspective in trgciover time changes in woodland cover
reconstructed for each of the three historical tseges. The time-line (bottom) shows how much
of the woodland reconstructed at ti@ 1, T2 or T3) is extant or lost &tl, t+2 andt+3 (e.g.t+2
(T3) andt+3 (T4) for the woodland &tin T1, Figure 3.9a). Figures 3.9b and 3.9c indidatther
how much woodland recorded for the first time ir4@7799, 1801-1833 and c.1860 (i.e. ‘ER

categories’) were extant in 2014 and what the darmtitree type of each category was in 2014.

First, it has to be noted that the ‘ER categorie$ér to the earliest evidence provided by the
historical maps used for this project and not dyatte ‘ancientness’ of the woodlands, which
remain unknown. As a result, the woodlands recoatetER 1740-1799" may be centuries older,
while the woodland ‘ER 1801-1833" appeared sometbeveen T1 and T2, and ‘ER ¢.1860°
concerns woodland that grew between T2 and T3. ddwracy of some estimates was also

occasionally limited by the lack of woodland datathe missing time series. Categories ‘ER 1740-
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1833 Ind’ in Figure 3.9b, and ‘ER 1740-1860 Ind’Fkigure 3.9c, both encompass woodland of

unknown age.

Figure 3.9a and Figure 3.9b show that a signifigamtion of the woodland recorded in T1 and T2
was lost by T3 (c.1860). This loss represents 40% e woodland cover recorded in T1 — as
already seen in Figure 3.8 — while the extant waodliremained more stable until T4, with only
19% lost between T3 and T4 (Figure 3.9a). Likewtbe, loss of woodland between T2 and T3
(36%) is double than lost between T3 and T4 (18gure 3.9b). However, we notice both on
Figure 3.9a and 3.9b, that about 9% of the woodlesdby T3 had been wooded again sometime
between T3 and T4. As we will see in section 3dh3trajectory analysis, it is likely that this
estimate can be partly explained by the varyingniptetric accuracy of the woodland

reconstruction from historical maps.

Regarding category ‘ER 1801-1833’ in Figure 3.%ls inoteworthy that 351 ha (of 1,172 ha) was
already lost by T3, meaning that almost a thirdhefarea newly afforested in the early nineteenth
century had remained woodland for a few decadey. drthis observation supports previous

evidence of higher woodland dynamics that apparemterated between T2 and T3. Perhaps a
large amount of plantation of the late eighteemtkarly nineteenth century was converted back to
non-wooded areas because of their unsuitabilifyréduce good crops. In contrast, a lower 17% of
the category ‘ER 1740-1799" was lost by T3 in tlaene area (i.e. 131 ha in T3 over 767 ha
initially in T2). These results suggest a highabsity until the mid-nineteenth century of the mos

ancient woodland compared to the newly afforested a T2.

Regarding the woodland type in 2014, in Area 2lighy higher amount of the remaining
woodland of category ‘ER 1740-1799 was broadleafd8 ha) than coniferous (648 ha) (Figure
3.9a). In Area 1 (Figure 3.9b), the estimates offteaved and coniferous woodland are different
according to the ER categories. As for ‘ER 17409178 larger amount was broadleaved than was
coniferous woodlands (respectively 292 ha and E)Mhile, conversely, the remaining woodland
of ‘ER 1801-1833' was more coniferous (349 ha) thaoadleaved woodlands (271 ha). These
results may reflect differences in original treemposition between category ‘ER 1740-1799" and
category ‘ER 1801-1833'. However, as we will seesgction 3.4 (Discussion), the type of
woodland cover has not remained stable with impbrthanges in tree composition having already

occurred by T3.

Contrary to Figure 3.9b, the categories ‘ER 174991 and ‘ER 1801-1833’ in Figure 3.9c are not
comparable to each other as the estimates were alomifferent sub-study areas. This diagram
should therefore be used carefully. Despite thiesigakions, some observations remain of interest.
In 2014, a higher number of categories ‘ER 186@ &R 1801-1833" were coniferous (779 ha
and 319 ha, respectively) rather than broadleaveadiand (500 ha and 205 ha). In contrast, for
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‘ER 1740-1799’, the woodland was about equally aid with 569 ha as broadleaved woodland
and 562 ha as coniferous, which is very similathedobservations in Figure 3.9a and Figure 3.9b.
Furthermore, there is also higher amount of wodtilamadleaved in T4 for ‘ER 1740-1799’ (569

ha) than for ‘ER ¢.1860’ (500 ha) despite more waid in T3 for the latter category (1,653 ha for

‘ER 1740-1799’ while 2,025 ha for ‘ER ¢.1860’). Heeobservations tend to confirm that the
category ‘ER 1740-1799’ constitute a larger parthef broadleaved woodland in 2014 than any
other category. Finally, we note that 746 ha of ‘ER860’ were lost by 2014 (i.e. 37%), which

suggests the low persistence as woodland of anrtenigportion of the newly afforested area in

T3.

3.3.2.3 Woodland cover in 2014

Figure 3.10 summarises some estimates from thegehdetection analysis to show for Area 1 the
contribution of each ER category that form the wand cover in 2014. We can observe that
categories ‘ER 1740-1799’ and ‘ER 1801-1833’ togetbonsisted of less than only 18% of the
woodland cover in 2014, with an almost equivalemitdbution of about 620 ha each. Regarding
tree composition, the proportion of broadleaved dlaod was higher for ‘ER 1740-1799’ (383 ha)
than for ‘ER 1801-1833’ (271 ha). In the most rdaeoodland — ‘ER ¢.1860’ and ‘ER 2014’ — the
proportion of coniferous woodland continued to @age considerably more than broadleaved. We
should, however, remember that these estimate®tpeatessary reflect the original nature of the
woodland cover. A certain amount of broadleaved ‘ERI0-1799’, ‘ER 1801-1833 and ‘ER
1860’ might result from conversions of broadleawedodland into coniferous woodland, and

conversely.
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Figure 3.10 Contribution of the different ER categories to the woodland cover in 2014 (in Area 1)
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3.3.2.4 Changes in woodland class and management type

Table 3.5 Woodland area with different vegetation classes and management types remaining wooded in
T3 and T4 (in ha). In brackets, the remaining percentages are calculated from the initial estimate for each
class and type at T1, T2 and T3. ‘Low woodland’, ‘Bushes’ and ‘Unknown’ were ignored for T2 due to very
low evidence from estate plans (less than 15 ha for each). Only ‘Open woodland’ could be recorded for T3
(c.1860) — details in Chapter 2.

T3 T4
T1 (Area 2) Initially Woodland Broadleaved Coniferous Total T4
Open woodland 179 61 (34) 38 (21) 22 (12) 60 (33)
Low woodland 98 62(63) 27 (28) 29 (30) 57 (58)
Bushes 119 41 (35) 19 (16) 14 (12) 33(28)
Unknown 48 12 (24) 10 (21) 5(10) 15 (31)
Grazed 181 60 (33) 38 (21) 14 (8) 52 (29)
Plantation 575 480 (83) 100 (17) 247 (43) 347 (60)
T2 (Area 3)
Open woodland 391 161 (41) 96 (24) 37 (9) 133 (31)
Grazed 162 69 (42) 38 (23) 24 (15) 62 (38)
Plantation 779 670 (86) 142 (18) 401 (51) 543 (70)
T3 (Area 4)
Open woodland 166 - 30 (18) 20 (12) 50 (30)

Table 3.5 summarises how much of the woodland wdiffierent vegetation classes and
management types — based on evidence from hidt@#tate plans — remained wooded by T3
(c.1860) and as broadleaved or coniferous woodlandr4 (2014). While limited due to the
uncertainties affecting these estimates from espid@s and OS maps — in particular, the
management types were not comprehensive and tletatien classes may be based on fuzzy and
ambiguous evidence (see Chapter 2) — the resuisdar insight into some historical trends. As
already discussed in Chapter 2, it is notewortlay ghantations mentioned as such by mapmakers
on estate plans arguably represent a portion ohlyh® real extent of historical plantations.
Therefore, the estimates of woodland plantation3 inand T2 provided in Table 3.5 must be

considered as underestimates.

Firstly, a considerable area of the open woodldedtified from estate plans was definitely lost by
T3. Only 34% left of the open woodland identifiedTil (61 ha over 179 ha initially), and 41% the
open woodland in T2 (161 ha over 391 ha initialigs woodland by T3. In addition, only 2 ha and
26 ha of the open woodland, in T1 and T2 respdgtivemained as open woodland by T3 (not
shown in Table 3.5). Most of the open woodland teatained wooded was therefore converted
into dense woodland. Between T3 and T4, more comyirm cover is evident. The open woodland

from T1 that was extant as woodland by T3 was wtidbded in 2014. This woodland was more
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broadleaved (38 ha) than coniferous woodland (2R iha2014. Likewise, most of the open
woodland areas from T2 that were extant in T3 weomded in T4 with considerably more
broadleaved (96 ha) than coniferous woodland (37Despite the fact that open woodlands in T1
and T2 have remained wooded until at least 20BSethesults suggest that a considerable portion

did not remain broadleaved woodland but was coadartto coniferous woodland.

Secondly, it seems that among the different vemetatlasses, the low woodland class has been
more persistent over time with 63% (62 ha) rema@raa woodland by T3 and 58% (57 ha) by T4.
The low woodland was originally composed of broauérl trees (see Chapter 2). Nonetheless,
30% of the low woodland in T1 being coniferous h F against 28% as broadleaved — suggests
that a substantial area was actually converteddotiferous plantations, as for open woodlands. In
contrast, only 28% of the area identified as bushddq was woodland in 2014. Most of the bushes
were lost between T1 and T3 as only 35% of the dogainated by bushes in T1 was wooded by
T3. It is possible that, unlike low woodland, theadominated by bushes was less suitable to be
converted into woodland. These results should, kewde interpreted cautiously due to the very

low area of lands concerned.

Regarding the management types, 83% (480 ha) a¥d(880 ha) of the woodland identified as
plantation from estate plans in T1 and T2 respelti(575 ha and 779 ha initially) were extant in
T3. This result confirms the loss of young woodlghahtation by T3 but by a lower amount than
suggested previously from estimates in Figure 318 fact that only a small portion of the

plantations was identified as such from estate slanight partly explain these discrepancies.
Afterwards, plantations from T1 and T2 diminished60% and 70% in 2014 and were largely
dominated by coniferous woodlands. Converselygh portion of the woodland for which grazing

activities was known in T1 and T2 had been defipitest by T3, with 33% (60 ha) and 42% (69

ha) respectively remaining as woodland by T3. By Z8% (T1) and 23% (T2) of these grazed
woodlands were still broadleaved, while a minoit paas converted into coniferous woodland (i.e.
8% from T1 and 15% from T2).
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3.3.3 Trajectory analysis

A
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Figure 3.11 Example of trajectory
map around Drumlanrig castle. In
red circle and below, a map of
Coshogle wood - a Site of Special
Scientific Interest (SSSI). Only part
of the woodland presently has been
wooded since at least T1 (scenario
1111).
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Table 3.6 Categorisation of the broadleaved woodland cover with historical record into different
woodland trajectories (1 = woodland; 0 = non-woodland; X = no data).

(T'I;t::_j:-c::-r.:!‘l) Coverage (ha) Sum

Areal

1-1-1-1 280

0-1-1-1 206 987 (82.6%)

0-0-1-1 501

1-0-0-1 40 1027 (86.0%)

1-0-1-1 63 1090 (91.3%)

1-1-0-1 41 1131 (94.7%)

0-1-0-1 64 1195 (100%)
Area 2

1x-A- 2> 459 (87.3%)

0-X-1-1 203

1-X-0-1 67 526 (100%)
Area 3

X1-1- 223 440 (87.5%)

X-0-1-1 215

X-1-0-1 63 503 (100%)

The trajectory analysis focused on the broadleaweddland cover in 2014 with historical
mapping record. All cells were categorised in eaicthe trajectories listed in Table 3.6. In the end
this analysis allowed mapping all broadleaved wandlin 2014 according to their historical
trajectory in astability map(e.g. Figure 3.11). In addition, the PAR of eaatodland patch was

calculated from the stability map.

For each sub-study area, the woodland that hasmedchapparently continuously wooded since its
first record, such as ‘1-1-1-1’, ‘0-1-1-1" and ‘0101’, covered a much larger area (82.6% of the
woodland) than the less stable trajectories, sscl®-4-0-1". In Area 1, Area 2 and Area 3, the
proportions of all stable trajectories represemespectively 82.6%; 87.3% and 87.5% of the

woodland cover with historical mapping record.

Kaim et al. (2014) assumed that stable trajecta@sbe considered as ‘very realistic’, while the
trajectory ‘1-0-0-1’, reflecting an early woodlamtearance before re-growth in the most recent
period, was considered as ‘realistic’. The categgowith short periods of clearance such as ‘0-1-0-
1’ or ‘1-1-0-1’, are therefore considered as ‘lesalistic’. These latter can be due to variations i
spatial accuracy of the datasets that were ovedaithg the trajectory categorisation process, or
they may correspond to woodland overlooked during historical surveys. In applying the

interpretation by Kaim et al. (2014) of trajectagalysis, the considerably higher scores of the
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most realistic trajectories compared to the leafistic trajectories (Table 3.6) tend to confirne th
overall reliability of the changes mapped and qdiadt in this chapter. As the most uncertain
trajectories represent only between 10 and 15%ephistorical broadleaved woodland coverage in
2014, these results tend to support, by extenglen,reliability of the woodland records from
historical maps and confirm that the planimetricumacy of the woodland reconstructions is still

sufficient to investigate woodland cover changesr avne.

Moreover, it is still possible that some of theslegealistic trajectories account in part for true
changes. For instance, 150 years separated T3farflich may be considered as long enough for
realistic woodland clearance and regrowth deceaates. ILikewise, 80-90 years could separate two
surveys of the same area between T1 and T3, apemed during which woodland clearance by
T2 and re-growth by T3 was still possible. It isahoteworthy that the least realistic trajectories
being mapped in the stability maps can help to gimpthe most controversial areas. A visual
assessment from historical maps may enable subsegadfication of whether the trajectories

correspond to true changes.

Further to assessing the reliability of the woodlémjectories, it was assumed for this project tha
the perimeter-area ratio (PAR) of the trajectoricpes could constitute another useful indicator of
the reliability of the different trajectories. Thegher the PAR of a patch, the less likely it iatth
the patch represents real changes (De Keersmat¢kal, €015). Figure 3.12 illustrates the
relationship between the cumulated woodland areardmg to the PAR of patches for two
realistic trajectories (plain line) and four legslistic trajectories (dashed line). The relatigmsh
shows major differences in the trends accordinthéoreliability of the trajectory. Regarding the
two most realistic trajectories, all patches witRAR > 0.2 — the least reliable patches — covered a
cumulative woodland area that represented 10 hie fan the least realistic trajectory, i.e. ‘0-1-0
1’, the cumulative woodland area more than doubdeckach 24 ha. In addition, while, 10 ha do
not represent much compared to the total area edugy the realistic trajectories (> 220 ha each),
24 ha represent about 38% of the area covered-thy0*Q’ (i.e. 64 ha in total). Likewise, the area
covered by all the patches with PAR > 0.13 — whbeegrey line representing ‘1-1-1-1’ starts to
cross the red dashed line ‘1-0-1-1' — was systarabyi higher for each of the less realistic

trajectories than for the two realistic ones.

A visual comparison of the shape of the trajecfmatches with historical maps shows further that
for patches with a PAR > 0.2, the reliability oftrajectory becomes very uncertain. Below this
threshold, a larger number of patches seem toctefal changes with more confidence — such as
the occasional disappearance or appearance of ammbdiegetation along the watercourses. The
total area covered by patches with 0.15 < PAR <dhd PAR > 0.2 was reported for each

trajectory in Figure 3.13. These results are usedara indicative basis to determine how the
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contribution of the most uncertain patches — wilRRover these two indicative thresholds — may

affect differently the acreage of each trajectory.

Figure 3.13 confirms that the acreage of the ntafile, and therefore realistic trajectories, ass le
affected by patches with high PAR than the leaslis&c trajectories. It also illustrates that
trajectories such as ‘1-1-0-1" and ‘0-1-0-1" arermoepresented in extent by the most uncertain
patches and, therefore, tend to be less reliable dther less realistic trajectories such as ‘110-1

In total, about 81% of the area is covered by ttajy patches with a PAR < 0.15; 8% with 0.15 <
PAR < 0.2 and; 11% with PAR > 0.2.

The depiction of watercourses represents an impiort@ncern regarding the reliability of
trajectories due to the varying planimetric accyrat historical maps. Surveying and redrawing
accurately these features on a map was likely toneeof the most challenging tasks for an estate
surveyor but not necessarily a priority (Cousird)D). Comparison of historical maps covering the
same area may highlight important variations in emadurse’s shape and sinuosity. These
differences are reflected in the trajectories obdland areas lying along the watercourses. While it
is difficult to know how much the uncertain longéiar woodland trajectories along watercourses
can be explained by a poor survey or actual chanvgeshould keep in mind that this issue may
greatly affect the accuracy of spatial studies saglthe change detection analysis on the riparian
woodlands. For instance, Figure 3.14 shows thamortant part of the woodland with the most

uncertain trajectories (PAR > 0.2) lies along tlieeRNith.
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Figure 3.12 Comparison of the relationship between cumulated woodland area (ha) and perimeter-area
ratio of the patches (PAR) for different trajectories. The two most realistic trajectories are in plain lines.
The less realistic trajectories are in dashed lines.
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Figure 3.13 Proportion of woodland patches with 0.15 < PAR < 0.2 and PAR > 0.2 for the different
woodland trajectories composing the broadleaved woodland cover in 2014.
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Figure 3.14 Broadleaved woodland trajectories patches with calculated PAR > 0.2 in the estates around
Drumlanrig (subset). The uncertain trajectories are mostly located along the river Nith.
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3.3.4 Logistic regression models

Chapter 3

Table 3.7 Assessment of the models quality. McFadden’s Pseudo-R’ > 0.2 indicates a relative good fit and

AUC > 0.7 indicates a relatively good discriminatory power between woodland and non-woodland (Serneels

and Lambin, 2001; Wilson et al., 2005).

Time series Region Models pseudo-R? AUC F-score
(p>0.5)
Drum 1 0.37 0.87 0.74
Annan 2 0.26 0.80 0.65
T Annan 3 0.32 0.87 0.68
Other 4 0.22 0.82 0.71
Drum 5 0.35 0.86 0.69
T2 Annan 6 0.28 0.82 0.59
Other 7 0.17 0.75 0.66
Drum 8 0.21 0.77 0.63
T3 Annan 9 0.20 0.75 0.29
Other 10 0.04 0.60 0.22

111



Chapter 3

Table 3.8 Logistic regression results for the distribution of the woodland cover in T1. Odds Ratio (OR) and 95% confidence intervals (Cl) were calculated as exp(8,) for
each explanatory variable showing statistical significance and which served to fit the best model. OR > 1 indicates higher odds of a cell to be woodland and OR < 1
indicates lower odds. Significance is indicated with ***, ** and * for respectively p < 0.001, p < 0.01 and p < 0.05. AAIC represents the difference in Akaike ’s criterion

(AIC) between the best model and the model after omitting or adding the variable. Therefore, AAIC indicates the relative importance of each explanatory variable.

T1
1. Drum 2. Annan(1) 3. Annan(2) 4. Other
Variables OR [CI] AAIC OR [CI] AAIC OR [CI] AAIC OR [CI] AAIC

Elevation 0.982 [0.978-0.987]*** 258 0.994 [0.989-0.999]* 57 0.994 [0.988-0.999]* 54 0.987 [0.983-0.991]*** 40
Slope 1.231[1.143-1.332]*** 69 1.285[1.163-1.436]*** 42 1.320[1.182-1.495] *** 39 1.124 [1.084-1.168]*** 45
D_watercourse 0.997 [0.997-0,998]*** 42 0.999 [0.998-1,000]* 3 0.997 [0.996-0.998]*** 20 0.998 [0.997-0.999]*** 36
Eastness 1.264 [1.029-1.555]* 3 1.244 [1.002-1.548]* 2 1.602 [1.238-2.086] *** 11 - 0
Northness - 0 - 0 1.487 [1.035-2.146] * 3 - 2
D _castle 0.999 [0.999-1.000]* 3 0.999 [0.999-1.000]*** 8 - -1 0.999 [0.999-1.000]* 3
Soil - 33 - 13 - 8 - 30
Alluvial soils 0.229[0.114-0.457]*** - - - - - 0.390 [0.210-0.718]** -
Zluer;zce'water 3.022[1.828-5.059]*** - 0.180 [0.041-0.545]** - 0.133 [0.020-0.487]** - - -
Ground-water - . . . - - 0.156[0.048-0.424]%** -
gleys

Podzols - - 0.336 [0.117-0.834]* - 0.219 [0.048-0.707] * - - -
Peats - - - - - - 0.195 [0.086-0.411]*** -
Elevation x Slope (***) 11 (***) 16 (**) 12 - -

- : not significant at 95%
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Table 3.9 Logistic regression results for the woodland expansion between T1 and T2. See Table 3.8 above

for explanations.

T2
5. Drum 6. Annan 7. Other
Variables OR[CI] AAIC OR[CI] DAIC OR[CI] AAIC
Elevation 0.995 [0.989-1.000]* 62 - 17 1.019 [1.010-1.029]*** 13
Slope 1.220 [1.116-1.345]*** 18 1.602 [1.250-2.145]*** 13 1.250[1.116-1.426]*** 15
D_watercourse 0.998 [0.997-0.999]*** 13 - 1 0.997 [0.998-0.999]* 4
Eastness - 0 0.614 [0.411-0.904]* 4 - 1
Northness - 0 - -2 0.552 [0.349-0.860]** 5
D_woodlandT1 0.998 [0.997-0.999]*** 74 0.999 [0.998-0.999]*** 23 0.998 [0.997-0.999]*** 22
Soil - 0 - -5 - 3
Alluvial soils - - - - - -
Surface-water gleys - - - - - -
Ground-water gleys - - - - - -
Podzols - - - - - -
Peats - - - - - -
Elevation x Slope (***) 14 (**) 13 (**) 5

- : not significant at 95%

Table 3.10 Logistic regression results for the woodland expansion between T2 and T3.
for explanations.

See Table 3.8 above

T3
8. Drum 9. Annan 10. Other
Variables OR[CI] DAIC OR[CI] DAIC OR[CI] DAIC
Elevation 0.996 [0.993-0.999]** 90 0.989 [0.984-0.994]*** 19 - 0
Slope 1.146 [1.090-1.208]*** 25 1.095 [1.052-1.143]*** 19 1.093 [1.062-1.125]*** 40
D_watercourse 1.001 [1.001-1.002]*** 30 - 1 - 0
Eastness 1.218 [1.045-1.421]* 4 - -1 - -2
Northness - 0 - 0 - 0
D_woodlandT2 0.999 [0.999-1.000]*** 16 - -1 - 0
Soil - 61 - 8 - 0
Alluvial soils 0.360 [0.201-0.635]*** - - - - _
Zgice'water 0.220 [0.129-0.360] *** - - - - -
;re‘;l;nd'water 0.326[0.178-0.569]*** - - . ; -
Podzols 0.479 [0.304-0.746]** - 0.226 [0.132-0.370]** - -
Peats - - - - - -
Elevation x Slope (***) 22 - - - -

- : not significant at 95%

113



Chapter 3

3.3.4.1 Woodland cover in T1 (Tables 3.7 and 3.8)

The distribution of the woodland cover in T1 wadle&plained by each of the four models, with a
pseudoR2 between 0.22 and 0.37, AUC between 0.80 and @r8if-scorebetween 0.65 and 0.74
(Table 3.7). The odds ratio (OR) are associatet tigher (OR > 1) or lower odds (OR < 1) of a
cell being woodland (‘1") when the explanatory &ate increases of one unit (e.g. one degree for
‘slope’, or one meter for a distance-based var)aldle the explanatory variables are expressed in
different units, the OR cannot be compared betweach other and the OR associated with
variables with a large range of values such asatitev or distance to the nearest stream was
necessary lower than the OR associated with vagahlith a restricted range such as aspect

(northness and eastness) and slope.

The results suggest that the woodland cover in @& associated with areas of lower elevations
and steeper slopes (Table 3.8). Indeed, in all isptlee odds of a cell being ‘woodland’ decreases
as the elevation increases (OR < 1) but the oduease as slope steepness increases (1.124 < OR
< 1.320). In addition, with the exception of thegjion ‘Other’, an interaction term between these
two explanatory variables was found to bettertig models as the effect of slope varies according
to elevation — the slope steepness has a lowestéffdigher elevation because no woodland can
possibly grow above a certain elevation (i.e. tke tine). As the region ‘Other’ corresponds to an

area of lower elevations, the interaction termrditiimprove model 4.

The distribution of the woodland cover in T1 sea® to be closely related to distance to the
nearest stream as the odds decreased as the digtathe nearest stream increased. The evidence
was, however, less clear for the model of Annanddiieh integrated the late eighteenth century
plantations (model 2AIC = 3 andp-value close to 0.05) compared to the model tHablé these
plantations (model 3AAIC =20; p < 0.001). These results might suggest that thatilat of the

late eighteenth century plantations in Annandales \adependent of the stream network. In
general, the model that did not consider the |é@tptions (pseudB? = 0.32; AUC = 0.87F-
score= 0.68) offered a better explanation of the woodldistribution in T1 than did the model
that considered all woodland in Annandale (pselds-0.26; AUC = 0.80f-score= 0.65). In
other words, the location of late eighteenth cgnpliantations seems to be less predictable than the

most ancient woodland cover.

When considering ‘D_castle’ alone, the odds of mradeing woodland decreased significarnply (
< 0.001) as the distance to the nearest castlewsrthouse increased. Even though the effect of
‘D_castle’ on the response variable is observedcfmh model, the evidence was less clear when
elevation and slope were integrated into the modéiss observation tends to suggest that while
the woodland was more likely to be near a castletosrer house, environmental variables

associated with these sites were sufficient toa@rpghe woodland cover distribution. In sum, it is
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likely, for each of the three regions, that theakimn of these historical sites fails to partly kexp
the woodland cover in T1. Moreover, the statistisghnificance of ‘D_castle’ in model 2 (<
0.001) highlights the need for caution when intetipg the effect of this variable. Indeed, there
seems to be no historical reason for late eighteeantury plantations being purposely planted

near centuries older castles or tower houses.

For Drumlanrig and Annandale, it seems that thesodflan area being woodland increased
significantly with increasing eastness (i.e., witlisreasingly easterly aspect). The evidence was
however only clear for Annandale before the campaifyplantations (model 3 < 0.001). It is
possible that the strong south-west winds had #uneince on the woodland cover distribution in
T1, the woodland being perhaps more likely to beserved on the more sheltered east slopes.
Regarding soil data, unsurprisingly, the odds oélibeing woodland decreased on soils with poor
drainage such as gley soils and peats compardtetmore suitable brown soils, with the notable
exception of Drumlanrig where the surface-watel gleil located in the north of the region was
guite wooded. More acidic — sometimes infertileodzols seem also to have decreased the odds of
supporting woodland in Annandale. As a result,d4bié variable was often highly significant and

had a relatively high importance (8AIC < 33) in all models.
3.3.4.2 Woodland expansion between T1 and T2 (Tables 3.7 and 3.9)

The distribution of the woodland expansion betw&grand T2 was well explained for Drumlanrig
(model 5, pseud® = 0.35; AUC = 0.86F-score= 0.69) (Table 3.7). Firstly, as for T1, the résul
show that the odds of a cell being woodland in@dasith the steepness of the slope (OR= 1.220
ad Cl =1.116-1.345) and decreased as the distaribe nearest stream increased (for every 100 m
away of a stream, OR = 0.818 and CI = 0.741-0.90%3ple 3.9). This last observation is in
agreement with the historical estate plans as npeytations from the early nineteenth century
were located on the banks of the river Nith. Elmratemained also an important variable as the
odds of an area being woodland decreased with tedevand, as for T1, the effect of slope

steepness interacted with elevation values.

Secondly, in Drumlanrig as in the two other regjahe most recent woodland recorded by T2 was
located near pre-existing woodland in T1 (D_woodfeh p < 0.001). These results suggest that
the woodland appearing between T1 and T2, whicludlecmostly plantations, was more likely to

be located in the vicinity of the woodland coveatthlready existed.

Thirdly, the models for Annandale and region ‘Otl{grodels 6 and 7) did not explain as well the
woodland expansion as for the region of Drumlankig)it was easier to predict a cell to be ‘0’ (i.e.
not woodland) in Annandale than in region ‘Otheithe higher elevations in Annandale cover an
area that is less likely to be wooded — the AUC Wwaher for Annandale (0.82) than ‘Other’
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(0.75). Nonetheless, the predictive ability to itlgraccurately cells ‘1’ was lower for Annandale
(F-score =0.59) than for ‘Other’ E-score =0.66). For both regions, slope steepness and aavat
remained important factors in the best models (18AC < 17 andp < 0.001). However, in
contrast with previous observations, the odds oélabeing ‘1’ in region ‘Other’ increased with
elevation, which may reflect the fact that affoatisin took place on higher elevations than
previously. In this region the maximum elevatioamstrained to 280 m, which is low enough for

the trees to grow anywhere.

It is noteworthy that the distance to the nearegercourse had a low importance in ‘OtheyA(C
= 4; p < 0.05) and there was no evidence that it hadiaffiyence in Annandale. Regarding the
other variables, the results tend to suggest tmatwoodlands in Annandale were more likely
located on the slopes facing west{0.05) and in the region ‘Other’ on the slopesdifg south |
< 0.01). Finally, there was no evidence that thetgpe affected the probability of an area being

afforested between T1 and T2.
3.3.4.3 Woodland expansion between T2 and T3 (Tables 3.7 and 3.10)

The distribution of the woodland expansion betwd@nand T3 was also better explained for
Drumlanrig than for Annandale and region ‘Other'owéver, the model quality was lower in
Drumlanrig (model 8, pseud®* = 0.21; AUC = 0.77f-score= 0.63) than it was for the same
region in T1, and to explain the expansion of tremaland cover between T1 and T2 (Table 3.7).
In addition, the quality and predictive accuracyrevg@oor for Annandale with a low-score
(model 9, pseud® = 0.20; AUC = 0.75F-score= 0.29) and very poor for region ‘Other’ (model
10, pseud(R2 = 0.04; AUC = 0.60F-score= 0.22). For the latter, the model did not perfoveil

in identifying cells ‘0’ as suggested by the low BUwhich implies that the predictive ability of

model 10 was close to random (when AUC = 0.50).

The slope steepness and elevation remained signifitactors and had the same effect for
Annandale and Drumlanrig as previously (Table 3.T0)s implies that the afforestation that took
place between T2 and T3 occurred preferably orpsteglopes and at lower elevations. Although
still not statistically significant in Annandalehe distance to the nearest watercourse had an
opposite effect in Drumlanrig than previously ag thdds of afforestation increased with the
distance from the nearest stream (OR » X 0.001). Therefore, the newly afforested areas in
Drumlanrig in T3 were located further away from gteeams than they had been, perhaps because
the most suitable areas on the banks were alreadged. As for the soil, this variable had a strong
explanatory power in Drumlanrig onhlAAIC = 62) and the results showed that any othee typ

soil than brown soil decreased significanity<( 0.001) the probability of an area being affagdst
between T2 and T3.
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Regarding the distance to the pre-existing woodlant, the area in the vicinity of the woodland
cover in T2 was more likely to be wooded in DrunnignHowever, this variable had no longer any
effect in Annandale and region ‘Other’. Overalle thet of explanatory variables fail to explain the

patterns of woodland expansion between T2 and iTthése two regions.

In general, it is clear that the explanatory powetthe variables used in the different models
decreases with time. Because the area transformedvoodland over time is arguably explained
by plantations rather than natural woodland regsrer, the progressive loss of link between
plantations and the different explanatory variakdsswell as differences between the regions

certainly reflect changing practices in woodlananpihg over time and space.

3.4 Discussion

3.4.1 Expansion of the woodland cover from the second half of the
eighteenth century to c.1860

The results of the present chapter demonstrate ttieatwoodland cover underwent a major
expansion between the second half of the eightesmritury (T1) and ¢.1860 (T3), with a coverage
from about 3% of the study area in T1, to 4.5% % d@nd to 6.5-8.5% in T3 (Table 3.3). To the
author’'s knowledge, this study is the first spatiaixplicit reconstruction of past woodland cover
in Scotland. The results based on evidence froateegtans — for the earliest time series — and the

First Edition OS maps are consistent across thdendiody area.

These estimates are, however, significantly lowenttentative estimates by Smout et al. (2005,
pp.64-65) who concluded that about 9% of Scotlaras wooded by c.1750 as well as the
beginning of the nineteenth century (T2). For &k, Smout et al. (2005, pp.64-65) assumed that
the cover consisted of 7% semi-natural woodland2&ndplantation. Currently accepted by several
authors (e.g. Albritton Jonsson, 2013, p.46; PeterR015; Wilson, 2015, pp.60-61), Smout et al.’s
(2005) estimates are revisions of those of Sin€l8d4) and Lindsay (1980), and based mostly on

the Ancient Woodland Inventory of Scotland and Shedwal.’s understanding of the Roy map.

Using samples of the Roy map, Lindsay (1980, p.23@)d that the woodland cover in ¢.1750 was

near 2 to 3% in parts of the Lowlands, while Simc{a814, p.321) assumed that by 1814 the

woodland covered 5% of lands with less than 3%nasgutal” (i.e. not plantations). In both cases,

Smout et al. (2005, pp.61-64) considered thesedgyas underestimates needing revision. The
authors argue that the Roy map overlooked perhafisoh the woodland cover as these maps

depicted mostly the woodlands of military interastl the woodland areas were underestimated in
many cases (Smout et al., 2005, pp.59-64). More@gzording to Smout et al. (2005, pp.65-66),

previous figures such as the firStatistical Accounts of Scotlarahd theCounty Agricultural

Reports on which Sinclair (1814based his work, overlooked uncommercial woodedsareaen
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though the estimates calculated in this chaptebased on the study of a relatively small portion
of Scotland (i.e. 107,700 ha or about 1.5% of &owt), they remain much closer to Lindsay (1980,
p.272) for T1 and Sinclair (1814, p.321) for T2nHamout et al.’s estimates (2005) for the whole
Scotland.

In addition, it appears that some assumptions bgusm@t al. (2005) about past woodland changes
in Scotland do not apply to Nithsdale and Annandalgarticular that 1) the woodland cover did
not vary much during the nineteenth century (2@0258); and 2) the early 1900s correspond to
the lowest woodland coverage with 6% of woodlangecd2005, p.68). According to Smout et al.
(2005, pp.68-69) a minor net loss of the woodlandec, mostly due to more intensive sheep
farming, would have occurred over the nineteenttiwg. In contrast, the present study indicates a
sharp increase from the early to the mid-nineteeetfitury. Nor do the results of this chapter
corroborate the assumption that the First Editi@r@aps overlooked many ancient woodland sites
(Smout et al., 2005, p.68). Indeed, the trajectorglysis in Area 1 showed that only 3% (41 ha) of
the total woodland in T1 and T2 is not depictethia First OS (Table 3.6, trajectory 1-1-0-1), half
of it being probably due to the planimetric accyrathistorical maps (about 21 ha for PAR > 0.2,
see Figure 3.13).

Finally, the present results differ from the expéon that half of the woodland cover in ¢.1860
and 1914 would have been ancient semi-natural vaoaddbs it has been suggested by various
authors (Anderson, 1967, pp.394-395; Pryor andI§raid02; Smout et al., 2005, p.259). In Area
2, only 30% of the woodland in T3 was already digian T1 (1,648 ha over 5,442 ha, Figure
3.8b). Considering that by T3 at least 480 ha efwlvodland in Area 2 was plantation from T1
(i.e. not ancient woodland) (Table 3.5), only 21#4h® woodland cover by ¢.1860 is likely to be
ancient semi-natural woodland. This estimate shaldd be understood as an upper estimate as
woodland plantations were already common praciitd4 (see section 3.4.3 and 3.4.4 below) but

not always acknowledged by estate surveyors (sapt€h2).

3.4.2 Minimum coverage

In the field of woodland history, authors have ofteied to identify the period of minimum

coverage and the related proportion of woodlang. @inotti, 1996; Smout et al., 2005; Loran et
al., 2016). As a very careful 575 ha was identifisdvoodland plantation in T1 (1740-1799), of a
total of 2,727 ha of woodland, the lowest covenags arguably earlier in time and lower in extent
for the study area. While all plantations are nuodligated as such on historical maps and
considering the very early written evidence of fitanwoodland in the region (see sections 3.4.3
and 3.4.4 below), a larger amount of plantation rmgsb the woodland cover reconstruction in T1
should indeed be expected. As a result, while Srabat. (2005, p.67) assumed that a fifth of the

woodland cover in the early nineteenth century \phmtation of native and non-native tree
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species, this chapter shows that this proportigghtriave been already reached decades earlier in
the study area. After ruling out all the plantatisoodlands identified in T1 (i.e. at least 21%lo# t
woodland was plantation), the woodland coveragesito 2.5% of the lands. This estimate would
be a generous upper estimate of the minimum woddtaverage in the study area, given the
general lack of mapping indication to identify tipdantations. Furthermore, these estimates
consider “woodland” on a broad sense as they iategopen woodland, brushwood and bushes

identified from estate plans.

The centuries of war experienced by this part abtl8od (Maxwell, 1896; Marchbank, 1901,
p.127) perhaps accounted for a considerable shygnkéthe woodland cover when it reached its
minimum sometime before T1. However, only similardses elsewhere in Scotland will clarify the
extent to which the results presented in this Péfect the woodland history in the Lowlands.
Although it is difficult to know whether the woodlid coverage and the clear woodland increase
observed in Nithsdale and Annandale between T1T&nare representative of a larger context, the
next chapter (Chapter 4) shows different conclusitnom those of Smout et al. (2005) with
regards to the reliability of the Roy map for theidy area. This chapter also questions the

reliability of the Ancient Woodland Inventory usky Smout et al. (2005) for their own estimates.

3.4.3 Evidence of woodland tree composition and changes
3.4.3.1 From historical maps

Although historical estate plans can help to dei@enwith great accuracy the changes in past
woodland cover since the eighteenth century, th@grtunately provide little evidence about the
tree species composition. Annotations such as rdldg” (McCartney, 1782; and Wells, 1778),
“wood mostly birch and oak” (Leslie, 1763), “closmk wood” (Leslie, 1763), “oak wood”
(Morrison, 1804), “fir plantation” (Tait, 1773 aMorrison, 1804), “clump of firs” (Lewars, 1814),
“young wood consisting of oak and ash” (Lewars,8)79thorns and hollies” (McCartney, 1782)
provide some of the rare evidence about woodlandposition on the estate plans that were
studied.

It is also to be noted that the earliest mappindence of planting woodland in the study area is
Shambellie wood in the parish of New Abbey, whistdescribed as “fir planting on the Hill” by
Tait in 1759. During the eighteenth and early reeath century, “fir", “Scots fir” or “Scotch fir’
was regularly used to refer to Scots pines (Smouwl.e 2005, p.74). Private forestry archives
indicate further that Shambellie wood was plantéth wak, ash and Scots pine by 1752 while the
woodland expanded in the following years. By 177729, larch, beech, birch and alder were

mentioned, as well as elm by 1805 (unpublished).
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In general, tree symbols on estate plans did novige enough information to distinguish

broadleaved, mixed or coniferous woodland. A feweegtions from estate plans drawn in the
nineteenth century are, however, noteworthy anddcoeflect past practices that were more
widespread. On the Drumlanrig estates plans froB048B25, Crawford undoubtedly used

different symbols to differentiate broadleaved fropniferous trees (Figure 3.15A and B). It is

unclear whether these symbols were drawn solelgdsthetic purposes, but it is interesting to note
that most woodland depicted by Crawford which whkieaaly on Leslie’s plans about 50 years
earlier are drawn with broadleaved tree symboly.dnl contrast, most plantations identified as
such by Crawford, or after comparison with Lesliglans, are mixed woodland (e.g. Morton wood
(Figure 3.15A) or coniferous woodland. These oleioms suggest that Crawford’s depiction of
tree types was at least partly accurate and thay mkantations from the late eighteenth or early

nineteenth centuries were mixed or coniferous wadh.

Although it is well known that an effort was madedifferentiate the woodland types on the First
Edition OS maps (Harley, 1979), important discrepes were highlighted when comparing the
First Edition 25-inch to the mile maps (first piig) with the First Edition 6-inch to the mile maps
of the study area (Figure 3.15C and D). More sjmdif, the 25-inch maps tend to distinguish
broadleaved stands next to mixed stands wherea&-itmeh maps depict the whole woodland as
mixed (Figure 3.15C and D). As the 25-inch mapgickons agree with Crawford’s estate plans
(1820-1825) and corroborate our knowledge of someieat woodlands in the region (e.g.
Coshogle wood, Figure 3.11), these larger scalen@fs seem to be more reliable. To the best of
our knowledge, such discrepancies have not hithieeten identified (Richard Oliver and Ifan
Shepherd, pers. comm). These differences may attmusa change in policy and are worth further
investigation as the reduction from the 25-inch snpthe 6-inch maps may have resulted in a loss
of information about woodland type, at least concey the First Edition OS coverage of

Dumfriesshire.

Based on the assumption that the 25-inch to the @8 version was more reliable, an attempt was
made to map broadleaved, coniferous, mixed and apeodlands during T3 in Drumlanrig,
Annandale estates and part of the parish of Kegu{€ 3.16). If the depiction is true, it would
confirm that the broadleaved woodland representdyl @ little portion of the woodland cover in
T3 (i.e. about 17%, Table 3.11) while most of thesswould have been mixed woodland (almost
70%)
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Figure 3.15 Deciduous and coniferous tree symbols on estate plans and First Edition OS maps. Morton
wood (A.) (Crawford, 1820) is depicted as mixed woodland inside and a belt of coniferous trees on the
outside. Auchenskeoch wood (B.) is depicted with broadleaved trees (left) while Montagu plantation is
mixed woodland (right) (Crawford, 1820). Malcomflat (C.) and Coshogle (D.) woods are both depicted as
mixed woodland on the First Edition OS map 6-inch to the mile whereas the 25-inch to the mile maps (E.
and F.) make distinction between broadleaved and mixed woodlands (mixed woodlands are within red
boundaries). The mixed woodland part of Coshogle wood (F.) is south of the watercourse and corresponds
to the plantations identified in T2 and T3 (see Figure 3.11).
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[ Broadleaved [ | Boundaries of the study area
- Coniferous @ Drumlanrig Castle

- Mixed

Open woodland

Figure 3.16 Woodland cover types from the First Edition OS maps — 25-inch to the mile (subsets showing
estates in Nithsdale on the right and estates in Annandale on the left).

Table 3.11 Woodland type in part of Nithsdale and Annandale covered with the First Edition OS 25-inch to
the mile maps (ha).

Woodland type ha %

Broadleaved 798.13 17.1
Conifers 530.69 11.4
Mixed 3211.49 68.9
Open 123.12 2.6

3.4.3.2 From the Statistical Accounts of Scotland (1791-1845)

Further knowledge in woodland tree compositionriscial to better portray the changes in past
woodland cover and to assess the ecological imfgita at present-day. Although unequally
detailed between parishes, the Old and New Statlsticcount of Scotland (1791-1799 and 1834-
1845, respectively) were written by local ministensd include relevant information about the

woodland to complement the information providecdebtate plans.
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From the Old Statistical Account (OSA), there isdaubt that plantations formed a large part of
the woodland cover of the late eighteenth centanpany parishes of the study area. For instance,
in the “estate of lithoch”, parish of Sanquhar (Q3&93), it is mentioned a plantation consisting
of larch, pines, silver and balsam firs with vagdwardwood such as oak, elm, birch, beech, rowan
and ash. Evidence of plantations of similar compmwsiis also available for Moffat (OSA, 1792).
Along with the oak, ash, birch, hazel and aldeegreovering the parishes of Keir (OSA, 1794) and
Kirkpatrick-Juxta (OSA, 1792), Scots pine plantaicare mentioned, while mixed plantations of
oaks and pines are reported for the parish of Teeq@OSA, 1791). In the parish of Closeburn,
plantations would have composed more than halhefwoodland cover as the minister estimated
300 Scottish acres of plantations and 200 acrésadfiral wood” (OSA, 1794).

In agreement with the nineteenth century estatasplthe New Statistical Account of Scotland
(NSA) corroborates the fact that extensive mixeddand plantations were common. For the
parish of Tynron (NSA, 1845), the minister stated:

The natural woods are oak, ash, birch, plane, nanuatsh, alder, and willow. Those
planted are generally Scotch fir, spruce, silhanch, balm of Gilead; and of late years,
principally oak, and other hard woods mixed with #bove varieties of fir [note that
‘balm of Gilead’ certainly refer to the North Amean fir Abies balsamealso named
balsam fir (Grigor, 1841)].

Similar types of plantations are mentioned for muestishes covered in the study area (e.g. Keir,
Sanquhar, Troqueer, New Abbey, Holywood, Moffatd @bumfries). Larch, Scots pine, oak,
beech, elm and ash seemed to be regularly favduredariations could occur according to local
preferences. For instance, in the parish of Johestd is said that silver fir and larch were
preferred as best adapted to the local environrhemtaditions (NSA, 1845). In this parish,
plantations were estimated from 1,200 to 1,500sacver the last 50 years. Nearby, in the parish of
Kirkpatrick-Juxta (NSA, 1845), where extensive pdions were mapped in T1, the minister refers
to “plantations of Scotch fir, larch, and sprucek @and ash, also a few beeches and elms (...)".
Finally, in the parish of Wamphray, most plantasioronsisted in Scots fir or larch, and the
estimates refer to 250 acres of plantations wHileéd560 acres of ash and oak of “natural growth”
(NSA, 1845).

This evidence reinforces the information providedtie woodland reconstructions regarding the
growing area occupied by plantations in the woadllemver between T1 and T3. In suggesting that
a very large portion of the woodland cover by c86nsisted in mixed plantations, the written

archives tends to support the reliability of theodiand composition as depicted on the First OS
maps 25-inch to the mile. It is also noteworthyt tite woodland composition could change after

thinning. For instance, in the parish of Durisd@¢8A, 1845), the minister noted:
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All kinds of trees are planted, but principally étaood and they are so arranged that
in the thinning they shall finally consist of oaklyp.

Reasons to plant mixed woodland can be found ierséeighteenth and nineteenth centuries’
treatises. Anderson (1777, p.62) advised to plaotsine “(...) for thickening plantations, with a
view to shelter other trees from the hurtful eféeot wind”. Likewise, according to Grigor (1841),
while Scots pines produce better — less knotteuinber when grown alone, they offer valuable
shelter from the wind to other tree species incigdoak. As such, the author recommended
planting the pines four years before the oaks, Wwkitdorses the fact that the tree composition of
woodland plantations could vary greatly over timdonteath (1824) and Grigor (1841)
recommended also to plant larch trees with oakbeformer would afford “warmth and shelter”
to the latter (Monteath, 1824, p.30).

Regarding the reasons to plant many species dftegeAnderson (1777, p.56) and Michie (1872)
stated that it was a also common practice amonigsitggs when they still ignored which tree
species would adapt best to local conditions —sihecies that did not grow well were thinned
afterwards. In addition, ornamental reasons cdytaiocounted for the diversity of the trees that
were planted (e.g. Monteath, 1824, pp.69-71, Gri@841). The belt of coniferous tree symbols
around Morton plantation Crawford’'s map (1820) (d¢égure 3.15A) may well illustrate the

recommendations by Monteath (1824, pp.69-70) tavgroniferous on the outside — for shelter and

ornament — and the hardwood inside.

For woodland ecology, a better understanding oft gaactices for planting woodland is
particularly relevant. Although an increase of theodland cover can improve the connection
between woodland patches and thus facilitate theement of species, plantations of non-native
tree species do not support the same biodiversityative woodland (Brockerhoff, 2008; Pedley et
al., 2014; Wilson, 2015). Likewise, the fact thia¢ twoodland sites have been less compact over
time — as indicated by the progressive increasthefshape index — suggests that the woodland
cover may have been increasingly affected by thge esffect. In sum, the marked increase in
woodland cover observed in the study area doesewssary mean better conditions for woodland

species.
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3.4.4 Drivers of past woodland changes

3.4.4.1 Explanatory variables in the logistic regression models
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Figure 3.17 Boxplots of the elevation (m), slope (°) and distance to the nearest stream (m) in Area 1 for
woodland in T1 and woodland appearing in T2 and T3.

Using the sampling points that served to fit thgidtic regression models (Figure 3.17) illustrates
the differences observed for Area 1 — the areareoMgy all the time series — regarding three of the
most important continuous variables that were ifiedtin the models to explain past distribution
of woodland (i.e. elevation, slope, and distanceh® nearest stream). As the increase of the
woodland cover between T1 and T3 account for ptamts more than natural spread, these results

highlight different practices with regards to woantll planting location.

The results indicate a significant increase of upper tree line over timep(< 0.001). It is very

likely that this increase reflects plantations ohiterous or mixed woodlands which are more
suited to higher elevations where the temperatilewer and wind speed generally higher. It is
also possible that the choice of planting treesigher elevations was dictated by the progressive
lack of suitable areas lower down. The most suitddshds would have been already occupied by

woodland or used for other agricultural purposes.

The most ancient woodland (T1) is to be found,anegal, on steeper slopes. Statistical tests show
a significant decrease between T1 andf@2 0.05), T1 and T3p(< 0.01) but not between T2 and
T3, although slope remains an important explanatanable of the woodland distribution in each
model (i.e. the probability of an area being woodetteases with slope steepness). The more

difficult access and less suitable properties efdteepest slopes for other purposes such as arable
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lands could explain why these areas were moreylikebe wooded. In addition, the possibility of
planting trees on slopes at higher elevation wquiiyide new areas suitable for woodland while,
on areas of lower elevation, it would decreasecttrapetition with other land-use types such as

arable lands.

The distance to the nearest stream (D_stream)asesesignificantly between all the time serjes (
< 0.001) (Figure 3.17), which indicates that theodland cover expanded over time further away
from the streams. In Annandale, while this varialées important in the two models fitted for T1,
it had no longer any predictive power for T2 and(T8bles 3.9 and 3.10). In this region, it is also
noteworthy that this variable already loses an i@t part of its predictive power in the model
that includes the late eighteenth century planmationodel 2, Table 3.8), which corroborates the
assumption that woodlands were planted without idensg the stream network. The largest
watercourses — where the width made it possiblewdde also used to transport timbers down the
streams (Lynch, 2011, p.598). At some point inwlddland history, wood transport is therefore
likely to have had an influence on the choice tanti@n or to plant woodlands along the water
network. However, with the progressive improvenanads, this variable may have been seen as
less essential, which would account for the lospreflictive power of this variable over time for
each region of study. Additionally, it is possiliat, as for the variables ‘slope’ and ‘elevatiail,
suitable areas along the stream were progresso@dypied, which led to planting woodlands
elsewhere. In Drumlanrig, this would at least paetkplain why many plantations occurred first

along the river Nith in T2 before occupying landglier away on the hills in T3.

Regarding the influence of soils, the models indida general that the woodland was more likely
to be on brown earth soil in T1. While no effecttlos variable is identified in T2, it seems clear
that plantations in T3 avoided all other typesaf than brown earth for the region of Drumlanrig,
and to a lesser extent, for Annandale, where psdgeeém to have lower odds to be planted
(independently of the other variables). The impwréaof soil on wood quality was increasingly
discussed during the nineteenth century and migkie influenced the consideration of suitable
areas for woodland plantations (see Monteath, 1j82864-369; Brown, 1847, p.44; and the NSAs
for Johnstone or Closeburn in 1845, in which thestrsuitable soils for each tree species are

discussed).

Finally, there is no clear indication that the gegdpical aspect (‘eastness’ and ‘northness’)
influenced past woodland distribution. The most alosive evidence is for the region of

Annandale in T1 only, and before the period of esitee plantations, as the probability of a cell to
be woodland seems to increase on the slopes faeistg As there was no large woodland on east
facing slopes to incorrectly influence the statmtisignificance of ‘eastness’ through spatial

autocorrelation, an inadequate sampling cannotagxphis resultAlthough the significance of

126



Chapter 3

‘eastness’ for the region of Annandale in T1 remaimclear, as is discussed below (section

3.4.4.3), prevailing wind conditions may have beémportance.

3.4.4.2 Quality of the models

The explanatory power of the different models diffsubstantially. The models’ performance was
better when determining the woodland cover in Tahttetermining where the woodland expanded
between T1 and T2. Further radical changes regaittia location of plantations seem to occur
between T2 and T3 as, outside the region of Drungathe models for T3 perform poorly (see
Table 3.7). The First Edition OS maps show thatyr@antations were located along arable fields.
As a result, the field pattern may better deternthme configuration of the plantations occurring
between T2 and T3 than the set of explanatory biesathat were tested. The fact that woodland
plantations in T3 do not seem to be influencedHhwy groximity to pre-existing woodland (Table

3.10) seems to corroborate this observation.

For each time series, it seems that the predigibveer of the models was higher for the region of
Drumlanrig. More suitable environmental conditidns woodland such as the presence of steep
slopes at a relatively low elevation may explainyvgast woodland cover is easier to model for
Drumlanrig. In contrast, flat and low elevation danas in the parishes along the Solway Firth —
also dominated by a large floodplain — may be nsuigable for other land-uses, such as arable
lands, and the woodland development could be ddednlay other explanatory variables than the
ones included in the models. Moreover, the temifigral the plantations may also explain some of
the differences observed. The regions that wergesulbo early extensive plantations such as
Annandale in T1 are likely to be more difficult taodel as the woodland distribution pattern was
both influenced by the most ancient coverage anekmexent plantations driven by contemporary
practices. Plantations, but also open woodlanchdsisr brushwood, certainly affect the quality of
the models as they add more variability to the viewad distribution patterns. In that regard,

Appendix C shows the variability in spatial distrilton of the different woodland vegetation

classes in T1 according to elevation, slope an@miie to the nearest stream.

As the logistic regression models are mostly baseenvironmental explanatory variables they
should be considered as exploratory methods whaoh lme improved after integrating other
variables of importance that might account for pastdland cover (i.e. distance to the roads,
population, local needs, etc.). Thus, the possjbilf producing spatially explicit probability maps
from the models (R, package ‘raster’, version 2.6lijmans, 2017) (Figure 3.18) is relevant to
locating areas where the models do not explainrately past woodland distribution. In addition,
these maps can help to locate very early planttnmt identified as such on the estate plans (i.e.
false negativesuch as woodlands in T1 on areas with lower prdibaluf being wooded). For

instance, Chapter 4 illustrates how probability snegn help to identify the woodlands listed in the
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provisional Ancient Woodland Inventory that are thest likely to be eighteenth or early

nineteenth century plantations rather than aneiaidland.

Likewise, probability maps such as Figure 3.18 loamused to locate hon-wooded areas where the
probability of being wooded is nonetheless higk. fialse positives In fine, local history and
additional relevant variables could fill gaps inr ainderstanding of past woodland distribution in
explaining at least part of the discrepancies alesebetween the models and past woodland cover
(e.g. lower needs for wood in some areas, suppiy fa location outside the area covered with
historical maps, etc.). Finally, to improve the lijyeof the models, an increase of the study area
would allow sampling more woodland and mitigatingttier the effect of spatial autocorrelation in

increasing the distance between sample cells.
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Figure 3.18 Woodland cover in T1 overlaid with the predicted probabilities of woodland in T1 for the
region of Drumlanrig.

3.4.4.3 Drivers of woodland changes based on written archives

There are certainly multiple reasons behind theeme of the woodland cover observed from the
eighteenth to the mid-nineteenth centuries. Firdtigtorical population censuses estimate that
Dumfriesshire saw its population increase from 88,ih 1755 to reach a peak of 78,123 in 1851
(Donnachie, 1971, p.13), which would have augmefedl requirements in wood. Imports in
wood — and particularly softwood — from the BatltictNorth America to Scotland were significant
(Monteath, 1824, pp.26-29; Smout et al., 2005, @.261d could supply areas around ports, but
local production could be advantageous in distaetsato limit costs of haulage, in particular
before the introduction of the railway. In additidmcal growing industries requiring woods such as
coal and lead mining in the area of Sanquhar (QSA3; NSA, 1845; Smout, 1962) are likely to
have encouraged further home grown woodland predugcondly, variations in importations
from abroad due to fluctuating import tax rates @danel, 2010; Smout et al., 2005, p.274) and
the strong limitations at the time of Napoleon'ofinental System’ (Crimmin, 1996; Smout et
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al., 2005, p.274) are additional reasons whichatalve boosted the needs in local wood supply.
While these hypotheses to explain the expansiahefwvoodland cover in the study area do not

aim to be exhaustive, they represent some aveowegtore for future research directions.

Local written archives can help to contextualise thstorical changes highlighted during the
eighteenth and nineteenth centuries and to idehiifyner some of the driving forces and actors
responsible for the changes in the study areahénQld and New Statistical Account, several
ministers refer to aesthetic considerations whatingrabout woodland plantations (e.g. OSAs for
Morton, 1794; Closeburn, 1792; Moffat, 1792). Thesthetic purpose is often discussed over the
late eighteenth and nineteenth centuries undeintheence of writers such as William Gilpin and
Walter Scott who emphasized the importance of waudllto beautify the landscape and

encouraged plantations to impress viewers (Gilpii®2; Oliver, 2009).

In addition, plantations could provide shelter heepp and cattle (e.g. OSA, Keir, 1794; NSAs,
Kirkpatrick-Juxta and Torthorwald, 1845), partialjaon higher grounds. This woodland use

would be supported by the rise in the tree linerdirae as observed in Figure 3.17. In general,
plantations seemed valuable to make local climatelitions more suitable. Hence, for the parish
of Buittle, it is said that woodland plantationsuttbameliorate the climate to produce “both grain
and pasture of better quality” (NSA, 1845). For plaeish of Kirkconnell (NSA, 1845), the minister

wrote about the need of “broad belt of planted v&yaat convenient distances, and in a proper
direction; as it is usually observed that, undds tkind of shelter, even the frost makes no
impression (...)". The use of plantation as sheltemfwind and frost may have also influenced the
decision to plant woodland differently accordinggeographical aspect and account for part of the

plantations observed on the First OS maps alorgeafields.

In terms of industrial development, the Statistikatounts covering the study area do not mention
directly the use of the wood to support emergirgustries. Nonetheless, in addition to growing
mining activities as in the parish of Sanquhar,rtiieisters regularly note the flourishing weaving
industry in the region of study, an activity thatjuired important amounts of wood (e.g. bobbin
mills, see Smout et al., 2005, pp.264-266) and kwhierefore may have encouraged woodland
plantations. While discussing of Dumfriesshire, dytin (1805, p.232) mentions also fishery as

another wood-demanding activity:

there are likewise large and thriving plantatiofis/arious kinds of fir, also of ash,

elm, etc. which (being carefully enclosed, and greenbers of them were sold yearly
for stakes used in the salmon fisheries upon tiwegoFirth) are no less beneficial to
the proprietor than ornamental to the country.
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As the estate plans coverage presents multiple, gapgarishes surrounding the study area that
were not mapped could constitute other locationsadd consumption. Likewise, exports of wood
products further away, such as England, could bavefited from extensive woodland plantations
in a growing wood market. Exportations by boat tgland are mostly mentioned from ports in
parishes outside the study area, such as Buitt®2A(NL845), Kirkcudbright (NSA, 1845), and
Annan (NSA, 1845) but it is also reported that tarfomade of larch from the inland parish of
Johnstone in Annandale (NSA, 1845) were exported.ancashire and Cheshire for railways

construction.

Besides the probable failure of some plantationgrovide suitable wood products and the
competition with other types of land-use, seveta@rg gales that were reported as responsible for
serious damages in Dumfries and Galloway’'s woodleodld account for part of the relative
woodland decline over time in the study area. Rstaince, the OSA for Durisdeer (1792) mentions
damage in Drumlanrig woods in 1786, while the N®A Kirkbean (1845) refers to another very
damaging gale in 1839. As reported by Smout et{2005, p.69), the development of sheep
farming may also have caused some of the woodlasd bbserved from T1 to T3 through

increasing grazing (though most woodland in the\starea was already enclosed by T3).

Although the results of this chapter clearly intican increase of the woodland cover over time in
the study area, the temporal resolution of the nmgppeconstruction may still underestimate the
magnitude of past woodland changes. This unceytaimstitutes another significant application-
oriented uncertainty (see Chapter 2). As shown ljievland Carruthers (2017), written evidence
from the Statistical Accounts of Scotland, eightbesmd nineteenth centuries travellers, and local
historians indicate extensive woodland clearancdeunthe reign of the Fourth Duke of
Queensberry, from 1778 until his death in 1810.s€hevents inspired a poetic production which
until recently has been wrongly attributed to theotsh poet Robert Burns (Muller and
Carruthers, 2017). The extent of the woodland aleee initiated by the Duke could not be
confirmed with historical estate plans as the rigllivould have happened after the production of
estate plans in the years 1764-1772 (T1) and béfier@ext survey campaign that produced plans
in the years 1820-1825 (T2). By that time, maj@nphtions already occurred on the estates under
the influence of the Scotts of Buccleuch and th@aetations certainly reforested areas affected by
the tree felling. Therefore, the woodland clearamc®rumlanrig during the time of the Fourth
Duke of Queensberry might have been at least pavidylooked in the spatial analyses undertaken
in the region between T1 and T2. In general, thads highlighted by the spatial analyses at the
scale of the study area might overlook lower terapand regional changes. A careful study of
written archives appears to be crucial to supplérttenevidence from historical maps to improve

our understanding of past woodland cover changadatter spatio-temporal resolution.
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3.5 Conclusion

This chapter highlight@ marked increase in woodland cover between thendebalf of the
eighteenth century and, at least, ¢.1860. The vemaldexpansion observed in the study area was
associated with a progressive extension of cludtereall woodland sites and the appearance of
plantations of much larger sizes. While plantaticosstituted already a great part of the woodland
cover by the end of the eighteenth century, it setmt the woodland change — loss and gain —
accelerated from the early nineteenth century toleast, the mid-nineteenth century. These
estimates differ significantly from the most recestimates available for Scotland for this time
period. Moreover, in contrast with the narrativéhbito accepted for Scotland, the present study
indicates that the minimum woodland coverage indhely area occurred during or before the
eighteenth century and that only a small fractibthe ancient semi-natural woodland (i.e. 21%)

was likely to be extant by ¢.1860.

The results from the logistic regression modelgsillate the varying roles of different natural
driving forces such as elevation, slope, soil aistladce to the nearest stream to account for the
distribution of the woodland cover in the eightéeoéntury and the plantations that occurred until
€.1860. Contrasted observations over time and spébe the study area might reflect different
environmental constraints and varying practicesstablishing woodland. Moreover, these models
produce probability maps of woodland which can offew avenues to explore further the driving
forces and the role of the local history in invgating past changes at a better spatio-temporal
resolution. In addition to the consistent resuftshe trajectory analysis, the explanatory power of
some environmental variables to account for pasidiemd cover constitutes strong evidence of

the reliability and the spatial accuracy of the dlaad cover reconstructions from historical maps.

In combination with the spatial analyses, histdngatten archives offer a complementary insight
into past woodland cover composition and changhsy Tonfirm that an important portion of the
woodland cover was plantation by the eighteenttiurgrand that planting mixed woodland was a
common practice. This evidence corroborates additifindings that indicated that depiction of
the woodland cover type is more reliable on thetRdition OS 25-inches to the mile map than on
their counterpart First Edition 6-inches to the enthaps. In addition, written archives provide
further evidence regarding the reasons that engedrevoodland plantations and they indicate how
the temporal resolution of the mapping reconstonctinay still underestimate the magnitude of

past woodland changes.

While it remains difficult to know how the presamfsults reflect a wider Scottish context, this
chapter demonstrates that, taken together, thegehdatection analysis, trajectory analysis and
logistic regression methods can serve to elucigast woodland cover changes and assess the

reliability of the woodland cover reconstructiomrr historical maps. Finally, this work offers a
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unique opportunity to examine at multiple levelsnsoof the potential long-lasting ecological
implications of these changes on present-day woddégosystems as is now examined in Chapter
4.
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Chapter 4

Testing woodland continuity: A cartographic
assessment of the Ancient Woodland Inventory and
ecological implications

4.1 Introduction

4.1.1 The Scottish Ancient Woodland Inventory

In the UK, the ‘ancient woodland sites’ are defireedareas that have been continuously wooded
since at least 1750D in Scotland, and 1600D in England and Wales (Spencer and Kirby, 1992;
Goldberg et al., 2007). These sites are recograsaareas of greater ecological value that deserve
higher protection than recent woodlands (Goldbetgal., 2007; Houses of Parliament, 2014;
Goldberg, 2015). The UK ancient woodland sites Haeen the subject of provisional inventories
since the 1980s when there were concerns aboutldtesely recent loss of many sites. Some have
been converted into other land-use types whilersthave been replanted with commercial tree
species (Kirby, 1988; Hopkins and Kirby, 2007; Gmddy et al., 2007). Today, the so-called
‘provisional Ancient Woodland Inventory’ (AWI) isoosidered as a key source of information for
conservation planning (Houses of Parliament, 2@Eeldberg, 2015) and the data are available for

analysis by GIS.

The concept of ‘ancient’ or ‘recent’ woodland haseb found more convenient to use than
‘primary’ or ‘secondary’ woodland (Goldberg, 201%s it is not possible to confirm that an
interruption of the woodland continuity has nevecwrred since the forest's origins, the status of
‘primary’ woodland cannot be proved and remainsdtlyptical, contrary to the definition of
ancient woodland. However, it is noteworthy thag tise of a threshold date implies that ancient
woodland can be also secondary woodland, for isstawhen woodland plantations occurred
before the threshold date (Goldberg, 2015).

In Scotland, the threshold date to define anciemddiand was decided on the availability of the
earliest cartographic evidence covering both thatti8t Highlands and Lowlands, namely Roy’s
Military Survey sheets (also known as ‘the Roy ma@47-1755). The underlying assumption was

that woodland plantations were relatively scarce iy 50 (Smout et al., 2005) and, consequently,
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the woodland depicted on the Roy map was likelyot@inate from much older times.
Implemented in the 1980s by the Nature Conserva@oyncil (NCC), the Scottish AWI
encompasses all areas that have been continuoosiyed since the 1750s, or which had evidence

of clearance over only short periods of time (KgpE997).

Distinct groups have been created for the clasgiio of ancient woodlands in the UK, namely the
‘Ancient Semi-Natural Woodland Sites’ (ASNW) compdsof a majority of native trees and shrub
species that originated from natural regeneration Eelf-sown or stump regrowth), and the
‘Plantations on Ancient Woodland Sites’ (PAWS), ahiwere ancient woodlands converted to
non-native — mostly conifers — plantations. Inifialthe Scottish AWI categorised further the
‘ancient woodland sites of semi-natural origin’ aatkng to the history of their cover starting from
the Roy map (1747-1755), and using the First Edit@rdnance Survey maps (c.1860) and
contemporary OS maps. ‘Category 1a’ comprised thedland depicted as ‘semi-natural’ both on
the Roy map and the First Edition OS maps. ‘Cate@a’ concerned ‘semi-natural’ woodland
depicted on the First Edition OS maps only. It eworthy that present-day woodland in
‘category 2a’ is now considered as ‘ancient’ eveough there is less concreate evidence of its
antiquity (SNH, n.d.). This choice occurred in ##90s, after revision of the initial inventory, and
based on the assumption that these woodland sitg# imave been overlooked during the Roy

mapping (Kupiec, 1997).

As the woodland was not an object of particulaerdgtbn other than when it formed a natural
barrier that could impede troops’ movements, prexdduel resource or give cover to armies along
roads, it is expected that many woodlands weretedhitn the Roy map (Kupiec, 1997; Smout et
al., 2005 pp.61-62; Crawford, 2009). Other authors argue thatimk to depict the tree cover has
progressively faded over the years (Walker and Kid®89). In addition, it is said that woodland
colours were not visible on the black and white iespof the survey to compile the ancient
woodland sites for the Scottish inventory (Robetsal.,, 1992; Kupiec, 1997; Goldberg et al.,
2007). More generally, in the UK, only a fractiohall ancient woodland sites are believed to have
been recorded and the AWI contains little informatiabout the ecological conditions and
historical value of these sites (Goldberg et @072 Rotherham, 2011). In Scotland, the recent
Native Woodland Survey (NWSS) was able partly tib this gap in providing important
information on the ecological characteristics oé tASNW sites, including dominant habitat,
maturity of the woodland, level of grazing pressarel presence of invasive species (NWSS,
2014). The initial lack of integration in the AWF sites smaller than 2 ha represents another
concern in the UK (Goldberg et al., 2007). Howetleis issue does not apply to the Scottish AWI
covering Dumfries and Galloway, as it does not appleat a minimum threshold was used — about
600 ancient woodland sites of semi-natural origat€gories 1a and 2a) that are smaller than 2 ha

have been recorded.
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ASNW sites have also often been regarded as paktastnnants of the pre-Neolithic woodland
cover (Rackham, 1993; Peterken, 2000). These lsg@ieg) certainly managed at some point in the
past, their putative link with the last post-gldcwaildwood’ remains largely questionable (Smout
et al., 2005; Rotherham, 2011; Barnes and William&015, p.5; Goldberg, 2015). Nevertheless,
considerable research has highlighted the rathejuanbiodiversity of ASNW (Peterken, 1974;
Peterken and Game, 1984; Hermy et al., 1999; HemmalyVerheyen, 2007; Schmidt et al., 2014).
Studies have shown that these sites can providiéatsato rare and threatened species which are
less likely to be found elsewhere (Peterken and &&t84; Hermy and Verheyen, 2007). For
conservation goals, they can act as reservoiratWerwoodland species and represent potential
nuclei for future expansion to new areas (Gkaragelal, 2004; Watts, 2006). In addition, the
inherent connection of these woodlands to pastskaque organisation and the record they may
provide of long-term historical management haveréased their recognition as sites of high
cultural heritage value (e.g. old trees includingpice stools and old pollards, wood-banks, and
archaeological artefacts related to the histoieglloitation of the wood) (Rackham, 1993; Smout
et al., 2005; Rotherham, 2011).

It has been estimated that almost 40% of ASNW wereverted into PAWS between the 1930s
and 1980s (Forestry Commission, 2003). Despita @iledred biophysical conditions — including

plant composition and structure, light conditioail properties — the PAWS are also the object of
particular attention for conservation planning (§@i, 2015, p.128). As such, the identification of
PAWS remains crucial. These sites can retain retmeanlogical or historic features and it is

thought that many of them have the potential fatamation to native woodlands (Smout et al.,
2005, p.1; Crawford, 2009; Wilson, 2015).

4.1.2 Indicator species of ancient woodland sites

Indicator species of long woodland continuity irddubryophytes, lichens (Fritz et al., 2008;
Whittet and Ellis, 2013) or invertebrates (Busel20Cateau et al., 2018) but vascular plants —
easier to locate and identify — have been hithigmomost commonly used indicators (Rose, 1999;
Barnes and Williamson, 2015, p.7). In Europe andttNémerica, plant communities in ancient
forests have been found distinct from that of rédenests (Rose, 1999; Sciama et al., 2009;
Schmidt et al., 2014).

Kimberley et al. (2013) studied plant traits in @rdo determine the biological characteristics
shared by the species associated with British ahewodland. They argued that British ancient
woodland indicator plants are mostly short perdrsgcies, short height and with heavy seeds.
These characteristics reflect poor dispersal gbilithich has been regarded as the main factor
limiting the colonising of new woodlands (Verheyatral., 2003; Hermy and Verheyen, 2007). Due

to dispersal limitations and related slow respdondand-use changes, indicator plant species seem
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particularly vulnerable to habitat disturbanceshsas loss, fragmentation or high grazing regime
(Verheyen et al., 2003; Kimberley et al., 2013didator species of ancient woodland may also
have more restricted requirements in terms of kysjglal conditions to thrive — including soil
properties, humidity and light (Hermy et al., 1998ulf, 2003). For that matter, it has been
suggested that the long-lasting effect of past-lasel — particularly former arable lands — can
hamper the establishment of ancient woodland imalicgpecies in more recent woodland (Honnay
et al., 1998; De Keersmaeker et al., 2004; Flindh ¥allend, 2005; Fraterrigo et al., 2006). This
recruitment limitation(Hermy et al., 2007) can occur via competitivelesion by other species
and/or unsuitable soil characteristics such asdnighosphorus or nitrogen content (Honnay et al.,
1998; De Keersmaeker et al., 2004; Flinn and Vdll@005).

Initiated by Peterken (1974), the species stroraggociated with long continuity have been
compiled in lists of indicator species. The lis&81cserve as a tool to identify ancient woodlands
where there is a lack of historical sources (RA899; Hermy et al., 1999; Schmidt et al, 2014,
Hermy, 2015). However, the challenge to accuratégntifying ancient woodland sites from
historical evidence is not the only limitation toading up a robust list of ancient woodland
indicator species. With variations in geology, swikclimate/micro-climate conditions, the lists can
differ from region to region and be difficult to audocally (Hermy et al., 1999; Hermy and
Verheyen, 2007; Crawford, 2009; Rotherham, 2011prédver, as indicator species are not
confined to ancient woodland, it may be uncleatoaBow much a species need to be associated
with ancient woodland to be considered an indicéRmtherham, 2011). Likewise, as a vegetation
community approach seems necessary, it is ofteartaic how many indicator species can more
reliably indicate ancient woodland (Glaves et 2009b; Crawford, 2009; Webb and Goodenough,
2018). The richness in indicator species may vagorling to woodland characteristics such as
size, soil properties, geomorphological featurethiwithe woodland, and overall variations in
micro-habitats availability (old trees, dead woeof areas, etc.) for niche specialists (Rotherham,
2011).

More importantly, what the occurrence of ancienbdland indicator species indicates on its own
has been increasingly questioned (Rolstad et @02;2Rotherham, 2011; Nordén et al., 2014).
According to Rotherham (2011), indicators of anti®aodland might actually be plants that grow
preferentially on soils with historically low dishance. The current ecological characteristics of
ancient woodland might also well be inherited frémstorical management practices such as
former European widespread coppice or coppice-stitimdards (Buckley and Mills, 2015; Hermy,

2015). As argued by Barnes and Williamson (20155416 and p.107), different forms of wood

exploitation and restricted grazing pressure mayehareated environmental conditions that are

favourable for many of these indicator specieditivé more than ever before. As such, the present
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botanical character of ancient woodlands may resute from relatively recent changes of

woodland habitats than from long continuity.

Studies have also questioned the importance ofldbal landscape context in explaining the
occasional high occurrence of indicator specieselatively recent woodlands (Dupouey et al.,
2002b; Stone and Williamson, 2013; Barnes and #ilBon, 2015). For instance, some remnant
populations of ancient woodland indicator specmsdd successfully colonise new woodlands from
nearby ‘woodland-like’ refuge areas such as hedgeésditches (Dupouey et al., 2002b; Stone and
Williamson, 2013; Barnes and Williamson, 2015). 3deeservoirs could provide conditions
known to be suitable for most plant indicator spscie.g. a relatively humid and shaded
environment) while offering protection from grazir{®arnes and Williamson, 2015, p.155).
Ancient woodland indicator species identified irtaet woodland can also result from a slow
transfer directly from an ancient woodland sitealed nearby (Brunet and Von Oheimb, 1998;
Hermy et al., 1999). In sum, as pointed out by Bdthm (2011), the occurrence of ancient
woodland indicator species could reflect any forfne@logical continuity and not only woodland

antiquity.

4.1.3 Research objectives

The UK Ancient Woodland Inventory is consideredaagaluable tool for conservation purposes
(Goldberg et al., 2007; Houses of Parliament, 20t4)an also serve to draw up lists of ancient
woodland indicator species while investigating tkenarkable environmental characteristics of
these sites. In Scotland, although some doubtewudrthe reliability of the Roy map (c.1750) —
the prime historical source to list ancient woodkr, a critical assessment of the Scottish Ancient
Woodland Inventory’s overall accuracy and relidpiioes not seem to have ever been undertaken.
This shortcoming is likely to result from the rédied access and limited existence of pre-
Ordnance Survey cartographic data (Chapter 2).€eftw, the use of 352 pre-OS estate plans
covering about 107,700 ha in Nithsdale and Annandéers a unique opportunity to fill this gap
for South-West Scotland.

These estate plans were used to reconstruct pastllava cover accurately for times when

historical evidence is usually scarce and incorepl@Chapter 2). The reconstructions and
subsequent spatial analyses offer new insights wbodlands’ history. They inform about

woodland cover changes and the evolution of managemractices from the late eighteenth to
mid-nineteenth centuries (Chapter 3). For instatioe results demonstrate that a large amount of
woodland was planted during the eighteenth andte@mth century. These findings can have
important, even profound, implications for the asption that any semi-natural woodland on the

First Edition OS maps only (c.1860, category 2a) loa considered ‘ancient’.
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Using the past woodland cover reconstructions festate plans and drawing upon previous
findings, the first objective of this chapter isitvestigate the accuracy and overall reliability o
the Scottish Ancient Woodland Inventory (AWI) inetrstudy area. In addition, the logistic
regression models developed in Chapter 3 are téste@étermine whether these models can be
used to identify errors in the inventory. By exiens this cartographic assessment can help to
investigate the accuracy and reliability of theidepn of the woodland cover on the Roy map, and

to test whether the woodland of category 2a shbaldonsidered as ancient.

The second objective of this chapter is to deteemirnether differences in plant communities
occur between probable ancient woodlands and neasent woodland plantations in the study area.
The field survey takes advantage of the super@mipietric accuracy of estate plans (Chapter 2) to
test the assumption that ancient woodland sites hawnique ecological value. While guantitative
analysis is undertaken, a closer look at spec#isecstudies aims also to gain insight into the
mechanisms that account for present day distributiothe species indicators of long continuity.
This work attempts to address the following questioare there significant differences in
vegetation between the ancient woodlands and natiwedlands that appeared later in the
eighteenth and nineteenth centuries or even maentlg? Is there any determinable threshold or
gradient in the age of woodlands that marks pdetiathanges in their ecological features? What is

the relative importance of the landscape conterdusgethe temporal continuity of woodland cover?

The methods and results of the AWI cartographiesssent are followed by the methods and
results of the study of plant communities in thedgtarea’s woodlands. Based on the results from
the two approaches, the present chapter aims ticallsi assess the current criteria to define
ancient woodland and to discuss implications of tleeults for conservation planning of

woodlands. While focusing on Nithsdale and Annamdialis expected that the results offer general

outcomes that can be applied beyond the study area.
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4.2 Methods for the cartographic assessment of the Ancient
Woodland Inventory

4.2.1 Spatial accuracy and reliability
4.2.1.1 Ancient Woodland datasets

The Scottish AWI is available online as shapefilerat on the SNH websiteEven though the
AWI considers today’s woodlands of categories 1@ 2a as ‘ancient’, this initial categorisation
has remained available in the AWI. The two categpuvere treated together as well as separately

for comparison of their respective accuracy.

Besides the ASNW of categories la and 2a, the Abvhgles: 1) the woodlands that are of

plantations origin identified from the Roy map awdhe First Edition OS maps (‘Long-established
woodland sites’, category 2b); and 2) other wooditaof any origin on the Roy map but unwooded
in ¢.1860 (category 3). The present chapter focasson the woodland identified as ‘Ancient (of

semi-natural origin)’ located within the boundar@she study area. The most recent compilation
of PAWS is available in the Native Woodland Sureéyscotland (NWSS, 2014). In the end, four

data shapefiles (AW datasets) were extracted bsv®from the AWI and the NWSS:

1. ‘Category la’, corresponding to the ancient woodlaf semi-natural origin identified

from the Roy map and depicted on the First Edi@S$1maps;

2. ‘Category 2a’, corresponding to the ancient woodlah semi-natural origin identified

from the First Edition OS maps only;

3. ‘Category AW’ (the ancient woodland of semi-natuvabin) as in the most recent revised
inventory, which includes both categories 1a andlesed on the assumption that the

woodland of category 2a was ancient but omittethénRoy map; and

4. ‘Plantations on Ancient Woodland Sites’ (PAWS).

As described in Chapter 3 (section 3.2.2), we cmrsd ‘Area 2’ and ‘Area 3’ as the whole area
covered by estate plans in T1 and T2, respectigslg Figure 3.1). The area estimated as ‘ancient

woodland’ is provided for each study area in Table

> https://gateway.snh.gov.uk/natural-spaces/dataset.jsp?dsid=AWI
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Table 4.1 ‘Ancient Woodland’ (in ha) in Area 2 and Area 3 according to the AWI (categories AW, 1a, 2a
and PAWS). Percentages are indicated in brackets and calculated from the total coverage of each study
area (i.e. 86,526 ha for Area 2 covered by estate plans in T1 and 63,098 ha for Area 3 covered by estate

plansin T2).
AW (1a and 2a) 1a 2a PAWS
Area 2 1643 (1.90) 1190 (1.38) 453 (0.52) 891 (1.03)
Area3 1556 (2.47) 1149 (1.82) 407 (0.64) 822 (1.30)

4.2.1.2 Comparison between the AWI and the woodland cover reconstructions

The study is based on the comparison between tluellewad cover reconstructions for the two
earliest time series — T1 (1740-1799) and T2 (18833) — and each of the four AW datasets
(extracted from the Scottish AWI and the NWSS ascdbed above). The underlying assumption
is that the woodland sites listed as ‘ancient ahiseatural origin’ or ‘PAWS’ would have been
recorded in estate plans in T1 and/or T2. In esiimg how much ancient woodland of semi-
natural origin and PAWS in the four datasets waseded or not, according to the estate plans from
respectively T1 and T2, this analysis aimed to sexy a quantitative assessment of the spatial
accuracy and overall reliability of the AWI in teudy area. In addition, the breakdown of ancient
woodland into categories 1la and 2a aimed to tesas$sumption that present-day native woodland
sites depicted as ‘semi-natural’ on the First BditOS map only (category 2a) are likely to be
ancient (SNH, n.d.).

Because of the varying planimetric accuracy of testdans (production and transformation-
oriented uncertainties, see Chapters 2 and 3yphtal uncertainty of the woodland reconstruction
for T1 and T2 had to be considered when assedsingdcuracy of the four AW datasets. To do so,
each AW dataset in shapefile format was first coieeeinto raster format with a grid cell of 5x5 m
(similar grid size to that in Chapter 3, see secBa2.3). For the comparison with the woodland
cover reconstruction in T1 (Area 2), the value atte cell of the raster files was calculated
according to its Euclidean distance to the neamesgidland in T1 using the ‘Proximity (Raster
Distance) analysis tool' in QGIS v2.6.1 softwareGQ, 2015) and following the procedure
illustrated in Figure 4.1. Where the modern invee® overlapped with the historical woodland
cover in T1 the cell value was ‘0’ (i.e. distanoghe nearest woodland in T1 is 0 m) and increased
in increments of 5 m as the distance to the neavesdland in T1 increased. Thereafter, the
Euclidean distances were categorised using diffefistance thresholds (i.e. tolerance) as follows:
0-10 m, 10-15 m, 15-25 m, with an increment of 1@mil 95 m, and 95-150 m, 150-200 m and
200-400 m. The same process was repeated for thpacson with the woodland cover
reconstruction in T2 (Area 3). To improve the rdality of Figure 4.1 below, the categories

depicted in ‘step 5’ were reduced in number angbéfied.
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Consequently, it was possible to assess for eachdatset how much woodland is located within
a distance of 0-10 m to over 400 m from the closestdland in T1 on Area 2; and the closest
woodland in T2 on Area 3. As the distance to tharest woodland in T1 and T2 increased, the
likelihood of a woodland site of being incorrecttpnsidered as ‘ancient’ increased. It was
therefore possible for each inventory to map anantify the woodland that is the most or least
likely to be ancient while considering the spatigmicertainty of the historical woodland cover
reconstructions. The QGIS python pludiecoS (Landscape ecology Statisties Jung, 2016)
served afterwards to extract quantitative data ¢he total area of ancient woodland within a
distance of 0-10 m; 10-15 m; 15-25 m; 25-35 m, efcto 400m from the nearest woodland site
depicted in T1 and/or T2).

However, it is noteworthy that as the woodland caeeonstructions from estate plans post-date
1750, it was not possible to confirm with absolabafidence that the ancient woodlands depicted
in T1 or T2 were indeed ‘ancient’ sensu stricte.(iwooded since at least ¢.1750). The present
analysis could only serve to ascertain that thedlsow listed as ‘ancient’ in the AWI was recorded
during the second half of the eighteenth centurgasty nineteenth century and, therefore, identify

with high confidence the sites which are actuadly ‘ancient’.

142



™

5
’ ¥
A &

1. Woodland cover in T1 - 1772 - (shapefile format)

3. Ancient Woodland in the AWI (shapefile format)

LN

4 N
f\i st ¥ 2 2
Nearest woodland Y\ u(v

inT1 (m)

B o0-10

[ 10-30

[ ]30-60
[] 60-90
[ 90-150
B 150- > 400

vowyY

5. Raster map in 4. with reclassified values for the
quantitative analysis

Chapter 4

2. Euclidean distance buffer around the woodland
in T1 (raster format - grid 5x5m)

‘ +
\ ) \‘ ,f/ .“ 7‘ \/
4. Raster map in 2. clipped according to the
boundaries of the ancient woodland in 3.

A
0 2 km
[

Figure 4.1 Methods - Comparison of
the Scottish Ancient Woodland
Inventory (AWI) with the woodland
cover reconstruction in T1 based on
estate plans.

143



Chapter 4

4.2.2 Identifying pseudo-ancient woodland sites using the logistic
regression models

Some woodland sites considered as ‘ancient’ inrAW4 are not depicted on the estate plans from
the eighteenth (T1) or early nineteenth centuri€y.(These woods are, therefore, likely to be of
more recent origin than expected. We name ‘Pseutdnefit Woodland’ (or ‘pseudo-AW’) the
woodland listed as ‘ancient of semi-natural origin’'the AWI (categories la and 2a) but not
depicted in the woodland cover reconstructionsTtbiand/or T2. This terminology follows that of
Stone and Williamson (2013) and Barnes and Willam&015, p.122).

The analysis to identify pseudo-AW is based onltggstic regression models of the woodland
cover in T1 for the estates of ‘Drumlanrig’, ‘Anrdale’ and ‘Other’ as reconstructed in Chapter 3
(see Table 3.8). The aim is to test the extenthizhvthese models can help to identify the pseudo-
AW sites in the study area. The training datasé¢sbthe models was composed of two categories
of woodland: the cells (5x5 m) identified as psedd (value = ‘0’) and the cells identified as
‘ancient woodland’ in the inventory and depictedadingly in T1 (value = ‘1’, named afterwards
as ‘AW in T1'). It is worth remembering that the dells are only ‘probable ancient woodland’ as
it is not possible to ascertain which woodlandssite T1 were wooded in ¢.1750. Therefore the
tests were based on the ability of the modelsaesily accurately the sites which are ‘AW in T1’
from ‘pseudo-AW’. For the estate of Annandale, le# two models, the one that did not consider
the numerous late eighteenth century plantatiansdel 3’ in Chapter 3) was used (see Table 3.2).
This model was expected to reflect better the ibigtion of ancient woodland and, therefore, was

thought more appropriate to discriminate AW in Tdnfi pseudo-AW.

4.2.2.1 Sampling and generation of the dataset

The sampling method of cells ‘0’ and ‘1’ is simil@r that used to generate the calibration datasets
for the different models (see section 3.2.7.3).aAdom sampling was applied with a minimum
distance of 200 m between each sampled cell wittenrsame woodland patch. The sampling was

stratified to balance the number of observatiort&/éen values ‘0’ and ‘1'.

In order to consider only the woodland area foroltthere is strong evidence of it being pseudo-
AW (i.e. cells ‘0"), the sampling focused on theadtand identified as ancient in the AWI that is
not located within a distance of 35 m from the esawoodland in T1 (Area 2) and/or T2 (Area 3).
This distance threshold corresponds approximatelthé¢ RMSE value of the estate plans in T1
with the lowest planimetric accuracy (see FigurE32. The sampling of the AW in T1 (cells ‘1)
was done on the area where the ancient woodlatitceimventory overlapped the woodland cover

reconstruction in T1 that is not recognised astplion on estate plans. As these plantations are
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proven not ancient, they were ruled out to maxirntieelikelihood that the woodland to be sampled

from T1 is ancient.

The corresponding values for the different explanatariables used by the models (i.e. slope,
elevation, aspect, distance to the nearest streancastle, and soil, see Figures 3.3 and 3.4) were
recorded at the location of each sampled cell. Tds$ step produced the training dataset that
served to test the models. The sampling and therggon of the dataset were done with QGIS
2.6.1 (QGIS, 2015) and the dataset was imported ihé statistical software package R (R

Development Core Team 3.2.3). Table 4.2 summatimesumber of sampled cells for each estate.

Table 4.2 Number of points sampled from woodland in the AWI.

Number of Number of cells as Number of cells as AW
Estates .
sampled cells pseudo-AW inT1
Drumlanrig 408 201 207
Annandale 114 59 55
Other 148 75 73
Total 670 335 335

4.2.2.2 Evaluating models performance

The probability score for each sampled cell toBdi‘e. woodland in T1) was calculated using the
relevant models (i.e. ‘Drumlanrig’, ‘Annandale’ @ther’) and the training dataset. Hence, it was
possible to compare the probability score of eathta be woodland in T1 (predictive output value
as in Figure 3.18) with the actual observationgsgfudo-AW (‘0’) and AW in T1 (‘1’).

Firstly, using a confusion matrix as in Table 4t3yas possible to determine to what extent the
models built in Chapter 3 can predict correctly tdedls that are pseudo-AW. As the probability
score calculated for each cell is continuous (wittsinge from 0O to 1), it was necessary to choose a
decision thresholdr) below which a cell is considered as pseudo-AW. (@the decision threshold

7 = 0.5, all cells with a probability score belowexual to this threshold are classified as pseudo-
AW).

The optimal decision threshold accounted for thiétalof the model to maximise the number of
cells correctly classified as ‘0’ (i.¢rue negativeswhile minimising the cost in number of cells
incorrectly classified as ‘0’ (i.efalse negatives Thereby, it was possible to assess more
specifically how the models performed to identifgepdo-AW while limiting the negative
implications of considering AW in T1 as pseudo-AW/high percentage dhlse negativesor a

low percentage dfue negativesvould make the model unsuitable for identifying yobe-AW.
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Table 4.3 Confusion matrix of observed and predicted response (adapted from Pearce and Ferrier, 2000).
A, B, C and D are the frequencies calculated for a given decision threshold. The decision threshold that
predicts best the observed pseudo-AW cells is the one for which A is maximised and C is minimised.

Predicted pseudo-AW Predicted AW in T1

Observed pseudo-AW A (True negative) B (False positive)

Observed AW in T1 C (False negative) D (True positive)

Secondly,the calculation of the area under the ROC curve (AUg& section 3.2.7.3) helped to
assess the general predictive accuracy of eachImbde AUC reflects the models ability to
classify accurately the sampled cells from the Awtd ‘0’ and ‘1'. The AUC is calculated from
the ROC which plots th#ue positive ratgi.e. D/D+C) in function of thdalse positive ratdi.e.
B/B+A) across the entire range of decision thredfio{Pearce and Ferrier, 2000). R (R
Development Core Team 3.2.3) served to calculaae AOC values, to determine the optimal

decision thresholds and to produce the confusianicea.

4.3 Results of the cartographic assessment of the Ancient
Woodland Inventory

4.3.1 Spatial accuracy and reliability

The results of this study permitted the assessivietite minimum distance between the ‘ancient
woodland’ listed in the Scottish AWI (AW, la, 2adaRAWS) and the nearest woodland in T1
(1740-1799) and T2 (1801-1833) (Figure 4.2). Heritayas possible to extract quantitative
estimates of how much woodland in the inventory wasdepicted on estate plans (i.e. pseudo-
AW) while considering different threshold distandeshe nearest woodland in T1 or T2 (Figure
4.2). For the woodlands that are not located witlhie different threshold distances, we can
consider that their likelihood to be ‘ancient’ degses as the threshold increases. As the woodland
sites identified as ‘plantation’ on the woodlandveo reconstructions in T1 and T2 cannot be
considered as ‘ancient of semi-natural origin’ yteere removed from the distance analysis (i.e.

the minimum Euclidean distance to these sites wastegrated).
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Figure 4.2 Comparison between the Ancient Woodland Inventory (AWI — categories AW, 1a, 2a and
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4.3.1.1 Comparison with the woodland cover in T1 (1740-1799)

The cartographic assessment of the AWI in the pasisurrounding Drumlanrig castle are given in
Figure 4.2. An initial comparison by overlaying tweodland cover in T1 onto the AWI revealed
that a relatively large area of woodland classitisdancient’ did not seem to be woodland in T1
(Figure 4.2A). The other extracts (Figures 4.2B4t@E) show which woodlands are the most
distant from the nearest woodland in T1 for categoAW, la, 2a and PAWS. As the minimum
distance from T1 increases, we can consider tlealikklihood of these woodlands to be pseudo-

AW increases.

Quantitative estimates were derived from the casjolgic assessment. Figure 4.3 represents the
cumulative area listed as ancient woodland butdepicted in T1 (Figure 4.3A) and T2 (Figure
4.3B) as the distance to the nearest woodland iaridl T2 increases. Regarding the comparison
with the woodland cover in T1 (Figure 4.3A), theiraates indicate that about 53% of the area
listed as ‘ancient’ (category AW) was not withirdigtance of 10 m from the nearest woodland in
T1 and 29% did not lie within even 100 m.

For the georeferenced estate plans in T1, the stase$ of the planimetric accuracy showed
previously that the RMSE values range from 3 mious 35 m (median = 17 m) (see Figure 2.13).
Even though we saw in Chapter 2 that the variatiorBMSE do not always reflect faithfully the
accuracy of georeferenced plans, the RMSE valubsated that the inaccuracy rarely exceeds 35
m. With almost 41% of ancient woodland not locatéthin a distance of 35 m from the nearest
woodland in T1 (category AW), this lower estimateonsidering the generous distance threshold —
tends to indicate that a substantial amount of weowtllisted in the AWI is likely to be pseudo-
AW rather than AW. The PAWS curve follows a simitagnd to that of category AW (Figure
4.3A). This observation might be partly explaingdthe fact that a large amount of AW in Area 2
was also PAWS in 2014 (as shown Figure 4.2)

After breaking down the category AW into categor@sand 2a, the results indicate that a lower
35% of the woodland listed in category 1a doedaotvithin 35 m of the nearest woodland in T1;

about 50% is located outside the threshold of 1(Figure 4.3A). In contrast, the estimates for
category 2a reached 58% for a 35 m threshold af@ 67 a 10 m threshold. For the long distance
thresholds, such as 200 and 400 m, almost 40% @¥tda3 the woodland in category 2a remained
outside the thresholds against less than 10% ftegosy la (Figure 4.3A). In other words, it

appears that the identification of ‘ancient woodldmased on the interpretation of the First Edition
OS maps only (i.e. category 2a) seems to be farrig@ble than the interpretation based on the

Roy map (i.e. category 1a).
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It is worth remembering that the results in Figdr should be also considered as underestimates
of the amount of potential pseudo-AW in the stutBaaThis consideration is due to the fact that 1)
the woodland cover reconstruction in T1 (and TZvjates an idea of the post-1750 cover, while
the definition of ‘ancient woodland’ for Scotlandas ¢.1750 as a threshold; and 2) all historical
woodland plantation could not be identified as strom estate plans due to missing surveyor’'s
indications (see Chapter 2 and 3). Some of theaetations can be incorrectly considered as

ancient, thereby biasing the cartographic analysis.

Finally, it was also found that 336 ha of woodladepicted in T1 and native or broadleaved in
2014 is not considered as ‘ancient woodland’ inAN¥l. Eighty two hectares of these 336 ha are
listed as ‘long-established of plantation origiodt{egory 2b), meaning that they were not depicted
on the Roy map but supposedly identified as plantain the First Edition OS maps. Except for 13
ha depicted on the Roy map only (category 3), thedland in T1 that is not listed in the Scottish
AWI (i.e. 241 ha) could be ancient. Therefore, Hrisa of between 241 and to 336 ha represents an
upper estimate of the ‘ancient woodland’ potentialiverlooked in the AWI covering Area 2.

Without further archival research, it is not posssiio confirm the antiquity of these woodlands.

4.3.1.2 Comparison with the woodland cover in T2 (1801-1833)(Figure 4.3B)

Regarding the comparison with the woodland covardr{Area 3), Figure 4.3B indicates that 48%
of the area considered as ancient woodland in cate§W is not located within 10 m of the
nearest woodland in T2. The estimate remains at @€ategory AW outside the critical distance
threshold of 35 m used for the comparison withwl®dland cover in T1. However, considering
the fact that the estate plans in T2 have a higlaimetric accuracy than estate plans in T1 — the
maximum RMSE value is about 25 m for T2 (see Figuie) — a critical distance threshold that is
lower than 35 m seems more appropriate for the aoisgn. In fact, almost 40% of the AW in the
inventory falls outside the distance threshold Bfn2 from the woodland in T2. Consequently, a
substantial amount of woodland considered as ‘aticie the AWI was not depicted as woodland
on estate plans from the early nineteenth cenfiurgse results suggest that much of this woodland
appeared at some time in the nineteenth centurdef1860, and is of considerably more recent

origin than is currently believed.

As for the comparison with the woodland cover in When breaking down the AW category into
categories la and 2a, the estimates indicate tieaformer is relatively more accurate than the
second. About 32% of the woodland in category ladslocated within 25 m of the nearest
woodland in T2, while the estimates reach almo$b 86r category 2a. Moreover, about 33% of
the woodland listed in category 2a remains outtfidedistance threshold of 200 m (and 8% for

category la).
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While the trends for categories PAWS and AW weng/\&milar in the comparison with T1, the
overall accuracy of PAWS seems somewhat betterAdras compared to T2 (Figure. 4.3B). The
results suggest that about 33% of PAWS are notddoaithin 25 m from the nearest woodland in
T2. The larger difference observed between AW aAdlVB in Area 3 than in Area 2 can be
explained by the fact that there is less AW thad also PAWS in 2014 in Area 3.

An attempt was made to determine how much woodiarikdl. may be ancient and overlooked in
the AWI. Considering that T2 is much later aftet7&0 and given the high amount of woodland
plantations appearing between T1 and T2 (Chapteit 8)d not seem relevant to do a similar

assessment here.

4.3.2 Identifying pseudo-ancient woodland sites using the logistic
regression models

Table 4.4 Assessment of the models ability to classify correctly the pseudo-AW sites from the AW in T1.
The numbers of cells were obtained after identifying the optimal decision threshold which maximised the
identification of the true pseudo-AW and minimised the errors (i.e. AW in T1 incorrectly classified as
pseudo-AW). Percentages are indicated in brackets and calculated from the total number of cells as pseudo-
AW (cells ‘0’) and AW in T1 (cells ‘1’) in the dataset.

Number of cells Number of cells

Models AUC correctly classified incorrectly classified thrDeT:s:I‘:in(r)
as pseudo-AW (%) as pseudo-AW (%)
Drumlanrig 0.64 21 (10) 3(1) 0.15
Annandale 0.76 22 (37) 2(4) 0.4
Other 0.66 20 (27) 6 (8) 04

When detailed historical cartographic records sashestate plans are missing, models of past
woodland cover can be useful to determine whereAiW is inaccurate. The logistic regression
models implemented in Chapter 3 are tested fottiigarg the pseudo-AW sites in the AWI.

It is often accepted that a model with AUC > O.didates a relatively good discriminatory power
(Serneels and Lambin, 2001; Wilson et al., 2005)thvAUC = 0.76 (Table 4.4), the model
‘Annandale’ performs well to differentiate the eelvhich are pseudo-AW from AW in T1. In
practice, with a decision threshatd = 0.4, this model was able to correctly iden8fo of the
pseudo-AW cells while it incorrectly identified alicgt% of the AW in T1 cells as pseudo-AW.

In contrast, although the models ‘Drumlanrig’ (A30.64) and ‘Other’ (AUC = 0.66) are better
than random guesswork (AUC = 0.5), they performyomnioderately well. For the model
‘Drumlanrig’, it was possible to classify correctiyly 10% of the pseudo-AW cells for about 1%
of error ¢ = 0.15). While the model ‘Other’ classifies cothg@bout 27% of the pseudo-AW cells,
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the number of AW in T1 incorrectly classified aisareases to reach 8% £ 0.4). These results
indicate that a majority of pseudo-AW cells coutit be identified as such by the different models.
However, the models remained able to recogniseraepseudo-AW sites in minimising the error

rate (i.e. false negatives).

The Wilcoxon-signed Rank test was used to testeheéronmental variables for which the
differences are statistically significant betwedre tsampled pseudo-AW and AW in T1 (R
Development Core Team 3.2.3). When consideringathele study area, pseudo-AW tend to be
located on higher elevatioM(= 64931,p < 0.001), lower slopeW = 48579,p = 0.003), further
away from the stream\\( = 62008,p = 0.19) and oriented more towards west< 48374,p =
0.002) and south// = 49036 p = 0.005) facing slopes than the AW in T1.

4.4 Methods for plant surveys

The results from the cartographic assessment cAikein the study area indicate that a large area
of woodland classified as ‘ancient’ is likely to bmost-1750 plantations. The AWI was
implemented everywhere in the UK after ancient Waod sites were recognised as areas of
greater ecological and historical value (Goldbergle 2007). The plant survey aims to test the rol
of woodland continuity to structure plant commuastin the study area’s woodlands. In so doing,
the study of plant communities can help to assdsstiver ancient woodland forms a distinct
ecological category and, thereby, better identify implications of the unreliability of the AWI for

the conservation of ancient woodland.

4.4.1 Data collection

This part of the research focuses on the presentdéive woodland sites listed in the NWSS
(2014) and located in areas mapped by historidateeplans. The vascular plant community was
recorded in 41 woodland sites (Table 4.5). Thesgeys aim to take advantage of the unique
accuracy of the woodland cover reconstruction terd@ne whether woodland plantations — from
the late eighteenth to the twentieth century (ieeent woodlands) — exhibit different botanical

characteristics than woodlands with longer timeticmiity (i.e. probable ancient woodlands).

Several selected case studies aim also to compare gpecifically the plant community of
woodland sites of different ages but spatially elos each otheln fine, these comparisons are
expected to provide insight about the relative intgomace of the landscape context in the

distribution patterns of several plant speciesantty known as ancient woodland indicators.

Three continuity classes applied to native woodlaitds were identified based on the estate

records and from the trajectory analysis undertakéChapter 3 (sections 3.2.6 and 3.3.3):
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- Class ‘A’ for the woodland depicted in T1 and maéntified as plantations by the surveyors.

These sites are probable ancient woodland (catetydrni-1' in the trajectory analysis, 17 sites);

- Class ‘B’ for the woodland depicted in T1, T2 #grdl'3 that is identified as plantations based on
1) the surveyors’ indication or; 2) the comparidmiween T1 and T2 (i.e. pre-c.1860 woodland

from plantation origin, categories '1-1-1-1’, ‘0111’ and ‘0-0-1-1’, 18 sites);

- Class ‘C’ for the woodland identified as post860 plantations (i.e. not depicted as woodland on
the First Edition OS map). The dates provided ibl@&.5 were determined using the Second and
later OS editions maps (category ‘0-0-0-1', 6 gites

Each woodland site surveyed has homogenous dontiasitat type (e.g. ‘wet woodland’, ‘upland

oakwood’, based on data available in the NWSSTsée 4.5) and homogeneous continuity class.
Besides the need of strong historical mapping emidego determine the continuity class, the area
suitable for survey was based on size (at least) ahd shape to mitigate the edge effect (Murcia,
1995). The woodland or parts of woodland with hjggrimeter-area ratio were not considered.
Using QGIS (v.2.14.1, 2018), desk-based researchified the identification of potentially

suitable sample plots located at least 50 m frommvtbodland edge (edge effect is thought to be

prominent within 50 m of the edge — Murcia, 1995).

In the field, the software Qfield (v.0.10.13, 2018habled the use of QGIS data on a device
equipped with GPS to locate the sample plots foresu When the location of the plot was found
not convenient or not suitable for survey (e.g.itéth access, local tree clearance within the

canopy), it was relocated to the nearest suitaiele. a

The plant survey was conducted from May to July720lhe identification of vascular plants was
done on 200 mrectangular plots with two or three plots for eaite (i.e. at least 400 Tmvere
surveyed per site as per Koerner et al., 1997; V2003; Sciama et al., 2009). The number of plots
depended on the suitable size of the area to swamdyaccess restrictions. For the smallest sites,
the two plots were set next to each other. Fofalgest sites, the plots were at least 200 m apart
increase the chance of surveying over differentirenmental conditions and thereby better
reflecting the botanical diversity of each siter Bonilar reasons, plant species identified on the
walk between two plots but not found within thetplavere also recorded (as recommended by
Wright and Rotherham, 2011).

The plant species were identified usiflge Wild Flower Keyby Rose and O’Reilly (2006) and the
Collins Flower Guide(Streeter et al., 2009). Due to time constrairfis, qurvey did not estimate

the abundance-dominance of each species but recordg their occurrence for each site as in
Peterken and Game (1984), Wulf (2003) or Scianz. ¢2009). Moreover, the survey taking place

between May and July, it is noteworthy that somecis which are mostly in leaf during early

153



Chapter 4

Spring and late Summer may have been overlookeel.r@Vised list of Scottish AWP species by
Crawford (2009) was used to determine which spedm#ified in the field are potential indicators
of ancient woodland. This list was implementedradtnsultation of several local experts in native
woodlands in Scotland (Crawford, 2009).

The fieldwork often involved difficult conditionsncluding steep slopes, high fences and barriers
such as gullies within the woodland. These phydieatiers occasionally hampered the progress
and access to some parts of the sites was nofpmsAs a result, the plant taxa occurring in areas

with limited access may have not been recorded.

In addition, soil pH was determined at each sitieis environmental factor can be an important
determinant of the composition of vegetation comitiesr and was compared against the plant
data. Samples of soil were collected at 8-15 cnthdaeping systematic scheme within the plots.
Four to six samples were collected per site (ppraximately 300-400 g) and bulked afterwards
(as in Verheyen et al., 1999; Sciama et al.,, 200%)e samples were oven-dried at 35°C,
disaggregated in a mortar and pestle, and sieveddgh a 2 mm brass sieve. Afterwards, the soll
was mixed with distilled water (weight/volume = BHpand left for 30 min. The analysis was done
using a pH probe calibrated against pH4 and pH7ebgblutions. To check for precision, 5% of

the samples were analysed a second time. Soil fatepa was sent for analysis to George

MacLeod, technical specialist at the Universitystifling.
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Table 4.5 List and details of the woodland sites surveyed. The site codes beginning with the same three
first letters and continuing with numbers (e.g. Airl and Air2) are woodland sites adjacent to each other but
with different principal habitats or continuity classes. The site codes beginning with the same three first
letters and finishing with a, b, ¢ or d are not adjacent but located within 2 km of each other; *SSSI:
Chanlockfoot (Bacl, Bac2), Coshogle wood (Cos), Lochwood (Low); ‘AWI’: category as currently in the
Scottish AWI (‘N.A” when no category is applied); ‘Earliest date’: the earliest date — or interval dates — since
a wood is known to exist; ‘Habitat type’ as in the NWSS (i.e. ‘Upland oakwood’; ‘Upland mixed ashwood’;
‘Lowland mixed deciduous’; ‘Wet woodland’); ‘Plots’: number of plots surveyed per site (200 m’ each plot).

Uk
Reference Site Continuity AWI Earliest date Habitat type Plots
Grid code class
NX802990 Bacl* A la <1772 Up ashwood 2
NX802993 Bac2* A la <1772 Up oakwood 2
NS862048  Cos* A la <1772 Up oakwood 3
NS881011 Eno A la <1772 Up ashwood 2
NS881006 Mor B 2b 1772-1820 Up oakwood 2
NX809992 Dru C N.A 1860-1898 Up ashwood 2
NS883028 Sch B 2a 1820-1860 Up ashwood 2
NX946709  Mab A 2b <1790 Low deciduous 2
NX929732 Hila A N.A <1775 Low deciduous 2
NX921741 Hilb A la <1775 Low deciduous 2
NX923742 Hilc A la <1775 Low deciduous 2
NX923739 Hild A la <1775 Up ashwood 2
NS840046 Ard B la 1767-1833 Up ashwood 2
NX822998  Clel B la 1772-1820 Up oakwood 2
NX822998 Cle2 A la <1772 Up oakwood 2
NS827000  Cle3 B la 1820-1860 Low deciduous 2
NX827997 Cled B la 1772-1820 Low deciduous 2
NX845957 Ecc B 2b 1820-1860 Low deciduous 2
NX986658 Airl C la 20th c. Wet Woodland 2
NX987658  Air2 A 3 1782 Wet Woodland 2
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Table 4.5 /continued List and details of the woodland sites surveyed. See first part of the table above for
explanations.

Uk
Reference Site . Continuity AWI Earliest date Habitat type Plots
Grid code class
NT075061 Mofl B 2b 1771-1827 Low deciduous 2
NT076061  Mof2 B 2b 1771-1827 Up ashwood 2
NTO074069  Garl B 2b 1782 Up oakwood 2
NT073071  Gar2 B 2b 1807-1860 Up oakwood 2
NT080003 Mar A 1a <1786 Up ashwood 2
NY083972 Low* A la <1786 Up oakwood 3
NY024652  Cael A 1la <1776 Wet Woodland 2
NY023655  Cae2 C la 20th c. Wet Woodland 2
NY084816 Lom B 2b 1788-1860 Up oakwood 2
NY020803 Tin A 1b <1799 Low deciduous 2
NY133969 Mil B 1a <1773 Up ashwood 2
NY068923  Rahl B 2b 1783-1790 Low deciduous 2
NY069925  Rah2 B 2b 1783-1790 Low deciduous 2
NX962690  Shaa B 2b 1791-1814 Low deciduous 2
NX956688  Shab C N.A 1860-1907 Wet Woodland 3
NX968674  Shac B N.A 1782-1860 Wet Woodland 2
NX895733 Lor C N.A 1860-1895 Wet Woodland 2
NX803889  Mon B 2b 1811 Wet Woodland 2
NX780950 Pinl A 2a <1772 Wet Woodland 2
NX780952 Pin2 A 2a-3 <1772 Up ashwood 2
NX778954 Pin3 C 1a-3 20th c. Wet Woodland 2

4.4.2 Statistical analysis

For each site, the total number of species (i.ecisg richness) is calculated, as well as the numbe
of species thought to be indicators of ancient venadiin Scotland — following the most recent list
by Crawford (2009). For each species, the Fishexact test is used to determine whether the
frequency of occurrence in probable ancient woatlkites (class A) is significantly different from
the frequency of occurrence in recent woodlands gitéasses B and C). The Fisher’s exact test is
preferred to the’—test as the former is more adapted to small-siaeaples (Sciama et al., 2009;
Kim, 2017).

Due to the limited number of suitable sites for thevey (i.e. native woodland with strong
historical mapping record), all sites do not shamparable biophysical conditions. Environmental
variables such as soil characteristics and hablitaminance may vary and partly account for

variations observed in plant communities betweea $ites. The variations in biophysical
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conditions between woodland sites certainly add pierity in relating the plant community
patterns to the woodland continuity class. As we Iselow, this issue is partly addressed by the
choice of suitable statistical methods and is &rthonsidered when interpreting the results.
However, it is worth noting that this study focusestesting the possibility of identifying ancient
woodland from recent woodland sites based on vegataomposition as it has been considered in
previous work (Rose, 199%rawford, 2009). As a result, conducting a compnehe multi-
variate analysis to determine the strength of tifferdnt factors driving plant composition was

judged to be beyond the scope of this study.

Plant communities are analysed using Detrendede§pondence Analysis (DCA, Hill and Gauch,
1980). Widely used in plant ecology, Correspondehealysis and DCA have regularly served to
identify patterns in species assemblage associatedwoodlands’ continuity or land-use history
(e.g. Dupouey et al. 2002b; Bellemare et al., 20@2et al., 2004; Sciama et al., 2009). DCA is an
unconstrained ordination technique that can be tsetdimmarise, in reduced dimensional space,
patterns in the plant species assemblage at eagilisg plot. With DCA, the plots sharing similar
species assemblage are graphically closer to ehel. dt is also possible to relate the position of
the sample plots along the ordination axes with ditaracteristics of interest (i.e. continuity slas
dominant habitat/woodland type and pH). This procedaims to determine more specifically
whether continuity class is a latent variable thawerns the variations observed in species
assemblage between woodland sites. By extensiody &8s to test if it is possible to identify

ancient woodland sites in the study area baseti@nglant assemblage.

Following Peterken and Game (1984), tree specisuded out of the statistical analyses because
their presence or absence may result less fromineityt than from plantations or deliberate
selection of some species. The species that oonyr in one or two different sites are also
excluded from the DCA as these taxa can distortrékelts (Legendre and Gallagher, 2001) and
they provide little additional information for th&udy. It is common practice to remove rare taxa
such as those with less than 5% of occurrence agesson, 2000 p.39;gfnson and Tybirk,
2000; DeSiervo et al., 2015). The DCA is perforrasthgdecoranafunction in theVeganpackage

in R (R Development Core Team 3.2.3; Oksanen, 2(@gcies occurrences are coded as presence
(1) or absence (0). The functiemvfitin Vegan(Oksanen, 2015 used tdest the importance of
continuity class, woodland type, and soil pH toadié® the variations observed in the ordination.
Function envfit allows random permutation tests based on 1000 yations to assess the
correlation of these variables with the ordinateomd to infer statistical significance (Oksanen,
2015).
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4.5 Results of the plant survey

4.5.1 Plant identification

The botanical survey of 41 native woodland sitssilted in the identification of 149 vascular plant
species as listed in Appendix F. The frequencyaaluaence of 9 species was found significantly
higher f < 0.05) in class A sites (i.e. probable ancienbaand) than sites of classes B and C (i.e.
recent woodland pre-1860 and post-1860, respegjiy€hble 4.6). Amongst these speciddium
ursinum (ramson), Carex sylvatica (wood sedge),Mercurialis perennis (dog’'s mercury),
Polypodiumvulgare (common polypody),Potentilla sterilis (barren strawberry) andferonica
montana(wood speedwellare listed by Crawford (2009) as ‘Ancient woodlamdicator plants for
Scotland’ (AWP species). Significant differencegavalso found folCorylus avellanalcommon
hazel,p = 0.005). This species was found in all classt@ssiwhile it occurred only in 62% of class
B and C sites.

Although not listed as AWP by Crawford (2009)jigitalis purpurea(foxglove)and Vicia sepium
(bush vetchyere also found to occur significantly more in sldssites than class B and C sitps (

= 0.023 ang = 0.003, respectively)icia sepiumhas been considered as AWP in several regional
lists in England, Wales and Scotland but not inetliéh the most recent Scottish list of AWP by
Crawford (2009) Crepis paludosgMarsh Hawk’s-beard) is the only plant specieg tisas found

with a significantly higher frequency of occurrenoagecent woodland sitep € 0.028).

Except forA. ursinumandV. sepium all the AWP species were identified in recent diaad.
Moreover, despite the significant differences bemvelass A and class B and C sites, the
frequency of occurrence of species sucMaperennis- 21% in recent woodland — aRd sterillis

— 17% in recent woodland — can be regarded asvellathigh given their status as AWP. The
frequency of occurrence of some other well-known RA\8pecies such asnemone nemorosa
(wood anemone)Conopodium majugpignut), Lysimachia nemorurfyellow pimpernel),Oxalis
acetosella(wood sorrel), andHyacinthoides non-scriptébluebell) was not significantly different
between probable ancient and recent woodlands. Weeg also found as relatively common in
recent woodlands with a frequency of occurrenc218b, 33%, 58%, 79% and 83%, respectively.
Other AWP species were identified exclusively orrencegularly in recent woodland, including

Geum rivale(water avens) andlloehringia trinervia(three-nerved sandwort).
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Table 4.6 Ancient woodland vascular plants for Scotland (Crawford, 2009) identified during the survey —
number of sites where each species was recorded (percentages of occurrence for each continuity class are
indicated in brackets). The association with class A or class B and C was tested with Fisher’s exact test when
the occurrence > 3 (*: p-value < 0.05; **: p-value < 0.01; -: non-significant; N.A: not applicable); ¥: can be
planted or escapee (Crawford, 2009); %: not in Crawford (2009) but recognised as indicator species in lists
by local experts (C. Miles and D. Hawker, unpublished); ¢: not listed but associated with class A or class B
and C sites (p-value < 0.05).

All woods Class A Class B and C

Latin (n =41sites) (n=17sites) (n=24sites) p-value
Allium ursinum 4 (10) 4 (24) 0 * (p=0.023)
Anemone nemorosa 12 (29) 7 (41) 5(21) -
Brachypodium sylvaticum 1(<1) 1(6) 0 N.A
Cardamine amara 2 (<1) 2(12) 0 N.A
Cardamine flexuosa¥ 18 (44) 7 (41) 11 (46) -
Carex remota 12 (29) 6 (35) 6 (25) -
Carex sylvatica 8(19) 6 (35) 2 (8) * (p=0.048)
Chrysosplenium oppositifolium 24 (58) 9 (53) 15 (62) -
Circaea x intermedia 3(1) 1(6) 2 (8) N.A
Circaea lutetiana 27 (66) 12 (71) 15 (62) -
Conopodium majus 16 (39) 8 (47) 8(33) -
Corylus avellanat 32 (78) 17 (100) 15 (62) ** (p =0.005)
Crepis paludosa ¢ 10 (24) 1(6) 9(37) * (p=0.028)
Digitalis purpurea ¢ 17 (41) 11 (65) 6 (25) * (p=0.023)
Equisetum sylvaticum 3(1) 2 (12) 1(4) N.A
Fragaria vesca 8(19) 5(29) 3(12) -
Galium odoratum 4 (10) 3(18) 1(4) -
Geum rivalet 3(1) 0 3(12) N.A
Gymnocarpium dryopteris 3(1) 2 (12) 1(4) N.A
Hyacinthoides non-scripta 37 (90) 17 (100) 20 (83) -
Luzula pilosa 6 (15) 3 (18) 3(12) -
Luzula sylvatica 5(12) 2(12) 3(12) -
Lysimachia nemorum 29 (71) 15 (88) 14 (58) -
Melampyrum pratense 3(1) 2(12) 1(4) N.A
Mercurialis perennis 15 (37) 10 (59) 5(21) ** (p =0.005)
Milium effusum 2 (<1) 2 (12) 0 N.A
Moehringia trinervia 4 (10) 1(6) 3(12) -
Oxalis acetosella 34 (83) 15 (88) 19 (79) -
Phegopteris connectilis 2 (<1) 2(12) 0 N.A
Polypodium vulgare 4 (10) 4 (24) 0 * (p=0.026)
Polystichum aculeatum 1(<1) 1(6) 0 N.A
Potentilla sterilis 12 (29) 8 (47) 4(17) * (p =0.045)
Prunus padust 4 (10) 2 (12) 2 (8) -
Ranunculus auricomus 2 (<1) 2(12) 0 N.A
Scrophularia nodosa 4 (10) 2(12) 2 (8) -
Stellaria holostea 22 (54) 10 (59) 12 (50) -
Valeriana officinalis 6 (15) 1(6) 5(21) -
Veronica montana 8(19) 6 (35) 2 (8) * (p =0.049)
Vicia sepium ¢ 6 (15) 6 (35) 0 ** (p =0.003)
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Low rates of occurrence (n < 3) mean that the sdiedl tests to compare the frequency of
occurrence of plant species between class A arsdedaB and C could not be performed for 11
AWP species, includingymnocarpium dryopterigoak fern),Ranunculus auricomugoldilocks
buttercup), andilium effusum(wood millet). Despite this incapacity to perfortatsstical tests,
these species occurred more in class A sitesreeagent with their AWP status, while two species
occurred more in recent woodland (i@ircaea x intermediaand Geum rivalg. A higher site
sampling would have enabled to overcome this idButewas restricted by the low number of
suitable sites to undertake a survey (i.e. of eatioodland sites with proper historical estate

mapping records).

Table 4.7 Summary of the plant data collected for each continuity class. Species richness, number of
ancient woodland indicator plant (AWP) species according to Crawford (2009) and the lists by local experts
asin Table 4.6).

Continuity class
Class A (17 sites) Class B (18 sites) Class C (6 sites)

Mean 37.1 324 34.5
Species Median 38 35 32
richness Min 18 12 22

Max 48 50 58

Mean 12.5 8.3 6.8
Number of Median 13 9 8
AWP species in 5 1

Max 24 14 12
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Figure 4.4 Boxplots of species richness and number of AWP species per continuity class.

Table 4.7 summarises the field data for specidmess (i.e. total number of plant species per site)
and total number of AWP species for each contincligs (the details for each site can be found in
Appendix F). Figure 4.4 illustrates the distributiof this data for each continuity class (see eacti
2.2.2.4 for the key to understanding the boxpl8tatistical analyses were also performed with R
(R Development Core Team 3.2.3) to test for siasily significant differences between the

continuity classes.

A normality test was performed first using Shapivdk test. The results of this test indicated that
the sample sites of class A did not come from anadly distributed populationWf = 0.87,p =
0.020). For that reason, the non-parametric Krugkallis H test was more appropriate for data

comparison.

Regarding the species richness, Figure 4.4 tendadw more variability for class B and C sites
than class A. Besides two sites with a relatively Ispecies richness (i.e. Hiand Hik), the
species richness in class A sites ranges from 48 tepecies (median = 38). The species richness
ranges from 12 to 50 in class B sites (median 5 @5l 22 to 58 in class C sites (median = 32).
However, the statistical test results indicate that species richness does not differ significantly
between the three continuity classids«2.29,p = 0.318).
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In contrast, the Kruskal-Wallis test indicates ffigant differences between continuity classes for
the total number of AWP specigd € 10.258,p = 0.006). The mean number of AWP in class A
sites is 12.5 species (median = 13), against 8.8l&ss B sites (median = 9), and 6.8 for class C
sites (median = 8). Dunn's pairws&est was performed as a post-hoc test and indicigaificant
differences between classes A andzB @.68,p = 0.022) and between classes A ana € 2.62,p

= 0.013). As a result, the number of AWP speciesnseto be significantly higher in probable
ancient woodland than recent woodland. No significifferences were found for the comparison

between recent woodland sites of classes B armd=@(72,p = 0.474).

Eight sites from class B (of a total of 18 sites, #4%) exhibit more than 10 indicator species of
ancient woodland and one site from class C (onah o 6 sites, i.e., 16%) also does (Appendix F).
The mean number of AWP species in recent woodlate$ @nd the number of these sites
exhibiting more than 10 AWP species can be regaadaelatively high. In sum, although probable
ancient woodland sites tend to provide habitatsetatively more AWP plant than more recent
woodland, many of these recent woodlands are velgtiich in AWP species. It is noteworthy that
the outlier site in class A displaying 24 AWP sgscfFigure 4.4 and Table 4.7) is recognised as a
SSSI (Chanlockfoot). The two other SSSI surveyeanely Coshogle wood and Lochwood, are
both ancient woodland and exhibit 46 plant spefted6 AWP and 42 plant species for 12 AWP,

respectively.

4.5.2 Detrended correspondence analysis and environmental factors

A DCA was performed to visualise the distinctionsplant composition of sites with different
continuity classes. The matrix includes 41 site$ 92 species. From the DCA, it was possible to
assess the importance of continuity class to stregplant assemblage patterns in the different
sites. The position of the sites onto the ordimai®illustrated in Figure 4.5A and the position of
the 80% species with the highest fit is illustratedrigure 4.5B. The eigenvalues of the two first
axes of the DCA ordination are 0.22 and 0.18, whincticate moderate variance. The length of
each axis is 2.9 and 1.9 SD units (i.e. units td lokversity).
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Figure 4.5 Detrended correspondence analysis (DCA) of the sites (A.) and species (B.) along axis 1 and 2.
(A.) ‘classA’, ‘classB’ and ‘classC’ show the centroid of the variable ‘continuity class’; (B.) For a matter of
clarity, only the 80% of the species with the highest axis fit are labelled. The species abbreviations are the
first three letters of genus followed by the first three letters of species. The full taxa list is provided in
Appendix F.
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Wet woodland sites (NWSS, 2014) had mostly low esan the first axis (e.g. ‘Airl’, ‘Air2’,
‘Cael’, ‘'Sha& and ‘Ard’) (Figure 4.5A). The variable ‘woodlantype’ has indeed a highly
significant correlation with plant composition antherefore, the position of the sites on the
ordination (random permutation test with 1000 peations, r*> = 0.24, p = 0.003). This
observation probably reflects a wetness gradiemertitan the dominant woodland habpat se
Indeed, significant differences in plant compositiexist to distinguish Wet woodland from the
other dominant woodland habitats on the first &ixis-3.25,p = 0.002) but there is no significant
difference between the other habitats (i.e. uplaakivood; upland mixed ashwood and lowland
mixed deciduous). The strongest and significantetation was found for pH{= 0.33,p = 0.003)
showing the plant response to pH gradient, whiafiesadrom 3.4 to 4.7 (see Appendix E). While
not as strong as the two previous variables, coityinclass was also found to correlate
significantly with variations in plant compositigr? = 0.13,p = 0.04).However, this correlation

loses its significance.after removing the 10 Webdland sites from the analysis.

It is noteworthy that all the significant corretats were found for the first axis. Only pH also
contributed to explain the distribution along tleeand axisré = 0.14,p = 0.009). The variations in
plant composition along this axis remain, therefonestly unclear. Other non-measured variables
such as light gradient may control this distribntitéNo correlations to the third and fourth axes

were identified.

Despite the significant correlation between coritinand the position of the sites on the DCA
ordination, the DCA plot shows a relatively stromigual overlap between sites of different
continuity classes (Figure 4.5A). The fact that thstinction is blurred is also reflected in the
relatively close centroids of the three continutgisses. However, a group of 8 probable ancient
woodland sites (n= 17 sites) seems relatively cloile a relatively higher scores on Axis 1 and
lower scores on Axis 2 (i.e. ‘Cle2’, ‘Mab’, ‘EndRin2’, ‘Bacl’, ‘Bac2’, ‘Cos’ and ‘HiR’).

Only two recent woodland sites (class B for ‘Mitidaclass C for ‘Dru’) share plant assemblages
that are relatively similar to those of the proleabhcient woodland sites mentioned above (Figure
4.5A). Unsurprisingly, these two recent woodlartdssdisplay a high number of AWP species (13
and 9 species, respectively) as does the groupobfple ancient woodlands. ‘Dru’ is a woodland
site from the late nineteenth century origin thetikits AWP species such &gronica montana
Lysimachia. nemorumOxalis acetosella Conopodium majusand Hyacinthoides non-scripta
Another indicator species of ancient woodland, dgnvercurialis perennisvas also at the edge
of the wood (and therefore not integrated intodhalysis). The ancient woodland sites nearest to
‘Dru’ are located about 300 m away and are nameat1Band ‘Bac2’ on the ordination — ashwood
and oakwood, respectively, and also part of Chéfbat (SSSI). All the AWP species in ‘Dru’ are

also in ‘Bacl’ and ‘Bac?2'. It is possible that Chaokfoot has served as ‘reservoir’ for AWP
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species that have been able to colonise this reweodland site (i.e. ‘Dru’) within less than 150

years. Other more specific observations are ofeste

* ‘Pinl’, ‘Pin2’ and ‘Pin3" are now part of the sam@odland but exhibit different habitat
types and/or continuity classes (Table 4.4). Tidierences may explain the variations
observed in plant assemblage and, therefore, Htandie between these three sites on the
ordination. ‘Pin3’ (i.e. class C) was wooded somes in the twentieth century while
‘Pinl’ and ‘Pin2’ are probable ancient woodlane.(iclass A). It was found that the two
latter exhibit 15 AWP species, against 8 AWP spefiie ‘Pin3’ (includingV. montanaP.
sterilis, F. vescal. nemorum and M. perenni3. These species were able to establish
themselves in this new woodland area within a ikedbt short period of time, contrary to
other AWP species such @smajusandA. nemorosaboth identified in ‘Pinl’ and ‘Pin2’
but not in ‘Pin3’. The differences observed betwdtinl’ and ‘Pin2’, although both class
A sites, might be explained by the fact that ome isia Wet woodland and the other one is
mixed ashwood. It is unsure when ‘Pin3’ began tavbedland but a later Edition of the
OS survey published in 1956 shows that this areaumsvooded by that time. The distance
between the plots surveyed in ‘Pin3’ and the edghenearest class A site is between 100
and 150 m. This example illustrates the rapiditthwvhich these AWP species are able to

establish themselves in modern woodland.

* ‘Airl’ (class C) and ‘Air2’ (class A) are currentlyart of the same Wet woodland. The
former displays 8 AWP species against 11 for tlhese but they are located very close on
the ordination. This observation indicates low &hoins in plant composition between

these two sites despite different continuity class.

e ‘Clel’ (class B), ‘Cle2’ (class A), ‘Cle3’ (clasB) and ‘Cle4’ (Class B) are part of the
same woodland. While ‘Cle2’ (14 AWP species) isseloon the ordination to the other
group of class A sites, the three class B sitesameiose and display 10, 13 and 14 AWP
species, respectively. It is possible that ‘Cle2tved as reservoir for the three other sites,

which would explain why the plant compositionsluéde sites are relatively similar.

» Located relatively close (< 2km) and while theya class A, ‘H#&’, ‘Hilb’, ‘Hilc’ and
‘Hil d’ have very distinct plant assemblage. While bgingbable ancient woodland, Hil
and Hik display relatively few AWP species (6 and 5 AWRGEpS, respectively).
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* ‘Sch’ is a small (< 4 ha) woodland site that appdasometime between 1820 and 1860.
While historically isolated from more ancient woanli — no woodland in the eighteenth
century within less than 1 km — ‘Sch’ displays Bed than 8 AWP species, includifg

acetosellaM. perennis C. majus G. rivale andC. oppositifolium

In summary, these results highlight that theredisystematic distinction between probable ancient
woodland and recent woodland sites of classes BCaiBksides the principal woodland habitat (or
most likely the wetness gradient), the geographamtion of the sites seems to account for part of
the variations observed in plant assemblage. Thdtsealso indicate that a large number of AWP
species could develop in recent woodland sitesinvithrelatively short period of time, which

would explain the regular occurrence of AWP in sIBsand class C sites.

4.6 Discussion

4.6.1 Cartographic assessment of the Ancient Woodland Inventory
4.6.1.1 Overestimation of the amount of ancient woodland in the study area

Important lessons can be learned from the cartbgragssessment of the AWI. Firstly, the results
show that the AWI seems largely to overestimateatheunt of ancient woodland in the study area,
when ancient woodland is defined as continuouslpded since at least 1750. In Area 2, the
comparison between the AWI and the woodland coseonstructed for T1 (1740-1799) indicates
that 40% of the woodland considered as ‘ancientiikisly to be pseudo-AW. In Area 3, the
comparison of the AWI with the woodland cover restouction in T2 (1801-1833) shows similar
results and the estimates indicate that at lee%t di0the area considered as ancient woodland was

probably not even woodland by the early nineteestitury.

It is likely that a large part of the pseudo-AWginiates from the pronounced increase in woodland
cover between T1 and T3 (c.1860). Indeed, Chapteer@onstrated that the woodland cover
increased from 3.1% in T1 to 6.3% in T3 in Area@d from 4.7% in T2 to 7.6% in T3 in Area 3.
Unsurprisingly, the inaccuracy of the AWI affectsaathe identification of PAWS sites. Moreover,
considering that the woodland cover reconstructiond’1 and T2 do not represent the woodland
cover as far back as 1750 — the official threslioldefine woodland as ‘ancient’ in Scotland — the

amount of pseudo-AW identified in the present stisdikely to be an underestimate.

Secondly, it seems that most woodland of categary Xentified as semi-natural from the First
Edition OS maps only — is inaccurately considerediacient. The amount of pseudo-AW might
represent at least 60% of category 2a both in Rraad Area 3. Based on the assumption that the
Roy map overlooked many woodland sites, the sifesategory 2a began to be considered as

ancient woodland during the revision of the AWlthe 1990s (Kupiec, 1997). These results tend to
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show that this assumption has led to incorrect tifieation of a relatively high amount of
woodland as ‘ancient’. The inaccuracy of the AWJHiighted for category 2a is a key finding as it

could well apply beyond the boundaries of the stacha.

It was expected that less pseudo-AW would be ifledtwhen using as reference the woodland
cover reconstruction in T2 than in T1, the formeinly later than the second. In addition, the
reconstruction in T2 represents the woodland ama twhen considerable amounts of woodland
were already planted and it is certain that soraatptions were not acknowledged as such on the
estate plans (see Chapters 2 and 3). Despite toes&derations, the amount of probable pseudo-
AW identified using the woodland cover in T2 is yndlightly lower than when using its
counterpart in T1. A few explanations may help nderstand this observation: 1) the results of the
assessment are not directly comparable betweemd T2 as the estimates were done on different
areas of study (i.e. Area 2 for T1 and Area 3 f@); R) the woodland cover reconstruction being
more planimetrically accurate in T2 than T1, it vpassible to use with confidence a lower critical
distance threshold to estimate the percentageatfapte pseudo-AW; and 3) plantations may be
more often acknowledged as such on estate plans Tébthan T1. If this last point were proven
true, it would imply that, thanks to surveyors’ ications, estate plans from the early nineteenth

century can help to identify more pseudo-AW thaatesplans from the eighteenth century only.

Thirdly, the inventory tends to overlook the complestory of individual woodlands. Present-day

woodland could include juxtaposed stands of diffemmntinuity classes and management histories
within the same site. However, the Ancient Woodlémgentory does not consider the plantations
around ‘ancient cores’ that were regularly plantetiveen 1750 and 1860 (see Chapter 3). More
generally, any change in the shape of the woodtemuhdaries over time is necessarily overlooked
as ancient woodlands are perceived as stable enwinots in the inventory. Likewise, the

inventory cannot integrate changes in woodland amitipn and structure such as the conversion

of wood pastures to dense woodlands.

Over the last few years in the UK, other studiegehaegun to point out deficiencies in the AWI. In
Scotland, Whittet et al. (2015) showed that abdd¥50f the sites thought to be post-1860
regenerations of woodlands depicted in the Roy&esh(i.e. category 3 in the AWI) appear, in
fact, to have been open woodland in ¢.1860. Thidss bave, therefore, experienced longer
woodland continuity than identified in the AWI. Asr the present study, Stone and Williamson
(2013) and subsequently Barnes and Williamson (2Ql522-133), have argued that many
woodland sites listed as ancient in Norfolk (Endlaactually have more recent origins than was
previously thought. Thus, while the threshold datedefine an ancient woodland in England is
1600 A.D., almost a fifth of the woodland sitegdisin the AWI that were studied by Barnes and

Williamson (2015, p.127) were found to be more ne¢enostly eighteenth or nineteenth century).
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Nevertheless, many of these sites shared featmeare usually associated with ancient woodland,
including the occurrence of ancient woodland inticespecies (Stone and Williamson, 2013;
Barnes and Williamson, 2015, p.131-133).

4.6.1.2 Using logistic regression models to identify pseudo-AW

The logistic regression models of woodland coveiTtb developed in Chapter 3 failed to identify a
majority of pseudo-AW without misclassifying a largumber of probable ancient woodland sites
(i.e. false negatives). Nonetheless, some of ties siith the lowest probability of being wooded in
T1 could be accurately identified as pseudo-AW wittte risk of false negatives. In sum, the

models were clearly able to distinguish better tfamomly the pseudo-AW from the AW in T1.

By extension, these results imply that differenegist between the environmental characteristics
of these two groups. Compared to probable anciesddiand, it was found, in general, that

pseudo-AW are located on higher elevation, furtneay from the streams, on more gentle slope
and perhaps on ground with different geographispleats. While casting doubt on woodlands
listed in the AWI for which the probability scoresbe woodland in T1 are the lowest, the logistic

regression models can be relevant for detectingesafithe pseudo-AW sites in the study area.

In addition, the models could be used where egtiaies do not completely cover the study area.
They can determine, without historical cartograghicence, which woodlands in the AWI are the

least likely to be ancient. Nonetheless, it remainsure to what extent each model can be applied
outside the current study area, which is an impoighortcoming of the method. This issue cannot
be addressed without extending the coverage witlteeplans to other areas of Scotland for further

tests.

It is noteworthy that as some woodlands in T1 wazdainly not identified as late eighteenth
century plantations by estate surveyors, some ‘AWI'1’ cells (‘1’ cells) might share similar
characteristics with the ‘pseudo-AW’ (‘0’ cells)hieh are also late eighteenth and early nineteenth
century plantations. Similarities such as a locatim more gentle slopes, higher elevations or
greater distance from streams may explain that sthwells are incorrectly classified as ‘0’ for a
given decision threshold. In fact, some of thecélls with the lowest probability scores could be
woodland plantations not acknowledged as such tateeplans. Hence, models could also help
identifying the woodlands of plantation origin defed on eighteenth century estate plans that are

incorrectly considered as ancient ‘of semi-natorain’ in the inventory.
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4.6.1.3 Accuracy and reliability of the woodland cover as depicted from the Roy map

Several studies have assessed the overall reiyabiid consistency of the Roy map (Whittington
and Gibson, 1986; Nisbet, 2009). This assessmamugal in deciding how the ‘Great map’ can
be used for historical geography (Hewer, 2010). éMuarticularly, Whittington and Gibson (1986)
used a comparative approach involving contempogatgte plans of several areas in the Scottish
Highlands and Lowlands. The authors focused theimparisons on place names and the depiction
of agricultural lands, enclosure and settlementseyTfound regular discrepancies between the
‘Protracted Copy’, the ‘Fair Copy’ of the Roy marythis second version was produced after the
original protraction and includes more details -d ahe estate plans. The largest source of
discrepancy highlighted by the authors seems ta@aronthe depiction of agricultural lands. In
particular, the Fair Copy was thought, sometimesptivilege aesthetic considerations at the
expense of an accurate depiction (Whittington antds@h, 1986). In addition, this copy
occasionally indicates considerably more arableldatihan on the estate plans (Whittington and
Gibson, 1986).

Unfortunately, Whittington and Gibson (1986) havtlel to say about the reliability of the
depiction of the woodland cover on the Roy mapstessed by the authors (p.13), any study such
as theirs is limited by the small number of conterapy estate plans usually available. In addition,
many estates were likely to be depleted in woodlanthe time of the survey. In the study area, a
comparative approach was only made possible betwlserRoy map (1752-1755) — only one
version exists for Southern Scotland (Whittingtord a&Gibson, 1986, p.12) — and estate plans
produced one or two decades later. Some exampld#fefences regarding the woodland cover

between the Roy map and the estate plans are pedsarFigure 4.6.
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Figure 4.6 Comparison between the Roy map (left) and the woodland cover as depicted on eighteenth
century estate plans (right) (legend and explanations after the second part).
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Area surveyed in 1772

E. | ’ 0 300m

Figure 4.6 /continued Comparison between the Roy map and the woodland cover as depicted on
eighteenth century estate plans. From A. to D., the comparison is done using the woodland cover
reconstructed from estate plans by J. Leslie dated 1772. In E. the comparison is done with an extract from

an estate plan dated 1759 (Farm of Glen by John Tait). Courtesy of the NLS for the different subsets of the

Roy map.

Along the River Nith, from Drumlanrig castle to Saiar, a continuous and thick band of
woodland is depicted on the Roy map as is partlystilated Figure 4.6A. This representation
contrasts clearly with the relatively patchy woadlacover as depicted on the more detailed estate
plans from 1772 and produced before enclosure. Sdme discrepancy applies along other

watercourses such as Scaur Water and Shinnel \(Fageire 4.6B and C).

More local examples tend to confirm the observatiat, in several instances, the Roy map might
exaggerate the area covered with woodland. Pa&bshogle wood was mapped in 1763 by James
Wells and the whole woodland was mapped again #2 ¥ James Leslie. While the two estate
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surveyors show that the woodland area located soltBnterkin Burn was mostly unwooded
pasture (Figure 4.6D), the Roy map depicts indsffély both sides of the burn as covered with

woodland.

It seems unlikely that so much woodland could h&een lost in one or two decades on
Drumlanrig estates. Other evidence supports tmseodion. Three pre-Military Survey plans cover
areas of Drumlanrig estates along the River NittedBced in the 1740’s by a surveyor named
Vernon, these plans seem considerably less detdileely could not be georeferenced with the
same level of accuracy as other estate plans hatkfore, they were left out for the woodland
cover reconstructions. However, it is noteworthgttthey show relatively little woodland. If the

woodland cover on these plans is reliable, theyaody do not support the possibility that the

woodland cover decreased so substantially betwd&s@ and 1772.

A comparison was also possible between the Royandpan estate plan from 1759 by John Tait
covering the ‘farm of Glen’, along the New AbbeywrdFigure 4.6E). The results of the

comparison contrast with previous observationghis instance, while the estate survey was done
less than eight years after the Military Survey, BRoy map shows considerably lower tree cover,
omitting much woodland and open woodland. This plz®n suggests that the representation of
the woodland cover in this area is inaccurate. Mgeperally, this example shows also that the
depiction does not seem consistent across the sty Unfortunately, for the rest of the study
area, the lack of contemporary estate plans, theodtinuous coverage and the low amount of
woodland during the eighteenth century restrictegnemore the possibility of pursuing a

comparative approach.

The small scale of the Roy map could partly accéanthe inaccurate depiction of the woodland
cover compared to that in estate plans. GeneralhRogelf stated that the survey is “a magnificent
military sketch, [rather] than a very accurate nedghe country” (Roy, 1785, p.387). It is also
noteworthy that the Military Survey was achievedthwburveying instruments such as the
circumferentor, which is considered of lower accyr@/Vhittington and Gibson, 1986, p.11; Fleet
et al., 2011). According to Whittington and Gibgd®86, p.11), this choice denotes the will by
General Roy and his survey teams to favour spewticertainly economy, at the expense of higher
accuracy. This compromise is easily understood idering that most of Scotland was to be
mapped in only a few years. The challenge to sustegp and rough areas — such as riversides —

may have also increased the influence of time caimés on the final quality of the survey.

Other considerations such as the aesthetic valtieedRoy map and the rather unclear symbology
may further account for some of the discrepanceta/éen the Roy map and estate plans. Do the
black dots drawn on the map represent dense tngr omly? Are bushes, open woodland — or

other area covered with scattered trees — repesémta similar manner? As the surveying books
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used by the military surveyors have disappeareditfMMton and Gibson, 1986, p.11), it remains

challenging to interpret the woodland related feeguepresented on the map.

Most importantly for this study, it is not possititeidentify the boundaries of the woodland and to
georeference the Roy map with accuracy. Thereforepmparison of the latter with the highly

detailed and accurate First Edition OS might haa@ to some confusion about the temporal
continuity of several woods. This issue might aetdor the incorrect inclusion of many recent

woodland sites into the Scottish Ancient Woodlameehtory.

4.6.1.4 Implications for the study of the Scottish woodland history

Based on estimates derived from the Roy map, Srabwl. (2005, p.388) assumed that the
woodland area covered about 9% of the Scottishslzame by the mid-eighteenth century.
However, the estimates calculated in Chapter Zatdd that the coverage was close to 3% by T1.

Therefore, it seems clear that Smout et al.’s ed@ésmdo not apply to Nithsdale and Annandale.

The present chapter introduces additional elemibatssuggest that, beyond the boundaries of the
study area, Smout et al. (2005) might have ovenegtid the woodland cover from ¢.1750. Indeed,
Smout et al.’s estimates are based on the assumthtid the Roy map might have overlooked half
of the woodland cover (2005, pp.61-64). Conversialyhe study area, it has been shown that this
map might, overall, exaggerate the woodland extddled woodland that never existed in a
military map was initially considered as unlikely the authors because ‘the surveyors would have
found this irresponsible’ (Smout et al., 2005, p.6ddeed, it is intriguing that a map with miliyar
purposes did not depict woodland cover with grea¢ g@iven the strategic character of this feature.
However, as underlined by Whittington and Gibso@8@, p.9), the initial objectives of the map
might have been changed as the risk of anothebieaising was fading, which was the case by

the time this part of Scotland was surveyed.

Thus far, it is not possible to conclude whetherRoy map tends either to under- or over-estimate
the amount of woodland in Scotland. Discrepanaiethé depiction of the land-cover between the
Protracted Copy and Fair Copy in North Scotlandehalveady been highlighted (Whittington and
Gibson, 1986). Differences in consistency in th@icten of woodland cover may well exist
between and within the Scottish Highlands and Loadda In any case, observations from the study
area indicate that the generalisation that the Rayp overlooks much of the woodland cover

cannot be extended to the study area, at least.

In addition, Smout et al.’s (2005) estimates reledfigures provided by the AWI (2005, pp.61-
62). The authors accepted the assumption that tloellands of category 2a are ancient — based on
their shape and characters — and that these sitgg hmave been overlooked in the Roy map

(Smout et al., 2005). On the contrary, this prest&udy has shown, in the study area at least, that
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the AWI was highly inaccurate in including much witaind that is post-1750. This inaccuracy

concerns particularly the woodland of category 2a.

4.6.2 Plant species composition in woodlands with different habitat
continuities

The assessment of the AWI indicates that the Iatems largely to overestimate the extent of
ancient woodland in the study area. As the mappiihgncient woodland is not accurate, it is
legitimate to ask if this finding has a broader @ampon the study of ancient woodland. The
inaccuracy of the AWI suggests that any study itigang the effects of continuity on the

woodland ecological properties might need to fittteo evidence of continuity.

Recent research has suggested that ancient wosdtamdbe partly identified through distinctive

plant communities and particularly the occurrente/ascular plant species indicative of longer

continuity (AWP species) (Peterken and Game, 18®%e, 1999; Hermy, 2015). These plants are
believed to be an efficient tool for identifying aent woodland sites where there is a lack of
historical sources (Hermy et al., 1999; Wright &atherham, 2011; Rotherham, 2011; Schmidt et
al., 2014). The reconstruction of past woodlandecand changes from very detailed historical
estate maps offered an excellent opportunity tovibether the study area‘s woodlands of different

continuity classes display distinct plant commuasti

4.6.2.1 Assessment of the indicator species of ancient woodland in the study area

Regarding AWP species, the results of the vegetatiogvey indicate that: 1) the frequency of
occurrence of nine species was statistically sicgmittly higher p < 0.05) in probable ancient
woodland (class A) than woodland plantations friwe e¢ighteenth century or later (classes B and
C); 2) only wild garlic Allium ursinum and bush vetchV{icia sepium)occurring in at least three
sites are associated exclusively with class A sitsst species that occurred significantly more
often in sites of class A remained relatively commi recent woodland plantations (e.g. dog’s
mercury was found in 21% of class B and C sitesgi 3 many well-known indicator species of
Scottish ancient woodland listed by Crawford (2088 common in non-ancient woodland sites.
For instance, yellow pimpernelysimachia nemorumwood sorrel Qxalis acetosellp bluebell
(Hyacinthoides non-scripyaand enchanter's-nightshadgr€aea lutetiang were identified in 58%

to 83% of the non-ancient woodland sites.

As already discussed by several authors (Rose,; X&@®vford, 2009; Rotherham, 2011), AWP
species cannot be used individually to identifyi@amcwoodlands as, most likely, none of these
species grow exclusively in ancient woodland hahitdor that matter, it has been instead
suggested that the score of AWP species per woddimould be considered (Rose, 1999;

Crawford, 2009). While the species richness in #tigly does not vary significantly between the
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different continuity classes of woodland, there m@eed statistically significantly more AWP
species in probable ancient woodland than in thedigmd plantations. Moreover, most of the

‘rare’ species known as AWP (occurrence < 2) auadoin class A sites.

Nonetheless these observations should be tempgrée lronsideration that eight class B sites (of
18 sites, i.e. 44%) display more than 10 AWP sygearel up to 14 AWP species. These sites have
more AWP species than between about 25% and 35Medstudy area’s ancient woodland sites.
These results suggest that no clear distinctiorbeasystematically made between ancient and non-
ancient woodland based on AWP species. Even thangtent woodland sites are more likely to
provide habitats to a larger number of AWP spedteseems that using them as an evidence to
identify woodland with longer continuity is prone & relatively high risk of errors. On the other
hand, these results indicate that recent woodlard lave high ecological value in providing

habitats to many valuable species known to be &gedowith ancient woodland.

The nature and score of AWP species are also inh&evarious factors that are not necessarily
related to continuity. Soil properties, and patacly pH, are particularly known to influence
greatly the number of AWP species (Crawford, 20R8therham, 2011). The list of indicator
species that serves as reference is obviously anpdint to consider. As this list is known to diff
from a region to another, and to an unknown extdrd, score of AWP cannot be compared
between regions and used uniformly in Scotland.&given region, identifying indicator species
of ancient woodland to draw up an efficient listiis itself, challenging. Such task requires the
survey of a considerable number of woodland forcWwhhe continuity is well established. As we
have seen through the assessment of the AWI, imsemlikely, in Scotland, that the ready-made
AWI can be used efficiently for that purpose. Whiea time comes to draw up a list, clear criteria
to include a species are needed. Using a largenbist be equivalent to compare species richness
instead of focusing on the characters that aregioto make the diversity of ancient woodland
sites unique. A list that is too short increasesribk to lend too much importance to individual
species that are not confined to ancient woodlamdhe latter case, the identification of ancient

woodland would rely on a very few evidence only.

When evaluating if a site is ancient, several asthimve also stressed the fact that the size of
woodland should be considered along with the sobréVP species (Crawford, 2009; Rotherham,
2011). Indeed, more AWP species are expected fowel in large ancient woodland sites. But
what boundaries are we considering? In the studg,ahe woodland cover is often composed of
juxtaposed stands of different continuity clasgebapter 3and Chapter 4). Is category ‘ancient
woodland’ only the area covered by an ‘ancient’@ofge later plantations surrounding the ancient
cores included in the same category? This congidareeflects a practical issue to the approach of

considering woodland size to determine if a woodidh in AWP species as the size may vary
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considerably depending on the boundaries that amsidered. Moreover, the ancient boundaries

are challenging to determine without accurate histbmapping such as estate plans.

4.6.2.2 The probable role of the local landscape context in the present-day distribution
of ancient woodland indicator species

In the present study, it is noticeable that mastent woodland’ sites have experienced a continuity
of 100 to 250 years. The results of this study mdjcate that this lapse of time was sufficient for
many non-ancient woodland sites to acquire chamacitributed to ancient woodland. This
hypothesis was partly verified by the fact that #ies of class B or C located near ancient
woodland sites seem to be particularly rich in Aggecies. It is likely that ancient woodland sites
have served as ‘reservoir’ from which these spehige colonised more recent woodland (as
known from studies such as Brunet and Von Oheir@B8)L Therefore, the local landscape context
could be proven very important to explain the ooece of AWP species in more recent woodland

and make the identification of ancient woodlandssitven more challenging.

Although less rich in AWP species, a very receinfdtion (< 50 years, ‘Pin3’) juxtaposed to
probable ancient woodland was covered with wellvkm@AWP species, such as wood speedwell
(Veronica montang barren strawberry Pptentilla sterilig, yellow pimpernel Ilysimachia
nemorum and dog’s mercuryMercurialis perennis This observation suggests that these species
may have been able to move rapidly to coloniseplistation — probably 100 to 150 m in less than
50 years to reach the plot if they colonised diyefrtbom the nearest ancient woodland. Likewise,
planted between 1772 and 1820, three woodland (gitesClel’, ‘Cle3’ and ‘Cle4") displayed 10,

13 and 14 AWP species, respectively, making them sinilar to the probable ancient woodland
located within less than 500 m (‘Cle2’, 14 AWP dpsL These sites are categorised erroneously
as ‘ancient’ in the AWI but these errors would lifialilt to notice based on vegetation surveys. In
general, the strong similarities in plant assenbiégt occasionally exist between woodland sites
of different continuity but relatively close to éaother should lead us to the conclusion that the

inaccuracy of the AWI can remain un-noticed infiletd.

Despite the considerations above regarding the liapoe of the connectivity between recent and
ancient woodlands, the occurrence of 8 AWP speidiesne small (< 4ha) and rather isolated
plantation established between 1820 and 1860 reniairiguing (site ‘Sch’). This site contained
species such as wood sor@ik@lis acetosellg dog’s mercuryNercurialis perenniy water avens
(Geum rivalg¢ and pignut Conopodium majys Other landscape elements may have served as
refuges for these AWP species before they colonisedsite. For instance, ditches and hedges
have been pointed out by Barnes and Williamson §p@% areas where some AWP species can
survive outside woodland; scattered trees and Isushpasture could also provide more habitats
(Wulf, 2004). A detailed study of life-history ttaiof these plants (e.g. Hermy et al., 1999;
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Bellemare et al., 2002; Wulf, 2003) could help toderstand in further detail the distribution
patterns of AWP species in recent woodland andrtbehanisms that have operated to conclude on
the potential of each species to colonise woodlaccbrding to different ecological and non-

ecological factors.

4.6.2.3 The role of past land-use and present-day environmental conditions on plant
species composition
The results of the DCA indicate that there is reacldistinction in plant assemblage between sites
of different continuity classes. In addition, th@gping on the DCA ordination of probable ancient
woodland sites along the first DCA axis seem tateemore to the fact that these sites are distinct
from woodland with higher level of ground wetndssleed after removing the 10 sites categorised
as ‘Wet woodland’ (NWSS, 2014), the position of lpable ancient woodland do not indicate
anymore difference between probable ancient anenteevoodlands. Moreover, the plant
composition of probable ancient woodland sitesgmised as ‘Wet woodland’ is more similar to
recent ‘Wet woodlands’ than the other probable emtcivoodland sites. In sum, it seems that the
wetness gradient of the ground may be responsiielirring further the distinction between
ancient and recent woodland. Unsurprisingly, séllyas also very important to structure plant

communities (as discussed, for instance, by Craly2009; and Rotherham, 2011).

Different considerations may account for the fdwattthe plant composition does not differ
significantly between woodland sites of differemintinuity classes. Firstly, a chief issue is the
challenge to ascertain that the woodlands in cksare indeed ancient woodland and not
eighteenth century plantations that were not ackedged as such on estate plans. It is, therefore,
possible that a few sites considered as ‘probatdéeat’ may be post-1750. However, in all cases
the woodland sites of class A have longer contntlian woodland sites of classes B and C.
Moreover, this uncertainty does not call into gioesthe high occurrence of ancient woodland

indicator species in several recent woodland sites.

Secondly, although all the sites that were surveyredcurrently native woodland, it is not possible
to determine whether this had always been the @magesubstantial historical changes affected the
dominant habitats at some point of their historys likely that some present-day native woodland
sites were mixed or coniferous woodland when th&rewrecorded on historical plans. Such
changes may have affected the environmental conditon the long-term and influenced the
current botanical characteristics of these sitestiat matter, it is noteworthy that coniferougge
although very scarce, were recorded in 16 woodlsites, including 5 sites of class A (see
Appendix E). This observation indicates that thesssbable ancient woodland sites underwent the
plantation of non-native tree species in their ne¢estory. Likewise, 18 woodland sites, including

3 sites of class A, were depicted as mixed woodtamdhe First Edition OS 25-inch to the mile
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maps. Unfortunately, as these maps do not covarga Ipart the study area, it was not possible to
determine how the fact that a site was broadleas@uiferous or mixed in ¢.1860 has contributed

to structure its present-day floristic compaosition.

Therefore, old past land cover and land use, nedy identifiable from estate plans, may explain
the differences within and between the differentticwity classes. The case of Lochwood (SSSI)
can support this idea. Covered with pollard treesr @00 years old, this site is known to be a
former wood pasture partly converted into mixed dlaod in its recent history (SNH, 2008). The
woodland history of this SSSI may account for thet that it contains a plant community that is
very distinct from all the other ancient woodlans It is also noteworthy that despite its very
long continuity, Lochwood does not display a pafacly rich community of AWP species, with
12 species (the median for class A sites was 18iege Intensive historical grazing and/or
unsuitable light conditions — the canopy has reethirelatively open — may account for the
absence of woodland specialist species that fshaded conditions and that are vulnerable to
grazing. In sum, as past management may overreleffiect of continuity, it seems relevant to

integrate woodland history as much as possible wbesidering continuity.

Thirdly, in previous studies comparing the vegetatbetween ancient and recent woodland, the
recent woodland sites were mostly secondary wooddlastablished on former arable lands (e.g.
Bellemare et al., 2002; Flinn and Vellend, 2005jaBa et al., 2009). The effect of former
agricultural land-use may have long-term persistenie soil properties (Bellemare et al., 2002;
Flinn and Vellend, 2005). Changes in soil propsrtigay favour the establishment of competitive
species while hampering the establishment of sewaradland specialist species (Honnay et al.,
1998; De Keersmaeker et al., 2004; Flinn and Vdll&005; Fraterrigo et al., 2006). Thus, a high
degree of soil disturbance, as expected on formadrielands, can alter the flora and lead recent
woodlands to have distinct plant communities framiant woodlands (Flinn and Vellend, 2005).
In contrast, almost the totality of the woodlan@dmnthtions surveyed in the present study was
established on former pasture; only one site ‘@eec’) was on former cropland. Former pasture is
likely to have a lower impact than former arableda on soil properties (Koerner et al., 1997;
Wulf, 2004). A study by Koerner et al. (1997) ablgashowed stronger similarities in soll
properties and vegetation between woodland witlgdorrontinuity and more recent woodland on
former pasture. Furthermore, in the Prignitz (GerydaWulf (2004) showed that recent woodland
sites developing on former grasslands display getanumber of woodland species than those
developing on former arable lands. The author dises how some woodland species such as
Anemone nemorosandCarex remota- recognised as AWP species in Scotland (Craw0a9)

— can survive in niches in pastures and meadowsudmmary, the different historical land uses of
recent woodland sites may explain why the distarcbetween ancient and recent woodland seems

to be much more evident in other studies, for wiaffbrestation occurred mostly on arable lands,
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than in the present one. This consideration shtedd us to reiterate Rotherham’s hypothesis
(2011) that indicator species may actually growfgremtially on soils with historically lower
disturbance. If this assumption is proven truenttiee concept of indicator species may be less

relevant in areas where recent woodland has mgsilyn on former pasture.

It is noteworthy that in the case of ‘Rah2’ — & sif class B with 10 AWP species —, a further 4
AWP species including dog’'s mercuryMércurialis perenniy wood anemone Ahemone
nemorosy pignut Conopodium majysand yellow pimpernellysimachia nemorujrhave been
identified only at the edge of the woodlaid they were not inside the woodland, their ocawee
was not considered for this site. However, it wobkdof interest to understand why these species
have not established themselves inside the woodlarttis evidence of recruitment limitation or
do these species only need more time to move lr@oMoodland? Repeated observations of this
kind and long-time monitoring may help to addregegiions related to the ability of plant species

to colonise new woodland over time and the rolpreent-day ecological conditions.

4.6.3 Final considerations

The present study shows that: 1) the Ancient Wowtlaventory is largely inaccurate; 2) as such,
the inventory cannot identify the historical bourida of ancient woodlands that have been
dynamic over the last centuries; and 3) the plaothraunities of ancient woodland sites —
particularly the species known as AWP species —natesystematically distinct from those of
recent woodland. As a result, these observatioosldlguestion our understanding and definition
of ancient woodland as a distinct category. A amgtatement was made by Stone and Williamson
(2013) and subsequently Barnes and Williamson (2@b5157-158) from studies in Norfolk
(England).

However, rather than undermining the ecologicaldrntgnce of woodland with longer continuity,
this study points out the ecological value of waodls not currently included in the ‘ancient
woodland’ category. Therefore, the present reslitaild not be understood as a pretext to dismiss
conservation measures applied to woodland sites Mitger continuity. On the contrary, these
measures seem worth being extended to a larger lammbdarea than the woodland currently

defined as ‘ancient’.

Adopting a more recent threshold date or integgadimy native woodland adjacent or located in the
surrounding area of ancient woodland are diffempttons to consider. They are supported by a
few motives: 1) the relevance of extending the eoration status to some recent woodland of
classes B and C is suggested by the ecologicaé@liseveral of these sites that is regularly as
high as those of ancient woodland. Although théss sire not ancient, most of them have already

experienced a relatively long-history (> 100-15@ng3, a lapse of time that was sufficient for many

179



Chapter 4

plant species to establish themselves in these lodst 2) this study revealed that the boundaries
of probable ancient woodland sites cannot be ifledtaccurately from the Roy map or the First
Edition OS maps. This issue has already led the Ad\integrate much woodland that is not
ancient according to the official definition for @land; 3) the ‘cut-off’ date to define ancient
woodland is, in any case, arbitrary and there i€omsistency between countries, nor any known
threshold that marks particular changes in woodlacdlogical features. This date varies from
1600 (England and Wales, Goldberg et al., 2007)%.1375 in Belgium (Honnay et al., 1998),
€.1780 in Germany (Wulf, 2003) or early nineteecghtury in France (Dupouey et al., 2002b). A
threshold date that is later than 1750 could beensonvenient as based on more reliable historical
sources and criteria. On the other hand, a lateof€wdate could undermine the importance of
identifying and protecting in priority woodland esit with the longest continuity, if the latter are

indeed of considerably higher ecological value.

The fact that the AWI integrates much recent woadllas perhaps not an issue for conservation
measures. However, it seems certain that it caactafiny research study that relies on this
inventory to investigate the ecological differendetween ancient woodland and more recent
woodland sites. In the past, this inaccuracy mayehad to incorrectly consider several plant
species as indicator species of ancient woodlalido(ayh some of these species may be indeed
associated with relatively longer continuity). larn, the occurrence of many AWP species in
‘pseudo-AW'’ may lead to a circular problem wherbatomes difficult to disentangle what species
are indicators of ancient woodland and what wodatligrancientln fine, widespread errors in the
inventory could lead research studies to underrttieereal importance of woodland continuity.
Naming the AWI ‘provisional’ may not be enough tanv researchers and other woodland experts
of the pitfall of using this inventory as refererfoe antiquity. No final inventory — i.e. exempt of

error —is likely to be released in the future.

As the aim of the field survey was to determinedi§tinct flora can be perceived between
woodlands of different continuity classes, the pnesvork did not tackle other field evidence that
can indicate if a wood is ancient. This evidenceofien associated with the cultural value of
ancient woodland that enhances the importance efethsites. For instance, in England,
archaeological features, such as walls and bar&s, provide additional evidence of ancient
woodland (Glaves et al., 2009b, Rotherham, 2011)ilé\the relevance of this approach can be
efficient, these features are unfortunately notaglvapparent and can be also misleading (Stone
and Williamson, 2013: Barnes and Williamson, 20IH)e occurrence of veteran trees and old
coppice trees are other factors to consider (Glaves, 2009b; Rotherham, 2011) but, once again,
this evidence is not irrefutable to indicate longntinuity. Veteran trees can precede the
establishment of woodland and, in the present stadppice trees were found in nine recent
woodland sites (i.e. 38%) (Appendix E).
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4.7 Conclusion

In the study area, the present chapter shows tlaag@ area of woodland identified as ‘ancient’ in
the Scottish Ancient Woodland Inventory (AWI) midgte plantations from the late eighteenth to
mid-nineteenth century. The inaccuracy of the A¥#ras to concern to a greater extent the ancient
woodland identified exclusively from the First Edit OS maps (i.e. category 2a). Estimates were
produced while considering the uncertainty assediatith the planimetric accuracy of estate
plans. In addition, the AWI classification seemsctmsider ancient woodlands as stable features
and overlooks the complexity of woodlands’ diffeyihistorical trajectories. For instance, it does
not take into consideration the woodland plantaiadjacent to ancient woodland that frequently
occurred between ¢.1750 and 1860 (Chapter 3).

Overall, the logistic regression models of past ééand cover developed in Chapter 3 do not allow
an accurate identification of the ‘pseudo-ancienbdéland’ in the AWI. However, these models
remain able to distinguish better than randomly gseudo-AW from the probable ancient
woodland using a probabilistic approach. The pseAMbsites can be identified based on their
environmental characters that contrast with anc@nprobable ancient woodland (e.g. higher

elevation, lower slope steepness and further avesy treams).

It appears that the substantial discrepancy betwlerAWI and the evidence of the woodland
continuity provided by estate plans result in fianin the inaccuracy of the Roy map. Examples of
comparison with estate plans indicated that thetsheovering Nithsdale and Annandale might,
overall, exaggerate the amount of woodland covéis Dbservation contrasts with the current
belief that, on the contrary, the Roy map tendesuerlook a large amount of woodland. Used in
conjunction with the very accurate First Edition @8ps, the raw depiction of the woodland cover
on the Roy map might have led to an overestimatth@famount of ancient woodland for the
Scottish AWI — the ‘Great Map’ was convenient tcee usr the AWI as it covers the whole
Scotland. Therefore, it is likely that the lessémsn the cartographic assessment of the AWI and
the Roy map can be applied outside the study &resaddition, the inaccuracy and inconsistency of
the Roy map as stressed in this Chapter should giroaution in using this historical source to

study woodland history in Scotland.

The vegetation survey of 41 woodland sites shoasglobable ancient woodlands identified from
estate plans are likely to exhibit more plant speeissociated with ancient woodland. Nonetheless,
a large number of recent woodlands should be @&@sognised for their high ecological value as
their vegetation can share much similarity withsthof ancient woodlands. In addition, the regular
occurrence of many ancient woodland indicator g®edn non-ancient woodland habitats
highlights the risk of incorrectly recognising retevoodland sites as ‘ancient’ without other

evidence of antiquity. In that regard, the useh& AWI to identify ancient woodland sites can
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bring additional misleading evidence. Ultimatelyese errors can impact the accuracy of studies

that aim to investigate the effect of habitats panty in the ecology of woodland.

Through several cases studies, historical estaa@spproved to be a unique and valuable
complementary resource for ecological studies abdlend habitats. These detailed cartographic
records can help to investigate the ecological mgmee of woodland continuity with regards to
other biological and non-biological factors anduederstand the distribution patterns of plant
species. This chapter demonstrates how rapidlyakepkants known as indicator species of ancient
woodland are able to establish themselves in neadiands and, thus, to contribute to blurring the
distinction between ancient and recent woodlandtétab Estate plans can help further to assess
how past land-use and landscape context may catdrio shape the ecological characteristics of
present-day woodland. A better understanding adehmechanisms is crucial in adopting suitable

strategies to conserve habitats of high ecologiakie inside and outside ancient woodlands.
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Chapter 5

Conclusion

5.1 Introduction

Historical maps have been used in various countdesnvestigating past changes in woodland
cover and for assessing their long-lasting impioet (e.g. Wilson, 2005; De Keersmaeker et al.,
2014, 2015; Berges et al., 2016; Loran et al.,, 20TBey have also helped to identify ancient
woodland sites for woodland conservation purposBsidberg et al., 2007) and to better
understand the ecological importance of woodlanaticaoity (e.g. Wulf, 2003; Schmidt et al.,
2014). In Scotland, the earliest detailed topog@phaps covering large parts of the country,
namely the Roy map (c.1750) and the county mapsiaddiave the level of detail, accuracy and
reliability of the First Edition OS maps (c.186@hapters 1, 2 and 4). The potential of these small-
scale pre-OS maps is therefore limited to providinglence of the woodland cover global extent
and character prior to ¢.1860. Consequently, liglkknown about the environmental legacy of
relatively recent changes and the history of theieart woodland sites compiled in the Scottish
Ancient Woodland Inventory — an important tool faoodland conservation (Goldberg et al.,
2007).

The integration of estate plans in a GIS was faienble efficient means to address this gap and to
provide a unique time perspective concerning pasbdland cover distribution, character and
changes. At first sight, it appeared challengingambine the information of hundreds of plans
varying in form, dates of production, and by diffiet mapmakers. Nonetheless, the consistency in
the depiction, accuracy and reliability of estak@np enabled spatially explicit reconstructions of
the woodland cover extent for two time series ptioc.1860. These reconstructions were possible
using 352 estate plans covering a total of 107 the historic counties of Dumfriesshire and
Kirkcudbrightshire.

In addition, this PhD has demonstrated how thefagbstudy of historical estate plans can provide
detailed spatio-temporal evidence of the changas ltlave occurred since the mid-eighteenth
century. Hence, this study has highlighted howptesent-day woodland cover has progressively
emerged from past human actions, including defatiest, plantation and management practices.

In addition, historical written archives offeredcamplementary insight into the spatial analyses
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concerning historical tree composition and someheaf processes that led to changes in past

woodland cover.

As well as throwing new light on the woodland higtof these last 200-250 years in the study
area, this interdisciplinary PhD research has piedivaluable information for the conservation of
present-day woodland. In particular, this studyeeded, and quantified to what extent, the Scottish
Ancient Woodland Inventory is inaccurate. By extens it examined the reliability of the

historical cartographic sources that acted as éisestjor the Scottish Ancient Woodland Inventory,
and thus proceeded to a critical assessment om#taods to compile ancient woodland sites.
Furthermore, the higher planimetric accuracy ohtesplans compared to other contemporary
cartographic sources enabled the accurate ideatidit of case study sites for comparison of the
plant communities between probable ancient woodlamd later plantations (i.e. ‘recent

woodland’). The results question our perceptionantient woodland as areas definable in the
landscape and as a category of distinctive ecadbgltaracter. In doing so, this study challenges in
many ways the different criteria that are currertbnsidered as essential to defining ‘ancient

woodland'.

By reassessing our current belief concerning pasidiand cover extent and changes and by
guestioning our perception of ancient woodland, ithglications of this research are assumed to
extend beyond the boundaries of the study area. Wik also highlights the considerable value of
estate plans for studies that aim to reconstrudtiavestigate past landscape changes at historical

periods when cartographic evidence was scarcermiaerably less detailed.

This concluding chapter summarises the key findiiogseach of the aims laid out in Chapter 1,
namely: 1) reconstructing historical woodland cavethe study area at different time periods from
the second half of the eighteenth century; 2) attarsing the long-term changes in woodland and
assessing their legacy on the distribution and afteristics of present-day woodland; and 3)
proceeding to a critical assessment of the critéviadefine ancient woodland as a distinct
ecological category and identifying the implicasofor conservation plannindn addition, this

chapter presents potential research directiongrendider contribution to research.

5.2 Key findings

Aim 1. Reconstructing historical woodland cover in thedst area at different time periods from

the second half of the eighteenth century

Based on the study of 352 estate plans, the Gl&adepresented in Chapter 2 allowed the
spatially explicit reconstruction of the woodlanaler for two time series, namely T1 (1740-1799)

and T2 (1801-1833). The woodland reconstructiongeh time series do not represent a snapshot
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of the woodland cover at a single point in timesytlare a composite of data compiled from estate
plans drawn at different dates. As such, the woatlleover reconstructions for T1 and T2 are
dominated by data prior to ¢.1775 and after c.18d$pectively. Altogether, the estate plans cover
a total area of about 107,700 ha in Dumfries anidb@ay and the two time series cover a common
area of 41,980 ha. The range of information pravikg the plans concerning woodland cover was
recorded into the GIS geospatial database for sierand categorised afterwards into woodland

vegetation classes and management types.

The conceptual framework by Leyk et al. (2005) vafld uncertainties to be identified and
assessed. These uncertainties are associatedheitthallenge of working on a large number and
variety of plans (i.e. production-oriented uncertgi transformation-oriented uncertainty and
application-oriented uncertainty). Uncertaintiesweed at different points from the estate plans
production to their practical use for research aodand cover changes. Such assessment was
necessary: 1) to determine the accuracy and riyabf the reconstructions; 2) to explore the
comparability of data extracted from estate pldisst Edition OS maps (i.e. T3, ¢.1860) and the
modern woodland inventories; and 3) to integratk raitigate these uncertainties while addressing

the different research objectives.

While being faithful to the surveyors’ original worthe reconstruction methods were efficient in
compensating for or mitigating deformations andcaumacies at several stages of the process,
including land survey, map production, storagejtid@tion and vectorisation of the plans. The
planimetric accuracy of the woodland reconstrugiéor T1 and T2 — the median of the Root
Mean Square Error (RMSE) was 17 and 11 m, respgtivseemed appropriate for a comparison
with the First Edition OS plans (i.e. T3, c.1860)damodern data (i.e. T4, 2014). While the
mapmakers used a relatively similar range of scaldgetter understanding of their conventions to
depict and name woodland enhanced the comparadilitye plans. The possibility to compare the
woodland reconstructions for T1 and T2 with the diaad cover in T3 and T4 enabled the study
of past changes with a very detailed spatio-tempesmlution. The study of woodland trajectories
and the calculation of the perimeter-area ratioRP8n the trajectory patches confirmed the global
consistency, and thus the reliability, of the depitof woodland cover between the different time

series.

Some uncertainties remained. In most cases, thee insufficient information concerning
woodland to categorise woodland data into vegetatitasses and management types; the
plantations were, for instance, not always ackndgdel as such. In addition, the study of the plans
revealed occasional ambiguity (e.g. meaning of hgusvood’ and ‘natural woodland’) and
vagueness in the depiction of the woodland (e.@otland’ and ‘bushes’ could not be always

distinguished). Despite these uncertainties, tlel lef reliability and accuracy of the estate plans
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and thus the woodland reconstructions, proved teulffecient to investigate the long-term changes

in woodland cover.

DAMP’s (Dumfries Archival Mapping Projertcontribution was essential in providing access to
privately-owned estate plans that had been undleiléo researchers. The success of this
collaboration illustrates the considerable bengfitbe derived from working closely with local

community groups.

Aim 2. Characterising the long-term changes in woodlamtl aassessing their legacy on the

distribution and characteristics of present-day witamd

The results of the quantitative analysis showedagked and consistent growth in woodland cover
during the eighteenth and nineteenth centuriesléthé woodland covered about 3% of the study
area in T1, it increased to 4.5% in T2, and to lketw6.5 and 8.5% in T3. When considering the
evidence of plantation provided by the estate suong it was possible to determine that the lowest
coverage in the study area occurred, at the ladestetime in the mid-eighteenth century with a
generous estimate of 2.5% of woodland coverage.edew it is not possible to determine to what

extent the results of the quantitative study ingtuely area apply to the rest of Scotland.

The results of the woodland metrics, change deteciinalysis and trajectory analysis brought
further insights into the long-term woodland dynesniThe increase of the woodland cover took
place through the occurrence of small clustereddlaow patches alongside some plantations of
much larger sizes. Despite the expansion of thedi@od cover and occasional large plantations,
the mean size of the woodland sites declined owee tand their compactness decreased. In
addition, the net gain of woodland hides importahative — or ‘gross’ — woodland loss over the

eighteenth and nineteenth centuries. These woodligndmics of loss and gain (i.e. absolute

changes) accelerated during the first half of tieeteenth century. A consequence is that a
maximum of only 21% of ancient woodland of semiunak origins was estimated extant by ¢.1860
in the area covered by eighteenth century estaasp(Area 2, section 3.3.2). These results
underline how the present-day woodland cover has Ipeogressively shaped by plantations and

clearance at different spatio-temporal rates.

The trajectory analysis enabled the tracking, magp@nd categorising of the various historical
trajectories of present-day broadleaved woodlamtesithe eighteenth century. An important
outcome was to show that this woodland can be cesp®f several juxtaposed sections of
woodland stands of different ages. Consequentipesprobable ancient woodland cores are now
integrated into a matrix of relatively recent waanatl plantations. Strong ecological implications

can therefore be expected from this change in vewabiconnectivity on the spread of woodland

186



Chapter 5

species. Landscape context and history could paxplain the distribution patterns of vascular

plant species on the field as discussed for aim 3.

The modelling approach using binary logistic regi@s allowed a better understanding of past
woodland distribution and changes in relation twdcape physical contexts, thereby revealing the
importance of several drivers (i.e. explanatoryalaes). Slope steepness, elevation and distance to
the nearest streams were found to be dominanttowerand for a large part of the study area. In
addition, the results provide an insight into tiffiects of aspect of the slope and soil conditions —
even though the importance of both variables diffeaccording to the estates and the period of
study. Contrasting observations over time and speitein the study area might reflect both
different environmental constraints and varyingcpices in establishing woodland. The woodland
expansion between T1 and T2 took place near pstiegiwoodland in T1, while the patterns of
woodland expansion seem to have radically changed the first half of the nineteenth century.
During that period, the woodland expansion no lorigaded to occur near pre-existing woodland
and previous drivers failed to explain the patterhthis expansiont is noteworthy that the closer
proximity with ancient woodland of the eighteentidaearly nineteenth century woodland may
have enhanced their current ecological value coetptr later plantations. The woodland species
may have been able to colonise more easily the péahtations, located near ancient woodland,
than the later plantations, on higher elevatiorgraore isolated from pre-existing woodland cover

(see aim 3).

Using the models of past woodland distributionTar it was possible to produce spatially explicit
probability maps of past woodland cover that wetapéed according to the region of study. These
models should be considered as exploratory methndscan be improved after integrating other
variables of importance to explain past woodlangecde.g. distance to the roads, population, local
needs, etc.). The possibility of producing spatiakplicit probability maps remains relevant to
locating: 1) areas where the models do not ex@lequrately past woodland distribution — and that
can, in turn, help to improve the models; 2) theyvaarly plantations not identified as such on the
estate plans; and 3) the woodland listed in theigicdWoodland Inventory which are the most

likely to be plantations rather than ancient wondlésee aim 3).

Unfortunately, despite a few exceptions, the egikes did not provide much evidence concerning
the woodland tree species composition. A conseguenthat changes in tree composition, when
they occurred, cannot be identified from estatenglahe First Edition OS and other historical
sources including the Statistical Accounts of Swuudl (1791-1845) proved useful in partly
overcoming this limitation. The different sourcemnfirmed that plantations of mixed woodland
formed a large part of the woodland cover by the kighteenth century in the study area. In

addition, variations in the species planted occubretween estates according to local preferences.
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A Dbetter understanding of past practices for ptantwoodland is particularly relevant as
plantations of non-native tree species do not rsacgssupport the same biodiversity as native
woodland (Brockerhoff, 2008; Pedley et al., 2014ijs@h, 2015). In sum, historical references
contributed to understanding how present-day woatitharacter may have progressively emerged
from past human management. In addition, these rdeots provided further information
regarding the reasons that encouraged planting laoddand the interest of practices such as
mixing broadleaved and coniferous. Evidence fromhiaes also indicated that the temporal
resolution of the mapping reconstruction from esfaains may still underestimate the magnitude
of past woodland changes (see Muller and Carruth2®47, Appendix D). Finally, while
highlighting past changes, this study providedHrepportunities to examine some of the long-

lasting ecological implications on present-day waod ecosystems.

Aim 3. A critical assessment of the criteria to define iant woodland as a distinct ecological

category and implications for conservation planning

The long woodland continuity and distinct ecologicharacteristics are important criteria for the
recognition of ancient woodland sites and theiegnation in conservation planning (Goldberg et
al., 2007). Through a better assessment of woodigstdry in the study area (aim 2) this research
sheds new light on the history of the sites congpitethe Scottish Ancient Woodland Inventory
(AWI). It has also challenged the idea that thesesscan be recognised based on their plant
assemblage. Ultimately, this study calls into goesthe recognition of ancient woodland as a

distinct category and proves to have relevant icagibns for woodland conservation.

Assessing the Scottish Ancient Woodland Inventory

A large area of woodland recognised as ‘ancientha Scottish AWI was not wooded during the
first time series (T1, 1740-1799) or even the sdciome series (T2, 1801-1833). This woodland
being not recorded on estate plans is likely t@bmore recent origin than expected. The amount
of ‘pseudo-ancient woodland’ (pseudo-AW) was foundreach at least 40% of the woodland
compiled in the AWI for the area covered by eightBecentury plans. The identification of
‘ancient woodland’ based on the interpretationtedf First Edition OS maps only (category 2a)
appears less reliable than the interpretation basetthe Roy map (category 1a). Nonetheless, at
least 30% of the ancient woodland identified frdra Roy map was also found to be pseudo-AW.
These results can be explained by the relatively lEvel of reliability and accuracy of the Roy

map as illustrated by local comparisons with egtédas.

This study questions the methodology used to drpwthe Scottish AWI. By showing that the
largest inaccuracy concerns the woodland of caye@ay this research does not support the current

assumption that has led to all the native woodldgpicted on the First Edition OS maps being
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considered as ‘ancient’ (Kupiec, 1997). By extensibseems wrong to consider that the woodland
of category 2a was more likely to be overlookedrduthe Roy mapping, despite the inaccuracy of
the latter (Kupiec, 1997). Moreover, as the bouedaof the woodland cover changed between
€.1750 and ¢.1860 on account of the numerous plansaand clearances that occurred during that
period (aim 2), it seems inaccurate today to defireeboundaries of ancient woodland based on
those depicted on the First Edition OS maps. Thg Rap lacking in detail and being partly

unreliable, it appears difficult to identify theast boundaries of the ancient woodland using either

the Roy map and/or First Edition OS maps.

In sum, while ancient woodland is part of a matfixvoodland plantations of different continuity
(aim 2), it appears that the AWI incorrectly corsalthese sites as stable features in the landscape
It is also noteworthy that historical managemerdcpces such as the trend of planting mixed
woodland may have led to substantial changes inwbedland composition and structure of
ancient woodland sites. They are additional reattmatsshould lead us to dismiss the perception of

ancient woodland sites as stable features over time

The logistic regression models developed in Chapi@nd discussed for aim 2) proved to be able
to distinguish better than randomly the pseudo-AVf the probable ancient woodland. This
probabilistic approach takes advantage of the fhat the environmental characters of many
pseudo-AW sites (e.g. elevation, slope steepneassligtance from streams) seem to contrast with
ancient or probable ancient woodland. In the fyttits approach may be proved useful to identify
more accurately true ancient woodland sites foeassh studies or conservation purposes where

historical evidence is missing.

Assessing the importance of woodland continuitplant communities

Eighteenth century estate plans are unique fortifgerg case study sites to determine whether
ancient woodland sites are ecologically distinotrfr'recent woodland’. Contrary to the Roy map
and First Edition OS maps, these plans provide teebalea of the real boundaries of ancient
woodland, thereby allowing the categorisation ofdland sites into different continuity classes
for ecological studies (e.g. probable ancient waod| eighteenth century plantations, and late

nineteenth century plantations).

The botanical survey of 41 native woodland sitesddferent continuity classes led to the
identification of 149 vascular plant species. Thiesscould be identified from the trajectory
analysis (see aim 2). Although probable ancientdlauds are likely to exhibit more plant species
associated with ancient woodland (AWP specieskrs¢vecent woodland sites are very similar in
plant community to those of ancient woodlands. iRstance, up to 14 AWP species and 12 AWP

species were found in pre- and post-First Editid fantations, respectively. The occurrence of
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many of these species in non-ancient woodland &igbiitighlights how rapidly they can actually
establish themselves in recent woodlands. Thesgespmclude some of those regularly reported
as ancient woodland indicators such as dog’'s mgr@dercurialis perenniy wood anemone
(Anemone nemorojapignut Conopodium majys wood sorrel Qxalis acetosellp bluebell
(Hyacinthoides non-scripjawild strawberry Fragaria vesca and yellow pimpernellfysimachia
nemorun (listed as AWP species in Scotland by Crawfo@)9). This ability to thrive in recent
woodlands contributes to blurring the distinctiomtiween woodland habitats of different
continuities. Moreover, the differences in planseasblages observed between woodland sites
could result less from continuity than distinct eammental conditions such as soil's wetness and
acidity, levels of grazing, tree composition ana twoodland structure inherited from past

management.

As the eighteenth and nineteenth century’s woodlaladtations seem to have grown mostly on
former pasture, it is possible that the historicddiwer disturbance of these soils (e.g. lack of
plowing) did not preclude the recruitment proceB#WP species. These conditions contrast to
other studies for which recent woodland occurredaymer arable lands (e.g. Bellemare et al.,
2002; Flinn and Vellend, 2005; Sciama et al., 2009addition, the dispersal of AWP species may
have been enhanced by local context such as goodectivity between ancient and recent

woodland as illustrated by the proximity of latglgeenth or early nineteenth centuries plantations
to ancient woodland (see aim 2) — the ancient waoatllacting as reservoir of species to recent
plantations (e.g. Brunet and Von Oheimb, 1998; Batand Williamson, 2015). Some of the AWP

species recorded in recent woodland may have alsad from non-woodland refuge areas (e.g.
ditches and hedges) where environmental conditiofts instance, relatively humid, shaded, and
low grazing — would have already provided suitalédbitats for these species long before tree
plantations occurred (Wulf, 2004; Barnes and Whilsan, 2015). In any case, this study has shown
that several AWP species have established thenssétveecent woodland more rapidly than

previously claimed. The strong similarities in glasommunities between woodland sites of

different continuities suggest also that the inaacy of the AWI might remain un-noticed in the

field. In addition, these results demonstrate #ratient woodland sites are not alone in providing

habitats to valuable species.

To summarise, this study shows that: 1) the AWaigely inaccurate; 2) the AWI cannot identify
the historical boundaries of ancient woodlands; @nthe plant communities of ancient woodland
sites — in particular ancient woodland indicatae@es — are not systematically distinct from those
of recent woodland. These observations should migtahallenge our understanding and definition
of ancient woodland as a distinct category, thesp aluggest that depending on the landscape
context (i.e. connectivity to ancient woodland bigo presence of hedges and ditches as refuge

areas), environmental conditions (e.g. pH, wetnasd)woodland history (e.g. past land-use, past

190



Chapter 5

management), relatively recent plantations coukkdes the same recognition as ancient woodland
for conservation. In other words, with respect @scular plants, it can be worth extending

conservation interest to a larger woodland area tbancient woodland. As this study focuses on
vascular plants only, further research based @ieeptans and considering other taxonomic groups
(i.e. invertebrates, lichens, bryophytes, mammeils,) can also prove relevant to provide more

inclusive guidance for woodland conservation.

5.3 Potential research directions

Since the end of data collection for this proj@AMP has already been able to collate hundreds of
supplementary historical estate plans that showoldsiderably extend the historical mapping
coverage in Scotland. The availability of thesenplincreases the horizon of possibilities. The
most important task would be to extend the regibstody and proceed to a similar pattern of
analyses in order to assess to what extent therturesults can apply to the rest of Scotland.
Moreover, while this research does not cover imitldte period after ¢.1860, similar analyses for
the period ¢.1860-2014 to those undertaken herkel @so enhance our understanding of the most
recent changes, their causes and consequencely,Hina findings of this PhD can serve as a
basis for potential research directions that cancbasidered for historical and ecological

perspectives. Some of them are introduced in #osan.

5.3.1 Factors that influence the accuracy of the historical woodland cover
reconstructions

It is likely that imprecisions are introduced atleastage of the reconstruction, including data
collection by estate surveyors, plans’ drawing, rage, digitisation, georeferencing and
vectorisation. In a Master’s study (MSc), Batesedrto determine the influence of several factors
on the accuracy of georeferenced estate plans tiewarly the digitising method, the distance
surveyed by the surveyor and height (Bates, 20¥hile the study by Bates (2014) was
constrained by the limited number of estate plavaslable, the very large set collated during this
PhD offers more opportunities for extensive invgeion. Such assessment can be relevant for
various reasons such as improving practices ohggrdigitisation methods and data integration
into GIS. The latter involves improving the moséaigkof estate plans for local georeferencing and
choosing the most adequate transformation. In iatditdentifying where the plans are perhaps
less accurate (e.g. steep slope, lands on higbeaten or along the water network) could help in
better assessing the quality of the woodland reéoacttons — planimetric accuracy and reliability —
depending on the landscape properties. For instadates (2014) on pre-OS estate plans and
Loran et al. (2016) on the Siegfried Map (ninethetegntury, Switzerland) found that historical
maps’ accuracy tends to decrease as the slopasazelntegrating how the planimetric accuracy

of the historical woodland cover reconstructioni@giover space can serve to identify with better
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precision what site is ‘ancient’ or ‘pseudo-anciembodland during the process of comparison

with the Ancient Woodland Inventory.

Chapter 2 discusses the limitations of using theSEMas an indicator of the reconstructions’
planimetric accuracy. The availability of many @amould allow testing and implementing other
metrics that better reflect this characterisatiime mean absolute error that gives a similar weight
to each control point's residual error (Chai andader, 2014) can be considered first to
supplement the RMSE. Another metric of interestmiplement would give higher weight to
control point’s residual error near any area oftipalar interest — such as woodland — and also

penalise georeferencing based on few or uneveastyitalited control points.

5.3.2 Historical drivers of past woodland cover and changes

The logistic regression methods were presented@eratory to understand some of the drivers of
past woodland cover distribution and changes (ajmTkese models can also help in better
identifying present day woodland sites that arelNiko be early plantation — when evidence from
eighteenth century estate plans is missing — asdugo ancient-woodland’ sites in the Scottish
Ancient Woodland Inventory (aim 3). The models cobé improved in testing other explanatory
variables that may be of interest, including topgdic wetness index (Beven and Kirkby, 1979),
wind indices (Boehner and Antonic, 2009) or sostiation (Hofierka and Suri, 2002). In addition,
a larger study area — as now possible from the estate plans digitised by DAMP — would allow
assessing more accurately the performance, andréhessance, of the models when applied to

other regions of study.

Assessing in more detail non-biophysical drivers ba also relevant. For instance, Loran et al.
(2017) used a modelling approach including socmemic factors such as population size, farms
and cattle data census to better understand testfexpansion in Switzerland since 1850. For this
research, wood-demanding industries, populatiod,dstance to the nearest roads are some of the
drivers that may have contributed to determineldlcation and amount of woodland plantations.
Although some of this data remains more challengingollect from historical maps or archives —
in particular for the first time series (T1, 174099) — some valuable information such as
population census is available in the Statisticat@unts of Scotland (1791-1845). Integrating this
data could be a first step to assessing local need#god and better calibrating the different

models which, thus far, tend to overestimate thewarnof woodland.

Finally, the results from Chapter 3 indicate thasglte net woodland gain over time, a substantial
amount of woodland was lost between each time sefiee logistic regression models could be
used to identify where the woodland disappearethfrmto what land-cover/land-use type the

former woodland was converted, and thus reveal surtiee drivers that led to these changes.
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5.3.3 Abilities of the so-called ‘ancient woodland indicator species’ to
colonise recent woodland and processes

Further research is needed to assess the role diftarent factors that are likely to shape thenpl
distribution patterns. These factors can be diffitmdisentangle and are closely related. Notably,
they may include the landscape context, past laverdand-use, current woodland structure, soil
chemistry and the level of grazing in each woodlaitd (Chapter 4); it is noteworthy that the
Native Woodland Survey of Scotland already provieésrmation on the latter (NWSS, 2014). A
comprehensive assessment of these factors woulthealour understanding of the processes that
made the plant’s dispersal and recruitment effectwd, thus, contribute to better designing

conservation strategies.

Firstly, it would be of interest to systematicaitientify the former land-cover/land-use where the
eighteenth and nineteenth century plantations lgaoen. As discussed in Chapter 4, past land-
cover/land-use influences the level of historidatutbance of the soils that, in turn, might enleanc

or hamper the recruitment of plant species (Horata)., 1998; De Keersmaeker et al., 2004; Flinn
and Vellend, 2005; Fraterrigo et al., 2006). Thegyrhave also provided environmental niches
where woodland plant species can survive outsidedlaads (Wulf, 2004; Barnes and Williamson,

2015). The vectorisation of the whole land-covedlaise from historical estate plans is therefore
recommended. It is notable that such data canbesaf interest for landscape historians aiming to

study long-term landscape changes, besides woodtared.

Secondly, the study gflant functional traitscan be undertakeinom theplant surveys carried out
for this research. These traits can be morpholbglaysiological and phenological features
(Pérez-Harguindeguy et al., 2013). Notably, thetemaeine plants’ ecological strategies, response
to environmental constraints and their influenceesnsystem properties (Pérez-Harguindeguy et
al., 2013). Several studies have shown interegliant traitsin order to determine if the plants
associated with ancient woodland share biologibatacteristics that determine their colonisation
capacities (i.e. dispersal and recruitment) (egrh€yen et al., 2003; Hermy and Verheyen, 2007,
Kimberley et al., 2013). In the UK, Kimberley et. §2013) demonstrated that several traits
associated with AWP species reflect poor disparaphbilities (i.e. short, perennial species and a
high seed weight). Plant traits can thus be reletmanderstanding how some of the AWP species
have successfully established themselves in regeatiland of the study area — in some cases in
less than 100 years, as shown in Chapter 4 — addtesmine whether these plants can survive in
refuge areas outside woodland. Plant traits cam r@fiect the plant response to environmental
disturbances such as historical land-use and grgmiessure (Diaz et al, 1999; Verheyen et al.,
2003). In sum, an in-depth study of the traitshaf plant species identified in the study area could

highlight some of the conditions and processes thdtor did not make the dispersal and
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recruitment effective. In addition, this approaeim @rovide a better understanding of the potential

resilience of woodland to future disturbances (Keméy et al., 2013).

As well as providing an insight into the remnanfiuence of historical land-use on woodland
ecosystems in different historical and environmeotantexts, such a study can provide valuable
information for diverse woodland sites, includinggdee of vulnerability, potential of woodland
species to spread, and potential for restorationis Tinformation could be integrated into

management and conservation programs.

5.3.4 Identifying potential areas suitable for native woodland expansion

The Scottish Government encourages the expansioative woodland and the development of the
forest habitat networks to mitigate habitats fragtaton (Forestry Commission, 2009b; Wilson,
2015). This measure aims to enhance the movemesp@dies to increase the resilience of
population and alleviate the impact of future distinces such as climate change (Forestry
Commission, 2009b). In this regard, woodland modsla assist in identifying the potential
suitable areas for planting new woodland and erihgnmatural regeneration (SNH, 2004; Forestry
Commission, 2009b; Gkaraveli et al., 2004). In Wal&karaveli et al. (2004) established a
methodology to determine priority areas in Snowedohlational Park after having weighed
different ecological criteria and including distario the nearest ancient woodland. Using a related
modelling approach, the Forestry Commission Scdti009b) has also implementedtential
native woodland netwonkaps to guide the woodland expansion. While inclgdilimatic and soll
information, this model gives priority to areasadjnt to existing ancient and native woodland (i.e.
‘core area’). The identification of a network ofofential expansion zones’ aims to improve the
ecological connection to core areas and thus altbersxpansion of species known as ‘slow’ and
‘moderate’ colonisers. The model also encouragesihilothe creation of new woodland where

the native cover is low (Forestry Commission, 2009b

Lessons learned from this PhD and future reseaanhconsiderably improve the identification of
the most suitable areas for the expansion of nativedland. This PhD shows that past woodland
cover reconstructions from estate plans can heldantifying more accurately than the Scottish
Ancient Woodland Inventory what sites are likelylie ancient semi-natural woodland (ASNW)
and plantation on ancient woodland sites (PAWS)uding these reconstructions, it should be
possible to better target potential suitable afeasiative woodland expansion, namely the areas
adjacent to ‘true’ ASNW and the PAWS for conversiioio native woodland. Furthermore, current
models could integrate valuable historical datanfrestate plans such as past land-use. The latter
can be crucial as it may have a long-lasting infageon the ability of species to colonise new
woodland (Koerner et al., 1997; Honnay et al., 299&n and Vellend, 2005; Fraterrigo et al.,
2006; Plue et al. 2008; Fichtner et al., 2014). atance, priority could be given to former
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pastures over former arable lands (Chapter 4; IseeVdulf, 2004). Finally, current models could
integrate the location of past woodland cover. [Hiter can be important if residual populations of
lost woodland could survive in the landscape. Wandl specialist species who found refuge in
diverse elements of the landscape (e.g. ditch@gsgahear lost woodland could spread again to the

newly created native woodland (Barnes and William&®15).

5.4 Contribution to research

This PhD research provides new information thatsadda wider-knowledge base. Firstly, to the
author’'s knowledge, this study is the first thagesses the spatio-temporal comparability of estate
plans at the landscape scale. In doing so, thdtsdsighlight the potential of combining hundreds
of estate plans into a GIS to reconstruct pastseayge and investigate historical changes at periods

of time when little evidence is available.

Secondly, while acknowledging the different domaofsincertainties related to the use of estate
plans, the GIS-based methodology includes valuabigestions to georeferencing estate plans,
integrating their historical cartographic data iatthomogeneous database and studying landscape
changes using a range of complementary geospatftses. This approach can serve as a basis in
the future to integrating data from the hundredgsiite plans that have been recently copied by
DAMP and covering other regions of Scotland. Afisoin woodland, this approach can also apply
to studies focusing on other aspects of the hisgblandscape and wishing to take advantage of the
invaluable source of information provided by estptans. Such studies can be of interest for

different research areas such as landscape hisi@tygeology and ecology.

Thirdly, some key findings improve considerably auderstanding of past woodland cover and
changes prior to the First Edition OS maps. Intérgly, the estimates of the woodland cover are
considerably lower for the study area than thoseSimput et al. (2005) for Scotland. They also
differ from the assumption that the minimum coverag Scotland occurred in the early twentieth

century and that the woodland cover experiencéd thange over the nineteenth century (Smout
et al., 2005). Moreover, it appears here that allsgpaation of ancient woodland was extant by

€.1860 (i.e. less than 21%), which contrasts whith ¢urrent assumption that at least 50% of the
woodland cover in Scotland was semi-natural ansie@dland (Anderson, 1967; Pryor and Smith,

2002; Smout et al., 2005).

Although it is not yet possible to determine to whatent the trends observed in the study area
apply to the rest of Scotland, this PhD casts dounhthe methods and assumptions that may have
led previous research to overestimate the amouptstf woodland cover for the whole Scotland.

For instance, this research has demonstrated r@®dk map can largely overestimate the amount

of woodland, and not only omit some sites as fooreyiously for other areas of Scotland (e.g. see
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Smout et al., 2005). The lack of consistency in dleiction of the woodland cover by Roy’'s
surveyors should therefore preclude any extrapidiased on local observations as has been done
in the past. This research also shows that thet Edition OS maps may depict a more
comprehensive woodland cover than argued previoudigreover, in demonstrating that the
current methodology to draw up the Scottish AWIfetg from various inaccuracies and
uncertainties, the present research shows thaintemtory should not be considered as a reliable

source to study woodland history.

Finally, this research reveals how estate plangpcavide unique case studies for research projects
that examine the importance of woodland continutyd that aim to better understand the
distribution patterns of woodland species. Moreipalarly, the identification of case study sites
from estate plans can clarify the potential of gsimcient woodland indicator species to identify
ancient woodland sites and, if needed, refinedhalllists. It can also help in examining the &pili

of woodland species to colonise new woodland ardsitigating in greater detail the ecological
importance of local landscape context and pastieed In sum, further interdisciplinary research
projects linking history and ecology are neededptovide adequate guidance for woodland

conservation.
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Surveyor(s) Title Date Note Source Reference
Plan of the lands of Ach'nfranka, Whiteyard,
Slacks and Moatt lying in the Parish of
Black, John Lochrooton and Stewarty of Kirkcudbright 1758 NLS Acc.7883/8/53
belonging to James Guthrie
Plan of the estate of Auchenfranka in the
Brown, J Parish of Lochrutton and Stewarty of 1814 NLS Acc.7883/8/47
Kirkcudbright
Plan of the estate of Maxwelton, belonging
Cowan, Samuel to Sir Robert Laurie. (Vignette of bridge over 1814 NRS RHP34654
Cairn Water)
Cowan, Samuel Plan of farm of Ellisland, Dumfriesshire 1817 NRS RHP142480
Crawford, )
- Plan of part of the Barony of Tinwald 1817 NLS Acc.14419/1
William
Cr..av.vford, Plan of the Estate of Dalswinton 1817 NLS Signet.s.53
William
Crawford, . .
- Plan of the parish of Morton 1820 Private RHP37502
William
Reduced sketch plan of the lands of
Crawford, . .
- Penfillan, the property of the Duke of 1825 Private RHP37853
William
Buccleuch,
Plan of the farms of Barndinnoch,
Crawford, . . . . .
William Fardingjames, Kirkbride and Breco, with key 1825 Private RHP37720
to contents.
Cr._av.vford, Plan of farms of Porterstown, Penmurtie 1825 Private RHP37693
William and Beuchan
Crawford, Plan of the lands of Cunningholm, belonging .
William to the Duke of Buccleuch 1825 Private RHP37863
Crawford Plan of the parish of Sanquhar, the property
William ! of the Duke of Buccleuch and Queensberry, 1831 Private RHP37807
with key to contents.
Crawford, Plan of the parish of Durisdeer 1820-1825 Private  RHP37667
William
Cr?\{vford, Plan of the farms of Templand, Blawplain, 18252 Private RHP37518
William and Morton Holm.
Crawford, .
William and Plans <?f Par.t of the Barony of Tinwald, 1812 NRS RHP114
. Dumfriesshire
David
Crawford,
William and Plan of the Barony of Mousewald 1812 NRS RHP113
David
Crawford
. ! Plan of the estates of Carthat and
W|||.|am and Rockhallhead, Lochmaben, Dumfriesshire 1812 NRS RHP115
David
Crawford, .
Williamand ~ Fian of farms belonging to the Duke of 1820 Private  RHP37542
David Buccleuch, including Drumlanrig Castle
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Surveyor(s) Title Date Note Source Reference
Dunbar, Plan of the Estate of Hills in the Parish of 1775 Private i
William Lochrutton and Stewarty of Kirkcudbright
Dunbar, Plan of the Fir Wood at New Abby belonging 1787 Dumfries
William to William Stewart Esquire of Shambelly Museum
Fo.rr.est, Plan of the festate of Netherwood, 1806 NRS RHP3592/1
William Dumfriesshire
Jardine, James A plan of the Estate of Crawfordtown 1806 Wlth _Iater E_wart -
additions Library
Jardine, James A plan of Newton-Aird 1807 Dumfries -
Museum
. . Dumfries
Jardine, James  Plan of Breken-Side 1808 -
Museum
Jardine, James Plan of Pennyland - part of tht_e Estate of 1809 Private i
Dalswinton belonging to P. Miller Esqr
. Plan of Cress-Well lying in the parish of Ewart
Jardine, James Dumfries belonging to R. Jardine Esqr 1809 Library
Ker, Henry Plan of the lands of Auchenhaestnene 1820 Private RHP37647
Lauder, John . .
and Udny, P!an of farms in the par|shes. of Johnstone, <1790 Private RHP10054
Kirkpatrick-Juxta and Dumfries
Joseph
Leslie, (James?) © 2ns of the Southside of the Barony of 1764-1766 24plans  Private  RHP 38137
Sanquhar
Lesln_e, (John or Plan of the farms of Craigbeck and 1768 Private RHP37546
Hamilton) Crofthead
Lesll(.e, Plan of the Estate of Eliock 1767 Private -
Hamilton
Lesllt.e, Plan of BIazg (.B.|EISE) Fommonty undfer. . 1768 Reduction Private RHP83389/7
Hamilton process of division, with scheme of division plan (Udny)
Lesln_e, Plan of War’r?p_h.ray Muir Common, with 1768 Reduction Private RHP83389/8
Hamilton scheme of division plan (Udny)
Lesln_e, Plan of Comr’n_opty of Dundorran, with 1768 Reduction Private RHP83389/9
Hamilton scheme of division plan (Udny)
Leslie, James 1ans of the Barony of Drumlanrig, Vol.1, 1772 48plans  Private  RHP38134
Durisdeer
Leslie, James  1ans of the Barony of Drumlanrig, Vol.2, 1772 Slplans  Private  RHP38135
Penpont, Tynron and Keir
Leslie, James  ©1ans of the Barony of Drumlanrig, Vol.3, 1772 40plans  Private  RHP38136
Morton and Closeburn
Leslie, John Plan of part of the grounds belonging to the 1765 Private RHP37753
Duke of Queensberry.
Lewars, John Plan of the Lands of Midglen 1795 Private -
Lewars, John Plan Of Thel Farm Of New Mains Of Tinwald, 1799 NRS RHP30
Dumfriesshire
Lewars, John " 1an of the estate of Eccles, belonging to 1801 Private  RHP37840
John Bushby Maitland, with key to contents
Lewars, John Plan of Craig 1814 Private RHP92617
Lewars, John Plan of Little Auchenfad 1814 Private RHP92612
Lewars, John Plan of Martingarth 1814 Private RHP92616
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Surveyor(s) Title Date Note Source Reference
Lewars, John Plan of Woodside 1814 Private RHP92618
Lewars, John Plan of Gibbonhill 1814 Private RHP92622
Lewars, John Plan of Airds 1814 Private RHP92624
Lewars, John Plan of Whitehill 1814 Private RHP92615
Lewars, John Plan of Loshes and Cat Aik 1814 Private RHP92613
Lewars, John Plan of Kirkconnell Flow 1814 Private RHP92621
Lewars, John Plan of Meikle Auchenfad 1814 Private RHP92611
Lewars, John Plan of Mill hill 1814 Private RHP92614
Lewars, John Plan of the farm of Kirkland of Kirkmichael, 1814 NRS RHP216
Dumfriesshire
Lewars, John  Plan of Kirkconnell Mains 1814 EC‘;\};;OW NRS RHP92620
Lewars, John  Plan of Maxwellbank 1814  Photocopy e RHP92623
by NRS
Lewars, John/  Plan of the farm of Whinnyhill [Copied by 1791 Private RHP92625
Wells, James Lewars from survey by Wells]
M_c@rtney, Volume of map§ of the several Farms in the 1768 14 plans Private )
William Estate of Dalswinton
McCartney, . .
- A plan of the Lands of Airds 1782 Private RHP92609
William
M_c(?artney, A plan of the lands of Blackwood 1783 Private -
William
M.c(?artney, A plan of the Lands of Barbech 1784 Dumfries -
William Museum
\l)/lwclﬁ::]ney, Plan of farm of Ellisland, Dumfriesshire 1787 NRS RHP142479
18th
\I)/Iwclﬁg;t]ney, Plan of Auldgirth (Draft version) century Private -
(1783?)
McCartney, . . .
William- Bell, Plan of the Estatg gf Killylung, Dumfriesshire 1787 NRS RHP323/2
[Copy by Bell - original by McCartney]
John
. A plan of the lands of Blackwood. The .
Morrison, John property of W. Copland Esqr of Collistoun 1804 Private )
A plan of the lands of Clauchries Cairns and
Morrison, John Aulgirths. The property of W. Copland Esqr 1804 Private -
of Collistoun
. ) Ewart
Morrison, John  Youngfield, the property of G. Young Esq 1819 . -
Library
Plan of estate of Terregles, the property of
Mounsey, Marmaduke Constable Maxwell. (Vignette
William of [Terregles House] and ruins of Lincluden 1810 NRS RHP30165
(Linclouden) College)
A Plan of the Loch Rutton Estate
Mounse comprending the property in Loch Rutton
William v and Urr parishes in the Stewarty of 1815 NLS Acc.7932/06
Kirkcudbright belonging to Marmalade
Constable Maxwell
Richmond,
James or Tait, Plan of the Park farm 1767 NRS RHP5384
John
Shepherd, Plan of the lands of Holehouse and 1767 Private RHP10096
Alexander Gardenholm
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Surveyor(s) Title Date Note Source Reference
Shepherd, Plan of Bearholm, Milton, Murthat and 1767 Private RHP10094
Alexander Palaceknowe
Plan of Stiddrigs (Stidrigs) and Banks, Upper
Shepherd and Nether Plewlands, Park and Haig, North
P ! and South Borland, Inglestone (Inglestoun) Late 18th Private RHP8338/4
Alexander . .
and Barntimpen, with table of contents:
[late 18th century]
Stitt, H Plan of Brooklands 1822 Dumfries -
Museum
Stitt, H Plan of the lands of Strathmilligan 1825 Private RHP37578
stitt, H Plan of Cralrlepark, Eliock estate, 1833 NRS RHP141259
Dumfriesshire
Reduction
Tait, James Plan of fifteen merkland and town of Moffat 1759 plan (Udny, Private RHP83387/8
1778)
Tait, James Plan of farms on part of the estate of 1759 Private RHP10091
Annandale
Tait, James PI:an of farms of Akieknow and Tathknow, 1759 Reduction Private RHP83389/1
with table of contents plan (Udny)
Tait, James Plan of the common of Moffat 1760 NLS MS.27850
Plan of farms of Raecleugh, Ericstane .
(Erriocstane), Greenhill, Auldhousehill Reduction
Tait, James . . ! ! 1767 plan (Udny, Private RHP83387/5
Meikle Holmside, Blacklaw, Holehouse, 1779)
Gardenholm and Craiks Craig
Tait, James Plan of the Cuthbertrig, part of the estate of 1771 Private RHP10100
Annandale
Plan of farms of Leithenhall and Laverhay Reduction
Tait, James together with estate of Poldean, with table 1773 Private RHP83389/3
plan (Udny)
of contents: 1773
Plan of farm of Kirkhill as now possessed
comprehending Howgill, Cleughside and
. Staffenbigging with their shares of the Reduction .
Tait, James Commonty of Blaze (Bleise), Middlerigg, 1773 plan (Udny) Private RHP83389/4
Pleaknow, comprehending also the mill, mill
lands and glebe of Wamphray
Tait, James Lochmaben 1786 NRS RHP13490
Tait, James Plan [of] Castle Mains of Lochmaben, in 1788 NLS Acc.11419 M3
Annandale
Plan of farms of Fingland, Helbeckhill,
Hazlebank, Cammock and Cacrabank with Reduction
. : 5 .
Tait, James their shares of Cammock and Blaze (Bleise) 17733 plan (Udny) Private RHP83389/5
Commons
Tait, James Plan of farm of Broomihill Mid-18th Private RHP83391/7
Tait, John Plan of the Lands of Auchengran 1759 Dumfries -
Museum
Tait, John Farm of Glen 1759 E_wart -
Library
. Plan of the farms of Shambelly, Townhead, Dumfries
Tait, John Wanfoord, Clachruheads, and Barlay 1759 Museum
Tait, John A plan of Broombhills Common 1766 NRS RHP5
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Surveyor(s) Title Date Note Source Reference
Damaged -
Tait, John Plan of the Estate of Killylung, Dumfriesshire 1768 half of plan NRS RHP323/1
is missing
Tait, John Plan of Kirkconnell Malns belonging to 1782 Private RHP92603
James Maxwell of Kirkconnell
Tait, John Plan of Greenmerse Farm 1782 Private RHP92604
. Plan of the farm of Carse belonging to Dumfries
? -
Tait, John Charles Stewart of Shambelly 1759: Pre-1772 Museum F>
18th
. Part of plan of farms of Bogside (Bogueside) century .
Tait, John and Miln (1759? Damaged. Private RHP92644
1782?)
Tait, John Plan of the !ands of Butterwhat, Dalton, 1756 NRS RHP1744
Dumfriesshire
Tait, John Plan of the farms of Corsua and Moat c.1765 Private RHP10024
Te.nt, Johnand Plan of the farm of Kirkhill, Dalton, 1756 NRS RHP1743
Gillon, John Dumfriesshire
Tennoch Plan of the farms of Carrifran, Polmoody, Reduction
. ! Capplegill, etc. on Moffat Water, 1767 Private RHP10181
William o plan (Udny)
Dumfrieshire
Tennoch, Plan of farms of Rivox, Mosshope (Mossop) .
William and Middlegill 18th Private RHP83387/7
Te.nr\och, Plan of farm of Polmoody 18th Private RHP83387/1
William
Te.nt]och, Plan 9f farm of Capplegill and Carrifran 18th Private RHP83387/2
William (Carriferan)
Te.nr\och, Plan of. the plantat|on.0f1 the Gallowhill and Late 18th Private RHP83387/3
William the strip on the Captain's Fauld
Plan of that part of Earl of Hopetoun's
estate of Wamphray called the Inside of Reduction .
Udny, Joseph Wamphray together with adjoining farms 1775 plan (Udny) Private RHP83389/2
belonging to Marquis of Annandale:
Udny, Joseph Plan of Clarefoot and Archbank 1778 Private RHP83387/4
Udny, Joseph  F1an of part of the farms of Raehills, 1781 Private  RHP10032
Crunzierton and Mollens
Udny, Joseph Plan 9f grounds of the farms of Mollins and 1782 Private RHP10035
Raehills
Udny, Joseph Plan of the farm of Lochbrow 1782 Private RHP10033
Udny, Joseph " 1an of the farms of Kinnelhall and 1782 Private  RHP10036
Kinnelholm
Udny, Joseph Plan of Iand.s in the parish of Johnstone, 1783 Private RHP10037
Dumfriesshire
Udny, Joseph Plan of the farm§ of Raehills, Crunzierton 1785 Private RHP10041
and part of Mollin
Udny, Joseph Plan of the farm of Kinnelhead 1785 Private RHP10108
Udny, Joseph  F1an of the upper part of the parish of 1786 Private  RHP10047
Johnstone
Plan of the under part of the parish of
Udny, Joseph Kirkpatrick-Juxta lying between the River of 1786 Private RHP10109

Annan and Kinnel Water
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Surveyor(s) Title Date Note Source Reference

Udny, Joseph II:I;; of South and North Boreland, Park and 1786 Private RHP10046
Plan of the Rainrig Common, lying in the

Udny, Joseph Parish of Johnstone and shire of Dumfries 1791 NLS MS.10490 4

Udny, Joseph Plan of Moffat Mill lands 1792 Private RHP10168

Udny, Joseph Plan 9f the House, Offices, and Policy of 1793 Private RHP10056
Raehills
Plan of the farm of Skemrighead

Udny, Joseph (Skimrighead), Millhill, Nether Cleuchbrae 1813 Private RHP10066
(Cleughbrae) and Kirkhill

Udny, Joseph Plan of the farms of Corsua and Mote 1813 Private RHP10070
(Moat)

Udny, Joseph  ©1an of the farms of Beastockrig and 1813 Private  RHP10065
Righead

Udny, Joseph P!an of the farms of Kinnelhall and 1813 Private RHP10069
Kinnelknock
Plan of the farms of Lochbrow, Oakbank, .

Udny, Joseph Panlands, Chemes and Yett 1813 Private RHP10068
Plan of the farms of Annanbank, Roods,

Udny, Joseph Auchindinnings and Over and Middle 1813 Private RHP10060
Cleuchbrae (Cleughbrae)
Plan of the farms of Chapel,

Udny, Joseph Johnstonecleuch (Cleugh), Springwells and 1813 Private RHP10063
Greigsland
Plan of the farms of Woodend and .

Udny, Joseph Cleuchheads (Cleughheads) 1813 Private RHP10062

Udny, Joseph Plan of the farms of Williamson and 1813 Private RHP10061
Hazelbank

Udny, Joseph P!an of Blackburn, Goodhope, Cow Park and 1813 Private RHP10064
Kinnel Water

Udny, Joseph " 1an of the farm of Kirkbank and the 1813 Private  RHP10067
schoolmaster's possession and glebe

Udny, Joseph " 1an of Marchbank and Biggarts, lyingin the g 5 Private  RHP10115
parish of Kirkpatrick-Juxta
Plan of the farms of Upper Murthat and .

Udny, Joseph [Newfarm] (the Common Farm) 1813 Private RHP10116

Udny, Joseph Plan of the farms of Bearholm and Milton 1813 Private RHP10117

Udny, Joseph Plan of the farm of Kinnelhall 1816 Private RHP10073

Udny, Joseph Plan of the Uppgr Crooks, showing the new 1820 Private RHP10186
channel of the River Annan
Plan of the farms of Milton, Palaceknowe, .

Udny, Joseph Kirktown and Redbrae 1823 Private RHP10127

Udny, Joseph " an of the farms of Kinnelhead and 1823 Private  RHP10122
Whiteholm

Udny, Joseph Plan of the farm of Chapel 1827 Private RHP10128
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Surveyor(s) Title Date Note Source Reference
Udny, Joseph Plar.1 of the farm of Lochenhead and part of 18232 Private RHP10126
Whiteholm
Plan of the Lands of Cragie-Burn lyeing in
the Parish of Moffat and County of
Udny, Joseph Dumfries, the property of Colonel Charles 1816 NLS Acc.3524
Maitland of Maitlandfield.
Plan of the Lands of Kinharvie lying in the
Udny, Joseph ; .
. . parish of Newabbey and County of Galloway 1793 NLS Acc.7932/03
Riddell, Richard . .
belonging to Robert Riddel
Udny, Joseph?  Plan of the Annandale estate, Moffat 1807 Private RHP10176
Unattributed P!a.n of Commonty of Cammock as now 1776 Reduction Private RHP83389/6
divided, with table of contents plan (Udny)
Unattributed Plan of Lawridding farm 1800 NRS RHP140403
Unattributed Plan of Lawridding farm 1822 NRS RHP140404
Unattributed Plan of estate of Netherwood Late 18th NRS RHP88858
Unattributed Plan of the Estate of Dalswinton Flrls;c)tf;]alf Private -
Vernon, E Plan of the estate of The Craigs 1740 Private RHP37541
Plan of 'Several Mealings or Tennements in
Vernon, E Kirkconnel Parish and in the Barony of 1740 Private RHP37534
Sanquar'
Vernon, E Plan of Morton Muir 1742 Private RHP37533
Vernon, E Plan of New Dalgarnock, Thornhill and The 1742 Private RHP37535
Lought
Vernon, E Plan of the estate of Tibbers 1742 Private RHP37537
Vernon, E P!an of the north-west part of the estate of 1743 Private RHP37532
Tibbers
Vernon, E Plan of Castlehill and the surrounding area 1743 Private RHP37529
Vernon, E Plan of Auchincell and adjacent lands 1743 Private RHP37751
A particular plan of the mining liberated by
Wells, James the Duke of Queensberry to Messrs 1756 Private RHP37555
Crawfurds and Company of Wanlockhead.
Wells, James Plan of the farms of Tibbers and Newhouse 1758 Private RHP37652
Wells, James [Plan of part of Durisdeer] 1763 Dam_aged " Private -
no title
Wells, James Plan of the estate of Eccles 1765 NRS RHP810
Wells, James  "1an of the farms of Overholm, Blawplain 1765 Private  RHP37717
(Blaplain), Cunning Holm and Kirkbog
. . Additions
Wells, James ~  P1an of the East Side of Kirkgunzeon 1774 1782 & NLS Acc.7932/04
Barony
1805
Plan and Survey of the Barony of History
Wells, James y 4 1776 Centre of U DDEV/75/1
Caerlaverock
Hull
Plans of the Commonty called Fell of
Wells, James Preston and parish of Kirkbean, 1776 NRS RHP13/2
Kirkcudbrightshire
Wells, James [plan of] the estate of Amisfield the 1778 NLS Acc.14419/2

property of Charles Charteris Esqr:
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Surveyor(s) Title Date Note Source Reference
Wells, James The Farm of Auchengieth - the property of 1779 E.wart i
Robt. Brown Library
The Upper College Mains of Lin cluden - The
. - Three plans
Wells. James College of Lincluden and the Land adjoining 1785 on the Ewart i
! which belongs to Willm Maxwell Constable - Library
. same item
Esqr - Corbelly Hill
Wells, James A Plan of Part of the Estate of Dalswinton 1786 Private -
Wells, James Plan of Kirkconnell Estate 1786 Private RHP92606
Wells, James Plan of Greenmerse Farm 1787 Private RHP92605
Wells, James Plan of Carcoside and Knockinstob 1787 Private RHP37670
Wells, James Plan of part of Estate of Mabie 1790 Orlgln.al n Private RHP92601
two pieces
Wells, James Plan of Farm of Crooks 1790 Private RHP92602
Wells, James Plan of the farm of Airds 1791 Private RHP92608
Wells, James A Plan of the Barony of Lochrutton 1774-1775 NLS Acc.7932/05
. 1786 or  Photocopy
Wells, James Part of plan of farm of Woodside 1791 by NRS NRS RHP92645
Whiteford, Plan of the lands of Holm 1806 Private  RHP37752
James
Wood, John Plan of the Towns of Dumfries and 1819 NRS RHP13044/12

Maxwelltown from actual survey
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Appendix B — Extract of the woodland cover reconstruction for
the south part of the study area

Dumfries
O

o ' 4
A‘l/,( \ ~

i
1740-1793 A & / 1806-1819
(26 estate plans) (30 estate plans)
N N
l:’ Boundaries of the area covered with estate plans
- Woodland cover
0 8 km 0 8km
1 1

c. 1860 3614
(Ordnance survey plans) (National Forest Inventory)
A AN
0 8 km 0 8 km
I — | I — |

Figure B1. Woodland cover reconstruction for 1740-1793, 1806-1819, c. 1860 and 2014 in part of the
parishes of New Abbey, Kirkgunzeon, Terregles, Dumfries, Caerlaverock and Tinwald. Data for 2014 are
extracted from the National Forest Inventory (NFI, 2014). Polygons for which Category was ‘Non-Woodland’
in the NFI geodatabase were left out.
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Appendix C — Variability in spatial distribution of the different
woodland vegetation classes in T1 (1740-1799)
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Figure C1. Boxplots of the elevation (m), slope (°) and distance to the nearest stream (m) in Area 1 for the
different woodland vegetation classes in T1.
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Appendix D — What ruefu' chance has twin'd ye o' your stately
trees? - Historical maps and a poetic chronicle of Drumlanrig
Woods

Publication by Muller T. and Carruthers G. (2017) in Scottish Local History, Vol. 98, 23-29.
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What ruefu’ chance has twin’d ye
0’ your stately trees?

Historical Maps and a Poetic Chronicle of Drumlanri g Woods

Thomas Muller !, Gerard Carruthers ?

! School of Geographical and Earth Sciences, University of Glasgow; 2 School of Critical Studies,
University of Glasgow

Already infamous for his lax moral standards antkmamed ‘Old Q' in his last years, William
Douglas, 4 Duke of Queensberry, saw his reputation tarnisheither after he decided to strip
woodlands in the estates around Drumlanrig Cadilemfriesshire) and Neidpath Castle
(Peebleshire). These events happened sometime ilatth eighteenth or early nineteenth century
and inspired a poetic production directed agaimstDuke entitled ‘Verses on the Destruction of
the Woods near Drumlanrig’, which was once atteduto Robert Burns. The date and authorship
of the verses have long remained unclear but treytributed to making the fate of these
woodlands widely known. They have often also begprapriated by nineteenth century writers
wishing to express their scorn for the Duke. Suggubby recently digitised historical estate maps
that have been compared with written archives, dhigle is intended to bring new elements to
bear on the circumstances of the extensive cuttowsr of woodlands that is said to have occurred

on William Douglas’s lands while he was Duke of @ugberry.

‘Verses on the Destruction of Woods near Drumlanrig " and their Authorship

The poem is believed to have been published firehé Scots Magazinef February 1803.By
way of introduction the text claims that the lin@sre written ‘on a window shutter of a small

country Inn, in Dumfriesshire, supposed to be bB&ns’. They begin as follows:

As on the banks o' wandering Nith,
Ae smiling simmer morn | stray'd,
And traced its boniehowes and haughs,
Where linties sang and lammies play'd,
| sat me down upon a craig,
And drank my fill o' fancy's dream,
When from the eddying deep below,
Up rose the genius of the stream
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During an encounter with ‘the genius of the streahe poet learns that the banks of the river were

once covered with beautiful woodlands composed edch, elm and oak, before some event

stripped the area of its trees and left the grdaare: ‘and scarce a stinted birk [birch] is left’.

In response to the poet’s enquiry about the realsenmd this sudden change, the genius begins its

diatribe and concludes with a bitter referencéneo@uke of Queensberry:

The worm that gnaw'd my bonie trees,
That reptile wears a ducal crown.
The verses refer to the fate of the woodland ownagglon the banks of the river Nith, near
Drumlanrig Castle. It is believed that the 4th Dude Queensberry decided to cut down the
woodland and sell all trees fit to be sold in ortieraise money for a dowry for the Countess of
Yarmouth? To explain this initiative, authors from the ni@enth century also refer to the ‘greedy

Vandalism® of Old Q or his will to annoy his future successor

Nineteenth century editions of the work of Robeurrs sometimes include this piece but others
leave it out because of serious doubts regardiagtithenticity of the attributiohThe antagonism
of Robert Burns towards the Duke of Queensberrywelkknown and this certainly contributed to

the confusion. Indeed, Burns satirized William Diasgn the following lines:

All hail! Drumlanrig's haughty Grace,
Discarded remnant of a race
Once godlike-great in story;

Thy forbears' virtues all contrasted,
The very name of Douglas blasted,
Thine that inverted glory

However, in the Annual Burns Chronicle and Clubebtory, 1919 (Fig.1), JC Ewing suggests that
the ‘Destruction’ verses were actually the worktleé lawyer, novelist, poet and dramatist, Henry
Mackenzie’ To support his assertion, Ewing cites George Aeit editor of the third Aldine

edition of Burns, who had printed the verses witiote: ‘Cromek wrote to Creech that he was told
they were really written by Mackenzi&®.Ewing also reports that this statement regardirgy th
original authorship was repeated by editors Herdag Henderson in 1897. Finally, the most
conclusive evidence brought by Ewing is a letteittem by Mackenzie, dated 22 October 1802 to

Dr James Currie — early biographer of Burns — iictviMackenzie is recognised as the author:

... Having occasion last year to make a Journey tNithisdale, accompany’d by my eldest
Daughter, We could not but feel the sharpest regmetl some little resentment, at the
miserable Devastation which the Banks of that bhiduRiver had suffered from the cutting
down of the Trees with which they had been clotiVly. daughter observ’d to me that if
Burns were alive, it would afford an excellent Sadbjfor the Feeling and Indignation of his
Muse to work upon. Catching the Hint, | wrote, athdmpromptu, the litttle Poem in
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guestion, and read it next day at a Gentleman’sselavhere we vizited, from the penciled
Copy in my Note-Book, which | pretended to haveetakrom the Window-Shutter of a little
Inn, whence | had actually copied some other LimeBurns’ in praise of a Young Lady,
published by you in the Collection of his Works.n&body, | really forget who, afterwards

wrote out a Copy from my Book, and prefixed tdi fictitious Origin which | had assigned
it...1°

AHHUAL

Fig.1: Front cover of
the Annual Burns

PRICE Chronicle and Club
3\ Two SHILLINGS.

No. XXVIIL
JANUARY, 1919,

Directory, No 28,

PRINTED BY
Puasisuea sy e

R!TDN‘: L D MAXWELL & SON, January 1919

Evidence from Dorothy and William Wordsworth and Wa Iter Scott

The woodland cover around Drumlanrig Castle hasespced substantial changes over the last
centuries but various authors have commented edfyecn the so-called ‘destruction’ of the
woods in the time of the 4th Duke of Queensbertye Tiegative reactions expressed during the
nineteenth century show how the felling that inspithe ‘Verses on the Destruction of Woods near
Drumlanrig’, and indeed the verses themselves, engtdofound impact on the reputation of the
Duke.

In 1803, the English poet William Wordsworth compds heated sonnet that referred to the recent
cutting-down of woodlands supposedly on the barfkke@ Tweed near Neidpath Castldt is not

unlikely that the ‘Verses’ were a source of inspia for Wordsworth’s sonnet:

Degenerate Douglas! Oh the unworthy Lord!
(...)

A brotherhood of venerable Trees,
Leaving an ancient Dome, and towers like these,
Beggared and outraged! Many hearts deplored
The fate of those old trees: and oft with pain

(...)

And the green silent pastures, yet remain
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In her diary, Dorothy Wordsworth, sister of Williawdordsworth with whom she travelled through

Scotland, wrote also in August 1803 about Druma@astle and the surrounding atéa:

The situation would be noble if the woods had bledinstanding; but they have been cut
down not long ago, and the hills above and belahibuse are quite bare

However, while talking about the river Nith somewdé mile and half from Drumlanrigg’, she
also mentions ‘the banks woody’, suggesting thaf,803, not all of the woodland along the Nith
had faced the destruction described in the ‘Versestther evidence of this is to be found
elsewhere. Walter Scott, himself a keen plantevaddland, wrote about the Drumlanrig trees in
his Reliquiae Trotcosiens€$831-2), although this was not published in util 20042 The work

is a thinly fictionalised account of his home ati@ksford. When discussing the making of Scottish
furniture and ‘the patriotic use of our own natiweod™ Scott writes about his own furniture

sourced from the woodland of the Duke of Queengberr

In this last subject, and apropos of the set of dinintetatvhich are valuable in the eyes for
more reasons than one; they were made of partipalds of the growth of certain very old
oaks which had grown for ages and at length bectageheaded and half dead in the place
where they originally grew in the old and noblekpaf Drumlanrig Castle. These trees were
put up for sale by the late Duke of Queensbermgnalwith the more thriving plantations
growing upon the domain around the castle, but me lbeing aware of the curious and
valuable purposes to which they might be appliegy tfetched low prices, and some of
those who became purchasers did not even thinloithwtheir while to cut thendown,
since the payment must have been a necessary cemeegof concluding their
bargain.

So stood the matter when the Duke of Queensbengieded an unusually long life and the
bargain, so far as it respected these old treesne in every respect forfeited. Mr Bullock,
who chanced to be in attendance at Drumlanrig ath@utime, had no hesitation in giving it
as his opinion that the progress of time had exdetught these ancient oaks to the point of
perfection when their wood would make the most b&dufurniture. The set of tables
designed for the mansion we are talking of was miagly taken in hand, and turned out
most beautifully, so that it was one of the singalances, that accident in this world will
often bring a commodity to that purpose for whicls ibest adapted. A case also by Bullock
out of the root of elm and yew trees which had granthe woods of Rokeby completed the
set of tables, forming a convenient and useful pate for the separate leaves of the
original when they were not wanted fage™

George Bullock (d.1818) was a house furnisher asdgtier in London. John Gibson Lockhart in
his Memoirs of the Life of Sir Walter Scott writdsat both castle and title were inherited by the
Duke of Buccleuch in 1810, when, ‘the parks and main slopes of Drumlanrig were almost
denuded of tree'”
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Reports from Late Nineteeenth Century Authors

Some authors of the late nineteenth century hashhawords for the extensive clear-felling that
supposedly took place on William Douglas’s lands: iastance, CT Ramage wrote as follows in
1876

During the greater part of last century the castes surrounded by trees of great age ...
These woods, however, were doomed to destructioidyast Duke of Queensberry (‘old
Q), it is believed to spite the noble family wheme to succeed him, and at the beginning of
this century they had nearly disappeared.

In the same text, the author mentions the surna¥alome trees that ‘had escaped the hand of the
destroyer’ thanks to the intervention of the EdrDalkeith (future heir and Duke of Buccleuch)
who would have bought the trees before they weoppdd down. In addition, Ramage reports
another version stating that the death of the Dall@ved the last trees to be saved, suggesting

important felling until 1810:

Even to the day of his death old Queensberry coeatinto destroy the woods on all his
estates. The parish of Sanquhar to the preserghaays the course he was pursuing.
In similar terms, James BrownHistory of Sanquha1891), mentions a total clearance of the

woods*®

Towards the end of last century, this country-side robbed of much of its natural beauty
by the despicable policy of the last Duke of Queeny ... It does seem that the Duke had
been animated by some such malicious, spitefulvapfor had the raising of money merely
been his object, he would have confined the feltknaf destruction to the enclosed woods
and plantations, which were of some commercial ejalhereas we find that not even the
bonnie glens were spared ... the banks of the Nithad. been thus disfigured to gratify an
unworthy passion.

CT Ramage, James Brown and JR Robinson all refdretdVerses on the Destruction of Woods
near Drumlanrig’ in their publications, which illuates the lasting influence of the poem
throughout the nineteenth century, indeed for mdegades after the event it describes. It also
confirms that no precise date was known for thisnévas the ‘Verses’ are the only evidence
mentioned by the authors and none of them seemé&ddw with certainty the year they were
written or who the author was. According to Ram&g€hey [the trees] were proceeding to be cut
down before 1796, if the following poem, which &dsto be by Burns, be genuine’, while Brown
wrote? ‘It is not unlikely that they were written, as Hasen supposed, by Burns, as he was given

to scribbling down his effusions in such places’.
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The Old Statistical Account of Scotland

In Dumfries and Galloway, the Statistical Accourdf Scotland provide little evidence of
substantial woodland clearance in the estates gielgrio the Duke of Queensberry. The reports in
the Old Statistical Accounflate eighteenth century) do not mention any rigllin the parishes
surrounding the river Nith near Drumlanrig Castiemely Penpont (parish report published in
1791), Durisdeer (1792), Closeburn (1794) and Mo(tt794). However, if the felling mentioned
by the ‘Verses’ happened sometime during or after year 1795, the lack of reference makes
perfectly sense as the reports would have beenspebl prior to it. The only written evidence of
major felling on the lands of William Douglas in Diries and Galloway that is in the report

covering the parish of Moffat, dated 1792:

... There was another natural wood opposite tarit,the south side of Moffat water,
belonging to his Grace the Duke of Queensberry;jtbutis lately cut down, and, being left
uninclosed, is lost in future to the proprietorgdaa the public.

The New Statistical Account of Scotland

While it describes in some detail the plantatiofhsilwer fir, spruce, scots pine, larch and oak tha
took place shortly after the death of Old Q, libesaid in theNew Statistical Accountl840s)
about changes in the woodland cover that couldtioibwied to him. Despite that, the following
extract suggests that substantial activity mighvehaaken place. It concerns the parish of
Tinwald?

A large portion of the parish was at one time cedenith wood, the greater part of which
was cut down by the last Duke of Queensberry; avd Bxcept a quantity upon the estate of
Amisfield, very little remains.

A further extract relates to the parish of Kirkcehf?

In the measurement of his Grace's property in phissh ... that wood consists chiefly of
brush and sproutings of trees formerly cut dowl igrconfined to the sides of deep ravines
and the banks of the different rivers. The valugialg of the wood, many years ago, was set
up to public sale by order of the late William DukeQueensberry; and the purchasers were
not required, by the articles of sale, to encléseviood, so as to preserve the young shoots
from being destroyed by the sheep or black cattlethere is not a single tree of any
considerable value within that portion of this garivhich originally belonged to his Grace.

In Sanquhar Parish, while referring to a cuttingvdo'about forty years ago’ the following

information is giverf*

A great part of the parish is destitute of platagi and uninclosed. Of the lands belonging to
the Duke of Buccleuch and Queensberry, 282 acesarered with natural wood, which
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are chiefly the banks of the streams. The treebatresmall; they are merely shoots from the
roots of large trees, cut down about forty years agd are chiefly oak, birch and hazel.

In conclusion, while the Statistical Accounts obfand do not refer to any major felling along the
Nith as reported in the ‘Verses', it is still pddsito find evidence of important woodland loss on
the lands of William Douglas. However, due to irfigignt testimony, it appears that the written
evidence cannot provide a precise idea of the expewhich the woodland was affected by major
felling on the estates belonging to Old Q. It i possible either from these reports to determine

the precise location along the Nith where therglinentioned in the ‘Verses’ occurred.

New Evidence from Historical Estate Maps

In 1810, at the age of 85, Old Q died without legite heir. The Castle of Drumlanrig and
Dukedom passed to the Scotts of Buccleuch withngoortant collection of estate plans mostly
dated between 1740 and 1772, before William Douigéesame Duke of Queensberry. Shortly after
his death, the estates of the new owners enjoyggnaicant period of agricultural improvement
when other surveyors were charged with mapping ldrels of the Dukedom accurately.
Consequently, the estates were mapped twice wéhiew decades. These plans are today well
preserved in possession of the Duke of Buccleuah @Quneensberry at Drumlanrig castle, and
served for this study. Most of them depict in grdetiail the boundaries of past woodland cover and
other land-cover types. Fortunately, this can o better appreciate the changes that occurred

in the Dukedom during the late eighteenth and edrigteenth century.

In collaboration with the University of Glasgow aBdmfries Archival Mapping Project (DAMP),
hundreds of these estate plans have been digitisialg a Geographic Information Systems (GIS),
modern mapping and aerial photographs, all hissbmeaps of interest were georeferenced and
assigned a coordinate system (Fig.2). Georefergradiows the overlaying of different historical
plans and modern data covering the same area. vtorising all the woodland sites depicted on
the georeferenced historical maps, it was possibfeconstruct past woodland extent and changes

at different time slices and with an accuracy vagyfrom 10 to 35 meters.
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Fig.2: Area covered with georeferenced plans from the late eighteenth and early nineteenth centuries.
This area corresponds to estates that once belonged to the 4" Duke of Queensberry. Background map: OS
miniscale standard licenced under the Open Government Licence v3.0

Figure 3 shows a subset of the reconstruction obdlemd cover changes between 1772 and
1820/1825, in the vicinity of Drumlanrig castle, evh we assume that the destruction of the
woodland mentioned in the ‘Verses’ took place. Téeonstruction clearly highlights an area of
woodland once lying along the river Nith that digaared sometime between 1772 and 1820. The
clear-cut would have occurred on a relatively #liega, over a mile of distance and located only 0.6
miles north-east of the castle. The sequence afivelplans shows that this part of the banks was
indeed wooded in 1772 while it served for growimgps in 1820 (Fig.4). Further back in time, in
1763, a plan by J Wells confirms the previous exisé of this woodland.
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Woodland cover changes ]
between 1772 and 1820 ]

- Extant
l:l New (plantation) *k.
|:| Lost

Towards Drumlanrig Castle (0.6 miles)

Fig.3: Reconstruction of the woodland cover changes between 1772 and 1820 along the river Nith near
Drumlanrig Castle (spatial accuracy: c.30m). The blue band into the dashed rectangle corresponds to the
proposed area for the lost woodland described in the ‘Verses on the Destruction of Woods near
Drumlanrig’.

In addition, another map by W Crawford suggests tiia exact part of the wood along the Nith
may have already disappeared by 1804, while thedeadanks further north and south were then
extant (Fig.5). This map is the only existing orfethee region that was made while Old Q was
alive. If this wood was the one mentioned in therdés’, Crawford would have drawn it during
the period of the tree felling or very few yearteafards. However, a closer look at this section
seems to show that the mapmaker in fact drew soers that are hardly perceptible today because
of the faded nature of the symbols. Were they eréser or were they drawn originally like this?
The rest of the map being well preserved, it seenfi&ely that this particular portion is the only
one that faced natural damage but it remains diffio interpret Crawford’s depiction. This map
should also be studied with caution as Crawfordvdteat a scale that cannot equal the level of
detail and accuracy of the estate maps previoustgl.u A mere coincidence would be surprising
though and, in consequence, we can still hypotbdhiat this woodland ceased to exist sometime
between 1772 and 1804.
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1
L - - Not wooded

A. B. C.

Fig.4: Subset of historical plans showing the woodland along the river Nith that disappeared sometime
between 1772 and the early nineteenth century as mentioned in Fig.3:

A. Plan of part of Durisdeer by James Wells, 1763 (no National Records of Scotland reference number).
B. Plan of farm of Upper Enoch Park by James Leslie, 1772 (NRS RHP38134/24).

C. Plan of the parish of Durisdeer by William Crawford, 1820-1825 (NRS RHP37667). Courtesy of the Duke
of Buccleuch and Queensberry.

Fig.5: Subset of ‘Map of Dumfries-
shire’ by William Crawford, 1804.
Courtesy of the National Library of
Scotland. The boundaries of the lost
woodland shown in Fig.3 and Fig.4 are
here in dashed red line. Faded tree
symbols seem to represent this area.
Was it to show that this wood was
lost by 1804?
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So, can this indeed be the area where the formedland that inspired the ‘Verses’ once lay? It is
the only strong mapping evidence for woodland rsshe estates of thé Duke of Queensberry.
This woodland is known to have been located altwegriver Nith, as stated in the poem, and we
could not find any similar example on the banksher north in the mapped area of the parishes of

Sanquhar and Kirconnell.

Evidence from historical maps seems to confirm thggortant clear-felling happened along the
Nith. However it seems difficult to understand thkk extent of it. Indeed, the maps drawn in 1820
show that many large plantations were formed adtus$ands of the Duke of Buccleuch. It is not
unlikely that among the sites said to have beemdieh of their timbers by Old Q, some could have

been planted again few years after the Buccleutfiyf@succeeded him, as stated by Ranfage:

The property came thus denuded of its beautifuhiolg into the possession of Duke Henry
of Buccleuch in 1810, and he at once began to ceplahat had been thus recklessly
destroyed.

As a result, these plantations may have maskednamyrtant tree felling that happened during the

time of Old Q and until his death in 1810.

Historical maps can also be viewed in the lighthef eighteenth and nineteenth century writings. In
the Statistical Account of 1792 for the parish obffdt, the author exaggeratedly stated that
Crofthead wood, lying on the lands of Old Q and lefinclosed, was ‘lost in future to the
proprietor, and to the publié® while the First Edition Ordnance Survey map shtves this wood
was actually still extant in the mid-nineteenthtoey (Fig.6). The comparison of the First Edition
OS with an estate map dated 1768 shows also veilasiboundaries, which suggests that, even if

denuded of its trees, this in fact did not sigtifg end of the wood.

Another example tends to show that some authorshaeg unfairly blamed Old Q for events that
cannot possibly have been his fault. Ramage mentioat the Duke was responsible for cutting

down the woodland on one of the banks of the EudMater in the parish of SanquHar:

The cutting ended at his death, and at that time side of the banks of the Yeochan
(Euchan) was cleared, and the other had not besmaden. The wood on the uncleared side
still exists.

But estate plans from 1766 suggest that long baféileam Douglas became Duke only one of the
two banks was wooded (Fig.7). It is then possilbleassume that some authors exaggerated,
whether deliberately or not, the damages causetiebipuke to the woodland cover. The ‘Verses’

and the scorn aroused by the Duke during his lightrhave easily influenced writers throughout
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the nineteenth century. Today, this makes it alehgé to assess the magnitude of the woodland
loss during Old Q’s time.

Fig.6: Crofthead wood depicted in:

A. Subset of ‘A plan of Craigbeck and Crofhead’ by John Leslie, 1768 (boundaries of the woodland in
dashed blue line, no NRS reference number). Courtesy of the Duke of Buccleuch and Queensberry

B. Ordnance Survey, first edition 1:10,560 (surveyed 1857-58). Courtesy of the National Library of
Scotland. The two maps suggest that this woodland remained with very similar boundaries between 1768
and 1857-1858.
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- - - Woodland

- - - Non-wooded bank
of Euchan Water

—————— Wooded bank

Fig.7: Farms in the parish of Sanquhar, subsets of maps by J. Leslie, 1766:
A. Plan of farm of Barr Park (NRS RHP38137/19).
B. Plan of farm of Kiln and Ulzie side (NRS RHP38137/23).

The two maps show that already in 1766 only one side of the banks was wooded. It suggests that Old Q
cannot have been responsible for the cutting down of the woodland there. Courtesy of the Duke of
Buccleuch and Queensberry.

Conclusion

Various historical documents support the evidemcedfamatic changes in the woodland cover of
the estates belonging to William Douglas while heswl’ Duke of Queensberry. Despite a few
mentions in the parishes of Moffat, Tinwald, SaratKirkconnell (Dumfriesshire) or to the

banks of the river Tweed at Neidpath (Peebleshirgjst of the sources refer primarily to the
passionate ‘Verses on the Destruction of Woods Beamlanrig’ that they attributed to Robert

Burns. The study of estate maps from the eighteamthnineteenth century allows us to identify a
large area that was once wooded and certainly @whdometime between 1772 and 1804. This
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woodland lay on the banks of the Nith near Drumta@astle and could be the one described in
the ‘Verses’. However, the evidence available @tdnical maps is unable to confirm the extent of

the cutting down of the estates of Old Q as maaptplions were developed in the years following

Appendix D

his death. Finally, a comparison of the maps agaunisten archives suggests that it is likely that

some authors exaggerated the results of the fatlingistakenly blamed the Duke for the loss of

woodland for which he was not responsible.
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Appendix E — Additional data on the sample woodland sites for
the plant survey

Explanations: *SSSI: Chanlockfoot (Bacl, Bac2), Coshogle wood (Cos), Lochwood (Low); ‘d-T1":
distance to the nearest woodland known in T1 (m); ‘Species richness’: total number of plant
species; ‘AWP species’: total number of ancient woodland indicator plant species according to
Crawford (2009) and the lists by local experts as in Table 4.6; ‘Coppice trees’: coppice stools (Y =
‘ves’); ‘LULC in T1’: land-use/land-cover as depicted on estate plans T1.

224



Appendix E

Site  Continuity d-T1 Species AWP Coppice LULCin
code class (m) richness  species trees T1
Bacl* A 4.2 - 48 24 Y Wood
Bac2* A 3.9 - 34 13 Y Wood
Cos* A 4.1 - 46 16 Wood
Eno A 4.4 - 38 15 Wood
Mab A 4.4 - 41 13 Wood
Hila A 4.3 - 35 11 Y Wood
Hilb A 3.7 - 19 6 Wood
Hilc A 4.1 - 18 Y Wood
Hild A 4 - 36 13 Y Wood
Cle2 A 4.1 - 36 14 Y Wood
Air2 A 4.5 - 46 11 Y Wood
Mar A 4 - 41 13 Wood
Low* A 34 - 42 12 Wood
Cael A 3.9 - 41 9 Y Wood
Tin A 4.6 - 32 7 P":;:Sfe
Pinl A 4.2 - 41 15 Y Wood
Pin2 A 4.5 - 37 15 Y Wood
Mor B 3.8 25 21 6 Y Pasture
Sch B 3.9 1132 23 8 Meadow
Ard B 4.5 44 50 11 Y Pasture
Clel B 4.1 30 30 10 Pasture
Cle3 B 4.6 81 35 14 Meadow
Cled B 4.5 32 35 13 Pasture
Ecc B 3.9 2 23 3 Arable
Mof1l B 4.2 388 41 6 Y Unkown
Mof2 B 4 411 12 3 Other
Garl B 3.7 1004 14 4 Pasture
Gar2 B 4.5 1176 40 9 Pasture
Lom B 4.2 500 23 1 Loch
Mil B 4.5 5 38 13 Unkown
Rahl B 3.7 100 45 13 Unkown
Rah2 B 4.4 100 32 10 Pasture
Shaa B 3.7 378 46 8 Y Unkown
Shac B 4.6 35 35 10 Y Pasture
Mon B 4.7 3590 41 7 Y Pasture
Dru C 4.2 505 30 9 Pasture
Airl C 3.8 5 39 8 Y Other
Cae2 C 4.3 60 22 2 Meadow
Shab C 4.7 993 58 12 Y Pasture
Lor C 4.7 1653 24 2 Y Pasture
Pin3 C 4.4 130 34 8 Pasture

225



Appendix F

Appendix F — List of plant species identified in the field and
number of sites where each species was recorded per continuity
class (Class A = 17 sites; Class B = 18 sites; Class C = 6 sites)
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Plant species

Continuity Class

Appendix F

ClassA(n=17)

Class B (n =18)

Class C (n =6)

Abies alba

Acer pseudoplatanus
Aegopodium podagraria
Aesculus hippocastanum
Ajuga reptans

Allium ursinum

Alnus glutinosa
Anemone nemorosa
Angelica sylvestris
Anthoxanthum odoratum
Arrhenatherum elatius
Asplenium scolopendrium
Athyrium filix-femina
Betula sp.

Blechnum spicant
Brachypodium sylvaticum
Caltha palustris
Cardamine amara
Cardamine flexuosa
Carex pallescens

Carex remota

Carex sylvatica

Carpinus betulus
Ceratocapnos claviculata

Chamerion angustifolium

Chrysosplenium oppositifolium

Circaea alpina or C. intermedia

Circaea lutetiana
Cirsium palustre
Claytonia sibirica
Conopodium majus
Corylus avellana
Crataegus monogyna
Crepis paludosa
Dactylis glomerata
Dactylorhiza fuchsii
Dactylorhiza maculata
Deschampsia cespitosa
Deschampsia flexuosa
Digitalis purpurea
Dryopteris affinis
Dryopteris dilatata
Dryopteris filix-mas
Epilobium montanum
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Continuity Class
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ClassA(n=17) ClassB(n=18) ClassC(n=26)

Equisetum palustre
Equisetum pratense
Equisetum sylvaticum
Fagus sylvatica
Festuca x Lolium hybrid
Ficaria verna
Filipendula ulmaria
Fragaria vesca
Fraxinus excelsior
Galeopsis tetrahit
Galium aparine
Galium odoratum
Galium palustre
Galium saxatile
Geranium robertianum
Geum rivale

Geum urbanum
Glechoma hederacea

Gymnocarpium dryopteris

Hedera helix
Holcus lanatus
Holcus mollis

Hyacinthoides non-scripta

Hypericum pulchrum
llex aquifolium
Impatiens glandulifera
Iris pseudacorus
Juncus conglomeratus
Juncus effusus

Juncus inflexus

Lamiastrum galeobdolon ssp.

argentatum

Lapsana communis
Larix decidua

Lonicera periclymenum
Lotus pedunculatus
Luzula pilosa

Luzula sylvatica
Lysimachia nemorum
Malus sylvestris
Meconopsis cambrica
Melampyrum pratense
Melica uniflora
Mentha sp.
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ClassA(n=17) ClassB(n=18) ClassC(n=26)

Mercurialis perennis
Milium effusum
Moehringia trinervia
Myosotis scorpioides
Myosotis secunda
Oenanthe crocata
Oreopteris limbosperma
Oxalis acetosella
Phegopteris connectilis
Picea abies

Poa trivialis
Polypodium vulgare
Polystichum aculeatum
Potentilla erecta
Potentilla sterilis
Primula vulgaris
Prunella vulgaris
Prunus avium

Prunus laurocerasus
Prunus padus

Prunus spinosa
Pteridium aquilinum
Quercus sp.
Ranunculus auricomus
Ranunculus repens
Rosa canina

Rubus fruticosus agg.
Rubus idaeus

Rubus saxatilis

Rumex acetosa
Rumex obtusifolius
Salix caprea

Salix cinerea
Sambucus nigra
Sanicula europaea
Scrophularia nodosa
Scutellaria galericulata
Senecio sp.

Silene dioica

Solanum dulcamara
Solidago virgaurea
Sorbus aucuparia
Stachys sylvatica
Stellaria holostea
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ClassA(n=17) ClassB(n=18) ClassC(n=26)

Stellaria uliginosa
Succisa pratensis
Taraxacum spp.
Teucrium scorodonia
Tilia sp.

Ulex europaeus
Ulmus glabra

Urtica dioica

Urtica urens
Vaccinium myrtillus
Valeriana officinalis
Veronica beccabunga
Veronica chamaedrys
Veronica montana
Veronica officinalis
Veronica serpyllifolia
Vicia sepium

Viola riviana
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