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The ancient stumps of pine 
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When this land 
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With every gentle breeze 

Spreading pollen wide and far 

Creating birch and alder carr 

 

Growing together 
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Showing a gentle shiver  

Trees that did once grow 

Oh, what they didn’t know 

 

That the changing of time 

Caused trees to decline, 

And peatlands to cover 

Pine stumps we now discover  
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ABSTRACT 

This study explored the natural woodland development in northern Scotland over the course of the 

Holocene in order to inform whether such woodlands can be reinstated on present and future 

upland areas across northern Scotland under the care of Forestry and Land Scotland (FLS). Sediment 

sequences for palaeoecological study were obtained from peatland areas located in the Flow 

Country, northern Scotland with peat formation occurring from 10,700 cal BP. Since the 1940s 

through to the 1980s and the early 1990s these peatland areas have been extensively covered with 

non-native conifer plantations, which drastically affected the landscape and present ecosystems. 

To restore these peatlands, plantations are felled, and different restoration management 

approaches are put into practice. In addition, FLS who maintain most of the afforested peatland is 

keen on developing policies on the reinstatement of native woodland in these areas. Past native 

woodland community development was described for three locations in Caithness and Sutherland, 

including riparian and upland sites within FLS peatland areas. Palaeoecological data, including 

pollen, non-pollen palynomorphs (NPP) and microscopic charcoal was used to create long-term, 

high resolution vegetation records showing changing woodland communities over space and time. 

The main woodland communities of the past show similarities with present-day semi-natural 

woodlands in these areas, including priority woodland types of wet woodlands, upland birchwoods 

and native pinewoods. These communities developed and changed during the Holocene and 

episodes of disturbances and demise have been identified and linked to both biotic and abiotic 

agents and processes. This includes changes in past climate, volcanic eruptions, pathogenic attacks, 

human woodland exploitation, grazing activities and burning. Woodland resilience to these events 

was explored and used as a possible analogy for understanding present and future responses of 

woodland communities to disturbances in northern Scotland. Furthermore, present and predicted 

future climate, together with topographic setting, were used to assess whether these identified 

past woodland communities would thrive and sustain themselves if reinstated today or in the 

future. Concludingly, if the aim is to establish natural woodland in these areas the main focus should 

be on the reinstatement of wet woodlands and upland birchwoods with the main species being 

Betula pubescence, Corylus avellana and Alnus glutinosa; the latter also being the main species 

promoted as riparian woodlands. The results and links with previous and ongoing research showed 

that palaeoecological data provides important insights and tools to understand causes of woodland 

disturbances in the past, showing potential analogies with predicted future scenarios. It is the first 

study to incorporate this type of data in woodland conservation for northern Scotland and the first 

time Scottish Forestry and FLS are using palaeoecological studies to be informed about possible 

new land-use policies, sustainable practices and climate change in relation to natural woodlands. 
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by 1000) per slide, and LPAZs (Brae 1-6): selected by using CONISS on the TILIA data files 

(Grimm, 1987). 
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5.18 Top: Recorded TLP for Braehour, including charcoal values. Bottom: recorded TLP + 

aquatic taxa and spores. 
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5.19 Recorded TLP + NPP for Braehour.  176 

5.20 A section of Gordon’s 1642 map showing the possible location of Braehour (orange star). 

1. Spittal (“Spittell”), 2. the Hills of Dorrery (“Hils of Dorery”), 3. Loch Watten (“Vattin 

L.”), 4. Loch of Toftingall (“L. Tochnagal”), 5. River Thurso and 6. Dale House (“Dale”). 7. 

Depict “The Myre Causay” (causeway). Modified from National Library of Scotland 

(2018b).  

197 

5.21 Modern map showing the locations of 1. Spittal (“Spittell”), 2. the Hills of Dorrery (“Hils 

of Dorery”), 3. Loch Watten (“Vattin L.”), 4. Loch of Toftingall (“L. Tochnagal”), 5. River 

Thurso and 6. Dale Farm (“Dale”). The red star shows the location of Braehour (this 

study). Modified from Digimap (2019). 
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5.22 Section of Joan Blaeu’s 1654’s map of Caithness (Cathenesia) (National Library of 

Scotland, 2018c), showing “The myre causay” (1) surrounded by patches of (possibly 

native) woodland. If the relative selected position of Braehour is correct, the sampling 

site of Braehour is situated in the middle of a woodland (orange star). Modified from 

National Library of Scotland (2018a).   
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5.23 Top: Roy’s Military map depicting several settlements (farmsteads) surrounding the 

possible location of Braehour (orange star), e.g. “Wester Deal” (Westerdale) (1) and 

“Altenbeg” (possible modern name of Olgrinbeg) (2). Both settlements are surrounded 

by cultivated fields. Bottom: modern OS map showing the same farmsteads mentioned 

for the above map. The red star displays the location of Braehour (this study). Modified 

from National Library of Scotland (2018a) and Digimap (2019). 
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5.24 Idealised stratigraphy present at Dalchork. 201 

5.25 Schematic display of the stratigraphy recognised during the auger survey at Dalchork. 202 

5.26 The 3-D surface of the basin profile as present at Dalchork showing the depth and 

location of the different auger points (red circles) and the location of where the core is 

taken (star). 
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5.27 The map shows the contour lines around the Dalchork sampling site. The red area shows 

the location of the auger survey, with the corners of the area surveyed in red circles 

(AP18, AP4, AP13 and AP23) which correlates with the 3-D surface model of Figure 5.26. 

The black dashed line shows the estimated catchment area which could possibly link to 

the basin profile. 
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5.28 Age-depth model of the Dalchork core (black/grey), overlaying the calibrated 

distributions of the individual dates (blue) with the numbers correlating with cal BP dates 

in Table 5.14 (Blaauw, 2010; Reimer et al., 2013). 
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5.29 Condition of the pollen grains identified for Dalchork (corroded), TLP counts and 

standardised sample TLP counts (values need to be multiplied by 1000) per slide, and 

LPAZs (Dalch 1-7): selected by using CONISS on the TILIA data files (Grimm, 1987). 

209 

5.30 Top: recorded TLP and charcoal values for Dalchork. Bottom left: recorded TLP + aquatic 

taxa. Bottom right: recorded TLP + NPP. 
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5.31 The Loch Shin area (‘Loch Syin’) (1), drawn up by Pont, displaying the ‘Extreem 

Wilderness’ (2), ‘Many Woolfs’ (3), ‘farmeald’ (4), the settlement of ‘Balwhoirck’ 

(Dalchork [5]) and the River Tirry (‘Strath Terris’) (6). The orange star depicts the possible 

location of Dalchork’s research site. Modified from National Library of Scotland (2018d).        
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5.32 Top: the map of Loch Shinn (‘Syin’), where an extent of woodland is depicted at the top 

of this map (1), the location of ‘Balwhoirck’ (Dalchork) (2), ‘Avon Terriss’ (River Tirry) (3) 

and notes describing the landscape (4) Bottom: part of the map of Sutherland, Strath 

Okel & Strath Charron where “The wood called Aird” (5) is displayed (south)east of Loch 
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Sinn and the parish of Shiness (Sinenes (6). Both maps are produced by Robert Gordon 

between 1636 and 1652. Modified from National Library of Scotland (2018f, 2018g). The 

Orange start depicts the possible research location of Dalchork.  

5.33 Map depicting a part of the ‘A map of Scotland, north of Loch Linnhe and the River Dee 

and west of the River Deveron made by Robert Gordon between 1636-52. 1. Depicts 

Meanach Forrest, 2. Dirry Moir where trees appear to be present in the landscape. The 

orange start reflects the possible location of this study. Modified from National Library 

of Scotland (2018b). 
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5.34 Blaeu’s Southerlandia map depicting woodland present in the Loch Shin region. Numbers 

on the map referring to: (1) The wood of Aird, (2) Dirry Mennach Forrest, (3) Dirry-Moir-

Forrest and (4) the location of Lairg. Modified from National Library of Scotland (2018c). 

234 

5.35 Roy’s map shows that woodland is mainly covering the southern shores of Loch Shin. The 

top left map displays the location of 1. Lairg, surrounded by cultivated fields and other 

settlements (magnified in the bottom left map); 2. Cultivated fields surrounding the loch 

(magnified in the right bottom map); 3. Woodlands west of Loch Shin (magnified in top 

right map); and 4. The location where the core has been taken for this study. Modified 

from National Library of Scotland (2018a). 
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5.36 Change-points identified for trees, shrubs, dwarf shrubs and herbs. Top to bottom: 

Rowens, Braehour and Dalchork. 
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5.37 Change-points identified for tree and shrub taxa. Top to bottom: Rowens, Braehour and 

Dalchork. 
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5.38 Change-points identified for trees, shrubs, dwarf shrubs, herbs and microscopic charcoal. 

Top to bottom: Rowens, Braehour and Dalchork. 
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5.39 Change-points identified for tree taxa, Plantago lanceolata and microscopic charcoal. 

Top to bottom: Rowens, Braehour and Dalchork. 
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5.40 Change-points identified for Plantago lanceolata, cereal grains and microscopic charcoal. 

Top to bottom: Rowens, Braehour and Dalchork. 

248 

6.1 Local presence of tree and shrub taxa at all study sites. 255 

6.2 Woodland communities identified at the tree study sites, correlating with Table 6.1. 257 

6.3 Example shows present-day Salix growth along the Thurso river near Tormsdale, 

Caithness (6 km east from Braehour). 
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6.4 Example of upland birchwood with occurrences of Pinus, present along the Dunbeath 

Strath, Caithness c. 17 km southeast from Rowens. 

261 

6.5 Example of native Pinewoods, present today at Glen Affric, Highlands, Scotland. 261 

6.6 Example of Alnus growing along the Strath Vagastie, Sutherland, c. 7 km north of 

Dalchork. 
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6.7 The dates for identified major natural events including, climate change and volcanic 

eruptions, occurring during the Holocene linked to woodland disturbance phases and 

demise at the study sites. 
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6.8 Suggested timings for cultural periods to start at the different study sites based on 

human impacts indicators including microscopic charcoal, Plantago lanceolata and cereal 

grains and other interpretations (Sections 6.1.5; 6.2.5; 6.3.5) and their possible relation 

to woodland disturbances.  
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6.9 The suitability (from very suitable to unsuitable) of the woodland communities NVC W4 

(upland birchwoods/wet woodland), W18 (native pinewoods), W17 (upland oakwoods) 

and W9 (upland mixed ashwoods) to be planted in northern Scotland. Reproduced by 

Permission of Ordnance Survey on behalf of HMSO. © Crown copyright and database 

right [2020]. Ordnance Survey Licence number 100021242.Modified from (Scottish 

Forestry, 2020). 
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6.10 Areas that have a similar climate in 2071-2079 to the current (2011-2020) climate, the 

darker the green the more similar it is. The trees show the location of the study sites. 
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6.11 Mapping Net Change in Carbon from different afforestation methods in Scotland. The 

top maps show the tonnes of carbon stored within 5 years and the bottom maps in 100 

years. With the exception of native broadleaf as a surplus in carbon is expected at all 

sites within 70 years. Red circles show the location of the study sites. Contains OS data 

© Crown Copyright and database right 2020 | The James Hutton Institute. 
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6.12 Planting Betula trees in Glen Affric for Trees for Life (photograph by H.P. Sterk, 2019). 299 
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LATIN AND ENGLISH PLANT NAMES 
 

List of the Latin and corresponding English plant names mentioned in the text. Where possible 

species specific names are given in text (abbreviated version after first mention: Betula nana, will 

be B. nana), if only the genus, e.g. Betula, is given, this will refer to all Betula spp..  

Abies alba – silver fir (species) 

Acer pseudoplatanus – sycamore (species) 

Alnus – refers to Alnus glutinosa in the text 

Alnus glutinosa – common alder (species) 

Alnus incana – grey alder 

Anagallis arvensis – scarlet pimpernel (species) 

Apiaceae – parsley family (family) 

Artemisia – mugworts (genus) 

Aster – genus in the Asteraceae family (genus) 

Avena – oat (genus) 

Betula – birch (genus) 

Betula nana – dwarf birch (species) 

Betula pendula – silver birch (species) 

Betula pubescens – downy birch (species) 

Brassicaceae – mustard family (family) 

Callitriche – water-starwort (genus) 

Calluna – refers to Calluna vulgaris in the text 

Calluna vulgaris – common heather (species) 

Caltha palustris – marsh-marigold (species) 

Carpinus betulus – hornbeam (species) 

Caryophyllaceae – pink family (family) 

Chenopodium – goosefoots (genus) 

Chrysoplenium officinale – golden saxifrage 

(species) 

Cicuta virosa – cowbane (species) 

Circaea – enchanter’s nightshade (genus) 

Corylus – refers to Corylus avellana in the text, 

though this also includes Myrica gale due to 

pollen similarity. 

Corylus avellana – common hazel (species) 

Crataegus – hawthorn (genus) 

Cryptogramma crispa – parsley fern (species) 

Cyperaceae – sedges (family)  

Diphasiastrum – clubmoss (genus) 

Drosera intermedia – oblong-leaved sundew 

(species) 

Dryopteris – wood fern (genus) 

Elodea – waterweeds (genus) 

Emptrum- refers to Empterum nigrum in the text 

Empetrum nigrum – crowberry (species) 

Epilobium – willowherbs (genus) 

Equisetum – horsetail (genus) 

Erica – heather (genus) 

Eriophorum vaginatum – hare's-tail cottongrass 

(species) 

Fabaceae – pea family (family) 

Fagus – refers to Fagus sylvatica in the text 

Fagus sylvatica – common beech (species) 

Filipendula – genus of 12 species in the family 

Rosaceae (genus) 

Fraxinus – refers to Fraxinus excelsior in the text 

Fraxinus excelsior – European ash (species) 

Galium – bedstraw (genus) 

Hordeum – barley (genus) 

Hottonia palustris – water violet (species) 

Huperzia – firmosses (genus) 

Hypericum – St. Johns worts (genus) 

Hypericum elodes – St John's-wort (species) 

Ilex – holly (genus) 

Isoetes – quillwort (genus) 

Juniperus – juniper (genus) 

Lactuaceae – tribe in the plant family Asteraceae 

(tribe) 

Larix decidua – European larch (species) 

Larix eurolepsis – hybrid larch (species) 

Larix kaempferi – Japanese larch (species) 

Lonicera – honeysuckle (genus) 

Lysimachia vulgaris – yellow loosestrife (species) 

Melampyrum – cow wheat (genus) 

Mentha – mint (genus) 

Menyanthes trifoliata – bogbean (species) 

Molinia caerulea – purple moorgrass 

Myriophyllum alterniflorum – alternate water 

milfoil (species) 

Nymphae – waterlilies (genus) 

Myrica gale – bog myrtle (species): included in 

Corylus in text due to pollen similarity 

Odontoschisma sphagnii – bog-moss flapwort 

(species) 

Ophioglossum – adder’s tongue (genus) 

Osmunda regalis – royal fern (species) 

Paris quadrifolia – herb-paris (species) 

Pedicularis palustris – red rattle (species) 

Peucedanum palustre – milk parsley (species) 

Picea – spruce (genus) 

Picea abies – Norway spruce (species) 

Picea sitchensis – Sitka spruce (species) 
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Pinguicula vulgaris – common butterwort 

(species) 

Pinus – refers to Pinus sylvestris in the text 

Pinus sylvestris – Scots pine (species) 

Pinus contorta – lodgepole pine (species) 

Plantago lanceolata – ribwort plantain (species) 

Plantago major – broadleaf plantain (species) 

Plantago media – hoary plantain (species) 

Poaceae – grasses (family) 

Polygonum aviculare – common knotgrass 

(species) 

Polypodium – rockcap ferns (genus) 

Populus tremula – European aspen (species) 

Potamogeton – pondweed (genus) 

Prunus padus – birch cherry (species) 

Prunus spinosa – blackthorn (species) 

Pteridium aquilinium – bracken (species) 

Potentilla – cinquefoils (genus) 

Quercus – oak (genus) 

Quercus robur – pedunculate oak (species) 

Quercus petraea – sessile oak (species) 

Ranunculaceae – buttercup family (family) 

Rhinantus – rattle (genus) 

Ribres rubrem – redcurrant (species) 

Rosaceae – rose family (family) 

Rubus – bramble (genus) 

Rumex acetosa – common sorrel (species) 

Rumes acetosella – sheep’s sorrel (species) 

Rumex obtusifolius – bitter dock (species) 

Rumex crispus – curly dock (species) 

Salix – willow (genus) 

Salix aurita – eared willow (species) 

Salix caprea – goat willow (species) 

Saxifrage opositifolia – purple saxifrage (species) 

Saxifraga stellaris – starry saxifrage (species) 

Scrophularia – figworts (genus) 

Selaginella – spikemosses (genus) 

Silene – catchflies (genus) 

Solanum dulcamara - bittersweet 

Sorbus – genus of 100-200 species in the family 

Rosacea (genus) 

Sphagnum – peat moss (genus) 

Succisa pratensis – devil’s bit (species) 

Taxus baccata – yew  

Tilia – lindens (genus) 

Tilia cordata – small-leaved lime 

Trifolium – clover (genus) 

Triticum – wheat (genus) 

Ulmus – Elm (genus) 

Ulmus glabra - wych elm (species) 

Urtica – stinging nettles (genus) 

Utricularia – bladderwort (genus) 

Valeriana palustris – marsh valerian (species) 

Vicia – vetches (genus) 

Viola palustris – marsh violet (species) 
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ABBREVIATIONS 

 

AP Auger Point 

BAT Boreal-Atlantic transition 

BP Uncalibrated radiocarbon years before present (before 1950) 

Cal BP Calibrated years before present (before 1950) 

Cal BC/AD Calibrated years before Christ/Anno Domini 

ESC Ecological Site Classification 

FCS 

FLS 

Forestry Commission Scotland: called SF since April 2019 

Forestry and Land Scotland: the Scottish Government agency responsible for managing 

Scotland’s national forests and land. Previously called Forestry Enterprise Scotland 

(before April 2019) 

IRD  Ice Rafted Debris 

LPAZ Local pollen assemblage zone 

LTR Long Term Retention 

MI Minimum intervention (Scottish Forestry) 

M OD Meters Above Datum 

NHFD North Highland Forest District 

NPP Non-Pollen Palynomorphs 

NVC National Vegetation Classification 

NWSS Native Woodland Survey of Scotland 

PAWS Planted on Ancient Woodland Sites 

PWT Priority Woodland Type 

RSBP Royal Society for the Protection of Birds 

SF Sottish Forestry: the Scottish Government agency responsible for forestry policy, 

regulation, grants incentives, technical forestry advice and new cross border 

arrangements. 

TLP Total Land Pollen 

TLP+AS Total Land Pollen + Aquatics and Spores 

TLP+NPP Total Land Pollen + Non-Pollen Palynomorphs 

UK BAP United Kingdom Biodiversity Action Plan 

VPDB Vienna Pee Dee Belemnite, used as the standard ratio of δ13C 
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1 Introduction 

This study is concerned with the reinstatement of the Scottish native woodlands across upland 

areas of the Scottish Highlands under the care of Forestry and Land Scotland (FLS), the Scottish 

Government agency managing Scotland’s national forests and land. Despite the general perception 

of a natural Highland “wilderness” (Holl and Smith, 2007), contemporary woodlands present in the 

Highlands are thought not to be the result of only natural woodland establishment and expansion, 

even when comprising many native species (Peterken, 1996; Tipping et al., 1999; Holl and Smith, 

2007). Woodlands in Scotland have been influenced and managed for many hundreds of years, by 

e.g. felling, coppicing and grazing (Tipping, 1994; Holl and Smith, 2007; Davies, 2011; Birks, 2012) 

and are therefore referred to as semi-natural woodlands: woods comprising locally native trees and 

shrubs which derived from natural regeneration rather than planting (Peterken, 1996; Goldberg et 

al., 2007; Smout et al., 2007). Conservation of semi-natural woodlands is recognised to be of great 

importance for their biodiversity, amenity, recreational values and their potential supply of 

ecosystem services (Patterson et al., 2014; Wilson, 2015; Burton et al., 2018): the direct and indirect 

contributions of ecosystem structure and function (in combination with other inputs) to human 

well-being (TEEB, 2010; Burkhard et al., 2012; Burkhard and Maes, 2017). These services include 

soil protection, flood mitigation and carbon sequestration across the world (Patterson et al., 2014; 

Wilson, 2015). Even though these woodlands have been identified as the dominant natural 

ecosystems in post-glacial Scotland, presently, the total area of semi-natural woodland cover, 

“Wedding of the flowers” 
Linnaeus 1736: Fundamenta botanica 
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311,153 ha (Patterson et al., 2014) is low compared to the total woodland cover in Scotland: c. 1.4 

million ha (The Scottish Government, 2019), only constituting 4% of the total land area of Scotland 

(8 million ha).  

The upland areas in northern Scotland, especially in the counties Caithness and Sutherland, are 

dominated by peatlands (400,000 ha), of which c. 70,000 ha is or has been afforested with 

plantations (Lindsay and Andersen, 2016) (Figure 1.1). These non-native forests are dominated by 

Picea sitchensis (Sitka spruce) and Pinus contorta (lodgepole pine), mainly used in the timber 

industry (Forestry Commission Scotland, 2016a). Native mixed woodland in Sutherland comprises 

of 11,700 ha and only 1,057 ha of native broadleaved woodland in Caithness (Caithness Biodiversity 

Group, 2003; Sutherland Biodiversity Group, 2003), with upland birchwoods and wet birchwoods 

representing the main type of native woodland, associated with National Vegetation Classification 

(NVC) types W17 and W4 respectively (Rodwell, 1991; Caithness Biodiversity Group, 2003; Forestry 

Commission, 2003a; Sutherland Biodiversity Group, 2003). Similar to native woodlands, 

disturbances to peatlands influence the many unique ecosystem services: e.g. intact peatlands 

reduce downstream flood risks, provide clean water and contribute to climate regulation through 

carbon sequestration (Whitfield et al., 2011; Payne et al., 2018; Sloan et al., 2018). Peatland 

ecosystem services also include the maintenance of a unique biodiversity and includes a range of 

rare, threatened, and declining habitats, plants and animals of which some are considered to be of 

European importance (Lindsay et al., 1988; Littlewood et al., 2010). Additional services provided by 

peatlands include the facilitation of sporting enterprises, tourism and breeding livestock (Whitfield 

et al., 2011). Much of the current interest in peatlands is driven by the fact that peat is rich in carbon 

and peatlands store an estimated 600 gigatons of carbon (GtC) worldwide (Yu et al., 2010; Payne 

et al., 2018), a pool of similar magnitude to that of the entire atmosphere prior to human carbon 

dioxide emission (589 GtC) (Stocker, 2014; Payne et al., 2018). Intact peatlands store carbon for 

millennia, but degradation of peatlands due to drainage or land-use change may intensify 

anthropogenic climate change as the stored carbon is released back to the atmosphere (Payne et 

al., 2018).  

Although the value of peatlands is now better understood, from the 1940s to the 1980s Scottish 

(upland) peatland areas have been extensively afforested with (non-native) conifers, drastically 

affecting the landscape and fragile ecosystem (Lindsay et al., 1988; Sloan et al., 2018). It is now 

recognised that these afforestation activities had negative implications for biodiversity and carbon 

loss (Whitfield et al., 2011; Sloan et al., 2018), e.g. the introduction of non-native forestry 

plantations led to the loss of semi-natural upland, moorland and blanket bog habitats together with 

their dependent wildlife (Scottish Natural Heritage, 2002). Furthermore, the semi-natural 

woodlands that remain present in these upland areas have been affected by localised increases in 
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the grazing pressure of red deer and domestic stock which led to the loss of native woodland and 

an impoverishment of semi-natural habitats, with natural regeneration often absent in these areas 

(Scottish Natural Heritage, 2002; Sutherland Biodiversity Group, 2003).  

Many of these plantations on peatlands are currently reaching harvesting age and critical questions 

have been developing about the subsequent land-use and (woodland) management decisions 

(Payne et al., 2018). This increases the need for evidence-based decision-making steps in Scottish 

Forestry (SF) management and policy documents. Although the UK Forestry Standard and Scottish 

Government’s policy presume that forestry sites should be restocked following clear-felling as 

woodland creation is recognised by SF to be important for reducing greenhouse gas emission and 

targets are set to increase Scottish woodland cover to 21% by 2032 (Scottish Forestry, 2016; 

Forestry Commission, 2017; The Scottish Government, 2019), SF wants to ensure that Scotland’s 

forests are managed to make a positive contribution to climate change mitigation in these 

vulnerable areas (Forestry Commission Scotland, 2015a). The unique ecosystem of peatlands 

should be managed appropriately and if loss of carbon is expected to be significant with current 

management practises, non-native coniferous woodland removal and peatland restoration is 

supported by the Scottish Government’s Control of Woodland Removal Policy (Forestry 

Commission Scotland, 2015a). Future options for the plantations on peatlands include restocking, 

restoration and ‘Peatland Edge Woodland’ or a combination of these (Forestry Commission 

Scotland, 2015a; Scottish Forestry, 2016; Payne et al., 2018). Restocking will only occur where no 

restoration is needed and where trees compensate for greenhouse gas losses from the soils 

(Scottish Forestry, 2016). Habitat restoration will occur where plantations are located on UK 

Biodiversity Action Plan (UK BAP) priority habitats which cover a wide range of semi-natural habitat 

types (Maddock, 2011; Scottish Forestry, 2016), with the priority habitats comprising of open 

peatland and bog woodland/scrub (Forestry Commission Scotland, 2015a; Scottish Forestry, 2016). 

When the site is not a UK BAP and where it does not support restocking, peatland edge woodland 

will be created consisting of native species that will be encouraged to become semi-natural over 

time (Forestry Commission Scotland, 2015a; Scottish Forestry, 2016). These site-specific habitat 

restorations are found to support a positive carbon balance and other environmental benefits 

(Forestry Commission Scotland, 2015a; Scottish Forestry, 2016; Payne et al., 2018).  

In order to understand what truly constitutes native woodland in the uplands of northern Scotland, 

also referred to as “primeval forest” (Birks, 2005) or “wildwood” (Rackham, 1993), investigations 

are needed into the different types of arboreal and herbaceous plants that characterise this type 

of woodland, both in the present and the past. Current landcover and woodland inventories, such 

as the Native Woodland Survey Scotland (Patterson et al., 2014) and the UK NVC (Rodwell, 1991, 

2018), provide a reference to the spatial distribution – and management – of woodlands and 
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uplands in northern Scotland, but cannot shed light on post-glacial development of the region. 

Palaeoecological data, particularly palaeobotanical data, can provide insights into past vegetation 

patterns of the region, showing how vegetation developed before any major human influence. 

Additionally, palaeoecological data have the potential to significantly improve the understanding 

of long-term processes (decades to centuries) in woodland regeneration and adaptation, as current 

ecological datasets only use a small part of ecosystem dynamics (Davies, 2011). As the anaerobic 

conditions of peatlands create suitable conditions for long-term preservation of pollen grains, plant 

macrofossils and non-pollen palynomorphs (NPP), all established proxies for past vegetation 

patterns and environmental change (Walker and Lowe, 1997), palynological studies of peat cores 

are particularly suitable to retrieve a series of palaeoecological datasets in this context.  

There has been growing interest for evidence-based approaches for natural conservation 

management and planning, with a number of recent studies implementing detailed 

palaeoecological data in decision-making (e.g. Birks, 1996; Tipping et al., 1999; Lindbladh et al., 

2007; Brown, 2009; Davies, 2011; Blundell and Holden, 2015; Bunting et al., 2016; Bérubé et al., 

2017; Chambers et al., 2017; van Geel et al., 2020), or the setting of operative restorative baseline 

conditions at local scales (e.g. Willis et al., 2005, 2010). Nonetheless, the extent of the use of 

palaeoecological data for conservation is not fully understood and used to its full potential (Froyd 

and Willis, 2008; Davies, 2011; Davies et al., 2014). Much of the natural conservation practices are 

still focused on changes and patterns of recent decades (Birks, 1996; Foster et al., 1996; Rull, 2014), 

although for understanding ecosystems will require data over longer time-frames (palaeoecology) 

as many ecological processes vital for maintaining ecosystems, habitats, biodiversity and 

(woodland) communities occur gradually and over extended periods of time: changes that are 

happening today may only become visible after a decade (Birks, 2012; Lindbladh et al., 2013; Rull, 

2014). This is especially important for answering a key question raised by conservationists: what 

will the nature and rates of ecological responses to predicted climate changes be? (Willis et al., 

2010). Palaeoecology will aid towards the understanding of past vegetation responses to past 

climatic events, including the range of natural variability disturbance regimes, ecosystem baselines, 

ecological thresholds, resilience and persistence and can be used as a resource for reflecting the 

consequences of past management interventions (Foster et al., 2003; Froyd and Willis, 2008; Davies 

and Bunting, 2010; Willis et al., 2010; Birks, 2012; Edwards et al., 2019).  

This study contributes to informing management and policy decisions concerning the expansion 

and adaptation of native woodland cover in northern Scotland by contributing and investigating 

detailed palynological datasets on vegetation (and climate) changes. Long-term vegetation patterns 

throughout the Holocene are explored, including the naturalness of ecosystems; phases of 

woodlands disturbance, including cultural and natural drivers of change and disturbance; and 
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ecosystem variabilities. Knowledge on these aspects helps to assess whether current conservation 

baselines and restoration targets are appropriate and to guide current trends and future decisions 

(Davies, 2011), especially in areas where resilience of future native woodland in northern Scotland 

is promoted. Appropriately age-dated and high-resolution records spanning the whole of the 

Holocene in different areas within northern Scotland created in this study are unique in its kind, as 

most existing palaeoecological studies in this region – and these type of studies in general – merely 

focus on relating past forest conditions to past climates, land-use and landscape developments, and 

are described without a specific conservation context (Davies and Bunting, 2010; Lindbladh et al., 

2013). On the other hand, studies aimed to inform conservation management issues often target 

specific time periods or specific events (e.g. Davies, 2007; Lindbladh et al., 2007, 2008; Hanley et 

al., 2008; Brown, 2009; Ryan and Blackford, 2010; Chambers et al., 2017), whereas this study will 

target the whole of the Holocene and different events identified in the data. 

 

Figure 1.1    Blanket bog, peatland vegetation, non-native coniferous plantations, areas of broadleaved forests and study 
sites locations in Caithness and Sutherland (Scottish Natural Heritage, 2016a, 2016b).  
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1.1 Aims and Objectives 

The overall aim of this study is to use palaeobotanical data in order to reconstruct the past 

woodland communities, which formed the “natural woodland” of northern Scotland. This 

reconstruction will be used to inform a feasibility study into whether such “natural woodlands” can 

be reinstated into areas of the Scottish Highlands under the care of the FLS.  

For the purpose of this study, two riparian and one upland peatland location on sites managed by 

FLS in Caithness and Sutherland were selected (described further in Section 3), all part of the Flow 

Country – one of the largest and most intact areas of blanket bog in the world and the largest 

expanse of blanket bog in Europe (Lindsay et al., 1988; Bruneau and Johnson, 2014). 

Palaeoecological data analysed from these sites – including pollen grains, non-pollen palynomorphs 

(NPP), microscopic charcoal and wood fragments – reflect how (local) natural woodlands and 

ecosystems changed over space and time, providing insights into potential causes of natural 

woodland decline at the study sites, as well as investigating any anthropogenic impact on these 

ecosystems in the past. Past climatic events have formed and shaped the dispersal of woodland 

across northern Scotland and ongoing and future climate change will affect present woodland 

species, as vegetation is expected to evolve during the next few hundred years (Braconnot and 

Vimeux, 2020; Cheddadi et al., 2020). This study therefore evaluates whether past woodland 

assemblages can form an analogy for the future, and it is explored in which areas certain past 

woodland communities can be replanted, using both current and predicted future climatic 

conditions. An in-depth discussion on how long-term data contributes to woodland management 

in Northern Scotland is provided (see Section 6.3), to ascertain the advantages and limitations of 

the palynological studies for informing conservation techniques and woodland development at the 

three different research sites.  

Three aims will be addressed in this study: 

1. To reconstruct past long-term woodland community development at three selected sites 

in northern Scotland and provide an understanding of how these communities changed 

over space and time. Palynological research will be used to display the previous abundance 

and relative compositions of arboreal and herbaceous plants in these areas. Changes will 

be assessed for their significance through change-point analysis and parallels and 

differences were explored between the sites and subsequently be compared to other 

palynological studies in northern Scotland.  

2. Defining natural woodland and identification of the causes for decline and disturbances of 

these habitats in the study areas, including assessing anthropogenic and climatic processes 

dominant at the sites. Additionally, anthropogenic impacts on the ecosystem in the past 



1 Introduction 

7 
 

are explored by investigating the interaction between human activity and the 

establishment of arboreal taxa and land management in the past. Woodland decline and 

disturbances as well as human impacts on peatlands are detected through the analysis of 

microscopic charcoal, non-pollen palynomorphs and pollen grains.  

3. Assess the feasibility of using long-term palaeoecological data in conservation management 

strategies and particularly, woodland management, within the scope of FLS sites in 

northern Scotland. Additionally, identification of target species for natural woodland 

community reestablishment within contemporary climate and ecosystems will be 

summarised. 

The aims above are addressed across the various chapters in this thesis and split up by the specific 

goal of the chapters. A literature review will provide the necessary background information, 

whereas the background to study locations highlights differences in topographic setting and 

management background of the sites in this study. Fieldwork and lab work methods are described 

in the Methods section, followed by the results and palaeoecological interpretations per study site. 

Finally, the woodland development, including phases of disturbance, resilience and demise will be 

explored. The possibly biotic and abiotic causes for these changes in woodland character in 

northern Scotland are discussed and the main implications of this palaeoecological study for current 

and future conservation approaches are explored, followed by the concluding chapter.   
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2 Literature Review 

This section provides context and critical examination of information relevant to this study and 

starts with an exploration of palynology as a tool for past vegetation reconstruction. To understand 

past woodland communities, the characterisation of e.g. semi-natural woodland and a general 

description of present-day woodland in Scotland, which includes priority woodland types 

(Patterson et al., 2014) and their related national vegetation classification (Rodwell, 1991), is 

outlined. Natural woodlands have been established since the start of the Holocene and background 

information is provided into the development of these woodlands throughout Scotland, with a 

specific focus on woodland development in Caithness and Sutherland by means of previous 

palynological studies in these regions. The relation of climate and woodland development, adaption 

and change are explored in the light of future climatic predictions for northern Scotland. The 

understanding of past climatic events and the influence of past vegetation communities will help 

with the prediction of the impact of possible future climatic events and can support policy and 

management decisions concerning the conservation of woodlands in Scotland. Climate is but one 

major topic in conservation management and policy, other current policy and management 

strategies of woodland conservation are reviewed as well as the use of palaeoecology, including 

palynology, in conservation issues. 

2.1 Palynology 

Palynology is the principal tool used in reconstructing former past flora, vegetation and 

environments (Faegri et al., 1989). It can be defined as the study of pollen, spores and other 

resistant microfossils (non-pollen palynomorphs [NPP]) and it is the main method used in this study. 

Palynology as a scientific discipline is thought to have started in 1916, when Lennart von Post 

presented the first modern pollen diagram (Manten, 1967). The pollen grains of former vegetation 

are preserved in waterlogged deposits and when retrieved, identified and interpreted, past 

landscapes can be reconstructed (Faegri et al., 1989). When pollen grains are preserved, they are 

useful for these  reconstructions as they are very resilient, are produced in large numbers, are more 

evenly spread than larger fossils and can be retrieved in great quantities (Faegri et al., 1989). Most 

studies of palynology have been about the reconstruction of vegetation changes during the last 

10,000 years (the Holocene), showing succession since the last glaciation and intensification of 

human pressures upon global vegetation (Moore et al., 1994). It is important to understand the 

different factors that might influence pollen analyses. For instance, different types of pollen have a 

different resistance to decay and could be underrepresented when not being preserved (e.g. Hesse 

et al., 1999); the modes of transport of pollen varies: some pollen can travel over large distances 

and will give a more regional signal compared to pollen grains deposited close to a given site (e.g. 
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Sofiev et al., 2013); the amount of pollen production varies from species to species resulting in an 

under- or overrepresentation of pollen grains in a fossil pollen assemblage (e.g. Hjelle, 1998).  

Composition and structure 

The wall of a pollen grain functions to protect the male gametophyte during its transportation from 

the anther to the stigma, similar to the wall of the spores of pteridophytes and bryophytes which 

protects the gametophyte during its dispersal from the sporophyte to a location suitable for 

germination (Moore et al., 1994). The living pollen grain has two main layers, the outer wall (the 

exine) which is composed of sporopollenin and is, in the right conditions, often preserved in fossil 

form, and the inner wall (the intine). The exine carries the characteristic sculptures which aid the 

identification of pollen grains (Figure 2.1). Other main characteristic for pollen grain identification 

are the size of the grains and the apertures, which are thinner parts within the exine serving as an 

exit for pollen contents, or to allow shrinking and swelling of a grain in response to change in 

moisture (Faegri et al., 1989). Apertures can either be round-shaped (pores) or furrow-shaped 

(colpi) or can be both (Figure 2.2).  

 
Figure 2.1    The different sculpturing types present on the exine viewed in the surface view and optical section. The dark 
area shows the lower areas or holes in the exine and the lighter areas show the raised area. Modified from Moore et al. 
(1994). 

Figure 2.2    The apertures aid with pollen grain identification. Different numbers of pores and/or colpi are displayed 
(Lang, 1994). 
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Transport 

The main aim of pollen grains is to transport from the anther to the stigma where pollination will 

take place. Understanding the transport processes is key to understanding pollen analysis and its 

results (Faegri et al., 1989), and can help to detect whether pollen are under or over-represented 

in the assemblage. There are different ways in which plants are pollinated: 1) they can be self-

pollinated (autogamous), e.g. Triticum (wheat). This is a very effective way of pollination, and for 

these plants few pollen grains are released which are not liberated from the mother plant (Faegri 

et al., 1989). Plants that are self-pollinated will therefore be underrepresented in a fossil pollen 

assemblage. 2) A few aquatic plants can be pollinated under water (hyp-hydrogamous), these plants 

have a very thin walled pollen and could often not be recognised or preserved in the sediment 

(Faegri et al., 1989). 3) Some plants are pollinated by animals (zoophilous), where the pollen is 

carried from the anther of one flower to the stigma of another flower by e.g. insects, birds or bats. 

These pollen grains are often found infrequently in the sediments that are used for pollen analysis 

and are often only found in large numbers if the soils directly beneath a zoophilous plant is 

analysed, although some species e.g. Tilia (lime tree) and Calluna vulgaris (common heather) 

(hereafter referred to as Calluna, unless stated otherwise) produce great quantities which can be 

compared with the spread of pollen of wind-pollinated plants. 4) Wind-pollinated plants 

(anemophilous) produce large quantities of pollen grains which are liberated in the air and can be 

spread over large distances, e.g. Pinus sylvestris (Scots pine), hereafter referred to as Pinus, unless 

stated otherwise. Most pollen that are pollinated by wind are very smooth, aiding to their spread 

by wind whereas zoophilous pollen are generally sculptured, so the pollen will ‘stick’ to the animal. 

Dispersal and taphonomy 

All physical characteristics of a site, e.g. the sediment type, size of the basin, degree of exposure to 

climate extremes, altitude, number of in- and out-flowing streams have a direct influence on the 

nature of the pollen assemblages accumulating (Smith, 1996), and the interpretation of a fossil 

pollen assemblage is altered by an understanding of how the pollen arrived at a site and how it 

behaves on arrival (Moore et al., 1994). Tauber (1967) constructed a model showing the different 

mechanisms by which pollen can arrive at a site (Moore et al., 1994) (Figure 2.3). The model situates 

a site surrounded by forests and describes three components of how pollen arrive: 1) the trunk 

space component (Ct) which includes the pollen falling from the tree canopy or pollen produced by 

shrubs and herbs beneath the canopy, which are all carried by air movement within the canopy 

(Moore et al., 1994). 2) The canopy component (Cc) includes some of the pollen that are produced 

within the canopy or have escaped from the understory vegetation. These will be carried with the 

air movements above the canopy to either close or great distances depending on which air 

movement they join. 3) The rain component (Cr). The bulk of pollen from the atmosphere will 
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descent with rain. Added to Tauber’s (1967) model there are two other sources of pollen transport 

to a site: 4) the gravity component (Cg), which considers pollen of local ecosystems will be locally 

present, i.e. aquatic plants growing in a lake or wetland species growing on a surface of a mire are 

expected to deliver a large proportion of their pollen production very locally (Jacobson and 

Bradshaw, 1981; Moore et al., 1994) and 5) the secondary or inwashed component (Cw), describing 

the pollen that have been deposited somewhere else within the catchment and are transported by 

drainage water, surface runoff, inflowing water channels and groundwater (Bunting, 2008) (Figure 

2.3). This model is a generalised interpretation for forested sites. It is necessary to understand the 

different processes of how pollen grains are dispersed to a site and the model should be modified 

to the specific site needs (Moore et al., 1994). It should also be taken into account that there are 

different stages of site development or vegetation succession which will give different pollen 

dispersal patterns, e.g. blanket bogs have their pollen either come from the rainfall (Cr), or the 

canopy component from neighbouring areas (Cc), or from the local peat vegetation (Cg). 

After the dispersal of pollen grains and their subsequent deposition, it is the stratigraphic 

discontinuity that can cause problems in a deposited sequence. It is possible that a deposition 

conceals a hiatus and part of the vegetation history could be missing. This could possibly be 

detected by a sharp contact between two types of deposit, contradictory this could also be a natural 

change in deposits (Faegri et al., 1989). Erosion could have played a role, either in the surrounding 

area causing in wash of secondary pollen grains or erosion of the deposit itself. Erosion events could 

possibly be indicated by layers of sand or silt (Faegri et al., 1989). Furthermore, studies have shown 

that when pollen arrives on a bog surface, mixing can occur, with the larger pollen grains remaining 

on the surface and the smaller migrating down into the peat, although this is relatively insignificant 

in comparison to the large timescale set for peat accumulation (Birks and Birks, 1980; Walker and 

Lowe, 1997). When sampling a deposit, one should collect from the centre of a basin, where the 

deepest and most complete sequence is expected. Some pollen grains will show signs of 

deterioration resulting from physical, chemical and biological attack on the exine (Walker and Lowe, 

1997). Pollen grains with a thinner exine, e.g. Urtica (nettles) will especially be subject to 

deterioration, may not survive over time and will therefore be underrepresented in the fossil pollen 

record.  
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Limitations in pollen analysis 

“There is only one fact in pollen analysis that always holds true: a pollen grain of a plant species 

came of a specimen of that species.” (Faegri et al., 1989). This is the only thing we know for certain 

but the above-mentioned variations between modes of transport, pollen production, pollen 

composition, structure and taphonomy show that there is never a true reflection of the past 

vegetation and one should be careful with their interpretation. Furthermore, pollen grains are often 

only identified to genus of family level. This can be problematic when different species in the same 

genus have contrasting affinities (Walker and Lowe, 1997). For a fuller understanding of (local) past 

vegetation, it is advisable to include other palaeoecological data, e.g. plant macrofossil data. For 

this study, where the focus is on woodland development, the identification to species level is less 

vital as pollen grains of tree taxa often only include one native species (i.e. Alnus glutinosa [common 

alder]) or the genus level identification is sufficient (i.e. Betula [birch]). To continue, depending on 

other identified taxa in the same layer, the habitat can be determined which aids the identification 

to species level.  

Non-pollen palynomorphs 

All other microfossils that can be identified during a pollen analysis are referred to as non-pollen 

palynomorphs (NPP). NPP can include spores of fungi, remains of algae, cyanobacteria, remains of 

diasporas, invertebrates and cormophytes (plants that are differentiated into roots, shoots and 

leaves [Lawrence, 2008]) (van Geel, 2001; Miola, 2012). NPP are often used as index fossils and 

provide additional and independent palaeoenvironmental information (Mauquoy et al., 2002; Riera 

et al., 2006; van Geel and Aptroot, 2006; Cugny et al., 2010; Innes et al., 2010; van Geel et al., 2020). 

Furthermore, fossil fungi can give information on their host plants. This is especially useful in the 

Figure 2.3    Model of different pollen dispersal routes. Cr being the rain component, Cc the canopy component, Ct 
the trunk component, Cg the gravity or local component, and Cw represents the in-washed or secondary component 
(based on Tauber 1965; Jacobson and Bradshaw 1981 in Bunting, 2007, 2081). 
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instances where the fossil pollen grains are not preserved or cannot be identified to species level, 

e.g. fungal spores of Anthostomella cf. fuegiana (HdV-4) relate to the presence of Eriophorum 

vaginatum (hare's-tail cottongrass), which is rarely identified in pollen analytical studies (van Geel, 

1978). Some fungal taxa are coprophilous, e.g. Apiosordaria verruculosa (HdV-169) and 

Sporomiella-type (HdV-113) and could be indicative for pastoral activity in the past (Munk, 1957; 

van Geel, 1978; van Geel et al., 1983b; Baker et al., 2013). Over 1300 NPP have been described 

since an extensive study of NPP by van Geel, (1972), who introduced the practice to describe the 

NPP types and name them, even if they were of unknown origin (Miola, 2012). The different types 

of NPP are listed as HdV (named after Hugo de Vries and Bas van Geel), in order to avoid listing the 

same name to different microfossils (Miola, 2012). Limitations in the inclusion of NPP in pollen 

analytical studies are that NPP are still overlooked in these studies and their indicative value 

continues to be debated. The latter is partly due to the inaccuracy of identification of modern 

remains that can be linked to fossil remains (van Geel and Aptroot, 2006; Cugny et al., 2010). The 

identification is troubled by the limited presence of literature on fossil NPP (van Geel and Aptroot, 

2006). 

Charcoal 

Fires produce large amounts of (microscopic) charcoal which is preserved as part of the fossil record 

(Edwards, 1990) and when retrieved as part of palynological or palaeoecological studies it can be 

used as an indicator of past fire activity (Patterson et al., 1987; Edwards and Whittington, 2000; 

Edwards et al., 2000; Dodgshon and Olsson, 2006; Froyd, 2006; Grant et al., 2014; Wheeler et al., 

2016). Changes in fire activity can reflect climate change or variability, anthropogenic activity, fuels 

or a combination of these (Mooney and Tinner, 2011) and an understanding of fire history aids to 

the understanding of interactions between vegetation, climate and human disturbances (Patterson 

et al., 1987). Charcoal fragments are generally divided into microscopic charcoal: <100 μm size and 

visible on pollen slides and macroscopic charcoal: >100 μm size (Whitlock and Larsen, 2002). 

Limitations of charcoal studies in the past are that these lacked standardisation techniques and 

merely focussed on the analysis of microscopic charcoal <100 μm size and that, because 

microscopic charcoal can travel over large distances, the source area is poorly defined but is most 

likely regional in extent, although often appears to be similar as the pollen source area of a given 

site (Whitlock and Larsen, 2002) whereas macroscopic charcoal will reflect local fires (Whitlock and 

Larsen, 2002; Froyd, 2006). Other limitations of microscopic charcoal analyses include that charcoal 

particles may be broken during preparation, creating an overrepresentation of particles (Whitlock 

and Larsen, 2002). Nonetheless, microscopic charcoal data is useful for identifying periods of 

burning in the past which are often linked to change and disturbance in vegetation (Edwards and 

Whittington, 2000; Edwards et al., 2000; Grant et al., 2014; Wheeler et al., 2016). 
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Human influence on vegetation 

Determining the influence of humans on vegetation in the past using palaeoecological techniques 

can be challenging (Edwards and Whittington, 2000; Froyd, 2006; Davies, 2007; Tipping et al., 2009; 

Innes et al., 2010; Bishop et al., 2015). Most studies that focus on human impact on the landscape 

consider: 1) a decline of certain tree pollen and a slow regeneration, i.e. removal of trees and shrubs 

would have allowed light for light demanding crop plants whereas a slow regeneration of trees and 

shrubs could be a result of grazing in the area; 2) flourishing of pioneer plant pollen; 3) the 

occurrence of cereal-type pollen grains and associated weed pollen; 4) sudden changes in pollen 

richness and concentration; and 5) the occurrence of nitrophilous plants and pastoral weeds (Li et 

al., 2008). Combining pollen analytical studies with other proxies will contribute towards a more 

complete understanding of landscape changes through time. One of these proxies are microscopic 

charcoal studies (as mentioned above). Anthropogenic fires are often rapid, show a significant rise 

and can be dominant for a long period. The sources for anthropogenic fires include domestic 

activities such as hearth fires or vegetation manipulation, e.g. moor burning (Bennett et al., 1990; 

Edwards and Whittington, 2000; Davies, 2003; Dodgshon and Olsson, 2006). The local origin of 

some NPP enhances palaeoecological interpretations: they can show variations in hydrological 

responses to disturbance (possibly by human activity) that are less visible in the pollen record; they 

can help to distinguish between local and regional vegetation change; indicate burning near a site 

and can show the presence of herbivore grazing in the landscape by the presence of coprophilous 

fungi: Sordaria (HdV-55A/B), Podospora (HdV-368), and HdV-113. In the example of Kretzschmaria 

deusta (HdV-44) it has been suggested that its presence may indicate girdling and other woodland 

management techniques (Davis and Shafer, 2006; van Geel and Aptroot, 2006; Innes et al., 2010; 

Laine et al., 2010). There are several plant species that are indicative for people present in the 

landscape and that could link to human induced aspects in the landscape, i.e. fires, disturbance of 

soils, open canopies, nitrogen and phosphorous flushing (Moore et al., 1994). The presence of the 

pollen grains of these plants are regarded as anthropogenic indicators and could be linked to 

different types of anthropogenic managed landscapes, including meadows and pastures, cereal 

cultivation and arable lands (Behre, 1981; Laine et al., 2010). Pollen grains of cereal grains are a 

good indicator for human presence in the landscape and can be associated with human settlement. 

Their identification is based on size of the grains, pore and annulus and surface morphological 

characteristics and they are generally divided in 3 groups: Hordeum group, Avena-Triticum group 

and Secale cereal group (Andersen, 1979; Edwards and Hirons, 1984; Joly et al., 2007). Although 

the presence of cereal grains is the most definite evidence for arable activity in the pollen source 

area, other plants (mainly weeds) might suggest arable and pastoral activity. Plantago lanceolata 

(ribwort plantain) is one of the most important anthropogenic indicators as it occurs in meadows 
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and base-rich pastures and can be associated with disturbance caused by grazing and moving and 

plays a significant role in the recolonisation of abandoned cultivated land (Behre, 1981; Miles et al., 

1989; Gaillard et al., 1992; Robinson, 2014). Rumex (species of docks and sorrels) can also be 

indicative for human presence in the landscape, although Rumex spp. can also be found in fen 

communities so interpretation might be difficult. Rumex crispus (curly dock) and Rumex obtusifolius 

(bitter dock) both occur in weed communities and may be found in pastures and grasslands (Behre, 

1981; Doyen and Etienne, 2017). Identification of Rumex acetosa (common sorrel) could suggest 

mineral rich wet meadows and pastures (Tamis et al., 2004; Doyen and Etienne, 2017). Rumex 

acetosella (red sorrel) has a wide ecological range, although it is often used as an indicator of 

grasslands and pastures. Chenopodiaceae (goosefoot family; now included in the Amaranthaceae), 

Artemisia (genus in the Aster family) and Urtica are nitrophilous species and are related to nutrient-

rich areas (Tamis et al., 2004), which includes habitations and cultivated/farm lands (Ding et al., 

2011). Furthermore, species of Chenopodium (goosefoots) and Polygonum (knotweed), which can 

be part of weed communities (expected to be human indicator species), can also occur along 

nitrogenous banks of lakes and rivers (Behre, 1981). 

Trees would have been used by people in the past as natural resources and timber was utilised for 

e.g. houses and boats, firewood for heating and later for metal production. All which would have 

had limited impact on the woodlands before the industrialisation but would have been detected by 

temporary depressions in the arboreal pollen curves, indicating the clearing and subsequent 

successions during re-establishment of the woodlands (Faegri et al., 1989; Edwards and 

Whittington, 2000; Innes et al., 2010; Laine et al., 2010; Robinson, 2014). Sustainable timber uses 

would have existed on a landscape scale throughout the Neolithic in the form of woodland 

management, although it is very difficult to detect these management practices (Waller et al., 

2012).  

2.2 Defining woodland 

In this section the definition and terminology of woodlands will be explored. The terms woodland 

and forests are often used interchangeably, and while there is no strict definition of either term, in 

Britain it is generally understood that woodland is a relatively small area of trees with an open 

canopy (40% canopy closure or less) so that the light reaching the ground encourages the ground 

vegetation to grow (Thomas and Packham, 2007). From around the start of the 20th century, the 

term forest has increasingly been used for a relatively larger area of trees (often a plantation) 

forming for the most part a closed, dense canopy. However, a forest does not have to be uniform 

over a large area and is often made up of a series of managed stands, groups of trees varying in 

age, species or structure, interspersed with open places and areas where grazing animals are 

limiting tree development (Thomas and Packham, 2007). During the Medieval period the term 
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forest was particularly associated with an area of land subject to special laws, usually directly 

imposed by the Crown, concerned with preserving game (primarily deer) (Rackham, 1983). In the 

same period in Scotland, forest usually referred to a wasteland, and when this term is used in 

descriptions in the succeeding centuries one cannot assume that the land in question carried trees, 

unless there is other evidence to indicate this (Steven and Carlisle, 1959). In temperate Europe and 

North America, forest is a more widely used term to include extensive native and non-native/mixed 

forestry (Pretzsch et al., 2017). The Food and Agriculture Organisation (FAO) of the United Nations 

defines the term forest as “Land spanning more than 0.5 hectares with trees higher than 5 meters 

and a canopy cover of more than 10 percent, or trees able to reach these thresholds in situ. It does 

not include land that is predominantly under agricultural or urban land use.” (FAO, 2015). This 

thesis will mainly refer to the term woodland in the sense of an area covered with trees, whether 

open-spaced or with closed canopies.  

When interpreting palaeoecological data to determine the state of natural woodland, it is 

important to critically examine what is meant by natural woodland. The most straightforward 

definition is that natural woodland is formed without significant influence of people (Peterken, 

1977), in this definition people are regarded as being separate from nature (Peterken, 1996). Other 

definitions for natural woodlands include: wildwood (Rackham, 1993), virgin forest (Peterken, 

1996) and native woodlands (Smout et al., 2007; Patterson et al., 2014; Wilson, 2015). Woodlands 

can be characterised by their continuity on a site by the terms: primary woodland, secondary 

woodland and ancient woodland (Peterken, 1977; Rackham, 1993). Primary woodlands have been 

wooded continuously through time and have a natural or near-natural character (Peterken, 1977) 

whereas secondary woodlands are sites that have not been wooded continuously (Peterken, 1977) 

and are therefore less likely to be natural. The problem is that the status of primary woodland 

cannot be proven, and it is most likely that since people have been present in the landscape, they 

have modified their environment (Peterken, 1996). The use of the term semi-natural instead of 

primary woodland is therefore more applicable because it highlights the possible effects of past 

human presence/interference on these woodlands. Semi-natural woods consist of locally native 

trees and shrubs which arrived from natural regeneration or coppicing rather than planting 

(Patterson et al., 2014). Secondary woodlands can be proven by evidence such as maps and 

historical records. The problem is that secondary woodlands cannot be proven before the time 

where clearest evidence is available e.g. prior to the first maps being produced. Therefore, the term 

ancient woodland was introduced (Rackham, 1971, 1993; Goldberg et al., 2007) which clarifies an 

area that appears to have been wooded continuously since at least 350 cal BP (AD 1600) in England 

and Wales and 200 cal BP (AD 1750) in Scotland (Goldberg et al., 2007), for that is the time the 

Military Survey of Scotland was compiled by General Roy, which became the major source for 
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compiling the Scottish Ancient Woodland Inventory (Goldberg et al., 2007; Smout et al., 2007). 

Ancient woodlands have a high natural and cultural value because of their long history and they 

generally have the highest biodiversity value (Walker and Kirby, 1989; Rackham, 1993; Peterken, 

1996; Goldberg et al., 2007; Latham et al., 2018). Ancient (semi-natural) woodlands are most closely 

related to the original “natural” woodland and it is argued that these include remnants of the post-

glacial forests and support rare plants and animals. It is therefore that this type of woodland is 

important for conservation purposes (Forestry Commission, 2003a; Patterson et al., 2014). Wilson 

(2015) refers to native woodlands as being those comprising tree species that have colonised 

Scotland naturally since the end of the last Ice Age, 10-12,000 years cal BP. SF recognises native 

woodlands as self-sown woods and areas that have been planted with native species at some time, 

where some native woods are planted on Possible Ancient Woodland Sites (PAWS) whilst others 

are of more recent origin (Patterson et al., 2014) and could reflect areas that have not been 

continuously wooded. For Scotland only 1% of the land cover is covered by semi-natural woodland 

and 1% is covered by PAWS. These ancient semi-natural woodlands differ in their extent, origin and 

compositions for every part of Scotland. The distribution of these different types of woodland 

reflects variations in land management, history and environmental factors (Roberts et al., 1992; 

Smout et al., 2007) (see Section 2.3).  

This study is concerned with characterising the past-natural state of woodlands at the different 

study sites although it is important to understand that these woodland communities are dynamic, 

and can be long lasting but will vary according to climate change, soils and management (Smout et 

al., 2007). Within ecosystems many disturbances can occur where in some instances this results in 

resilience and the continuation of a given ecosystem and in other instances ecosystems, e.g. 

woodland communities can switch from one stable state to another when their ecological threshold 

is reached (Davies et al., 2017). Drivers for these disturbances and ecological thresholds include 

human impact and combinations of climatic variables (see Section 2.7.2) (Willis et al., 2010; Bryant 

et al., 2019). The existing semi-natural woodlands of Scotland are likely to differ in composition 

from the more natural woodlands that were present before any major human impact as, dependant 

on location, there is usually a long history of cultural intervention and natural development 

(Peterken, 1996; Davies, 2011). By using palynological research, long-term vegetation patterns, 

phases of disturbances and different states of natural woodland can be investigated (see Section 

2.7.2). Natural woodland will be the main term referred to throughout this thesis when discussing 

the state of past-natural vegetation and native species for referring to those woodland species 

natural to Scotland.   
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2.3 Present day native woodland in Scotland 

Over thousands of years, Scotland’s woodlands have developed and adapted to our changing 

environment (Tipping, 1994; Smout et al., 2007; Patterson et al., 2014). Woodland species native 

to Scotland – those that have colonised Scotland naturally – include three conifers, Pinus sylvestris, 

Taxus baccata (common yew) and Juniperus communis (common juniper) and some thirty 

broadleaves (Wilson, 2015) (Appendix 8.1). Since the development of the National Vegetation 

Classification (NVC) in the 1980’s, the NVC has become the standard classification for the 

description of all types of vegetation in Britain (Hall et al., 2004). The NVC classifies vegetation on 

the basis of the plant species of which it is composed (Hall et al., 2004) and divides each broad 

vegetation type into communities, assigning each a number and a name where many of these 

communities include several subcommunities (designated by a letter). The NVC woodland 

classification is based on 2,648 samples from ancient and recent woods throughout Britain 

(Rodwell, 1991) and characterises 18 main woodland types and seven scrubs or under scrubs, most 

of which are divided further into the several subgroups (Hall et al., 2004) (Appendix 8.2).  

To get a better understanding of the remnants of temporary (natural) woodlands, a Native 

Woodland Survey of Scotland (NWSS) was carried out by Forestry Commission Scotland (now 

Scottish Forestry), Scottish Natural Heritage (SNH) and a range of other stakeholders (Patterson et 

al., 2014). Their main aim was to identify the location, type, extent, composition and condition of 

all native, nearly native woodlands and woods planted on PAWS of at least 0.5 ha in area (Patterson 

et al., 2014). In total 22.5% (311,153 ha) of the total woodland area (as in March 2011) in Scotland 

is considered by the NWSS to be native (4% of the Scottish land area) (Figure 2.4) and 13,383 ha 

nearly native (containing between 40% and 50% of native species). 120,305 ha of woodland is 

present on ancient woodland sites with 65% containing native species (Patterson et al., 2014). The 

woodlands on ancient woodland sites contain both native and semi-natural woodland species and 

contain a total of 64,130 ha which is 4.6% of all woodlands in Scotland (Patterson et al., 2014). 

Surveyors of the NWSS divided and mapped woodlands into polygons (discrete areas) of identifiable 

Priority Woodlands Types (PWT) and their related NVC community (Table 2.1). The PWT developed 

as part of the UK BAP (Maddock, 2011), which comprises a list of 1149 species and 65 habitats that 

are prioritised for conservation action. As part of this plan, 6 PWT (see below) were highlighted 

based on surviving native woods in Scotland and are recognised as UK priorities for conservation 

(Maddock, 2011; Patterson et al., 2014). 

1. Upland birchwoods (UB)  

UB (Figure 2.5) are mainly present on upland acid soils (typically over 250 m elevation) 

including freely draining mineral soils (NVC W11 and W17) and soils with peaty cover. UB 
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exclude Betula on deeper peat which is classified as wet woodland (mostly NVC W4). 

Downy birch (Betula pubescens) is more common on wetter and more exposed sites, 

especially in the north and the west of Scotland, whereas silver birch (Betula pendula) is 

suited for more fertile soils in east and central Scotland. Besides these Betula species Sorbus 

(rowan), Corylus avellana (hazel), Quercus (oak), Alnus glutinosa, Prunus padus (bird 

cherry), Populus tremula (aspen) and Juniper communis can be present. (Patterson et al., 

2014). Remaining UB identified by the NWSS was 91,235 ha (29% of the total native 

woodland area). Of all the recorded UB, 88% was recorded as being highly semi-natural (i.e. 

80-100% semi-natural) (Forestry Commission, 2003a; Patterson et al., 2014). 

2. Native pinewoods (NP) 

NP (Figure 2.5) are dominated by Pinus with smaller stands of Betula, Sorbus and J. 

communis. In wet areas A. glutinosa and Salix (willow) are present (Patterson et al., 2014). 

W18 is the main NVC type for NP with pockets of W4, W7, W11 and W17. Native pinewoods 

occur mainly throughout the Central and North-eastern Grampians and in the northern and 

western Highlands of Scotland (Maddock, 2008). The area of NP identified during the NWSS 

was 87,599 ha (28% of the total native woodland area). Of all identified NP, 22% was 

characterised as being highly semi-natural (Patterson et al., 2014). NP are listed as a priority 

woodland type in the EU Habitats and Species Directive (European Commission, 2013), 

where they are described as Caledonian forests being “relict, indigenous pine forest of Pinus 

sylvestris var. Scotica” (European Commission, 2013). Most remnant pinewoods have been 

designated as Sites of Special Scientific Interest (SSSI’s) or Special Areas of Conservation 

(SAC’s) or both (Forestry Commission, 2003b; Patterson et al., 2014).  

3. Wet woodland (WW) 

WW (Figure 2.5) includes a diverse range of communities on wet sites of different 

characteristics and includes seven main NVC types: W1, W2, W3, W4, W5, W6 and W7 

(Patterson et al., 2014). The dominant trees present are A. glutinosa, Salix and Betula but 

small stands of Fraxinus excelsior (common ash), Quercus and Ulmus (elm) could be 

present. This habitat type occurs on soils that are poorly drained or seasonally wet, as well 

as on floodplains and as successional habitat on fens, mires and bogs, along streams, hill-

side flushes, and in peaty hollows. Wet woodland is often present in mosaic with other 

woodland habitat types because the boundary with dryland can change with time 

(Maddock, 2008). During the NWSS 44,742 ha of WW was identified (14% of the total native 

woodland area). Off all identified WW, 82% was highly semi-natural (Forestry Commission, 

2003c; Patterson et al., 2014). 
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4. Lowland mixed deciduous woodland (LMDW) 

Quercus, F. excelsior, Betula, C. avellana and Ulmus are the main components of LMDW 

(Figure 2.5), which is mainly found in lowland regions (penetrating into some straths and 

coastal areas), occupying a range of fertile, moist, freely drained soils, both base rich and 

acid (Patterson et al., 2014). The main NVC types present are W10 and W8 (small amount 

of W16 and WLz [non NVC type]). The woods tend to be small and there often is evidence 

of past coppicing (Maddock, 2008). The area of LMDW identified is 23,189 ha (8% of all 

native woods), of which 71% was identified as highly semi-natural (Forestry Commission, 

2003d; Patterson et al., 2014). 

5. Upland oakwoods (UO) 

UO (Figure 2.6) are characterised by either having a main component of Quercus or a mix 

of Quercus and Betula. Both Quercus robur (pedunculate oak) and Quercus petraea (sessile 

oak) (and intermediate forms) are found (Patterson et al., 2014). The main components of 

UO are Sorbus and A. glutinosa. On richer sites F. excelsior, C. avellana, Crataegus 

(hawthorn), Prunus spinosa (blackthorn) and P. padus can be present. The amount of Betula 

trees increases towards the northwest of Scotland (Maddock, 2008). NVC types present 

within this woodland type are W11 and W17 (where Quercus exceeds 30% of the canopy) 

(Patterson et al., 2014). The area of UO identified is 19,474 ha (6% of all native woods). Of 

all identified UO, 89% was classified as semi-natural, although it is known that many of the 

current stands were planted or coppiced for charcoal production and for tan bark, leaving 

many of the sites probably not in a natural state (Forestry Commission, 2003e; Patterson 

et al., 2014). 

6. Upland mixed ashwoods (UMA) 

UMA (Figure 2.6) are often recognised by its main component of F. excelsior. The diversity 

of other tree species varies locally and can include, A. glutinosa, C. avellana, B. pubescens 

and Quercus, Ulmus, Tilia cordata (small-leaved lime) and some of these may even be the 

most abundant species present (Maddock, 2008). This habitat type is found on moist base-

rich soils on lower valley slopes, ravines, river gulleys, on limestone outcrops and is often 

in mosaic with upland birchwoods and upland oakwoods. UMA includes NVC types W9 and 

W7c which are closely related to the Tilia-Acerion forests of slopes, screes and ravines 

classified by the EU Habitats and Species Directive (European Commission, 2013). UMA 

identified consisted of an area of 12,353 ha (4% of all native woods) (Forestry Commission, 

2003f; Patterson et al., 2014).  



2 Literature Review 

21 
 

 

  

Table 2.1   Priority woodland type & related National Vegetation Classification. Recording options after Patterson 
(2014). 

Priority Woodland Types (PWT)  National Vegetation Classification 
(NVC) communities (Appendix 8.2) 

UB: Upland birchwoods  W4*, W11*, W17* 

NP: Native pinewoods  W18 

WW: Wet woodland  W1, W2, W3, W4*, W5, W6, W7* 

LMDW: Lowland mixed deciduous woodland  W8, W10, W16 

UO: Upland oakwoods W4*, W11*, W17* 

UMA: Upland mixed ashwoods  W7*, W9 

Native woodland scrub communities: juniper scrub, montane willow scrub, 
hawthorn scrub, blackthorn scrub 

W19, W20, W21, W22 

*Some NVC communities can be classified in more than one priority woodland type depending on canopy composition 
and sub community distinctions. 

Figure 2.4    Map of native woodland in Scotland showing native woodland distribution. Modified from Patterson et 
al. (2014, 20). The red squares show the general area of present study. 
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Figure 2.5    Maps showing the location of top left, upland birchwoods dominance; top right, native pinewoods 
dominance; bottom left, wet woodland dominance; and bottom right, lowland mixed deciduous woodland 
dominance. The red squares show the general area of this study. Modified from Patterson et al. (2014). 
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2.4 Past woodland development in Scotland 

The temporary native woodland communities in Scotland have been displayed and this section will 

explore the general woodland development in Scotland. Pollen stratigraphic investigations into the 

past vegetation and environment of Scotland have a long history, although it was not until Erdtman 

investigated a vast array of Scottish sites between 1922 and 1927 (Erdtman, 1924, 1928, 1931) that 

it became clear that Scotland’s woodland history was both spatially and temporally diverse (Tipping, 

1994). Since the initial studies by Erdtman, much more research has been conducted concerning 

the late-glacial and Holocene vegetation history of Scotland (e.g. Durno, 1956; Durno and McVean, 

1958; Moar, 1969; Pennington et al., 1972; Birks and Mathewes, 1978; Edwards and Hirons, 1984; 

Bennett, 1984; Edwards and Ralston, 1984; Edwards and Hirons, 1990; Whittington et al., 1991; 

Blackford et al., 1992; Bennett et al., 1992; Birks, 1993; Charman, 1994; Tipping, 1994; Bunting, 

1994; Charman et al., 1995; Bennett, 1995; Smith, 1996; Edwards and Ralston, 1997; Tisdall, 2000; 

Tipping et al., 2001; Cayless and Tipping, 2002; Dalton et al., 2005; Tipping et al., 2008a, 2008b, 

2009; Farrell, 2009; Boomer et al., 2012; Payne et al., 2013). Tipping (1994) reviewed all previous 

pollen studies undertaken in Scotland to reconstruct “both the natural distribution and composition 

of Scotland's woodlands, and the spatial pattern, timing and causal mechanisms in their removal” 

(Tipping, 1994). His review highlights that most parts of Scotland have had palynological 

investigations showing some form of past woodland reconstruction, although the quality of data 

from the different sites is very uneven and many of these sites cannot be used for understanding 

Figure 2.6    Maps showing the location of: left, upland oakwoods dominance and right, upland mixed ashwoods 
dominance. The red squares show the general area of this study. Modified from Patterson et al. (2014). 
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woodlands development in Scotland due to a lack of secure chronologies (especially for the timing 

of woodland changes after 4950 cal BP, when human impact on woodland is unpredictable) 

(Tipping, 1994). The sites that do have radiocarbon dating controls on sediments younger than 4950 

cal BP are regarded as the fundamental database for past woodland reconstruction (Tipping, 1994) 

(Figure 2.7) and it becomes evident that only a few sites are depicted for the northeast of Scotland, 

reflecting the importance of the present study, which will contribute to the knowledge of past 

woodland development in this area.   

Studies have shown that around 14,500 years ago, ice sheets that covered most of northwest 

Europe melted as temperatures were rising (more about climate in Section 2.6). Over the next 2000 

years grasslands were spreading, accompanied by tall shrubs such as Juniperus communis and Salix 

and later tree species of Betula colonised parts of southern and eastern Scotland  (Tipping, 2003). 

During the Loch Lomond Stadial/Younger Dryas (c. 10,950-10,250 cal BP), there was a short, sharp 

return to glacial conditions which resulted in a treeless, grass and sedge tundra dominated 

landscape (Bennett and Boulton, 1993; Tipping, 2003), followed by glaciers being formed as a large 

ice-sheet in the Grampians, centred on Rannoch Moor (Golledge, 2006). This cooling was probably 

caused by a large freshwater influx to the North Atlantic (Pearce et al., 2013) causing a stop to the 

warmth-bearing currents like the Gulf Stream (Tipping, 2003). This period was followed by a rapid 

climatic warming around 11,500 years ago (Atkinson et al., 1987; Dansgaard et al., 1989; Cayless 

and Tipping, 2002). Estimates show that glacial climates were replaced by fully interglacial 

conditions within five to ten years (Tipping, 2003). The climatic warming resulted in all tree species 

to expand at the same time, although, the location of their refugium controlled when they arrived 

in Scotland. Betula was the first tree to migrate and colonise the whole of Scotland by 11,000 years 

ago and its near-synchronous appearance across the mainland indicated a virtual absence of 

stresses: climatic, edaphic or competitive (Tipping, 1994), followed by Corylus avellana (hereafter 

referred to as Corylus, unless stated otherwise) 800 years later (Tipping, 2003). Quercus and Ulmus 

migrated into Scotland over the next 500 years and the central north of Scotland was where Pinus 

expanded c. 8500 years ago and 500 years later Alnus glutinosa (hereafter referred to as Alnus, 

unless stated otherwise) colonised Scotland (Tipping, 2003). Depending on climatic conditions, 

geographical constraints, edaphic differences, competitive interactions with already colonised 

trees and stresses imposed through taxa approaching their latitudinal range-limits (Tipping, 1994), 

woodlands developed, changed, expanded and declined over time. 

In general, it is understood that the major woodland regions reached their greatest extent c. 6000 

years ago during the Mid-Holocene Climate Optimum (Tipping, 1994; Edwards and Whittington, 

2003; Oosthoek, 2013) and consisted of Quercus dominated woodland in the south of Scotland; 

Corylus/Quercus dominated woodland in the central east and west; Pinus dominated woodland in 
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central Scotland and Betula dominated woodland in the far north of Scotland and in the Western- 

and Northern Isles (Figure 2.8). The map only depicts the few dominant taxa for each region prior 

to the earliest agrarian modifications (Tipping, 1994) and it is probable that a woodland mosaic 

existed in most areas. Research in peripheral areas (cf. Wilkins, 1984; Bennett and Birks, 1990; 

Farrell, 2009) is suggesting that these locations were wooded for much of the Holocene, although 

the woodland density would have varied and is thought to be relatively open (Edwards and 

Whittington, 2003). One of the limitations of the map is that Alnus and Salix are not included in the 

major woodland regions as there is a bias in representation of this species because of its preference 

for wetland habitats on or adjacent to most pollen sites (Tipping, 1994). Furthermore, the many 

trees that accompanied the dominant taxa, including Sorbus, Fraxinus excelsior (hereafter referred 

to as Fraxinus unless stated otherwise) and Ilex (holly) are not included as it is more difficult to 

detect their past presence as they produce less pollen (Tipping, 2003). It is therefore important to 

take into account that small-scale climatic, geological and topographic contrasts over short 

distances would have introduced a richness and diversity within the major woodland regions 

(Tipping, 1994, 2003). The precise extent of this woodland cover has been suggested to be at least 

60% of the Scottish land mass (Mather, 2004; Oosthoek, 2013), and it has been argued that the 

character of most woodlands was relatively open, similar to other areas of lowland Europe (Vera, 

2000) as open landscapes would have been maintained by browsing of large herbivores. Though 

others argue against this theory and have suggested that large herbivore grazing would have merely 

affected species composition in a closed canopy of deciduous woodland and that open forest 

canopy would have only existed by human exploitation (Peterken, 1996; Mitchell, 2005a) or that 

fire would have been a significant factor in opening forest canopies (Bradshaw et al., 2003). 
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Figure 2.7    Map depicting those sites which have 
radiocarbon dating controls on sediments 
younger than 4950 cal BP and are regarded as 
the fundamental database for past woodland 
reconstruction (Tipping, 1994). 

Figure 2.8    The major woodland regions in 
Scotland c. 6,000 cal BP (Tipping, 1994; Edwards 
and Whittington 2003; Oosthoek, 2013). 
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It is likely that people moved into Scotland with the first migrating trees when the climate warmed. 

Possibly they followed animals that moved north and west with the migration of Betula and Corylus 

(Tipping, 2003). The earliest human occupation evidence dates to c. 9500 years ago, found on the 

east coast of Rhum (Wickham-Jones et al., 1990). It has been argued that Mesolithic populations 

were purposively exploiting and managing woodlands for food and fuel (Edwards and Ralston, 

1984; Simmons, 1996; Gregory et al., 2005; Froyd, 2006; Innes et al., 2010; Bishop et al., 2015). 

Understanding how people might have affected the woodlands comes from interpretations of the 

pollen record (Tipping, 2003), although identifying causes for woodland disturbances can be 

challenging (Finlay et al., 2002) and there are no unambiguous indicators of human woodland 

modification or disturbances (Tipping, 1994). Disturbances in woodland during the Mesolithic are 

therefore very difficult to attribute to human activity, changes in woodland could well have been 

caused for example by rates of tree migration, climate change and pedogenesis (Tipping, 1994). 

Nonetheless, several studies, including that of Bishop et al. (2015) show that evidence of wood 

charcoal, seed, fruit and nut remains suggests that hunter-gatherers in Mesolithic Scotland were 

systematically exploiting specific woodland plants for food and fuel: “it hints at the role of hunter-

gatherers in shaping the structure of their environments, through the maintenance or creation of 

woodland clearings for settlement or as part of vegetation management strategies” (Bishop et al., 

2015). The maximum extent of woodland in the Mesolithic period (Figure 2.8) continued to be 

similar for the next 1000 years. 

One of the earliest events of tree species loss in the British Isles is the mid-Holocene ‘elm decline’ 

which occurred between 6347 and 5281 cal BP and resulted in a complete decline of Ulmus trees 

across the British Isles, Scandinavia, parts of the Netherlands, parts of Germany, the Baltic states 

and occasionally in parts of France, Austria and the Czech Republic (Parker et al., 2002) (from here 

onwards, Ulmus will always refer to Ulmus glabra, which is the only native Ulmus species in 

Scotland). In Scotland Ulmus was lost from the present oak-elm-hazel woods and it has been 

suggested that both climatic change and human activities were causing this decline (Parker et al., 

2002) although it has been widely regarded that the decline was caused by an Ulmus disease like 

that of the Dutch Elm Disease (e.g. Gibbs, 1978; Molloy and Connell, 1987; Peglar and Birks, 1993; 

Clark and Edwards, 2004), with the main pathogenic attack on Ulmus coming from elm bark beetles 

(Scolytus spp.), which are the vectors for the fungus that causes the disease (Girling and Greig, 1985; 

Clark and Edwards, 2004). Two declines of Pinus trees were recorded in the northern Scottish 

uplands (see Section 2.5.1). The first at c. 6200-5500 cal BP has been argued to have been caused 

by a series of rapid and frequent climatic shifts (Tipping et al., 2008a). The second, which is called 

the ‘pine-decline’, occurred between ca. 4200 and 3300 cal BP and may not have been related to 

climate change as is often supposed (e.g. Birks, 1975; Bennett, 1984; Gear and Huntley, 1991) as 
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low grazing pressures might have been more important (Tipping et al., 2008a). Edwards and 

Whittington (2003) summarised several well-dated pollen profiles around Scotland that show the 

dates for the beginning of a widespread woodland decline and show that the start for this decline 

varies over time and space (Table 2.2). These changes in vegetation communities and landscape 

development might be ascribed to climate change, although it is most likely that the expansion of 

settlement and agriculture, especially in the Bronze Age was most important to landscape 

development (Edwards and Whittington, 2003).  

The start of the Neolithic at c. 5950 cal BP signals the arrival of agriculture, and major reductions of 

woodland followed in the late Neolithic and Early to Middle Bronze Ages. The west and north of 

Scotland seem to have been most affected by woodland decline, although it probably declined due 

to a combination of climate and human pressure as this part of the country is more sensitive to 

climate fluctuations and there was less forest vegetation to start with (Oosthoek, 2013). 

Furthermore, it appears that many parts of the uplands were already buried under a blanket of 

peat, similar to the present (Tipping, 2008). In the eastern Highlands low intensity grazing pressures 

continued over long periods of time and as argued by Tipping (1994), this grazing led to a serious 

decline of the woodlands long before the Romans arrived. In the south of Scotland, it appears that 

small clearance events occurred from around 4750 cal BP, when semi-permanent areas for pasture 

and crops were established, although only in the early Bronze Age, c. 4150 cal BP, clearing appeared 

to become more permanent and persisted for hundreds of years (Oosthoek, 2013). During the Iron 

Age agricultural activities intensified from c. 2450 cal BP in the southern uplands, coinciding with 

increased woodland clearance in other regions of Scotland (Tipping, 1994; Smout et al., 2007; 

Oosthoek, 2013). Even in the Highlands the existence of a ‘Great Wood of Caledon’ seems to be 

more myth than reality (Smout et al., 2007). Remaining woodlands became increasingly 

domesticated, with farm stock grazing and modifying them and people using them for fuel and 

building materials. The ‘natural’ woodland of Scotland changed into a ‘semi-natural wood’ where 

the ancient flora and fauna was still present but altered and managed by people (Smout et al., 

2007), although natural woodland could have persisted in the remoter parts of the Highlands 

(Oosthoek, 2013). Possible management regimes in these semi-natural woodlands (Smout et al., 

2007) throughout Scotland include:  

a) Coppicing, for example of Quercus or Corylus, often on rotation. 

b) Rotational clear-felling cutting by ‘hags’ or coups, without organised coppice, but often 

with regrowth. 

c) Coppice-and-standard, where selected ‘maiden’ trees are allowed to remain among the 

coppice-stools. 

d) Selective cutting of marketable trees, leaving the remainder standing. 

e) Clear-felling of al trees except for selected seed sources, for example ‘granny pines’. 

f) Forms of wood pasture that allow animals into the wood, usually on a seasonal basis.  
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Table 2.2    The start of significant woodland decline across Scotland. Modified from Edwards 
and Whittington (2003, 75). 

Date Location and literature 

c. 4730 cal BP  Callanish, Lewis (Bohncke, 1988) 

c. 4640 cal BP Lochan na Cartach, Barra (Brayshay and Edwards, 1996) 

c. 4480 cal BP Loch Sionascaih, Invernessshire (Pennington et al., 1972) 

c. 4410 cal BP Kinloch, Rhum (Edwards and Hirons, 1990) 

c. 4150 cal BP Burnfoothill Moss, Dumfriesshire (Tipping, 1995a) 

c. 3950 cal BP Carn Dubh, Perthshire (Tipping, 1995b) 

c. 3920 cal BP  Black Loch, Fife (Whittington et al., 1991) 

c. 3890 cal BP  Loch Bharabhat, Lewis (Edwards, 1996) 

c. 3880 cal BP  Loch a’Bhogaidh, Islay (Edwards and Berridge, 1994) 

c. 3290 cal BP Machrie Moor, Arran (Robinson and Dickson, 1988) 

c. 3300 cal BP Braeroddach Loch, Aberdeenshire (Edwards and Rowntree, 1980) 

 

When the Romans entered Scotland in 1870 cal BP (AD 80), it is estimated that only 25% of the land 

was under some form of woodland, with large geographical differences. It has been suggested  that 

Romans, just like the indigenous farming communities, made free use of woodland resources and 

did not have to go far to find them, although the impact of woodland use would have been local, 

and regeneration would have occurred in the absence of significant grazing pressure (Smout et al., 

2007). Armit and Ralston (2003) argued that the widespread use of wood combined with a large 

population around this time suggests that woodlands must have been managed. When the Romans 

left, woodlands would have regrown, this is confirmed by increases of woodland during the early 

Middle Ages on the east coast in Fife and further north in Aberdeenshire (Oosthoek, 2013). For 

other parts of the country there are indications that from 1450 cal BP (AD 500) grassland increased 

in a partly wooded landscape. From the first millennium AD forest cover had shrunk to about 20% 

of the Scottish land surface. Because of this shrinkage, the woodland habitat for many large 

mammals including aurochs, beaver, boar and red deer became under pressure and, combined with 

overhunting, these mammals were disappearing (Brown et al., 2011). Earlier large mammal 

extinctions in Scotland were the elk from c. 4000 cal BP and the Lynx from c. 1800 cal BP (Yalden, 

1999).  

From the Middle Ages onwards evidence of woodlands is shown through written sources (Crone 

and Watson, 2003). The main building material at this time were turf, wattle and thatch using 

wooden coppiced frames, which possibly reflects the scarcity of woodland (Oosthoek, 2013). 

Although from the 12th century, prestigious buildings like churches, castles and houses of richer 

merchants contained large oak and pine timbers, which indicates that there was no shortage of 

wood, nonetheless it is most likely that the source of these timbers were protected reserves and 

only accessible through ownerships or royal grants (Crone and Mills, 2002; Oosthoek, 2013). In the 

east and central part of Scotland, the lack of wood is reflected by the transportation of wood over 

long distances. In the west there seems to be enough supply of timber to build Highland galleys and 
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maintain the fleet (Smout et al., 2007; Oosthoek, 2013). In the Lowlands, timber became 

increasingly scarce during the 14th and 15th century and timber beams were mainly imported from 

the Baltic and Poland-Lithuania (Oosthoek, 2013). The timber shortage mainly affected royal 

construction projects which needed large building beams, as ordinary people only needed small 

wood for construction, tool making and fuel and it was the crown that tried to improve timber 

production by protecting woodlands by two acts in 1503 (Oosthoek, 2013) (Table 2.3). Over the 

following centuries the concern for woodland scarcity is reflected in further measures but none 

seemed to be successful for woodland expansion (Oosthoek, 2013).  

During the 17th and the 18th century Quercus woodlands were intensively exploited and managed 

for charcoal production and leather tanning in the Lowlands and Western Scotland. A huge amount 

of Quercus wood was needed to sustain the iron industry and the semi-natural woodlands at this 

time were turned into profitable Quercus coppice monocultures (Smout, 2005). Oak woodland 

management could no longer be sustainable and ceased by the beginning of the 20th century 

(Smout, 2005; Oosthoek, 2013). During the same period the commercial use of the native 

pinewoods in the Highlands increased, coinciding with the start of native pine plantations by 

Scottish landowners (Oosthoek, 2013). Extensive plantations were created when timber prices 

increased although by 1850, when timber prices fell, some lairds abandoned active forest 

management and turned their estate into hunting estates: others went into large-scale sheep 

farming, clearing their land of old-established settled populations (Highland Clearances) and a 

minority focussed on modern forestry plantations of Pinus and non-native conifer species 

(Oosthoek, 2013). During these last few centuries, when remaining woodland was extensively 

managed and used, the total extent of woodland would have been declining to 9% of the total 

Scottish land area and although remaining semi-natural woodland was partly replaced by 

plantations, many others declined because of intensive grazing and it is estimated that woodland 

cover declined even further in the 19th century and fell to about 6% towards the 20th century (Smout 

et al., 2007).  

Table 2.3   Two Acts passed by the Scottish parliament promoting the protection of woodlands (Brown, n.d.). 

Act 1504/3/33 

Item, as anent the unlay of the grene wode, because that the wod of Scotlande is uterlie distroyit, 
the unlaw beand sa litil, tharfor it is statut and ordand that the unlaw of grenewode be ony man 
be selling or birning in tyme tocum v l., and that baitht of regalite and rialte, and elikuise the 
unlaw of mureburne efter Marche be v l., the aulde act of grene wode be ony man be selling or 
biring and remand in effect anent distroyaris of gren wode be other ways. 

Translation 

Item, as regards the penalty for [damaging] living woods, because the woods of Scotland are 
utterly destroyed, the fine being so small, therefore it is decreed and ordained that the fine for 
[damaging] living woods by any man by selling or burning in the future [is to be] £5, and that both 
of regality and royalty, and similarly the penalty for muir-burning after March [is to] be £5, the 
old act for [damaging] living woods by any man by selling or burning remaining in effect 
concerning [those who] destroy living woods in other ways. 

Act 1504/3/39 
“Item, everilk lorde and larde mak thaim to parkis with dear, stankis, cunyngaris, dowcotis, 
orchartis, heggis and plant at the lest ane aker of wode quhar thar is na gret woddis nor forrestis.” 
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Translation 
Item, every lord and laird [is to] make enclosures with deer, ponds, rabbit warrens, dovecotes, 
orchards, hedges and [to] plant at least an acre of wood where there are no large woods or 
forests. 

2.4.1 Background of non-native forestry plantations 

In 1914 the total area of woodland in Great Britain was approximately three million acres (5% of 

the total land surface), of which one million was located in Scotland (Oosthoek, 2013). Most timber 

used was imported from abroad, with 90% being imported from Scandinavia. When the First Word 

War commenced, Great Britain was almost completely cut off from its timber resources due to the 

German naval blockade (Oosthoek, 2000). Modern warfare required huge quantities of wood and 

as a result of the timber shortages during the war, the Forestry Subcommittee (Acland Committee) 

was added to the Reconstruction Committee (e.g. financial rebuilding of a nation), coming to the 

conclusion that, in order to be independent from foreign timber supplies and to insure against a 

timber famine, the woods of Great Britain should be gradually increased from three million to four 

and three quarter million acres and it was advised that the state should plant 150,000 and private 

landowners (with state assistance) 50,000 acres in the first ten years (Acland, 1918; Oosthoek, 

2000). The Government implemented the recommendations from the Acland Report, and the 

Forestry Act of 1919 established the Forestry Commission. The Forestry Commission became 

responsible for promoting the interests of forestry, the development of afforestation, and the 

production and supply of timber in the United Kingdom. The best grounds had to be reserved for 

agriculture, which resulted into the afforestation of large areas of treeless and less fertile uplands. 

Few tree species can/will grow on poorer soils (accommodating species) and species that were 

planted on the poor upland soils include Pinus spp., Picea spp. (spruce), Betula spp. and Salix spp. 

Tree species that were planted on the more fertile soils (exacting species) include Fagus sylvatica 

(beech), Fraxinus spp., Ulmus spp., Quercus spp. and Abies alba (silver fir) (Rowe, 1947; Oosthoek, 

2013).  

The percentages of areas of forests by principal species and planting year (Table 2.4) show that 

before the establishment of the Forestry Commission, woodland consisted mainly of broadleaved 

species and from the 1920s the total planted conifer species drastically increases with conifers 

contributing over 90% of trees planted after 1960 (Oosthoek, 2013). Although, Pinus sylvestris was 

initially the main conifer species planted, it grew too slowly on wet moorlands to be of commercial 

value and subsequently was kept on drier sandy soils and drier heathlands whilst Picea sitchensis 

and Picea abies (Norway spruce) were planted on the wetter sites from the 1930s (Oosthoek, 2013; 

Savill, 2013). Pinus contorta was thereafter recognised to tolerate poor, wet soils better then P. 

abies and dominated together with P. sitchensis the wet poor soil plantations in Scotland. Although, 

P. sitchensis does thrive on wet soils, it does not grow well in waterlogged conditions and in 

competition with heather. Only after the development of ploughing on deep peat for drainage 
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(made possible by large-scale mechanical cultivation by the late 1940s), and the use of fertiliser 

(aerial application from the 1960s), P. sitchensis was able to thrive on even the poorest upland 

peatland areas. This gave rise to a hard-edged commercial way to produce cheap timber in the 

fastest possible way (Oosthoek, 2013). Fortunately, an environmental and recreation policy was 

developed within the Forestry Commission to integrate forestry with aesthetic considerations, and 

by 1970 the public demand for countryside recreation increased rapidly, which resulted in 

pressuring the Forestry Commission to protect landscapes of outstanding beauty and to create 

recreational facilities. However large-scale planting of conifers continued in Caithness and 

Sutherland, as these regions were not regarded as important tourist areas and the Forestry 

Commission had invested in infrastructure to cultivate these sites and did not want to lose their 

investments (Oosthoek, 2013).  

From the 1980s the Forestry Commission started to recognise the concern about the poor state of 

Britain’s broadleaved woodland and the loss of ancient semi-natural woodland to agriculture and 

other uses (Oosthoek, 2013), and committed itself to the protection of these woodlands. Again, this 

did not apply to regions in the far north of Scotland as it was claimed that plantations in these 

regions on “unproductive” land would boost local economies and provide employment (Oosthoek, 

2013). In the Forestry and the Flow Country report published by the Royal Society for the Protection 

of Birds (RSPB) (Bainbridge et al., 1987), the amount of damage to the local bird population was 

addressed and others started to campaign against extensive planting in this area, but it was not 

until 1987 when the NCC (Nature Conservancy Council) published Bird, Bogs and Forestry (Stroud 

et al., 1987) – in which they criticised forestry in the Flow Country – that action was undertaken to 

reduce forestry activities in these areas. Following this, the Flow Country was split with one half 

being used for forest industry and one half for bird conservation (Forestry Commission, 1989). In 

the same period, local communities started to buy FC estates, which developed into a broader 

movement within Scotland for land reform. This resulted in the initiative of three Scottish non-

governmental organisations (the Highlands and Islands Forum, Reforesting Scotland and the Rural 

Forum Scotland) to develop the Scottish Rural Development Program that enabled local individuals 

and groups to realise the potential of forestry as a land-use with environmental, social and 

economic benefits (Calvert, 2009; Oosthoek, 2013).  

In 1992 the ‘Earth Summit’ was initiated at the United Nations Conference which produced the 

“first non-binding statement of principles on how the world’s forests should be sustainably 

managed, aimed at integrating concerns for social, economic and biodiversity issues into forest 

policy” (Oosthoek, 2013), this was followed by the UK government publishing Sustainable Forestry: 

the UK Programme which set government policies and programmes in context of international 

principles and guidelines, committing the Forestry Commission to work the range of forest benefits 
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and engage with, and empower communities to enjoy them (Oosthoek, 2013). The development of 

the UK Biodiversity Action plan (UK Government, 1994) – in which the importance of native 

woodlands was highlighted and steps were designed for its recovery – and the development of 

Forest Certification Standards system in the mid-1990s lead to the assessment of PAWS and their 

restoration. This was followed by the start of the removal of non-native conifers on ancient 

woodland sites, which became a major activity in many Scottish woodlands. 

Table 2.4    Percentages of forest area by principal species and planting year classes. Modified from Oosthoek (2013,57) 
and Forestry Commission (2001, 22). 

Tree species Pre-1901 1901-1920 1921-1940 1941-1960 1961-1980 1981-1995 Total 

Conifers  

Corsican Pine 0.1 0.0 1.0 0.4 0.1 0.1 0.2 

Douglas Fir 0.3 1.1 1.2 1.5 0.6 1.1 0.9 

European Larch 1.3 3.1 3.9 1.3 0.3 0.2 0.8 

Jap/hybrid Larch 0.2 1.2 3.3 9.9 4.1 4.3 5.0 

Lodgepole Pine 0.5 0.0 0.5 5.1 16.2 11.4 10.8 

Norway spruce 0.2 1.6 5.3 6.8 3.0 0.7 3.1 

Scots pine 18.3 25.1 25.0 24.9 8.4 4.7 12.5 

Sitka spruce 0.2 0.4 7.2 24.6 58.3 67.5 47.0 

Other conifers 0.4 0.1 1.0 0.6 0.5 0.4 0.5 

Mixed conifers 2.3 1.1 1.3 1.3 0.4 0.4 0.7 

Total conifers 23.8 33.7 49.8 76.6 91.8 90.8 81.6 

Broadleaves  

Ash 2.1 1.7 1.1 0.5 0.1 0.3 0.4 

Beech 10.9 4.2 1.6 0.5 0.1 0.2 0.9 

Birch 7.3 28.7 27.1 11.7 3.8 2.2 6.9 

Elm 0.7 0.2 0.3 0.1 0.0 0.1 0.1 

Oak 25.4 6.6 3.7 0.3 0.1 0.8 1.9 

Poplar 0.0 0.2 0.1 0.1 0.0 0.0 0.0 

Sweet Chestnut 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

Sycamore 3.6 2.2 2.4 1.6 0.6 0.2 1.0 

Other broadleaves 3.0 3.9 2.9 2.3 1.0 1.3 1.6 

Mixed broadleaves 23.0 18.6 11.2 6.4 2.5 4.1 5.5 

Total broadleaves 76.2 66.3 50.2 23.4 8.2 9.2 18.4 

 

2.5 Review of palynological research of Northern Scotland, Caithness and 

Sutherland 

Because the focus for this study is on northern Scotland and especially on Caithness and Sutherland, 

a selection of sites is presented displaying the long term (woodland) vegetation history of areas 

surrounding the research areas (Figure 2.9; Table 2.5) (Durno, 1958; Peglar, 1979; Andrews et al., 

1985; Robinson, 1987; Gear, 1989; Gear and Huntley, 1991; Blackford et al., 1992; Birks, 1975; 1993; 

Charman, 1994, 1995; Smith, 1996; Daniell, 1997; Dawson and Smith, 1997; Davies, 2003; Tipping 

et al., 2008a). Although  previous research has been conducted in the area, large spatial gaps in our 

knowledge exist (Tipping et al., 1999). This is partly due to palynological analyses that were not 

made to modern analytical standards (Durno, 1958), limited dating controls (Durno, 1958; Peglar, 

1979), because anthropogenic activity has not been central to the analyses (Dawson and Smith, 

1997; Tipping et al., 2001) or only part of the Holocene and certain events were targeted (Blackford 
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et al., 1992). Data obtained in this study will be of great importance as it will provide high resolution 

records which will aid the understanding of past woodland, vegetation and landscape development 

in the North-eastern region of Scotland. While the peatlands of Caithness and Sutherland are 

merely treeless nowadays (with the exception of the non-native coniferous plantations), the 

question remains what the vegetation and the woodland would have looked like over the past 

thousands of years. Below a summary of all previous research in Caithness and Sutherland is 

displayed in order of date of publication, except for the sites that are in close vicinity of one another. 

The distance from the site to the present study sites (Rowens, Braehour and Dackhork) is also 

included. Note that all pollen diagrams from previous palynological studies in the region are found 

in Appendix 8.3. 

  

Figure 2.9    Locations of sites situating the (woodland) vegetation history in Caithness and Sutherland, northern Scotland. 
Numbers correlate with Table 2.5, OpenStreetMap baselayer © OpenStreetMap contributors. 
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Table 2.5     Location of sites and associated literature of previous palaeoecological research in Caithness and Sutherland.  

Name Literature Grid Reference Latitude Longitude Altitude 
# in 

Figure 2.9 

Rowens Present study ND 23312 46451 58.3997003 -3.3137627 100 m OD 1 

Braehour Present study ND 08884 50602 58.4341989 -3.5621647 97 m OD 2 

Dalchork Present study NC 52256 22158 58.1635035 -4.5129368 184 m OD 3 

Cnoc Bad 
na h-Eirig (2 
cores) 

Andrews, Blackham and 
Gilbertson, 1985 

NC 885 265* 58.2131229 -3.8994173 183 m OD 4 

Rogart Birks, 1975 NC 735 068 58.032259 -4.1438714 164 m OD 5 

Lochan an 
Druim 

Birks, 1993 NC 435 568 58.4712801 -4.6850554 25 m OD 6 

Altnabraec Blackford et al., 1992 NC 997 467 58.3971575 -3.7176664 180 m OD** 7 

Loch Leir Blackford et al., 1992 NC 958 462 58.3917573 -3.7841255 193 m OD** 8 

Strath of 
Kildonan 

Charman et al., 1995 NC 917 194 58.1501853 -3.8416861 64 m OD** 9 

Cross Lochs 
site 1 

Charman, 1994 NC 860 460 58.3875185 -3.9515559 177 m OD** 10 

Cross Lochs 
site 2 

Charman, 1994 NC 885 480 58.4061151 -3.9097946 165 m OD** 11 

The Airde  Daniell, 1997 NC 521 150 58.099223 -4.5110586 95 m OD 12 

Loch Shin Daniell, 1997 NC 523 139 58.089419 -4.5069760 95 m OD 13 

Oliclett Davies, 2003 ND 300 455 58.392283 -3.1990774 106 m OD 14 

Wick River 
valley 

Dawson and Smith, 
1997 

ND 343 851 58.450072 -3.1259947 2.22 m OD 15 

Loch na 
Moine 

Durno, 1958 NC 822 334* 58.2739286 -4.0084128 
between 76 
and 152 m 
OD** 

16 

Cnoc a 
Bhroillich 

Durno, 1958 NC 816 537* 58.4560443 -4.029707 89 m OD** 17 

Braehour 
Farm 

Durno, 1958 ND 100 535* 58.4610658 -3.5436442 76 m OD** 18 

Flows of 
Leanas 

Durno, 1958 ND 264 486* 58.4201319 -3.261331 91 m OD** 19 

Quintfall Durno, 1958 ND 308 634* 58.5536641 -3.1892927 46 m OD** 20 

Forsinard 
site 1 and 2 

Ellis, 2018 NC 889 437* 58.3682111 -3.8997101 135 m OD** 21 

Blar-nam-
Faoileag 
site 1 and 2 

Ellis, 2018 ND 131 444* 58.3796068 -3.4862995 147 m OD** 22 

Lochan by 
Rosail 

Gear, 1989 NC 721 463 58.3863698 -4.1892794 141 m OD** 23 

Loch mer Gear, 1989 NC 703 600 58.5087892 -4.2278019 76 m OD ** 24 

Loch of 
Winless 

Peglar, 1979 ND 295 545 58.4730154 -3.2103992 9 m OD 25 

Bad a Cheo 
forest 

Ratcliffe, 2015 ND 167 501 58.4317745 -3.4281102 100 m OD** 26 

Bad a Cheo 
open 

Ratcliffe, 2015 ND 165 501 58.431879 -3.4316254 94 m OD** 27 

Cross Lochs 
forest 

Ratcliffe, 2015 NC 841 439 58.3685471 -3.9824127 188 m OD** 28 

Cross Lochs 
open 

Ratcliffe, 2015 NC 850 441 58.3707122 -3.9661021 209 m OD** 29 

Catanach 
forest 

Ratcliffe, 2015 ND 005 482 58.4116125 -3.7041111 192 m OD** 30 

Catanach 
open 

Ratcliffe, 2015 ND 006 487 58.415938 -3.7030875 187 m OD** 31 

Braehour 
forest 

Ratcliffe, 2015 ND 082 495 58.4242716 -3.5733002 118 m OD** 32 

Braehour 
open 

Ratcliffe, 2015 ND 078 493 58.423029 -3.5786555 126 m OD** 33 
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Aukhorn 
Peat 

Robinson, 1987 ND 326 636 58.5552168 -3.1599576 53 m OD** 34 

Achany 
Glen site 1 

Smith, 1996 NC 592 023 57.9875694 -4.3831162 164 m OD** 35 

Achany 
Glen site 2 

Smith, 1996 NC 567 013 57.9777968 -4.4247505 127 m OD** 36 

Achany 
Glen site 3 

Smith, 1996 NC 583 018 57.9827965 -4.3980232 100 m OD** 37 

Loch 
Farlary 

Tipping et al., 2008a NC 773 048* 58.016118 -4.0775219 194 m OD** 38 

* Where the exact location was not given in the literature an estimated location was given by studying the 
literature. 
** Where the elevation of the sites was not included in the literature, the coordinates were used to find the 
altitude of the individual sites (“Free Map Tools,” 2019). 

 

One of the first pollen analytical studies in Sutherland and Caithness was undertaken by Durno 

(1958). Durno (1958) reported pollen analytical studies from five peatland sites within the east of 

Sutherland and Caithness (Figure 2.9, Table 2.5): Loch na Moine (c. 30 km northeast from Dalchork); 

Cnoc a Bhroillich (c. 25 km west of Braehour); Braehour (same site name as that of present study) 

(c. 3 km northeast of Braehour); Flows of Leanas (c. 4 km north east of Rowens); and Quintfall (c. 

18 km northeast of Rowens). Unfortunately, the absence of data for absolute pollen frequency 

makes it impossible to gauge the extent of tree cover at any of these sites, but the consistent 

average excess of Betula pollen over Pinus pollen at each site suggests that Betula has been the 

more important forest species throughout the region (Lindsay et al., 1988). No radiocarbon dating 

was used for Durno’s study: radiocarbon dating was still in its early days, and the common tool for 

establishing chronologies was based on a biostratigraphy framework, which was used extensively 

as a chronostratigraphic guide, with implied synchronicity of vegetational and climatic change from 

site to site (Peteet, 1992). Durno (1958) used the application of the Scandinavian postglacial Blytt-

Sernander climatic sequence (Preboreal, Boreal, Atlantic, Subboreal, Subatlantic) (Peteet, 1992) for 

identifying the transition between Boreal and Atlantic (BAT) in his pollen sequences, even though 

the selected BAT by Durno (1958) was based on his own interpretations. The Blytt-Sernander 

sequence describes the ‘Boreal’ period in which a presence of trees in peat bogs implies a dry 

climate and the absence of trees in the following layer/period, indicating a wet climate, the 

‘Atlantic’, and which was previously dated to c. 7500 to 5500 cal BP. Presently the Blytt-Sernander 

climatic sequence has been abandoned as one of the major features of the BAT was the rise of 

Alnus and with the introduction of radiocarbon dating (Smith, 1984), it became apparent that this 

rise is strongly time transgressive and the ecological evidence proved to be much more complex in 

the UK (Lindsay et al., 1988).  

Two of the most Northeastern sites of Scotland (both in Caithness) used for palynological research 

are Loch of Winless (Peglar, 1979) and Aukhorn Peat (Robinson, 1987) (Figure 2.9; Table 2.5). Loch 

of Winless is located c. 10 km north northeast from Rowens and c. 20 km northeast from Braehour. 
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Aukhorn peat is located c. 20 km north northeast from Rowens and 25 km northeast from Braehour. 

Peglar (1979) included ten radiocarbon dates in her analysis of a pollen sequence taken from lake 

sediments (Figure 2.9; Table 2.5) which describes a starting date of c. 12,820±350 BP (c. 16,2822-

14,062 cal BP [Bronk Ramsey, 2009]). However, Peglar (1979) argues that the radiocarbon dates 

from the basal part of the sequence are likely to be in error caused by incorporation of material 

derived from the surrounding bedrock and drift (Peglar, 1979). Robinson (1987) analysed peat 

samples taken from natural accumulated peat mounds at Aukhorn peat (Figure 2.9; Table 2.5) and 

included four radiocarbon dates in his studies with the start of the sequence being dated to c. 8200 

BP (no calibrated date available). Because of the different layout of peat mounds and differences 

in catchment compared to blanket bogs, it is possible that this reflects a different vegetation 

development than the vegetation history of a regular peat section. The same applies for the Loch 

of Winless sequence (Peglar, 1979): the site catchment will differ from that of a developing blanket 

bog, such as the sites from present study.  

Palynological studies at Cnoc Bad na h-Eirig, Sutherland (Figure 2.9; Table 2.5) have been 

undertaken by  Andrews et al. (1985) as part of archaeological excavations at Upper Suisgill, 

Sutherland (Barclay et al., 1985). Cnoc Bad na h-Eirig is located c. 40 km east of Dalchork; c. 30 km 

southwest of Braehour and c. 40 km southwest of Rowens. This study could be representative for 

the vegetation patterns of the eastern part of northern Scotland. Two cores were obtained in the 

Upper Suisgill area: Suisgill core A and Suisgill core B (Figure 2.9; Table 2.5). The zones in this 

palynological study are defined with reference only to the local vegetation changes, with a focus on 

the abundance and type of forest taxa (Andrews et al., 1985). Three radiocarbon dates were 

included in the Suisgill study (Andrews et al., 1985). 

Gear (1989) documented the forest history of central northern Scotland by studying two lake sites: 

Loch Mer and Lochan by Rosail (both in Sutherland) and provided their Holocene vegetation 

histories (Figure 2.9; Table 2.5). The dates provided by Gear (1989) are estimated dates as they 

have been pollen-stratigraphic correlated (Gear, 1989). The pollen diagram from Loch Mer extends 

to at least 7920 BP and the vegetation history at Lochan by Rosail records the last 8500 years BP. 

Furthermore, Gear (1989) and Gear and Huntley (1991) mapped subfossil Pinus stumps that were 

preserved in blanket peats in far northern Scotland. To continue, Blackford et al. (1992) investigated 

the timing of the Holocene pine-decline by studying a volcanic ash-layer (tephra) in peat sequences 

from Caithness. As part of their study to understand vegetation change and development related 

to volcanic eruptions, monolith tins were collected from a fresh section in a road cutting at 

Altnabreac (10 km southeast of Braehour and 24 km east of Rowens) and from peat in a newly-cut 

ditch draining into the loch at Loch Lèir (14 km southeast of Braehour and 27.5 km west of Rowens) 

(Figure 2.9; Table 2.5). Pollen and charcoal analyses were conducted across the located ash layer in 
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the monoliths and the peat containing the ash-layer contained radiocarbon dating controls. Birks 

(1984 in Birks, 1993) displays the vegetation history and environmental change during the late 

glacial period and the Holocene in Northwest Scotland (Figure 2.9; Table 2.5). The pollen profile 

starts at c. 12,500 BP (15,196-14,121 cal BP) and represents an area c. 35 km north of Dalchork: 

Lochan an Druim, north Sutherland (Figure 2.9; Table 2.5).  

Charman (1994) reconstructed the late-glacial and Holocene vegetation of the Flow Country, 

northern Scotland, based on two sites which have been pollen analytical studied within the Cross 

Lochs study area (Figure 2.9; Table 2.5), east Sutherland (c. 40 km northeast of Dalchork, c. 20 km 

west of Braehour and 35 km west of Rowens). Charman (1994) analysed eight samples for 14C 

content which aided the aim to improve the data available for northern Scotland generally and 

specifically to research the vegetation history of the Flow Country, as the extend of the peat 

covered area was of most concern to conservation strategies at that time. The oldest sediments 

analysed by Charman (1994) are dated to c. 11,100±90 BP (12,853-12,563 cal BP [Bronk Ramsey, 

2009]) and the end of the sequence is characterised by a rapid increase in Pinus pollen as well as 

Picea pollen which are retained from a surface pollen sample and show the coniferous plantations 

of that time (Charman, 1994). Charman et al. (1995) presented pollen analysis, tephra counts and 

geochemical data from the upper 200 cm of a core from a basin mire in the Strath of Kildonan (c. 

35 km southwest of Braehour and 40 km east of Dalchork). The pollen diagram has not been 

securely dated but has been compared with the dated pollen diagram at Cross Lochs (Charman, 

1994), 27 km north of Strath of Kildonan. The focus of Charman et al. (1995) is on the relation 

between environmental changes, tephra falls and geochemistry records. 

Other palynological research in Sutherland has been undertaken by Smith (1996) who studied the 

Holocene vegetation history for the Lairg area by analysing pollen sequences of three sites: Achany 

Glen site 1 (AG1 [two cores taken, one in the lochan: AG1L and one on the shore: AG1S]); Achany 

Glen Site 2 (AG2) and Achany Glen Site 3 (AG3) (Figure 2.9; Table 2.5). The sites that Smith (1996) 

selected are close to the site of Dalchork (c. 20 km to the south) and could be used in correlation 

with this study. Smith (1998) reviewed the vegetation history of each site and compared and 

contrasted the sites. The vegetation reconstruction of AG1 includes pollen data from the Lochan 

(AG1L) and from the shore (AG1S), reflecting both the regional and local vegetation history, 

whereas, AG2 reflects local and extra local vegetation development and gives an undisturbed 

sequence from c. 9150 cal BP to the present (time of research). The sequence at AG3 starts at c. 

7750 cal BP and local woodland has been present to c. 3450 cal BP when dwarf shrubs become 

most dominant. The study of Smith (1998) reflects that when studying different pollen sites situated 

relatively close together, different vegetation assemblages at similar times can be present and show 

a mosaic of vegetation types across the landscape. Approximately 15 km northeast of the Achany 
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Glen sites (Smith, 1996) and c. 25 km southeast from Dalchork (present study), samples (for 

radiocarbon dating) of Pinus stumps were obtained at Rogart (Figure 2.9; Table 2.5) as part of a 

study by Birks (1975). Birks (1975) used palaeoecological studies to evaluate the role of Pinus in 

past forests. Daniell (1997) also investigated the spread (origin and timing) of Pinus on the blanket 

peats of Northwest Scotland. One of his sites, Loch Shin (Fiag Bridge), is located only 5 km southwest 

from Dalchork (present study) and 20 km west northwest from the Achany Glen sites analysed by 

Smith (1998). At the Loch Shin site, a density of 504 Pinus tree stumps per ha2 was estimated for 

the immediate area of the site. Additionally, the stumps of about a dozen Pinus trees were found 

protruding from the beach at Airde (Figure 2.9; Table 2.5) (Daniell, 1997). Ten samples of 

successfully cross-matched tree stumps were sampled and submitted for 14C dating in order to 

attempt a ‘wiggle match’ to improve the precision of dating (Daniell, 1997). As part of Daniell’s 

(1997) studies, pollen analyses were used to locate any peaks in Pinus pollen which could 

correspond to the presence of Pinus at the site and to detect the vegetation changes on the peat 

surface prior to and after the presence of Pinus. For Loch Shin the samples used for palynological 

study were obtained by cutting a monolith tin about 50 m back along the shore (south from the 

Loch Shin site) towards the road (the peat bank at the site was too eroded to get a monolith tin 

from).  

Dawson and Smith (1997) used detailed stratigraphical and microfossil investigations to detect sea-

level change in northern Scotland by analysing cores in the Wick River valley, Caithness (c. 12.5 km 

northeast of Rowens) (Figure 2.9; Table 2.5). They analysed sediments for pollen and diatoms and 

included 20 radiocarbon dates to provide a chronology for the sequence of sedimentation and 

relative sea-level changes recorded. Ellis (1999) analysed two pollen cores from Blar-nam-Faoileag 

(Caithness), just south of the river Thurso and one core and one peat monolith taken at Forsinard 

(Sutherland) (Figure 2.9; Table 2.5) for his doctorate thesis (1999: PhD. Environmental Biology, 

University of Manchester, U.K. [C. Ellis, 2018, personal communication, 26 November]). Blar-nam-

Faoileag is situated c. 1 km west of Rowens and 0.8 km southeast from Braehour. Cores taken at 

Forsinard are located approximately 20 km southwest of Braehour and 30 km west of Rowens. 

Although the focus of Ellis’s PhD project was on macrofossils, the pollen record was used as a 

template for the identification of synchronous levels between cores. This particular dataset has not 

been published, but with the raw dataset received from Ellis (Ellis, 2018), it was possible to produce 

pollen diagrams to reflect the vegetation development in these locations. Only one of the peat 

monoliths taken at Forsinard included three radiocarbon dates, for the other cores/monolith it is 

therefore difficult to say which period these vegetation reconstructions relate to. Nonetheless, the 

data can still be used to study past woodland in the area. 



2 Literature Review 

40 
 

An archaeological (mainly Mesolithic) flint assemblage was discovered in 2001 during ploughing for 

tree-planting at Oliclett, c. 7 km east of Rowens and c. 22 km southeast of Braehour (Davies, 2003) 

(Figure 2.9; Table 2.5). Archaeological evidence for the Mesolithic period is rare in Caithness and 

the palynological research conducted by Davies (2003) provides an insight into the temporal 

variations in landscape patterns and the distribution of natural resources. Moreover, it provides an 

insight into the local context of hunter-gatherer activity and the sediment stratigraphic research 

into the development of the surrounding landscape. Radiocarbon dating is applied but dates are 

limited to two radiocarbon dates that provide the chronology for the pollen sequence. Tipping et 

al. (2008a) studied the environmental context of in situ wood remains of Pinus bearing tool marks 

of prehistoric axes recovered from a blanket peat near Loch Farlary, Sutherland (Figure 2.9; Table 

2.5). The site is located c. 30 km southeast of Dalchork and included a study in pollen, microscopic 

charcoal, palaeohydrology and dendrochronology. The peat sequence studied was radiocarbon and 

tephrochronologically dated to the mid Holocene (c. 8500-3000 cal BP).  

To continue, tephra layers have been analysed within the peat in studies by Ratcliffe (2015) for his 

research into the carbon accumulation rates over the Holocene in Flow Country peatlands. Sites 

used by Ratcliffe (2015) are located in the vicinity of the sites used in this study and include: Bad 

a’cheo, Braehour, Catanach and Crosslochs (Figure 2.9; Table 2.5). Volcanic eruptions linked with 

the tephra identified in Ratcliffe’s (2015) study include, Hekla 4, Glen Garry and Lairg A. The fact 

that tephra has been identified close to the sites of present study suggest that volcanic eruptions 

in Iceland and the subsequent ash fall-out could have influenced the vegetation present.  

2.5.1 Summary of previous palynological research reflecting past woodland development 

The different studies previously mentioned will give a general overview of the vegetation history 

during the Holocene; the timing for different vegetational events and in specific the tree vegetation 

history of Caithness and Sutherland. These so-called ‘events’ have been identified throughout the 

different previous palaeoecological studies discussed above, and include: the local establishment 

of Betula; the maximum expansion of Betula; the local establishment of Corylus; Corylus decline; 

late Holocene Corylus expansion; Quercus establishment; Ulmus establishment; Ulmus decline; 

different phases of Betula declining; Calluna expansion; phases of Pinus expansion; phases of Pinus 

reduction; inception of blanket peat; extensive spread of blanket peat; local presence (>2%) of 

Alnus; maximum establishment of Alnus; possible anthropogenic burning; evidence of cultivation 

(P. lanceolata/cereal grains) and the expansion of human impact (Figure 2.10; Table 2.6). Again, it 

is very difficult to correlate any of these events between sites as many of the events lack any dating 

controls and the same events are not necessarily recorded across Caithness and Sutherland. 

Therefore, the following summary includes mainly the events that are securely dated. Where no 
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calibrated radiocarbon date was available in the literature, Oxcal 4.3 (Bronk Ramsey, 2009) was 

used to obtain a calibrated BP date. Where in the following summary “before” or “after” is given, 

this refers to a radiocarbon date closest to the event and is therefore not the true date of the event.  

The earliest stage of local tree presence in Caithness and Sutherland can be dated back to c. 12,000 

BP (uncalibrated). The landscape then was mostly open with some low-growth trees/bushes of 

Betula and J. communis. Salix is best represented at Lochan an Druim (Birks, 1980 in Birks, 1993) 

although small presences of Salix could have been present at the other locations. Possibly the 

conditions for Salix growth were better towards the northwest coast. Betula pollen appear to have 

increased rapidly from c. 10,800±85 BP (13,308-11,755 cal BP) at Cross Lochs and Loch of Winless, 

which is slightly earlier than the increase identified at the northwest coast (Lochan an Druim) where 

Betula pollen increase from c. 10,650±110 BP (12,755-12,189 cal BP). Much later, from c. 8430 cal 

BP, patchy woodland or scrub, including Corylus-type and Betula with Salix on damp soils is present 

at Oliclett (Davies, 2003). This is of a more similar timing to the local establishment of Betula at 

Achany Glen 1, which occurred at c. 9750 cal BP. This later date can probably be attributed to the 

altitude of the site at Achany Glen 1. The maximum expansion of Betula has only been recorded for 

Loch of Winless at 9430±110 BP (c. 11,127-10,304 cal BP) and at Lochan an Druim at 10,070±70 BP 

(c. 11,971-11,319 cal BP).  

Pollen grains of Pinus are identified throughout the area, but the limited amount of Pinus pollen 

grains (mainly in Caithness) suggests that the pollen derived from another location or from very 

local stances (Charman, 1994). Nonetheless, Andrews et al. (1985) assumed that the vegetation 

consisted of open woodland dominated by Pinus and Betula between 6700 BP (7661-7436 cal BP) 

and 4450 BP (5435-4831 cal BP) in Sutherland. This is supported by the evidence for Pinus – Betula 

woodland at the Lochan by Rosail site (Gear, 1989) and in Lairg (south Sutherland) where two 

phases of Pinus expansion are identified (Smith, 1996), with the first phase of expansion at AG1 

from c. 8900-6800 cal BP; at AG3 from c. 6800-5800 cal BP and at AG2 from c. 7400-6600 cal BP. 

The second Pinus expansion is identified at AG1 from c. 5600-5000 cal BP; at AG3 from c. 5600-4200 

cal BP and at AG2 from c. 6100-3900 cal BP. Two phases of expansion are also recorded at Cross 

Lochs 7575±45 BP (8456-8223 cal BP) and 4250±45 BP (4957-4624 cal BP) (Charman, 1994) and at 

Loch of Winless at 7570±80 BP (c. 8540-8201 cal BP) and at 6902±70 BP (7926-7612 cal BP) (Peglar, 

1979). Though the two phases of Loch of Winless might reflect merely the first phase of Pinus 

expansion and it is argued that Pinus never grew locally and data reflect Pinus growth further to the 

southwest (Peglar, 1979). The first Pinus expansion is recorded for the Wick river valley to occur at 

7170±80 BP, c. 8171-7848 cal BP (Dawson and Smith, 1997) and at Oliclett at 7760 cal BP (Davies, 

2003). The two phases of Pinus expansion are also identified at Loch Farlary (Tipping et al., 2008a), 

where Pinus first expanded rapidly from c. 7750 cal BP. Pinus successfully competed on peaty and 
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damper soils with Betula and Calluna, although on the better drained-soils Corylus dominated 

(Tipping et al., 2008a). A Pinus decline is first seen at Farlary after c. 6400 cal BP and Pinus becomes 

very rare by c. 5500 cal BP when the main woodland species are deciduous with Betula and Alnus 

on the wetter and peaty soils and Betula, Ulmus, Quercus, Corylus, Populus and Sorbus on mineral 

soils. Pinus recolonised the bog surface again at c. 5000 cal BP and continued to grow after c. 4000 

cal BP, when further to the north and west of northern Scotland Pinus was no longer present on 

the peatlands (Gear, 1989; Gear and Huntley, 1991; Daniell, 1997; Tipping, 2008a). Nonetheless, 

Pinus values started to decline at Farlary after c. 4030-3500 cal BP and continues to decline until c. 

3500 cal BP (Tipping et al., 2008a). This second decline is also recorded at Achany Glen to occur 

between c. 5000-3700 cal BP (Smith, 1996). 

It is argued by Tipping et al. (2008a) that Pinus establishment was late in this area compared with 

regional expansion around 9500-8500 cal BP (Bennett, 1984; Birks, 1989). The establishment of 

Pinus at Farlary after 7750 cal BP is argued to be the consequence of distance from seed source of 

earlier Pinus establishment on the west coast (Tipping et al., 2008a), although colonisation might 

have had a delay due to climate change, resulting in a drop in temperature around 8.2 ka years ago 

(so-called 8.2 ka event). The second expansion of Pinus might be related to reduced grazing 

pressures and reduced cultivation in the landscape, enabling trees to regenerate (Tipping et al., 

2008a). Pinus presence in the Lairg area is further supported by the evidence of over 504 Pinus 

stumps at Loch Shin (Daniell, 1997), dated to: the first appearance of Pinus in the area to be at 5445 

-17 +40 cal BP and the death of the last tree at 5207 -17 +40 cal BP (Daniell, 1997). Although when 

recalculating the 14C date (4665±45) using OxCal 4.3 (Bronk Ramsey, 2009) the date for the first 

appearance might have been earlier: 5578-5310 cal BP. To continue, the Pinus stump at Rogart 

(Birks, 1975) dates to 3976±100 BP (4816-4153 cal BP [Bronk Ramsey, 2009]) and Pinus stumps at 

Loch Farlary show that Pinus trees were growing in the east of Sutherland between c. 6550 and 

4410 cal BP (Tipping et al., 2008a).  

The pine-decline (the second decline in Pinus previously mentioned) is recognised throughout 

northern Scotland. Blackford et al. (1992) argue that Pinus pollen declined following the volcanic 

fallout of Hekla ashes after volcanic eruptions. The Hekla ashes were dated to 4269-3849 cal BP 

(Blackford et al., 1992). At Cross Lochs, the pine-decline is identified to occur after 3920±45 BP (c. 

4516-4186 cal BP) which reflects that Pinus might have started to decline before the volcanic 

eruption (although there is an overlap in the age range). Furthermore, Gear (1989) and Gear and 

Huntley (1991) mapped subfossil Pinus stumps that were preserved in blanket peats in far northern 

Scotland and show that Pinus trees were formerly present through most of the region. All present 

fossil Pinus tree remains studied by Gear (1989) and Gear and Huntley (1991) were dated between 

4405 BP (5317-4834 cal BP) and 3815 BP (4411-4086 cal BP). This falls into the range of the Pinus 
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presence and decline that Blackford et al., (1992) and Charman (1994) propose. Furthermore, 

although Pinus was never significantly present, a marked reduction of Pinus values has also been 

recorded at Oliclett at c. 4670-4460 cal BP (Davies, 2003). Although Blackford et al. (1992) argue 

that the moment of the widespread pine-decline is correlating with the fallout of the Hekla ashes 

(see Section 2.6), this is not supported by data from e.g. Tipping et al., 2008a. Furthermore, 

Charman et al. (1995) argue that the impact of volcanic deposition distant from the source is very 

variable and therefore it is difficult to predict with any certainty whether volcanic fallout could have 

impacted vegetation change. Among others, Charman (1994) argues that the deposits at this time 

are highly humified and accumulated relatively rapidly. It has been argued that the decline might 

be associated with a climatic deterioration, during which water level in bogs rose rapidly, creating 

unfavourable conditions for Pinus to grow (Pennington et al., 1972). This argument is presently the 

most accepted explanation for the pine-decline (Dubois and Ferguson, 1985; Bridge et al., 1990; 

Gear and Huntley, 1991; Lowe, 1993; Tipping, 1994; Huntley et al., 1997; Willis et al., 1998). 

However, at Farlary, no significant wetting of the peatland was detected (Tipping et al., 2008a). 

Other explanations for the pine-decline include, pathogenic attack, change in fire frequency 

through climate changing into drier conditions, anthropogenic pressures through the agency of 

grazing animals, and/or clearance through cutting and burning (e.g. Gear and Huntley, 1991; 

Bennett, 1995; Tipping et al., 2008). For Achany Glen 3 (Smith, 1996), there was a reduction in fires 

from c. 4200 cal BP (4200 cal BP), preventing the regeneration of Pinus, as regular burning is 

necessary for Pinus regeneration (e.g. Hancock et al., 2005). Reduced frequency of fires could be 

related to widespread cultivation, as opposed to grazing, immediately around AG3 with a cessation 

of regular burning by people as part of clearance activity. Further, tephra fallout might have 

triggered a phase of wetter climatic conditions, lasting for 200-300 years, reducing the likelihood of 

fires and initiating a long-term trend of the spread of blanket peat (Smith, 1996). 

Evidence that volcanic ash falls can affect the vegetation in Caithness is displayed by a record by 

Geikie (1885): “In the year 1783, during the memorable eruption of Skapter-Jökull, so vast an 

amount of fine dust was ejected that the atmosphere over Iceland continued loaded with it for 

months afterwards. It fell in such great quantity over parts of Caithness – a distance of 600 miles – 

as to destroy the crops; that year is still spoken of by the inhabitants as the year of the ashie.” 

Although there is no absolute dating used in Durno’s research, his study shows that sites of more 

inland and southern Highland origin (Loch na Moine; Cnoc a Bhroillich and Braehour Farm) reflect 

a marked maximum of Pinus before Durno’s selected BAT and high values continuing after. Pinus 

values at Flow of Leanas and Quintfall show relatively low values after the BAT, suggesting that 

after the BAT, Pinus flourished in the Highlands to a much greater extent than in lowland habitats 
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(Durno, 1958). As all sites of Durno (1958) are located close to present study sites they could be 

used to detect and correlate regional changes. 

Corylus avellana pollen – other names include C. avellana-type, Coryloid and Corylus/Myrica 

(Myrica gale: bog myrtle) and often include both Corylus and M. gale pollen as these are difficult to 

differentiate from one another – increase rapidly at 10,300 BP (after c. 13,308-11,755 cal BP) at 

Loch of Winless (Peglar, 1979), at c. 10,070±70 BP (11,971-11,319 cal BP) at Lochan an Druim (Birks, 

1993), c. 8995±50 BP (10,245-9927 cal BP) at Cross Lochs (Charman, 1994) and at c. 8460±230 BP 

(c. 9500 cal BP) at Achany Glen 1 (Smith, 1996). These dates are all very different and it appears 

that the presence of Corylus is not simultaneous throughout northern Scotland and that there is a 

sharp northwest divide in the expansion of Corylus.  

Betula and Corylus continue to be the most important tree/shrub taxa until they both start to 

decline in several phases. At Loch of Winless first Betula declines slightly after 9430±110 BP (c. 

11,127-10,304 cal BP), followed by a first decline in Corylus after 7570±80 BP (c. 8540-8201 cal BP) 

(Peglar, 1979); from c. 7575±45 BP (8456 and 8223 cal BP) at Cross Lochs (first Corylus declines) 

(Charman, 1995); after c. 7848 cal BP in the Wick River valley (where Pinus values increase) (Dawson 

and Smith, 1997) and from c. 7500 cal BP at Achany Glen (although Betula declines are not identified 

in AG2) (Smith, 1996) (Figure 2.10; Table 2.6). At Farlary an increase in Calluna from c. 7000 cal BP 

coincides with the reduction in Betula and Corylus, suggesting a substantial reduction in woodland 

cover although Pinus remains present (Tipping et al., 2008a). From c. 6760 cal BP Betula values fall 

at Oliclett, followed by a reduction in Salix and a permanent decrease of Corylus from c. 6650 cal 

BP (Davies, 2003). From 5740±80 BP (6374-6326 cal BP) both Betula and Corylus start to decline at 

Lochan an Druim (Birks, 1980 in Birks, 1993). Betula and Corylus seem to recover at all locations 

although they are not becoming as densely present as before.  

A possible second Betula decline can be detected (although not at all sites) after c. 5880±45 BP 

(6826-6565 cal BP) at Cross Lochs (Charman, 1994); at c. 5990-5040 cal BP at Oliclett (Davies, 2003); 

before 4840±85 BP (c. 5747-5325 cal BP) at Loch of Winless (Peglar, 1979); between c. 5435-4831 

cal BP at Suisgill (Andrews et al., 1985) and from c. 4950-4900 cal BP at Farlary (Tipping et al., 

2008a), although at Farlary Corylus and Alnus values decline first followed by Betula (Figure 2.10; 

Table 2.6). At the Achany Glen sites a second phase of Betula decline is recorded at c. 3445-2848 

cal BP (AG1); before 2438-2154 cal BP (AG2) and between 1058-798 cal BP (AG3) (Smith, 1996). It 

appears that for Achany Glen, Betula in the uplands are the first to decline. A second phase of Betula 

reduction is recorded at 2730±70 BP (c. 2994-2745 cal BP) at Lochan an Druim (Birks, 1980 in Birks, 

1993), which appears to be much later than the recordings for the more northeastern sites. Even 

though Betula declines, isolated trees might continue to be present in a largely open landscape 

across Caithness and Sutherland, until a final decline. This second decline has been argued to be 
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anthropogenic in origin, though fire was not used. Woodland clearance could have facilitated the 

rapid expansion of heath in the area, and sustained but low grazing pressure might have had a role 

in woodland reduction (Tipping et al., 2008a). A final decline (where in some cases Betula 

disappears from the local landscape) is recorded at Oliclett from c. 2800-2390 cal BP (Davies, 2003); 

at Loch of Winless before c. 2210±50 (1786-1555 cal BP) (Peglar, 1979); at Suisgill before 1863-1414 

cal BP (Andrews et al., 1985); at Cross Lochs after 1470±45 BP (1517-1294 cal BP) (Charman, 1994) 

and in the valley site of Achany Glen (AG3) between 1058-798 cal BP (Smith, 1996) (Figure 2.10; 

Table 2.6). At most of these locations remaining scrub and open woodland communities were 

replaced by heath and bog communities including Calluna, Empetrum nigrum (crowberry) 

(hereafter referred to as Empetrum, unless stated otherwise), Poaceae (grasses), Cyperaceae 

(sedges) and Sphagnum (peat moss).  

From c. 9750 cal BP the first evidence of local occurrence of Alnus is shown in the Lairg area (AG1), 

followed by a local presence of A. glutinosa at c. 9100 cal BP at AG2 and much later at c. 7800 cal 

BP at AG3 (Smith, 1996). A. glutinosa is probably growing locally in the Wick River valley from 

7070±80 BP (c. 8023-7709 cal BP) and becomes more abundant from 5940±60 (c. 6933-6646 cal BP) 

(Dawson and Smith, 1997). After c. 6920 ±70 BP (c. 7929 and 7623 cal BP), A. glutinosa established 

at Loch of Winless (Peglar, 1979), followed by its expansion at Aukhorn peat at c. 6460±85 BP (7563-

7182 cal BP) (Robinson, 1987). Alnus values rise at Oliclett at c. 7090 cal BP (Davies, 2003), 

continued by a rise in A. glutinosa in the Cross Lochs area at c. 6826-6565 cal BP (Charman, 1994), 

with a maximum expansion at c. 4957-4624 cal BP; in Lochan an Druim around 5740±80 BP (6374-

6326 cal BP) (Birks, 1989 in Birks 1993). At Farlary, Alnus rises at c. 6400 cal BP, suggesting the local 

expansion of Alnus (although it was present before this time) might have favoured wetter soils and 

climate (Tipping et al., 2008a) (Figure 2.10, Table 2.6). 

Low values of Ulmus and Quercus were identified for Loch of Winless from c. 9430±110 BP (11,277-

10,304 cal BP) reflecting either the very local occurrence of scattered trees in sheltered ravines or 

long-distance pollen transport (Peglar, 1979). From c. 8995±50 BP (c. 8456-8223 cal BP) Ulmus and 

Quercus pollen become present in Cross Lochs (Charman, 1994) with a slight increase at c. 7575 BP 

(uncalibrated). Ulmus and Quercus pollen grains arrived slightly later in the Northwest coast 

(Lochan an Druim) at c. 7200 BP (uncalibrated). In this region it is also believed that Quercus does 

not occur locally, whereas Ulmus does (Birks, 1989 in Birks 1993). It is assumed that small patches 

of both Ulmus and Quercus were growing locally in the Lairg area where Quercus was present since 

c. 8900 cal BP and Ulmus from c. 8800 cal BP (Smith, 1996, 1998). Ulmus and Quercus are present 

in the pollen record at Oliclett from c. 8310-8090 cal BP, although it is suggested that neither have 

a significant role in the local landscape (Davies, 2003). Nonetheless, a small increase in Ulmus pollen 

from c. 7870 cal BP, when values rise above 2% TLP, could reflect its local presence (Huntley and 
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Birks, 1983; Davies, 2003). Ulmus could possibly be locally present in the Wick valley from 7070±80 

BP (c. 8023-7709 cal BP) (Dawson and Smith, 1997). 

The widespread regional reduction in Ulmus: ‘elm-decline’ (Parker et al., 2002) (Figure 2.10; Table 

2.6) is reflected by declining Ulmus values at Oliclett from c. 6540-6100 cal BP (Davies, 2003); at 

Loch of Winless from c. 5000 BP (5747-5325 cal BP) (Peglar, 1979); at Aukhorn peat from c. 4765±70 

BP (5610-5321 cal BP) (Robinson, 1987);  at AG1 from c. 4810 cal BP (Smith, 1996); at Cnoc Bad na 

h-Eirig from c. 4450 BP (uncalibrated) (Andrews et al., 1985); at Cross Lochs from 3920 BP 

(uncalibrated) (Charman, 1994) and Ulmus becomes absent at Lochan an Druim from c. 5740±80 

BP (c. 6374-6326 cal BP) (Birks, 1993). The decline has also been detected at Farlary coinciding with 

the widespread elm-decline, where Ulmus declined both locally and regionally and was replaced by 

Corylus (Tipping et al., 2008a).   

Human impact on vegetation has been recorded as possible anthropogenic burning at Achany Glen 

(AG1 and AG2) from c. 9000 cal BP (Smith, 1996); at Oliclet from c. 6050-5850 cal BP (Davies, 2003); 

at Cross Lochs a regular occurrence of macroscopic charcoal is recorded from c. 7750 BP (no 

calibrated date) and for Loch of Winless this is unambiguous from 3065±80 BP (3452-3037 cal BP) 

(Peglar, 1979). At Oliclett, Wick River Valley and at Lochan an Druim intensified grazing has been 

recorded by the increased presence of Plantago lanceolata from c. 5650 cal BP (Davies, 2003); from 

4420±80 BP (c. 5291-4858 cal BP) (Dawson and Smith, 1997) and after 3560±70 BP (4082-3646 cal 

BP) (Birks, 1993) respectively. An increase in human presence at Achany Glen is recorded from c. 

4000 cal BP (Smith, 1996). Increased grazing pressure at Farlary occurred after c. 4030-3500 cal BP 

and after c. 3040 cal BP, increased burning may have been used to improve the grazing quality of 

Calluna heath (Tipping et al., 2008a). It has been argued by Charman (1994) that even infrequent 

burning, and later grazing, would have impacted and prevented the establishment and spread of 

tree species that were already at the limits of their range. At AG2 evidence of cultivation is 

suggested by the presence of cereal grains from c. 5100 cal BP (Smith, 1996) and at the Suisgill area 

from c. 1863-1414 cal BP (Andrews et al., 1985). Single pollen grains of Avena/Triticum and 

Hordeum type identified at Farlary date to c. 5000 cal BP and represent sporadic local cultivation of 

cereal grains (Tipping et al., 2008a). To continue, the presence of Hordeum-type pollen grains at 

Loch Mer between 2900 and 2600 BP (not calibrated) may indicate the local cultivation of crops 

(Gear, 1989). Extensive peat cutting occurred in Caithness (Huntley, 1995) and might have formed 

part of the agricultural activity at Oliclett where higher frequencies of P. lanceolata are recorded 

from c. 2390 cal BP. Hordeum type pollen at c. 730 and 100 cal BP show the local cultivation of 

barley at Oliclett (Davies, 2003).  
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Table 2.6    Summary of identified vegetational events in Caithness and Sutherland found in the literature. 

Event Cross Lochs 
(Charman, 
1994) 

Loch of Winless 
(Peglar, 1979) 

Aukhorn 
(Robinson, 
1987) 

Lochan an 
Druim 
(Birks, 1993) 

Wick River 
(Dawson and 
Smith, 1997) 

Oliclett  
(Davies, 2003) 

Suisgill (Andrews 
et al., 1985) 

Forsinard 2 
(Ellis, 2018) 

AG1 (Upland) 
(Smith, 1996) 

AG3 (valley 
side) (Smith, 
1996) 

AG2 (valley) 
(Smith, 1996) 

Farlary (Tipping 
et al., 2008b) 

Local establishment of Betula 13,308-
11,755 cal 
BP* 

12,000 BP n/a after 13,308-
11,755 cal BP* 

n/a c. 8430 cal BP n/a n/a c. 9750 cal BP n/a n/a n/a 

Maximum expansion of Betula n/a c. 11,127-10,304 
cal BP* 

n/a c. 11,971-
11,319 cal BP  

n/a n/a n/a n/a n/a n/a n/a n/a 

Local establishment of Corylus c. 10,245-
9927 cal BP* 

c. 11,127-10,304 
cal BP* 

n/a c. 11,971-
11,319 cal BP  

n/a c. 8430 cal BP n/a n/a c. 9500 cal BP n/a n/a c. 4950-4900 cal 
BP 

Corylus decline c. 8456-8223 
cal BP* 

after c. 8540-8201 
cal BP* 

n/a c. 6374-6326 
cal BP*  

n/a c. 6650 cal BP n/a n/a c. 7500 cal BP c. 7500 cal BP  c. 7500 cal BP n/a 

late Holocene Corylus expansion c. 1517-1294 
cal BP* 

c. 1786-1555 cal 
BP* 

n/a n/a n/a n/a n/a c. 1338-1180 
cal BP * 

c. 1290-1006 
cal BP 

c. 1696-1387 
cal BP 

after 2438-
2154 cal BP* 

n/a 

Quercus establishment c. 8456-8223 
cal BP* 

c. 11,127-10,304 
cal BP* (d) 

n/a n/a n/a c. 8310-8090 
cal BP 

n/a n/a c. 8900 cal BP c. 8900 cal BP c. 8900 cal BP n/a 

Ulmus establishment c. 8456-8223 
cal BP* 

c. 11,127-10,304 
cal BP* (d) 

after 7563-
7182 cal BP* 

7200 BP c. 8023-7709 
cal BP* 

c. 7870 cal BP n/a n/a c. 8800 cal BP c. 8800 cal BP c. 8800 cal BP n/a 

Ulmus decline n/a c. 5747-5325 cal 
BP* (d) 

5610-5321 cal 
BP* 

c. 6374-6326 
cal BP* 

n/a c. 6540-6100 
cal BP 

Before 5435-4831 
cal BP*  

n/a n/a n/a n/a c. 5500 cal BP  

1st Betula decline after c. 8456-
8223 cal BP* 

c. 10,121-9470 cal 
BP* 

n/a c. 6374-6326 
cal BP* 

after 8171-
7848 cal BP* 

c. 6760 cal BP n/a n/a after 8692-
8169 cal BP* 

n/a c. 7611-7434 
cal BP* 

c. 7000 cal BP 

2nd Betula decline after c. 6826-
6565 cal BP* 

before c. 5747-
5325 cal BP* 

n/a c. 2994-2745 
cal BP 

After 6933-
6646 cal BP* 

c. 5990-5040 
cal BP 

c. 5435-4831 cal 
BP* 

n/a after 3445-
2848 cal BP* 

c. 2330-2049 
cal BP* 

before 2438-
2154 cal BP* 

c. 4950-4900 cal 
BP  

3rd Betula decline c. 1517-1294 
cal BP* 

before 1786-1555 
cal BP 

n/a n/a n/a c. 2800-2390 
cal BP 

before 1863-1414 
cal BP* 

n/a n/a c. 1058-798 cal 
BP* 

n/a n/a 

Calluna expansion before 6826-
6565 cal BP* 

c. 7929-7623 cal 
BP* 

n/a c. 2969-3195 
cal BP* 

before 6933-
6646 cal BP* 

c. 2700 cal BP c. 1863-1414 cal 
BP* 

n/a c. 2872-2500 
cal BP* 

c. 2330-2049 
cal BP* 

before 2438-
2154 cal BP* 

n/a 

First phase of Pinus expansion c. 8456-8223 
cal BP* (d) 

c. 8540-8201 cal 
BP* 

n/a n/a c. 8171-7848 
cal BP* 

c. 7760 cal BP n/a n/a c. 8900-6800 
cal BP 

c. 6800-5800 
cal BP 

c. 7400-6600 
cal BP 

c. 7750 cal BP  

First significant Pinus reduction 
phase 

n/a n/a n/a n/a after 6933-
6646 cal BP* 

n/a Before c. 5435-
4831 cal BP* 

n/a c. 6500-5600 
cal BP 

c. 5800-5600 
cal BP 

c. 6600-6100 
cal BP (a) 

c. 6400 cal BP 

Second phase of Pinus expansion c. 4957-4624 
cal BP* 

c. 7926-7612 cal 
BP (e) 

n/a n/a n/a n/a n/a n/a c. 5600-5000 
cal BP 

c. 5600-4200 
cal BP 

c. 6100-3900 
cal BP (a) 

c. 5000 cal BP 

Date of second and final Pinus 
decline 

c. 4516-4186 
cal BP* 

n/a n/a n/a n/a c.4670-4460 cal 
BP 

c. 1863-1414 cal 
BP* 

n/a c. 5000-3700 
cal BP 

c. 4200 cal BP 
BP 

c. 4000 cal BP c. 4030-3500 cal 
BP 

Inception of blanket peat n/a n/a n/a n/a n/a n/a c. 7661-7436 cal 
BP 

n/a c. 9100 cal BP c. 7100 cal BP c. 7500 cal BP c. 9000-8500 cal 
BP 

Extensive spread of blanket peat n/a n/a n/a n/a n/a c. 2700 cal BP n/a n/a c.5600 cal BP c. 3900 cal BP c. 4500 cal BP  n/a 

Local presence (>2%) of Alnus c. 6826-6565 
cal BP* 

after 7929-7623 
cal BP* 

7563-7182 cal 
BP* 

6374-6326 cal 
BP* 

c. 8023-7709 
cal BP* 

c. 7090 cal BP 5600 BP n/a c. 9750 cal BP c. 7800 cal BP 
(b) 

c. 9100 cal BP n/a 

Maximum establishment of Alnus c.4957-4624 
cal BP* 

2500 BP before 5610-
5321 cal BP* 

4000 BP c. 6933-6646 
cal BP* 

n/a n/a n/a c. 6900 cal BP c. 6000 cal BP c. 6200 cal BP 
(c)  

c. 6400 cal BP 

Possible anthropogenic burning c. 7750, 6250 
BP 

c. 3452-3037 cal 
BP* 

n/a n/a n/a c. 6050-5850 
cal BP 

n/a n/a c. 9000 cal BP  n/a c. 9000 cal BP n/a 

Evidence of cultivation (P. 
lanceolata /cereal grains) 

n/a before 1786-1555 
cal BP* 

n/a After c. 4082-
3646 cal BP 

c. 5291-4858 
cal BP* 

c. 5650 cal BP before 1863-1414 
cal BP* 

n/a n/a n/a c. 5100 cal BP c. 5000 cal BP 

Expansion of human impact n/a n/a n/a n/a n/a c. 2390 cal BP n/a n/a c. 4000 cal BP  c. 4000 cal BP  c. 4000 cal BP c. 3260 cal BP  

NOTES 
-* dates (re)calibrated with OxCal 4.3 (Bronk Ramsay, 2009), where "after/before" refers to the closest radiocarbon date available. These dates are not secure and can differ considerably from their true date.    
-BP are uncalibrated radiocarbon dates. 
-n/a is either that there is no date available for this event or that the event is not visible.  
(a) Although the expansion and final reduction of Pinus can be identified in the pollen record from AG2, it only represents regional pollen recruitment, as from c.6100 cal BP, Pinus no longer grew locally in the valley (Smith, 1996). 
(b) This date is the earliest for appearance of Alnus at AG3, but is at the base of the profile, so does not necessarily represent the earliest local presence at this site.  
(c) This phase includes a period of c. 300 years from c. 5900-5600 cal BP, when Alnus no longer grew locally around the site, being replaced by Salix and Corylus. 
(d) The small quantities of Ulmus and Quercus pollen probably reflect the establishment of mixed deciduous woodland further south, or they may represent isolated occurrences of these genera closer to the site (Charman, 1994). 
(e) The second expansion of Pinus at Loch of Winless might have formed part of the first expansion.  
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Figure 2.10    The timing of events in vegetation development at the different sites mentioned in the text. X-axis shows several identified events in the vegetation history of Caithness and Sutherland that are securely dated, and the Y-axis shows the calibrated radiocarbon dates. 
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2.6 Climate 

2.6.1 Past climate 

The general development of Scottish woodlands in (northern) Scotland has been discussed and it is 

shown that woodland developed and changed over time and space. Climatic factors have played an 

important role in the spread of native woodland in Scotland, including their structure and species 

composition (Wilson, 2015). Climate can affect native woodlands in different ways e.g. by providing 

warmth and moisture and regulating light, processes which are all required for plant growth, 

through risk of damage to vegetation from extremes of heat or cold, strong winds and flood events 

and through effects on the prevalence and impacts of insects, fungi and bacteria (Kimmins, 1997; 

Wilson, 2015). Woodland/vegetation communities present today have formed over thousands of 

years and developed, adapted and changed during previous climatic events. Part of this study is to 

develop forest management strategies that consider the future development of natural woodland 

communities in the Scottish Highlands (see Section 2.7). One large part of this development is how 

present-day woodland will respond to future climate. Climate research often focusses on looking 

forward in time, although our understanding of climate change and its implications to policy and 

management should be linked to the past (Skinner, 2008). Paleoclimate studies help to determine 

how we perceive climate change predictions; understanding past climatic events and the response 

of past vegetation communities to these events can aid in understanding possible future changes 

to both the climate and vegetation communities. Climatic reconstructions of the Holocene are of 

great importance as the boundary conditions (e.g. climate variables) are very similar to those of 

today and the near future and the level of detail is larger than those of preceding periods (Charman, 

2010). 

The causes for past climate changes vary but were mainly driven by the radiation balance of the 

earth, which can be affected by change in incoming solar radiation (e.g. Milankovitch cycles); the 

change of the fraction of solar radiation that is reflected (e.g. earth surface albedo effect) and the 

altering of the long-wave energy radiated back to space (e.g. changes in greenhouse gas 

concentrations). Furthermore, local climate is influenced by how heat is distributed by wind and 

ocean currents (Jansen et al., 2007). The Holocene (the timeframe of present study) shows the best 

spatial covering, dating and temporal resolution compared to previous periods and data shows: 

“significant and complex climate responses, including long-term and abrupt changes in 

temperature, precipitation…” (Jansen et al., 2007). The warmest period of the Holocene in northern 

Europe was from 7 to 5 ka cal BP – the mid-Holocene optimum – which was likely a response to 

annual mean and summer orbital forcing (Davis et al., 2003; Jansen et al., 2007). Most locations 

reach a maximum around 6000 BP with mean temperatures of the warmest month being +1.5°C 
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(compared to AD 1990) in northwest Europe (including Scotland) (Davis et al., 2003) (Figure 2.11). 

To continue, Bond et al. (1997) demonstrated the so-called ‘Bond-cycles’, a series of millennial-

scale cycles occurring in the Holocene which reflect periods of climate cooling every 1470 ± 500 

years (total of nine events, numbered 0-8) (Table 2.7), although others argued against a clear 

cyclicity during the Holocene (e.g. Wanner et al., 2011). These (assumed) cycles are believed to be 

the equivalent of the Pleistocene Dansgaard-Oeschger cycles (Bond et al., 1997). The origin of the 

cycles is unknown but is linked to “southward shifts of cooler, ice-bearing surface waters deep into 

the subpolar North Atlantic and a coupling of ocean surface circulation with atmospheric circulation 

above Greenland” (Bond et al., 1997). The most mentioned and known cold periods within these 

cycles include the ‘8.2 ka event’, and the ‘Little Ice Age’ (from 700 to 100 cal BP) (Wanner and 

Bütikofer, 2008). Whereas the impact of the cycles is spatially complex and not all cycles played a 

major role in Scotland, the 8.2 ka event, related to the Ice Rafted Debris (IRD) 5 event, for example, 

was strongly felt at the latitude of Scotland and involved a depression in temperature of 2-3°C 

(Klitgaard‐Kristensen et al., 1998; Seppä et al., 2007; Tipping et al., 2012) and may have significantly 

impacted Mesolithic populations (e.g. Wicks and Mithen, 2014). Overall, these multi-millennial 

climate changes caused less impact during the mid-late Holocene (last 4500 years) in the British 

Isles as the orbitally forced insolation changes show a higher impact even at higher latitudes. It is 

here that the centennial climate variables show greater influences on the environment and human 

society (Charman, 2010). Twelve key periods are identified during the mid-late Holocene that show 

enhanced precipitation-evaporation (Appendix 8.4), based on data from northern Britain. Between 

3000 and 2000 cal BP there is a significant increase in the number of wet events and especially the 

period 1670-1390 cal BP shows a large increase in wetness (Charman, 2010). Key temperature 

changes are identified for the British Isles where it is relatively cool before c. 3100 BP; warmer 

between 3100-2000 BP: the so-called ‘Roman Warm Period’; cool  between 2000 and 1250 cal BP: 

the so-called ‘Dark Ages Cold Period’; warm between 1250 and 650 cal BP: the so-called ‘Medieval 

Warm Period’; and cool again from c. 650 cal BP onwards: the so-called ‘Little Ice Age’ (Appendix 

8.5). Some of the periods show a strong correspondence with the Bond-cycles (2750, 1650, 550 cal 

BP), others might be related to internal dynamics of the ocean and the atmosphere and some to 

reduced solar output (Charman, 2010) (see Section 6.2.1.1).  

One of the drivers for (short-term) climate change can be volcanic eruptions. Volcanic eruptions 

inject large quantities of sulphur-rich gasses into the stratosphere which causes a change in 

reflection of solar radiation resulting in a cooling of the global climate (or the hemisphere of origin) 

by 0.2-0.3°C for several years after the eruption (Zielinski, 2000), although for the Holocene it is 

even argued that volcanic eruptions caused a cooling of 1-2°C (Payne et al., 2013). This temporary 

cooling can have an impact on the vegetation and especially on plants in marginal locations, 
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resulting in changes in community compositions (Payne et al., 2013). Icelandic tephra (volcanic ash) 

has been found across Scotland and at least 14 Holocene cryptotephras were found in Britain 

reflecting the past eruptions of Icelandic volcanos (Swindles et al., 2011). Historical records of the 

1783/1784 Laki eruption show that plants were affected by the eruption throughout western 

Europe and mainly Scotland (see Section 6.2.1.2). Some studies show a link between Holocene 

volcanic eruptions and the decline of trees, e.g. the decline of Pinus is argued to be the result of the 

eruption of the Hekla (Blackford et al., 1992), although others argue that the palynological evidence 

for volcanic impact on vegetation is weak and not clearly visible across a whole region (Payne et al., 

2013) (see Section 6.2.1.2). 

To conclude, past climate reconstructions have shown that natural forcing (e.g. solar and volcanic) 

can explain events such as the Little Ice Age and the preceding Medieval warm period. However, 

for the post-industrial period only anthropogenic forcing can adequately explain the extent and rate 

of more recent warming (Jansen et al., 2007) (Figure 2.12). This will be further explored in the 

following section.  

 

  

Table 2.7    Bond Cycles with their associated climatic events 
e.g. Bond et al. (2001). 

Bond 
Cycles, IRD 
events 

Peak of cold 
period (cal BP) 

Recognised as being 
part of the: 

0 400 Little Ice Age  

1 1400 Dark Ages Cold Period 

2 2800 2.8-2.6 ka event  
3 4300 4.2 ka event 

4 5900 5.9 ka event 
5 8100 8.2 ka event 

6 9400 9.3 ka event 

7 10300 10.3 ka event 
8 11000 Younger Dryas 

Figure 2.11    Reconstructed summer and winter 
temperature anomalies during the Holocene in 
Northwest (NW) Europe. Modified from Davis et al., 
2003). 

Figure 2.12    Stripes illustrate a schematic rise in average temperatures in Scotland from 1850 to 2019 (Hawkins, n.d.). 
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2.6.2 Contemporary and future climate 

Just as climate has changed in the past and modified past vegetation communities, it is expected to 

continue to change in the future. The earth is considerably affected by the modification in 

atmospheric composition (greenhouse gasses and aerosols) and changes in land surface 

(agriculture and deforestation) caused by human activity  (Braconnot and Vimeux, 2020). The 

scientific consensus is that “global temperatures are rising; this temperature increase and attendant 

impacts are attributable to anthropogenic greenhouse gas emissions and previously accumulated 

and future emissions will contribute to further global climate impacts” (IPCC, 2007; Skinner, 2008). 

Several scenarios are used to explore what the consequences of decisions made today regarding 

adaptation and mitigation could be to climate change in the future (van Vuuren et al., 2011). 

Pathways for emissions, concentrations and radiative forcing were developed – the Representative 

Concentration Pathways (RCPs) – to provide input for prospective climate model experiments and 

to indicate the amount of energetic change by 2100 (Braconnot and Vimeux, 2020). All RCP 

predictions show a gradual increase in temperature everywhere, but more pronounced in higher 

latitudes. The severity of changes depends on future greenhouse gas emissions and changes in land-

use (Braconnot and Vimeux, 2020).  

Climate projections on how climate might change in the UK over the coming decades have been 

developed in the UKCP18 (Lowe et al., 2018). The UKCP18 provides probabilistic projections 

providing local low, central and high changes across the UK, corresponding to 10%, 50% and 90% 

probability levels. Current observations for the UK show that the most recent decade (2008-2018) 

showed an average warming of 0.3°C compared to the 1981-2010 average and 0.8°C warming since 

1961-1990, and for Scotland there is a severe increase in rainfall (11%) in the period 2008-2017 in 

comparison to the period 1961-1990 (Lowe et al., 2018). The furthest prediction given within 

UKCP18 is for the period of 2080-2099. For the north of Scotland this period shows that, depending 

on RCP predictions and probability levels, annual temperatures will increase with 0-7°C. The 

increase of 7°C is only given for the most extreme predictions of RCP8.5 with a 90th percentile 

probability, where most predictions remain within a 1-2°C increase (Lowe et al., 2018; Met Office, 

2020) (Figure 2.13). Predictions for the same period for annual precipitation show a change 

between -30% and +60% (Figure 2.14). Intermediate time predictions between 2020 and 2079 also 

show an increase in temperature and increases and decreases of precipitation (Table 2.8, Appendix 

8.6) (Lowe et al., 2018; Met Office, 2020). With regards to the location of the sites of this study, 

climate change predictions show that the far northeast of Scotland is least affected by predicted 

changes in annual temperatures for the period mentioned above and that the coastal areas of 

Northeast Scotland show the most increase of precipitation, whereas the central northern Scotland 

area shows a limited change in precipitation.  
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These predictive models (among others) show that the recent increase of greenhouse gasses causes 

more rapid changes in climate variables than the previous climate evolution, which makes it difficult 

to link past ecosystems and climates to possible future scenarios (Braconnot and Vimeux, 2020). 

Nonetheless, fossil records show that there have been many intervals of abrupt climate change 

(Pitman and Stouffer, 2006; Skinner, 2008). The scientific basis and policy implications towards 

future climate change is linked to understanding the past; by looking into previous responses of 

past biodiversity (e.g. woodlands) to climate change. By using palaeoecology we might be able to 

aid present conservation management for future changes (Skinner, 2008). The next section will go 

into more detail of current policy and conservation management strategies in Scotland, which takes 

future climate predictions into account and will highlight the importance of using palaeoecology in 

contemporary and future conservation policy and management.   

 

 

 

  

Table 2.8    Range of predicted annual mean temperature anomaly and predicted annual precipitation anomaly for 
different periods in the 21st century. Data was compiled from Met Office (2020). 
Time slice  Predicted annual mean 

temperature anomaly°C 
Predicted annual 
precipitation anomaly (%) 

2020-2039 0-2°C -30 - +50% 

2040-2059 0-4°C -30 - +60% 

2060-2079 0-6°C -30 - +60% 

2080-2099 0-7°C -30 - +60% 
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Figure 2.13    Annual mean temperature anomaly in North Scotland for 2080-2099 minus 1981-2000 (Met 
Office, 2020). The left top corner panel shows a red square indicating the general research area of this study.  
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Figure 2.14    Annual precipitation anomaly in North Scotland for 2080-2099 minus 1981-2000 (Met Office, 
2020). The left top corner panel shows a red square indicating the general research area of this study. 
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2.7 Woodland management and policy 

2.7.1 Current policy and woodland management in Scotland 

In order to assess the applicability of this study to inform future woodland management it is 

important to recognise the structure of Government, policies and decision making in Scotland. This 

is especially with regards to sustainable land-use (including woodland management), where the 

governmental structure is complex and is built up of national, regional and local institutes, such as 

UK Government, Scottish Government, Scottish Forestry: the Scottish Government agency 

responsible for e.g. forestry policy and regulation, and Forestry and Land Scotland: the Scottish 

Government agency responsible for managing Scotland’s national forests and land. Efforts have 

been made to unify sustainable land management across the UK, with the first Land Use Strategy 

of Scotland in 2011, being the first country in Europe to recognise the need for such a strategy. The 

long-term vision for sustainable land-use is stated by the Scottish Government as follows: “a 

Scotland where we fully recognise, understand and value the importance of our land resources, and 

where our plans and decisions about land use will deliver improved and enduring benefits, 

enhancing the wellbeing of our nation” (The Scottish Government, 2016). The main objectives for 

this vision form a framework for land-use policy and include (The Scottish Government, 2011): 

• “Land based businesses working with nature to contribute more to Scotland’s prosperity”; 

• “Responsible stewardship of Scotland’s natural resources delivering more benefits to 

Scotland’s people”; 

• “Urban and rural communities better connected to the land, with more people enjoying the 

land and positively influencing land use”. 

To put policy into practice, these objectives have been further described in a list of Principles for 

Sustainable Land Use (The Scottish Government, 2011). These principles are set up to apply to all 

individuals, businesses and organisations involved in land-use and guide them to apply appropriate 

management across Scotland. In theory, all principles can apply to forests and woodland 

management but to remain within the scope of this study only a subset of the most applicable 

objectives is listed below: 

• “Opportunities for land use to deliver multiple benefits should be encouraged” and “Where 

land is highly suitable for a primary use (for example food production, flood management, 

water catchment management and carbon storage) this value should be recognised in 

decision‐making” (Principles a and c from The Scottish Government, 2011); 

• “Land‐use decisions should be informed by an understanding of the opportunities and 

threats brought about by the changing climate. Greenhouse gas emissions associated with 

land use should be reduced and land should continue to contribute to delivering climate 
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change adaptation and mitigation objectives” (Principle f from The Scottish Government, 

2011); 

• “Landscape change should be managed positively and sympathetically, considering the 

implications of change at a scale appropriate to the landscape in question, given that all 

Scotland’s landscapes are important to our sense of identity and to our individual and social 

wellbeing” (Principle e from The Scottish Government, 2011). 

The principles show opportunities for all land-use types across Scotland to inform public policy, for 

example the Scottish National Peatland Plan (Scottish Natural Heritage, 2015). Since most of this 

study’s scope involves future woodland management potential, the abovementioned principles can 

be found applied by the Scottish Forestry Strategy in their management plan (The Scottish 

Government, 2019). Three main objectives for Scotland’s Forestry have been identified for the 

current management period, 2019-2029: 

1. “Increase the contribution of forests and woodlands to Scotland’s sustainable and inclusive 

economic growth”; 

2. “Improve the resilience of Scotland’s forests and woodlands and increase their contribution 

to a healthy and high-quality environment”; 

3. “Increase the use of Scotland’s forest and woodland resources to enable more people to 

improve their health, well-being and life chances” (The Scottish Government, 2019). 

Along with these objectives, one priority for action – not as such covered in the broader objectives 

– is stated: “Expanding the area of forests and woodland, recognizing wider land-use objectives” 

(The Scottish Government, 2019). The target is to increase forest and woodland cover to 21% of 

the total area of Scotland by 2032 (The Scottish Government, 2018, 2019). This includes 12,000 ha 

of forests and woodland creation per year from 2020/21, 14,000 ha per year from 2022/23 and 

15,000 ha per year from 2024/25 (The Scottish Government, 2018). As part of these targets, the 

aim is to improve the condition and extent of existing native woodlands and increase new native 

woodland planting by increasing the amount of native woodland in good condition, creating 3000-

5000 ha of new native woodland per year, restoring approximately 10,000 ha of native woodland 

and to ensure that protected sites are under good conservation management (The Scottish 

Government, 2015, 2019). 

In order to manage all different woodland types (Section 2.3), a Long-Term Forest Plan (LTFP, 

Forestry Commission Scotland, 2016) is developed every 20 years and brings together the 

“management objectives, the environmental, economic and social functions and the silvicultural 

prescriptions into a comprehensive plan to deliver long-term benefits through sustainable forest 

management” (Forestry Commission Scotland, 2016). The LTFP meets the requirements and 
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guidelines set out in the United Kingdom Forestry Standard (UKFS), which is the reference standard 

for sustainable forestry management in the UK and is divided into legal requirements and good 

forestry practice (Forestry Commission, 2017) and is linked to internationally agreed criteria and 

commitments.  

The management of semi-natural and native woodland (the main scope of the PWT and NVC) is of 

great importance in nature conservation in Scotland, as these contain the most natural features 

and appearances, and are of most importance for their contribution to conserving biodiversity and 

their cultural, recreational and historical value. The management of semi-natural woodlands 

includes sensitive and low-key methods that are suited to the natural dynamics of the woodlands, 

where natural regeneration is preferred to planting (Forestry Commission, 2003a). The same goes 

for the planted woodlands of native species that developed similar characteristics to semi-natural 

woodlands (Forestry Commission, 2003a). To continue, the different PWT are being managed in 

accordance to policy aims in different manners. The PWT differ greatly in e.g. origin, composition 

and geographical position and vary in their responses to climate, soils and history. Therefore, 

appropriate management is sought for each separate PWT. However, it is argued that there is a 

need for policy guidance to take more account of local and regional factors, especially for semi-

natural woodlands (Forestry Commission, 2003a).  

The main policy aims for all priority woodland types (Forestry Commission, 2003a, 2003b, 2003c, 

2003d, 2003e, 2003f) include that they should be maintained and that their natural ecological 

diversity should be restored wherever this is suitable. Also, where appropriate their aesthetic value 

should be improved. The genetic integrity of populations of native species within PWT should be 

maintained (especially relevant for semi-natural woodlands) and appropriate opportunities should 

be taken to produce utilisable wood. The latter is not an obligatory aim for every woodland, and it 

is possible to achieve all other policy aims without it. It is mainly relevant to secure an adequate 

income for woodland owners, to continue the appropriate management. Many of the PWT can 

yield utilisable timber, with good management, these products can be harvested and still be 

compatible with achieving the policy aims. However, for semi-natural wet woodlands, wood 

production will be limited because of their difficult nature, instead they are more valued for shelter, 

wildlife, conservation, sporting, or amenity (Forestry Commission, 2003c). The final policy aim for 

PWT is the enlargement of the woods where possible to secure their long-term future.  

These policy aims lead to general principles for the management of the PWT. The general principles 

of management include the maintenance of semi-natural woodland types; the improvement of 

diversity of structure; the increase of species diversity; the maintenance of habitat diversity and a 

mature habitat; the moderation of rates of change; and the use of low-key establishment 

techniques (Forestry Commission, 2003a, 2003b, 2003c, 2003d, 2003e, 2003f). 
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2.7.2 Use of Palaeoecology in Conservation – policy and management  

Palaeoecology (the ecology of past environments which palynology forms part of) is recognised as 

a fundamental aspect of effective conservation and for establishing appropriate strategies in 

research, policy and practice (e.g. Birks, 1996; Honnay et al., 2004; Davies and Bunting, 2010; Birks, 

2012; Lindbladh et al., 2013). Unfortunately, many natural conservationists are still primarily 

concerned with the present and the future or are ignorant of what palaeoecology can tell them 

(Birks, 1996; Rull, 2014), e.g. traditional forest conservation is largely focused on studies of natural 

ecosystem structure, composition and process within old-growth forests and although much can 

be learned from old-growth forests, such as the unusual physical structures and species related to 

old-growth forests showing their site history (Foster et al., 1996), only the changes and patterns of 

recent decades will be reflected. To continue, reasons given by ecologists to ignore paleoecology 

include: the “lack of enough time resolution in palaeoecological reconstructions”; “the often 

incomplete nature of palaeoecological evidence” and “the lack of enough taxonomic resolution” 

(Rull, 2014) and it is argued that ecologists should understand how to use and incorporate 

palaeoecological data, although palaeoecologists should therefore endeavour to adapt their data 

and make it more accessible to be used in the research field of ecology (Davies et al., 2014; Rull, 

2014; Valencia et al., 2016). 

Nonetheless, ecosystems, including woodlands, do require long-term (decades to centuries) 

observations and monitoring as a strategy for environmental protection and the sustainable use of 

nature as ecosystems are dynamic entities and are triggered by external and internal factors (Müller 

et al., 2010). Arguably, these long-term observations and monitoring should be accompanied and 

extended by palaeoecological data as this data allows the contemporary ecologist to put current 

events in a longer timeframe and provides the time scale needed for true long-term ecology 

(Schoonmaker and Foster, 1991; Rull, 2014). This is of importance because many ecological 

processes vital to maintaining ecosystems, habitats, biodiversity and communities (including 

forests) e.g. “ecological succession, range shifts, migration, extinction, community assembly, biotic 

responses to global environmental changes” (Rull, 2014) occur gradually and over extended periods 

of time and it is not possible to understand or manage these without a palaeoecological perspective 

(Lindbladh et al., 2013). By using palaeoecology, the perspective of maybe decades could be 

extended to millennia (Foster et al., 1996). For example, communities that are present today 

originated and assembled after the Last Glacial Maximum (LGM; 26,500-19,000 years ago) 

(Lecavalier et al., 2014) and changes happening today may not be seen for a considerable length of 

time or decade (Birks, 2012). This reflects the need for a better understanding of long-term 

processes leading to the establishment, development and change of contemporary ecosystems and 
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habitats (Rull, 2014) and the integration of different time-scales will be part of the optimisation of 

management strategies and species conservation policies (Cheddadi et al., 2020). 

To continue, the extent of the use of palaeoecological data for conservation purposes is not yet 

fully understood and not used to its full potential (Froyd and Willis, 2008). Palaeoecology and 

conservation biology have (until recently) been regarded as two separate areas of study (Birks, 

2012). The majority of conservation-relevant palaeoecological studies primarily focus on describing 

historical forest conditions in broad terms and for large spatial scales where they address former 

climate, land-use and landscape developments, often in the absence of a specific conservation 

context (Davies and Bunting, 2010; Lindbladh et al., 2013). By creating an understanding of the 

ecological impacts of environmental change (drivers) that influenced organisms, populations, 

communities, landscapes and ecosystems in the past – i.e. past climate changed the distribution of 

species across the planet (Cheddadi et al., 2020) – a link is created to possible present and future 

ecosystem responses (Anderson et al., 1998; Froyd and Willis, 2008; Davies and Bunting, 2010; 

Birks, 2012). This shows the potential of using paleoecology to answer one of the key questions for 

conservationists: what will be the nature and rate of ecological responses to predicted climate 

changes? (Willis et al., 2010). This includes how climate changes can influence biodiversity; how 

species reacted to different climatic events (Cheddadi et al., 2020) and it can determine the natural 

range of species over time (Froyd and Willis, 2008). By using palaeoecological studies one can create 

an understanding of the range of natural variability of the vegetation as well as climate and 

disturbance regimes (Palmer et al., 2005; Birks, 2012). 

Palaeoecological studies can be used to assess former forest composition, forest structure and 

varying intensities or absence of human impact. Even when the source of anthropogenic 

disturbance has been removed, the after-effects of human presence may continue for centuries or 

longer and should therefore play a role in conservation planning (Foster et al., 2003). Past and 

present human impact is seen as a driver, together with e.g. climate of ecological thresholds: 

“where a community changes from one stable state to another.” (Willis et al., 2010). Palaeoecology 

helps to identify the true climatic baseline of an ecosystem, with much natural variability between 

alternative stable ecosystems that form an interstate (Willis et al., 2010) and to understand 

whether present conservation baselines and restoration targets are appropriate to long-term 

ecosystem variabilities (Edwards et al., 2019), as sometimes interactions of biotic and abiotic 

processes lead to thresholds, other times they lead to ecological resilience and persistence (Willis 

et al., 2010). In the view of future climate change, it is important to know whether species and 

communities will persist or whether they will be able to migrate to new areas with a suitable 

environment, e.g. (micro) refugia, where (fragmented) populations can persist during 

environmental change (Honnay et al., 2004; Willis et al., 2010; Davies et al., 2017). Palaeoecology 
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helps to locate past refugia and to evaluate species migration rates and species diversity loss. These 

refugia areas are of importance for future species conservation as it is there that during future 

droughts biodiversity will persist and future evolutionary and ecological processes will be conserved 

(Davies et al., 2017; Cheddadi and Bennett, 2020). Microclimates often play a major role as refugia 

and are often located in mountainous areas, as they provide the ability for species to migrate up or 

down towards cooler/warmer and/or wetter/drier altitudes (Davies et al., 2017; Cheddadi and 

Bennett, 2020). To conclude, paleoecology can be used as a resource for predicting the 

consequences of management interventions in the past (Davies and Bunting, 2010).  

For the UK, a list of 100 specific ecological questions was compiled, that showed the need for using 

long-term (>50 years) and palaeoecological data for ecological policy making and conservation 

management related to current environmental issues (Sutherland et al., 2006): as for 54 of the 100 

questions, long-term data is needed in order to answer the question holistically (Davies and 

Bunting, 2010). Some of these questions can only be solved with the use of palaeoecological data 

and include: 

Question 8) What are the environmental consequences of farming patterns…? 

Question 10) How do current agricultural practices affect the conservation value and extent of non-

agricultural habitats… and how can detrimental impacts be mitigated? 

Question 20) What are the relative benefits for biodiversity of the re-introduction of management 

to… semi-natural woodlands vs…. absence of active management? 

Question 79) What are the consequences of different moorland management techniques… for the 

uplands…? 

Question 83) How do recreated habitats differ from their semi-natural analogues? 

The present study can possibly contribute to the answers to the questions previously raised, and in 

particular the question concerning the current semi-natural analogues in habitat restoration (as this 

is one of the aims) (Question 83: Sutherland et al. 2006), which was also discussed by Davies and 

Bunting (2010). They presented several palaeoecological studies that showed a different 

composition in past woodland in parts of West Affric and across NW Scotland (Tipping et al., 1999, 

2006; Davies, 2003, 2010; Shaw and Tipping, 2006 in Davies and Bunting, 2010). Previously it was 

considered that these areas were once dominated by Pinus woodlands – because of the present-

day remnants. However, through palaeoecological studies, it is now understood that these Pinus 

woodlands are a result of preservation bias instead of past woodland composition. Using 

palaeobotanical data, the present study will provide an insight into previous vegetation cover and 

will not be biased by present woodland remnants.  
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Additionally, a question was raised concerning moorland management techniques (Question 79; 

Sutherland et al., 2006). Palaeoecological data showed that moorlands in the past had a wider 

variety of habitat structure and microclimate within small areas, which sustained local biodiversity 

in many taxonomic groups (Littlewood et al., 2006 in Davies and Bunting, 2010). Palaeobotanical 

data analysed within present study may contribute to the understanding of habitat structure in the 

past and can help identify local drivers of change to establish appropriate responses in the northern 

Highland upland areas.  

Other environmental questions identified to be answered by palaeoecological data concerned the 

grazing impacts and historical context of biodiversity loss (Questions 8 and 10; Sutherland et al., 

2006). Past changes in grazing pressure and abandonment seem to be associated with reductions 

in plant diversity. Causes for the declines of species richness are explained to be due to woodland 

loss caused by grazing and the eviction of tenant farmers. By understanding the impact of grazing 

on past vegetation changes, both from livestock and wild species, one can inform future grazing 

management (Davies and Bunting, 2010; Davies, 2019). In the areas covered by present study, 

changing pressure of grazing activities could have led to vegetation changes and could have 

influenced past woodland communities. These changes can be detected by using palaeoecological 

data (including spores of coprophilous dung fungi and pollen of plants relating to grazing activities).  

Furthermore, Question 20; Sutherland et al. (2006) is concerned with the semi-natural woodland 

management. Palaeoecological data can be used to identify what disturbance regimes have 

favoured regeneration in certain areas. With this information, models of conservation and future 

conservation management plans can be established (Davies and Bunting, 2010). It is possible that 

certain natural or anthropogenic disturbances followed by a regeneration phase will be reflected in 

present study. 

Not only can palaeoecological data contribute to woodland (conservation) management, it could 

also be used for a variety of nature conservation management issues in many other (degraded) 

landscapes internationally. Chambers et al. (2017) used palaeoecological data (pollen analysis, 

plant macrofossil and charcoal analysis) to establish the vegetation history of several mire and 

moorland sites in northern England to ascertain the nature and timing of degradation. Their study 

was of importance as many current conservation agencies only have short-term targets to restore 

degraded upland mire and moorland and have no clear knowledge of the timing and nature of the 

degraded mires and moorlands. Chambers et al. (2017) argue that current valued vegetation (such 

as extensive heather moorland) present at their research sites is a feature only from the recent 

cultural landscape and developed over deep peat in response to management, involving fire, and 

has probably been aided by drainage. Palaeoecological data (as used by Chambers et al., 2017) are 

agenda-setting and can inform peat-forming vegetation restoration processes upon degraded sites. 
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Following the work by Chambers et al. (2017), present palaeoecological research can reflect natural 

upland peatland development and the consequences of anthropogenic activity in the peatlands of 

northern Scotland. This information can be used to inform management practices and peatland 

reinstatement policies in these areas.  

The background of the present study has been explored which has set the base for the following 

chapters, starting with the next section which will provide the background of the local geology, land 

cover and woodland management and archaeology of the three sites in this study: Rowens, 

Braehour and Dalchork.  
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3 Background to study locations 

This section provides the background on local geology, land-cover and woodland management and 

archaeology of the three sites in this study: Rowens, Braehour and Dalchork. The aim is to provide 

an overview on similarities and differences between the sites with respect to the different subjects. 

3.1 Site locations 

Three sites under the care of FLS were selected as sampling locations for this study: Rowens 

(58°24′01″N, 003°19′03″W), Braehour (58°26′10″N, 003°34′09″W) and Dalchork (58°09′50″N, 

004°31′04″W) (Figure 3.1). Both Rowens and Braehour are located in Caithness and Dalchork is 

located in Sutherland. Braehour is an afforested blanket bog site, whereas Rowens and Dalchork 

are described as afforested riparian bog sites. The three sites were selected based on a selection of 

readily available data including, known peat depths (provided by FLS) and accessibility to the site.  

Rowens is located 13 km west of Wick and 10 km north of Lybster at around 100 m OD and is 

intersected by the Rowens Burn. Slightly to the west of Rowens is Braehour, also located in 

Caithness at approximately 7 km southwest from Halkirk and 7 km west of Mybster, close to (c. 1 

km) River Thurso and situated at 70-120 m OD. Further inland and southwest of Rowens and 

Braehour, lies Dalchork, in Sutherland. Dalchork lies approximately 20 km north of Lairg and is 

situated in the River Tirry catchment. River Tirry flows into Loch Shin c. 5 km to the east. The 

surrounding land is hilly and extends from 400 m in the northeast to 120 m OD. in the south.
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Figure 3.1    Locations of the study sites in the north of Scotland. Depicting non-native plantations (dark green) and semi-
natural forests (green) (modified from Land Cover Map (2015)) and 50-meter contour lines from OS Terrain 5 (2020). 
Topographic features are from OS Open Roads (2020) and OS Open Rivers (2020). 
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3.2 Geology 

To understand the development of the landscape and the vegetation at the study sites, it is 

important to acknowledge the geology of Caithness and Sutherland; knowledge of geological 

history and formations in Scotland provides some deep time perspective in this study. 

The Scottish Highlands can be divided by the Great Glen Fault into two geological subunits: The 

Grampian Highlands in the southeast and the North-west Highlands, north of the Great Glen 

(Edwards and Ralston, 2003). The base rock across the North-west Highlands consists of series of 

the oldest rocks in the British Isles – the Lewisian Gneiss Complex (± 3000 to 1700 Ma old) – which 

have been covered by other strata, including the fluviatile and lacustrine beds that formed the 

Torridian rocks and the metamorphosed sandstones and shales of the Moine series. In the Devonian 

(around 418 to 362 Ma), the famous flagstone formations of the (middle) Old Red Sandstone strata 

were formed (Johnstone and Mykura, 1989; Mendum et al., 2008).  

These formations form the majority of the current superficial geology of Caithness (Figure 3.2), as 

it is mostly underlain by grey, fissile, thinly bedded flagstones that can be up to 4 km thick 

(Johnstone and Mykura, 1989). The Old Red Sandstone is divided into the Lower and Upper 

Caithness Flagstone Groups (Donovan et al., 1974 in Johnstone and Mykura, 1989) and indicated 

by the distinctive Achanarras Limestone layer. The thickness of the Caithness Flagstone Groups 

varies spatially: e.g. in southeast Caithness the Lower Caithness Flagstone Group contains almost 

2.5 km of sediment whereas at Reay (northwest of Caithness), the base of the Lower Caithness 

Flagstone is very close to the Achanarras Limestone layer (Johnstone and Mykura 1989). The 

Caithness Flagstone Formation originally formed as layers of sediment in an extensive shallow lake: 

Lake Orcadie (Porter, 1982). This lake extended from Caithness northwards, beyond Orkney and 

eastwards into the present North Sea some 370 million years ago (Porter, 1982; Johnstone and 

Mykura, 1989), and fluctuations of the lake level can be detected in the sequence of the flags  

(Johnstone and Mykura 1989). 

Sutherland is located to the west and southwest of Caithness, largely beyond the extent of the 

Devonian flagstone units and is therefore mostly underlain by the Moine Supergroup (Figure 3.2). 

This group of metasedimentary strata consists of the oldest strata deposited between 1500 and 

1025 million years ago, and the base of the youngest strata around 700 MA ago (Brook et al., 1976 

in Johnstone and Mykura, 1989). The lithology varies from schists to granulites, with the latter being 

most dominant and consists mainly of psammitic (sandy) granulites which formed sandstones, 

containing the constant minerals of quarts, feldspar and a proportion of mica (Johnstone and 

Mykura, 1989).  
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Figure 3.2    Simplified map of the solid geology of Caithness and Sutherland with the locations of the research sites: 
1. Rowens, 2. Braehour, 3. Dalchork. Modified from Lindsay et al. (1988). 

1. 
2. 

3. 
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3.2.1 Rowens - flagstones and fossils 

The deep geological record alone cannot explain current landscape diversity, and recent geological 

development has to be understood; all three study sites are influenced by more recent climatic 

changes, affecting the environment during, for instance, the Last Glacial Period (LGP, c. 115,000 – 

c. 11,700 years ago) and the Holocene. This resulted in an accumulation of peat, till and alluvium, 

now forming the most recent superficial deposits at Rowens (Figure 3.3). The till has been deposited 

during the LGP as detritus of glacial erosion (Cameron and Stephenson, 2014), whereas the alluvium 

– a deposit of clay, silt and sand – was left by floodwater of the Rowens and Kensary burn. Peat 

developed in the first thousand years of the beginning of the Holocene (specific timing for peatland 

expansion in this region is described in 6.2.1). Situated in Caithness, the bedrock present beneath 

the peat at Rowens is mainly the Lybster Flagstone Formation, part of the Lower Caithness 

Flagstone Group (within the middle Old Red Sandstone), which outcrops to the northeast of the 

sampling location (Figure 3.3). The formation consists of siltstone, mudstone and sandstone, and is 

dated to the Mid-Devonian epoch. The lithological associated cycle which formed the Lower 

Caithness Flagstone Group comprises of successive beds of shale, siltstone and fine sandstone up 

to 10m thick (Johnstone and Mykura 1989), and was formed when lake Orcadie became shallow 

enough to allow periodical exposure of the floor, resulting in mud-flats formation. Thicknesses of 

the different lithological components within the cycle vary to the stratigraphic position in the 

Caithness Flagstone sequence (as described above). The Lybster Flagstone Formation at Rowens 

has been formed within one of these cycles, recognised as quitter-water, containing ‘fish-bed’ facies 

which are locally very carbonate-rich (Johnstone and Mykura 1989). These fish-beds also contribute 

to the recognition of the Lower Caithness Flagstone Group, as it contains a range of diagnostic fish 

fossils and other fossils of animals contained in the different subgroups (including the Lybster 

Subgroup) (Ibid.). Other geological units close to the site include the Berriedale Sandstone 

Formation, consisting of siltstone, mudstone and sandstone, and the Spital Flagstone Formation 

(part of the Upper Caithness Flagstone Group) (Johnstone and Mykura, 1989; OS digimap, 2019). 
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Figure 3.3    The top map displays the superficial deposits present close to Rowens and the bottom map displays the bedrock. 
The location of the core taken is indicated by the red star. Modified from OS digimap (2019). 
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3.2.2 Braehour - glacial deposits 

Similar to Rowens, peat is classed as the main superficial deposit at Braehour and makes up the 

landscape together with alluvium, till and hummocky glacial and glaciofluvial deposits (Figure 3.4). 

All till has been deposited in the LGP, with the Broubster Till Member (northeast of Braehour) 

relating to the last British ice sheet, which attained its maximum extent by 27 ka years ago (Clark et 

al., 2010; Hall et al., 2011). This particular member contains units of various provenance, as material 

was mixed when ice of the North Highlands was forced to flow towards the northwest by the 

eastern edge of the so-called Moray Firth ice lobe (Hall et al., 2011). The hummocky glacial deposits 

at Braehour mainly consist of very poorly sorted materials, deposited during deglaciation and 

spilled from the ice-fronts as mud-slides and debris flows (Mitchell, 2005b). Similarly, the 

glaciofluvial deposits were deposited when the climate warmed towards the end of the Devensian, 

causing the ice to melt and water to flow through and under the ice, transporting glacially eroded 

debris. Subsequent lacustrine deposits have been identified, when glaciofluvial deposits 

accumulated in standing water (Mitchell, 2005b). The alluvium to the north of Braehour was 

deposited by the burn of Olgrinbeg and the River Thurso. Underneath the superficial deposits lie 

bedrock classed as the Dorrery Sandstone Member, the main bedrock present at Braehour, which 

is recognised as a distinct part in the Lybster Flagstone Formation and is visible at the surface north 

of Braehour (Figure 3.4). The Dorrery Sandstone Member was identified during a survey of the Old 

Red Sandstone of Caithness (Fetter Lane, 1898) and consists of grey, sandy, calcareous flagstones 

and shales, with occasional bands of dark blue, impure limestone, or highly calcareous flagstones, 

and grey and yellow sandstones (Fetter Lane, 1898). The name derives from the hill Ben Dorrery (5 

km north of Braehour), where outcrops of these flagstones can be found (Fetter Lane, 1898). To 

the east of Braehour the bedrock consists of the Lybster Flagstone Formation, whereas to the west 

the Multeadh Sandstone member (dating to the early Devonian) is present (Fetter Lane, 1898).  

 

  



3 Background to study locations 

71 
 

 

  

Peat Till, Devensian Alluvium 

Hummocky glacial deposits Broubster Till Member Glaciofluvial deposits 

500 m  

N 

Dorrery Sandstone Member Lybster Flagstone Formation Multeadh Sandstone Member 

500 m  

N 

Figure 3.4    The top map displays the superficial deposits present close to Braehour and the bottom map displays the 
bedrock. The location of the core taken is indicated by the red star. Modified from OS digimap (2019). 
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3.2.3 Dalchork - moraines and river terraces 

Although the geological history of the site at Dalchork is different to the sites in Caithness, the 

superficial deposits at the site in Sutherland also includes alluvium, till deposits and peat (Figure 

3.5). The alluvium deposits are ascribed to the River Tirry, but the till (i.e. morainic deposits) was 

left behind at the ice margins, and are indicative of glacier ice stagnation (Mitchell, 2005b). North 

to Dalchork are a series of river terrace deposits, which are the dissected remnants of former 

floodplains from Late-glacial times (Mitchell, 2005b). The main bedrock present at Dalchork is 

identified as the Altnaharra (Psammite) Formation: a unit of the Morar Group, which is the lowest 

group of the Moine Supergroup (Krabbendam et al., 2011) (Figure 3.5). The Morar Group was part 

of a large, orogen-parallel foreland basin and represents an overall transgressive stratigraphic 

succession, with both an upward and eastward predominance of shallow-marine deposits and 

associated loss of fluvial facies (Bonsor et al., 2010). The Altnaharra Formation can be up to 5 km 

thick and was formed in fluvial braidplains (Bonsor et al., 2010; Krabbendam et al., 2010, 2011). 

Other bedrock visible at the surface close to Dalchork include the Lewisian Gneiss Complex (OS 

digimap, 2019). 
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Figure 3.5    The top map displays the superficial deposits present close to Dalchork and the bottom map displays the 
bedrock. The location of the core taken is indicated by the red star. Modified from OS digimap (2019). 
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3.3 Contemporary vegetation 

This section provides background on the current land cover types (including important habitats and 

forestry sites) and history of the region associated with the sampling sites in this study. An overview 

of contemporary vegetation in Caithness and Sutherland is given, with a focus on the sites managed 

by FLS. Additional detailed information is provided for each site, including desk-based assessments 

that formed the basis of the final site selection, further described in the methods section of this 

study. 

In order to understand the distribution of vegetation types across the most northern counties of 

mainland Scotland, past and current forest/woodland management choices must be acknowledged 

in order to understand the contemporary vegetation found around the areas described in this 

study. All three sampling sites are situated within the North Highland Forest District (NHFD), part 

of FLS (formerly Forest Enterprise Scotland): the agency of SF managing the Estate on behalf of the 

Scottish Ministers. The management of these sites is part of the National Forest Estate (NFE) in the 

northern Scottish Highlands (Forestry Commission Scotland, 2014). The NHFD is divided into 39 

forestry blocks (64,446 ha of land of which 43,500 ha is woodland) with the main concentrations of 

forests in Caithness, Easter Ross and east and central Sutherland (Forestry Commission Scotland, 

2014). The majority of the NHFD woodland (36,302 ha) consists of coniferous plantations and 2,058 

ha covering broadleaved woodlands. In Caithness the forestry blocks comprise of 8242.1 ha and 

Sutherland’s forestry blocks form a total of 33884.1 ha (Suzanne Dolby [FLS], personal 

communication, July 1, 2020) (Appendix 8.7). 

Part of the NHFD vision states that: “the land has to be sustainable managed and contribute to 

revitalising local community economies through sustainable forestry, agriculture and tourism, while 

protecting and enhancing the very special animals, plants and habitats in our care“ (Forestry 

Commission Scotland, 2014). Apart from a focus on woodlands, the strategic management plan for 

Rowens, Braehour and Dalchork (Appendix 8.8) also includes the prioritisation of effective peatland 

restoration to enhance carbon sequestration and the development of transitional native habitats 

on the most suitable sites around the bog margins (Forestry Commission Scotland, 2014). For 

Caithness and Sutherland 5636.73 ha of previously non-native plantations have been restored to 

peatland and all study sites are located within or in the vicinity of the restored areas (Suzanne Dolby 

[FLS], personal communication, July 1, 2020) (Appendix 8.7). 

Besides the 43,500 ha of woodland owned by SF, the Scottish Highlands is built up of a variety of 

habitats. One of the most important habitats is the extensive area of peatlands, covering most of 

the landscape to the north and west of northern Scotland where the slopes are gentle, and the 

drainage is poor (Bruneau and Johnson, 2014) (Figure 3.6). This type of peatland, blanket bog, 

stretches across eastern Sutherland and most of Caithness and contains one of the largest and most 
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intact areas of its kind in the world (Bruneau and Johnson, 2014). The area, called the Flow Country, 

is well suited to the area as its name comes from the Old Norse language, meaning ‘boggy ground’ 

(Oosthoek, 2013). Aside from the extensive peatland cover (and non-native plantations), Caithness 

is one of the most treeless areas of Britain (Ratcliffe, 1977 in Peglar, 1979). The continuous scarcity 

of trees and the prevention of re-establishing in the landscape is argued to be the result of 

continuous grazing; repeated fire regimes; the extreme wind exposure on the land; generally low 

summer temperatures; a low total sunshine; a short growing season; frequent storms and high 

incidence of salt-laden sprays at the coastal areas (Peglar, 1979; Lindsay et al., 1988). Semi-natural, 

or native woodlands, are rare in Caithness and are limited to occasional low hedges and very small 

areas of scrubby woodland in sheltered locations, e.g. river valleys (straths); gorges and stream 

edges (Robinson, 1987; Caithness Biodiversity Group, 2003). The small patches of woodland present 

consist largely of C. avellana, B. pubescens, Sorbus aucuparia (rowan), and Salix spp., with some P. 

padus, and P. tremula (Peglar, 1979; Caithness Biodiversity Group, 2003). The woodlands are part 

of national and local priority habitats of Scotland and include upland birchwoods (NVC W4/W17); 

native pinewood (NVC 18); upland mixed ash woodland (NVC W9); upland oakwoods (NVC W11); 

wet woodland (NVC W4/W7); and lowland wood pasture and parkland (Caithness Biodiversity 

Group, 2003). Other nationally important habitats in Caithness include coastal saltmarshes; 

seagrass beds; maritime cliffs and slopes; fens; lowland meadows; coastal and floodplain grazing 

marshes; and lowland heathlands (Caithness Biodiversity Group, 2003). 

Areas of native woodland are also found in Sutherland and are mainly located in the west coast and 

in sheltered straths (Sutherland Biodiversity Group, 2003). The ancient woodland inventory 

identified c. 11,700 ha of woodlands in Sutherland and are listed to be of great importance 

(Sutherland Biodiversity Group, 2003), with the northernmost stand of Quercus and native Pinus in 

the UK (Sutherland Biodiversity Group, 2003). Furthermore, the upland woodlands of Sutherland 

consist mainly of upland birchwoods (NVC W4/NVC W17), with B. pubescens being the most 

dominant tree species, except for wetter areas where various Salix species thrive. Other arboreal 

species, for example Alnus is restricted to soils with higher nutrient availability, found along streams 

and in flushes. In areas with drier conditions within the upland birchwoods, Sorbus is common and 

on the mature soils, species such as Ilex and C. avellana thrive. On the more open grounds J. 

communis is present (Sutherland Biodiversity Group, 2003). Besides the upland birchwoods, other 

priority woodland habitats in Sutherland include upland oakwoods (NVC W11), found on the more 

fertile soils, dominated by Quercus petraea or hybrid oaks, growing together with stands of Populus 

(on wetter sites), C. avellana, Ulmus glabra, Betula, Sorbus, Crataegus and Ilex; native pinewoods 

(NVC W18), growing on the well-drained soils, growing together with Betula pubescens and Sorbus 

(Sutherland Biodiversity Group, 2003); wet woodland (NVC W4/W7), with Alnus often being the 
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dominant species, growing frequently together with Betula, Salix and Populus (Sutherland 

Biodiversity Group, 2003); and upland mixed ash woodland (NVC W9). Other priority habitats in 

Sutherland include (but are not limited to): maerl beds; coastal vegetated shingle; lowland 

heathland; machair; reedbeds; purple moor grass and rush pasture; and crofting mosaics 

(Sutherland Biodiversity Group, 2003).  

 

3.3.1 Rowens - plantations and riparian woodland 

FLS site and vegetation 

Rowens forms a forestry block together with Archairn and Newtonhill with a total area of 2220.1 

ha (Suzanne Dolby [FLS}, personal communication, July 1, 2020). The area within one km radius of 

present study site is approximately 402,43 ha and was subject to extensive afforestation between 

1986 and 1988 (Maclennan, 2016a). Recently, several felling phases (started in 2016) occurred at 

Rowens, but the majority of woodland is to be cut down from 2021 and felling will continue until 

2045 (Forestry Commission Scotland, 2015b) (Appendix 8.9). The forests within a one km radius of 

the study site mainly consist (at time of writing) of non-native coniferous woodlands with P. 

contorta and P. sitchensis. One small area (3.22 ha) was planted with Larix kaempferi (Japanese 

larch) and two small areas (0.9 and 1.09 ha) were planted with L. x eurolepis (hybrid larches: a cross 

between L. decidua [European larch] and L. kaempferi). Other patches (varying between c. 0.45 to 

3.38 ha) were planted with broadleaved woodlands, including Acer pseudoplatanus (Sycamore) and 

mixed broadleaved woodland types (Maclennan, 2016a).  

Figure 3.6   Left: the extent of blanket bog in Caithness and Sutherland (grey), with areas of forestry established on 
peatlands and elsewhere (green), some of which have now been felled and patches of native woodland (red). Map shows 
the locations of the three study sites. Right: the extent of heather moor in Caithness and Sutherland (Scottish Natural 
Heritage, 2016a, 2016b).  
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During the Native Woodland Survey of Scotland (NWSS) small patches of native upland birchwood 

(NVC W4) have been identified along the Rowens Burn (1.2 km range of the sampling location), and 

along the Allt a’ Chaol stream (Figure 3.7), right next to the sampling location. Both are classified as 

100% semi-natural (Figure 3.8; Table 3.1). The radius of 2 km was selected to display the native 

woodlands closest to the study location and to the FLS site, though more native woodland is present 

in the wider region but will not be discussed here. As previously mentioned, semi-natural woods 

are ancient woods where the current stands regenerate naturally, and for which ‘ancient’ refers to 

a continuously presence of woodland cover (since at least 1750) (Scottish Forestry, no date; 

Patterson et al., 2014; Forestry Commission Scotland, 2016). The tree species identified in these 

patches of semi-natural woods include B. pendula and Sorbus (Figure 3.8; Table 3.1). The strip of 

native upland birchwood along the Rowens burns was categorised by FLS as an area of Long-Term 

Retention (LTR) (Appendix 8.9). LTR is given when trees present are retained for environmental 

benefit (North Highland Forest District, 2016) and when “it is desirable to retain the existing stand 

beyond normal economic maturity for its significant landscape and biodiversity benefit” (North 

Highland Forest District, 2016). The habitat for this strip of native upland birch woodland has been 

categorised as riparian woodland (Appendix 8.10) and the semi-natural native woodland patches 

are classified to be impacted by very high herbivore activity (Table 3.1). Future habitat planning in 

the Rowens forestry site includes the development of riparian woodland and peatland-edge 

woodland (Appendix 8.10). Other noteworthy habitat types around Rowens include, 

fens/marshes/swamps, blanket bogs, neutral/acid grasslands, rivers and streams, upland 

heathlands (MacLennan, 2016c). 

  

Figure 3.7    Betula pendula along the Allt a’ Chaol burn, number 1 in Table 3.1. 
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Table 3.1    Native woodland identified within 2 km radius of the Rowens sampling location. Number correlate with 
their location on the map (Figure 3.8). The table displays the canopy cover, native species percentage, dominant 
habitat, the semi-naturalness, the maturity, the dominant structure, the herbivore impact, the regeneration of native 
species in percentages and the size of the native woodland present.   

Number 
correlating with 

map 

Canopy cover 
(%) 

Native species (%) 
Dominant 

habitat 
Native tree 

species 

Dominant 
habitat 

(%) 

Semi 
natural 

(%) 

1. 90 100 
Upland 
birchwood 

B. pendula, 
Sorbus 

100 100 

2. 80 100 
Upland 
birchwood 

B. pendula, 
Sorbus 

75 100 

Number 
correlating with 

map 
Maturity 

Dominant 
structure 

Herbivore 
impact 

Established 
regeneration 

of Native 
Species (%) 

Area (Ha) 

1. Regenerating 
Established 
regeneration 

Very High 100 1.05 

2. Regenerating 
Established 
regeneration 

Very High 100 2.96 

Figure 3.8    The native woodland (in green) identified during the NWSS in the Rowens area. The numbers (1 & 2) are the 
different types of woodland identified and are described in Table 3.1. The red star marks the location where the core has 
been taken for this study. Modified from Scottish Forestry (no date).    
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Additional FLS site background 

A peat depth survey conducted by FLS in December 2014 (Dolby, 2016) provides valuable 

information on peat depth across a wide area: ranging from 1.43 m to 5.10 m. The peat depth 

survey was used together with the OS Explorer Map 450 (Map of Wick & The Flow Country) to target 

possibly sampling locations. For the plantations in the 1980’s to succeed, large areas were drained 

by cutting ditches into the peat, which damaged the peat in most locations through desiccation 

(Figure 3.9). Furthermore the surface was ploughed to provide a micro-habitat for the tree 

seedlings to establish (Lindsay et al., 2014). These drainage ditches are less prominent to the east 

of the present afforested area, where previous afforestation has been felled and the peat is now 

under restoration (Appendix 8.7). A small part of this area has never been afforested or drained, 

although could have been affected by the surrounding drainage and afforestation. It was assumed 

that this area would contain relatively intact peat and it was therefore sampled for the purpose of 

this study (see Section 4.1.1).  
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Figure 3.9    The non-native coniferous tree plantations intersected by the Rowens and Allt a’ Chaol burn. One of the 
old main drainage ditches is highlighted by a red rectangle. Smaller drainage ditches are connected between the 
different main drainage ditches (red line). The circled area shows the more intact area without drainage ditches where 
the auger survey was conducted. Modified from Google (2019). 
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3.3.2 Braehour - conifers and cottongrass 

FLS site and vegetation 

The total land under care of FLS at Braehour comprises of 1587.6 ha (Suzanne Dolby [FLS}, personal 

communication, July 1, 2020) and is constricted by the B870 in the east and the Caithness railway 

line in the northwest. A 2 km radius surrounding the research site shows that afforestation started 

between 1980 and 1981 with predominantly non-native coniferous woodlands containing mainly 

stands of P. contorta and P. sitchensis and six small areas (between 0.33-1.72 ha) have been planted 

with L. eurolepsis (Maclennan, 2016b). Felling of afforested areas started in 2018 and planned 

felling will continue until after 2052 (Forestry Commission Scotland, 2015c) (Appendix 8.9). 

Peatland restoration after afforestation started in 2019 and the FLS have since then restored 352.72 

ha of peatland in the whole Braehour forestry block (Suzanne Dolby [FLS}, personal communication, 

July 1, 2020). In one of these areas the study site is located (Appendix 8.7). Future habitats 

development within Braehour include the development of riparian and successional woodland 

(Appendix 8.10). Besides the afforested areas, there are small rivers and streams; neutral- and acid 

grasslands; blanket bogs; upland heathlands and fens/marshes/swamps (Maclennan, 2016b). The 

forest block of Braehour is surrounded by small lochs, i.e, Loch Meadie and Loch a’ Cherigal. During 

the NWSS, small patches (varying between 0.62-2.54 ha) of native upland birchwood and wet 

woodland were identified (Figure 3.10; Table 3.2), although only classified as being up to 10% semi-

natural. This suggests only 10% of these woodland patches consisting of native species naturally 

regenerated, with the other 90% resulting from additional planting of native species. Some of these 

woodland patches could not be related to any specific NVC-type, others correlate to NVC W17 

(Rodwell, 1991; Patterson et al., 2014; Forestry Commission Scotland, 2016c). Additionally, a native 

wet woodland habitat categorised as NVC W4, was identified north of the site (Figure 3.10), 

although was not classified as semi-natural (Patterson et al., 2014; Forestry Commission Scotland, 

2016). All native woodland displayed (Figure 3.10) is located within a c. 3 km distance of the 

sampling location for this study. The radius of 3 km was selected to display the native woodlands 

closest to the research site and to the FLS site, more native woodland is present in the wider region 

but will not be discussed here. The main native trees identified in the patches of native woodland 

are B. pubescens and Sorbus, with one patch where Salix aurita (eared willow) is present (Table 

3.2). The remaining ground cover type present and dominant bog type is the Eriophorum vaginatum 

(hare's-tail cottongrass) ‘eastern’ blanket bog: identified because of its high ridges and pools 

together with isolated hummocks. This blanket bog is characterised by a Sphagnum mosaic with 

common components including E. vaginatum and Odontoschisma sphagnii (bog-moss flapwort) 

(Ratcliffe, 2015).  
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Table 3.2    Native woodland identified within 3 km radius of the Braehour sampling location. Numbers correlate with their location 
on the map (Figure 3.10). The table displays the canopy cover, native species percentage, dominant habitat, the semi-naturalness, 
the maturity, the dominant structure, the herbivore impact, the regeneration of native species in percentages and the size of the 
native woodland present (see next page) 

Number 
correlating 
with map 

Canopy cover 
(%) 

Native 
species (%) 

Dominant 
habitat 

Native tree 
species 

Dominant 
habitat (%) 

Semi natural 
(%) 

1. 60 65 
Upland 
birchwood 

B. pubescens 
Sorbus 

100 10 

2. 90 100 
Upland 
birchwood 

B. pubescens 
100 10 

3. 90 95 
Upland 
birchwood 

Sorbus 
100 10 

4. 80 100 
Wet 
woodland 

B. pubescens 
100 0 

5. 90 95 
Wet 
woodland 

B.pubescens, 
S. aurita 

100 0 

6. 40 100 
Wet 
woodland 

Sorbus 
100 0 

Figure 3.10    Native woodland (in green) identified during the NWSS in the Braehour area. The numbers (1,2,3,4,5,6) are 
the different types of woodland identified and are described in Table 3.2. The red star marks the location where the core 
has been taken for this study. Modified from Scottish Forestry (no date).    
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Additional FLS site background 

Additional background data for the site at Braehour was collated to aid the sampling strategy and 

to frame the site in the larger area of northern Scotland. Durno (1958) describes a location in 

Braehour previously sampled as part of a larger study of the vegetation history in Scotland and 

analysed a 6.50 m deep peat core taken at 250 feet above sea level, on the part of Alt-na-Braec 

Moss next to Braehour farm. The deep peat analysed by Durno is now located in an area that had 

been afforested for many years and it is assumed that the peat present at this location is now 

disturbed. Peat cores obtained by Ratcliffe (2015) from Braehour forest (GPS: ND 08208 49512) and 

the adjacent open bog (GPS: ND 07892 49381) were extremely shallow in comparison to those 

recorded by Durno (1958), namely 1.44 m in the open site and 1.41 m in the forested site. FLS 

undertook a peat depth survey at different locations in Braehour in August 2014 (Dolby, 2016) and 

peat depths ranging from 0.15 to 3.20 m. The peat depth surveys were used together with the OS 

Explorer Map 450 (Map of Wick & The Flow Country) to target possible sampling locations. The area 

of this study is located in an open area in the northwest of Braehour where old drainage systems, 

ploughing furrows and ridges are present (Figure 3.11). Nevertheless, the selected area has never 

been planted with commercial conifers during the ownership of the site and the peat shows no 

signs of recent disturbances on the surface, suggesting that the peat archive remains intact. This is 

also the area that has been assigned by FLS to undergo present and future peatland restoration 

activities (Appendix 8.7).  

   

 

 

 

 

  

Number 
correlating with 

map 
Maturity Dominant structure 

Herbivore 
impact 

Established 
Regen of Native 

Species (%) 

Area 
(Ha) 

1. Regenerating Established regeneration High 65 0.84 

2. Regenerating Established regeneration Low 100 2.54 

3. Regenerating Established regeneration Very High 95 0.62 

4. Regenerating Established regeneration Low 100 0.51 

5. Regenerating Established regeneration Medium 100 0.63 

6. Regenerating Established regeneration Very High 100 0.56 
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3.3.3 Dalchork - native pine woods and successional woodland 

FLS site and vegetation  

The FLS site at Dalchork consists of an area of 10331.3 ha across which major forestry activities (e.g. 

planting and felling) were undertaken in 1963, 1964, 1969, 1970, 1977, 1987, 1988, 2007, 2008, 

2009, 2012, 2013 and 2015 (Maclennan, 2016c). Current future management strategies of Dalchork 

Forest mainly involve continuous felling of non-native plantations until at least 2051 (Appendix 8.9), 

as most of the site has been used for coniferous woodland plantations, which includes, for the area 

within a 2 km radius of the research site, stands of Pinus contorta, Picea sitchensis, Pinus sylvestris, 

Larix eurolepsis (hybrid larch) and Larix kaempferi (Japanese larch). Some of these areas have been 

planted with broadleaved trees, including stands of Betula pubescens, Salix caprea (goat willow), 

Alnus and Sorbus (Maclennan, 2016c). Most of the stands of Alnus, Sorbus and Betula pubescens 

are relatively small and might have been planted as successional woodland with the aim to 

“maintain a net greenhouse gas uptake and to provide a buffer between productive forestry and 

open bog” (North Highland Forest District, 2016). Peatland restoration after afforestation started 

in 2017 and continued in 2018 and 2019. FLS restored since the start 856.99 ha of peatland in the 

whole Dalchork forestry block (Suzanne Dolby [FLS}, personal communication, July 1, 2020). The 

present study site is located in one of these restored areas (Appendix 8.7) (see Section 4.1.3). 

Habitats that will be further developed in the Dalchork area in the future are native woodlands, 

riparian woodlands and successional woodlands (Appendix 8.10). 

300 m  

N 

Figure 3.11    View of the non-native plantations at Braehour, the red rectangles indicate some of the old drainage 
ditches and ploughing furrows. The red circle indicates the open area lo of this study. Modified from Google Earth 
(2019). 
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Patches of native upland birchwood (varying between 0.60 and 8.15 ha), with the presence of B. 

pubescens, S. aurita, Sorbus, Alnus, S. caprea, P. tremula, Alnus incana (grey alder) and small 

patches of native wet woodland (NVC W4) comprising of B. pubescens, Sorbus, Alnus, A. incana, 

Fagus and S. aurita were identified in the vicinity of the study site (6 km radius) during the NWSS. 

A radius of 6 km (in comparison to 2 km at Rowens and 3 km at Braehour) was selected as there 

was no native woodland within a 3 km radius, and to include a variety of native woodland in the 

area. The other two sites did not have much native woodland in the direct vicinity of the sites. In 

the south, areas (varying from 1.12 to 36.84 ha) of native pine woodland (NVC W18) comprising of 

Pinus and Sorbus, were mapped, although likely not semi-natural (Patterson et al., 2014). Spatial 

distribution of native woodland patches discussed above are available through FLS data repositories 

(Figure 3.12; Table 3.3). Furthermore, an area close to the site (c. 800 m northeast) was categorised 

as an area of Minimum Intervention (MI) by FLS (Appendix 8.9): a management type that promotes 

future development of semi-natural habitats (North Highland Forest District, 2016b). Interestingly: 

the MI area was not identified as being semi-natural during the NWSS. The open areas close to the 

research site consist, similar to the two study sites in Caithness, of upland heathlands; (lowland dry) 

acid grasslands; fens/marshes/swamps; blanket bogs and broadleaved woodland. Furthermore, the 

area is characterised by a mosaic of oligotrophic and dystrophic lakes, and several small rivers and 

burns (Maclennan, 2016b).  
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Figure 3.12    Native woodland (in green and purple [5.]) identified during the NWSS in the Dalchork area. The numbers 
are the individual woodlands identified and are described in Table 3.3. The red star marks the location where the core 
has been taken for this study. Modified from Scottish Forestry (no date).    
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Table 3.3    Native woodland identified within 6 km radius of the Dalchork sampling location. Number correlate with their location on the map (Figure 3.12).  

Number 
correlating 
with map 

Canopy 
cover (%) 

Native 
species 

(%) 

Dominant 
habitat 

Native tree species 
Dominant 

habitat 
(%) 

Semi 
natural 

(%) 
Maturity 

Dominant 
structure 

Herbivore 
impact 

Established 
Regen of Native 

Species (%) 

Area 
(Ha) 

1. 60 95 Unidentifiable 
type 

B. pubescens, Alnus, Sorbus, S. aurita, 
Betula, Rubus (bramble), S. caprea 

100 10 Regenerating Visible 
regeneration 

Low 100 4.66 

2. 60 70 Native pinewood Pinus, Sorbus 70 30 Young Pole immature High 0 1.90 

3.  50 95 Native pinewood Pinus, Sorbus 100 100 Young Pole immature High 0 1.02 

4.  50 95 Native pinewood Pinus, Sorbus 100 100 Young Pole immature Medium 0 0.63 

5.  40 50 Upland 
birchwood 

B. pubescens 95 0 Regenerating Established 
regeneration 

High 53 0.61 

6.  20 95 Wet woodland B. pubescens, Alnus 100 0 Regenerating Established 
regeneration 

High 94 0.55 

7.  70 70 Upland 
birchwood 

B. pubescens, Betula, S. aurita 65 0 Regenerating Established 
regeneration 

Medium 74 0.60 

8.  60 95 Upland 
birchwood 

B. pubescens, S. aurita 100 10 Regenerating Established 
regeneration 

Medium 100 3.19 

9.  60 95 Wet woodland B. pubescens, A. incana 75 0 Regenerating Established 
regeneration 

Medium 89 1.29 

10.  80 95 Wet woodland B. pubescens, Alnus, Sorbus, F. 
sylvatica, S. aurita, A. incana 

60 0 Regenerating Established 
regeneration 

Medium 93 2.39 

11.  70 100 Upland 
birchwood 

B. pubescens, Sorbus 50 0 Regenerating Established 
regeneration 

Medium 100 0.62 

12.  70 95 Upland 
birchwood 

B. pubescens, Alnus, Sorbus, S. aurita, 
P. tremula, A. incana 

50 10 Regenerating Established 
regeneration 

Medium 94 2.67 

13.  80 55 Upland 
birchwood 

B. pubescens, Sorbus, Betula 60 10 Regenerating Established 
regeneration 

Medium 64 1.00 

14.  60 95 Wet woodland B. pubescens, Sorbus 90 0 Regenerating Established 
regeneration 

Medium 100 0.82 

15.  70 95 Wet woodland B. pubescens, Sorbus 100 0 Regenerating Established 
regeneration 

Medium 100 1.17 

16.  70 100 Wet woodland B. pubescens, Sorbus 100 0 Regenerating Established 
regeneration 

Medium 100 0.85 

17.  60 95 Wet woodland B. pubescens, Sorbus 100 0 Regenerating Established 
regeneration 

Medium 100 0.61 

18.  70 95 Wet woodland B. pubescens, Sorbus 100 0 Regenerating Established 
regeneration 

Medium 100 0.88 

19. 60 90 Upland 
birchwood 

B. pubescens, Sorbus 100 0 Regenerating Established 
regeneration 

Medium 100 0.94 
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Additional FLS site background 

The impact on the landscape due to intensive coniferous woodland afforestation at the site left 

their marks in the area, especially the drainage ditches damaged the peat significantly. A peat-depth 

survey was undertaken by FLS in 2014 at three different locations within Dalchork: Druim na 

Capulich, Dal na Copaig and Lub Ruadh (Dolby, 2016). The extent of peat depth varied substantially 

at the different areas but was mostly found to be relatively shallow: average peat depths of 202 cm 

at Druim na Capulich; 125 cm at Dal na Copaig and 128 cm at Lub Ruadh. The OS Explorer Map of 

Ben Klibreck & Ben Armine as well as online resources i.e. Google Maps (Google, 2016) were 

consulted within the afforested land at Dalchork to describe the region, along with areas located 

close to a river/stream to allow for appropriate sampling methods to aid reconstruction practices 

of former woodland in riparian areas by FLS. The selected study site is located in an open area 

located c. 60 m from the River Tirry in the north of Dalchork (Figure 3.13) (see Section 4.1).  

 

  

300 m  

N 

Figure 3.13    The remaining non-native coniferous woodland present at Dalchork. Recent woodland harvest is seen at the 
top right corner, with the red rectangle showing one of the old drainage ditches and ploughing furrows. The red circle 
indicates the location of where an auger survey was conducted for this study (see Section 4.3.3). Modified from Google 
Earth (2019). 
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3.4 Archaeology 

Apart from harbouring natural archives in the peatlands, Caithness and Sutherland also hold many 

remains of prehistoric structures: some relicts survived as prominent features in the landscape, but 

more often appear as stony mounds or upright stones scattered across the area. Caithness and 

Sutherland form (cultural speaking) part of the Atlantic area of Scotland, which also includes the 

Northern Isles, Orkney, Argyll and the Inner and Outer Hebrides, and is culturally considered to be 

one of the richest landscapes in Europe (Heald and Barber, 2015). This whole area shows broadly 

comparable assemblages of archaeological sites, deposits and remains between c. 9950 to 850 cal 

BP (Heald and Barber, 2015). Most academic interest in this area has focussed on Orkney’s 

archaeology, and archaeology in Caithness and Sutherland is much underrepresented in academic 

research, resulting in the perception that both counties only have a few archaeological sites (Heald 

and Barber, 2015). Nonetheless, the variety of recorded archaeology in Caithness and Sutherland 

is immense, with 5000 known monuments in Caithness alone (Heald and Barber, 2015) (the number 

is not known for Sutherland), ranging from evidence for Mesolithic human activity – lasting from c. 

9950 to 5950 cal BP in Scotland – with e.g. flint-working sites (Pannett, 2002); possible burning of 

woodland (Charman, 1994; Tipping, 1994) and Neolithic sites – characterised by the introduction 

of farming at c. 5950 cal BP – with e.g. burial/clearance cairns (Davidson and Henshall, 1991; Heald 

and Barber, 2015); standing stones (Mercer and Scot, 1980); to Bronze Age – a gradual transition 

from c. 4450 cal BP – with e.g. hut-circles and cist burials; Iron Age archaeology with the famous 

Scottish brochs that are dated to c. 2450 to 1450 cal BP (Graham and Scott, 1947; Heald and Barber, 

2015); and Pictish archaeology – related to the people that populated Caithness and Sutherland 

after the Romans between c. 1450 and 1150 cal BP – with e.g. carved stones (Heald and Barber, 

2015). Note that the transitions from one of these archaeological periods to another can be 

complex and differs in time and space (Heald and Barber, 2015).  

Examples of post-medieval archaeology include shielings (Cheape, 1996) and pre-clearance 

settlement patterns in both counties (McCullagh and Tipping, 1998). Of all the remaining prehistoric 

settlements to be found in the region, the  hut-circles are considered to be the most abundant type 

(McCullagh and Tipping, 1998): their number is in the thousands – with c. 2000 hut circles in 

Sutherland alone (Fairhust and Taylor, 1970) – and can be found in the vicinity of the three sites in 

this study. Where the hut circles are considered the most abundant feature within the prehistoric 

archaeology, the overall archaeological features are dominated by the remains of post-medieval 

and pre-Clearance settlement patterns (McCullagh and Tipping, 1998).  

For this study, it is helpful to acknowledge the presence, importance and history of the so-called 

‘hut-circles’, or prehistoric roundhouses (Wildgoose and Welti, 2015): a class of field monuments 

numerous throughout northern UK (Fairhust and Taylor, 1970). These structures are normally 
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located on a slope, supposedly for better drainage, and a platform first constructed to form a 

foundation (Fairhust and Taylor, 1970) and are mainly found in the upland regions of Caithness and 

Sutherland (Cowley, 1998). Although many of these prehistoric roundhouses have been recorded 

during different field surveys (Welti and Wildgoose, 2015), few sites were actually excavated – 

including those in Sutherland and Caithness – and our knowledge concerning their distribution: e.g. 

differences in form; period of occupation; and the economy of the inhabitants, remains unclear 

(Fairhust and Taylor, 1970) but are believed to be dated to the last two millennia BC (3950-1950 cal 

BP) into the early centuries AD (to c. 1650 cal BP) (McCullagh and Tipping, 1998; Heald and Barber, 

2015). There is a wide variation in hut-circle form, ranging from 3.5 to 15 m in internal diameter 

and walls being up to 4.2 m thick. These variations can imply different functions for these 

roundhouses, where the thicker-walled structures might represent multi-period buildings (Cowley, 

1999). A detailed investigation of circular structures along the west coast in Wester Ross and Skye 

can increase our understanding of similar hut-circles found in Caithness and Sutherland. These 

circular structures are dated to range across the Late Neolithic, the Bronze Age and the Late Iron 

Age, and micromorphology analysis suggests that their occupation was occasional and not 

continuous (Wildgoose and Welti, 2015). Though, evidence for hut-circles in Wester Ross and Skye 

suggested that none of the occupied roundhouses showed only single-use periods (Welti and 

Wildgoose, 2015). Hut-circles in Sutherland also showed recurrent patterns and an association with 

potential long-lived settlements and developed field-systems (Cowley, 1999). Evidence also 

suggests that these prehistoric settlements underwent cycles of expansion and contraction within 

the first two millennia BC (3950-1950 cal BP), with e.g. a widespread abandonment of buildings, 

including hut-circles, south of Lairg (Allt na Fearna) at c. 2950 cal BP, though pastures seemed to 

have been maintained until c. 2150 cal BP (McCullagh and Tipping, 1998). 

Before hut-circles were built, other human-made structures would have already been visible in the 

landscape – and are still surviving today – including the chambered cairns. These are recognised as 

one of the earliest structures found in Scotland and thought to be built by the first farmers in the 

Neolithic period (from c. 5950 cal BP) (Heald and Barber, 2015). Cairns are believed to have been 

built initially as tombs to receive the remains of their dead although they might have had an 

importance beyond their function as tombs and were perhaps used for ceremonies and rituals 

(Henshall and Ritchie, 1995). Many of the Scottish chambered cairns are located in Sutherland and 

Caithness and further north, in Orkney and Shetland. The dominant chambered cairn style of these 

regions is the so-called Orkney-Cromarty cairn (Figure 3.14) (division of this style located around 

the Moray Firth). Characteristics of this type include a megalithic chamber enclosed within either a 

long or circular cairn (Phillips and Watson, 2000), although there is a great variety in the plans and 

the appearance of the chambers, which largely correspond with local geology and the consequent 
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quality of the readily available building stone (Davidson and Hensell, 1991). Excavations of 

chambered cairns across Scotland show that these monuments originated in different periods 

(Neolithic - Bronze Age) and show a variety of different constructions (Noble, 2006). Caithness was 

the centre for some of the earliest and best excavations of chambered cairns of Scotland and the 

limited amount of dates obtained from these sites suggests their presence from the early first 

millennium BC (Davidson and Hensell, 1991). The study of cairns in Sutherland proceeded much 

later in comparison to those further north and most were constructed in the same manner 

(Henshall and Ritchie, 1995). In later periods, many of the Orkney-Cromarty tombs were re-used 

for burials and other deposits in the Beaker period and Early Bronze Age, but no tombs of this type 

are found to have been constructed in these later periods (Philips and Watson, 2000).  

Brochs are only found in Scotland, and particularly in the Atlantic region (Heald and Barber, 2015). 

The brochs in the west and north of Scotland are of mainly, but not limited to, the Iron Age. These 

structures are circular drystone ‘fortifications’, found along the coast and inland of the Highlands 

and islands (i.e. Skye, Caithness, Orkney and Shetland) (Ritchie, 1998). The term broch has often 

been used to describe all types of roundhouses though these can range from full-height broch 

towers to more simple roundhouses. It is therefore suggested that brochs could be better 

categorised in a category referred to as complex roundhouses (Armit, 1991; Heald and Barber, 

2015). The transition from simple roundhouses to more complex roundhouses is suggested to have 

taken place around 2450-2150 cal BP, and appear to cease around 1750 cal BP (Ritchie, 1998; Heald 

and Barber, 2015). Because of their apparent importance to people, the brochs remained a focus 

for surrounding settlements well into the Early Historic period (about AD 400-1000) (Ritchie, 1998). 

Brochs can be found close to the study sites, i.e. Camster South and East near Rowens, and others 

are densely distributed around Caithness and Sutherland, with around 200 brochs in Caithness 

alone (Ritchie, 1998; Heald and Barber, 2015). The brochs in Caithness, and Orkney in particular, 

are frequently surrounded by contemporary domestic settlements and their presence in the vicinity 

of the sampling sites can be used as an indication for human activity, likely having their impact on 

the landscape and vegetation in their occupied periods.  

More recent evidence of human activity in the archaeological record relevant to this study is the 

shieling system. This system is an ancient land-use practice and was applied in the Scottish uplands 

from at least the 11th century, but it is probably much older than that, and continued until the mid-

1800s (Holl and Smith, 2007). The system involved a seasonal movement of livestock, where the 

hill pastures and the settlements associated with these (shielings) were visited annually (Holl and 

Smith, 2007). Although this system is now part of the cultural history of Scotland (and Britain as a 

whole), the shieling traditions has survived in other upland areas of Europe, for example 

Scandinavia and the highlands of central Europe (Cheape, 1996). 
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Figure 3.14    Example of the Orkney-Cromarty cairn: the Camster 
Long cairn (Davidson and Henshall, 1991, 100). 
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3.4.1 Rowens - spearheads and chambered cairns 

A more detailed overview of local structures and archaeological findings for each study site is 

provided below. Unfortunately, no extensive archaeological fieldwork has been conducted at the 

sampling location of Rowens, limiting the interpretation of the local archaeology that is present. 

The known archaeological features within close vicinity of the site includes a socketed bronze 

spearhead (43 in Figure 3.15) found in 1864 during peat cutting dated to the Bronze Age in general 

(c. 4350-2501 cal BP) (Ordnance Survey, 1871). Post medieval features like unroofed buildings and 

enclosures (dating to cal AD 1560-1900) and Rowens farm (undated) (39 in Figure 3.15), are 

depicted on the first edition OS 6-inch map (Ordnance Survey, 1877). Detailed investigations of the 

wider area include a field survey undertaken in 1990 covering an area of 1000 hectares c. 4 km 

southwest of Rowens (Harden and Harvey, 1990), and a desk-based assessment with a subsequent 

walkover survey carried out c. 4 km to the north east of Rowens (Camster Windfarm Proposal, 2004; 

Mitchell and MacRae, 2010). All archaeological features recorded within a radius of 5 km from the 

sampling site are depicted in Figure 3.15 and Appendix 8.11 (The Highland Council, 2020). 

Archaeological features recorded during the field survey conducted by Harden and Harvey (1990) 

included shielings; sheepfolds; a standing stone; (possible) hut-circles; abandoned settlements; a 

cottage; peat cuttings; a rig system and numerous enclosures. The features recorded reflect the 

intensive use of land over time, with the most extensive archaeological evidence relating to post-

medieval periods. Harden and Harvey (1990) suggest that “further prehistoric sites should be 

expected” in the region as major watercourses in this part of Caithness are often associated with 

brochs in close proximity to standing stones or chambered cairns. They also argue that intensive 

land improvement for agricultural purposes – just as the extensive ploughing and afforestation in 

the research area – might have caused a loss of a number of prehistoric sites in the surveyed area.  

A locally important example of the abovementioned cairns in the region include the so-called “grey 

cairns of Camster” (76 and 84 in Figure 3.15), located c. 4.5 km southeast of Rowens, which 

originally included three cairns (only two are reconstructed), two of which (Camster Round and 

Camster Long) are chambered and are probably built and were in use between 5750 and 4450 cal 

BP (Davidson and Henshall, 1991; Masters et al., 1997). Camster Long (Figure 3.16) is located 170 

m north-northwest of Camster Round (Figure 3.17). During an excavation of Camster Long, a layer 

with ashes, charcoal and bone was found on the main chamber’s floor (Anderson, 1868); on this 

layer fragments of human skulls and bones mixed with broken animal bones were found (Davidson 

and Henshall, 1991). On the chamber floor of Camster Round a black earthy layer, also containing 

human and animal bone, together with sherds, was excavated, along with a flint knife and other 

flints (Anderson and Shearer, 1866). The human remains reflect a probable funerary practice 
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function for both cairns. The impressive, complex cairns reflect part of the society present at this 

time: a presence likely affecting the surrounding landscape and vegetation. Furthermore, the 

excavations revealed evidence for pre-cairn activity beneath the southern end of Camster Long. 

Finds suggest that the site could have been used for temporary occupation and the manufacture of 

stone tools (Figure 3.18) in Mesolithic time (81 in Figure 3.15), although it may reflect later use of 

the technique (Masters et al., 1997). To protect this important archaeological site and enable the 

public to learn more about the Neolithic past of Caithness, the two chambered cairns were resorted 

and reconstructed at their original location. Close to the Camster cairns two possible brochs, or 

complex roundhouses are situated: Camster East (24 in Figure 3.15; Figure 3.19) and Camster South 

Broch (118 in Figure 3.15), though both only survive as low, turf covered hollow mounds with some 

upright slabs (Figure 3.20). Several other brochs are also situated around the research site.  

North of the cairns at Camster, east of the sampling site at Rowens, lies an area studied through 

desk-based research and a walkover survey which was conducted to predict the impact of potential 

damage to the cultural heritage by the construction of a wind farm. It is stated that the broader 

region is archaeologically highly sensitive and that: “features have been recorded here dating from 

various periods, from the Neolithic (c. 4,400 – 6000 years ago) to the medieval and post-medieval”. 

Furthermore, it was noted that: “the peat is likely to conceal a considerable resource of 

archaeological information – it is thought that extensive prehistoric buried landscapes may be 

present (Camster Windfarm Proposal, 2004). Ten sites were recorded of cultural heritage interest 

within the proposed site boundary of the windfarm and two in the proposed felling area (by the 

Forestry Commission Scotland) to the east of the windfarm (Camster Windfarm Proposal, 2004). 

These include farmsteads, enclosures, sheepfolds and two hut-circles that were previously 

recorded in the former Cnocan Buidhe plantation (c. 1 km east from the Rowens study site): named 

Camster (34 in Figure 3.15) and upper Achairn hut circle (64 in Figure 3.15), though traces of the 

latter did not survive the forestry activities in this area (Camster Windfarm Proposal, 2004). In the 

same area a possible whisky still is identified (36 in Figure 3.15) that was located next to a modern 

marker cairn that is surrounded by a ring of stone, presumably a hut circle (Mercer and Scot, 1980; 

Mitchell and MacRae, 2010).  

Additionally, CFA Archaeology Ltd undertook an archaeological desk-based assessment, field 

reconnaissance survey and photographic survey (Mitchell and MacRae, 2010). The desk-based 

assessment involved checking the data held on the RCAHMS (Royal Commission on the Ancient and 

Historical Monuments of Scotland) database ‘Pastmap’ and The Highland Council Historic 

Environmental Record (HER). Two areas that were not included in the field survey of 2003 were 

included in this desk-based assessment, which identified ten additional sites, including, sheepfolds, 

(possible) standing stones, mounds and a shieling hut. During a walkover survey three new sites 
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were recorded, including, a ruined stone building, a quarry and a small field system (Camster 

Windfarm Proposal, 2004).  

To continue, a site called Oliclett (c. 7.5 km east of Rowens), at which a Mesolithic lithic scatter was 

recovered, is also mentioned in the abovementioned windfarm proposal. Theories of the origin and 

use of the site include the camp to form part of a mobile community or a satellite camp forming 

part of a residential base camp in the region (Pannett and Baines, 2006). Oliclett forms part of an 

area referred to as the Yarrows landscape and is described as “one of the richest concentrations of 

historical and archaeological remains – of all periods – of northern mainland Britain” (Heald and 

Barber, 2015). The importance of the site is due to the scarcity of Mesolithic sites recorded in 

Northern Scotland and is related to its ability to secure and amplify the theory that people were 

present in the landscape at this time in Caithness. It has been argued that these Mesolithic people 

in the area would have burned areas of woodland to provide improved grazing ground for larger 

land-mammals to be concentrated so they could be hunted more efficiently similar to early people 

in North America or Australia (Heald and Barber, 2015). As to the relevance of these findings to this 

study, they put the past into perspective and reflect possible human interaction with the 

surrounding vegetation at different times in the vicinity of the sampling site and adds to our 

archaeological knowledge of the area. This study will help to detect possibly human-related impact 

on woodlands throughout the Holocene which can possibly be linked to present archaeological sites 

in the landscape. 
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Figure 3.15    All archaeology recorded within a 5 km radius from the sampling site Rowens (The Highland Council, 2020). 
The archaeological features correlating with the numbers on the map are listed in Appendix 8.11. The red star indicates 
the location of the sampling site. 
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Figure 3.16    The reconstructed Camster Long cairn. 

Figure 3.17    The reconstructed Camster Round cairn. Photograph by H.P. Sterk (2010). 

Figure 3.18   Schematic sketch of microliths found at Camster Long cairn (Masters et al. 1997). 



3 Background to study locations 

97 
 

  

  

Figure 3.19  Aerial view on the remain of Camster East broch (indicated by the arrow) (Historic Environment Scotland, 
2020a). 

Figure 3.20    The remains of Camster South Broch (indicated by the arrow) (Mhari, 2018). 



3 Background to study locations 

98 
 

3.4.2 Braehour - peat mounts and destroyed evidence 

Archaeological surveys have also been conducted in the region around and close to the study site 

Braehour, with the most extensive ones being led by Mercer in 1977 (Mercer and Scot, 1980). 

Another archaeological walkover survey was conducted in 2012 (Peteranna, 2012) and provides a 

more recent addition to the archaeological history of the region. Both surveys were conducted in 

advance of projected afforestation and land improvement. Additionally, the 6-inch OS map from 

1876 can be used to obtain a quick overview of structures, currently not present anymore. Many of 

the archaeological structures identified in this area are undated and include farmsteads, road 

bridges, mounds and a corn drying kiln. Those dated belong either to the generic prehistoric period, 

such as hut-circles, burnt mounds, standing stones; or are ascribed to the Neolithic period, e.g. 

chambered cairns, or the Bronze Age, e.g. stone rows; or belong to the Iron Age, such as the brochs. 

Other features, such as shieling huts and dykes, were assigned to post-Medieval times. All 

archaeological features recorded within a radius of 5 km from the sampling site are depicted in 

Figure 3.21 and Appendix 8.11 (The Highland Council, 2020). 

Mercer and Scot (1980) noted that “the area is fine upland pasture and, while revealing no trace of 

prehistoric occupation has obviously been used as such extensively in the more recent past. 

Wherever the burns cross the area, the low valleys associated with them are a haven from groups 

of structures judged by their superficial appearance to be shielings”. Seven major groups of shielings 

were recognised in the wider landscape of Braehour, with two major groups close to the study site 

(Figure 3.22). The shielings are located in optimum locations - close to water and in shallow and 

sheltered hollows, and are often of minimal size, the largest measuring c. 7 x 3 m (Mercer and Scot, 

1980). The small size can indicate that the shielings only had a use in the summer months and this 

limited usage is likely to have a smaller imprint on the palynological record compared to 

continuously occupied settlements. No diagnostic archaeological material was recovered at the 

different shielings, limiting the relative dating (the only type of dating used) of the sites. Mercer 

and Scot (1980) recorded three major complexes of peat mounds, with the biggest complex 

consisting of around 100 mounds. Similar mounds were found at Aukhorn peat, c. 25 km northeast 

from Braehour (Robinson, 1987), and whilst it was at first believed that these mounds may reflect 

the presence of a “hitherto under-appreciated class of funerary structure” (Mercer and Scot, 1980), 

the interpretation from the excavation at Aukhorn peat was that the mounds were of natural origin 

(Robinson, 1987). A similar explanation can be argued for the peat mounds recorded by Mercer and 

Scot (1980) and should be interpreted as being either of natural origin or perhaps modified by 

prehistoric populations. A follow-up Ordnance Survey in 1982 also recorded the archaeological sites 

in the area and noted that many of the archaeological sites originally listed by Mercer and Scot 

(1980) had been destroyed during the forestry activities that followed the field survey (Peteranna, 
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2012). This loss of archaeology was once more identified in the most recent field survey in 2012, 

carried out on behalf of FCS, and aimed to locate previously listed archaeological sites and identify 

any new sites prior to felling of the woodland. A total of 49 recorded sites by Mercer and Scot (1980) 

were not re-located and 25 new sites were recorded and described (Peteranna, 2012). The study 

showed that the impact of previous afforestation and land improvement was enormous and 

underlines the need for proper field surveys prior to forestry activities to reduce future impact on 

the archaeological record at this site and others. 

Surveys in 1977 (Mercer and Scot, 1980) and 2012 (Peteranna, 2012) uncovered many hut-circles 

c. 2 km northeast of Braehour, just north of Achlibster Hill. These features were dated to the 

prehistoric period, which is a very broad definition and can only be used as a rough indication of 

human presence in the region. Possible cairns have been recorded too (unfortunately without age 

estimates), two of which are located close to Achlibster Hill and were presumed to be remnants of 

a prehistoric cairn or a field clearance (Peteranna, 2012). A chambered cairn was recorded close to 

Dorerry (11 in Figure 3.21 and Figure 3.23) (c. 4.5 km north of Braehour), dated to the Neolithic 

period (Henshall and Ritchie, 1995). This Orkney-Cromarty type cairn is similar to the Camster round 

cairn (Section 3.4.1). Most archaeological structures recorded in the area (Mercer and Scot, 1980; 

Peteranna, 2012) date to the post medieval period (see Appendix 8.11).  

To continue, excavations at Pullyhour (61 in Figure 3.21), c. 5 km north east of Braehour, revealed 

evidence for Mesolithic activity and the remains of a henge monument: a small circular enclosure 

with an external bank, a wider internal ditch and a small interior (Bradley, 2011) (Figure 3.24). The 

henge has been built in two phases, the terminus date of the first is dated to 3570-3410 cal BP and 

the start of the second phase to 3270-3070 cal BP. The remains of a Pinus post survived in the 

entrance of the henge and was dated to 4530-4290 cal BP. It appeared that these remains of Pinus 

were dug out of the bog and used by these Bronze Age communities (Bradley, 2011; Cavers et al., 

2016). The henge was exactly aligned with the remains of a large cairn on the opposite bank of the 

River Thurso. Similar cairns, with the closest comparison being a passage tomb beside Loch Calder, 

are generally dated to the Neolithic period (Bradley and Lamdin-Whymark, 2008; Bradley, 2011). 

Other archaeological features identified in the wider landscape include stone rows, e.g. Dirlot Stone 

rows (100 in Figure 3.21), c. 4.5 km southeast of Rowens, which are dated either to the late Neolithic 

or Bronze Age. The stone rows consist of c. 14 rows of small upright stones, similar to other stone 

rows across Caithness (Baines and Brophy, 2006). Several broch-like structures or complex 

roundhouses have been identified throughout the Braehour area, e.g. Tulach an Fhuarain (92 in 

Figure 3.21) and are generally dated to the Iron Age (Mackie, 2007).  

The archaeology present around Braehour reflects that people were present in the wider region 

from as early as the Mesolithic. This study can provide further information about potential 
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anthropogenic activity in this region detected from the palynological data and could possibly be 

linked with the archaeological remains. 

  

N 

Figure 3.21    All archaeology recorded within a 5 km radius from the sampling site Braehour (The Highland Council, 
2020). The archaeological features correlating with the numbers on the map are listed in Appendix 8.11. The red star 
indicates the location of the sampling site. 
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Figure 3.22    Archaeological features identified during the Caithness Survey in the Braehour area displaying i.e. the clusters 
of shielings. The red star reflects present study site Braehour (Mercer and Scot, 1980). 
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Figure 2.24   Pullyhour henge (Historic Environment Scotland, 2020b). 

Figure 3.23    Chambered cairn close to Dorerry, Picture made by Mercer in 1982 (Canmore, 2020). 
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3.4.3 Dalchork - cultivation on barren lands 

Due to several plantation episodes in the 1960s, 1970s and 1980s the landscape around the site at 

Dalchork has undergone many transitions as a result of intensive ploughing, drainage and 

afforestation (McLennan, 2016). An extensive archaeological field survey was undertaken in 1976 

to document the state of preservation and the presence of archaeology in the area (Mercer and 

Scot, 1980), along with a walkover survey limited to the southern part of the FCS site by the Ross 

and Cromarty Archaeological Services (Peteranna, 2011). In addition to these field surveys, 

Peteranna (2011) consulted historical maps, including the Military Survey of Scotland map (Roy 

1747-55) and the First Edition Six-inch OS map (sheets 94, 95, 85, 86, 74 - 1878), which helped 

dating settlements and identifying and locating structures during the walkover survey. In contrast 

to the southern part, the northern area of Dalchork (where present study site is located) has been 

described as “virtually barren of any visible traces of historic or prehistoric activity” (Mercer and 

Scott, 1980). Nevertheless, there are some archaeological remains present close to the sampling 

site of this study, including a rectilinear stone built house: possibly an early associate of the Crask 

Inn (107 in Figure 3.25); a short stretch of wall close to the burn in Strath a Craisgh (109 in Figure 

3.25), which might be linked with earlier cultivation and a series of peat mounds, similar to the ones 

found at Braehour (Mercer and Scot, 1980). Different granite milestones are still standing close to 

the sampling site (150, 107, 104, 102, 97, 64 and 12 in Figure 3.25), the closest is 1 km to the east 

of the sampling site and are also shown on the OS 6 inch (Sutherlandshire 1878, sheet LXXIV). 

Several shielings are recorded close to the site, with the closest being Allt An Ulbhaidh (209 in Figure 

3.25), consisting of at least 21 turf and stone-built shielings, c. 2.5 northwest from Dalchork. The 

region around Dalchork has been the focus of various archaeological surveys during the past fifty 

years that uncovered extensive prehistoric and historic archaeological remains (Peteranna, 2011). 

The landscape around Loch Shin, west of Dalchork, and particularly the south-facing hillslopes on 

the east of River Tirry, can be described as: “an area that boasts a palimpsest of prehistoric 

settlement structures and associated field systems. The quantity of hut-circles, cairnfields, 

chambered cairns, and brochs (at least five in the vicinity of Lairg) is indicative of substantial and 

prolonged settlement in Strath Tirry” (Peteranna, 2011).  

There is no direct Mesolithic archaeological evidence in the wider Dalchork region, the closest 

known Mesolithic site (in Sutherland) is a funerary site located c. 40 km southeast of Dalchork 

(Dornoch Bridge) (McKeggie et al., 2018). The only Neolithic features recorded in the wider 

landscape are chambered cairns. Several chambered cairns have been identified in the vicinity of 

Lairg (c. 17 km south of Dalchork). One of these is Balchran chambered cairn, part of the Orkney-

Cromarty type (Henshall, 1963). Only a turf-covered irregular mound remains visible today (Figure 

3.26). 
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A settlement pattern of seven hut circles was identified by Mercer and Scot (1980) c. 4.8 km south 

of Dalchork,, named the Strath Tirry hut-circles (Figure 3.27) and were accompanied with probable 

field clearance cairns (39 in Figure 3.25; Figure 3.28). About 200 meters on the west and northwest 

from these hut-circles another 5 hut-circles have been identified (Mercer and Scot, 1980). Though 

these hut-circles have not been dated, hut-circles identified further south were dated to 

approximately c. 3500-3000 cal BP (Smith, 1996; McCullagh and Tipping, 1998). To continue, Iron 

Age communities in the Dalchork landscape are recognised by the presence of Brochs. The closest 

to the research site (c. 7 km southeast) being Shinness Broch (128 in Figure 3.25) (Mackie, 2007).  

Despite the lack of archaeology in the northern part, close to the sampling site and possibly the 

result of the extensive forestry activities, it is safe to state similar archaeology was present at some 

point in history and evidence of human activities in the region can be derived from surveyed sites 

in the whole Dalchork region. All archaeological features recorded within a radius of 10 km from 

the sampling site are depicted in Figure 3.25 and Appendix 8.11 (The Highland Council, 2020). The 

larger radius, in comparison to the 5 km radius given for Rowens and Braehour, is because not many 

archaeological features were present close to the sampling site and to depict more of the general 

archaeology surrounding the research site. This study can aid to our archaeological understanding 

of the area around Dalchork and could possibly detect human activity in the pollen records 

throughout the Holocene that is not visible locally in the form of surviving archaeological features.  
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Figure 3.25    All archaeology recorded within a 10 km radius from the sampling site Dalchork (The Highland Council, 
2020). The archaeological features correlating with the numbers on the map are listed in Appendix 8.11. The red star 
indicates the location of the sampling site. 

 

N
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Figure 3.26    Aerial view of Balcharn, taken from the south (Historic Environment Scotland, 2020c). 

 

Figure 3.27    Map of central Dalchork depicting a series of hut-circles recorded by Mercer in 1978, indicated by the arrow 
(RCAHMS, 1978). 
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Figure 3.28    A series of clearance cairns close to the hut-circles (RCAHMS, 1978).  
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4 Methods 

4.1 Study sites and fieldwork 

The three study sites: Rowens, Braehour and Dalchork, were visited in Spring 2016 to obtain 

sediment cores for palynological research with the aim to reconstruct the natural woodland 

development in the Flow County, northern Scotland. The first phase of fieldwork took place 22-26 

April at Rowens and Braehour, Caithness. The second phase was conducted from 16-19 May at 

Dalchork, Sutherland. During all visits to the study areas, prior to obtaining the individual cores, 

auger surveys were conducted to understand local stratigraphic variability at the sampling sites and 

to assist in the selection of the final coring location.  

4.1.1 Rowens 

At the riparian site in Caithness, an initial auger survey was undertaken to gauge the overall 

stratigraphic sequence, including the depth and thickness of the peat and the basin profile. The 

survey included 15 auger points (AP) divided over three transects at 25 m spacing (covering a total 

area of 50 by 100 m), in an area not impacted by forestry activities at the site (Figure 4.1). A Leica 

VIVA dGPS setup was used to get auger location coordinates (longitude, latitude and elevation) and 

recorded depths range between 366 cm (AP1) and 660 cm (AP15). The individual stratigraphic 

layers observed during the auger survey were identified and defined in the field and the peat core 

obtained was described in detail in the laboratory. Additionally, two larger wood fragments from 

AP8 at 390 cm were taken to the laboratory for further microscopic analysis and identification. 

Based on the auger survey, AP7 was selected to extract a core for palynological study as it contained 

the deepest peat sequence (640 cm) that could give the best sampling resolution and would cover 

the most diverse strata (Figure 4.2). The core was extracted using a 50 cm long, 8 cm wide Russian 

corer (cf. Jowsey, 1966) and subsequently wrapped in plastic and transported to the laboratory at 

Archaeological Institute UHI, Orkney College (Figure 4.3). A field survey to the neighboring blanket 

bog site of Munsary (c. 1.5 km southwest of Rowens) in the summer of 2018 involved the collection 

of 10 tree stump samples (between 1.0 and 2.5 m from the peat surface) from an eroding bank next 

to the Allt-nan-Scaraig stream (Figure 4.4; 4.5). These samples were processed and identified in the 

lab to add data on past wooded species in the wider Rowens area. 
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Figure 4.1    The top left corner shows the three transects (T1-T3) surveyed and the locations of the auger survey (numbers 
correlate with AP numbers in Appendix 8.13). The main map shows the location of AP7 (red star) which was selected to 
extract a core for palynological study. 
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Figure 4.2     Location of AP7 and the core at Rowens. 

Figure 4.3     Drainpipes filled with 50 cm sections of the peat core obtained from AP7.  
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Figure 4.4    Location of wood stumps present in the peat (brown star) in relation to the location where the core is taken 
at Rowens (red star) (Digimap, 2019).  

 

Figure 4.5     Wood stumps eroding from the peat at Munsary c. 1.5 km southwest from Rowens’ coring location.  

500 m  
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4.1.2 Braehour 

The auger survey at Braehour consisted of 16 auger points arranged in four transects at 50 m 

spacing, covering a total area of 150 by 150 m. A larger spacing between transects at Braehour 

compared to Rowens (and Dalchork) was chosen to cover a larger area, reflecting the non-

afforested open peatland in the area (Figure 4.6; 4.7), and to provide a broader overview of the 

overall stratigraphy at the site. Coordinate information, stratigraphy and depths were recorded 

with the same methodology as at the Rowens site, with depths ranging from 530 cm (AP3 and AP4) 

to 590 cm (AP14 and AP16). During the auger survey, a larger wood fragment was sampled from 

AP2 at 371 cm for further identification in the laboratory. Though AP4 did not have the longest 

stratigraphic sequence, the location was chosen for core extraction as it contained an additional 

clay layer (partly lost in the final core) and a thick layer of Eriophorum peat containing wood 

fragments, adding potentially valuable data to aid former woodland reconstruction at the site. The 

core was wrapped with cling film and transported to the laboratory for further analysis. 

 
 

  

Figure 4.6    The open area where an initial auger survey was conducted at Braehour. 
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Figure 4.7    The top left corner shows the four transects surveyed (T1-T4) and the locations of the auger survey (numbers 
correlate with AP numbers in Appendix 8.13). The main map shows the location of AP4 (red star) which was selected to 
extract a core from for palynological analysis. 
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4.1.3 Dalchork 

At Dalchork, the auger survey consisted of 24 auger points at a 25 m spacing across six transects, 

covering a total area of 75 by 125 m (Figure 4.8; 4.9). Apart from a limited amount of drainage 

ditches, the peat in the area was mostly intact and thickest at AP17, which was selected as the 

coring location for this site. After coring, a walkover survey was conducted across the area along 

the River Tirry to record possible features in the area. Exposed river-cut sections, consisting of 

gravel and a peat layer of approximately 4 m in height were surveyed for the occurrence of tree 

stump occurrences. Wood samples were taken from exposed remains of trees that were seen c. 

0.50 m from the peat surface for further identification (Figure 4.10). 
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Figure 4.8    The top left corner shows the locations of the auger survey (numbers correlate with AP numbers in 
Appendix 8.13) and the six transects (T1-T6). The main map shows the location of AP17 (red star) which was selected 

to extract a core for palynological study. 
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Figure 4.10    Profile next to the river Tirry containing gravel, peat and remains of Scottish pine (Pinus sylvestris) tree 
stumps (Photograph by S. Timpany, 2016). 

 

Figure 4.9    Auger survey at the FLS site Dalchork with the River Tirry in the background (photograph by S. Timpany, 
2016). 
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4.2 Laboratory work 

The core samples collected at the study sites were taken to the laboratory of the Archaeological 

Institute UHI, Orkney College for further detailed sediment recording and sub-sampling for 

palynological analysis and radiocarbon dating.  

4.2.1 Sediment description 

The initial step of sediment description of the cores is to clarify the origin and stratigraphy of the 

deposit in question (Faegri et al., 1989). The sediments obtained from each of the sample sites were 

described using the Troels-Smith (1955) method, taking into account modifications made by 

(Kershaw (1997). The description of sediment properties consisted of three steps. The first step 

involves physical properties of the individual core layers, or strata, and describes tone density, 

structure, elasticity, degree of dryness and the sharpness of the boundary between two strata. The 

second step concerns the component parts of the stratum; the nature of the material and the 

material proportions within the layer. The third part of the description can be considered as the 

complete summary of the stratum (Jowsey, 1966). The physical properties and the component part 

use a five-class scale (0-4) to characterise properties; where the absence of a feature is indicated 

by a 0 and a 4 marking the maximum value for a property (Kershaw, 1997). The different 

characteristics of the modified and simplified Troels-Smith system of sediment description 

proposed by Kershaw (1997) are listed in Table 4.1. Additional core strata information was added 

using the Munsell soil colour chart (Munsell, 1975).  
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Table 4.1    Properties and descriptions of the modified Troels-Smith system of sediment description with original 
terms in brackets. Modified from Kershaw (1997, 64). 

Physical Features 

Degree of darkness 
(Nigror) 

Varies from 0 in the lightest occurring shades: e.g. clear quartz sand and lake marl, 
through 1: e.g. calcareous clay, 2: e.g. fresh swamp peat, 3: e.g. partly humified peat to 4 
in the darkest sediments: e.g. completely disintegrated peat. 

Degree of stratification 
Visual or structural horizontal banding or layering, varies from 0 where the deposit is 
completely homogeneous or breaks in all directions, to 4 which consists of clear thin 
layers or bands. 

Degree of elasticity 
(Elasticitas) 

The sediment’s ability to regain its shape after being squeezed or bent. Varies from 0 in 
plastic clay, sand, disintegrated peat etc. to 4 in fresh peat. 

Degree of dryness 
(Siccitas) 

Deposits fall between 0: clear water and 4: air dry material. 1 indicates very wet runny 
sediment such as surface lake muds, 2 represents saturated sediments, the normal 
condition below the water table, while sicc. 3 indicate moist, unsaturated sediments.  

Colour 
Best determined by reference to Munsell soil colour charts. Changes in colour with 
exposure to air should be noted. 

Structure The dominant structural feature: e.g. fibrous, homogeneous.  

Sharpness of boundary 
(Limes) 

The boundary can be diffuse: > 1 cm  (lim. 0), very gradual: <1 cm to > 2 mm  (Limes 
superior, lim. 1), gradual: < 2 mm to >1 mm (lim. 2), sharp: <1 mm to > 0.5 mm or very 
sharp (< 0.5 mm).  

Humicity 
(Humicitas) 

The degree of humification or disintegration of organic substances. It is measured by 
determination of the nature and amount of material passing through the fingers on 
squeezing; 0 (fresh peat yielding clear water), 1 (slightly decomposed peat yielding dark 
coloured, turbid water), 2 (decomposed peat yielding half its mass), 3 (very decomposed 
peat yielding three-quarters of its mass) and 4 (totally decomposed peat yielding almost 
all its mass).  

Components 

Mosses (Turfa 
bryophytica) 

Sphagnum is the most common peat-former.  

Woody plants (Turfa 
lignosa) 

Roots of trees and shrubs together with attached stumps and branches, frequently in 
growth position.  

Herbs (Turfa herbacea) 
Roots of herbaceous plants together with attached stems and leaves, frequently in 
growth position.  

Woody detritus  
(Detritus lignosus) 

Fragments of woody plants >2 mm. 

Herb detritus (Detritus 
herbosus) 

Fragments of herbaceous plants >2 mm. 

Fine detritus (Detritus 
granosus) 

Fragments of woody or herbaceous plants <2 mm. 

Charcoal Carbonised fragments of predominantly woody plants. 

Organic lake mud  
Homogeneous organic lake sediment composed of remains (Limus detrituosus) of 
microplankton and humified remains of macrophytes. 

Humus (Substantia 
humosa) 

Completely disintegrated organic substances and precipitated humic acids.  

Organosilicates (Limus 
siliceous) 

Siliceous skeletons or skeleton fragments of diatoms, sponges etc. 

Carbonates (Limus 
calcareus) 

Calcium carbonate or marl. Similar in colour and texture to L. siliceous but soluble in 
hydrochloric acid.  

Iron oxides (Limus 
ferrugineus) 

Iron oxides of various types and colours. 

Clay (Argilla steatodes) Mineral particles <0.002 mm. 

Silt (Argilla granosa) Mineral particles 0.002-0.06 mm. 

Sand (Grana minora) Mineral particles 0.06-2 mm. 

Gravel (Grana majora) Mineral particles >2 mm. 
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4.2.2 Subsampling 

After the core strata were classified and described, the sediment surface was carefully cleaned, and 

sub-samples of c. 2 grams were taken for microscopic analysis and radiocarbon dating. The sub-

sampling resolution depended on the presence of macroscopic wood fragments: these sections 

were initially targeted to investigate the local “natural” woodland at each field site. Sections which 

contained wood fragments were sub-sampled every 4 cm, in contrast to the upper sections of the 

cores containing Eriophorum peat, which were sub-sampled every 8 cm to gain information on 

more recent vegetation development. A total of 100, 84 and 58 sub-samples were taken for 

respectively Rowens, Braehour and Dalchork and each of the sub-samples was labelled with the 

site name and depth. Radiocarbon dating sub-samples were taken from the basal and top levels of 

the wood peat and the upper level of the Eriophorum peat of all three cores to provide an age-

depth model of the peat strata (Blaauw, 2010; Reimer et al., 2013). After sub-sampling, the cores 

were placed in a freezer for cold storage in order to prevent conditions favourable for microbial 

activity which could lead to degradation of organic plant material (Faegri et al., 1989). Cold storage 

of the core samples allows them to remain available for any further sub-sampling that may be 

required. Four additional radiocarbon samples were taken after all the microscopic analyses were 

concluded to get a further understanding of specific vegetation changes in the cores.  

4.2.3 Preparation for palynological analyses  

Preparation of the sub-samples for the microscopic analysis was done in the pollen laboratory at 

Aberdeen University. Preparation of the sub-samples followed methods described by Erdtman 

(1960) and Faegri et al. (1989). Batches of 12 sub-samples could be processed during one 

preparation routine. The process involved weighing in and recording the exact weight of c. 2 grams 

of each sub-sample and subsequent transferral to a 12 mL, round-bottomed, screw capped test 

tube. 6 mL of distilled water was added to each tube to dissolve an added Lycopodium tablet, which 

contained a known number of spores (12542) and acts as a control to the sub-sample. These spores 

are counted during the microscopic analysis, together with the pollen, to provide an abundance of 

fossil pollen present per cm3 (Faegri et al., 1989). The sub-sample is then vortexed, and a 10% 

sodium hydroxide solution is added to each sample to remove humic acids (i.e. unsaturated organic 

soil colloids) (Faegri et al., 1989). After a 20-minute bath (70-80°C) the tubes are centrifuged at 

3800 rpm for 3 minutes after which the supernatant (liquid phase of the sample) is decanted. This 

centrifuging and decanting process is repeated twice more. To remove coarse mineral particles, the 

content of each individual tube was then mixed with 5 mL of distilled water and poured through a 

180 µm sieve mesh into a beaker. The residue was transferred back into the test tubes for a final 

centrifugation and decantation cycle. The sub-samples were vortexed with 5 mL of acetic acid and 

centrifuged again for 3 minutes (3800 rpm) and subsequently decanted to obtain a dehydrated sub-
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sample needed for the acetolysis part of the preparation. An acetolysis mixture was subsequently 

added to the tube, consisting of 72 mL of acetic anhydride and 8 mL of sulphuric acid to break down 

cellulose in the sample (i.e. from moss leaves, rootlets) (Faegri et al., 1989), and placed into the 

water bath for 2 minutes. All the tubes were then topped up with a 6 mL of glacial (anhydrous) 

acetic acid, centrifuged for 3 minutes (3800 rpm) and decanted again. Next, 8 mL of water was 

added to each tube, centrifuged for 3 minutes (3800 rpm) and decanted twice after which 4 mL of 

ethanol was added, vortexed and centrifuged at 3500 rpm for 3 minutes. After decanting the 

ethanol, 2 mL of tert-Butyl alcohol (TBA) was pipetted into the samples, which were then vortexed 

and poured into micro centrifuge tubes and centrifuged for 3 minutes at 3000 rpm. After decanting 

the TBA from the micro-tubes, silicon oil was added to each sample and put in the oven at 40°C for 

24 hours to evaporate any remaining TBA. After sample preparation, each tube was transported 

back to the laboratory in Orkney where microscopic slides were prepared. A small quantity of the 

individual samples was transferred to a slide and silicon oil was used as a mounting agent by adding 

a droplet to each microscopic slide sample as required, and finally the slide covered with a coverslip. 

The silicon oil allows for movement within the sample to examine pollen grains in both equatorial 

and polar view, aiding in identification (Faegri et al., 1989). 

4.2.4 Microscopic analysis 

The prepared slides containing the pollen grains and NPP were examined using a Leica light 

microscope (100, 400 and 1000 magnification). Each slide was examined by moving from one side 

to another, and all pollen grains observed recorded on a pollen count sheet that included the main 

expected taxa until a sum of 500 total land pollen (TLP) (tree, shrubs, dwarf shrub and herb taxa) 

were counted. Condition of the pollen grains (corroded, crumpled, degraded, broken, concealed, 

unknown) was noted to identify the preservation status of the TLP in the cores. Pollen identification 

was aided by reference keys by Faegri et al. (1989); Moore et al. (1994); Beug (2004) and a cereal-

specified pollen identification key by Tipping (no date), based on Andersen (1979). The cereal pollen 

key is used for three groups used for identification of wild grasses (Andersen Group 1c), Hordeum 

type (Andersen Group 2) and Avena-Triticum (Andersen Group 3) (Appendix 8.12). Additionally, 

because of their similar morphology, Myrica gale and Corylus avellana pollen are almost 

indistinguishable and were subsequently classified as Corylus avellana-type (referred to as Corylus 

in the text). Apart from the minimum required 500 TLP, all observed and identifiable NPP (cf. van 

Geel, 1972; van Geel, 1978; van Geel et al., 1983b; van Geel et al., 2003) were also recorded. These 

NPP included different algae species (Mougeotia, Zygnema type and Spirogyra) that were difficult 

to differentiate and have therefore been included at their genus levels. Identified microscopic 

charcoal was classified into three fractions: <21 μm, 21–50 μm, and >50 μm. These classes enabled 

differentiation of the charcoal source area, i.e. smaller charcoal particles can travel longer distances 
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and will therefore reflect regional burning activities whereas larger charcoal particles will reflect 

local burning (Wheeler et al., 2016). All references to charcoal in this study will, unless explicitly 

stated otherwise, refer to microscopic charcoal from the microscopic analysis. 

4.2.5 Concentration of fossil pollen  

The total number of pollen grains in each sample was estimated by counting the occurrence of the 

Lycopodium spores added to the subsamples during the preparation. This technique of adding an 

exotic marker to microscopic samples was introduced by Benninghof (1962) and relies on knowing 

the exact number of marker grains to another known volume of material (Faegri et al., 1989). Even 

though Lycopodium can be found native to some habitats in this study, the added spores are of a 

darker tone, as they have been acetylated twice, and can be differentiated from lighter, native 

spores (Chambers et al., 2011). The calculation of total fossil pollen in a sample involves 

multiplication of pollen counted by the total number of Lycopodium spores (12542) and dividing 

the product by counted Lycopodium spores. To standardise fossil pollen counts across the samples, 

a correction was applied to eliminate sample weight variations. A noteworthy advantage of the 

technique is that the addition of the tablets takes place prior to the main preparation steps and any 

material loss during the process has the same numerical effect on the marker pollen as on the fossil 

pollen, not changing the spores to fossil pollen ratio. The variation between the total number of 

pollen grains in a sample depends on the amount of airborne pollen falling, the surface and the 

sedimentation rate.   

4.3 Data processing 

4.3.1 Result presentation 

All pollen, NPP and charcoal counting sheets were converted for visualisation in diagrams 

composed using TILIA 2.0.41 (Grimm, 2015). Pollen data are expressed as a percentage of the TLP, 

with aquatic taxa and spores excluded from the TLP sum. This exclusion of aquatic taxa and spores 

is due to their floristically and physiognomically distinct vegetation, their occurrence-signal 

preferred to be detached from TLP including  the upland areas (woodlands) of interest (Waller et 

al., 2005). Hence, the aquatic taxa and spores are presented in the results as percentages of TLP + 

aquatics and spores (TLP+AS). NPP are expressed in percentages, excluded from the TLP, which are 

expressed as TLP+NPP. Sporadic, rare pollen grains and NPP-type occurrences are noted with a 

cross (+), where one cross equals one pollen grain or one NPP (Mighall et al., 2017). Overall plant 

nomenclature in the diagrams follows Stace (2010). For each site the pollen data was subdivided 

into local pollen assemblage zones (LPAZs), using CONISS (Constrained Incremental Sums of Squares 

Cluster Analysis) on the TILIA data files (Grimm, 1987). These LPAZs are included together with the 



4 Methods 

122 
 

lithology; calibrated radiocarbon dates and age-depth dates in the pollen, spores and NPP diagrams 

(see Section 5).  

4.3.2 Radiocarbon dating 

The selected bulk sediment samples were submitted to Poznan Radiocarbon Laboratory and SUERC 

Radiocarbon Laboratory and processed following the accelerator mass spectrometry (AMS) 

radiocarbon dating technique. Poznan Radiocarbon Laboratory measured 14C in the fraction of 

humins (i.e. the organic fraction left after humic acid removal), whereas SUERC Radiocarbon 

Laboratory measured 14C in the fraction of humic acids present in the bulk sediment. To provide 

accurate and precise 14C measurements, it is necessary to correct for isotopic fractionation using 

the stable isotopes 13C and 12C (δ13C): Poznan Radiocarbon Laboratory and SUERC Radiocarbon 

Laboratory both provided δ13C measurements. This correction factors out error introduced from 

metabolic and respiratory pathway differences between the modern reference standard material 

(Vienna Pee Dee Belemnite [VPDB]) and the sample material (Beta Analytic, 2019). The δ13C values 

obtained by the Poznan Radiocarbon Laboratory are not suitable to be used for palaeoecological 

reconstruction (Tomasz Goslar, 2019, personal communication), due to fractionation introduced by 

a graphitisation process step as well as their use of an AMS spectrometer instead of a regular mass 

spectrometer. Even though the δ13C values therefore only roughly reflect the original isotopic 

composition of the sample, the δ13C measurements are entirely suitable for fractionation correction 

of 14C/12C ratios (Tomasz Goslar, 2019, personal communication), ensuring the sample dating value. 

For this study all radiocarbon dates were calibrated to calendrical years BP using OxCal 4.3 by 

applying the so-called 14C wiggle-match dating method to the bulk sediment dates (Snowball et al., 

2010; Blaauw and Christen, 2011; Mellström et al., 2013; Wheeler et al., 2016). As the atmosphere’s 

14C content has not remained constant through time, the IntCal13 calibration curve (Reimer et al., 

2013) was used to translate calendar years into radiocarbon years. 

As sediments accumulate over time, changes in accumulation rates cause fluctuations in the age-

depth relationship within the cores. For this reason, the package clam (Blaauw, 2010) for R (Rstudio, 

version 1.2.1335) was used to fit an age-depth curve (Blaauw and Christen, 2011) to the 

radiocarbon dates and to obtain an interpolated and calibrated age estimate for every depth of the 

three cores. Dates used to present the results are the dates that the Age-depth model identified as 

the best estimate.  

4.3.3 Change-point analysis 

A change-point analysis was done to identify and quantify any abrupt changes in the pollen record 

when represented as a function of depth or time (Gallagher et al., 2011). For this study change-
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point analysis was used to detect the change of vegetation communities, woodland species 

dominance and the impact of human presence. Abrupt changes in the core records are defined as 

statistically significant variations in the trend over a scale of one or two samples of the total dataset 

(Gallagher et al., 2011). Change-point analysis calculates the posterior mean and the posterior 

probability by applying Bayesian statistics rules. The posterior probability is the likelihood of event 

A occurring given that event B has occurred, where the mean probability is the most probable value 

from the posterior distribution in a Bayesian formulation, equivalent to the maximum likelihood 

estimate (Gallagher et al., 2011). The change-point analysis was performed using the Bayesian 

Analysis of Change Point Problems bcp package (Wang and Emerson, 2015) in R (RStudio, version 

1.2.1335). 

4.4 Interpretation and application 

All results and interpretations were collated per site and displayed per LPAZ (see section 5). The 

results (i.e. stratigraphic profiles, basin reconstructions, age-depth models and microfossil 

diagrams) show the presence and absence of taxa at the three study sites in a time-depth 

perspective. The interpretation is based on the ecological understanding of species identified and 

aids to the reconstruction of local and regional vegetation and environment at the sites. Apart from 

relating differences and variations in taxa compositions to past vegetation communities, including 

woodlands, other land cover/land use change indicators (e.g. coprophilous spores as a grazing 

indicator and charcoal for past fire regimes) have also been included in the interpretation of the 

microscopic analyses results.  

Additional information to validate recent woodland community presence at the sites, cartographic 

material was consulted and, where possible, included in the interpretation of the landscape 

development in the proximity of the sites. The first map of Caithness was created by Robert Gordon 

in 1642 with possible help of his son James Gordon (National Library of Scotland, 2018b), although 

this map is possibly based on a map made by Pont (c. 1583-1614 it is unknown where this map is). 

Other maps created by Robert (and James) Gordon, which are useful for this study, include the 

maps: north of Loch Linnhe and the River Dee and west of the River Deveron (National Library of 

Scotland, 2018e); the Sutherland, Strath Okel & Strath Charron map (National Library of Scotland, 

2018f) and the map of Loch Synn (Shin) and Assyn (assynt) Sutherland (National Library of Scotland, 

2018g). All created between c. 1636-1652. Other maps used are the Joan Blaeu’s 1654 maps of 

Caithness (Cathenesia) (National Library of Scotland, 2018b) and Southerlandia (Sutherland) which 

form part of the Blaeu Atlas of Scotland containing 49 engraved maps and 154 pages of descriptive 

texts. These maps are most likely based on earlier maps by Pont (AD 1560-1614) (National Library 

of Scotland, 2018h). The first map depicting the area around Dalchork is the Pont map made 

between AD 1583 and 1596, the Eddrachilles; Northwest Sutherland; Loch Shin map (National 
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Library of Scotland, 2018d). In contrast to the previous maps which were possibly based on Pont’s 

maps, this map has been made by Pont himself. Additionally, the Roy’s Military Survey of Scotland 

(National Library of Scotland, 2018a) produced between AD 1747 and 1755 show the first 

systematic maps of the countryside in which woodlands are depicted, and also include the areas 

around the three study sites.  

Previous palynological and archaeological studies in northern Scotland were used to increase the 

spatial context of the interpretation of the results, with a focus on woodland development. 

Furthermore, more recent cartographic information, e.g. NWSS (Section 3.3) was used beyond the 

interpretation of the results, in the discussion, to compare past vegetation communities with their 

modern distribution and topographic preference. This information was subsequently utilised for 

the management and policy discussion. The feasibility of utilising past woodland communities in 

future woodland management of upland areas was assessed by reviewing current and past 

management information to inform current and future practices across northern Scotland.  

Limitations and opportunities of the results from this study, including the effects of future climate 

change, were assessed to improve the application potential of palaeoecological data in 

conservation management. 
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5 Results and Interpretation   

This chapter will provide a full description of results, and their interpretations, obtained from the 

analyses carried out on the sites Rowens, Braehour and Dalchork. Results and interpretations will 

be presented per site. Firstly, the sediment stratigraphic investigations are presented (which 

includes the basin profile), this is followed by the results of radiocarbon dating, age-depth model 

and peat accumulation results, wood fragment identification and the results of the microfossil data 

(pollen, spores, non-pollen palynomorphs) – which includes a detailed interpretation of the 

different zones identified in the microfossil record. Furthermore, the results of cereal pollen grain 

identification per site will be presented, followed by the results and interpretation of the consulted 

old maps of Caithness and Sutherland. After the results and interpretations of the three research 

sites are presented, the results of the change-point analyses are given in the final subchapter. 

When referring in this chapter to peatland terminology the following definitions by Joosten and 

Clarke (2002) are used: “A wetland is an area that is inundated or saturated by water at a frequency 

and for a duration sufficient to support a prevalence of vegetation typically adapted for life in 

saturated soil conditions. Peat is sedentarily accumulated material consisting of at least 30% (dry 

mass) of dead organic material. A peatland is an area with or without vegetation with a naturally 

accumulated peat layer at the surface. A mire is a peatland where peat is currently being formed.” 

5.1 Results and Interpretation Rowens 

5.1.1 Sediment Stratigraphic Investigations 

The stratigraphy was generally recorded during fieldwork. An idealised stratigraphy of the overall 

sequence present at Rowens (Figure 5.1) shows that the sequence starts at c. 94.5 m OD and 

continues to c. 101 m OD. In the deepest layer the sub-soil is present which is characterised as being 

blue grey in colour and consist of fine to medium, sandy clay containing angular gravels. The sub-

soil gradually merges into the layer above: consisting of dry peat with monocotyledon (monocot) 

plant fragments, e.g. Poaceae (grasses) and Cyperaceae (sedges). The following layer is a very small 

greyish brown layer and consists of peaty clay that also contains monocotyledon plant fragments. 

Overlaying this layer is an Eriophorum peat which is light brown and very fibrous at the start 

containing identifiable fragments of heather and wood. The Eriophorum peat gradually becomes 

darker and the heather fragments become absent. At c. 96.3 m OD, the wood fragments disappear, 

which suggests that there was no local tree growth at this time. The Eriophorum peat continues to 

accumulate for c. 4 meters and gradually changes into probable modern Eriophorum peat at c. 100.5 

m OD. The top of the stratigraphy is recognised by its present-day Sphagnum peat vegetation. All 

stratigraphic layers identified during the auger survey are displayed in Figure 5.2.   
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Figure 5.1    Idealised stratigraphy present at Rowens. 
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 Figure 5.2    Schematic display of the stratigraphy recognised during the auger survey at Rowens. 
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Different physical features and components are recognised in the core sample at Rowens (AP7) 

(Figure 5.2; Table 5.1). For example: the deepest strata recognised in Rowens (640 to 629 cm) is 

described as As/Gm + Nig2 Strat0 Elas2 Sicc3 homogenous sandy clay with monocot fragments, 

which described that the strata contains both mineral particles smaller than 0.002mm (Argilla 

steatodes) and mineral particles larger than 2 mm (Grana majora) + Degree of darkness 2 (Nig2), a 

completely homogenous deposit (Strat0), elastic sediment (Elas2), moist/unsaturated sediment 

(Sicc3). The last part of the classification gives a general description of the type of sediment (full 

explanation of description in Section 4.2.1). 

Table 5.1    Sediment description Rowens core 1 (AP7). 

Depth 
in cm 

Description Colour subsamples Remarks 

640-
629 

As/Gm + Nig2 Strat0 Elas2 Sicc3 
homogenous sandy clay with 
monocot fragments 

Very dark 
greyish 
brown 10 
YR 3/2 

639, 635, 631 -sampled every 4 cm 

629-
618 

Dh + Nig3 Elas4 Sicc3 
homogenous dry monocot peat 
with a gradual boundary 

Dark 
reddish 
brown 10 
YR 3/6 

627, 623, 619 -sampled every 4 cm 

618-
611 

Gmin/Gmaj/Dg+ Nig2 Strat0 
Elas1 Sicc3 gradual boundary 
homogenous peaty sand with 
some monocot fragments and 
angular gravels 

Greyish 
brown 10YR 
4/2 

615, 611 -sampled every 4 cm 

611-
490 

Dg/Dl + Nig3 Strat0 Elas3 Sicc3 
sharp boundary homogenous 
peat with wood fragments and 
monocots 

Very dark 
brown 7,5 
3/2 

610, 607, 603, 599, 
595, 591, 587, 583, 
579, 575, 571, 566, 
563, 559, 555, 551, 
547, 543, 539, 535, 
531, 527, 523, 519, 
515, 511, 507, 503, 
499, 495, 491 

-sampled every 4 cm 
-band of Calluna fragments 595-
590 cm 
-610 cm sampled extra for start of 
woodland phase 
-accidently 566 sampled instead of 
567 
-at 566 cm wood fragment sampled 
-from 543 more woodfragments 
-at 512 cm woodfragment sampled 
-491 14C end woodland phase 

490-
480 

Dh+Nig3 Strat0 Elas3 Sicc3 very 
gradual boundary, fibrous 
Eriophorum peat with 
Calluna/monocot fragments 

Dark brown 
10 YR 3/3 

487, 483 -sampled every 4 cm 
-after 483 cm every 8 cm is sampled 

480-
440 

Dh+Nig4 Strat0 Elas3 Sicc3 very 
gradual boundary, fibrous 
Eriophorum peat with 
Calluna/monocot fragments 

Dark 
yellowish 
brown 10 
YR 3/4 

 475, 467, 459, 
451, 443 

-sampled every 8 cm 
-1 wood fragment present 
(sampled) 465 to 467 cm although 
end of woodland phase seems 
earlier 

440-
220 

Dh+Nig4 Strat0 Elas3 Sicc3 
homogenous Eriophorum peat 
with monocot fragments 

Very dark 
brown 7,5 
3/2 

435, 427, 419, 411, 
403, 395, 387, 379, 
371, 363, 355, 347, 
339, 331, 323, 315, 
307, 299, 291, 283, 
275, 267, 259, 251, 
243, 235, 227 

-sampled every 8 cm 

220-
160 

Dh+Nig4 Strat0 Elas3 Sicc3 
homogenous Eriophorum peat 
with monocot fragments 

Dark brown 
10 YR 3/3 

219, 211, 203, 195, 
187, 179, 171, 163 

-sampled every 8 cm 

160-
43 

Dh+Nig4 Strat0 Elas3 Sicc3 
Eriophorum peat with monocot 
fragments + Calluna fragments 

Dark brown 
10 YR 3/3 

155, 147, 139, 131, 
123, 115, 107, 99, 

-very fibrous from 130 cm to 43 
-sampled every 8 cm 
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91, 83, 75, 67, 59, 
51 

43-0 Th + Nig3 Strat0 Elas4 Sicc4 
very gradual boundary modern 
monocot Eriophorum peat 

Dark brown 
10 YR 3/3 

43, 35, 27, 19, 11 -43 14C sample 
-not possible to sample after 11, 
modern plants 

 

5.1.1.1 Basin profile Rowens 

Based on the auger survey (coordinates can be found in Appendix 8.12), the height of the 

underlaying geology: the basin profile, was determined by subtracting the depth of the auger point 

from the height of the present surface (m OD) (Table 5.2). By reconstructing the bedrock/basin 

profile before peat accumulation, an estimation of the basin size can be made, which can help in 

determining the relevant source area for the pollen grains identified. Figure 5.3 shows a 3-D model 

of the height (m OD) of the bedrock present at the sampling site of Rowens covering an area of 

100x50 m. It appears that the deepest bedrock is located at auger points AP13, AP7, AP14 and AP15. 

Unfortunately, the data is not complete to determine the boundary of the basin as the area below 

transect 3 was not sampled during the auger survey because this area had been intersected by old 

drainage ditches and was therefore disturbed. Nonetheless, the basin does appear to extend 

towards the southeast. When using the present day OS map (Digimap, 2019) and including the 

contour lines (Figure 5.4) around Rowens, it can be estimated that the basin has approximately a 

radius of 250 m. If this is correct, the relevant pollen source area of Rowens is between 600 and 

800 m (Sugita, 1994; Bunting et al., 2004). 

 

Table 5.2    The basin profile was determined by extracting the depth of the auger point of the height of the present 
surface (m OD). This data was obtained during the auger survey. The order of the APs is in the direction of the 
transects in the landscape: from left to right. 

Transect 1 AP5 AP4 AP3 AP2 AP1 

height surface (m OD) 100.77 100.71 100.34 100.12 99.64 

depth auger point (m) 6.10 5.21 4.62 4.00 3.66 

underlying bedrock (m OD) 94.67 95.5 95.72 96.12 95.98 

Transect 2 AP6 AP7 AP8 AP9 AP10 

height surface (m OD) 100.88 100.82 100.64 100.34 99.74 

depth auger point (m) 5.81 6.40 5.95 4.60 3.88 

underlying bedrock (m OD) 95.07 94.42 94.69 95.74 95.86 

Transect 3 AP15 AP14 AP13 AP12 AP11 

Height surface (m OD) 101.06 100.91 100.59 100.23 99.57 

depth auger point (m) 6.60 6.56 6.16 4.93 4.28 

underlying bedrock (m OD) 94.46 94.35 94.43 95.30 95.29 
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Figure 5.3    The 3-D surface as present at Rowens showing the depth and location of the different auger points (red 
circles) and the location of where the core is taken (star). 

Figure 5.4     The map shows the contour lines around the Rowens sampling site. The red area shows the location of 
the auger survey, with the corners of the area surveyed in red circles (AP15, AP5, AP1 and AP11) which correlates 
with the 3-D surface model of Figure 5.3. The black dashed line shows the estimated catchment area which could 
possibly be linked to the basin profile.  
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5.1.2 Radiocarbon dates 

Five radiometric 14C assays of 1 cm3 sediment slices demonstrate a record at Rowens beginning at 

c. 8276 cal BC (Table 5.3). Calibrated ages were calculated using IntCal13 (Reimer et al., 2013). The 

radiocarbon dates and calibrated ages are given to plus and minus one standard deviation (σ). 

Table 5.3    Results of the radiocarbon dates per sample depth taking for Rowens, showing the organic material that 
is dated, the uncalibrated radiocarbon date, the calibrated radiocarbon date, the standard deviation and the δ13C 
measurements relative to the modern reference standard material (VPDB). 

Lab code 
Depth in 

cm 

Material 

dated 

Conventional Age 

(14C BP ± 2σ) 

Calibrated Age 

Range (cal BC/AD) 

2σ 

probability  

δ13C relative 

to VPDB 

SUERC-

84927 
27 humic acid 274 ± 24 BP 

1521-1592 cal AD 43.4% 

-28.1 ‰ 1620-1666 cal AD 50.0% 

1785-1794 cal AD 2.0% 

Poz-

103983 
250  humins 3845 ± 30 BP 

2457-2417 cal BC 10.3% 
-27.2 ‰ 

2409-2205 cal BC 85.1% 

Poz-

103984 
390 humins 6370 ± 40 BP 

5471-5279 cal BC 93.9% 
-29.4 ‰ 

5246-5233 cal BC 1.5% 

Poz-

103985 
460 humins 8440 ± 50 BP 

7586-7450 cal BC 90.0% 
-28.7 ‰ 

7407-7368 cal BC 5.4% 

Poz-

103986 
540 humins 8950 ± 50 BP 

8276-8161 cal BC 41.1 
-27.8 ‰ 

8150-7965 cal BC 54.3 

 

5.1.3 Age-depth and peat accumulation rate 

A linear age depth model was constructed (Blaauw, 2010; Reimer et al., 2013) with the five 

radiocarbon dates (Table 5.4; Figure 5.5). The accumulation rate of the sediment at Rowens varies 

greatly throughout the sequence. There is a rapid accumulation rate of peat from c. 10,720 to c. 

9461 cal BP, where 1 cm of peat is accumulated over 7.58 yrs. (1.32 mm per yr.). After this initial 

rapid accumulation, the accumulation rate slows and only 1 cm of peat is developed every 30.64 

yrs. (0.33 mm per yr.) until c. 7316 cal BP, after which the accumulation rate slightly increases to 

sedimentation of 0.46 mm per yr. (1 cm every 21.8 yrs.) until c. 4286 cal BP. From c. 4247 cal BP the 

accumulation rate increases again and shows that every 17.54 yrs. the peat accumulates 1 cm (0.57 

mm per yr.), followed by another increase of peat accumulation from 336 cal BP to present (when 

the core was obtained in 2016) to 0.64 mm per yr.   
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Table 5.4    The calibrated radiocarbon dates for Rowens are shown with the accumulation rate: 
how many years it takes to accumulate 1 cm (accumulation rate in yr/cm) and how many mm of 
peat is accumulating each year for the different periods. 

Depth in cm Time (c.) # in Figure 5.5 
Accumulation rate in 

yr/cm 
mm per yr 

626-460  10,720-9461 cal BP 1 7.58  1.32 

459-390  9430-7316 cal BP 2 30.64 0.33 
389-250  7294-4286 cal BP 3 21.80 0.46 

249-27  4247-352 cal BP 4 17.54 0.57 
26-0  336 cal BP-present (2016) 5 15.47 0.64 

 

 

  

1 

2

3 

4 

5 

Figure 5.5    Age-depth model of the Rowens core (black/grey), overlaying the calibrated distributions 
of the individual dates (blue) with the numbers correlating with cal BP dates in Table 5.4 (Blaauw, 
2010; Reimer et al., 2013). 
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5.1.4 Wood fragments 

Two wood fragments sampled during the auger survey from AP8 (at 390 cm in depth) were both 

identified as Betula. The tree stumps that were found in the eroding bank next to the stream Allt-

nan-Scaraig c. 1 km south west from Rowens were identified as: three stumps of Betula, two stumps 

of Salix and five stumps of Pinus.  

5.1.5 Microfossils and interpretation 

The TLP for Rowens represents a total of 67 taxa, subdivided into LPAZs: Row-1-7. (Figure 5.6). 

Pollen levels 639, 635, 631, 611 and 615 cm were not included as there was very poor preservation 

with a high presence of clastic material and low organic content making it impossible to correctly 

identify pollen grains. With the exception of these levels, pollen grains are well preserved 

throughout the sequence with only a minor amount of broken, degraded and corroded pollen 

(Figure 5.6). A maximum of ±500 pollen grains was counted, although there were six levels (19, 43, 

67, 371, 547 and 619 cm) that yielded few pollen grains resulting in a minimum of 300 pollen grains 

counted (Figure 5.6). The standardised TLP counts were between the 557074 and 129664 which 

would give too long of an X-axis, all amounts were divided by 1000. Note that sample 91 is missing, 

as no exotic markers were counted. It is possible that accidently no exotic marker tablet was added 

in the preparation process for this sample. It appears that in Row-3 to Row-4B the highest pollen 

influx is present, which correlates with slow accumulation rate at this time (Figure 5.6). Looking at 

the frequency of sampling – between 639 and 483 cm every 4 cm of sediment was sampled in order 

to focus on the levels containing local woodland information as indicated by wood fragments 

present, where after only every 8 cm is sampled – it becomes evident that this frequent sampling 

correlates with the lithology containing wooded peat (Figure 5.3; Table 5.1), although the main 

woodland phases identified in the pollen analyses appear to have continued for a longer period.  

Diagrams have been created for all recorded TLP, including trees, shrubs, dwarf shrubs and herbs, 

and charcoal (Figure 5.7 top); aquatic plants and spores (Figure 5.7 bottom) and all identified Non-

Pollen Palynomorphs (Figure 5.8), their correlating taxonomical identification are listed in Appendix 

8.14. All diagrams include the calibrated radiocarbon dates, the calibrated age-depth (BP) dates and 

the lithology/sediment sequence (Section 5.1.1).  
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Figure 5.6    Condition of the pollen grains identified for Rowens (corroded, crumpled, degraded, broken), TLP 
counts and standardised sample TLP counts (values need to be multiplied by 1000) per slide and LPAZs (Row-1-
7): selected by using CONISS on the TILIA data files (Grimm, 1987). 
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Figure 5.7    Top: all recorded TLP and charcoal values for Rowens. Bottom: all recorded TLP + aquatic taxa and spores for Rowens. 
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Figure 5.8    All recorded TLP + NPP for Rowens. 
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5.1.5.1 Row-1 (A-B): 10,720-10,090 cal BP (627-543 cm) 

Row-1A: 10,720-10,560 cal BP (627-543 cm) 

Total Land Pollen 

The basal zone (Row-1A) reflects an open landscape with herbaceous pollen accounting for ±90% 

TLP (Figure 5.7). The start of Row-1A (c. 10,720 cal BP) shows very high values of Cyperaceae, 

contributing c. 80% TLP. When Cyperaceae decreases, species of Poaceae become most abundant, 

reaching up to 35.5% TLP at c. 10,272 cal BP. Other herbaceous taxa in Row-1A include rare-type 

values (indicated by +) of Ranunculaceae (buttercup family), Saxifraga stellaris (starry saxifrage), S. 

oppositifolia (purple saxifrage), Chrysoplenium officinale-type (golden saxifrage-type), Rosaceae 

(rose family), Filipendula (meadowsweet), Potentilla (cinquefoils), Hypericum, H. elodes (marsh St 

John's-wort), Rumex acetosa/acetosella-type, R. obtusifolius, Caryophyllaceae (pink family), 

Galium-type (bedsraw), Lactuaceae (daisy family), Aster-type (daisy family), Artemisia-type and 

Apiaceae (parsley family). Pollen values of tree taxa are very low throughout Row-1A. Pinus values 

slightly increase throughout Row-1A and there is a small presence of Betula. Quercus becomes 

present as a rare-type around c. 10,576 cal BP. Both Juniperus communis and Sorbus-type become 

present as rare-types from c. 10,697 cal BP, followed by a presence of Salix from c. 10,667 cal BP 

and Corylus avellana-type around 10,515 cal BP. The start of Row-1A shows a presence of ±2.2% 

TLP of Empetrum nigrum (crowberry), together with low values of Calluna and Erica-type (heather) 

only present as a rare-type. 

Aquatics and Spores 

There is some presence of pollen from aquatic plants in Row-1A, including Myriophyllum 

alterniflorum (alternate water milfoil), Callitriche sp. (water-starwort) and Potamogeton 

(pondweed). There is a low presence of bryophytes in Row-1A. Those spores present include: 

Selaginella (spikemosses), Isoetes (quillwort) and Pteridium aquilinum (bracken), which remains 

present until just after the start of Row-1B. Towards the end of Row-1A Sphagnum becomes 

present. At the transition of Row-1A and Row-1B there is an appearance of Cryptogramma crispa 

(parsley fern) which will only reoccur at the end of Row-6. 

NPP 

Highest values of NPP recorded in Row-1A are of HdV-128A and HdV-128B (2.8% and 2.3% TLP+NPP) 

which are possible algal spores. Furthermore, there is some presence of HdV-52 (A-D) (animal 

hairs), HdV-115 (Micrhystridium sp.), HdV-28 (Copepoda Canthocamptus spermatophores), HdV-60 

(algal zygospores of Closterium idiosporum-type), HdV-124 (fungal spores of cf. Persiciospora), 
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Spirogyra (water silk), HdV-207 (Glomus cf. fasciculatum) and HdV-225 (indeterminate [indet.]) 

algal spores). HdV-18 (indet. fruitbodies) only becomes present at the transition of Row-1A and 

Row-1B. 

Charcoal 

There is no microscopic charcoal present at the start of Row-1A, with charcoal values of all fraction 

sized slightly increasing towards the end of Row-1A. 

Interpretation Row-1A 

The basal zone (10,720-10,560 cal BP) shows an open, pioneer vegetation of grasses and sedges. 

Species of Artemisia, Saxifraga and Cryptogramma crispa could be reflective of artic-alpine 

vegetation (Birks, 1993), although the small peak of Empetrum may be a response to stabilisation 

and warming at the close of the Stadial (Charman, 1994). The low percentages of tree taxa possibly 

reflect tree species that were present further south which were slowly migrating from their 

southern refugia as climate was improving. It is possible that Juniperus communis was locally 

present as it is a pioneer and helophytic species, making it capable of more rapid spread than Betula 

(Iversen, 1960; Birks and Mathewes, 1978; Walker and Lowe, 1979; Thomas et al., 2007). The 

presence of Rumex acetosa/acetosella together with HdV-207 – which are both indicative of soil 

movement and soil erosion (van Geel et al., 1989; Charman, 1994), argues for the local absence of 

trees, as the roots have not stabilised the soil.  

Wetland habitat is recognised by the presence of Menyanthes alterniflorum, Callitriche and 

Potamogeton which are typical of shallow to quite deep, mesotrophic and rather base-poor waters, 

still or usually only gently flowing, with fine to coarse mineral beds (Rodwell et al., 1991). This is 

supported by the presence of HdV-128A/B and Spirogyra: both indicative for open, relative 

eutrophic water (Pals et al., 1980; van Geel et al., 1989; van Geel et al., 1983b). This open water 

habitat at this time is also supported by the presence of silts and clays (Section 5.1.1). High trophic 

levels are also supported by the presence of Selaginella (Charman, 1994). 

Row-1B: 10,560-10,090 cal BP (605-543 cm) 

Total Land Pollen 

Row-1B also shows an open landscape with high percentages of Poaceae and Cyperaceae, with 

values of both fluctuating throughout this level until a sharp decline of Cyperaceae at the end of 

Row-1B. Most of the rare-type herbaceous taxa present in Row-1A continue to be present in this 

level, including Ranunculaceae, Saxifraga stellaris, Chrysoplenium officinale-type, Rosaceae, 

Potentilla, Hypericum sp., Brassicaceae, Rumex acetosa/acetosella-type, R. obtusifolius, 
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Caryophyllaceae, Galium-type, Lactuaceae, Aster-type, Artemisia-type and Apiaceae. Filipendula 

shows a sharp increase in Row-1B at c. 10,303 cal BP to 43.3% followed by a sharp decrease 

continued by fluctuating values until the transition between Row-1B and Row-2 thereafter the 

values increase rapidly once more. Herbaceous taxa that become present in Row-1B include: 

Hottonia palustris (water violet), Plantago media/major (plantain sp.), Anagallis arvensis (scarlet 

pimpernel), Solanum dulcamara (bittersweet), Silene-type (possibly Ragged-Robin), Circaea 

lutetiana (enchanter’s nightshade) and Malva-type (mallow). Galium-type, Lactuaceae and 

Hypericum sp. show their highest values in Row-1B, respectively: 1.2%, 2.4% and 1.8% TLP. Arboreal 

pollen taxa continue to be low throughout Row-1B. Pinus values continue to fluctuate after a sharp 

increase to 3.6% TLP right after the transition between Row-1A and Row-1B (c. 10,485 cal BP) and 

increase again to 5.2% TLP towards the end of Row-1B (c. 10,211 cal BP). There is a small increase 

of Betula to 6.7% TLP after the start of Row-1B (c. 10,424 cal BP) followed by a decrease and a rapid 

increase towards the transition between Row-1B and Row-2. Quercus increases slightly through this 

level with maximum values reaching 4.1% TLP around 10,272 cal BP. Rare-type values are recorded 

for Ulmus and Alnus, Fraxinus, Ilex-type (holly) and Viburnum-type (viburnum). Corylus gradually 

increases to 2.3% TLP around 10,272 cal BP, where after it decreases again. Salix values show 

slightly higher values than in the previous zone and are constant throughout the zone. Both 

Juniperus and Sorbus continue to be present in this level as rare-type taxa. Empetrum (crowberries) 

become absent in Row-1B. Calluna values slightly increase and continue to fluctuate throughout 

Row-1B with its highest presence (3.8% TLP) at c. 10,211 cal BP. 

Aquatics and Spores 

There is a slight increase of aquatic taxa where – besides the previously recorded Myriophyllum 

alterniflorum and Potamogeton – Hottonia palustris-type (water violet), Nymphaea sp. (waterlily), 

utricularia-type (bladderwort), Menyanthes trifoliata (bogbean) becomes present in the 

assemblage. Sphagnum values slightly increase in to 14.3% at c. 10,211 cal BP. In Row-1B low values 

of Pteropsida (monolete) indet., Ophioglossum (adder’s-tongue), Equisetum (horsetail), Osmunda 

regalis (royal fern) and Polypodium (rockcap ferns) are recorded.  

NPP 

After the transition between Row-1A and Row-1B, HdV-207 increases sharply to 10.4%, hereafter 

it decreases until it reappears at the end of Row-1B. Higher values are recorded in Row-1B for HdV-

126 (Gaeumannomyces/G. cf. caricis/Clasterosporium caricinum hyphopodia), HdV-55A/B (Sordaria 

sp.) and HdV-140 (Valsaria cf. variospora/V. variospora‐type) (18.9%, 23.7%, and 19.4% TLP+NPP), 

which all fluctuate throughout Row-1B and decrease at the start of Row-2. NPP that only become 

present in small quantities in Row-1B include e.g. HdV-1 (Gelasinospora sp.), HdV-112 (Cercophera 
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sp.), HdV-170 (Rivularia-type), HdV-172 (Coniochaeta cf. ligniaria), HdV-113 (Sporomiella-type), 

HdV-360 (cf. Brachysporium sp.), HdV-65 (indet. fungal spores), Mougeotia sp. (genus of green 

algae), Zygnema-type (genus of green algae) and Spirogyra-sp., HdV-342 (Spirogyra cf. scobiculata). 

Low values are present of HdV-25 (cf. Clasterosporium caricinum): although it increases at c. 10,211 

cal BP to 10.3% and is present together with HdV-169 (Zopfiella type/Apiosordaria verruculosa), 

HdV-77B (Trichoglossum cf. hirsitum) and HdV-200 (indet. fungal spores): respectively 5.8%, 3% and 

4.7%.  

Charcoal 

Charcoal values continue to fluctuate in Row-1B until a sharp peak in all charcoal fraction sizes (1-

21 μm, 21-50 μm and +50 μm) from c. 10,272 to 10,211 cal BP. Hereafter, all charcoal values are 

low before the end of Row-1B (c. 10,090 cal BP).   

Interpretation Row-1B  

Betula and Salix values slightly increase between 10,560 and 10,090 cal BP (Row-1B). Soils remain 

unstable (suggested by the presence of HdV-207), which argues for the possible presence of dwarf 

willow (Salix herbaceae), which favours these conditions (Charman, 1994). Nonetheless, the 

presence of Salix at c. 10,272 could also reflect the local growth of Salix trees within the wetland 

community. Janssen (1984) argues that Salix pollen values above 2-3% TLP generally indicate local 

presence in a wetland community. The tree stump of Salix found from the eroding bank of the 

stream Allt-nan-Scaraig, 1 km from the sampling site of Rowens possibly relates to the peak of Salix 

and argues for Salix trees growing as part of carr vegetation along the stream. Drier woodland 

conditions are reflected by the rare-type presence of Polypodium (possibly P. vulgare). Pinus values 

of 5% are argued to present the local presence of Pinus trees (Bennett, 1995) and even values as 

low as 3% are regarded to show local Pinus growth (Fossit, 1994). For this study 5% TLP is used as 

the marker for local Pinus growth. The increase in Pinus at c. 10,211 cal BP to 5.2% TLP can therefore 

argue for its local presence. That trees would have been locally present between 10,211 and 10,181 

cal BP is suggested by the presence of HdV-360 which is indicative for decaying wood 

(Shumilovskikh et al., 2015).   

Low values of Quercus, Ulmus, Alnus, Fraxinus, Ilex-type, Vibernum-type and Corylus avellana-type 

suggest that these broadleaved species migrated to locations south of Rowens and do not form 

part of the local assemblage. However, values of Fraxinus are often underrepresented in pollen 

diagrams and therefore 1% TLP indicates local occurrence (Huntley and Birks, 1983). Taking this into 

account, values of Fraxinus exceed this threshold at c. 10,181 and 10,120 cal BP, which could reflect 

local occurrence. Though Fraxinus probably only migrated into Scotland after 6000 BP (Birks, 1989) 
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and therefore reflects pollen dispersal over large distances. If locally present, this is a very early 

record and Fraxinus would have form part of woodland communities thriving on nutrient-rich wet 

soils or growing close to groundwater outflow locations (Arnolds and van der Meijden, 1976).   

The small increase of Sorbus-type might indicate its presence in the local vegetation assemblage. 

Cyperaceae continues to be the most dominant taxa, which include species of Carex paniculata and 

C. pseudocyperus indicated by the presence of HdV-126 (Pals et al., 1980). Species of ‘tall-herb’ 

communities including Lactuaceae, Filipendula, spores of Equisetum and Polypodium together with 

Salix, Cyperaceae, Poaceae and Rumex acetosa/acetosella-type pollen could have occupied the 

damper, more sheltered areas along the wetter pools (Peglar, 1979). The peak of Filipendula may 

be due to the growth of this genus on mire surfaces (Charman, 1994). Nutrient-rich wet conditions 

are reflected by a peak of 20% of HdV-140 at c. 10,272 cal BP, this type is of regular occurrence in 

deposits formed under eutrophic wet conditions (van Geel et al., 1983b) and a peak of HdV-25, 

which is usually found on leaves of various sedges growing in wetlands that are subject to periodic 

flooding (van Geel, 1978). The presence of Osmunda regalis in this zone argues for nutrient-rich 

conditions and the presence of woodland on wet soils or seepage close to the research site (Arnolds 

and van der Meijden, 1976). 

Aquatic species present reflect these nutrient rich wet pools, although, the presence of Menyanthes 

trifoliata together with small amounts of Potentilla (possibly P. palustris) point to increasing acidity 

and a declining degree of trophism (van Geel et al., 1983b). Increasing values of Sphagnum suggest 

that locally sphagnum peat is formed, associated with, and favouring an increase in acidity (Andrus, 

1986; van Breemen, 1995), also supported by the presence of HdV-77B which is reported to grow 

among Sphagnum (van Geel, 1978). The rare-type presence of Ophioglossum (O. vulgatum) at the 

start of Row-1B argues for the development of mire vegetation. The stratigraphy also reflects the 

mire/peat forming as characterised as homogenous peat (Table 5.1). It becomes evident that the 

initial wetland vegetation present during Row-1A and most of Row-1B slowly changes into mire 

vegetation towards Row-2.   

High presence of HdV-55A/B (maximum values of 23.7% TLP+NNP at 10,272 cal BP) and the 

presence of HdV-170, HdV-172, HdV-112, HdV-169 and HdV-113 throughout Row-1B indicate the 

local presence of grazing animals (Munk, 1957; van Geel, 1978; van Geel et al., 1983b; Baker et al., 

2013). As there is little indication of human presence at this time in the area, and therefore an 

absence of pastoral activity, it is likely to reflect grazing of wild large herbivores. HdV-55A/B and 

HdV-172 could also be related to decaying wood (van Geel and Aptroot, 2006). As there is probably 

not much woodland present at this time, it is most likely that they are indeed indicative for grazing. 

High charcoal values between 10,272 and 10,211 cal BP indicate local fires of either anthropogenic 



5 Results and Interpretation 

142 
 

or natural origin. The presence of HdV-1 supports the local presence of fires or together with HdV-

200 reflect dry conditions at this time (van Geel and Aptroot, 2006; Laine et al., 2010).  

5.1.5.2 Row-2: 10,090-9399 cal BP (543-458 cm) 

Total Land Pollen 

Row-2 shows the highest overall values of arboreal pollen in the whole Rowens sequence (with an 

average of 47.6% TLP). There is a sharp increase in tree pollen at the start of Row-2 at c. 10,029 cal 

BP reaching 92.5% of TLP, the majority of which consist of Betula (91.7% TLP). Following this initial 

increase, tree taxa values (mainly Betula) decrease to fluctuate between 35% and 65% TLP, until 

another sharp increase of arboreal pollen at the transition between Row-2 and Row-3, where it 

rises to 88.7% TLP, with Betula values counting for 87.6% TLP. After the initial increase of Betula 

there is a sharp decrease to ±40% after which Pinus shows two peaks of 11.2% and 14.4% TLP at c. 

9938 cal BP and c. 9817 cal BP. Hereafter, Pinus values decrease to ±2% until the end of the zone. 

Low values (±1%) are identified for Ulmus, Quercus, Tilia, Fraxinus and Sorbus-type. Values of 

Corylus avellana-type remain low at the start of Row-2 but increase after c. 9756 cal BP to a 

maximum of 12.7% TLP. At the start of Row-2 (at c. 10,060) there is a high presence of Salix (13.7% 

TLP) where after it decreases to ±2%, increasing slightly again at the end of Row-2 to 4.6% TLP (c.  

9514 cal BP). A sudden increase of Calluna (up to 39.2% TLP), associated with an increase of 

Empetrum (3.2% TLP) at c. 9665 cal BP. 

Herbaceous taxa account for an average of 35% throughout Row-2. At the start of Row-2 (c. 10,060 

cal BP) values of Filipendula increase to 24.3% TLP followed by a sharp decrease. Filipendula 

increases twice more to 17.6% (c. 9999 cal BP) and 17.9% (c. 9847 cal BP; after which values of 

Filipendula gradually fall and remain low throughout the sequence. High values of Cyperaceae (31% 

and 34.7% TLP) appear in Row-2 at c. 9787 cal BP and at c. 9514 cal BP. Before the end of Row-2 

Cyperaceae values decrease to 1.5% TLP. Poaceae increases at the start of Row-2 (c. 9969 cal BP) 

to a maximum of 21.2% TLP at c. 10,371 cal BP, and then slowly decrease towards the end of Row-

2. Highest values of Valeriana dioca (marsh valerian) and Succisa pratensis (devil’s-bit) occur in this 

zone (respectively 2.2 and 8.8% TLP) at c. 9878 cal BP. Low values of other herbaceous taxa are 

present in Row-2 include e.g. Caltha palustris-type (marsh-marigold), Potentilla, Urtica-type 

(nettles), Lysimachia vulgaris-type (yellow loosestrife), Galium-type, Epilobium-type (cf. 

willowherbs) and Peucedanum palustre-type (milk parsley). 

Aquatics and Spores 

There are only a few aquatic pollen taxa identified, mostly occurring at the beginning of the zone, 

including Hottonia palustris, Nymphaeae sp., Utricularia-type, Potamogeton and Menyanthes 
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trifoliata. High values of Sphagnum spores have been identified (72.7% TLP+AS) peaking at c.  9756 

cal BP and towards the end of Row-2 to 37.3%, before a sharp decrease to 2.7% TLP-AS at the 

transition between Row-2 and Row-3. Other spores identified in this zone are Osmunda regalis, 

Ophioglossum, Equisetum, Pteropsida (monolete) indet. and Polypodium.  

NPP 

Two peaks of HdV-126 values (4.7% and 9.6% TLP+NPP) occur before disappearing from the zone 

at c. 9817 cal BP. At this level, HdV-55A/B increase to 10.9% TLP+NPP. Values of HdV-10 

(Trigocladium opacum) peak sharply at c.  9665 cal BP to 40.1% and HdV-27 (Tilletia sphagni) shows 

a small increase at c. 9574 cal BP. Low values of several NPP identified throughout Row-2 include 

e.g. HdV-52 (A-D), HdV-112, HdV-360, HdV-60, HdV-128B, Mougeotia sp., HdV-140, Spirogyra sp., 

HdV-207 and HdV-760 (Pediastrum sp.): a type of blue-green algae.   

Charcoal 

All microscopic charcoal sizes remain very low with only a small peak in all charcoal sizes at c. 9787 

cal BP. 

Interpretation Row-2 (10,090-9399 cal BP, 543-458 cm) 

From about 10,431 cal BP Betula trees become the most dominant tree species at Rowens. Possible 

previous local nuclei of tree Betula could have allowed it to expand almost immediately as 

temperatures increased (Charman, 1994). Betula pollen values lower than 20% can reflect a less 

tree-dominated spectra, whereas Betula values exceeding 20% TLP reflects a more tree-dominated 

spectra (Huntley, 1990). This suggests that Betula woodland at Rowens becomes denser from c. 

10,029 cal BP as Betula values reach 91.7% TLP and was growing together with Corylus avellana-

type. Although values of Salix fluctuate throughout the sequence, percentages are generally above 

2-3% suggesting that Salix trees are likely growing locally on the more wetter areas along streams 

(Janssen, 1984; Bunting and Tipping, 2004), possibly along the Rowens burn. A peak in Salix at c. 

10,060 cal BP shows its local dominance. Salix values decline after 9514 cal BP, suggesting its local 

absence or that only isolated Salix trees are present. High presence of Valeriana dioica and Succisa 

pratensis together with the growth of Filipendula could suggest a damp Corylus avellana and Betula 

woodland with tall herbs growing in the understory (Robinson, 1987). Between c. 9969-9938 cal BP 

and again between c. 9847-9756 cal BP Pinus values exceed the threshold of 5% TLP, reflecting local, 

but sparse Pinus presence. Pinus tree stumps situated in the peat were identified during fieldwork 

in the vicinity of Rowens (1.5 km to the southwest of the sampling location) and in-situ Pinus stumps 

were found in the same grid reference (ND24) as the Rowens study site (exact location is unknown) 
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(Gear, 1989; Gear and Huntley, 1991). Though the stumps are not dated, it can be stated that Pinus 

trees were indeed growing close to the research site.  

Small quantities of Ulmus and Quercus pollen reflect the establishment of mixed deciduous 

woodland further south or west (where these trees were abundant), or isolated occurrences of 

these taxa closer to the site at sheltered ravines (Peglar, 1979; Charman, 1994). The pollen 

identified as Ulmus would have been pollen grains of Ulmus glabra as this was the only native Ulmus 

species at this time (Thomas et al., 2018). Values of 1.5-2% of Ulmus pollen indicate the presence 

of Ulmus in local vegetation (Huntley and Birks, 1983). At c. 9756 cal BP Ulmus shows values of 2.7% 

TLP, which possibly reflect the local expansion of Ulmus on to moderately nutrient rich damp to dry 

areas of woodland (Arnolds and van der Meijden, 1976).  

The increase of Sphagnum and HdV-27, which is restricted in its occurrence to peat containing 

Sphagnum remains (van Geel, 1978), shows that local peat formation is occurring, also reflected by 

the stratigraphic description of homogenous peat. The presence of Ophioglossum argues for wet 

mire vegetation (Arnolds and van der Meijden, 1976). The increasing acidity of the soils benefits 

the growth of Menyanthes trifoliata and on the drier areas Calluna is thriving, where it shows a high 

presence at c. 9665 cal BP. These drier areas are also suggested by the increase of HdV-10 which is 

an indicator for local dry conditions in blanket bog peat (van Geel, 1978) and both HdV-27 and HdV-

10 are indicative for mire vegetation (Cugny et al., 2010). Although Calluna reflects a drier phase, 

two peaks in Cyperaceae at c. 9787 cal BP and at c. 9514 cal BP reflect wetter conditions, which is 

supported by the continuous presence of HdV-65 (Miola et al., 2010). The sharp decline of 

Filipendula from c. 9817 cal BP correlates with the increase of Cyperaceae and Sphagnum, 

supporting phases of increased wetness, as Filipendula is intolerant of prolonged waterlogging 

(Miles et al., 1989; Davies, 2003). Osmunda regalis, present as a rare-type suggests continuous 

nutrient-rich conditions and the presence of woodland on wet soils or seepage close to the research 

site (Arnolds and van der Meijden, 1976). Moderately nutrient-rich wet conditions are also 

reflected by the rare-type presence of HdV-760 (Bakker and Smeerdijk, 1982), HdV-60, HdV-140 

HdV-760, Spirogyra sp., Mougeotia sp., C. palustris, L. vulgaris, Galium-type (possibly G. palustre), 

Epilobium-type, P. palustre-type and Urtica-type. Some of these herbs are also found in peat bogs 

(Arnolds and van der Meijden, 1976). 

The occurrence of HdV-55A/B and HdV-112 may suggest grazing at or close to Rowens. The 

presence of decaying wood indictor HdV-360 may suggest these NPP could also be indicating the 

presence of decaying wood (Shumilovskikh et al., 2015). Furthermore, animal densities must have 

been low as the presence of Valeriana (which is vulnerable to grazing) supports this (Miles et al., 

1989). There is no indication of local fires at Rowens between 10,090 cal BP and 9399 cal BP from 
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the microscopic charcoal record. The peat accumulation rate was very rapid between c. 10,720 to 

c. 9461 cal BP (7.58 yr/cm) (Table 5.4), which is the period covered by zone Row-2A. This may be 

related to the high presence of Sphagnum species in Row-2 (as this is one of the main peat 

formation plants) and perhaps to the high arboreal pollen presence.  

5.1.5.3 Row-3: 9399-7098 cal BP (458-380 cm) 

Total Land Pollen 

At the start of Row-3 at c. 9399 cal BP there is a sharp decrease of Betula pollen, which continues 

to fluctuate through the remaining zone with values between 55% and 15% TLP. Betula pollen 

values increase once more before the end of Row-3 to 37.3% TLP, after which they decline at the 

transition of Row-3 and Row-4A. Pinus pollen values slowly increase throughout Row-3, reaching 

5.2% TLP by the end of the zone. Ulmus shows its highest presence of the whole sequence in Row-

3 (maximum of 3.7% TLP) at c. 8204 cal BP. There is some presence of Quercus, Alnus, Carpinus, 

Tilia and Salix. Corylus increases at the start of Row-3 and shows its highest presence of 22.4% TLP 

at c. 8450 cal BP, after which there is a sharp fall in values until c. 7469 cal BP when values begin to 

steeply rise. There is a high presence of Empetrum throughout Row-3 with two peaks at c. 8,695 cal 

BP and at c. 7469 cal BP of respectively 31.7 and 28.9% TLP, which then decreases towards the end 

of Row-3. Throughout Row-3 there is a gradual increase of Calluna with values reaching 44% TLP, 

associated with a peak in Erica-type (heath) (4.9% TLP) at c. 7959 cal BP. Low values of herbaceous 

taxa that are present include: Ranunculaceae, Ribes rubrum (redcurrant), Saxifraga stellaris, 

Chrysoplenium officinale-type, Filipendula, Potentilla, Urtica-type, Hypericum sp., Rumex 

acetosa/acetosella-type, Rumex obtusifolius, Anagallis arvensis, Aster-type, Artemisia-type and 

Valeriana dioica. Both Cyperaceae and Poaceae continue to be present in low values. 

Aquatics and Spores 

The only aquatic species present is Myriophyllum alterniflorum. There are low values of Pteropsida 

(monolete) indet., Pteridium aquilinum, Dryopteris sp. (wood fern), Polypodium and Sphagnum. 

Although, there is a peak of Sphagnum towards the end of Row 3 of 18.1% TLP+AS at c. 7469 cal 

BP.  

NPP 

HdV-495 (indet. fungal spores) shows its highest presence in Row-3 with two peaks of 9.5 and 11% 

TLP+NPP. At the start of Row-3 there is a peak of HdV-18 (9.2%), together with HdV-112, HdV-170 

and HdV-360 (4.1, 3.9 and 2.2% TLP+NPP). Throughout the zone, low values of e.g., HdV-8 (A-G), 

HdV-64 (spores indet.), HdV-52 (A-D), HdV-55A/B, HdV-172, HdV-113, Zygnema-type, HdV-124, and 
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HdV-37 (Callidina angusticollis). Towards the end of Row-3 high values of HdV-4 (Anthrostomella 

cf. fuegiana) and HdV-10 are shown (10.7 and 47.5%).  

Charcoal 

Charcoal values remain low throughout zone Row-3 with some increase of charcoal fragments of 

+50 μm at the start of Row-3 (9185 cal BP).  

Interpretation Row-3 

After c. 9399 cal BP, the local dominance of Betula starts to decline, although the record still reflects 

its local presence. This is supported by the presence of Betula wood fragments found in the vicinity 

of the coring site at a depth of 390 cm, arguing for the local presence of Betula. Corylus becomes 

of greater importance in the local tree assemblage, although Corylus has high pollen productivity, 

it most probable reflects the local growth of Corylus shrubs. Woodland cover was probably very 

open as Corylus is a light demanding shrub. As an understory shrub it flowers very sparsely, and its 

pollen will not come outside the forest. Around 7251 cal BP Betula values increase once more, 

together with an increase of HdV-124 which could suggest the local presence of Betula carr (Pals et 

al., 1980; Bakker and Smeerdijk, 1982). Other tree taxa continue in a similar trend as the previous 

zone and merely reflect tree stands growing in the wider region. Though between c. 8695 and 8204 

cal BP small increases of Ulmus could reflect sparse growth close to the research site, a small peak 

of Quercus where values exceed 2% TLP at 8940 cal BP can reflect its local but sparse presence 

(Huntley and Birks, 1983) and the increase of Pinus (to 5.2% TLP) at 7251 cal BP reflects its local 

presence at this time. High values of Empetrum at c. 8695 cal BP and at c. 7469 cal BP reflect its 

local dominance. Empetrum pollen present as 1% TLP may represent a significant local presence 

(Huntley and Birks, 1983). The presence of Empetrum may be an indication that mire surface was 

drying out as the species is known to grow on the drier parts of blanket bog (Clapham et al., 1962). 

It is also at this time that Betula and Corylus decline, which might be related to a change in 

hydrology towards drier conditions. This decline could possibly be a late reaction to the 8.2 ka event 

(see Section 6.2.1.1). Other explanations can be Mesolithic activity, supported by the peak in 

grazing indicator HdV-113 (7714 cal BP) and small increases in large charcoal fractions (Section 

6.2.2.1). Mesolithic activity was recorded close to the research site at the grey cairns of Camster 

and has been recorded at similar habitats in Orkney since at least c. 8900 cal BP (Farrell et al., 2014). 

This decline is also recorded at Blow Moss, Orkney (Farrell et al., 2014), where at c. 7340 cal BP the 

open water habitat changed to fen conditions and at Quoyloo Meadow, Orkney from c. 7400 cal BP 

where Corylus was particularly affected and hydroseral transition took place (Bunting, 1994). This 

transition may have been initiated by increased erosion as a consequence of woodland decline 

(Bunting, 1994; Farrell et al., 2014).  
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Increasing values of Calluna shows that there is a local occurrence of Calluna taking part of the 

podsolisation and soil acidification (Peglar, 1979). Peat formation is also suggested by the presence 

of low values of Sphagnum and NPP HdV-4 and HdV-18. These NPP are indicative for the presence 

of Eriophorum vaginatum (van Geel, 1978), which grows in damp, peaty places, especially on 

blanket bogs (Clapham et al., 1962). Increased presence of HdV-495 shows the local growth of 

Molinia caerulea (moorgrass) (van Smeerdijk, 1989), which is characteristic for growing in wet or 

damp places in fens and heaths (Clapham et al., 1962) and HdV-37 is often related to mire 

vegetation (Cugny et al., 2010). The presence of Molinia caerulea, together with species of 

Sphagnum can also reflect the understory of wet birch woodland communities, similar to present-

day NVC W4 (Rodwell, 1991). 

It becomes clear that the area becomes more acidic and blanket bog is formed, nevertheless 

mesotrophic fresh-water habitats continue to be locally present suggested by the presence of 

Zygnema-type spores (van Geel, 1979).  

Continuous presence of HdV-55A/B, HdV-112, HdV-172 and HdV-113 could argue for local grazing 

activity, although, HdV-55A/B, HdV-112 and HdV-172 can also occur on decaying wood, which is 

supported by the presence of HdV-360. The small increase in charcoal fractions of +50 μm at c. 9185 

cal BP, reflects the local presence of either natural or anthropogenic fires. 

5.1.5.4 Row-4 (A-B): 7098-4089 cal BP (380-240 cm) 

Row-4A: 7098-5899 cal BP (380-325 cm) 

Total Land Pollen 

There is a gradual decrease of arboreal pollen at the start of Row-4A which already initiated in Row-

3. This is mainly due to a decrease in Betula values until c. 6553 cal BP where Betula values sharply 

increase and peak (27.5% TLP) around 6379 cal BP after which values once more decrease. In 

contrast to the declining Betula values, Pinus increases throughout this level to maximum values of 

9.9% at c. 6204 cal BP, after which it slightly decreases towards the transition between Row-4A and 

Row-4B. Ulmus and Quercus values are low but constant throughout the level. Alnus, after being 

present as rare-type in the previous zones becomes more abundant in this level and forms a 

continuous curve from Row-4A onwards. Fagus sylvatica (hereafter referred to as Fagus), Fraxinus, 

Sorbus-type and Salix are only present as rare-type. Corylus pollen grains fluctuates throughout this 

level with two peaks around 6902 cal BP (19.9% TLP) and 6553 cal BP (19.7% TLP). At the start of 

Row-4A there are low values of Empetrum shown which then sharply increases and peaks around 

6030 cal BP where after Empetrum is only shown as a rare-type for the remaining part of the 

sequence. Calluna fluctuates throughout this level with maximum and minimum values of 
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respectively 60.9 and 33.8% TLP. Erica-type pollen are only recorded as rare-type, just as pollen of 

Saxifraga stellaris, Filipendula, Urtica-type, Aster-type and Apiaceae. Cyperacae values slightly 

increases through the zone with a peak around 6030 cal BP. Poaceae values remain low.  

Aquatics and Spores 

Myriophyllum alterniflorum, present as a rare-type is the only aquatic species in Row-4A. Spores 

recorded include spores from Ophioglossum, Equisetum, Pteropsida (monolete) indet., Pteridium 

aquilinum, Polypodium and Sphagnum. The latter shows a small peak at c. 6379 cal BP of 7.4% TLP.  

NPP 

HdV-10 fluctuates sharply throughout, with maximum and minimum values of 53.8% and 0%. A 

number of NPP are present in low values in Row-4A include e.g. HdV-1, HdV-3B (Pleospora sp.), 

HdV-4, HdV-27, HdV-77B, HdV-126, HdV-55A/B, HdV-172 (which is highest: 6.7% TLP+NPP at the 

start of Row-4A), HdV-113, HdV-44 (Ustulina deusta), HdV-360, Spirogyra sp., HdV-32A (Assulina 

muscorum) and HdV-527 (Enthorhiza sp.). HdV-31A (Amphitrema flavum) shows a peak of 7.2% 

TLP+NPP in this zone around 6553 cal BP.  

Charcoal 

Row-4A shows two distinct peaks in charcoal across all fraction sizes at c. 6727 cal BP (although the 

peak in the smallest fraction size starts slightly earlier) and c. 6204 cal BP.  

Interpretation Row-4A 

Betula values are lower than those in the previous zone, nonetheless local patches of Betula 

woodland are expected to be locally present. The rapid increase of Betula at c. 6553 cal BP shows 

its local expansion and is probably growing in an open woodland together with Corylus and 

alternate between local absence and presence of Pinus. Alnus starts to increase from the start of 

Row-4A, c. 7076 cal BP, reflecting its regional expansion and from c. 6727 to 6553 cal BP Quercus 

might have been locally present, growing together with Ulmus at c. 6553 cal BP (Huntley and Birks, 

1983).  

High percentages of Calluna reflect a local dominance of this species which probably reflect the 

more widespread decline of Betula woodland or the increasing openness of the woodland and a 

change to dryer conditions, also reflected by the presence of HdV-3B (van Geel, 1976). Fire can be 

linked to the development of heath and blanket mire communities (Froyd, 2006). A peak in charcoal 

reflecting local fires at c. 6902 cal BP could have aided to the further development of heath mires. 

A small increase of HdV-527 at c. 6030 cal BP suggest sedimentation of clay in the environment (van 
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Geel et al., 1983a), possibly due to erosion close to the site, which might be related to declining 

woodlands causing soil disturbances.  

An increase in Sphagnum spores at c. 6379 cal BP, HdV-27 and HdV-77B together with the 

dominance of Calluna suggest continuation of peat accumulation where Calluna colonises the 

highest and drier parts (hummocks) of the peatland (van Geel, 1976). The increase of Empetrum at 

c. 6030 cal BP represents a significant local presence and support drier conditions of the mire 

surface. These drier areas are also suggested by the high presence of HdV-10 and by the increased 

presence of HdV-16C (van Geel, 1978). 

Wetter and more oligotrophic conditions are suggested by the brief presence of HdV-31A and HdV-

32A at c. 6553 cal BP (van Geel et al., 1989). Wetter conditions are supported by the rise in 

Cyperaceae values at this time consisting possibly of Carex paniculata and Eriophorum vaginatum 

which is reflected by an increase of HdV-126 and a presence of HdV-4. Nonetheless, more nutrient 

rich (water) conditions are expected in the surrounding areas, as the presence of Spirogyra sp. and 

Myriophyllum alterniflorum reflect this.  

The presence of HdV-55A/B and HdV-172 could argue for local grazing activity (as spores of these 

mainly belong to coprophilous groups), although both can also occur on other decaying organic 

material. Nonetheless, the presence of HdV-113 does indicate local grazing activities as these 

spores are only found on the dung of herbivores (Davis and Shaffer, 2006). Increased grazing could 

possibly be linked to the further development of heathland and the continuous decline of trees, as 

regenerating sapling will be browsed (Usher and Thompson, 1993). Decaying wood is also 

suggested by the presence of HdV-360 (Shumilovskikh et al., 2015) and spores of HdV-44 ‘which is 

an ascomycetous plant pathogen causing soft rot of living wood and contributing to decay after the 

host tree death’. (Shumilovskikh et al., 2015). The presence of HdV-44 argues for the host trees or 

dead wood in the immediate vicinity of the site (Shumilovskikh et al., 2015). Dead trees are also 

argued to be a result of intensified grazing as Neolithic farming techniques could have caused 

mortally wounded trees (Innes et al., 2010). 

The peak of HdV-1 could be related to local dry conditions or could be related to the presence of 

fire (van Geel and Aptroot, 2006). The first peak in HdV-1 at c. 6727 cal BP is simultaneously with a 

peak in charcoal values in Row-4A, which shows the local presence of fire. It can be argued that the 

presence of grazing herbivores (possibly relating to pastoral activity) and increasing fire activity 

suggests that from this time (the end of the Mesolithic period), people are present in the landscape. 

Mesolithic activity in the wider region of Rowens has been identified through Mesolithic flint 

scatters at both Camster and Oliclett (Section 3.4.1) and might be directly related to the possible 

human activity recorded in the pollen data. As the charcoal increases are simultaneous with further 
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increases in Calluna it could be possible that the peatlands were burned to enhance cultivation. 

Burning of the uplands has a history of hundreds, perhaps thousands of years and was intended to 

improve hill grazing in the uplands both by burning off the dead grass from the previous season and 

by burning off old heather to encourage more young growth (Dodgshon and Olsson, 2006). 

Although there is no direct evidence that moor burning was practiced at this time it can be argued 

that Mesolithic foragers would have deliberately managed the uplands to improve its quality for 

grazing and attracted ungulate populations to the disturbed areas and increase hunting efficiency 

and yield (Innes and Blackford, 2003). Furthermore, a small increase in Cyperaceae after Calluna is 

declining at c. 6379 and 6030 cal BP follows the change in vegetation communities expected after 

burning or grazing pressures (Thompson et al., 1995). 

Row-4B: 5899-4089 cal BP (325-240 cm)  

Total Land Pollen 

Betula values decline even further in Row-4B but remain constant through the zone. Pinus values 

are low throughout except for one small peak towards the end of the level around 4286 cal BP. 

Alnus pollen values further increase to a maximum of 7.8% TLP around 5429 cal BP. Ulmus, Fraxinus 

and Quercus are mainly recorded as rare-type although the latter shows one small peak (6.3% TLP) 

around 4286 cal BP, which corresponds with a peak in Alnus, Carpinus, Tilia, Juniperus, Sorbus-type 

and Salix are all present as rare-type. High values of Calluna are shown throughout this level, with 

a maximum of 62.9% TLP around 4809 cal BP. There is a slight increase in Erica-type pollen grains 

towards the end of Row-4B. Rare-types are recorded of Ranunculaceae, Chrysoplenium officinale-

type, Rosaceae, Filipendula, Potentilla, Hypericum sp., Rumex obtusiofolius, Plantago media/major, 

Plantago lanceolata and Apiaceae. Cyperaceae and Poaceae values are generally low with one peak 

in Cyperaceae (18.8% TLP) around 4983 cal BP. Towards the end of the zone Cyperaceae values 

increase again. A first presence of Poaceae over 35 μm occurs at c. 4983 cal BP which are identified 

as Hordeum-type pollen grains (Section 5.1.6) and represent the first evidence of cereal crop 

cultivation at Rowens.  

Aquatics and Spores 

Spores recorded as rare-type in Row-4B include Pteropsida (monolete) indet., Pteridium aquilinum 

and Polypodium. Sphagnum shows a high peak (40.8% TLP+AS) towards the end of the zone (c. 6279 

cal BP), which decreases sharply into Row-5.  

NPP 

High values of HdV-10 continue to fluctuate throughout Row-4B with maximum and minimum 

values of 50 and 5.9% TLP+NPP. NPP that continue to be present (also present in Row-4A) include 
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e.g. HdV-1, HdV-4, HdV-55A/B, HdV-113, HdV-495 and HdV-527: which becomes most abundant in 

Row-4B (13.4%). HdV-18 reoccurs in this zone and peaks towards the end.  

Charcoal 

There are three small but distinct peaks in charcoal across all fraction sizes around 5681, 5158 and 

4460 cal BP, with charcoal increasing again towards the end of Row-4B.  

Interpretation Row-4B 

There is a continuous presence of open woodland consisting mainly of Betula and Corylus in a 

Calluna dominated vegetation. Nonetheless woodland presence is significantly reduced in 

comparison to previous zones. The further increase of Alnus values reflects the further 

establishment of this species, with its highest presence at 5332 cal BP (7.8% TLP). Nonetheless 

values do not reach 10% TLP which would reflect Alnus dominated vegetation within the site 

catchment (Huntley and Birks, 1983). Alnus is likely to grow on slightly more nutrient-rich soils, it 

might be growing by streams close to the coring location or as local fen/carr vegetation. Quercus 

appears to be sparsely but locally present throughout the zone and shows an expansion at 5332 cal 

BP where values exceed 5% TLP, perhaps it is responding to changing climatic conditions, (Huntley 

and Birks, 1983; Birks, 1989). Pinus shows several episodes of local expansion (where values exceed 

5% TLP), at 5332, 4983, 4653 and 4286 cal BP. The latter period shows the highest presence of Pinus 

although it is likely that Pinus woodland is never dense and follows the open character at this time, 

growing together with Betula and Corylus. The presence of Pinus might relate to the in-situ pine 

stumps that were found in the peat close to Rowens by Gear and Huntley (1991) (undated) and 

during fieldwork (this study) at c. 1.5 km southwest of the site. After this final peak Pinus values 

further decline and from c. 4141 cal BP become absent from the area (see Section 6.2). Ulmus values 

show one final peak at 5855 cal BP reflecting its sparse but local presence. Hereafter values decline 

but it is not until c. 4635 cal BP that Ulmus is mainly recorded as rare-type. The decline of Ulmus 

can be a slight delayed reflection of the “Elm decline” in southern and western locations. The elm 

decline is a uniform phased event across the British Isles explained to a large extent by the outbreak 

of disease, climate change and human activities (Parker et al., 2002). This event occurred largely 

between 6347-5281 cal BP depending on the location (ibid.) (see Section 6.2.1.3). 

Calluna together with an increase in Sphagnum spores, presence of HdV-4, HdV-18 and HdV-495 at 

c. 4141 cal BP suggest blanket bog vegetation, where Calluna colonises the hummocks. The 

dominance of Calluna in the landscape is also reflected by the high presence of host plant indicator 

HdV-10 (van Geel, 1976; Cugny et al., 2010). A peak in Cyperaceae at c. 4983 cal BP correlates with 

a dip in Calluna pollen and could relate to a period of wetter conditions. Wetter conditions are also 



5 Results and Interpretation 

152 
 

suggested with the presence of HdV-32A and HdV-140. The latter is of regular occurrence in 

deposits formed under eutrophic conditions  (van Geel, 1976; van Geel et al., 1983b). Nonetheless, 

the dip in Calluna and increases in Cyperaceae may be the reflection of the typical sequence of 

moor burning (Thompson and Horsfield, 1997). The presence of rare-type values of Plantago 

lanceolata together with cereal grain pollen – identified as being of Hordeum type (Table 5.5) – and 

a low but steady presence of charcoal values shows the local presence of Neolithic communities 

cultivating the surrounding landscape. Hordeum is only present as rare-type, suggesting its limited 

presence in the landscape. Nonetheless, Hordeum is an cleistogamous (self-pollinating) cereal 

where the pollen grains generally remain in the hulls and will therefore be poorly dispersed and 

underrepresented and only released during harvesting and threshing (Behre, 1981, 2007). It is 

therefore suggested that Hordeum is locally cultivated from 4983 cal BP. If using Plantago 

lanceolata as a marker for first cultivation in the landscape, then this is dated to c. 5158 cal BP. To 

continue, it is not until Row-5 that Plantago lanceolata pollen significantly increase. The small 

increase of Pteridium aquilinium at c. 4286 cal BP could be associated with grazing or widespread 

burning (Robinson, 1987) as it is favoured by grazing and fire (Clapham et al., 1962). Its presence 

can also be a response to increased light intensity following clearance (Pennington, 1972). The 

increase at c. 4286 cal BP coincides with an increase in charcoal values, which argues for local 

burning activities. An increase of HdV-527, with a peak at c. 4809 cal BP suggests sedimentation of 

clay in the environment (van Geel et al., 1983a), possibly due to erosion close to the site. Erosion 

could have been caused by grazing in the vicinity of the site although fungal spores related to 

grazing are rare in Row-4B: low presence of HdV-113 at the start of the zone and the possible 

indicator HdV-55A/B, which has been questioned whether it has positive association with herbivory 

(Baker et al., 2013). It is therefore suggested that the erosion at the site has a non-grazing origin 

but might relate to agricultural activities as suggested by the presence of Hordeum and/or moor 

burning. The presence of Neolithic communities is also confirmed by the archaeological remains in 

the wider Rowens landscape, including the grey cairns of Camster (Section 3.4.1).  

5.1.5.5 Row-5: 4089-2159 cal BP (240-130 cm) 

Total Land Pollen 

Row-5 shows low values of tree taxa (average of 19.4% TLP) with Betula and Alnus pollen accounting 

for the highest percentages. Small values are shown of: Ulmus (although even less than in previous 

zones), Fagus, Quercus, Carpinus, Tilia, Fraxinus and Viburnum-type. Low values of Sorbus-type and 

Salix remain present whereas, higher values of Corylus fluctuate throughout with a peak at c. 3159 

cal BP of 19.5% TLP. Calluna continues to be the most dominant taxon with maximum values 

reaching 68.2% TLP at c. 3299 cal BP, whereas both Erica-type and Empetrum remain low; the latter 
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only occasionally recorded in this zone. Two declines in Calluna values correspond with two peaks 

in Cyperaceae pollen values at the beginning and the end of Row-5 (respectively 44.9 and 37.5% 

TLP). Other herbaceous taxa include low values of e.g. Caltha-palustris-type, Ranunculaceae, Urtica-

type, Polygonum aviculare-type (common knotgrass), Rumex acetosa/acetosella-type, R. 

obtusifolius, Chenopodium sp. (goosefoot), Plantago media/major, Lactuaceae, Aster-type, 

Artemisia-type and Valeriana dioica. Plantago lanceolata is recorded more frequently in Row-5. 

Poaceae values increase and there is some presence of possible cereals. 

Aquatics and Spores 

Small values of aquatic taxa include: Myriophyllum alterniflorum, Menyanthes trifoliata and Elodea 

(waterweeds). Rare values of Equisetum, Pteropsida (monolete) indet., Pteridium aquilinum, 

Dryopteris sp. and Polypodium are recorded in this zone. Sphagnum values fluctuate throughout 

with a sharp increase (34.1%) at c. 2176 cal BP.   

NPP 

Values of HdV-10 are still high at the start of Row-5 (32.8% TLP+NPP) but gradually decline 

throughout the zone. There is a peak in HdV-18 (8.4%) at the beginning of the zone, which then 

becomes absent. Other NPP present include e.g. HdV-1, HdV-4, HdV-77B, Sphagnum ausstinnii leaf 

fragment, HdV-55A/B, HdV-527, HdV-16C, HdV-31A, HdV-32A/B and HdV-495. Spirogyra sp. and 

HdV-766 (Botryococcus sp): a type of green algae, appear towards the end of Row-5.  

Charcoal 

There are two high charcoal peaks for all microscopic charcoal sizes at 3861 and 2159 cal BP 

respectively. These peaks seem to correlate to a decline in Calluna values and increases in 

Cyperaceae. After these initial peaks in charcoal, all sizes decline, with only a small peak detected 

at c.  2738 cal BP where mainly the largest charcoal fragments (+50 μm) increase.  

Interpretation Row-5 

Lower values of Betula continue to fluctuate throughout this zone, reflecting local and regional 

presence of Betula woodland patches. A small peak of Corylus at c. 3159 cal BP is followed by a peak 

in Betula, showing a short-lived expansion of these trees in the area. Valeriana dioica and 

Filipendula also show a slight increase at c. 3159 cal BP, perhaps indicating a damp open Corylus 

woodland with Betula and tall herbs (Robinson, 1987). Quercus might continue to be locally 

present, with only some very local stances or pollen present can reflect its more regional 

occurrence. Quercus declines from 3018 cal BP and becomes locally absent. Fagus (recorded as 
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rare-type) shows its first appearance in the pollen record. This low value shows trees migrating into 

the wider region at this time, but it is never locally present at Rowens.  

Further indication of the environment becoming wetter, are the increases in Cyperaceae, including 

Molinia caerulea (suggested by the presence of HdV-495, van Smeerdijk, 1989); the presence of 

aquatic species, including Myriophyllum alterniflorum, Elodea; eutrophic wet conditions indicators 

HdV-766 and Spirogyra sp. and fluctuating Sphagnum values. A local presence of Alnus – possibly 

growing sheltered areas next to the streams – and increased values of HdV-31A, HdV-32A/B also 

point to local wetter conditions. 

Nonetheless, Calluna continues to be the most dominant taxon, growing together with Erica-type 

(possibly Erica tetralix) indicating drier/drained conditions within the peat. Drier conditions are also 

supported by the continuous presence of HdV-16C (van Geel, 1978). The combination of wetter and 

drier conditions is indicative for the ongoing accumulation of blanket bog consisting of Cyperaceae, 

Eriophorum vaginatum (HdV-4 and HdV-18), Calluna and Sphagnum species (supported by the 

presence of HdV-77B, van Geel 1976). Towards the end of Row-5 a leaf fragment of Sphagnum 

ausstinii is identified. S. ausstinii is an ombrotrophic taxon (Swindles et al., 2015), which supports 

the blanket bog conditions. This combination of vegetation present appears similar to the present-

day vegetation.      

A further increase of Plantago lanceolata pollen from c. 3440 cal BP, together with scattered pollen 

grains of Artemisia-type, Rumex sp. and Ranunculaceae (possibly Ranunculus acris-type) may 

indicate the local presence of pastures. Species of Urtica and Artemisia reflect the increase in 

nutrients as they are nitrophilous and are expected to be found at habitational sites and on 

cultivated land (Behre, 1981). The increase of nutrients at the site is also reflected by the presence 

of Caltha palustris, (and possibly) Valeriana dioica, both are also found in wetter habitats (Arnolds 

and van der Meijden, 1976) and HdV-766 and Spirogyra sp. Species of Chenopodium and Polygonum 

can also form part of weed communities and are often associated with crop cultivation. Crop 

cultivation is also reflected by the continuous presence of pollen of cereal grains which are all 

identified as Hordeum type (Table 5.5). Human-related soil disturbances are also recognised by an 

increase in Plantago major/media, as it is a ruderal species (Behre, 1981). The increase in charcoal 

also suggests people (Bronze Age and later Iron Age communities) present in the local landscape, 

this is supported by the peak of HdV-1 simultaneous with +50 μm charcoal fragments. Increases in 

charcoal at c. 3861 cal BP appear with a decrease of Calluna, arguing for possible moor burning to 

improve its quality. Coprophilous fungal spores are absent except for HdV-55A/B (possibly related 

to drier conditions or the presence of dead wood), which you would expect when pastoral grazing 

is occurring. Continuous clay sedimentation (HdV-527) suggests possible erosion in the area (van 

Geel et al., 1983a), which can possibly be linked to burning and cultivation activities in the area.   
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The increase in cultivation activity is typically for the transition from Neolithic to Bronze Age 

communities, which appeared to have commenced in the Rowens area around 3440 cal BP. The 

remains of possible Bronze Age hut circles show that Bronze Age communities were living in this 

area. During the Iron Age agricultural activities intensified throughout Scotland (from c. 2450 to 

1450 cal BP) (Tipping, 1994; Armit and Ralston, 2003; Smout et al., 2007). This intensification is not 

recorded at Rowens, agricultural activities appear to continue in a similar manner as during the 

Bronze Age, although a small increase in charcoal at 1475 cal BP, might suggest renewed human 

impact in the area. Furthermore, the remains of e.g. brochs could reflect the presence of Iron age 

communities in the region.   

5.1.5.6 Row-6: 2159-404 cal BP (130-30 cm) 

Total Land Pollen 

Arboreal pollen values remain relatively stable through Row-6 with an average of 18.3% TLP with 

Betula values counting for 10.1% of TLP. The other 8.2% comprises of Pinus, Ulmus, Fagus, Quercus, 

Alnus, Carpinus, Fraxinus, Ilex-type and Picea sp. (spruce). Both Quercus and Alnus increase slightly 

towards the end of Row-6 to 4.7% and 5.8% TLP respectively after which both, together with Betula 

and Pinus values, sharply decline at c. 600 cal BP. Corylus remains constant throughout Row-6 with 

one peak at c. 1334 cal BP of 12.9% TLP. Both Sorbus-type and Salix values remain low. Calluna 

values fluctuate throughout the zone with its maximum value of 71.9% TLP at c. 2036 cal BP and 

minimum of 37.1% TLP at c. 773 cal BP.  Low values of Erica-type are present throughout the 

sequence as well as low values of Ranunculaceae, Urtica-type, Cannabaceae, Polygonum aviculare, 

Rumex acetosa/acetosella-type, Rumex obtusifolius, Chenopodium sp.,  Plantago media/major, P. 

lanceolata, Mentha-type (mint), Pinguicula vulgaris-type (common butterwort), Artemisia-type, 

Paris quadrifolia-type  and Brassicaceae. Values of Cyperaceae increase towards the end of Row-6 

to 33% TLP. Slightly higher values of Poaceae are shown in this zone in comparison with the previous 

zone with an average of 5.5% TLP (4.2% in Row-5), furthermore, Poaceae over 35 μm are mainly 

identified towards the end of Row-6.  

Aquatics and Spores 

Aquatic taxa identified as rare-taxa within this zone include Callitriche sp., Utricularia-type, 

Menyanthes trifoliata and Potamogeton. Spores identified include Selaginella, Equisetum, 

Pteropsida (monolete) indet., Pteridium aquilinum, Polypodium, and Sphagnum.  
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NPP 

HdV-113 and HdV-44 only show low values at the beginning of Row-6. Values of HdV-10 continue 

to fluctuate throughout, with a peak at the beginning and the end of Row-6. Other NPP identified 

include e.g. HdV-55A/B, HdV-527, HdV-5 (fungal spores indet.), HdV-16A (Byssotecium circinnans), 

HdV-16C, HdV-140, Spirogyra sp., HdV-342, HdV-31A, HdV-32A/B, HdV-207, HdV-495, HdV-220 

(remains of fresh water sponges [Porifera]), HdV-760 and HdV-766.  

Charcoal 

Charcoal values of fragments between 1-21 μm remain relatively low throughout Row-6. Charcoal 

fragments of 21-50 μm +50 μm peak twice with the highest peak towards the end of Row-6 at c. 

773 cal BP.   

Interpretation Row-6 

Betula and Corylus continue to be sparse but locally present. Alnus is locally present until c. 773 cal 

BP after which time Alnus becomes absent in the local vegetation. That (wet) woodland continued 

to be present is also suggested by the presence of Paris quadrifolia-type, which grows in damp 

woodlands (Tamis et al., 2004). The presence of HdV-44 argues for dead wood in the immediate 

vicinity of the site (Shumilovskikh et al., 2015).  Quercus rapidly decreases at the end of Row-6 (c. 

352 cal BP), suggesting an overall decline of this species in the regional landscape. Pinus might be 

locally present at c. 1053 cal BP, where values exceed 5% TLP (Bennett, 1995). At this time there is 

also a small peak in HdV-16A, indicative for drier conditions in the peat or local mesotrophic 

conditions which could have supported local Pinus growth (van Geel et al., 1981). Calluna continues 

to be most dominant in this blanket bog, which is supported by the high presence of HdV-10, 

together with HdV-16C reflecting drier conditions (van Geel, 1978). A continuous fluctuating 

presence of Sphagnum together with wet (nutrient-poor) habitat indicators (e.g. Pinguicula 

vulgaris, HdV-495 HdV-342, HdV-31A, HdV-32A/B and HdV-220) reflects the wetness of the 

environment (Arnolds and van der Meijden, 1976; Kuhry, 1985; van Geel et al., 1989; van Smeerdijk, 

1989).  

Continuous presence of pastoral weeds: Ranunculaceae, Rumex acetosa/acetosella, Plantago 

lanceolata, Artemisia-type, Polygonum aviculare and Chenopodium sp. together with increased 

charcoal values of +50 μm, Canabaceae and Hordeum type cereal grains reflects local pastures and 

crop cultivation. The presence of Urtica-type and Brassicaceae pollen – which are indicative for 

disturbed ground, possibly reflect grazing (Waller et al., 2005) and argue for human activity in the 

vicinity of the site. Disturbed ground and soil erosion, possibly due to grazing and cultivation, is also 

reflected by a reappearance of HdV-207 and the continuous presence of HdV-527 (van Geel et al., 
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1983a; 1989). High charcoal values of fractions +50 μm around 773 cal BP (AD 1177) correlate with 

a dip in Calluna and an increase in Cyperaceae. It is probable that the moorland was managed by 

rotational burning, enhancing the crop and pastoral cultivation in the area. Although this first 

historic evidence is c. 200 years later then the suggestion of moor burning for Rowens at this time 

it seems likely that people were managing the uplands for grazing and crop cultivation. 

Furthermore, the presence of HdV-5 from c. 1475 cal BP argues for drier conditions after a peatbog 

has been drained and the disappearance of the upper peat layer that has been burned off during 

moor burning (van Geel, 1976). The presence of Mentha (possibly M. aquatica) could reflect 

eutrophication of the area due to grazing because of its growing habitat in nutrient rich aquatic 

environments (Arnolds and van der Meijden, 1976). Increasing nutrients in the wet environment is 

also suggested by the presence of aquatic species including: Callitriche sp., Utricularia and sp. 

Potamogeton. Identified NPP of Spirogyra sp. (van Geel et al., 1989), HdV-140 (van Geel et al., 

1983b), HdV-760 and HdV-766 (van Geel et al., 1983b) supports the wetting and eutrophication of 

the site. The remains of shielings in the vicinity of the site can possibly date to this period, where 

people are both cultivating crops and were keeping some livestock (Holl and Smith, 2007).   

Recorded pollen of Picea present at 1615 and 1053 cal BP could reflect mixing of the sediment as 

they are expected to have derived from the more recent non-native coniferous tree plantations.  

5.1.5.7 Row-7: 404 cal BP-present (30-0 cm) 

Total Land Pollen 

Pinus rapidly increases in Row-7 whereas all other tree and shrub taxa remain low (e.g. Quercus 

now only present as rare-taxa) or are absent. Values of Calluna are very high at the start of Row-7 

(86.8% TLP) after which they decline to 40.5% by the end of the sequence where there is a slight 

increase in Erica-type. Herbaceous taxa present include: Ranunculaceae, Rosaceae sp., Filipendula, 

Cannabaceae, Hypericum sp., Rumex acetosa/acetosella-type, Chenopodium sp., Plantago 

media/major, Plantago, Lactuaceae, Aster-type, Artemisia-type, Paris quadrifolia-type, Fabaceae 

(pea family), Brassicaceae and Scheuchzaria palustris (pod grass). Plantago lanceolata shows its 

highest values in Row-7 (3.3% TLP). Both Cyperaceae and Poaceae increase throughout Row-7.  

Aquatics and Spores 

In Row-7 there is some presence of Potamogeton as well as spores of Pteropsida (monolete) indet., 

Pteridium aquilinum, Cryptogramma crispa and a strong peak of Sphagnum (35.6%). 
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NPP 

Throughout Row-7 there is a relatively high presence of HdV-10, with peaks in values of HdV-27, 

HdV-16A with maxima 18.4, 4.3 and 22.6% TLP+NPP respectively. Low values of several NPP have 

been identified including e.g. HdV-3B, HdV-113, HdV-527, HdV-16C, Zygnema-type and Spirogyra 

spp.  

Charcoal  

Charcoal is present in lower values than previous zones with a small cross-fraction peak recorded 

at the top of the sequence at c. 104 cal BP. 

Interpretation Row-7 

Increased values of Pinus at c. 104 cal BP (AD 1846) suggest its local presence. This increase could 

possibly be related to the Clearances where large areas of land were cleared of old-established 

settled populations from the last quarter of the 18th century, allowing natural regeneration of Pinus 

trees where sheep grazing was not too intense. To continue, Sir John Sinclair (the first Baronet of 

Ulbster, Caithness) calculated in 1834 that the area occupied by coppices and plantations in 

Caithness was about 850 acres, an equivalent to 432 ha (The Editors of the Gazetteer for Scotland, 

2002-2019). It is possible that the increase in Pinus reflects plantations at this time, although on the 

OS 1870’s map (EDINA Historic Digimap Service, 1870) no plantations are recorded close to the site 

of Rowens.  

Calluna declines, although continues to be of local dominance, this is supported by the presence of 

HdV-10. Dry conditions in the peatland are suggested by the presence of HdV-3B which is related 

to relatively dry ombrotrophic peat vegetation (van Geel, 1976). Sphagnum, Cyperaceae and 

Poaceae values increase, reflecting the ongoing rewetting of the local environment. Plantago 

lanceolata increases even further; together with other human indicator species: Rumex 

acetosa/acetosella, Ranunculaceae, Lactuaceae, Aster-type, Plantago media/major, cereal grains 

(identified as being of Hordeum type [Table 5.5]) and high charcoal values, reflect pastoral activity 

and crop cultivation in the vicinity of the site. Grazing is further suggested by the presence of HdV-

113 possibly causing erosion at the sites (HdV-527). The peak of Cryprogramma crispa – a species 

usually found on rocky slopes and screes of acidic rocks – possibly relates to artificial constructions 

(as it is expected that there is no rocky slope present at this time) such as drystone walls serving as 

field boundaries (Page, 1997). 

HdV-16A could be indicative for either mesotrophic conditions or as a dry peat indicator (van Geel 

et al., 1981). A significant peak is recorded in this zone, which could possibly be linked to the 

planting of non-native coniferous trees in the area. For conifers to grow on peat, drainage ditches 
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were dug, causing the peat to dry out and fertilisers (phosphorous and where required potassium 

and nitrogen) were used to increase the nutrient availability (Taylor, 1991; Payne et al., 2018).  

5.1.6 Cereal grains 

The pollen grains of Poaceae over 35 μm were identified and measured during the pollen counting 

(Table 5.5). Measurements of grains aided towards the identification of the type of cereal pollen. 

With the aid of cereal pollen grain identification by Andersen (1979) in Tipping (n.d). (Appendix 

8.12) the grains were grouped in three groups: wild grasses, Hordeum (barley) type and Avena-

Triticum (oat-wheat) group. It appears that the majority of the large Poaceae grains can be further 

identfied as being of the Hordeum type group with the exception of two grains from the depth of 

10 cm, one grain at 35 cm and one grain from 43 cm which, are all identified as wild grasses as the 

diameter of the annulus does not exceed the 7.5 μm. Nonetheless, they could derive from Hordeum 

type as there are several species within this group that do have smaller annulus sizes (Tipping, n.d.).  
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Table 5.5   The number of Poaceae over 35 μm per sample depth and correlated calibrated BP age (Blaauw, 2010; 
Reimer et al., 2013), their sizes and their probable identification: wild grasses or Hordeum type. 

Sample 
depth 
(cm) 

Age cal BP 
#grains in 

sample 
(μm) 

Grain 
length 
(μm) 

Grain 
width 
(μm) 

Mean 
grain 
size 

(μm) 

Diameter 
annulus 

(μm) 

Pore 
size 

(μm) 

Surface 
pattern 

Identified 
group 

11 104 cal BP 

1 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

2 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

3 35.0 30.0 32.50 8.0 3.5 scabrate 
Hordeum 
type 

4 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

5 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

6 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

7 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

8 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

9 35.0 30.0 32.50 8.0 3.5 Scabrate 
Hordeum 
type 

10 42.5 30.0 36.25 10.0 5.0 Scabrate 
Hordeum 
type 

11 37.5 32.5 35.00 10.0 4.5 Scabrate 
Hordeum 
type 

19 228 cal BP 
1 35.0 30.0 32.50 7.5 2.5 Scabrate Wild grasses 

2 35.0 30.0 32.50 7.5 2.5 Scabrate Wild grasses 

27 352 cal BP 1 45.0 30.0 37.50 10.0 5.0 Scabrate 
Hordeum 
type 

35 492 cal BP 

1 42.5 25.0 33.75 8.0 2.5 Scabrate 
Hordeum 
type 

2 35.0 25.0 30.00 8.0 2.5 Scabrate Wild grasses 

3 37.5 30.0 33.75 8.0 4.0 Scabrate 
Hordeum 
type 

43 632 cal BP 
1 35.0 30.0 32.50 7.5 3.5 Scabrate Wild grasses 

2 47.5 30.0 38.75 8.0 3.5 Scabrate 
Hordeum 
type 

51 773 cal BP 1 35.0 27.5 31.25 10.0 3.5 Scabrate 
Hordeum 
type 

139 
2317 cal 
BP 

1 45.0 30.0 37.50 8.0 4.5 Scabrate 
Hordeum 
type 

163 
2738 cal 
BP 

1 35.0 30.0 32.50 8.0 2.5 Scabrate 
Hordeum 
type 

2 35.0 30.0 32.50 8.0 2.5 Scabrate 
Hordeum 
type 

283 
4983 cal 
BP 

1 37.5 32.5 35.00 8.0 2.5 Scabrate 
Hordeum 
type 

2 37.5 32.5 35.00 8.0 2.5 scabrate 
Hordeum 
type 
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5.1.7 Historic maps - Bowands and scattered trees 

Historic maps were consulted for the Rowens area, as these could possibly be used to detect the 

more precise locations of past woodlands in the landscape and whether the course of rivers and 

streams are at present similar to those of the past.  

The first map of Caithness has been created by Robert Gordon in AD 1642 (National Library of 

Scotland, 2018b), although his map is possibly based on a map made by Pont (AD 1560-1614) (it is 

unknown where this map is). Unfortunately, no woodland is depicted in this map (Figure 5.9), it is 

still possible to be used to detect whether rivers changed course over time. Many of the present-

day places, rivers and lochs are already depicted in this map, e.g. Wick, Loch Watten (Vattin L.), 

Loch Toftingal (L. Tochnagal). Based on the position of Loch Watten and Loch Toftingal, the 

estimated location for Rowens has been given (orange star, Figure 5.9). Note that the position of 

the map (north/east/south/west) is different than that of present day. Joan Blaeu’s 1654 map of 

Caithness (Cathenesia), made as part of Blaeu Atlas of Scotland (National Library of Scotland, 

2018c), is again possibly based on an earlier map by Pont (AD 1560-1614). This map shows that 

below Loch Toftingal (L. Tochnagal), at the possible location of Rowens, scattered trees were 

possibly present in the landscape (shown by the drawings of trees, Figure 5.10). The pollen data 

seems to agree with this picture of an open heath land with only a few trees remaining. 

Nonetheless, Blaeu described Caithness as ‘being extremely lacking in wood, obtains it from nearby 

Strathnaver, mostly in exchange for crops, in which that province is equally lacking, or uses material 

brought from Norway. For fire are provided turfs, or black bituminous earth, formed into blocks and 

hardened by sun and wind; this excellent and easily prepared fuel for fire is lacking hardly anywhere 

in the north. Many sterile plains and mountain sides are fully covered with it.’ (“Strath-Navernia. 

Cathenesiae Nova Descriptio - Blaeu Atlas of Scotland, 1654,”). The text written by Blaeu confirms 

the open character of the landscape in Caithness, lacking the presence of woodland at this time. It 

is also interesting to note that Blaeu mentions material brought from Norway, which argues for the 

transport of timber from Norway at least from AD 1654.  

On the Roy’s Military Survey of Scotland map made between AD 1747 and 1755 (National Library 

of Scotland, 2018a) no woodland is to be seen close to the Rowens area (Figure 5.11). The map 

shows the (possible) first recording of Rowens farm (where the Rowens forest district probably is 

named after, and this study location). Although the name Rowens has been spelled as “Bowands”, 

it’s position between “Achlybster” (Achalipster) and “Munzery” (Munsary) support that this is 

Rowens farm, located next to the Rowens burn. On the map these three “farmsteads” are 

surrounded by cultivated fields, which could possibly relate to Hordeum-type grain cultivation as 

identified in Row-7 (Section 5.1.5.7)  
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Figure 5.9    Top: a section of Gordon’s 1642’s map of Caithness. Bottom: modern map. Both displaying the area 
surrounding Rowens with 1. depicting Wick, 2. Loch Watten and 3. Loch Toftingal. The orange star marks the 
possible location of present-day Rowens (this study) and the red star marks the exact location of Rowens (National 
Library of Scotland, 2018b; Digimap, 2019). 
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Figure 5.10    Top: a section of Blaeu’s 1654’s map of Caithness. Bottom: modern map. Both 
displaying the area surrounding Rowens with 1. Loch Toftingal and 2. possibly trees growing in the 
landscape at the location of present day Rowens. The orange star marks the possible location of 
present-day Rowens (this study) and the red star marks the exact location of Rowens (National 
Library of Scotland, 2018c; Digimap, 2019). 
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5.2 Results and Interpretation Braehour 

5.2.1 Sediment Stratigraphic Investigations 

The stratigraphy present at Braehour was recorded during fieldwork. An idealised overall 

stratigraphy (Figure 5.12) starts at c. 90.3 m OD where the subsoil is dark grey, medium to coarse 

sandy, clayey silt. The subsoil gradually changes into a dark brown clayey silt layer containing 

monocotyledon plant fragments. The stratigraphy continues with a layer of c. 0.5 m of dark brown 

monocotyledon plant fragments and Eriophorum peat containing frequent wood fragments, 

overlain by a similar layer of c. 1.7 m Eriophorum peat but containing only occasional wood 

fragments. At the depth of c. 92 m OD the wood fragments become absent, suggesting a possible, 

locally treeless landscape around this time. The stratigraphy ends at c. 95.5 m OD where a layer of 

dark brown modern Sphagnum peat is visible. All stratigraphic layers identified during the auger 

survey are displayed in Figure 5.13.  

   

Figure 5.12    Idealised stratigraphy present at Braehour. 

Dark brown modern Sphagnum peat vegetation 

Dark brown monocot Eriophorum peat vegetation 

Dark brown monocot Eriophorum peat vegetation with occasional wood fragments 

Dark brown monocot Eriophorum peat vegetation with wood fragments 

Dark brown clayey silt with monocot fragments 
Dark grey, medium to coarse sandy clayey silt. 

m
 O

D
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 Figure 5.13    Schematic display of the stratigraphy recognised during the auger survey at Braehour. 
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Different physical features and components were recognised in the sampled core (AP4) at Braehour 

(Table 5.6). For example: the deepest strata recognised in Braehour (520 to 350 cm) is described as 

Dl/Dh + Nig4 Strat0 Elas3 Sicc3 homogenous monocot Eriophorum peat with wood fragments. This 

describes that this layer contains fragments of woody plants (Detritus lignosus) >2mm and 

fragments of herbaceous plants (Detritus herbosus) >2mm + Degree of Darkness 4 (Nig4) - which is 

used for completely disintegrated peat, a completely homogenous deposit (Strat0), it is elastic 

(Elas3), moist/unsaturated sediment (Sicc3). The last part of the classification gives a general 

description of the type of sediment.  

 

Table 5.6    Sediment description Braehour core 1 (AP4). 

Depth 
in cm 

Description Colour subsamples Remarks 

520-
350 

Dl/Dh + Nig4 Strat0 
Elas3 Sicc3 
homogenous monocot 
Eriophorum peat with 
wood fragments 

Very 
dark 
brown 
7,5 YR 
3/2 

519, 515, 511, 507, 503, 499, 495, 
491, 487, 483, 479, 475, 471, 467, 
463, 459, 455, 451, 447, 443, 439, 
431, 427, 423, 419, 415, 407, 403, 
399, 395, 391, 387, 383, 379, 371, 
367, 363, 359, 355, 351 

-519 cm 14C sample start 
woodland phase 
-507, 495, 483, 463 to 465, 440 to 
442, 403, 368, 350 to 351 cm 
wood fragments sampled 
-sampled every 4 cm 
-351 14C sample end woodland 
phase 

350-
200 

Dh + Nig4 Strat0 Elas4 
Sicc3 very gradual 
boundary fibrous 
Eriophorum peat with 
monocot fragments 

Very 
dark 
brown 
7,5 YR 
3/2 

347, 339, 331, 323, 315, 307, 299, 
291, 283, 275, 267, 259, 251, 243, 
235, 227, 219, 211 

-from 347 cm sampled every 8 cm  
-very fibrous between 345 and 
350 
-more fibrous after 330 cm 
-very fibrous from 250cm to 200 

200-
40 

Dh + Nig4 Strat0 Elas4 
Sicc3 very gradual 
boundary very fibrous 
Eriophorum peat with 
monocot fragments 

Dark 
brown 
7,5 YR 
4/6 

203, 195, 187, 179, 171, 163, 155, 
147, 139, 131, 123, 115, 107, 99, 
91, 83, 75, 67, 59, 51 

-sampled every 8 cm 

40-0 Th/Tb+Nig3 Strat0 
Elas4 Sicc3 
Fibrous modern 
Sphagnum peat with 
monocot fragments  

Dark 
brown 
7,5 YR 
4/6 

43, 35, 27, 19, 11, 3 -at 43 cm 14C sample 
-sampled every 8 cm 
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5.2.1.1 Basin profile Braehour  

Based on the auger survey (coordinates can be found in Appendix 8.13), the basin profile at 

Braehour could be determined by subtracting the depth of the auger point from the height of the 

present surface (m OD) (Table 5.7). Figure 5.14 shows a 3-D model of the bedrock/basin profile 

present at the sampling site of Braehour covering an area of 150x150 m. It appears that the lowest 

(m OD) underlying bedrock is measured at AP16, AP15 and AP14. This is likely where sediment 

would have started to accumulate.  

Usually the deepest point of a basin would be sampled for palaeoecological reconstruction as this 

is the location where the accumulation of sediment begins and will reflect the longest 

reconstruction. Nonetheless, it was decided to take the core from AP4 (although this is not the 

deepest point in the basin) as it contained an additional clay layer and a thick layer of Eriophorum 

peat containing wood fragments, which was hoped to be useful for the reconstruction of former 

woodlands. The bedrock at AP4 is only slightly higher than that of the surrounding area and likely 

formed the edge of the original basin. Because AP4 is not the deepest situated point of the basin, 

it is difficult to determine the relevant source area. When assuming that the current surface (m OD) 

followed the underlying bedrock, one could use the contour lines to detect the basin size at 

Braehour.  

The auger survey shows that the underlying bedrock at Braehour is relatively flat with a maximum 

height difference of 2.33 m (between AP16 and AP4). Looking at the present-day map of Braehour 

(Figure 5.15) one can see that the auger survey area (red square) is located between the 100 and 

90 m OD contour lines. Again, it becomes visible that this is very flat area, suggesting a large pollen 

recruitment area as drainage could have come from a wide area. There are no inflowing streams 

through/to the research site at the present time (neither shown on old maps, see Section 5.2.7) 

and it appears that the most important influx of pollen would have been from surface wash and 

throughflow from the surrounding blanket peat and via air-movements around the site. Based on 

the contour lines and surrounding rivers, the catchment area could be determined and when 

assuming that present surface (peatland) follows the underlying bedrocks the radius of the basin 

has been estimated to be c. 1000 m (Figure 5.15). Sugita (1994) argues that pollen data from large 

lakes (basins) (R = 750 m) show little site-to-site variation, especially for a species that grows in 

small patches and will generally reflect the regional vegetation in the area.  
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Table 5.7    The basin profile was determined by subtracting the depth of the auger point from the height of the present 
surface (m OD). This data was obtained during the auger survey. The order of the APs is in the direction of the transects 
in the landscape: from top to bottom, left to right. 
Transect 4 AP13 AP14 AP15 AP16 

height surface (m OD) 95.87 95.56 95.41 95.38 

depth auger point (m) 5.63 5.90 5.73 5.90 

underlying bedrock (m OD) 90.24 89.66 89.68 89.48 

Transect 3 AP12 AP11 AP10 AP9 

height surface (m OD) 96.14 95.75 95.61 95.47 

depth auger point (m) 5.40 5.70 5.58 5.57 

underlying bedrock (m OD) 90.74 90.05 90.03 89.90 

Transect 2 AP5 AP6 AP7 AP8 

height surface (m OD) 96.71 96.40 96.01 95.70 

depth auger point (m) 5.34 5.56 5.60 5.58 

underlying bedrock (m OD) 91.37 90.84 90.41 90.12 

Transect 1 AP4 AP3 AP2 AP1 

height surface (m OD) 97.11 96.88 96.56 96.20 

depth auger point (m) 5.30 5.30 5.65 5.50 

underlying bedrock (m OD) 91.81 91.58 90.91 90.70 

Figure 5.14    The 3-D surface of the basin profile as present at Braehour showing the depth and location of the 
different auger points (red circles) and the location of where the core is taken (star). 
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Figure 5.15    The map shows the contour lines around the Braehour sampling site. The red area shows the location 
of the auger survey, with the corners of the area surveyed in red circles (AP4, AP13, AP16 and AP1) which correlates 
with the 3-D surface model of Figure 5.14. The black dashed line shows the estimated catchment area which could 
possibly link to the basin profile.  
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5.2.2 Radiocarbon dates 

Six radiometric 14C assays of 1 cm3 sediment slices demonstrate a record from 7537-7202 cal BC to 

1460-1635 cal AD (Table 5.8). Calculations were performed as detailed for Rowens (Section 5.1.2).   

 

5.2.3 Age-depth model and accumulation rates 

A linear age depth model was constructed  using the six radiocarbon dates of Braehour (Table 5.9; 

Figure 5.16) (Blaauw, 2010; Reimer et al., 2013). The accumulation rate of the sediment at Braehour 

varies greatly throughout the sequence. The period between c. 9363 and c. 6416 cal BP shows an 

accumulation of sediment of 1 cm every 17.54 yrs. (0.57 mm per yr.). After this, the accumulation 

rate slows to 0.39 mm per yr. (1 cm every 25.92 years) for the next c. 2350 years. After this the 

accumulation rate gradually increases between c. 4036 and c. 2851 cal BP an accumulation of 1 cm 

every 21.17 yrs. (0.47 mm per yr.); between c. 2833 and c. 1748 cal BP an accumulation of 1 cm 

every 17.22 yrs. (0.58 mm per yr.); between c. 1734 and c. 405 cal BP and peat accumulation rate 

of 1 cm every 13.99 yrs. (0.71 mm per yr.) and between c. 394 cal BP and the time that the core 

was taken at Braehour (April 2016) the most rapid peat accumulation rate of 1 cm every 10.96 yrs. 

(0.91 mm per yr.). 

  

Table 5.8    Results of the radiocarbon dates per sample depth taken for Braehour, showing the organic material that 
is dated, the uncalibrated radiocarbon date, the calibrated radiocarbon date, the standard deviation and the δ13C 
measurements relative to the modern reference standard material (VPDB). 

Lab code 
Depth in 

cm 

Material 

dated 

Conventional Age 

(14C BP ± 2σ) 

Calibrated Age 

Range (cal BC/AD) 

2σ 

probability  

δ13C relative 

to VPDB  

Poz-

103994 
43 humins 360 ± 30 BP 

1450-1530 cal AD 47.7% 
-25.4 ‰ 

1540-1635 cal AD 47.7% 

SUERC-

84926 
139  humic acid 1809 ± 24 BP 

130-255 cal AD 91.2% 
-27.4 ‰ 

300-318 cal AD 4.2% 

SUERC-

84932 
203 humic acid 2761 ± 24 976-833 cal BC 95.4% -28.2 ‰ 

Poz-

103993 
260 humins 3715 ± 35 BP 

2206-2017 cal BC 94.0% 
-26.9 ‰ 

1995-1981 cal BC 1.4% 

Poz-

103992 
351  humins 5640 ± 40 BP 4546-4366 cal BC 95.4% -32.6 ‰ 

Poz-

103991 
519 humins 8350 ± 50 BP 

7537-7301 cal BC 94.3% 
-29.3 ‰ 

7217-7202 cal BC 1.1% 
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Table 5.9    The calibrated radiocarbon dates for Braehour in correlation with the accumulation rate: 
how many years it takes to accumulate 1 cm (accumulation rate in yr/cm) and how many mm of peat 
is accumulating each year for the different periods. 

Depth in cm Time (c.) # Figure 5.16 
Accumulation rate in 

yr/cm 
mm per yr 

519-351  9363-6416 cal BP 1 17.54 0.57 

350-260 6390-4058 cal BP 2 25.92 0.39 

259-203  4036-2851 cal BP 3 21.17 0.47 

202-139  2833-1748 cal BP 4 17.22 0.58 

138-43  1734-405 cal BP 5 13.99 0.71 

43-0  394 cal BP-present (2016) 6 10.96 0.91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.16    Age-depth model of the Braehour core (black/grey), overlaying the calibrated distributions of 
the individual dates (blue) with the numbers correlating with cal BP dates in Table 5.9 (Blaauw, 2010; 
Reimer et al., 2013). 
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5.2.4 Wood fragments 

The wood fragment that was sampled during the auger survey at 371 cm from AP2 (100 m from the 

location of the Braehour core) (Figure 5.13) was identified as being of Betula spp. 

5.2.5 Microfossils and interpretations 

The TLP for Braehour represents a total of 62 taxa. The TLP diagram is subdivided into six LPAZs: 

Brae-1-6 (Figure 5.17). All slides are included, although slide Brae-351 (cm) could have been 

contaminated as the Eppendorf tube used to store the pollen grains from Brae-351 was open when 

obtaining the pollen for the slide preparation. A maximum of ±500 pollen grains was counted, 

though 13 slides yielded few pollen grains, resulting in a minimum of 300 pollen grains counted 

(Figure 5.17). The overall preservation was very good: there were only few broken, degraded or 

corroded pollen grains (Figure 5.17). The standardised TLP counts varied between 774916 and 

12790 (Figure 5.17). It appears that between Brae-2B and Brae-4 the most pollen grains are present 

per standardised sample, arguing for high pollen influx. Note that sample 455 is missing in the 

standardised section, as no exotic markers were counted. It is possible that (accidently) no exotic 

marker tablet was added in the preparation process for this sample. Between 519 and 347 cm every 

4 cm of sediment was sampled, where after only every 8 cm, this high resolution of 4 cm correlates 

with the sediment containing wooded peat (Figure 5.13 and Table 5.6).  

Diagrams have been created for all TLP pollen, charcoal values, aquatic pollen grains and spores 

(Figure 5.18) and for all identified NPP (Figure 5.19). The correlating taxonomical identifications of 

identified NPP are found in Appendix 8.14. In this chapter all pollen, spores, NPP and charcoal 

identified for Braehour will be presented by local assemblage zone. Dates used to present the 

results are the dates that the Age-depth model identified as the best estimate. 
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 Figure 5.17    Condition of the pollen grains identified for Braehour (corroded, crumpled, degraded, broken), 
TLP counts and standardised sample TLP counts (values need to be multiplied by 1000) per slide, and LPAZs 
(Brae 1-6): selected by using CONISS on the TILIA data files (Grimm, 1987). 
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Figure 5.18    Top: Recorded TLP for Braehour, including charcoal values. Bottom: recorded TLP + aquatic taxa and spores. 
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Figure 5.19    Recorded TLP + NPP for Braehour. 
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5.2.5.1 Brae-1: 9363-8819 cal BP (519-488 cm) 

Total Land Pollen 

Tree taxa and shrub taxa show both an average of 30% TLP throughout Brae-1. The diagram shows 

that Betula was already well-established when peat formation began at Braehour around 9300 cal 

BP, at 30.1% TLP, with a slight decline in values towards zone Brae-2A. Salix is also well-established 

(64.6% TLP) before a sharp decline towards the end of the zone. A peak of Pinus (17.8% TLP) and 

Corylus (22.9% TLP) is recorded at c. 9082 cal BP, after which both decrease towards the end of 

Brae-1. Before the transition of Brae-1 and Brae-2A there is a small increase of Ulmus (6.3% TLP). 

Low values of Juniperus, Quercus, Fraxinus and Sorbus-type are present throughout Brae-1. There 

is some presence of Empetrum, Erica-type and Calluna although the latter shows a sharp increase 

towards the end of Brae-1, reaching c. 40% TLP. From the start of Brae-1 there is a high presence 

of Filipendula (10.5% TLP) which continues to fluctuate throughout the zone. Low values of other 

herbaceous taxa identified in Brae-1 include: Ranunculaceae, Saxifraga stellaris, Chrysoplenium 

officinale-type, Vicia, Potentilla, Urtica-type, Hypericum sp., Rumex acetosa/acetosella, 

Caryophyllaceae, Silene-type, Chenopodium sp., Anagallis arvensis, Galium-type, Plantago 

coronopus, Lactuaceae, Aster-type, Artemisia-type, Valeriana dioca, Succisa pratensis, Apiaceae, 

Peucedanum palustre-type, Fabaceae and Brassicaceae. Cyperaceae values rise sharply through the 

zone to a maximum of 56.4% TLP whereas Poaceae fluctuates throughout the zone with values 

reaching a maximum of 15.5% TLP. 

Aquatics and Spores 

At the start of Brae-1 Potamogeton and Equisetum spores are present as rare-types together with 

an initial high presence of Pteropsida (monolete) indet. spores, which decrease through the zone. 

Other spores present in low values include Pteridium aquilinium, Dryopteris sp., Huperzia 

(firmosses), Polypodium and Sphagnum spores: the latter gradually increases through the zone. 

NPP 

Values of HdV-115/181 are initially high at the start of Brae-1 and then sharply decline. Both types 

display similar morphology and have therefore been grouped together, although it is quite possible 

that both types occurred. HdV-181 are indet. microfossils whereas HdV-115 belongs to 

Mycrhystridium. There is a peak in Spirogyra sp. at c. 9153 cal BP with accompanied peaks in HdV-

207 and HdV-140. Low values of HdV-4, HdV-18, HdV-25, HdV-27, HdV-77B, HdV-126, HdV-52 (A-

D), HdV-55A/B, HdV-205 (ascospores indet. possibly Sordariaceae), HdV-113, HdV-44, HdV-360, 

HdV-16B/C, Mougeotia sp., Zygnema-type, HdV-119, HdV-128A/B, Spirogyra reticulate, HdV-143 
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(spores of Diporotheca spec.), HdV-31A, HdV-38 (spores indet.), HdV-91 (spores indet.), HdV-495, 

HdV-41 and HdV-150 occur throughout the zone. 

Charcoal 

There are only very few microscopic charcoal particles of all charcoal sizes present in Brae-1. Scale 

of the diagram prevents plotting the low numbers identified in this zone (a minimum count of 12 is 

required to show up in the diagram). For these low counts an exaggeration of 20 is used to make 

them visible in the diagram.  

Interpretation Brae-1  

At Braehour, the climatic warming at the start of the Holocene (e.g. Masson et al., 2000) is 

suggested from c. 9363 cal BP as trees migrated to higher latitudes and established in the area 

(Davis and Shaw, 2002), though trees could have established in this area before, which is not 

recorded in this pollen record. At c. 9293 cal BP there is an initial high presence of Salix. This possibly 

reflects Salix herbacea, as soil erosion (HdV-207) is occurring, indicating less stable soil conditions: 

a habitat that favours the growth of Salix herbacea (Charman, 1994). It is possible that a male catkin 

fell on the area of coring which will explain the high amount of Salix pollen present. The peak of 

Salix is followed by increases of Betula and Corylus possibly reflecting a damp Betula woodland 

growing together with Salix and Corylus shrubs and had an open character. Nonetheless, phases of 

more closed woodland during Brae-1 are suggested where Betula values exceed 20% TLP (Huntley, 

1990) at c. 9363 and 9223 to 9082 cal BP. The understory consists of tall herbs, such as Filipendula, 

Valeriana dioica, Succisa pratensis, Lactuaceae and Rumex acetosa/acetosella. Filipendula could 

possibly be F. ulmaria growing on the moderately nutrient-rich woodland soils (Tamis et al., 2004). 

The presence of Polypodium (possibly Polyopodium vulgare) (with a peak at c. 9153 cal BP) argues 

for the presence of drier woodlands in the area (Arnolds and van der Meijden, 1976). This is at the 

same time that a 8% TLP count for Pinus from c. 9153 could suggest its local presence (Bennett, 

1995). The peak at 9082 cal BP shows that Pinus is expanding in the area. It is likely that it was 

growing in an open landscape, dominated by Betula. Pinus expansion can be related to drier 

conditions (e.g. Tipping et al., 2008a), which is displayed at Braehour by the presence of P. vulgare, 

though the peak at 9082 cal BP is simultaneous with peaks in wet-indicator NPP (Spirogyra, HdV-

140). Others show that Pinus does prefer wetter conditions, found on high ground and river valleys 

(Godwin, 1975; Bennett, 1984; Smith, 1996). Towards the end of the zone Pinus disappears from 

the landscape.  

Small values of Ulmus, Quercus and Fraxinus most likely reflect deciduous woodland further south, 

although Ulmus appears to become a local component at c. 8942 cal BP where values exceed 1.5-



5 Results and Interpretation 

179 
 

2% TLP (Huntley and Birks, 1983). An increase of Calluna towards the end of Brae-1 suggest the 

expansion of this species and reflects drier conditions in the landscape. 

Cyperaceae values increase and include the species Carex paniculata and C. pseudocyperus: which 

is suggested by the presence of HdV-126 (Pals et al., 1980). Carex paniculata is a species growing 

on (moderately) nutrient-rich water sides and marshes (Arnolds and van der Meijden, 1976). 

Furthermore, it can also be present in thickets and forests on wet (moderately) nutrient-rich soils 

(Tamis et al., 2004). The increase in Cyperaceae together with fluctuating values of Poaceae and 

the presence of Potamogeton, Spirogyra sp., Zygnema sp., HdV-140, HdV-143, HdV-128A/B argues 

for nutrient rich fen conditions at the site. Furthermore, the presence of HdV-25 is indicative for 

the presence of Cyperaceae species that are subject to periodic flooding (van Geel, 1978).  

If the peak in HdV-115/181 (c. 9362 cal BP) reflects HdV-115 than this is an indication of the filling 

in of the original basin: HdV-115 relates to clay from the subsoil mixing with accumulating 

sediments. Presence of grazing herbivores is suggested by the presence of HdV-113, the presence 

of Pteridium aquilinium and possibly HdV-55A/B although the latter can also be related to decaying 

wood (van Geel, 1976; van Geel et al., 1983b). The presence of decaying wood in the local area is 

also suggested by the occurrence of HdV-360 and HdV-44 (Shumilovskikh et al., 2015). 

5.2.5.2 Brae-2 (A-B): 8819 to 6890 cal BP (488-378 cm) 

Brae-2A: 8819-7977 cal BP (488-440 cm) 

Total Land Pollen 

Total arboreal pollen values increase throughout Brae-2A, which is mainly due to a gradual increase 

of Pinus together with Betula. Betula shows a peak around 8381 cal BP followed by a peak in Pinus 

values around 8170 cal BP. Low values are recorded of Ulmus, Alnus and Fraxinus. Quercus is mainly 

recorded as a rare-type in Brae-2A, with the exception of a small peak at 8100 cal BP, as are 

Juniperus and Sorbus-type. Corylus shows two peaks in Row-2A at c. 8574 cal BP and c. 8240 cal BP 

(15.8 and 18.8% TLP): the first is followed by a peak in Salix (8.9% TLP). At the start of Brae-2A there 

is an initial peak in Calluna and Erica-type (41.4% and 4.5% TLP, respectively) following this Erica-

type values decrease to a rare-taxa, while Calluna values continue to fluctuate but remain low. 

Filipendula values remain more or less constant throughout Brae-2A with two small peaks around 

8732 and 8451 cal BP. A number of herbaceous taxa occur as rare-types throughout Brae-2A 

including Ranunculaceae, Saxifraga stellaris, Chrysoplenium officinale-type, Rosaceae sp., 

Potentilla, Hypericum sp., Rumex acetosa/acetosella-type, Rumex obtusifolius, Galium-type, 

Plantago media/major, Plantago lanceolata, Rhinanthus-type (rattle), Pedicularis palustris (red 
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rattle), Lactuaceae, Aster-type, Artemisia-type, Valeriana dioca, Succisa pratensis, Apiaceae, 

Peucedanum palustre-type (small increase around 8591 cal BP), Fabaceae and Melampyrum (cow 

wheat). 

Poaceae values show three small peaks at c. 8732 (12.1% TLP), 8591 (11.2% TLP) and between 8311-

8240 cal BP (10.6-12% TLP). The first two peaks are followed by peaks in Cyperaceae at c. 8661 

(39.3% TLP) and 8521 cal BP (37.4% TLP). Highest values of Cyperaceae (in this subzone) are 

recorded at c. 8451 cal BP. 

Aquatics and Spores 

Pteropsida (monolete) spores are consistently present in Brae-2A. Osmunda regalis spores occur 

mainly in Brae-2A and show a slight peak at the transition between Brae-2A and Brae-2B. There is 

a high presence of Sphagnum spores in Brae-2A (maximum of 27.5%), occurring together with low 

values of Pteropsida (monolete) indet., Pteridium aquilinium, and Polypodium. There are no aquatic 

plants identified with the exception of a rare-type presence of Potamogeton at the start of Brae-

2A. 

NPP 

At the start of Brae-2A (c. 8802 cal BP) there is a peak of HdV-10 (8.9% TLP+NPP), which then 

decreases and only remains present as rare-type. Both HdV-126 and HdV-55A/B increase 

throughout Brae-2A and show a peak at respectively 8521 and 8451 cal BP. HdV-55A/B shows a 

second peak c. 8100 cal BP. HdV-207 shows a small increase at c. 8732 after which it disappears 

from the sequence. Spirogyra shows a small increase at c. 8661 cal BP after which it continues to 

be present as a rare-type. Other NPP recorded (only in low values) in Brae-2A include, HdV-1, HdV-

4, HdV-8 (A-G), HdV-18, HdV-25, HdV-27, HdV-52 (A-D), HdV-112, HdV-44, HdV-115/HdV-181, HdV-

527, HdV-16B, HdV-16C, HdV-28, HdV-60, HdV-65, HdV-128A/B, reticulate Spirogyra sp., Mougeotia 

sp., Zygnema-type, HdV-140, HdV-143, HdV-32B, HdV-19 and HdV-91. 

Charcoal 

Very few fragments of charcoal between 21-50 μm and +50 μm have been recorded in Brae-2A. 

The values of those fragments present have been exaggerated by 20. Small peaks of charcoal of +50 

μm and 21-50 μm at c. 8732 and c. 8170 cal BP respectively can be seen.  

Interpretation Brae-2A 

Betula and Corylus are the dominant woodland components of a relatively open wet woodland, 

though high values of Betula (>20% TLP) argue for a tree dominated landscape (Huntley, 1990). 

Stands of Pinus recolonised the area on the drier soils, and becomes more dominant from 8311 cal 
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BP. From this time a Pinus-Betula woodland with Corylus and tall-herbs in the understory, or in the 

more open areas within the woodland, would have been present. It is possibly that Polypodium 

vulgare formed part of this drier woodland at c. 8591 cal BP where this species shows a small 

increase arguing for dry woodland conditions. Salix values fluctuate throughout the zone, and 

where it exceeds 2% TLP (from c. 8661 cal BP to 8100 cal BP) can possibly reflect Salix trees growing 

in local wetland communities (Janssen, 1984; Bunting and Tipping, 2004). Ulmus is of local 

occurrence at c. 8170 cal BP where values exceed 1.5% TLP after which it becomes a regional 

component for the remaining part of the zone. Quercus becomes possibly locally, but sparsely, 

present for the first time at c. 8100 cal BP where values exceed 2% TLP (Huntley and Birks, 1983).  

Indicators of eutrophic wet conditions (including HdV-60 HdV-65, HdV-128A/B, HdV-140, Spirogyra, 

Mougeotia and Zygnema species) continue to be present in this zone and reflect local fen 

conditions. The presence of Osmunda regalis support ongoing nutrient-rich conditions and the 

presence of woodland on wet soils or seepage close to the research site (Arnolds and van der 

Meijden, 1976). Nonetheless, increases of Sphagnum spores throughout the zone, suggests the 

acidification of the landscape. The presence (as rare-type) of Pedicularis palustris and Peucedanum 

palustre – which grow on moderate nutrient rich wet soils in acidic soils (Arnolds and van der 

Meijden, 1976) reflect the ongoing transition from the more nutrient-rich fen conditions into mire 

vegetation and peat development. The presence of host indicator HdV-495 from c. 8942 to 8802 

cal BP shows that Molinia caerulea is growing in the landscape (van Smeerdijk, 1989) and might 

form the main understory of the wet birchwood together with Sphagnum species, similar to 

present-day wet birchwoods (NVC W4) (Rodwell, 1991; Forestry Commission, 2003c). The wet 

birchwoods present may form the transition of the preceding dry birchwoods to birchwoods on 

open bog vegetation (Forestry Commission, 2003c).  

The high presence of Cyperaceae (including Carex paniculata and C. pseudocyperus [HdV-126]) and 

the presence of Poaceae reflect the ongoing fen conditions where the presence of HdV-25 – which 

is usually found on leaves of various sedges growing in wetlands that are subject to periodic flooding 

(van Geel, 1978) – support the wet conditions in this area until c. 8381 cal BP where after 

Cyperaceae values decline. This supports the change into mire vegetation. Although the overall 

environment appears to be rather wet in this zone, a peak of Calluna and Erica-type at c. 8802 cal 

BP suggest drier conditions in the surrounding area. This is supported by the presence of dry 

condition indicator HdV-16C throughout the zone (van Geel, 1978).  

The presence of HdV-44 reflects the presence of dead wood in the vicinity of the site, this is 

probably supported by the presence of HdV-55A/B. HdV-55A/B can also be related to the grazing 

of herbivores, as there are no other definite coprophilous fungal spores present the occurrence is 

understood as being of the presence of dead wood. Furthermore, an increase of HdV-55A/B occurs 
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simultaneously with a decrease in Pinus and Betula pollen, possibly indicating that HdV-55A/B is 

thriving on the deadwood of these species.   

The low presence of charcoal reflects either natural or human induced fires in the more regional 

area of the site. The growth of Pteridium aquilinium throughout the zone could also be related to 

burning in the area. The small presence of Plantago lanceolata and Fabaceae could suggest the 

presence of Mesolithic communities in the wider Braehour landscape: as has been confirmed by 

Mesolithic findspots (though undated) at Pullyhour (Section 3.4.2). 

It becomes evident that many different environmental conditions are reflected in this zone. The 

basin of the Braehour site is rather big and it is possible that the microfossils present derived from 

the wider landscape and do not mainly reflect the local vegetation and environment. This is 

supported by the presence of HdV-527, which reflects the continuous clay sedimentation (HdV-527) 

suggesting possible erosion in the area (van Geel et al., 1983a).  

Brae-2B: 7977-6890 cal BP (440-378 cm) 

Total Land Pollen 

Arboreal pollen taxa reach maximum values in Brae-2B (75.9% TLP) at c. 7890 cal BP. This is mainly 

due to the continuous increase of Betula (and lesser extent Pinus) which is reaching its maximum 

value of 65.6% TLP towards the end of Brae-2B at c. 7118 cal BP. Pinus values start to decline after 

its maximum of 31.1% TLP at c. 7398 cal BP to around 5% TLP for the remaining part of Brae-2B. 

Low values of Ulmus, Alnus and Fraxinus are identified throughout Brae-2B. Quercus present as 

rare-taxa in Brae-2A forms a continuous curve in Brae-2B where values rise to 2.9% TLP. Ilex-type 

appears in the assemblage in Brae-2B as a rare-type as are Juniperus and Sorbus-type. In Brae-2B 

Corylus pollen values gradually decline to the end of the zone, while Salix values remain at around 

5% TLP. Calluna values remain consistent at around 5% TLP in Brae-2B.  

Filipendula values remain constant throughout this level, with one peak between c. 7258 and 7188 

cal BP. Melampyrum, present only as rare-type in Brae-2A, sharply increases at the end of Brae-2B 

to 17.2% TLP. A number of herbaceous taxa occur as rare-types throughout Brae-2B including 

Ranunculaceae, Saxifraga stellaris, Chrysoplenium officinale-type, Rosaceae sp., Potentilla, 

Hypericum sp., Rumex acetosa/acetosella-type, Rumex obtusifolius, Galium-type, Plantago 

media/major, Plantago lanceolata, Pedicularis palustris (red rattle), Aster-type, Artemisia-type, 

Valeriana dioca, Succisa pratensis, Apiaceae, Peucedanum palustre-type and Fabaceae. Herbaceous 

taxa that are only recorded in Brae-2B include: Caltha palustris-type, Cannabaceae, 

Caryophyllaceae, Silene-type, Lysimachia vulgaris, Caryophyllaceae, Silene-type, Anagallis arvensis-

type, Solanum dulcamara, Scrophularia-type (figworts), Lonicera (honeysuckle), Cicuta virosa-type 
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(cowbane) and Brassicaceae. Poaceae continues to gradually decline throughout this subzone, with 

a sharp increase recorded at c. 6977 cal BP where values rise to 10.9% TLP. Cyperaceae continues 

to fluctuate throughout the subzone, with a maximum of 30.5% TLP (c. 7188 cal BP) and a minimum 

of 5.2% TLP (c. 7890 cal BP). 

Aquatics and Spores 

Pteropsida (monolete) spores decline gradually through Brae-2B. After only being present as a rare-

type at the start of Brae-2B, Osmunda regalis spores were not again recorded within this sequence. 

Where Brae-2A showed a high presence of Sphagnum, it is declining sharply in Brae-2B at c. 7890 

cal BP and low values continue to be present in this subzone occurring together with low values of 

Pteropsida (monolete) indet., Pteridium aquilinium, and Polypodium. Both Myriophyllum 

alterniflorum and Menyanthes trifoliata are identified as rare-type in this subzone. 

NPP 

HdV-10 becomes absent in Brae-2B. Both HdV-55A/B and HdV-126 gradually decrease throughout 

this subzone. Low values (that were also recorded in Brae-2A) of HdV-1, HdV-4, HdV-8 (A-G), HdV-

18, HdV-25, HdV-27, HdV-126, HdV-52 (A-D), HdV-112, HdV-44, HdV-527, HdV-16B/C, HdV-60, HdV-

65, reticulate Spirogyra sp., Mougeotia sp., Zygnema-type and HdV-143 continue to be present in 

this subzone and . NPP present only in Brae-2B (and not in Brae-2A) include: HdV-172, HdV-113, 

HdV-123, HdV-31A and HdV-90 (fungal spores indet.). 

Charcoal 

Similar to the charcoal values identified in Brae-2A, Brae-2B shows only very few fragments of 

charcoal between 21-50 μm and +50 μm. Although small peaks of charcoal values +50 μm are 

recorded at c. 7679 and c. 7398 cal BP.  

Interpretation Brae-2B 

Betula continues to be the most dominant tree species in Brae-2B, though high values of Pinus until 

c. 7258 cal BP suggest that the landscape was dominated with a Betula-Pinus woodland, growing 

together with Corylus (in the more open woodland areas), with tall herbs and Polypodium in the 

understory. A maximum of Potentilla and Melampyrum is shown at the end of Brae-2B (c. 6907 cal 

BP). Since no identification to species level is possible for these taxa the recognition of a plant 

community can be difficult. Nonetheless, Pennington et al. (1972) argue that if these species 

represent P. erecta and M. silvaticum and are growing together with Calluna, Aster-type, Filipendula 

and Juniperus, this could suggest field communities of native pine woods according to the species 

lists of Steven and Carlisle (1959). In this zone, these species do grow together which could suggest 
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native Pinus woodland communities. Unfortunately, before the time Potentilla and Melampyrum 

are most abundant, Pinus values drastically decline after c. 7188 cal BP reflecting their general 

decline in the landscape. This ‘first’ Pinus decline is also recorded at Achany Glen and Farlary (Smith, 

1996; Tipping et al., 2008a) (Table 2.6). Quercus shows a slight increase throughout the zone when 

compared to the previous zone, suggesting Quercus is growing closer to the research site, although 

it is not locally present. Ulmus appears to be locally present at c. 7679 cal BP, where values exceed 

1.5-2% TLP. Ulmus would have been growing on the moderately nutrient rich damp to dry areas of 

woodland (Weeda et al., 1999). 

High percentages of Sphagnum at the start of Brae-2B argue for the ongoing development of mire 

vegetation. A peak of HdV-27 at c. 7960 cal BP relates to the high values of Sphagnum at the start 

of Brae-2B which declines at c. 7890 cal BP. The presence (as rare-type) of Pedicularis palustris and 

Peucedanum palustre could reflect the ongoing transition from the more nutrient-rich fen 

conditions into mire vegetation and ongoing peat development. Nonetheless the presence of 

eutrophic to mesotrophic freshwater conditions typically for fen habitat is suggested by the 

presence of Zygnema-type, Mougeotia sp., Spirogyra sp., reticulate Spirogyra sp., HdV-143, HdV-

140, HdV-123, HdV-65 and HdV-60 (van Geel, 1976; Pals et al., 1980; van Geel et al., 1981, 1989; 

Bakker and Smeerdijk, 1982; van Geel et al., 1983b). Furthermore, the presence of Menyanthes 

trifoliata and Myriophyllum alterniflorum suggest that a shallow pool habitat was locally present 

(Bunting and Tipping, 2004). The peak of Filipendula at c. 7188 cal BP may be caused by the growth 

of this genus on mire surfaces (Charman, 1994), it appears to decline when Pinus declines at c. 7118 

cal BP. If this is Filipendula ulmaria, declining values indicate the loss of nutrients in the area and 

the ongoing acidification of the peatlands. Declining values of Filipendula can also relate to the 

continuous wetting of the area where Filipendula is intolerant of prolonged waterlogging (Miles et 

al., 1989; Davies, 2003).  

After an initial decline of Cyperaceae at c. 7890 cal BP values increase and continue to fluctuate 

throughout the zone. The presence of Cyperaceae suggests the ongoing wetting of the area. With 

the presence of HdV-25 suggesting that the sedges growing in wetlands are subject to periodic 

flooding (van Geel, 1978). The continuous presence of HdV-126 argues for the presence of Carex 

paniculata and C. pseudocyperus, reflecting the (moderately) nutrient-rich water conditions. Where 

both Carex species could be growing within damper thickets and woodland present (possibly a 

damp Corylus-Betula woodland or in the more nutrient rich fen habitat. Salix trees might continue 

to grow on the wetter more nutrient rich areas (Bunting and Tipping, 2004) and could be of a more 

local presence where TLP exceed 2% (Janssen, 1984) at c. 7960, 7749-7328 and 6907 cal BP.  
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Local grazing of herbivores is suggested by the presence of HdV-113 and possibly HdV-55A/B, HdV-

112 and HdV-172 (although the latter three can also be related to the presence of decaying wood) 

(van Geel et al., 1983b). Grazing activity can furthermore be indicated by the presence of Pteridium 

aquilinium (Clapham et al., 1962) and suggests natural herbivores (i.e. deer) grazing in the area as 

pastoral grazing is probably not yet occurring at this time. Charcoal values remain very low, 

supporting the wet conditions at this time and the absence of people in the area.  

Local presence of deadwood is reflected by the presence of HdV-44. HdV-44 can be linked with 

Betula carr deposits which again will argue for the presence of wet woodlands in this zone (van 

Geel, 1976; van Geel et al., 1981, 1986). At the transition of Brae-2A and Brae-2B (c. 7960 cal BP), 

a peak of HdV-55A/B is simultaneously with a drop in Pinus and Corylus values. Possibly this reflects 

that HdV-55A/B was thriving on both Pinus and Corylus deadwood.  

It appears that there are many different habitats reflected in this zone. There are indications of wet 

Betula carr woodland, Pinus-Betula woodland, Betula-Corylus woodland and damp Salix woodland. 

Fen conditions appear to be present as are local peatland indicators. This can again argue for the 

more regional reflection of the landscape where pollen (and spores) washed in from the larger 

catchment.   

5.2.5.3 Brae-3: 6890-4109 cal BP (378-262 cm) 

Total Land Pollen 

After an initial peak of Betula (57.5% TLP) at the start of Brae-3 (c. 6767 cal BP), values decline 

significantly, before remaining stable at around 10-20% TLP. Pinus values are very low at the start 

of Brae-3 (c. 6837 cal BP). Where after Pinus shows a slight increase at the start of the zone before 

gradually falling to <5% TLP, with a small recovery recorded at c. 4800 cal BP. Ulmus, Quercus, 

Fraxinus and Ilex-type values continue in a similar trend as to those in the previous zone. Alnus 

values increase in this zone forming a continuous curve from c. 6600 cal BP. Corylus continues to 

fluctuate throughout Brae-3 whereas Salix is only present as a rare-type. Calluna rapidly increases 

to values reaching 80.3% TLP at c. 5068 cal BP. Empetrum and Erica-type show a small peak at c. 

5276 cal BP (3.1% and 8.8% TLP). There is a significant reduction in Filipendula values, now present 

only as a rare-type here and throughout the remaining sequence. Other taxa recorded in low values 

are Ranunculaceae, Saxifraga stellaris, Rosaceae sp., Potentilla, Cannabaceae, Rumex 

acetosa/acetosella, Chenopodium, Plantago coronopus, Plantago media/major, Plantago 

lanceolata, Melampyrum, Succisa pratensis, Lonicera and Apiaceae. Values of Poaceae and 

Cyperaceae decline significantly in this zone and show their lowest overall presence in Brae-3. 
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Values remain very low throughout the sequence with only an increase of Cyperaceae at the end 

of Brae-3.  

Aquatics and Spores 

All identified spores and aquatic taxa are only present in low values and include Potamogeton, 

Pteropsida (monolete) indet., Pteridium aquilinium, and Sphagnum.  

NPP 

HdV-10 is most dominant in Brae-3 together with some presence of HdV-1 and HdV-4. Low values 

are recorded for: HdV-8 (A-G), HdV-27, HdV-64, HdV-126, HdV-55A/B, HdV-112, HdV-172, HdV-351 

(fungal spores indet.), HdV-113, HdV-44, HdV-360, HdV-527, HdV-16B/C, HdV-28, HdV-124, 

Zygnema-type and HdV-766.   

Charcoal 

Towards the middle of the zone at c. 5898 cal BP there is a cross-fractional increase in charcoal. All 

charcoal values across all sizes then decrease before the end of Brae-3. Though from this time 

onwards charcoal values are continuously present. 

Interpretation Brae-3 

After two last peaks of Betula at c. 6767 and 6627 cal BP Betula drastically declines, although it is 

likely that patches of Betula together with Corylus continue to be locally present in an open 

woodland. Pinus values are very low from the start of Brae-3 (c. 6837 cal BP). Ratcliffe (2015) 

identified tephra of the Lairg A eruption dated to 6947-6852 cal BP (Watson et al., 2016) in the 

peatland at Bad a’ Cheo (c. 8 km east of Braehour). It can be argued that the eruption of Lairg A, 

caused a further decline in Pinus in the wider region as values decline after c. 6907 cal BP (Brae-2B). 

Pinus values continue to be low throughout the zone, although small increases of Pinus at 6767, 

6627, 6416-6105 and 4861-4654 cal BP (where values exceed 5% TLP) reflects that Pinus continue 

to grow in the wider region. A Pinus stump recorded by Gear and Huntley (1991) has been dated to 

c. 4285 cal BP and was found 1 km to Braehour coring location. The final peak of Pinus at the end 

of Brae-3 at c. 4239 cal BP possibly reflects the pine recorded by Gear and Huntley (1991). The 

decline of Pinus after the final peak relates to the second Pinus decline, or the widespread pine-

decline recorded across northern Scotland (e.g. Peglar, 1979; Blackford et al., 1992; Tipping, 1994; 

Smith, 1996; Tipping et al., 2008a). 

Ulmus values increase slightly between c. 6416 and 6312 cal BP, reflecting a possible local presence. 

Here after Ulmus values decline, which could reflect the “elm decline”. Salix disappears from the 

local vegetation whereas Alnus appears to establish into the region from c. 6837 cal BP. When 
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values exceed 2% (Huntley and Birks, 1983) at c. 6767 cal BP Alnus growth is sparse but local in the 

Braehour area and is possibly growing in the more sheltered locations, possibly near streambeds. 

Quercus values further increase, reflecting its increased presence in the wider region. After this first 

presence of Alnus, values decline and only reappears at c. 6416 cal BP. Values continue to fluctuate 

throughout the zone, suggesting both periods of absence and presence of Alnus, with its highest 

presence at c. 4861 cal BP: the same period of increase of Betula, Pinus and Corylus. Quercus slightly 

increases and where values exceed 2% TLP (at c. 6767 and 6416-6312 cal BP), it can be growing 

locally (Huntley and Birks, 1983). Similar values were found in surface samples where Quercus was 

growing 20 m from the site (Shaw, 2006), though it can also reflect extra local occurrence  of a 

single stance of Quercus or a regional increase. The small increase in charcoal might reflect dryer 

conditions in the environment, promoting tree growth at this time.  

Calluna becomes the most dominant taxa, whereas values of Cyperacae, Poaceae and Sphagnum 

remain low, reflecting that a heath mire is developing. Peat formation is further suggested by the 

presence of Eriophorum (suggested by the host plant indicator HdV-4) and blanket bog conditions 

are suggested by the presence of HdV-10: which is related to the occurrence of Calluna and an 

indicator for local dry conditions in blanket bog peat (van Geel and Middeldorp, 1988). The local 

presence of Empetrum at c. 5891 and 5276 cal BP may be an indication that mire surface was drying 

out as the species is known to grow on the drier parts of blanket bog (Clapham et al., 1962). The 

presence of HdV-64 appears to be a host-parasite or in symbiotic relation with Empetrum, (van 

Geel, 1976). Eutrophic wetland condition indicators are absent, which again argues for the 

increased mire conditions in the surrounding area and the accumulation of blanket bog. 

Grazing is suggested by the presence of HdV-113, possibly HdV-55A/B, HdV-172 and possibly HdV-

527 (reflecting clay sedimentation occurring when soils are disturbed). Although the latter can also 

be linked to clay being washed in from the wider catchment. An increase of HdV-44 and the 

presence of HdV-360 as a rare-type at the start of Brae-3 relates to declining tree values, as it is 

common on stumps and dead roots of deciduous trees (van Geel et al., 1981; Shumilovskikh et al., 

2015). HdV-55A/B, which was continuously present in the previous zones, declines at c. 4861 cal 

BP. This could reflect that there is no decaying wood (absence of trees) in the surrounding area for 

this fungus to thrive on. There is an increase of charcoal values, which peaks at 5690 cal BP, also 

reflected by an increase in HdV-1: a possible burning indicator (van Geel, 1978). This increase of 

burning, together with grazing activities could reflect human activity in the surrounding area, this 

is supported by the presence of HdV-351 towards the end of Brae-3: recorded by van Geel et al. 

(1981) in layers with human occupation. Increases of Plantago media/major and Ranunculaceae 

between 5690 and 5483 cal BP could support grazing on wet meadows and pastures (Behre, 1981). 

Potamogeton present as a rare-type in the zone reflects enhanced nutrients coming into the area 
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(possible related to the grazing). If these all reflect the first definite human presence at this time, 

the sudden peak of charcoal at 5690 cal BP could be taken as the date for human presence in this 

area and reflects early Neolithic farming communities. The presence of Neolithic communities in 

the area was also suggested by the presence of Neolithic chambered cairns in the wider landscape 

of Braehour (Section 3.4.2).  

5.2.5.4 Brae-4: 4109-1972 cal BP (262-152 cm) 

Total Land Pollen 

Brae-4 shows a further decline in Pinus, Betula and Quercus values in comparison to the previous 

zone although all taxa remain constant throughout the zone. Alnus values increase slightly at the 

beginning of Brae-4 to 4.8% TLP where after they decrease after c. 2851 cal BP. Corylus remains 

constant throughout Brae-4, with one dip to 1.2% at c. 2299 cal BP. Arboreal pollen present as rare-

taxa within this zone include Ulmus, Carpinus, Fraxinus, Ilex-type and Salix.  

Calluna continues to dominate the assemblage, with values fluctuating throughout Brae-4 with a 

maximum 78.3% TLP (c. 2299 cal BP) and a minimum of 29.3% TLP (c. 4036 cal BP), while Erica-type 

values are also variable in this zone. Plantago lanceolata has a more consistent presence in this 

zone with values reaching 1.7% TLP from c. 3020 cal BP. Other herbaceous taxa present include: 

Ranunculaceae, Saxifraga stellaris, Vicia, Filipendula, Potentilla, Urtica-type, Rumex 

acetosa/acetosella, Drosera intermedia-type, Chenopodium sp., Plantago media/major, 

Melampyrum, Artemisia-type, Paris quadrifolia-type and the first presence of Poaceae pollen grains 

over 35um. Cyperaceae values that were very low in the previous zone, rise significantly and show 

three sharp peaks throughout zone Brae-4 of respectively 47.4% (c. 4036 cal BP), 39.4% (3020 cal 

BP) and 37.7% (2437 cal BP) TLP.  

Aquatics and Spores 

No aquatic species have been identified in the remaining sequence. Low values of Pteridium 

aquilinium, Cryptogramma crispa (which is highest at the transition between Brae-3 and Brae-4) 

and Pteropsida are recorded. There is an initial sharp rise in Sphagnum at the start of Brae-4 before 

gradually falling and rising sharply at c. 2200 cal BP (before the end of the zone) where it reaches 

its highest values for Braehour.  

NPP 

HdV-10 continues to dominate the NPP assemblage in Brae-4, with values gradually falling through 

the zone after an initial peak in values at c. 3800 cal BP. A number of identified NPP occur in low 

values within this zone such as HdV-1, HdV-4, HdV-8, HdV-18, HdV-25, HdV-27, HdV-77B, HdV-
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55A/B, HdV-112, HdV-172, HdV-351, HdV-113, HdV-360, HdV-527, HdV-16B/C, HdV-28, HdV-66 

(Penium/Tetraedron cf. minimum), Zygnema-type, HdV-140, HdV-31A, HdV-32B and HdV-225. 

Towards the end of Brae-4 values of several NPP increase including a significant peak in HdV-14 

(Meliola cf. niessleana) and smaller peaks in HdV-65, HdV-359 (Brachysporium 

obovatum/Brachysporium bloxami/Bactrodesmium betulicola), HdV-38 and HdV-495. 

Charcoal 

All charcoal values increase in Brae-4. Three peaks can be identified for the three fraction sizes 

between c. 4036 and 3876 cal BP, between c. 3020 and 2851 cal BP and c. 2575 to 2437 cal BP. All 

charcoal fractions decline after 2437 cal BP but still occur, suggesting burning activity in the wider 

landscape. 

Interpretation Brae-4 

Most tree and shrub values further decline in Brae-4 and likely disappear from the local vegetation, 

with the exception of Alnus, which appears to slightly increase and probably reflect the growth of 

Alnus next to the more nutrient-rich streams, or the River Thurso, in the wider Braehour region. 

The peak of HdV-495, suggests the local growth of Molinia caerulea (van Smeerdijk, 1989) and could 

have formed together with Sphagnum species the understory of remaining patches of wet 

birchwood, comparable to present day NVC W4 woodlands (Rodwell, 1991). Although values are 

already very low, Pinus and Corylus values even further decline after the transition of Brae-3 tot 

Brae-4 (c. 4036 cal BP) and relates to the pine-decline (Tipping et al., 2008a). At the same time Alnus 

slightly increases, possibly out-competing Pinus in the region and benefitting from a change to 

wetter conditions.  

This pine-decline has, among other causes, been argued to be the results after the eruption of the 

Hekla 4 eruption at c. 4260 cal BP. It has been proposed that the eruption may have caused, or 

contributed to, the death of trees growing in marginal areas (Blackford et al., 1992). Furthermore, 

at c. 2162 cal BP Pinus values appear to slightly decline again, possibly reflecting the eruption of 

Glen Garry at c. 2176 cal BP (Barber et al., 2008). Ratcliffe (2015) identified several tephra layers 

(including Hekla 4 and Glen Garry) in the peat at several locations in northern Scotland. At Ratcliff’s 

Braehour site (c. 1.5 km from Braehour), the presence of tephra deriving from Hekla 4 was 

confirmed and at Bad a’ Cheo (c. 8 km east of Braehour) the presence of Glen Garry tephra was 

confirmed. This makes it plausible to assume that volcanic eruptions could have had an influence 

on the vegetation in the area (see Section 6.2.1.2). After both eruptions and subsequent decline of 

Pinus, Pinus values appear to recover and continue to be of low occurrence, suggesting the recovery 

of trees in more southern regions. 
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High values of Calluna are alternated by high values of Cyperaceae, reflecting a possible alternation 

of drier and wetter conditions. Increases of Sphagnum, HdV-4, HdV-10 and HdV-18 reflect the 

blanket bog vegetation where Calluna is colonising the drier hummocks. Drier conditions are 

supported by the presence of HdV-16C. An increase of Cryptogramma crispa values at the start of 

Brae-4 reflects the acidity of the soil (Clapham et al., 1962). 

Herbs indicative for human presence: e.g. Plantago lanceolata, Plantago media/major, Rumex 

acetosa/acetosella, Artemisia-type and Urtica-type suggest the presence of crop cultivation and 

pastoral activity in the vicinity of the site. This is also confirmed by the first appearance of cereal 

pollen grains at c. 2575 cal BP  (identified as Hordeum-type); high values of charcoal in all fraction 

sizes; the presence of Pterdium aquilinium (favoured by fire and grazing); continuous presence of 

NPP grazing indicators, with a peak of coprophilous fungi HdV-113 from c. 3189 to 3020 cal BP; clay 

sedimentation (HdV-527, which could have a natural origin) and HdV-351. Eutrophication of the soil 

– possibly due to increased grazing, is suggested by the reappearance of HdV-65, Zygnema-type 

and HdV-140 (van Geel et al., 1983b). To continue, peaks in charcoal from c. 4036 and 3876 cal BP 

(largest two fraction sizes), between c. 3020 and 2851 cal BP and between c. 2575 to 2437 cal BP 

appear simultaneously with a decline in Calluna and an increase in Cyperaceae. It could be argued 

that people were managing the uplands for grazing and crop cultivation by burning. Most upland 

moorland has been maintained by burning and grazing and haphazardly since the Neolithic 

(Thompson et al., 1995). A natural succession after moor burning is the development of Cyperaceae 

and Poaceae (which is reflected in this zone). Furthermore, in wash from the wider catchment is 

suggested by the peak of Crytpogramma crispa at c. 4036 cal BP and 3189 cal BP. Indicators of clay 

sedimentation and eutrophication can also relate to this in wash from more nutrient-rich upland 

areas.   

It becomes evident that the presence of people in the landscape intensifies and the pressure on the 

local landscape becomes more apparent with increased pastoral and crop cultivation. This relates 

to the gradual transition from Neolithic communities to Bronze Age communities, commencing 

from c. 4450 around Scotland (Heald and Barber, 2015), though starting only from c. 3189 cal BP in 

the Braehour region. Archaeological features in the vicinity of Braehour, including the many hut-

circles, Dirlot stone rows (Baines and Brophy, 2006) and the Pullyhour henge (Bradley and Lamdin-

Whymark, 2008) reflect the Bronze Age communities active in the landscape (Section 3.4.2). During 

the Iron Age (from c. 2450 cal BP) agricultural activities further intensified across Scotland (Tipping, 

1994), the identification of cereal grains and higher charcoal values around this time shows the 

intensification of crop culture in the Braehour area. The brochs present in the Braehour region 

(Section 3.4.2) reflect the presence of these communities in the wider landscape, though it is likely 

that the hut-circles were still in use at this time.  
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5.2.5.5 Brae-5: 1972-350 cal BP (152-38 cm) 

Total land pollen 

Total tree pollen values continue to decline through this zone, with an average of 10.5% TLP. There 

is a significant decrease in arboreal pollen between c. 1748 and 1636 cal BP after which values seem 

to slightly increase. Betula remains the most dominant tree taxa, with values between c. 5-10% TLP 

within this zone. All other tree taxa remain low. At the transition of Brae-5 and Brae-6 there is a 

small peak in Carpinus (values contributing 2.3% TLP). Sorbus-type and Salix are present as rare-

taxa while Corylus is consistently present through the zone at around 5% TLP with a peak around 

1200 cal BP up to 8.6%. Calluna declines significantly at the start of Brae-5 but increases again 

towards the end of the zone. Values of Empetrum are identified as rare-type and Erica-type pollen 

shows a low, but constant presence. 

Herbaceous taxa continue in a similar trend as the previous zone, although Saxifraga stellaris, Vicia 

and Urtica-type disappear completely from the assemblage, where Hypericum sp., H. elodes, 

Galium-type, Brassicaceae and Scheuchzeria palustris reappear in this zone. Rumex 

acetosella/acetosa values slightly increase, similar to values of Plantago lanceolata. Cyperaceae 

values rapidly increase from the start of this zone and continue to be high although fluctuates 

throughout the zone. Several peaks of Cyperacae values are identified with the highest at c. 1748 

cal BP. Poaceae increases slightly throughout the zone and there is a low presence of Poaceae over 

35 μm.  

Aquatics and Spores 

Low values of spores that are identified in this zone are Pteropsida (monolete) indet., Pteridium 

aquilinium, Cryptogramma crispa and Huperzia. Sphagnum values continue to be high at the start 

of the zone following the large peak in values at the end of Brae-4, then fluctuate throughout the 

zone between 47.4% and 5.3% TLP+AS.  

NPP 

High values of HdV-10 are recorded initially in Brae-5 (43.2%), before declining and rising again. A 

range of NPP occur in low values including HdV-1, HdV-4, HdV-8 (A-G), HdV-18, HdV-27, HdV-55A/B, 

HdV-172, HdV-113, HdV-360, HdV-5, HdV-28, HdV-60, HdV-64, reticulate Spirogyra sp., Spirogyra 

sp., Zygnema-type, HdV-31A, HdV-32A, HdV-41, HdV-47 (fungal ascospores indet.), HdV-91, HdV-

420 (fungal spores indet.) and HdV-495. Values of HdV-527 and HdV-16C slightly increase in this 

zone.  
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Charcoal 

Brae-5 shows the highest charcoal values of the whole sequence. There are four cross-fractional 

peaks recorded between c. 1413 and 1301 cal BP, c. 1077 cal BP, c. 741 cal BP, c. 517 and 405 cal 

BP. 

Interpretation Brae-5 

A sparse local presence of Betula patches with open Corylus shrubs continues to be present until c. 

1189 cal BP when Corylus becomes locally absent. Low values of Betula continue until c. 405 cal BP 

after which Betula disappears from the landscape.  

After a final peak of Alnus at c. 1189 cal BP, reflecting its local presence in the landscape, values 

further decline and Alnus becomes completely absent from the region at c. 517 cal BP (AD 1433). A 

short increase of Carpinus could possibly reflect deliberate planting of this tree in the vicinity of the 

site around c. 405 cal BP. 

Calluna declines throughout the zone – although it remains locally present on the drier hummock 

and shows increases towards the end of Brae-5. Dry conditions in the Calluna peat are further 

suggested by the presence of HdV-14 (van Geel, 1976) at the transition between Brae-4 and Brae-

5 and the presence of HdV-16C. Where Calluna values decline, Cyperaceae (including Eriophorum 

vaginatum [HdV-4]) and Sphagnum become most abundant: probably reflecting wetter conditions 

in blanket bog vegetation, which is supported by the reappearance of HdV-31A (van Geel et al., 

1989). Blanket bog vegetation is supported by the presence of Drosera intermedia, a typical blanket 

bog species (Tamis et al., 2004).  

Human indicator species including, Artemisia-type, Melampyrum, Plantago lanceolata, Plantago 

media/major, Rumex acetosella/acetosa and Ranunculacae (Behre, 1981) could reflect pastoral 

activity and crop cultivation in the area. Iron Age (until c. 1450 cal BP) people were cultivating 

Hordeum-type cereal grains and continuous eutrophication of the area (possibly due to grazing) is 

reflected by a presence of Spirogyra sp. and Zygnema-type. The presence of HdV-527 which reflects 

the continuous clay sedimentation (HdV-527) suggesting possible erosion in the area (van Geel et 

al., 1983a) or possibly in wash from the larger catchment. To continue, the presence of HdV-5 has 

previously been recorded for drier conditions after the drainage of peat bog and the disappearance 

of the upper peat layer burned off for cultivation (van Geel, 1976). It is possible that people are 

draining parts of the peatland for crop and pastoral cultivation. Furthermore, the high values of 

charcoal most likely reflect people in the landscape. The presence of Pteridium aquilinium 

throughout the zone could also be indicative grazing or widespread burning in the area (Clapham 

et al., 1962). As the increases of charcoal are simultaneously with the decline of Calluna, one could 
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argue that people in the area were burning the heather to create new growth for livestock grazing. 

A natural succession after moor burning is the development of Cyperaceae and Poaceae (which is 

reflected in this zone). Pastoral and cultivation activity in the landscape at this time is possibly 

related to the shieling system, that prevailed in Scotland from at least 850 cal BP, but probably from 

much earlier (Holl and Smith, 2007). This system is typical for a mixed agriculture where people are 

cultivating crops on the better soils and also keep cattle, sheep and goats (Holl and Smith, 2007), 

as displayed at this time. The remains of many shielings are visible in the Braehour (Section 3.4.2) 

landscape and support this type of land-use at this time.  

5.2.5.6 Brae-6: 350 cal BP-present (38-0 cm) 

Total Land Pollen 

Betula decreases sharply at the start of Brae-6 whereas Pinus increases. Rare-type values are 

recorded for Picea, Alnus and Quercus. Salix and Sorbus that were both present in the previous zone 

as rare-type become absent in this zone and Corylus further declines. Calluna values increase to its 

maximum of 91.7% TLP at c. 142 cal BP following an increase of Erica-type (9.7% TLP). Only a few 

herbaceous taxa are recorded in this zone including: Caltha palustris-type, Rosaceae sp., Potentilla, 

Rumex acetosa/acetosella, Rumex obtusifolius, Drosera intermedia-type, Silene-type, Plantago 

media/major, Plantago lanceolata and Brassicaceae. After an initial decrease, Cyperaceae values 

peaks at 24.8% TLP together with a small increase of Poaceae at c. 55 cal BP. Low values of Poaceae 

>35μm are recorded which may represent cereal grains and the first evidence of cultivation at 

Braehour. 

Aquatics and Spores 

Only Sphagnum spores are recorded in this zone, with values continuing to fall from the previous 

zone peaking towards the end of the zone at c. 55 cal BP to 7.6% TLP+AS.  

NPP 

HdV-10 continues to dominate the NPP assemblage in Bare-6, while peaks are also observed in HdV-

38 and HdV-47. Other NPP recorded include: HdV-4, HdV-8, HdV-55A/B. HdV-112, HdV-172, HdV-

113, HdV-360, HdV-527, HdV-5, HdV-28, HdV-140, HdV-32A/B, HdV-41 and HdV-91. 

Charcoal 

There is a significant decline in charcoal values in this zone in comparison to the previous with a 

peak in cross-fraction values near the top of the zone from c. 55 cal BP.  
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Interpretation Brae-6 

Between c. 230 and 142 cal BP (AD 1720-1808) Betula, Pinus and Corylus values seem to decline 

even further, this could possibly be related to the “year of the ashie” in 167 cal BP, when volcanic 

ash, from the Laki eruption, fell in great quantities over Caithness, destroying the crops (Geikie, 

1893; Payne et al., 2013) (see Section 6.2.1.2). Betula trees and Corylus shrubs seem to become 

completely absent from the local and regional landscape. An increase of Pinus (c. 55 cal BP [AD 

1895]) and the presence of Picea reflect the more modern non-native coniferous tree plantations 

in the area. Calluna values are most dominant, reflecting drier conditions in the blanket bog, which 

is supported by the presence of HdV-16C. High values of Calluna are followed by peaks of 

Cyperaceae (including Eriophorum vaginatum [HdV-4]), Sphagnum and HdV-32A/B, which are 

indicative for local wetter conditions in a blanket bog habitat. Human indicator species including: 

Plantago lanceolata, Plantago major/media, Rumex acetosella/acetosa and Brassicaceae continue 

to be present, reflecting people cultivating the landscape. Eutrophic wet conditions in the area are 

suggested by the presence of HdV-140, possibly caused by grazing activity. HdV-527 could reflect 

erosion caused by grazing, or erosion within the larger catchment area. Nonetheless charcoal values 

decline, which could suggest that people are not present in the local environment. The presence of 

HdV-5 suggests drier conditions after the drainage of peat bog and the disappearance of the upper 

peat layer burned off for cultivation (van Geel, 1976). Increases in charcoal values can relate to 

moor burning and together with peatland drainage would have enhanced cultivation of the upland 

soils.  

5.2.6 Cereal grains 

The majority of the Poaceae over 35μm are identified as Hordeum type (Table 5.10). Two pollen 

grains could possibly be identified as being of the Avena-Triticum group (sample depth 11 and 35 

cm), as the grain length and the diameter of the annulus are distinctively larger than those of the 

Hordeum type pollen grains. Four pollen grains are identified as wild grasses (two in sample depth 

43 cm, one in depth 51 cm and one in depth 179 cm) on the base of the size of their annulus. 

Nonetheless their grain size possibly reflects that these could also be Hordeum type pollen grains.  
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5.2.7 Historic maps - causays and cultivated fields 

Gordon’s map of Caithness made in 1642 (National Library of Scotland, 2018b) does not show any 

woodland in the Braehour area. The possible location of Braehour on the Gordon’s map (Figure 

5.20) was detected by its position relative to locations that were depicted on both Gordon’s map 

and the modern OS map (Figure 5.21) (Digimap, 2019), e.g. Spittal (“Spittell”), the Hills of Dorrery 

(“Hils of Dorery”), Loch Watten (“Vattin L.”), Loch of Toftingall (“L. Tochnagal”), River Thurso and 

Dale Farm (“Dale”). It is interesting to note that in the vicinity of Braehour a “myre causay” is located 

(Figure 5.20), just southeast of the modern small hamlet Spittal (“Spittell”). Causey is a French 

dialect word and the origin of the word causeway (McKnight, 1923). This could possibly refer to a 

myre causeway that was crossing this landscape, suggesting that the peatlands were used by 

people. Around AD 1650 this Myre causeway was repaired or extended by using turf or other soft 

material by Cromwell’s soldiers (Omand et al., 1992). This causeway is also visible on Joan Blaeu’s 

1654’s map of Caithness (Cathenesia) (National Library of Scotland, 2018c), although on this map, 

small patches of (possibly native) woodland are depicted  in the Braehour area (Figure 5.22). If the 

relative selected position of Braehour is correct, the sampling site of Braehour is situated in the 

middle of the open patched woodland (Figure 5.22). Roy’s Military map (National Library of 

Scotland, 2018a) made between AD 1747 and 1755, depicts several settlements (farmsteads) 

surrounding the possible location of Braehour, e.g. “Wester Deal” (Westerdale) and “Altenbeg” 

(possible modern name of Olgrinbeg) (National Library of Scotland, 2018a; Digimap, 2019) (Figure 

5.23). Both are surrounded by cultivated fields. Pollen grains spread from these fields could possibly 

Table 5.10    The number of Poaceae over 35 μm per sample depth for Braehour, their sizes and probable 

identification: wild grasses, Hordeum type or Avena-Triticum. 

Sample 

depth 

(cm) 

Age cal BP 

# 

Grains 

in 

sample 

Grain 

length 

(μm) 

Grain 

width 

(μm) 

Mean 

grain 

size 

(μm) 

Diameter 

annulus 

(μm) 

Pore 

size 

(μm) 

Surface 

pattern 

Identified  

group 

3 -33 cal BP 1 45.0 35.0 40.00 8.0 2.5 Scabrate Hordeum type 

11 55 cal BP 1 50.0 37.5 43.75 10.0 3.0 Scabrate 
Avena-

Triticum 

35 318 cal BP 1 45.0 30.0 37.50 12.0 3.0 Scabrate 
Avena-

Triticum 

43 405 cal BP 1 37.5 32.5 35.00 7.5 2.5 Scabrate Wild grasses 

51 517 cal BP 1 37.5 34.0 35.75 7.5 2.5 Scabrate Wild grasses 

59 629 cal BP 1 37.5 32.5 35.00 9.0 2.5 Scabrate Hordeum type 

67 741 cal BP 1 38.0 32.5 35.00 8.0 2.5 Scabrate Hordeum type 

83 965 cal BP 1 40.0 37.5 38.75 8.0 3.5 Scabrate Hordeum type 

139 1748 cal BP 1 42.5 27.5 35.00 8.0 2.5 Scabrate Hordeum type 

179 2437 cal BP 1 38.0 30.0 34.00 7.5 2.5 Scabrate Wild grasses 

187 2575 cal BP 1 35.0 30.0 32.50 8.0 2.5 Scabrate Hordeum type 
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be of Avena-Triticum which has been identified to grow close to Braehour slightly earlier and later 

then the origin of this map.  

All maps show that the present-day rivers and streams were already present at the time of the 

mapmaking. This makes it plausible that the catchment area at Braehour has not changed much 

since the last few hundred years.  
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Figure 5.23    Top: Roy’s Military map depicting several settlements (farmsteads) surrounding the possible location 
of Braehour (orange star), e.g. “Wester Deal” (Westerdale) (1) and “Altenbeg” (possible modern name of Olgrinbeg) 
(2). Both settlements are surrounded by cultivated fields. Bottom: modern OS map showing the same farmsteads 
mentioned for the above map. The red star displays the location of Braehour (this study). Modified from National 
Library of Scotland (2018a) and Digimap (2019).  
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5.3 Results and Interpretation Dalchork 

5.3.1 Sediment Stratigraphic Investigations 

The stratigraphy present at Dalchork was recorded during fieldwork and the overall idealised 

stratigraphy present is displayed in Figure 5.24. All stratigraphic sequences identified during the 

auger survey are displayed in Figure 5.25. The total depth of the stratigraphy ranged between 0.24 

m (AP14) and 3.36 m (AP18). It became evident that the bedrock in this landscape varies largely but 

the covering peat makes a relatively flat surface. The subsoil consists of light grey, silty, fine sand 

(Figure 5.24) which underlies a yellowish brown, silty, medium to coarse sand with sub-angular 

gravels. The start of the peat formation is recognised by a black/brown, fine to medium coarse, 

sandy peat layer which gradually transforms into black/brown peaty clay with monocotyledon plant 

fragments. This is overlain by a 1 m thick layer of dark brown Eriophorum peat containing wood 

fragments. When the wood fragments become absent the Eriophorum peat remains present for c. 

1.8 m and gradually changes in to the dark brown modern Eriophorum peat (Figure 5.24).  

 

Dark brown modern Sphagnum peat vegetation 

Dark brown monocot Eriophorum peat vegetation 

Dark brown monocot Eriophorum peat vegetation with wood fragments 

Black brown peaty clay with monocot fragments 
Black brown, fine to medium coarse, sandy peat 
Yellowish brown, silty, medium to coarse sand with sub-angular gravels 
Light grey, silty, fine sand 

Figure 5.24    Idealised stratigraphy present at Dalchork. 

m
 O

D
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Figure 5.25    Schematic display of the stratigraphy recognised during the auger survey at Dalchork. 
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Different physical features and components were recognised in the sampled core (AP17) at 

Dalchork (Table 5.11). For example: the deepest strata recognised in Dalchork (330 to 280 cm) is 

described as Dl+Dh+Dg+Nig3 Strat0 Elas4 Sicc3 homogenous peat with wood and monocot 

fragments. This describes that the deepest layer recorded contains fragments of woody plants 

(Detritus lignosus) >2mm, fragments of herbaceous plants (Detritus herbosus) >2mm and fragments 

of woody or herbaceous plants (Detritus granosus) <2mm + Degree of Darkness 3 (Nig3), a 

completely homogenous deposit (Strat0), that is very elastic (Elas4) and it is a moist/unsaturated 

sediment (Sicc3). The last part of the classification gives a general description of the type of 

sediment.  

 

Table 5.11    Sediment description Dalchork core 1 (AP17). 

Depth in 
cm: 

Description Colour subsamples Remarks 

330-280 Dl+Dh+Dg+Nig3 Strat0 Elas4 
Sicc3 homogenous peat with 
wood and monocot fragments 

Dark 
brown 7,5 
YR 3/2 

329, 325, 321, 317, 313, 309, 
305, 301, 297, 293, 289, 285, 
281 

-sampled every 4 cm 
-at 329 cm a 14C sample 

280-202 Dl+Dh+Dg+Nig3 Strat0 Elas4 
Sicc3 slightly fibrous peat with 
wood and monocot fragments 

Dark 
brown 7,5 
YR 3/2 

277, 273, 269, 265, 261, 257, 
253, 249, 245, 241, 237, 233, 
229, 225, 221, 217, 213, 209, 
205 

-at 253 cm wood 
fragment sampled 
-at 205 14C sample 
-sampled every 4 cm 

202- 161 (diffuse boundary previous) 
Dh+Nig3 Straf0 Elas4 Sicc3, 
very fibrous Eriophorum peat 

Dark 
brown 7,5 
YR 3/2 

201, 193, 185, 177, 169, 161 -from 201 sampled 
every 8 cm 
-from 172 to 169 wood 
fragment sampled 
-sample of 177 is less 
fibrous 

161- 40 Dh+Nig3 Strat0 Elas4 Sicc3, 
fibrous Eriophorum peat 

Dark 
brown 7,5 
YR 3/2 

153, 145, 137, 129, 121, 113, 
105, 97, 89, 81, 73, 65, 57, 
49, 41  

-bands of Calluna at 127 
to 123 cm and at 90 to 
80 cm, at 89 Calluna 
stem sampled 
-sampled every 8 cm 

40-21 Dh+Nig3 Strat0 Elas4 Sicc3, 
fibrous Eriophorum peat 

Strong 
brown 7,5 
YR 4/6 

33, 25 -14C sample at 25 cm 
-sampled every 8 cm 

21-0 (Gradual boundary) Th-Nig3 
Strat0 Elas4 Sicc4 fibrous 
modern Eriophorum peat 

Strong 
brown 7,5 
YR 4/6 

17, 9, 6 -no sediment at 1 cm so 
sampled at 6 cm 
-sampled every 8 cm 
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5.3.1.1 Basin profile Dalchork  

Based on the auger survey (coordinates can be found in Appendix 8.13), the basin profile at 

Dalchork could be determined by extracting the depth of the auger point from the height of the 

present surface (m OD) (Table 5.12). Figure 5.26 shows a 3-D model of the bedrock/basin profile 

present at the sampling site of Dalchork covering an area of 75x125 m. It appears that the lowest 

underlying bedrock (m OD) is located at AP4, AP3 and AP17, which could have formed the centre 

of the original basin where sediment started to accumulate. The core was taken from AP17, which 

is located towards the west boundary of the site, the river forming a natural boundary to the west. 

Including the basin profile and the present-day map which shows the contour lines around Dalchork 

(Figure 5.27), it is assumed that the original basin at this site is between 100-500 m in diameter. 

This would indicate that most of the pollen present are recruited from within 300-800 m which will 

reflect the relatively local vegetation history (Sugita, 1994; Bunting et al., 2004). 

 

Table 5.12    The basin profile was determined by subtracting the depth of the auger point of the height of the present 
surface (m OD). This data was obtained during the auger survey. The order of the APs is in the direction of the 
transects in the landscape: from top to bottom, left to right. 
Transect 1 AP4 AP5 AP12 AP13 

Height surface (m OD) 181.94 184.20 186.60 188.16 

depth auger point (m) 1.36 1.45 0.44 0.54 
Underlying bedrock (m OD) 180.58 182.75 186.16 187.62 
Transect 2 AP3 AP6 AP11 AP14 

Height surface (m OD) 181.88 184.31 186.19 187.50 

depth auger point (m) 1.32 1.16 0.41 0.24 

Underlying bedrock (m OD) 180.56 183.15 185.78 187.26 

Transect 3 AP1 AP7 AP10 AP15 

Height surface (m OD) 182.68 184.58 185.68 186.87 

depth auger point (m) 1.08 0.85 0.84 0.57 

Underlying bedrock (m OD) 181.6 183.73 184.84 186.3 

Transect 4 AP2 AP8 AP9 AP16 

Height surface (m OD) 183.96 184.94 185.80 186.81 

depth auger point (m) 2.32 1.49 1.21 1.59 
Underlying bedrock (m OD) 181.64 183.45 184.59 185.22 
Transect 5 AP17 AP20 AP21 AP24 

Height surface (m OD) 184.23 185.61 186.58 187.37 

depth auger point (m) 3.34 0.96 0.86 1.75 

Underlying bedrock (m OD) 180.89 184.65 185.72 185.62 

Transect 6 AP18 AP19 AP22 AP23 

Height surface (m OD) 184.59 185.76 186.45 187.05 

depth auger point (m) 2.00 1.08 0.43 1.64 

Underlying bedrock (m OD) 182.59 184.68 186.02 185.41 
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Figure 5.26    The 3-D surface of the basin profile as present at Dalchork showing the depth and location of the different 
auger points (red circles) and the location of where the core is taken (star). 

Figure 5.27    The map shows the contour lines around the Dalchork sampling site. The red area shows the location 
of the auger survey, with the corners of the area surveyed in red circles (AP18, AP4, AP13 and AP23) which correlates 
with the 3-D surface model of Figure 5.26. The black dashed line shows the estimated catchment area which could 
possibly link to the basin profile. 
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5.3.2 Radiocarbon dates 

Four radiometric 14C assays of 1 cm3 sediment slices demonstrate radiocarbon dates from cal AD 

160 to 8289 cal BC (Table 5.13). Calculations were performed as detailed for Rowens (Section 5.1.2). 

 

5.3.3 Age-depth model and accumulation rates 

A linear age depth model has been constructed (Blaauw, 2010; Reimer et al., 2013) using the four 

radiocarbon dates (Table 5.14; Figure 5.28). The accumulation rate of sediment at Dalchork varies 

greatly throughout the sequence. From c. 10,078 to c. 5657 cal BP the peat accumulated 1 cm every 

35.94 yrs. (0.28 mm per yr.). After this, the accumulation rate becomes more rapid between c. 5635 

and c. 2755 cal BP with the peat accumulating 1 cm every 21.98 years, followed by another increase 

of accumulation rate between c. 2740 and c. 1991 cal BP, where the peat accumulated 1 cm every 

15.6 yrs. (0.64 mm per yr.). The final phase (c. 1905 cal BP to when the core was obtained) shows a 

very slow accumulation rate of 1 cm every 85.72 yrs. (0.12 mm per yr.). The core taken at Dalchork 

is significantly shallower than those taken at Rowens and Braehour. It is possible that there is a 

hiatus in accumulation or there was a much slower accumulation rate occurring at Dalchork. 

Radiocarbon dates and the subsequence age-depth model appear to support the latter. 

 

  

Table 5.13    Results of the radiocarbon dates per sample depth for Dalchork, showing the organic material that is 
dated, the uncalibrated radiocarbon date, the calibrated radiocarbon date, the standard deviation and the δ13C 
measurements relative to the modern reference standard material (VPDB). 

Lab code 
Depth 
in cm 

Material 
dated 

Conventional Age 
(14C BP ± 2σ) 

Calibrated Age 
Range (cal BC/AD) 

2σ 
probability  

δ13C relative 
to VPDB  

Poz-
103988 

24 humins 2035 ± 30 BP 

160-133 cal AD 4.9% 

-29 ‰ 117-30 cal AD 88.3% 
38-50 cal AD 2.2% 

SUERC-
84928 

73 
humic 
acid 

2630 ± 24 BP 829-790 cal BC 95.4% -27.6 ‰ 

Poz-
103989 

205 humins 4930 ± 35 BP 3778-3648 cal BC 95.4% -28 ‰ 

Poz-
103990 

329 humins 8980 ± 50 BP 
8289-8167 cal BC 59.3% 

-27.8 ‰ 
8127-7970 cal BC 36.1% 

Table 5.14     The calibrated radiocarbon dates for Dalchork in correlation with the accumulation rate: how many years 
it takes to accumulate 1 cm (accumulation rate in yr/cm) and how many mm of peat is accumulating each year for the 
different periods. 

Depth in cm Time (c.) # in Figure 5.28 Accumulation rate in yr/cm mm per yr. 

328-205  10,078-5657 cal BP 1 35.94 0.28 
204-73  5635-2755 cal BP 2 21.98 0.45 

72-24  2740-1991 cal BP 3 15.60 0.64 

23-0  1905 cal BP-present (2016) 4 85.72 0.12 
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5.3.4 Wood fragments 

The six wood stumps that were sampled from the exposed river-cut sections (Section 4.3.3), 

approximately 130 meters from the coring location consisted of mainly Pinus (five pieces of 

separate stumps) and one piece of wood was identified as Betula spp.  

5.3.5 Microfossils and interpretation 

The TLP sum for Dalchork represents a total of 50 taxa. The TLP diagram was subdivided into seven 

local pollen assemblage zones (LPAZs), Dalch-1-7 (Figure 5.29). The overall preservation was very 

good: there were only few corroded pollen grains (Figure 5.29). A maximum of ±500 pollen grains 

were counted, although there were seven slides that yielded few pollen grains resulting in a 

minimum of 300 pollen grains counted (Figure 5.29). The standardised pollen per sample were 

between 743667 and 19724, with the highest pollen influx between Dalch-1 and Dalch-3 and at 

Dalch-7 (Figure 5.29). Between 330 and 201 cm every 4 samples of sediment was collected, this 

1 

2 

3 

4 

Figure 5.28    Age-depth model of the Dalchork core (black/grey), overlaying the 
calibrated distributions of the individual dates (blue) with the numbers correlating with 
cal BP dates in Table 5.14 (Blaauw, 2010; Reimer et al., 2013). 
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correlates with the sediment containing wood fragments (Table 5.11). From 201 cm every 8 cm was 

sampled. Slide 221 (cm) was excluded, as it appears that hardly anything was preserved in the 

sample and the sample was very diluted. Diagrams have been created for all TLP and charcoal 

fractions, aquatic pollen grains, all present spores and for all identified NPP (Figure 5.30). All 

identified NPP, with their correlating taxonomical identification are listed in Appendix 8.14. All 

diagrams include the calibrated radiocarbon dates, the calibrated age-depth (cal BP) dates and the 

lithology sequence. In this section all pollen, spores, NPP and charcoal identified for Dalchork will 

be presented by LPAZs. Dates used to present the results are those identified in the age-depth 

model as the best estimate, though it should be noted that the best estimate is still an approximate 

(circa) date (Blaauw, 2010; Reimer et al., 2013).  
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Figure 5.29    Condition of the pollen grains identified for Dalchork (corroded), TLP counts and standardised sample TLP 
counts (values need to be multiplied by 1000) per slide, and LPAZs (Dalch 1-7): selected by using CONISS on the TILIA 
data files (Grimm, 1987). 
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Figure 5.30    Top: recorded TLP and charcoal values for Dalchork. Bottom left: recorded TLP + aquatic taxa. Bottom right: recorded TLP + NPP.
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5.3.5.1 Dalch-1: 10,114-8245 cal BP (329-277 cm) 

Total Land Pollen 

Betula values are high from the start of the sequence at Dalchork at 52.6% TLP (c. 10,100 cal BP), 

subsequently remaining high but fluctuate through the zone. Pinus values gradually increase 

throughout the zone but remain relatively low: between 5-10% TLP. Other tree taxa identified 

include Juniperus, Ulmus, Quercus, Alnus, Carpinus and Fraxinus. Corylus is the most dominant 

shrub taxa, at around 10% TLP with a peak (12.6% TLP) at c. 9400 cal BP. Other shrub taxa identified 

include Sorbus-type and Crataegus (hawthorn), present as rare-types and Salix at around 5% TLP. 

Both Empetrum and Erica-type show low values, whereas Calluna is more dominant and peaks 

(33.6% TLP) at the middle of Dalch-1 (c. 9100 cal BP). At the start of Dalch-1, Cyperaceae values 

increase and continue to be a dominant taxon in the zone until a sharp decline at the end of the 

zone. Poaceae pollen contributes to c. 10% TLP and there is a slight rise in values towards the end 

of the zone. Other herbaceous taxa identified include: Ranunculaceae, Saxifraga stellaris, Saxifraga 

oppositifolia, Rosaceae sp., Filipendula, Urtica-type, Hypericum sp., Rumex acetosa/acetosella, 

Rumex obtusifolius, Drosera intermedia-type, Anagallis arvensis, Plantago media/major, 

Melampyrum, Succisa pratensis and Epilobium-type. Potentilla, initially present as a rare-type, 

increases dramatically around 9200 cal BP (to 19% TLP) forming a continuous curve for the rest of 

the zone and into the next.  

Aquatics and Spores 

Aquatic species recorded include Callitriche sp., Menyanthes trifoliata and Potamogeton. All largely 

occur at the beginning of the zone. Highest values of Pteropsida (monolete) indet. spores are 

recorded at the base of the zone and becomes a rare-type after c. 9108 cal BP. Sphagnum values 

are also highest at the beginning of the zone reaching a maximum of 28.6% TLP+AS and then 

gradually declining to the end of the zone. Low values of Pteridium aquilinium and Polypodium are 

also recorded.  

NPP 

A diverse assemblage of NPP is present throughout Dalch-1 including HdV-1, HdV-10 (with a small 

peak towards the end of Dalch-1), HdV-18, HdV-27, HdV-126, HdV-52 (A-D), HdV-55A/B (increases 

towards the end of Dalch-1) and HdV-91. HdV-90, HdV-121 (indet. fungal spores) and HdV-65 are 

only recorded at the beginning of Dalch-1 whereas HdV-2, HdV-4, HdV-8 (A-G), HdV-527, HdV-16B, 

HdV-28, HdV-64, Spirogyra sp., Mougeotia sp. HdV-140, HdV-181 and HdV-766 are only recorded 

towards the end of Dalch-1.   
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Charcoal 

Low values of all charcoal fragment sizes have been recorded at the start of Dalch-1. From the 

middle of the zone all values increase and show two distinct peaks between c. 9108 and 8974 and 

at c. 8532 cal BP.  

Interpretation Dalch-1 

Pollen values reflect a closed canopy woodland near the study site at this time as values of Betula 

exceed 20% TLP (Huntley, 1990). Betula is the most dominant tree taxa from c. 10,114 cal BP and 

probably grows together with Corylus and Salix shrubs in a Cyperaceae and tall-herb dominated 

damp environment, although drier woodlands are suggested by the rare-type presence of 

Polypodium (Arnolds and van der Meijden, 1976). Salix is locally present from c. 9826 cal BP – local 

presence has been argued to be where values exceed 2-3% TLP (Janssen, 1984) – where it is 

probably growing in damper locations: in sheltered areas along streams, and along the River Tirry. 

After this first presence, values fluctuate, reflecting both local presence and absence. Low values 

of Ulmus, Quercus, Crataegus and Sorbus probably reflect trees migrated in more southern regions 

or possibly single tree stands closer to Dalchork. At c. 8820 cal BP Ulmus values increase slightly 

which possibly reflect its local presence (Huntley and Birks, 1983). At c. 8676 and 8389 cal BP small 

increases in Pinus can reflect the local presence of these trees, though they would have been 

scarcely present, as values exceed 5% TLP which is taken as a marker to detect the local presence 

of Pinus growth (Bennett, 1995). This timing of a first Pinus expansion in the area seems to agree 

with Pinus expansion recorded for Achany Glen 1 (c. 20 km south of Dalchork) from c. 8900 cal BP. 

Nutrient rich freshwater pools in a eutrophic fen landscape are reflected by the presence of Carex 

paniculata/pseudocyperus: their presence is suggested by the presence of HdV-126 (Pals et al., 

1980), Callitriche sp., Potamogeton, Spirogyra sp., Mougeotia sp., HdV-140, HdV-65 and 

Botryoccocus. Nonetheless, peat is accumulating, which is reflected by the presence of Sphagnum 

and together with the presence of Drosera intermedia and Molinia sp. (identified by host plant 

indicator HdV-18) suggest oligotrophic conditions in the environment. Homogenous peat is also 

recorded within the sediment stratigraphy in this zone (Section 5.3.1). Mire conditions are further 

suggested by the presence of e.g. Succisa pratensis and a rise of Potentilla suggesting that these 

species were growing on the mire surface. A peak of Calluna and decline of Cyperaceae at c. 9108 

cal BP suggests drier conditions in the mire habitat. At the same time, charcoal values (mainly the 

larger fractions, which relate to more local fire activity) increase. This could reflect natural fires as 

a result of a drier environment. The increase in fires could have possibly promoted the 

establishment of Pinus in the area (Hancock et al., 2005).  
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Possible presence of animals grazing in the area is suggested by the presence of coprophilous 

spores of HdV-55A/B (van Geel et al., 1983b; Baker et al., 2013), although the latter can also be 

related to decaying wood or possibly dry conditions (van Geel and Aptroot, 2006). HdV-55A/B 

shows a peak at c. 8532 cal BP which is simultaneous with a second peak in microscopic charcoal 

and the presence of burning indicator HdV-1. There is no direct evidence of Mesolithic archaeology 

in the area that could relate to possible human presence at this time. Nonetheless, Smith (1996) 

argues for Mesolithic activity in the Lairg area from c. 9000 cal BP where a steady increase in 

charcoal fragments accompanied with a diversity of herbaceous species indicates disturbances by 

people in the landscape. The charcoal peak recorded at Dalchork between c. 9108 and 8964 cal BP 

together with the presence of possible grazing and soil disturbances, recognised by the presence of 

HdV-527 (van Geel et al., 1983a) can also relate to the presence of Mesolithic communities who 

might have enhanced the environment by burning to improve its quality for grazing to attract game 

and increase hunting efficiency and yield (Innes and Blackford, 2003).   

5.3.5.2 Dalch-2: 8245-6304 cal BP (277-223 cm) 

Total Land Pollen 

There is a significant fall in Betula pollen values at the start of this zone before remaining at around 

15-20% TLP. This fall in Betula is accompanied by a rise in Pinus values which reach a maximum of 

23.7% TLP (at c. 6951 cal BP). Low values of Ulmus and Quercus continue to be present in this zone 

and Fraxinus is only recorded as a rare-type at the start of Dalch-2. Tilia appears in this zone as a 

rare-type and Alnus increases at around 6951 cal BP to form a continuous curve. Salix values 

continue to decline through this zone, although reflect local presence at the start of the zone (c. 

8245 cal BP) and at c. 7382 cal BP. Salix is present only as rare-type after c. 7239 cal BP, suggesting 

its local absence. Sorbus-type continues to be present as a rare-type. Corylus is consistently present 

at around 5% TLP.  

There is a slight increase in Empetrum pollen grains at the beginning of Dalch-2 followed by a sharp 

increase of Calluna at c. 7957 cal BP. After this initial increase, both taxa decrease, although Calluna 

quickly recovers and continues to be abundant in this zone. Erica-type present as a rare-type at the 

beginning of the zone forms a continues curve at around 6807 cal BP, which continuous into Dalch-

3. Potentilla continues to be the most dominant herbaceous taxon together with Poaceae. Low 

values of Rosaceae sp., Filipendula, Rumex acetosa/acetosella, Melampyrum and Succisa pratensis 

are recorded in Dalch-2, whereas pollen grains of Caryophyllaceae, Lonicera, Apiaceae and 

Brassicaceae appear in the record. After an initial increase of Cyperaceae and Poaceae, Cyperaceae 

decreases and values remain low throughout the sequence, whereas Poaceae pollen grains remain 

at around 5-10% TLP.   
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Aquatics and Spores 

No aquatic plant taxa are present within this zone and are absent from the remainder of the 

sequence. Low values of Pteropsida (monolete) indet., Diphasiastrum (genus of clubmosses), 

Osmunda regalis and Pteridium aquilinium are recorded through. Sphagnum fluctuates throughout 

the zone and shows three major peaks at around 7800 cal BP (21.2% TLP+AS), 7000 cal BP (33.6% 

TLP+AS) and 6400 cal BP (17.7% TLP+AS).  

NPP 

A similar NPP assemblage to Dalch-1 is present in Dalch-2, although HdV-27, HdV-65, HdV-121, 

Spirogyra sp., Mougeotia-type, HdV-90 and HdV-91 become absent, where HdV-172, HdV-113, 

HdV-360, HdV-16A/C, HdV-341 (indet. globose micro fossils), HdV-207, HdV-19, HdV-466 

(Podospora sp./Zopfiella sp.) and HdV-36 become present. The start of Dalch-2 shows peaks in HdV-

10 at around 7814 cal BP, HdV-18 at c. 6951 cal BP and HdV-1 at around c. 6376 cal BP (respectively 

21.9%, 13.3% and 9.6% TLP+NPP).  

Charcoal 

There is a large increase in charcoal values across all fraction sizes through this zone. There are 

three distinct peaks recorded for all fraction sizes at c. 7814 cal BP, c. 7526 cal BP and between c. 

6807 and 6663 cal BP.   

Interpretation Dalch-2 

Values of Pinus further increase showing the further expansion of Pinus in this area. The peaks at c. 

6951 and c. 6520 cal BP could suggest its local dominance at this time, where it was an important 

component on the mire vegetation, along the River Tirry and in the upland areas around the site 

(Roche et al., 2018). Bradshaw (1993) suggests that Pinus responds to periodic fires, providing fires 

are not frequent or prolonged (Smith, 1998). Therefore, it can be argued that continued presence 

of charcoal and HdV-1/2 (possible burning or dry ground indicator [van Geel, 1978]) at Dalchork – 

which reflects burning of vegetation – could have enhanced the further expansion of Pinus. 

Betula values decline from the start of the zone, although phases of more closed Betula woodland 

(where values exceed 20% TLP) (Huntley, 1990) are suggested until c. 7095 cal BP. Betula was  

possibly growing together with Pinus and shrubs of Corylus in the more open areas. Salix shows a 

local presence at the start of the zone (c. 8245 cal BP) and at c. 7382 cal BP where Salix trees are 

possibly growing in the mores sheltered areas, along water courses (along the River Tirry). After c. 

7239 cal BP Salix seems to disappear from the local landscape. There is a sparse (but local) presence 

of Alnus from c. 6520 cal BP where values exceed 2% TLP (Huntley and Birks, 1983) and would have 
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been growing along the River Tirry or in the more sheltered areas in the landscape. Quercus is 

growing locally at c. 6376 cal BP where values exceed 2% TLP (Huntley and Birks, 1983), although is 

never dominant in the area.  

Calluna is the most dominant taxon from c. 7957 cal BP and is growing together with Empetrum 

and species of Potentilla, suggesting drier conditions at the site. Although Potentilla could not be 

identified to species level, it could possibly reflect Potentilla erecta, which grows in dry heathlands 

(Arnolds and van der Meijden, 1976). Dry conditions are also suggested by the presence of HdV-

16C and HdV-10 (van Geel, 1976). Dry conditions could be contributing to wildfires, which is 

reflected by an increase of charcoal. Furthermore, it can be argued that the increase of all charcoal 

fractions, related to an increase of local fires can be linked to the further development of heath and 

blanket mire communities, which has been suggested by Froyd (2006). 

Nonetheless, wetter conditions in the environment are suggested as peat is accumulating, which is 

reflected by a continuous presence of Sphagnum and Eriophorum vaginatum (identified by the 

presence of HdV-4 and HdV-18) (van Geel, 1978). There is still some presence of eutrophic wet 

conditions (HdV-140 and HdV-766) suggesting that although peat is accumulating, local nutrient 

rich pools persist until the end of Dalch-2, this is also supported by the presence of Caltha palustris 

at c. 6951 cal BP arguing for an increase in nutrients in a wet landscape and the presence of 

Osmunda regalis as a rare-type in this zone argues for nutrient-rich conditions and the presence of 

woodland on wet soils or seepage close to the research site (Arnolds and van der Meijden, 1976).  

Large herbivore grazing is suggested by coprophilous fungal spores, including HdV-113, HdV-172, 

and HdV-55A/B, although HdV-55A/B and HdV-172 can also be related to decaying wood and might 

be thriving on the wood of Betula stumps, as declining Betula values could argue for decaying wood 

of Betula in the landscape (van Geel, 1978; van Geel et al., 1983b; Baker et al., 2013). The 

continuous presence of HdV-527 reflects a clay sedimentation environment (van Geel et al., 1983a): 

possibly caused by disturbed soils through grazing or unstable soil conditions because of 

degradation of vegetation by local dry conditions. Mesolithic communities can be responsible for 

the disturbances in the landscape and the high presence of burning indicators can reflect that 

people were present in the landscape, either using fire as a means of creating open patches in the 

landscape, attracting game to the area or reflect the use of fire for more domestic purposes around 

possible temporary camps (Edwards, 1990; Innes and Blackford, 2003). 
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5.3.5.3 Dalch-3: 6304-5327 cal BP (223-190 cm) 

Total Land Pollen 

There is a resurgence in tree taxa in this zone contributing an average of 61.5% TLP, a maximum of 

81.1% (c. 5395 cal BP) and a minimum of 43.6% TLP (c. 5945 cal BP). Betula values rise significantly 

and reach a maximum value of 40.9% TLP at c. 5394 cal BP. After an initial dip between c. 5950 and 

5800 cal BP, Pinus also increases through the zone to reach 33.2% TLP around 5400 cal BP. There is 

a slight increase of Ulmus at the start of Dalch-3, which then becomes a rare-taxa around 5945 cal 

BP. There is an initial rise in Alnus, which then falls to around 5% TLP for the rest of the zone. 

Quercus pollen values slightly increase in this zone but suffers a dip (present as rare-type) around 

5801 cal BP. Corylus values increase in this zone, with a peak of 10.5% TLP at c. 5657 cal BP. There 

is a sharp decline in Calluna values which drops to 4% TLP at approximately 5395 cal BP from an 

initial 45% TLP, accompanied by a fall in Erica-type pollen. Potentilla is seen to decline in this zone 

to rare-type, hereafter following a peak in values at c. 5657 cal BP.  Low values are recorded for 

other herbaceous taxa present in this zone, such as Ranunculaceae, Saxifraga stellaris, Filipendula, 

Rumex acetosa/acetosella, Plantago media/major, Melampyrum and Succisa pratensis. Values of 

Cyperaceae are at their lowest in this zone, whereas there is a sharp peak in Poaceae pollen values 

around 5945 cal BP to 15.1% TLP. 

Aquatics and Spores  

Spores of Pteropsida (monolete) indet, Pteridium aquilinium and Polypodium are present as rare-

types within this zone together with fluctuating values of Sphagnum, which is briefly recorded as a 

rare-type between c. 5801 and 5657 cal BP before recovering.   

NPP 

Several NPP are identified including HdV-1, HdV-2, HdV-4, HdV-8 (A-G), HdV-10, HdV-18, HdV-27, 

HdV-126, HdV-52 (A-D), HdV-55A/B, HdV-112, HdV-172, HdV-44, HdV-527, HdV-16C, HdV-28 and 

HdV-31A. Towards the end of Dalch-3 there is a small increase of HdV-52 (A-D) reaching values of 

4.9% TLP+NPP.  

Charcoal 

There is a large peak in charcoal values across all fraction sizes at around c. 5945 cal BP and then all 

values record a sharp fall to the end of the zone. 
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Interpretation Dalch-3 

Betula and Pinus values increase, reflecting their local presence and dominance in the landscape in 

a dense Betula-Pinus woodland, with possibly some presence of Corylus in the more open areas of 

woodland. Pinus and Betula are most abundant at Dalchork between c. 5569 to c. 5393 cal BP, 

hereafter both species start to decline. Daniell (1997) recorded over 504 stumps of supposedly 

Pinus c. 5 km southwest from the coring location of Dalchork (Section 2.5.1). Ten stumps were 

sampled and radiocarbon dated. Based on his analysis, the earliest local presence of Pinus in this 

area was at c. 5610 cal BP and the latest presence was at c. 5054 cal BP, this corresponds well with 

the Pinus peaks at Dalchork which suggests these are the direct remnants of the native pine forest. 

Declining values of Calluna are possibly caused by increasing shade caused by the local growth of 

Pinus and Betula which reduces the flowering of Calluna (Charman, 1994). Though it can also be 

related to a change in hydrology, supporting wetter communities.  

From the start of Dalch-3, Alnus further increases. Values exceeding 10% TLP are argued to reflect 

Alnus dominated vegetation within a site catchment (Huntley and Birks, 1983). Though this should 

be applied with caution as Alnus is a high pollen producer (Robinson, 1987), the two peaks of Alnus 

at c. 6088 and 5801 cal BP might reflect an increased presence of Alnus close to the site: in the more 

sheltered locations next to streams, along the River Tirry and in gullies, forming part of the local 

carr vegetation, possibly growing together with Betula. Ulmus is locally present until c. 6086 cal BP, 

after values decline and show rare-type values from c. 5945 cal BP, which possibly reflects the 

widespread “elm decline”. A small increase of Quercus between 5569 and 5393 cal BP could reflect 

that this tree species grows closer to the research site. Species of Potentilla that have been present 

from Dalch-1 rapidly decline from c. 5569 cal BP. If these represented P. erecta, this could reflect 

the end of dry heathland vegetation at this time, this is supported by the presence of wet indicator 

HdV-31A (van Geel et al., 1989) and small increases of Sphagnum. Alternatively, since the decline 

is simultaneously with a decline of Pinus it could be linked to these species disappearing from the 

field-layer of native pine woods (Steven and Carlisle, 1959).  

For a short period Poaceae increases where arboreal pollen values are lower at c. 5945 cal BP, it 

could be possible that grasses responded to increased light intensity following possible clearance 

or possibly relate to a change in hydrology supporting wet grass communities. There could have 

been some possible grazing activity on wet meadows, suggested by the presence of Plantago 

media/major; Rumex acetosella/acetosa (Behre, 1981); HdV-172, HdV-112, HdV-55A/B. Although 

the latter fungal spores can also be related to decaying wood. Decaying wood was definitely present 

as this is reflected by the presence of HdV-44 (van Geel et al., 1981). Soil disturbances and erosion 

(HdV-527) at the start of the zone could possibly be linked with grazing activity in the area. The 

presence of possible pastoral activity can be related to a change from Mesolithic communities to 
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Neolithic farming communities, identified to occur from c. 5950 cal BP throughout Scotland. A dip 

in Betula, Corylus and Alnus values at c. 5945 cal BP and a dip in Pinus values at c. 5801 cal BP appear 

simultaneously with an increase in charcoal values (all fractions) and correlate with the transition 

from Mesolithic to Neolithic communities around Scotland, it could be that people were using the 

woodlands as a resource for settlements and fuel for domestic fires, and were clearing patches for 

agricultural activity. The landscape around Dalchork lacks the presence of any Neolithic structures, 

though chambered cairns have been identified in the wider region. To continue, no significant 

increases in farming activities (in comparison to previous zones) is yet recognised in this zone and 

charcoal values are declining rapidly towards the end of the zone, suggesting that people became 

absent from the local area.   

5.3.5.4 Dalch-4: 5327-4228 cal BP (190-140 cm) 

Total Land Pollen 

There is a sharp decline in the values of Betula and Pinus at the beginning of this zone at c. 5217 to 

5042 cal BP which are then seen to recover (at c. 4900 cal BP), although not to the high values as 

before. Interestingly, values of Corylus and Quercus both dip at this time before recovering. Ulmus, 

Fraxinus and Salix are all recorded as rare-types. There is a sharp increase of Calluna in this zone, 

which reaches very high percentages of 63.3% TLP at around 5042 cal BP, while values of Empetrum 

and Erica-type remain low. Similar herbaceous taxa as the previous zone are identified in Dalch-4 

although values of Urtica-type, Drosera intermedia-type, Silene-type, Plantago lanceolata values – 

which were absent in Dalch-3 are recorded in this zone. After an initial increase, values of Poaceae 

dip at around 4866 cal BP before recovering to similar values as previous. Cyperaceae values remain 

low, although there is a small peak towards the end of Dalch-4 reaching 9.4% TLP at c. 4514 cal BP.  

Aquatics and Spores  

Sphagnum spores are consistently present through this zone, while Pteropsida (monolete) indet. 

and Polypodium occur as rare-types.  

NPP 

HdV-10 increases gradually throughout Dlach-4 attaining a maximum value of 15.8% TLP+NPP by 

the end of the zone. A number of NPP are present within this zone including HdV-1, HdV-2, HdV-4, 

HdV-8 (A-G), HdV-18, HdV-27, HdV-126, HdV-52 (A-D), HdV-55A/B, HdV-112, HdV-172, HdV-113, 

HdV-527, HdV-5, HdV-16A/C, HdV-28, HdV-64, Mougeotia sp., HdV-766 and HdV-36.  
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Charcoal 

There are two main peaks in charcoal across all fraction sizes in this zone. The first is visible between 

c. 5217 and 5042 cal BP and the second at c. 4514 cal BP. After the first peak all fractions become 

absent and after the second peak, charcoal values show a slight decrease and then continue to 

remain high.  

Interpretation Dalch-4  

After an initial decline of Pinus, though values do suggest that Pinus continues to grow locally 

between c. 5217 and 5042 cal BP, Pinus again increases from c. 4866 cal BP and reflects its local 

expansion. Betula shows a sharp reduction, from the start of the zone (c. 5217 cal BP) in comparison 

to previous zones. In contrast to Pinus, which is recovering after the initial decline, Betula values 

remain low but constant throughout the zone and reflect Betula growing in an open woodland 

together with Corylus shrubs. This decline in Betula around this time is also recorded at other sites 

in Northern Scotland (Section 2.5.1) e.g. at Suisgill: between 5435-4831 cal BP (Andrews et al., 

1985), at Oliclett: c. 5990-5040 cal BP (Davies, 2003) and Farlary: 4950-4900 cal BP (Tipping et al., 

2008a).  

Low values of Alnus probably reflects isolated occurrences of Alnus close to the research site: 

possibly next to the River Tirry. The slight increase of Fraxinus at c. 4338 cal BP suggests that the 

species might be growing more abundant in the wider region, though Fraxinus is a low pollen 

producer (Thomas, 2016) and it has been argued that pollen rapidly drop off within 20m of a fen 

carr edge once the tree canopy is established, representing a local presence (Bunting et al., 2005). 

It is therefore possible that stands of Fraxinus were growing close to the research site. 

Calluna rapidly increases, which appears to correlate with the initial decline of Pinus and decreases 

of Betula in the landscape. The high presence of Calluna, reflects a dominance of this dwarf shrub 

in a dry blanket bog environment, supported by the presence of Eriophorum vaginatum (HdV-4 and 

HdV-18) and Sphagnum (van Geel, 1978). Calluna values show a dip at c. 4514 cal BP where 

Cyperaceae values show a peak. This possibly reflects a short period of wetter conditions. Nutrient-

rich conditions are suggested by the presence of HdV-766 and Mougeotia sp. (van Geel et al., 

1983a). This possibly relates to more nutrient-rich conditions of the nearby River Tirry (periodic 

flooding). It is suggested (van Geel et al., 1981) that HdV-16A could be indicative for either 

mesotrophic conditions or as a dry peat indicator. As it shows a significant peak in this zone, it could 

be linked to both.  

Grazing activity, possibly in relation to pastoral activity can be reflected by the presence of 

coprophilous fungal spores of HdV-113 and possibly spores of HdV-55A/B, HdV-112 and HdV-172. 
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The first presence of Plantago lanceolata (although values remain low), together with scattered 

pollen grains of Rumex sp. and Ranunculaceae (possibly Ranunculus acris-type) may indicate the 

local presence of pastures. The presence of Urtica reflects the increase in nutrients as they are 

nitrophilous and are expected to be found at habitational sites and on cultivated land (Behre, 1981). 

It is probably that increased grazing activity in the area troubled the regeneration of Betula, which 

remains low from this time. Human presence is also suggested by increased charcoal values 

showing two peaks between c. 5217 and 5042 cal BP and the second at c. 4514 cal BP. The first peak 

appears simultaneously with declining tree values, possibly showing a connection. The second peak 

in charcoal values is simultaneous with the dip in Calluna. This might reflect moor burning with the 

subsequent increase of Cyperaceae as the initial phase after a burning event. To continue, the 

recording of HdV-5 at c. 4514 cal BP argues for moor burning as it is related to drier conditions after 

the disappearance of the upper peat layer burned off for cultivation (van Geel, 1976). The pastoral 

activities at this time can reflect Neolithic communities living in the Dalchork landscape (though no 

direct archaeological evidence is recorded close to the site). The possible moor burning activities 

towards the end of the zone (c. 4514 cal BP) can mark the start of a transition to the Bronze Age 

where land was enhanced for increases in grazing activity and crop cultivation, though indicators 

for these activities (e.g. Plantago lanceolata) only start to further increase in the next zone.   

5.3.5.5 Dalch-5 (A-B): 4228-2709 cal BP (140-70 cm) 

Dalch-5A: 4228-3569 cal BP (140-110 cm) 

Total Land Pollen 

Pinus values are seen to further decline in Dalch-5A whereas Betula, Quercus and Alnus values 

remain stable. A dip in Corylus also occurs in this zone around c. 3986 cal BP but is then seen to 

recover, while Fagus, Carpinus, Ulmus, Fraxinus, Sorbus-type and Salix are recorded as rare-types. 

Calluna values vary little throughout the zone and are generally high, occurring together with low 

values of Empetrum and Erica-type. Herbaceous taxa present include Rumex acetosa/acetosella, 

Rumex obtusifolius and Plantago lanceolata. The latter shows a peak at the start of Dalch-5A (2% 

TLP). Cyperaceae values sharply increase at the start of Dalch-5A to a maximum of 19.3% TLP (c. 

3986 cal BP), where after they fall slightly. Poaceae remains at around 5% TLP throughout the zone.  

Aquatics and Spores 

Polypodium and Pteropsida (monolete) indet. are recorded as rare-types in subzone Dalch-5A. 

Pteridium aquilinium shows a small peak at the end of the subzone (c. 3635 cal BP). Sphagnum 

values present throughout the zone peaks at around 3811 cal BP (to 10.6% TLP+AS), before sharply 

declining to the end of the subzone. 
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NPP 

HdV-10 increases gradually throughout Dalch-5A and shows its highest presence (49.9% TLP+NPP) 

at c. 3635 cal BP. A small peak of HdV-18 is recorded in this subzone at c. 3986 cal BP. Low values 

of HdV-1, HdV-2, HdV-4, HdV-8 (A-G), HdV-25, HdV-64, HdV-52 (A-D), HdV-55A/B, HdV-112, HdV-

172, HdV-351, HdV-44, HdV-527, HdV-5, HdV-16C, HdV-28, HdV-32A and HdV-225 are present 

throughout this subzone. 

Charcoal 

There is a strong presence of charcoal through this zone, with maximum values for the larger 

charcoal fractions (>21 μm) recorded at c. 3986 cal BP.  

Interpretation Dalch-5A  

From the start of Dalch-5A, at c. 4162 cal BP, Pinus values are low, and decline even further from c. 

3811 cal BP reflecting the local decline of Pinus trees. These dates correlate with the wider 

recognised pine-decline which occurred between 4200 and 3300 cal BP (Birks, 1975; Bennett, 1984; 

Gear and Huntley, 1991; Blackford et al., 1992; Hall et al., 1994; Tipping et al., 2008a). 

Betula continues to be a local woodland component, where it is growing in an open woodland 

character together with Corylus shrubs. Alnus slightly increases in this zone, possibly adapting 

better to a change to wetter conditions and is growing in the more sheltered areas along the River 

Tirry, or on damp more nutrient-rich locations close to the research site (Arnolds and van der 

Meijden, 1976). Quercus values are highest in this zone and could reflect its local presence, 

especially at c. 3986 and 3635 cal BP where values exceed 2% TLP (Huntley and Birks, 1983). 

Because pollen grains of Quercus are respectively heavy and entomophilous it can be argued that 

its pollen do not travel over large distances and are of local sources (Jacobson and Bradshaw, 1981; 

Smith, 1996), possibly growing on drier soils close to the research site. The presence of Quercus 

reflects the open character of the remaining woodland at this time, with Pinus disappearing from 

the local landscape allowing the recruitment of this species to the site (Smith, 1996). A peak in 

charcoal values at the same time of Quercus increases, reflects burning in the area that promotes 

its local growth (Petersson et al., 2020). 

Calluna continues to be the most dominant taxon in the landscape, reflecting the drier hummocks 

in a blanket bog with peatland communities consisting of Sphagnum and Eriophorum vaginatum 

(reflected by HdV-4 and HdV-18 [van Geel, 1978]). Low nutrients in the wet peat are reflected by 

the presence of HdV-32A whereas the increase of HdV-10 (relating to the increase of Calluna) 
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reflects drier conditions in the peatland habitat. A dip in Calluna values and a peak in Cyperaceae 

at c. 3986 cal BP are simultaneous with a peak in charcoal values (mainly the larger fractions). This 

could be related to people managing the (local) upland moorland by burning it for grazing and crop 

cultivation and the subsequent recolonisation of Cyperaceae on the burned soil, also suggested by 

the presence of HdV-5 towards the end of the zone (van Geel, 1976).   

Cultivation of the landscape is also reflected by a small increase in Plantago lanceolata, the 

presence of (possible) grazing indicators including: HdV-55A/B, HdV-112, HdV-172 and the presence 

of HdV-351 – which is indicative for human habitation (van Geel et al., 1981). The increase of HdV-

527 relates to erosion in the local area, perhaps as a result of grazing intensification. To continue, 

the presence of Pteridium aquilinium at c. 3635 cal BP could also be indicative for grazing (Clapham 

et al., 1962). Unfortunately, cereal-type pollen grains were not recorded for Dalchork which would 

be expected when people are habituating the area. Nonetheless, cereal grain pollen could have 

been missed due to larger sampling intervals of 8 cm and as the main cereal grain type found at this 

time is Hordeum, a cleistogamous grain, it is generally underrepresented in the record - as it is 

mainly released during harvesting and threshing (Behre, 1981; 2007). For future studies rapid-

scanning techniques should be applied to discover possibly cereal pollen grains which could be 

missed during regular pollen counting (Edwards et al., 2005). 

If using the increase of Plantago lanceolata as a definite indicator of people present in the 

landscape, people would have been present in the Dalchork area from c. 4162 cal BP. The increase 

in grazing activity is typical for the presence of Bronze Age communities in the area and is also 

recognised to occur in the Lairg area from c. 4100 cal BP (Smith, 1996) and is supported by the 

presence of hut-circles in the vicinity of the site (typical for the Bronze Age), though these might 

date to a slightly later period.  

Dalch-5B: 3569-2709 cal BP (110-70 cm) 

Total Land Pollen 

There is an initial dip in all arboreal pollen values, with the exception of Pinus and Corylus at the 

beginning of Dalch-5B at around 3459 cal BP. Towards the end of the zone Pinus and Betula show 

a sharp increase with maxima values of Pinus: 34.1% and Betula: 36.2% TLP (c. 2755 cal BP). Ulmus, 

Fraxinus, Salix, Crataegus and Ilex-type are all recorded in Dalch-5B as rare-types. Throughout 

Dalch-5B, Calluna is the most dominant taxon recorded, similar to the previous zone. At the start 

of Dalch-5B (c. 3459 cal BP), Calluna reaches its highest percentages (63.9% TLP). Where both Pinus 

and Betula rapidly increase towards the end of Dalch-5B, values of Calluna drop sharply to 6.7% 

TLP. Erica-type shows a slight increase throughout Dalch-5B. Herb taxa recorded throughout Dalch-

5B include Filipendula, Ranunculaceae, Galium-type, Potentilla (with a small increase toward the 
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end of Dalch-5B) and Plantago lanceolata (showing a peak in the middle of Dalch-5B [1.6% TLP]). 

Cyperaceae values remain at around 5-10% TLP, declining at the end of the zone. Values of Poaceae 

continue to be low but remain constant.      

Aquatics and Spores 

Pteropsida (monolete) indet. and Pteridium aquilinium are again present as rare-types.  A large peak 

in Sphagnum (52.9% TLP+AS) occurs at c. 2931 cal BP, after which values sharply decline towards 

the end of the subzone.    

NPP 

HdV-10 decreases sharply after the start of Dalch-5B at c. 3459 cal BP after which it shows another 

peak at c. 2931 cal BP (35.5% TLP+NPP). HdV-16C shows a gradual increase through Dalch-5B until 

c. 2931 after which it decreases. At c. 2755 cal BP there is a small increase of HdV-55A/B. Low values 

of NPP that were present in Dalch-5A continue to be present and include HdV-1 (although decline 

in comparison with the previous zone), HdV-2, HdV-4, HdV-8 (A-G), HdV-64, HdV-52 (A-D), HdV-

112, HdV-172, HdV-527, HdV-5, HdV-28, and HdV-32A. Low values of NPP that become present in 

Dalch-5B (and were absent in Dalch-5A) include HdV-27, HdV-126, HdV-16A, Spirogyra sp., HdV-

31A, HdV-32B, HdV-46 (Hyalosphaenia subflava) and HdV-36. The increase of presence of HdV-31A 

and HdV-32A/B shows that testate amoeba species increase in this zone.  

Charcoal 

All microscopic charcoal values increase from the start of Dalch-5B and show a peak at c. 3459 cal 

BP after which all values decrease towards the end of Dalch-5B. 

Interpretation Dalch-5B 

Betula continues to be locally present in an open Betula-Corylus woodland with Alnus growing in 

the more sheltered nutrient rich areas along streams. At c. 3459 cal BP Betula and Alnus values 

show a brief decline where all microscopic charcoal values show a peak. This possibly reflects 

people affecting the woodland and the use of Betula and Alnus trees at this time or a change in 

hydrology stimulating a small increase of Pinus and Corylus, though the former is probably locally 

absent at this time.  

Calluna remains the most dominant taxa, with Erica-type (possibly Erica tetralix) indicating 

drier/drained conditions within the peat. An increase of Empetrum at c. 3459 cal BP shows its local 

dominance and indicates that the mire surface is dying out (Clapham et al., 1962). The increased 

presence of HdV-31A and HdV-32A/B at c. 3107 cal BP reflect wetter parts within the blanket mire. 

Spaghnum sharply increases where Calluna and HdV-16C decline at the end of Dalch-5B (c. 2755 
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cal BP), suggesting the expansion of the blanket mire and a change to wetter conditions. This 

increase of Sphagnum is followed by a sharp increase of Pinus and Betula at c. 2755 cal BP, with 

highest values recorded for Pinus of the whole core, reflecting local expansion. An increase of 

Potentilla sp. at the same time, could indicate that this species was growing within the Pinus-Betula 

woodland, although would have been dominated by Pinus at this time. Perhaps the growth of these 

trees was encouraged because of their value as timber and therefore managed, though charcoal 

values are very low at this time and suggest the absence of people. Another explanation is that the 

pollen grains of this specific depth have been washed in/eroded from another location reflecting a 

hiatus. This explanation can be rejected as there is not apparent soil disturbance at c. 2755 cal BP 

and the obtained radiocarbon dates and age-depth model (Blaauw, 2010) seem to be undisturbed. 

At the same time, Ulmus values briefly increase and could have been locally reintroduced. 

The presence of Plantago lanceolata and Ranunculaceae (as a rare-type) could indicate local 

pastoral activity. The continuous presence of HdV-527 reflects clay sedimentation in the area and 

the presence of HdV-46 at c. 3107 cal BP has been indicated (van Geel, 1976) to reflect serious 

disturbances in the peat growth. Furthermore, the presence of HdV-5 with an increase at c. 3107 

cal BP argue for drier conditions after a peatbog has been drained and the disappearance of the 

upper peat layer that has been burned off (van Geel, 1976). Pastoral activity can be linked to people 

present in the landscape recognised by present hut-circles (generally dated to the Bronze Age). Hut-

circles further south were dated to c. 3500-3000 cal BP, showing that people were present in the 

wider landscape at this time (McCullagh and Tipping, 1998). Pastoral activity could also be reflected 

by grazing indicators HdV-55A/B, HdV-112 and HdV-172, though when these are present (c. 2755 

cal BP), above mentioned taxa representative for pastoral activity and high charcoal values are 

absent. These grazing indicators occur at the same time as the increases of Betula, Pinus, Ulmus 

and Alnus and could possibly relate to the presence of decaying wood (van Geel and Aptroot, 2006). 

It appears that at c. 2755 cal BP people are absent from the local area, together with reduced 

grazing activity promoting the expansion and regeneration of Pinus, Betula, Alnus and Ulmus, 

recognised as a sequence of natural succession following abandonment (Edwards, 1993). A marked 

reduction in archaeological evidence at this time is recorded for other sites in northern Scotland 

from c. 3000 cal BP, including the Lairg area (Smith, 1996; McCullagh and Tipping, 1998) and has 

been related to a period of climatic deterioration (see Section 6.2.1.1). Regeneration of tree species 

including Betula, Corulus, Quercus and Ulmus was also recognised for the Lairg area (Edwards, 1993; 

Smith, 1996).   
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5.3.5.6 Dalch-6: 2709-963 cal BP (70-12 cm) 

Total Land Pollen 

After the peak in Pinus at the end of Dalch-5B, there is a sharp decrease with values gradually 

continuing to fall until c. 2256 cal BP after which there is a small rise before values fall again. Betula, 

Alnus and Corylus continue to fluctuate throughout the zone, with dips also recorded at 2256 cal 

BP. Low values of Ulmus, Quercus and Fraxinus are recorded throughout the zone. Salix is only 

recorded at the start of Dalch-6 after which it disappears from the sequence. Calluna values recover 

from the sharp dip recorded in the previous zone and is again the dominant taxa. Low values of 

both Erica-type and Empetrum pollen are recorded. Herbaceous taxa present are similar to those 

of previous zones with a slight increase in the representation of Potentilla. Hypericum elodes, 

Polygonum aviculare-type, Aster-type and Artemisia-type are only recorded in this zone. Plantago 

lanceolata becomes more abundant towards the end of Dalch-6 with values reaching 1.8% TLP. 

There is an increased presence of Cyperaceae in this zone, especially at the beginning where values 

reach 19.8% TLP (c. 2381 cal BP) where after they gradually fall to 8% TLP. Poaceae values are 

slightly higher than in the previous zone and there is a marginal rise throughout Dalch-6.   

Aquatics and Spores 

Sphagnum spores continue to be present in high values fluctuating between 14% and 25.2% 

TLP+AS. Pteropsida (monolete) indet. is present as a rare-type, along with Huperzia, which appears 

towards the end of Dalch-6. 

NPP 

After an initial peak of HdV-10 in Dalch-6, it decreases sharply and then remains low throughout 

the rest of the zone. HdV-4 shows its highest values (8.1% TLP+NPP) with a peak at c. 2256 cal BP, 

followed by an increase of HdV-32A and HdV-18. HdV-52 (A-D) remains low but constant through 

the zone. HdV-527 and HdV-16A continue to be present throughout the sequence but increase 

slightly towards the end of the zone whereas HdV-16C shows its highest values at the start of Dalch-

6 and decrease towards the end. Other NPP present include: HdV-1, HdV-2, HdV-8, HdV-126, HdV-

55A/B, HdV-112, HdV-5, HdV-28, reticulate Spirogyra sp. and HdV-46.  

Charcoal 

Low values of charcoal are recorded at the start of Dalch-6 but all values increase gradually 

throughout the zone and the largest charcoal fraction shows a peak at c. 2132 cal BP (33 cm), after 

which the largest charcoal fraction shortly dips and then rises again where all charcoal fractions 

show their highest presence in this zone at c. 1391 cal B 
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Interpretation Dalch-6 

Pinus continues to be locally present until values decline after c. 2381 cal BP where after Pinus is 

absent from the local woodlands (except for a short presence at 2007 cal BP). The remaining Pinus 

is growing together with Betula and possibly Corylus in a relatively open woodland, similar to 

present day upland birchwoods (NVC W17 or W4). Alnus continues to be locally present in more 

fertile locations, possibly along the River Tirry. Quercus shows its final local presence at c. 3506 cal 

BP, after which it disappears from the local landscape. Calluna remains the most dominant species 

and grows together with species of Erica, Sphagnum and Cyperaceae (including Eriophorum 

vaginatum). All are indicative for the continuous accumulation of blanket bog vegetation where 

Calluna inhabits the drier hummocks within the peatland. Dry conditions within the peatland are 

reflected by the presence of HdV-16C, which start to decline at c. 2256 cal BP followed by two peaks 

in HdV-16A. Although the latter can also be related to mesotrophic conditions in the landscape. 

Wet conditions within the peatland are reflected by the presence of HdV-32A from c. 2132 cal BP. 

An increase of Poaceae species reflects its growth within an open wet peatland environment.  

A further increase of Plantago lanceolata pollen, together with scattered pollen grains of Plantago 

media/major, Artemisia-type, Rumex acetosella/acetosa, Ranunculaceae (possibly Ranunculus 

acris-type) and Polygonum aviculare may indicate the local presence of pastures and agricultural 

fields. Though no cereal pollen grains were recorded, the presence of Polygonum aviculare can 

argue for crop cultivation (Behre, 1981; Tamis et al., 2004). Eutrophication of the site is reflected 

by the presence of Spirogyra species (Pals et al., 1980), possibly caused by local grazing. The 

presence of HdV-55A/B and HdV-112 as rare-type can also relate to grazing. Disturbances in the 

peat growth are reflected by the presence of HdV-46 and clay sedimentation is suggested by the 

presence of HdV-527. Grazing could have affected local erosion and disturbances within the 

peatland. To continue, the presence of HdV-5, together with small increases of charcoal could 

suggest burning activity or peatland drainage.  

Towards the end of Dalch-6, pollen values of Pinus, Betula and Alnus further decline, whereas 

Corylus pollen grains increase. Possibly this reflects Myrica gale growing within the blanket bog 

vegetation. At the same time, all charcoal fractions sharply increase, which could reflect that people 

are present in the landscape, the decline of tree pollen can relate to people using the remaining 

woodland in the area, with the exception of possibly Corylus (if not Myrica gale). People could have 

enhanced the growth of Corylus by coppicing the shrubs for increased nut yield, which will result in 

an increase of pollen.   

It appears that after a short absence of people in the landscape (end of zone Dalch-5B), human 

activity was renewed and people slowly return into the area, reflected by the general increase in 
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charcoal values and the presence of pastoral and agricultural indicator species, with the most 

significant increase of Plantago lanceolata at 2256 cal BP. This shows the increase in grazing and 

crop cultivation impact in the area and reflect Iron Age communities living in the wider Dalchork 

region, also recognised by the presence of brochs (though undated), with the closest being c. 6 km 

south from Dalchork. In the Lairg area a similar mixed farming pattern is recognised from c. 2000 

cal BP involving Hordeum, Avena-Triticum crop cultivation rotated with grasslands/heather grazing 

(Smith, 1996).  

5.3.5.7 Dalch-7: 963 cal BP-present (12-0 cm) 

Total Land Pollen 

Dalch-7 shows a sharp increase of Pinus, Betula and Alnus values (respectively 17.9%, 11.9% and 

4% TLP), while there is a decline in Quercus where after it becomes as a rare-type. Ulmus is also 

present initially as a rare-type before a small peak in values at c. 448 cal BP. Corylus shows high 

percentages at the start of Dalch-7: 18.3% TLP but decreases soon after to 3.8% TLP at the end of 

the sequence. Calluna continues to be most dominant with a maximum of 59.1% TLP at c. 705 cal 

BP. Low values of Erica-type are recorded together with pollen grains of Ranunculaceae, Potentilla, 

Hypericum sp., Rumex acetosa/acetosella and Artemisia-type. Plantago lanceolata decreases 

towards the end of Dalch-7, similar to values of Cyperaceae, whereas Poaceae values increases to 

9.6% TLP (c. 448 cal BP).  

Aquatics and Spores 

Pteropsida (monolete) indet., Huperzia and Polypodium are all present as rare-types. Sphagnum 

spores decrease in this zone from previous to 3% TLP+AS.  

NPP 

Low values of several NPP are recorded including: HdV-1, HdV-2, HdV-4, HdV-10, HdV-18, HdV-52 

(A-D), HdV-55A/B, HdV-112, HdV-113, HdV-527, HdV-16A, Mougeotia sp., Zygnema-type, HdV-342, 

HdV-46 and Aulacomnium palustris (bog groove-moss) leaf fragments are recorded throughout 

zone Dalch-7.  

Charcoal 

Dalch-7 shows the highest charcoal values of the whole sequence with a peak in all charcoal 

fractions at c. 705 cal BP. After this final peak charcoal values decline but remain high. 
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Interpretation Dalch-7  

Sharp increases of Pinus values reflect local Pinus plantations which were present from c. 200 years 

ago (Bangor-Jones, 1994). Betula and Corylus continues to be locally present, though values are 

lower than in the previous zone, suggesting an open woodland character, similar to current upland 

birchwoods where Corylus would have grown on the more enriched soils (Forestry Commission, 

2003a). High values of Calluna and presence of Sphagnum species reflect local peat formation. The 

presence of Aulacomnium palustre reflects the ongoing peatland conditions (Tamis et al., 2004). 

Marshy conditions are indicated with the presence of HdV-342 and the eutrophication of the 

landscape is reflected by the presence of Mougeotia sp. and Zygnema-type spores. Their presence 

suggests shallow eutrophic water bodies in the area (van Geel et al., 1989), though some species 

have been recorded to occur in bog-pools (Worobiec, 2014). If it is related with eutrophication of 

the area, this could reflect that nutrients from surrounding farmland are flowing into the peatland 

or pastoral activity in the local area.  

Human indicator species, including Ranunculaceae, Rumex acetosella/acetosa, Plantago lanceolata 

and Artemisia-type suggest pastoral activity or/and crop cultivation in the area. High charcoal 

values are likely to reflect people in the landscape. Calluna values decline and possibly reflect the 

practice of moor burning, to enhance the land for cultivation. Grazing is reflected by the presence 

of HdV-113 and possibly HdV-55A/B and HdV-112. HdV-46 reflects disturbances in the peat growth, 

and together with the presence of HdV-527 (erosion) could reflect disturbances due to grazing. The 

presence of both crop cultivations and pastoral activity is typical for the shieling system that would 

have prevailed at this time (Holl and Smith, 2007), also recognised by the remains of shielings in the 

landscape.  

The peak in HdV-16A (van Geel et al. 1981) could possibly be linked to the planting of non-native 

coniferous trees in the area. For conifers to grow on peat, drainage ditches were dug, causing the 

peat to dry out and fertilisers (phosphorous and where required potassium and nitrogen) were used 

to increase the nutrient availability (Taylor, 1991; Payne et al., 2018).  

5.3.6 Historic maps – Balwhoirck and ‘extreem wilderness’ 

Old maps were consulted for the Dalchork area, as these could possibly be used to detect the more 

precise locations of past woodlands in the landscape and whether courses of rivers and streams are 

at present similar to those of the past. 

In a map series conducted by Pont in ca. AD 1583-1614 (367-336 cal BP) parts of Dalchork and the 

area southwest of Dalchork including Loch Shin is depicted (Northwest Sutherland; Loch Shin 

[National Library of Scotland, 2018d]) (Figure 5.31). The map suggests that there is no woodland 
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present at the time of Pont’s map making although notes on the map suggest that it is a wild area: 

‘Extreem Wilderness’ and that there are ‘many woolfs’ present. Palynological results in this study 

do suggest that woodlands were present slightly before the time of the map-making (at c. 448 cal 

BP), consisting of upland birchwoods, possibly Pinus plantations, Alnus growing along streams rivers 

and Corylus on the more fertile soils. This argues for the exclusion of woodland depicted by Pont 

on the map.  

Two locations Pont’s map have been marked as ‘farmeald’ (one of them displayed in Figure 5.31), 

possibly referring to old farm: (e)ald is the old English word for old (Majocha, 2005) indicating that 

previously farming activities were present close to the research site, also recognised by farming 

activities in the pollen record. The present-day settlement of Dalchork (probably where the 

Dalchork forest is named after) was already present on Pont’s map and was noted as Balwhoirck, 

possibly referring to a present farm building (Figure 5.31). Furthermore, Pont depicts the flow of 

the River Tirry together with the Strath of Tirry, which is possibly named ‘Strath Terris’ on the map. 

Comparing this map with a present map of the Loch Shin area it is possible to detect the likely 

location of study site Dalchork on the old maps. Note that Pont positioned the north (Figure 5.31) 

at present day southwest. Notes that accompanied the maps state that the salmon coming from 

Loch Shin is the best of all Scotland: ‘South from Stranaverne in the hight of the Brae of Suthirland 

called Bra-Chatt is a loch called Loch-Shyn, sixteen myles of lenth and of a small breadth, the river 

cuming therfra is onlie thrie myles of lenth, and falleth in Charron on the northsyd therof a litle 

above Inner-Charron, the salmon killed in thir Loch ar the greatest and fayrest of all Scotland and 

none may compair with them for quantitie.’ (National Library of Scotland, 2018d).  

Where no woodland was depicted on Pont’s map, maps created by Robert (and possibly James) 

Gordon between AD 1636 and 1652 (National Library of Scotland, 2018b, 2018f, 2018g) (Figure 5.32 

and 5.33), Blaeu (AD 1654) (National Library of Scotland, 2018h) (Figure 5.34) and Roy’s Military 

Survey of Scotland map between AD 1747 and 1755 (National Library of Scotland, 2018a) show that 

woodland is present in the Loch Shin area (Figure 5.35).  

The two maps of Robert Gordon (Sutherland, Strath Okel & Strath Charron and a map of Loch Synn, 

or, "Shinn", and Assyin) show that woodland was present north (not actual north) of Loch Shin (top 

Figure 5.32) and (south)east of Loch Shin (bottom Figure 5.32) with a note: “the wood called Aird” 

(National Library of Scotland, 2018f, 2018g). Furthermore, on the top map the location of 

‘Balwhoirck’ (Dalchork) and ‘Avon Terriss’ (River Tirry), where Avon, a Celtic word meaning river or 

water (The Editors of Encyclopedia Britannica, 2017), is depicted. Notes on this map describe the 

landscape surrounding ‘Balwhoirck’ as ‘Low pleasant moorish moss and greens heiz (height?)’ 

(Figure). The bottom map (Figure 5.32) depicts the location of the wood called Aird – which refers 

to a woodland of the headland (Mac an Tailleir, 2003). When reconstructing the possible location 
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for Dalchork (this study), it appears that it is located within this woodland, and possibly shows the 

remnants of an upland birchwood with patches of Pinus, as identified from the pollen data. 

Furthermore, the hamlet of Shiness (‘Sinenesh’) (c. 8 km from Dalchork, this study) can be detected 

on both maps. A third map produced by Robert Gordon (A map of Scotland, north of Loch Linnhe 

and the River Dee and west of the River Deveron) (Figure 5.33) shows the presence of several 

woodlands in the area which are named Meanach Forrest and possibly Dirry Moir which has been 

named a forest by Blaeu’s map Southerlandia (Figure 5.34). At the location of Dirry Moir you see a 

presence of trees in the landscape (Figure 5.33). At the possible location of present study area are 

no trees depicted, suggesting that trees were sparse at Dalchork at the time of the depiction. 

Blaeu’s map of Southerlandia, part of Blaeu’s Atlas of Scotland (National Library of Scotland, 2018h), 

shows three forests, namely: ‘Dirry Meanach Forrest’, ‘The wood of Aird’ and ‘Dirry-Moir-Forrest’ 

(Figure 5.34). This map does not depict any trees on the map, though in Gordon’s map there were 

trees present (Figure 5.33). Nonetheless, two of these forests have been described in Blaeu’s Atlas 

of Scotland as Dirimore (Dirry-Moir-Forrest) and Dirimeanach (Dirry Meanach Forrest): “There are 

three places in this county designated with the name of woods or forests, all in the mountain areas, 

apart from other groves and plantations scattered here and there. These woods are known by the 

names [?] Dirimore, Dirichat and Dirimeanach. In them as also in many other places there is pleasant 

and copious hunting: for everywhere here is full of stags, fallow-deer, wolves, foxes, wild cats, otters, 

martens, badgers, and every kind of woodland bird which can be nourished in this climate.” (“Nova 

Sovtherlandiae Descriptio - Blaeu Atlas of Scotland, 1654,” n.d.). Especially the mentioning of the 

area being full of stags indicates a possibly high grazing pressure in the landscape, limiting 

regeneration of remaining trees present. 

Roy’s map (1747-55) (National Library of Scotland 2018a) shows that woodland is mainly covering 

the southern shores of Loch Shin (Figure 5.35) and the riverbanks of the river flowing into Loch Shin. 

In the map the settlement of Lairg is displayed (1), surrounded by cultivated fields (depicted as 

ridges) and other settlements. More settlements and cultivated fields surrounding the loch are to 

be seen in the map (2) and woodlands west of Loch Shin (3) are displayed (similar location as the 

Map created by Robert Gordon). The location where the core has been taken for this study (4) could 

be detected as the course of River Tirry seems to be relatively unchanged just as the lochan east to 

the sampling location. It seems that there is a bit of green next to the river close to the sampling 

location (4), possibly this reflects open riverine woodland present, which seems in agreement with 

the pollen data. To continue, Mac an Tailleir (2003) suggested that the word Dalchork derives from 

the Gaelic Dail Choirce which means Oat Haugh. Haugh refers to a low-lying often alluvial riverside 

meadow (Forsyth, 2014). The location being named after oats could indicate that it was a great 

place for oat cultivation. As the settlement of Dalchork (Balwhoirck) has been present at least since 
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1583-1614, this suggests that oats were cultivated at least since this time. Though no cereal grains 

were recovered during this study, it is likely that cereals were cultivated in the area which is 

supported by the presence of crop-cultivation indicator species (until c. 705 cal BP).   

  

Figure 5.31    The Loch Shin area (‘Loch Syin’) (1), drawn up by Pont, displaying the ‘Extreem Wilderness’ (2), ‘Many 
Woolfs’ (3), ‘farmeald’ (4), the settlement of ‘Balwhoirck’ (Dalchork [5]) and the River Tirry (‘Strath Terris’) (6). The orange 
star depicts the possible location of Dalchork’s research site. Modified from National Library of Scotland (2018d).        
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Figure 5.33    Map depicting a part of the ‘A map of Scotland, north of Loch Linnhe and the River Dee and west of 
the River Deveron made by Robert Gordon between 1636-52. 1. Depicts Meanach Forrest, 2. Dirry Moir where trees 
appear to be present in the landscape. The orange start reflects the possible location of this study. Modified from 
National Library of Scotland (2018b). 
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Figure 5.35    Roy’s map shows that woodland is mainly covering the southern shores of Loch Shin. The top left map 
displays the location of 1. Lairg, surrounded by cultivated fields and other settlements (magnified in the bottom left 
map); 2. Cultivated fields surrounding the loch (magnified in the right bottom map); 3. Woodlands west of Loch Shin 
(magnified in top right map); and 4. The location where the core has been taken for this study. Modified from National 
Library of Scotland (2018a).  
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5.4 Change-point analyses 

Change-points within the pollen data have been calculated to support the identification of changes 

and zones in the above-described pollen records of the study sites. As the research is focused on 

woodland development, the main aim of the change-point analysis is to detect and provide 

statistical evidence for change within the woodland communities and their correlations. 

Furthermore, possible human impact was detected by looking at cereal grains, increased charcoal 

values and the human indicator species Plantago lanceolata. Examples of these are found in detail 

in the previously described results and interpretation of the microfossil assemblages, e.g. in 

interpretation Brae-4. Change-point analyses results and their relation to the woodland 

development are described based on several groupings, to compare differences and evidence of 

changes (Table 5.15). 

 

The following sub-sections are displayed according to subject of change. On the x-axis the depth (in 

cm) of the core is displayed, with the changes highlighted in red. Below the x-axis, a line reflects the 

chronology of calibrated years before present (cal BP), with the best estimated dates given for the 

identified changes (created by the age-depth curve) (Blaauw, 2010). On the y-axis the probability 

of change is displayed with the peaks of posterior probability showing likelihood of a change 

occurring. The complete script used in R-studio to create the diagrams is included in Appendix 8.15.  

All changes identified by change-point analyses correlate with major changes recognised by 

studying the pollen diagrams and using Coniss on the pollen data which detected changes on basis 

of cluster analyses (Grimm, 1987). The major changes correlate largely with the different zones 

selected in this study and are where possible briefly compared, for more detail, the reader is 

referred to the individual zones described above.  

 

 

 

Table 5.15    Categories used to compare differences and evidence of changes identified during change-point analyses. 

Category Grouping purpose 

Trees, shrubs, dwarf shrubs and 
herbs 

Detect changes in overall vegetation communities. 

Trees and shrubs Detect changes in woodland communities. 

Trees, shrubs, dwarf shrubs, herbs 
and charcoal 

Detect relation between past fire and vegetation community. 

Trees, Plantago lanceolata, cereal 
grains and charcoal  

Detect relation between human presence and specific tree 
presence and absence. 

Charcoal, Plantago lanceolata and 
Poaceae +35 μm  

Detect human related burning activity 
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5.4.1 Trees, shrubs, dwarf shrubs and herbs 

To detect changes between the dominance of vegetation types, respectively: trees, shrubs, dwarf 

shrubs and herbs, the percentages of TLP have been plotted into a change point analysis for each 

research site. Although these changes were also detected in the pollen diagrams, they highlight the 

most significant changes, at which a threshold was surpassed, and new vegetation communities 

developed. 

For Rowens, 11 change-points are identified (Figure 5.36). Between c. 10,060-9999 cal BP the 

changes detected reflect the change from herb dominated landscape to a tree dominated 

landscape, these line up with observation from zone Row-2. At c. 9726 cal BP the change reflects 

herbs declining and dwarf shrubs (e.g. Calluna) increasing (zone Row-2). Between 9514-9185 cal BP 

trees increase where dwarf shrubs, shrubs and herbs decrease (Row-2). At c. 7959 cal BP both trees 

and shrubs decrease where dwarf shrubs increase (Row-3). At c. 4001 cal BP herbs increase and 

dwarf shrubs, shrubs and trees decrease followed by an increase of dwarf shrubs and decrease of 

herbs at c. 3580 cal BP (Row-5). A similar pattern is shown at c. 2317, 2036, 773, 352 and 104 cal 

BP (Row-6/7). For Braehour seven points of vegetation change have been identified (Figure 5.36). 

At c. 9153 cal BP there is a change between dwarf shrubs dominated vegetation to herb dominated 

vegetation (Brae-1). At c. 8240 cal BP trees become most dominant (Brae-2A). At c. 6837 cal BP 

trees decline and at c. 6697 there is a change in dwarf shrub dominated vegetation (Brae-3). At c. 

4036 cal BP a change is detected when for a short period herbs increase, and dwarf shrubs decrease 

(Brae-4). At c. 1748 cal BP the change-point reflects an herb dominated vegetation (Brae-5) and at 

318 cal BP there is once again a change to a dwarf shrub dominated vegetation (Brae-6). Five points 

of vegetation change have been identified for Dalchork (Figure 5.36). At c. 7957 cal BP there is a 

change from trees dominated vegetation to dwarf shrubs dominated vegetation (Dalch-2). At c. 

6088 cal BP a change-point reflects the declining of dwarf shrubs and the increasing of trees (Dalch-

3). At c. 5569 cal BP, trees further increase, and dwarf shrubs further decrease (Dalch-3). The 

change point at c. 5217 cal BP shows a decline of trees and increase of dwarf shrubs (Dalch-4). The 

change between c. 2755 and 2631 cal BP reflects a short increase in trees and decrease in dwarf 

shrubs (Dalch-5B-6).  
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Figure 5.36    Change-points identified for trees, shrubs, dwarf shrubs and herbs. Top to bottom: Rowens, Braehour and 
Dalchork. 
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5.4.2 Trees and shrubs 

The percentages of TLP of the main tree (Betula, Pinus and Alnus) and shrub (Corylus and Salix) taxa 

per site have been plotted to identify change-points that might show a possible change in woodland 

composition (Figure 5.37). Changes detected, correlated with changes identified in the results and 

interpretation sections (Sections 5.1.5; 5.2.5; 5.3.5), where these changes are described in more 

detail. Significant changes identified for trees and shrubs at Rowens mainly reflect increases and 

decreases of Betula values. Other causes for change-points identified include: a peak of Salix and 

Betula between c. 10,210 and 9999 cal BP, where Pinus declines (Row-2B/3); a decline of Betula 

and Salix between c. 9787-9756 cal BP, simultaneously with an increase of Pinus (Row-2); a decline 

of Betula and an increase of Salix at c. 9514 cal BP (Row-2); an increase of Corylus and a decline of 

Betula and Pinus at c. 5855 cal BP (Row-4B) and lastly, a small increase of Pinus where Salix and 

Betula decline at c. 352 cal BP (Row-7). Change-points identified for Braehour’s trees and shrubs 

pollen data (Figure 5.37) relate to: a peak of Salix simultaneously with a decline of Betula and 

Corylus between c. 9363 and 9153 cal BP (Brae-1); declining values of Pinus, Corylus and Salix at c. 

8872 cal BP (Brae-1) followed by an increase of the same taxa at c. 8732 cal BP (Brae-2A); an 

increase of Pinus and Betula and decrease of Corylus and Salix between c. 8381 and 8311 cal BP 

(Brae-2A); an increase of Betula and Salix together with a decrease of Pinus and Corylus at c. 8100 

cal BP (Brae-2A); increases of Betula and Pinus together with decreasing values of Corylus and Salix 

between c. 7890 and 7819 cal BP (transition Brae-2A-Brae-2B); an increase of Betula and decrease 

of Pinus at c. 7539 cal BP (Brae-2B), followed by a series of decreases and increases of both Pinus 

and Betula at c. 7398, 7258 and 7118 cal BP (Brae-2B); an increase of Corylus and decrease of Betula 

at c. 6977 cal BP (Brae-2B); an increase of Alnus, Pinus and Betula together with a small decrease 

of Corylus between c. 6767 and 6697 cal BP (Brae-3); an increase of Alnus and decline of Betula and 

Pinus at c. 6556 cal BP (Brae-3); a small decrease of Betula, Pinus, Corylus, Alnus and Salix at c. 3020 

cal BP (Brae-4) and a decrease of Betula, Corylus, Alnus where Pinus slightly increases at c. 319 cal 

BP (Brae-6).  Change-points identified for the trees and shrubs taxa at Dalchork (Figure 5.37) relate 

to a decline of Betula, Corylus and Salix, together with an increase of Pinus and Alnus at c. 8101 cal 

BP (Dalch-2); an increase of Alnus, Corylus, Pinus and Betula between c. 5801 and 5569 cal BP 

(Dalch-3) followed by decline of these taxa at c. 5217 cal BP (Dalch-4) and a small increase of Alnus 

and Betula together with a decrease of Pinus at c. 4162 cal BP (Dalch-5A).  

For all diagrams reflecting change-points within the tree and shrubs taxa it appears that where 

Pinus increases and Betula declines, this could reflect that where Pinus is growing, Betula fails to 

grow as it is a light demanding species. Subsequently, when Pinus declines, Betula (which is a 

pioneer species) migrates into the open landscape (this will be further explored in the discussion). 

The change points plotted show similar patterns that have been discussed in the results and 
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interpretation section of all study sites. These diagrams are very useful as it clearly marks and 

qualifies the start and the end of woodland phases across the research sites, also it clearly detects 

where tree species are outcompeted by other species and where a possibly shift in woodland 

communities occurs (this will be further explored in the discussion).   

Figure 5.37    Change-points identified for tree and shrub taxa. Top to bottom: Rowens, Braehour and Dalchork. 
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5.4.3 Trees, Shrubs, Dwarf shrubs, Herbs and Charcoal 

A change-point analysis was performed on all trees, shrubs, dwarf shrubs, herbs and charcoal data, 

in order to detect and qualify changes in fire regime and how vegetation communities are 

responding to fires. The changes have also been identified in the results and interpretation sections, 

where specific changes have been described in more detail. In the Discussion section (Section 6.2) 

a further exploration of burning activities and possibly relations to changes in vegetation 

communities is given.   

For Rowens the change-points identified between trees, shrubs, dwarf shrubs and herbs that are 

related to changes in charcoal can been seen at seven locations (Figure 5.38). A change-point is 

identified at c. 10,242 where there is a peak in all charcoal values where herb species decline (Row-

1). When charcoal values decrease at c. 10,211, trees, shrubs and dwarf shrubs increase (Row-1). 

Between c. 6902 and 6727 cal BP a change-point is identified where charcoal shows another 

increase which is simultaneously with a decrease of dwarf shrubs and herbs and an increase of trees 

and shrub taxa (Row-4A). This could possibly reflect moor burning at this time, where the remaining 

trees in the landscape were less affected (Section 5.1.5.4). At c. 4001 cal BP another increase of 

charcoal is seen together with increases of herbs and decreases of dwarf shrubs, trees and shrubs 

(Row-5). The next change-point identified (c. 3580 cal BP) relates to another increase in charcoal 

values together with an increase of dwarf shrubs and a decrease of trees, herbs, and shrubs. This 

possibly reflects people using trees as a resource, or increased grazing pressure limited tree 

regeneration (Row-5). When charcoal values and dwarf shrubs decrease at c. 3142 cal BP (Row-5), 

trees and herb taxa increase, possibly reflecting regeneration in the absence of human presence. 

The final change-point identified where charcoal contributed to is at c. 104 cal BP where charcoal 

increases, together with increase of trees and herbs and a decrease of dwarf shrubs (Row-7).  

At Braehour seven points of change are identified where charcoal appears to be a contributing 

factor to the change (Figure 5.38). At c. 6697 cal BP a small increase of charcoal coappears with a 

decrease in tree, herb and shrub taxa and an increase in dwarf shrubs: interpreted as a result of 

increased human presence in the area (see Brae-3). The small increases of charcoal at c. 4036 and 

1748 cal BP are simultaneously with increases in herbs and decreases in trees, dwarf shrubs and 

shrubs, possibly relating to moor burning and grazing pressure (see Brae-4/5). When herbs 

decrease at c. 1413 cal BP (Brae-5), charcoal values again increase, together with a small increase 

in dwarf shrubs and trees: possibly reflecting people in the landscape using different recourses for 

burning, or woodland was sourced outside the catchment zone. Alternatively, burning aids towards 

the further development of heath mire and trees regenerate by re-sprouting after burning 

(Dodgshon and Olsson, 2006). At c. 1189 cal BP both charcoal and dwarf shrubs decrease, and 

herbs, trees and shrubs slightly increase, possibly reflecting an absence of people in the local 
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landscape, resulting in a regeneration of species (Brae-5). A final increase of charcoal is identified 

at c. 742 cal BP, together with an increase in dwarf shrubs and a decrease of herbs, trees and shrubs 

(Brae-5). The final change-point at 318 cal BP reflects decreasing values of charcoal, herbs, trees 

and shrubs, and an increase of dwarf shrubs (Brae-6).  

At Dalchork seven points of change have been identified that relate to charcoal fluctuations. At c. 

7957 cal BP, charcoal and dwarf shrubs values increase, whereas trees, herbs and shrubs decrease 

(Dalch-2). This is possibly linked to heath mires and blanket mire developing because of local fires 

(Froyd, 2006). Charcoal increases again at c. 6807 cal BP, together with an increase in herb taxa and 

a small decrease in shrubs and dwarf shrubs (Dalch-2). The following change-points identified at c. 

6520 and 5217 cal BP reflects decreasing values of charcoal, dwarf shrubs and herbs, simultaneously 

with an increase in trees and shrubs (Dalch-2). It is possible that developed after the fire or it reflect 

regrowth of trees because of an absence of people in the local landscape. This is followed by an 

increase of charcoal and dwarf shrubs at c. 5217 cal BP (Dalch-4), where trees and shrubs once 

again decrease suggesting the further development of heath mire and possible use of the remaining 

trees in the landscape. The next change-point identified between 2755 and 2631 cal BP reflects a 

decrease in charcoal and dwarf shrub values and an increase in trees and shrubs, possibly reflecting 

the absence of people in the landscape (transition Dalch-5B and Dalch-6). The final change-point 

identified between c. 705 and 448 cal BP reflects an increase of charcoal, dwarf shrubs and shrubs 

and a decrease of trees and herbs (Dalch-7). When charcoal declines at c. 448 cal BP, trees and 

herbs increase. 
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Figure 5.38    Change-points identified for trees, shrubs, dwarf shrubs, herbs and microscopic charcoal. Top to bottom: 
Rowens, Braehour and Dalchork. 
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5.4.4 Trees, Plantago lanceolata, Cereal grains and Charcoal  

Change-points were identified within the charcoal, Betula, Pinus, Alnus, Plantago lanceolata and 

Poaceae +35 μm values (Figure 5.39). As Plantago lanceolata and Poaceae +35 μm do not show any 

significant changes as they have a lower pollen value, these will not be described here but in the 

following subsection about change-points identified within charcoal, Plantago lanceolata and 

Poaceae +35 μm. The charcoal values are merely used to detect whether fires are linked with 

specific tree species increasing or declining. Again, the charcoal values have been rescaled to the 

highest values reaching 100 to be able to correlate with the percentage values of the pollen taxa. 

Changes identified thorough change-point analyses were also noted in the pollen diagrams and are 

described in more detail at the specific zones in the above results and interpretation section. Only 

the changes in tree species combined related to charcoal changes are described here.    

The first change-point at Rowens (Figure 5.39) shows that after a decrease in charcoal values, Betula 

and Pinus start to increase from c. 10,211 cal BP, this possibly reflects that the burned soil aided in 

the establishment of trees (Row-1B). The change-point identified at c. 6902 cal BP (Row-4A), 

reflects an increase of the smallest fractions of charcoal counted (charcoal 1-21 μm) and Pinus 

together with decreasing values of Betula, followed by a small increase of Alnus and charcoal of 21-

50 μm and + 50 μm in size and a decrease of Pinus and a further decrease of Betula at c. 6727 cal 

BP (Row-4A). These latter decreases could possibly relate to people in the landscape using the trees 

as resources. When all charcoal values decline at c. 6553 cal BP, Betula and Pinus increase again, 

possibly reflecting people disappearing from the local landscape (Row-4A). Where all charcoal 

values increase again at 6204 cal BP, Alnus slightly declines contrary to Betula and Pinus which also 

increase (Row-4A). Possibly Alnus was used as a resource by people in the area. Here after, Alnus 

increases slightly when all other values decrease at c. 6030 cal BP (Row-4A). Four change-points 

identified between c. 4001 and 3159 cal BP (Row-5) are related to increases of charcoal where 

Pinus, Betula and Alnus decrease and vice versa, possibly reflecting a continuous pressure on the 

woodland by human activities in the area.   

For Braehour, the first change-point that correlates with changes in trees and charcoal (Figure 5.39) 

is identified at c. 5898 cal BP, where charcoal and Alnus values increase and Betula and Pinus 

decrease (Brae-3). Alnus growth possibly benefited from the decrease of Betula and Pinus. 

Increases of all charcoal values from c. 1636 cal BP are simultaneously with an initial decrease of 

Betula and Alnus, although both seem to increase shortly after, together with increases of Pinus 

(Brae-5). All tree values peak where charcoal decreases at c. 1189 cal BP (Brae-5). The change-point 

identified at c. 1077 cal BP reflects another increase of charcoal where Betula, Pinus and Alnus 

decrease. The change-point identified at c. 741 cal BP, shows that charcoal, Betula and Alnus 

increase, perhaps people were stimulating tree growth in the area (Brae-5), this is followed by a 
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decrease of all values. Increases of charcoal at c. 517 cal BP are simultaneously with an increase of 

Betula, when these decrease after c. 405 cal BP, Pinus slightly increases (Brae-5). It is possible that 

the increases in charcoal reflects burning activity by people using these tree species as fuel for 

domestic purposes, or mainly reflects people present in the landscape and trees are declining 

because of grazing pressures. When charcoal values decline this can reflect people moving away 

from the local area giving the trees a chance to recover.   

At Dalchork a change-point identified at c. 8101 cal BP relates to a decrease of Betula and an 

increase of charcoal and Pinus, possibly showing that Pinus growth is stimulated by fires and 

competes with Betula (Dalch-2) (Figure 5.39). When charcoal increases at c. 6807 cal BP, Betula 

declines, this could possibly suggest human pressure on present woodland (Dalch-2). The change-

point identified at c. 6520 cal BP reflects decreasing values of charcoal and an increase of mainly 

Pinus, as well as Betula and Alnus reflecting the recovery of trees after a burning event (Dalch-2). 

After an initial increase of charcoal values at c. 5954 cal BP, charcoal decreases together with Pinus, 

whereas Betula and Alnus increase possibly reflecting an absence of people in the local landscape 

causing trees to regenerate (Dalch-3). The next change-point is identified where Pinus starts to 

increase at c. 5801 cal BP and Alnus to decrease, together with a continuous decrease of charcoal 

values (Dalch-3). At c. 5271 cal BP, charcoal values increase again where the three tree taxa 

decrease, reflecting human pressure on the woodlands (Dalch-4). The change-point at c. 4162 cal 

BP reflects an increase in charcoal values, simultaneously with a decrease in Pinus and small 

increases of Alnus and Betula (Dalch-5A). At c. 3107 cal BP, charcoal values once again decrease 

whereas Pinus and Betula increase (Dalch-5B). The final two change-points identified are also 

related to increases of charcoal values and decreases of Betula and Pinus at c. 2256 (Dalch-6) and 

705 cal BP and vice versa at c. 448 cal BP (Dalch-7), again pointing towards a decline in woodland 

species by increased human-related pressure on the landscape.  
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Figure 5.39    Change-points identified for tree taxa, Plantago lanceolata and microscopic charcoal. Top to bottom: 
Rowens, Braehour and Dalchork. 
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5.4.5 Charcoal, Plantago lanceolata and cereal grains  

Change-point analysis have been used to detect where charcoal values most likely link to human 

presence and activity, as it is expected to show a correlation between the charcoal, Plantago 

lanceolata and cereal pollen grains (Figure 5.40). This is especially useful to indicate either pastoral 

of cultivation activity, as people could have been present in the landscape before. Nonetheless, 

there are other indicators that are shown with human-related activity in the landscape which were 

included in the interpretation section of each LPAZ (Section 5.1.5; 5.2.5; 5.3.5). In order to detect 

correlations between charcoal, Plantago lanceolata and cereal grains the charcoal values were 

rescaled to a maximum value of 10: as the percentage of Plantago lanceolata and cereal grains are 

very low for all research sites (cereal grains are absent at Dalchork).  

For Rowens the increases of charcoal from c. 4141 cal BP are simultaneously with an increase of 

Plantago lanceolata (Row-4B) and it can be argued that from this point the presence of fire can be 

certainly related to human activity. Nonetheless, the presence of cereal grains was recorded from 

c. 4983 cal BP, which is not shown in the change-point analyses but is a definite indicator of 

cultivation (see Row-4B). The same pattern is visible at c. 3159 cal BP (Row-5). At 2878 cal BP there 

is an increase in Plantago lanceolata, although values in charcoal do not significantly change. It is 

possible that this increase shows the presence of pastoral activity alone and the absence of people 

in the landscape (Row-5). At c. 632 cal BP charcoal values decrease (though continues to be present) 

and Plantago lanceolata and Poaceae +35 μm increase (Row-6).  

For Braehour change-points related to both human activity and charcoal values are identified at c. 

5898 cal BP where charcoal values increase (Brae-3), followed by an increase in Plantago lanceolata 

from 5276 cal BP (also identified in the pollen diagram, Brae-3), possibly suggesting the first definite 

human presence, followed by P. lanceolata increases simultaneously with charcoal from c. 4036 cal 

BP (Brae-4). Between c. 2024 and 318 cal BP there is a series of increases and decreases of both 

charcoal values and Plantago lanceolata that often seem to correlate and reflect an increase of 

human activity in the landscape (Brae-4 to Brae-6).  

At Dalchork, change-points identified that are only are related to charcoal fluctuations are between 

c. 7814 and 4866 cal BP. From c. 4514 cal BP the change-points identified seem to reflect 

simultaneous fluctuations in Plantago lanceolata and charcoal reflecting the definite presence of 

people in the landscape, which was also recognised in the pollen diagram (see Dalch-4), though it 

has been argued that people were present in the landscape before this time.  

The change-point analyses qualified the main changes that were already identified within the 

above-mentioned results and interpretation section. The analyses appear to be a useful method to 

quickly detect main changes occurring in the landscape. The following Discussion section will 
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follow-up on the results and interpretation and will provide a wider context and understanding of 

the main changes identified within the woodland development. Which will then be explored in how 

this information can be used to aid future and current woodland establishment and management. 

  

Figure 5.40    Change-points identified for Plantago lanceolata, cereal grains and microscopic charcoal. Top to bottom: 
Rowens, Braehour and Dalchork. 
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6 Discussion 

The aims set out in the introduction will be further explored and discussed below. The former 

woodland communities present and their extent at each research site will be presented and 

discussed in terms of how they differ between and relate to each other. Biotic and abiotic 

disturbances on past woodland communities will be presented and probable causes for woodland 

demise discussed. This is followed by an exploration of how this study can be used for future natural 

woodland re-establishment and management and how the represented data can influence the 

direction of policy (peatland restoration and afforestation of peatland sites) in northern Scotland. 

Part of this final exploration includes a discussion on the feasibility of re-planting selected native 

tree species in current riparian and peatland landscapes based on past and predicted future climate 

analogies.  

6.1 Holocene woodland character in northern Scotland 

6.1.1 Tree migration and establishment 

The reconstruction of past vegetation at each site begins at varying times, which is due to the 

differing time of peat accretion at each location. Rowens, a riparian, and easternmost site of this 

study, has the longest sequence recorded at 640 cm and reflects a reconstruction starting at c. 

10,727 cal BP. Further west at Braehour, a sequence of 520 cm starts at c. 9363 cal BP and Dalchork, 

a riparian site and southernmost location, shows a sequence of 330 cm starting at c. 10,114 cal BP. 

Because of the different timing of the start of the sequences, it is only possibly to look at differences 

and similarities between sites when all three sites are represented, i.e. from c. 9363 cal BP. 

However, Rowens already represents earlier vegetation patterns and is used to reflect local 

development of vegetation and early establishment of woodland through migration.  

The migration patterns of trees establishing locally at Rowens, Braehour and Dalchork are 

compared to migration patterns identified in previous studies of northern Scotland (Section 2.5). 

Trees migrated from their refugia – mainland Europe, Scandinavia and possibly along the Atlantic 

coasts of Scotland and Ireland – into Scotland after the Loch Lomond Stadial (c. 10,950-9000 cal BP) 

in response to climatic warming and ameliorating soil conditions (Tipping, 1994; Wilson, 2015), with 

only those species tolerant of cooler climates migrating into northern Scotland (Birks, 1989). It is 

important to consider that before trees migrated into northern Scotland, and specifically at Rowens 

from c. 10,720 to 10,090 cal BP, the landscape was open and dominated by Poaceae and 

Cyperaceae in a eutrophic wetland habitat: supported by the presence of silts and sands, aquatic 

herb taxa and eutrophic wet indicator NPP. The excess of available nutrients was likely the results 

of in-washing from an unstable land-surface (Smith, 1998). This landscape is similar to the 
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vegetation reconstruction of the Loch Lomond Stadial and early Holocene recorded at other sites 

in northern Scotland (Pennington et al., 1972; Peglar, 1979; Birks, 1993; Charman, 1994; Smith, 

1996). These studies show – besides a high presence of Poaceae and Cyperaceae – a dominance in 

heathlands, which is reflected at Rowens through the presence of Emptrum between 10,720-10,560 

cal BP and may be a response to stabilisation of the soils and warming at the close of the Loch 

Lomond Stadial (Charman, 1994). Empetrum presence of 1% TLP represent a significant local 

presence (Huntley and Birks, 1983) and is expected to have been present in the extensive heaths 

across northern Scotland, from Caithness and Orkney to northern and western Sutherland (Moar, 

1969; Pennington et al., 1972; Peglar, 1979; Lindsay et al., 1988; Birks, 1993)  

Peaks in all charcoal fractions are recorded for Rowens at c. 10,200 cal BP. Similar charcoal peaks 

were recorded in the Lairg area (Sutherland) between c. 10,500 and 9600 cal BP. Although these 

peaks in charcoal are atypical for northern Scotland studies during this time (Tipping, 1996). 

However, their occurrence has been recorded across northwest Europe (e.g. Lücke et al., 2003; 

Crombé et al., 2019) and relate to phases of known climatic aridity in north West Europe in the 

early Holocene (Digerfeldt, 1988). This aridity has been ascribed as the result of a short but abrupt 

cooling event known as the 10.3 ka event or IRD 7 event dated between c. 10,300 and 10,100 cal 

BP (Bond et al., 1997; Crombé, 2019) (see Section 6.2.1.1). Furthermore, evidence from sediment, 

foraminifera and stable isotope studies support a climate instability occurrence in northwest 

Scotland, right before the main climatic amelioration period that defines the early Holocene, dated 

to 10,205 and 10,175 cal BP (Austin and Kroon, 1996). This instability lines up with the high charcoal 

peak at Rowens, supporting the suggestion that wildfires were triggered by paleoclimate 

deterioration linked to the 10.3 ka event. 

Patterns for tree species migrating into Scotland are similar across the country, although the timing 

differs because of geographical and edaphic constraints, competitive interactions with trees already 

present and stresses on taxa approaching their latitudinal range-limits (Tipping, 1994). Betula is the 

first tree to migrate into the UK and is well established in much of central and northern England, 

southern Scotland, and parts of Wales before 10,000 cal BP. Huntley (1990) argued that where 

Betula values exceed 20% TLP, it is considered a dominant local vegetation type. Taking this into 

account, Betula expanded and established into northernmost Scotland (Rowens, Caithness) from c. 

10,000 cal BP (Figure 6.1), where it forms a tree dominated Betula woodland. Although, the density 

of this woodland is difficult to determine as Betula is often over-represented in the pollen record 

(Andersen, 1979; Pennington and Tutin, 1980; Bradshaw, 1981; Schofield et al., 2007). This 

presence of Betula woodland is earlier than dates suggested by Birks (1989) for the spread of Betula 

into the Scottish Highlands and earlier than the establishment of Betula at Oliclett (7 km east of 

Rowens): dated to c. 9500 and 8430 cal BP respectively (Davies, 2003). The high presence of Betula 
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pollen from the start of the sequence at Dalchork, Sutherland (c. 10,114 cal BP) suggests that Betula 

was already established in this area before this time, though timing of this migration is not recorded 

in this study (Figure 6.1). Although no date is given for the establishment of Betula in the Lairg area 

(c. 2 km south of Dalchork), Betula was well established by c. 9800 cal BP (Smith, 1996) but it can 

be argued that Betula was present before this time as well. At Cross Lochs (Charman, 1994) (20 km 

west of Braehour) and Loch of Winless (Peglar, 1979) (10 km northeast of Rowens), Betula 

established from 10765±310 BP (uncalibrated) and at Lochan an Druim from 10,650±110 BP 

(uncalibrated) (Birks, 1993). When recalibrating these dates (Bronk Ramsey, 2009), it can be seen 

that Betula established between c. 13,308 and 11,755 cal BP at Cross Lochs and Loch of Winless 

and between c. 12,755 and 12,189 cal BP at Lochan an Druim. The unusually old calibrated dates 

seem too early for the spread of Betula in the region (Tipping, 1994; Smith, 1996; Davies, 2003). 

Moreover, Peglar (1979) notes that the radiocarbon dates from the basal part might be in error as 

they might contain 14C-deficient material from surrounding bedrock. These dates are therefore not 

used in this reconstruction. Overall, Betula remains the most dominant woodland component 

throughout the Holocene in both Caithness and Sutherland (see Section 6.1.2).  

Corylus is the second wooded taxa to migrate and spread around Scotland between c. 9450-8950 

cal BP (Tipping, 1994). For Corylus pollen there is no recorded threshold of when it shows local 

presence. Corylus shrubs have a high pollen representation and local abundance of Corylus is 

recognised when the pollen curve rises to sustained high values and occasional low values (1-5% 

TLP) occurring in several British late-glacial sites should not be attributed to definite local presence 

because of possible distant transport, redeposition or contamination (Birks, 1989). Based on these 

criteria, Corylus establishes locally at Rowens from c. 9726 cal BP, forming an open Betula-Corylus 

dominated woodland (Figure 6.1). A small peak in all charcoal fractions recorded for Rowens at 

9787 cal BP shows that local establishment of Corylus might have been triggered by local fires. 

Edaphic conditions might have been suitable for the local establishment of Corylus due to 

enrichment by the ash layer (Smith, 1996), although other sites in northern Scotland lack evidence 

for correlation between fires and the spread of Corylus (Tipping, 1996). The date recorded for the 

establishment of Corylus at Rowens is later than those of other sites in Caithness, where records 

show its presence from e.g. 8995 BP (c. 10,245-9927 cal BP) (Charman, 1994). The local 

establishment of Corylus at Braehour and Dalchork is not recorded but Corylus must have been 

locally present before the start of the records – 9363 cal BP (Braehour) and c. 10,114 cal BP 

(Dalchork) – as values are consistently high (Figure 6.1). It is known that Corylus migrated into the 

Lairg area at c. 9500 cal BP and evidence supports episodes of burning prior to its establishment 

(Smith, 1996), although it appears that it was already locally present at Dalchork at this time. 

Further to the northwest, Corylus formed part of present Betula woodland at c. 9800 BP (between 
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c. 11,127 and 10,204 cal BP) (Birks, 1993). This suggests that conditions in the northwest were more 

suitable for the early spread of Corylus. Although the latter date was recalibrated (Bronk Ramsey, 

2009) and might be too early for the spread of Corylus. The overall rapid spread of Corylus before 

the spread of Quercus and Ulmus is atypical in comparison to earlier interglacial periods (West, 

1980) and it has been suggested that this might be related to Corylus benefitting from 

anthropogenic fires (Smith, 1970) or natural fires (Huntley, 1993) as it can responds directly to 

burning by re-sprouting from the root stock (Smith, 1970) However, no direct evidence from 

microscopic charcoal analyses for frequent fires was found for this theory (e.g. Edwards and Hirons, 

1990). It is suggested that “the unique combination of climate conditions during the early Holocene, 

perhaps along with the high fire frequency that resulted from these conditions, favoured the early 

and rapid expansion of Corylus and its high relative abundance for several millennia in north-central 

Europe" (Huntley, 1993) and that the rapid migration of Corylus might be a result of its early age at 

reproductive maturity and its dispersal capacity (Huntley and Birks, 1983). Thus, the expansion of 

Corylus throughout Europe, and northern Scotland, was favoured by warm summer conditions, 

frequent summer water deficits, and the continuing prevalence of cold winter conditions and when 

combined excluded other ‘thermophilus’ taxa (Huntley, 1993; Finsinger et al., 2006). 

Although Corylus trees are argued to be the second tree/shrub species established in Scotland, at 

Rowens Salix (which is technically considered to be a shrub) is already present before Corylus, at c. 

10,060 cal BP (Figure 6.1). Salix is generally underrepresented and poorly dispersed and it has been 

stated that local growth of Salix in wetland communities can be assumed when pollen values exceed 

2-3% TLP (Janssen, 1984; Bunting and Tipping, 2004). The rise in Salix at Rowens could reflect 

increased growth along the nearby Rowens burn as Salix is a rapid coloniser of disturbed wet areas 

(Smith, 1996). Disturbed ground at Rowens is displayed by the erosion indicator HdV-207 (van Geel 

et al., 1989), which might have been caused by grazing (see grazing indicator NPP Figure 5.8). 

Erosion also suggests less stable conditions, favouring Salix herbaceae shrub growth (Charman, 

1994), which could have occurred on eroded surfaces or on stony ground and grass heaths 

(Beerling, 1998) in the still relatively open landscape. These increases in Salix were also found at 

Cross Lochs, although slightly earlier and was also believed to be S. herbaceae (Charman, 1994). 

The arrival of Salix is not recorded for Braehour and Dalchork but values shows local presence from 

the start of their sequences (Figure 6.1), similar to the Salix records in the Lairg area from c. 11,007-

9437 cal BP (Smith, 1996). 

Ulmus and Quercus migrated into Scotland between 8450 and 7950 cal BP, although in the Lairg 

area records already show a local presence of Quercus from c. 8900 cal BP and Ulmus from c. 8800 

cal BP (Smith, 1996). Edaphic controls would have determined which trees migrated first, although 

Ulmus often appears to be present earliest (Tipping, 1994). Quercus is argued to show local 
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presence where values exceed 2% TLP and Ulmus where values exceed 1.5-2% TLP (Huntley and 

Birks, 1983). According to these criteria, Quercus would have been locally present from c. 10,400 

cal BP at Rowens (Figure 6.1), which is, compared to other studies, too early for Quercus to have 

been locally present and it is more likely that this shows Quercus pollen deriving from long distance 

transport. The next peak at c. 9000 cal BP might show local presence of isolated occurrences and 

an early presence of Quercus at Rowens (Figure 6.1). At Braehour, local presence is suggested from 

c. 8100 cal BP and at Dalchork from c. 6500 cal BP (Figure 6.1). When using 1.5% TLP as the local 

presence threshold for Ulmus, it would have formed a minor component of the local scrub and 

woodland at Rowens from c. 9756 cal BP, followed by a local but minor presence at Braehour at c. 

8942 cal BP and at Dalchork at 8820 cal BP (Figure 6.1). Both Ulmus and Quercus have never formed 

any major part of the woodland present in Caithness and Sutherland and were probably restricted 

to rare isolated occurrences on areas with high nutrient availability in the soil. This was also 

recognised for Oliclett, where Ulmus was locally limited present from c. 7970 cal BP and Quercus 

from c. 6100 cal BP (Davies, 2003). Ulmus and Quercus pollen grains derived slightly later in the 

northwest coast (Lochan an Druim) at c. 7200 BP (uncalibrated). In this region it is also believed that 

Quercus does not occur locally, whereas Ulmus does (Birks, 1989 in Birks 1993). 

Pinus values of 5% TLP are used to determine the local presence of Pinus trees (Bennett, 1995). This 

suggests that Pinus would have been locally present at Rowens from c. 10,000 cal BP (Figure 6.1), 

which is too early for local Pinus expansion, as this is the time the first trees migrate into the area. 

These trees comprise mainly pioneer species, arguing for the unlikelihood that Pinus would have 

grown locally at this time and merely reflects long distance pollen transport. After this first 

expansion in the Rowens region, there is a more profound expansion and establishment of Pinus 

into the Braehour area from c. 9080 cal BP, into Dalchork at 8670 cal BP and Rowens at c. 7250 cal 

BP (Figure 6.1). However, stands of Pinus are expected to have been small and scattered throughout 

the Betula dominated landscape, especially in Caithness (Peglar, 1979; Robinson, 1987; Gear, 1989; 

Dawson and Smith, 1997; Davies, 2003). These dates agree with regional expansion into Sutherland 

at c. 9500-8500 cal BP (Bennett, 1984; Birks, 1989; Smith, 1996), although later at Farlary: c. 7750 

cal BP (Tipping et al., 2008a). This later date is argued to be the consequence of distance from seed 

source of earlier Pinus establishment on the west coast (Tipping et al., 2008a), although 

colonisation might have had a delay due to climate change, resulting in a drop in temperature 

around 8.2 ka years ago (see Section 6.2.2.1). However, it has been argued that Pinus did not 

migrate into northernmost Scotland until c. 4250 cal BP (Tipping, 1994). This date appears to be a 

bit late as Pinus stumps, recovered from peatland areas throughout northern Scotland, date to c. 

5317-4834 cal BP and 4411-4086 cal BP (Gear, 1989; Gear and Huntley, 1991). This reflects a 

definite presence of Pinus from at least 5317 cal BP. One of the peaks in Pinus values at Rowens, is 
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dated to c. 4286 cal BP and might be the earliest record of local Pinus presence. To continue, a Pinus 

stump recorded c. 1 km from Braehour (Gear and Huntley, 1991) is dated to c. 4285 cal BP. The final 

peak of Pinus at the end of Brae-3 at c. 4239 cal BP possibly reflect the Pinus recorded by Gear and 

Huntley (1991). Later dates of Pinus expansion, c. 5 km southwest from the Dalchork area, are 

suggested by dated Pinus stumps. The earliest local presence of Pinus in this area is argued to be at 

c. 5610 cal BP and the latest presence was at c. 5054 cal BP (Daniell, 1997). This is simultaneous to 

the Pinus peaks at Dalchork, arguing for a direct relation to the peak and remnants of native pine 

forest. Nonetheless, it might well be that Pinus was present earlier at Dalchork. To continue, 

Bunting (1994) argued for an early Pinus presence at Quoyloo Meadow, Orkney at c. 7400 cal BP. If 

locally present at Orkney from this time, it could be a possible source for Pinus spread south into 

northern Scotland.   

The migration of Alnus is expected to have been influenced by specific ecological demands as it is 

sensitive to early summer droughts, requires damp conditions and is a warmth demanding species 

(Tallantire, 1992). Alnus spread initially northwards and westwards across Britain from 9500 cal BP, 

but this migration process was stopped by a change to drier summer conditions and colder winter 

from c. 8000-7000 cal BP and only continued to spread from c. 7000 cal BP when milder conditions 

returned (Dubois and Ferguson, 1985; Smith, 1996), although was not synchronous everywhere 

(Tipping, 1994). This agrees with the spread of Alnus throughout Caithness and Sutherland, as 

Rowens shows a local presence from c. 6902 cal BP, followed by a sparse, but local, presence at 

Braehour: c. 6767 cal BP and at Dalchork: c. 6520 cal BP (Figure 6.1). Alnus would have grown close 

to the Rowens Burn and River Tirry (Dalchork). The lower presence of Alnus values for Braehour 

reflects the location of the site being further away from a river/stream and gives a more regional 

signal. It appears that where Alnus becomes present, Pinus declines (Figure 6.1), showing the 

successful competition of this species for suitable niches during this time. Nonetheless, a short 

earlier presence of Alnus was recorded for the Lairg area at c. 9100 cal BP and Alnus returned from 

c. 7300-6500 cal BP (Smith, 1996). Smith (1996) argues that the increase of Mesolithic activity and 

increased fire for clearances in the landscape could have created disturbances suitable for the 

establishment of Alnus. Increases in fire is also seen at Rowens prior to the establishment of Alnus 

and might have contributed to its local development. Although there is no correlation shown 

between fire and Alnus establishment at Dalchork and Braehour.   
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6.1.2 The character of native woodland communities 

Past woodland and shrub species identified from the palynological data can be linked to present-

day woodland and scrub communities according to the UKs National Vegetation Classification (NVC) 

(Rodwell, 1991) and priority woodland types (PWT) identified by the UK BAP (Maddock, 2011). The 

question remains to what extent these comparisons are relevant to past environments, as even 

some modern communities cannot be catalogued in a specific NVC or PWT classification (Peterken, 

1996; Rackham, 2003). Nonetheless, linking the past woodland communities to present-day 

communities might help to get a better understanding of how these woodlands might have looked 

like and where and whether specific tree species would have grown in the landscape, as displayed 

by Clapham (1999) and Timpany (2005). Past woodland communities developed and changed over 

space and time and understanding these developments in woodland communities can aid in 

detecting possible future change and development of native woodlands across northern Scotland 

(see Section 6.3). The development of woodland communities appears to be similar between the 

three study sites and other sites in northern Scotland (e.g. Peglar, 1979; Charman, 1994; Smith, 

1996; Davies, 2003; Tipping et al., 2008a), though the timing of development differs (Table 6.1; 

Figure 6.2). The letters (A-F) in the following sub-sections, correlate with the phases of woodland 

communities identified in the pollen record (Figure 6.2). Explanations for woodland development, 

change, disturbances and decline will be further explored in Section 6.2. 

Table 6.1    Phases of past woodland communities and their possible link to present-day PWT and NVC communities. 
This Table is linked with Figure 6.2. 

Phases of 
woodland 
communities 

PWT 
Main tree species 
present 

Matching 
NVC type 

Rowens Braehour Dalchork 

A No woodland 
established 

- - 10,727-
10,060 cal 
BP 

- - 

B Wet woodland Salix and Betula W1, W5 10,060-
9730 cal 
BP 

9360-9220 
cal BP 

10,110-
9400 cal 
BP 

C Upland birchwood/ 
wet woodland 

Betula, Corylus 
and Salix 

W11, W1, 
W5 

9730-
7250 cal 
BP 

9220-9150 
cal BP 

9400-8680 
cal BP 

D Wet birchwoods, 
upland birchwoods 
and native pinewoods 

Betula, Corylus, 
Salix and Pinus 

W18, W17, 
W4 

7250-
6900 cal 
BP 

9150-6770 
cal BP 

8680-6520 
cal BP 

E Wet woodlands, 
upland birchwoods 
and native pinewoods 

Alnus, Betula, 
Corylus, Pinus 

W5, W17, 
W4, W18 

6900-
4140 cal 
BP 

6770-4450 
cal BP 

6520-3811 
cal BP 

F Upland birchwoods, 
wet woodlands 

Betula, Corylus, 
Alnus 

W4 4140-350 
cal BP 

4450-320 
cal BP 

3811-705 
cal BP 

G Coniferous plantations 
and peatlands 

Pinus - 350 cal 
BP- 

320 cal BP- 705 cal BP- 
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Figure 6.2    Woodland communities identified at the tree study sites, correlating with Table 6.1. 
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A. No woodland established 

Before trees migrated into northern Scotland, the landscape was dominated by Cyperaceae and 

Poaceae (Figure 6.2, A). These species were growing in an open, eutrophic, wet environment. On 

the drier locations, heathlands developed and stabilised the soil (Section 6.1.1). This phase is only 

recognised at Rowens. 

B. Salix and Betula - Wet woodland 

After the initial open, wet, Cyperaceae and Poaceae dominated landscape, both pioneer species 

Betula and Salix form an open woodland vegetation and grow in a relatively wet landscape (Figure 

6.2, B). The rapid increase in Betula would suggest that this is tree Betula, as opposed to B. nana 

which is a low pollen producer, although B. nana might have been present on the more mineral 

soils, as it does in the more continental parts of its range presently (van Dinter and Birks, 1996). 

Salix occurrence is likely to represent Salix herbaceae in the more exposed areas. The combination 

of Betula and Salix in a wet environment appear similar to present-day wet woodlands, including 

wet willow woods and wet birchwoods. These woods might have been present as riparian 

woodland along the Rowens Burn and River Tirry (Dalchork) and along smaller streams in the 

landscape (Figure 6.3). The large pollen recruitment area at Braehour can support the explanation 

that the high peak of Salix reflects stands on margins of standing or slow-moving waters in the wider 

region (Forestry Commission, 2003c). During the NWSS, semi-natural woodland similar to those 

described above were identified to be growing close to study sites Braehour and Dalchork (Section 

3.3). Ulmus would have formed a minor component of wet woodlands from c. 9756 cal BP at 

Rowens, where it could have been growing on the moist, moderately nutrient-rich soils, possibly 

together with Salix along the burn.  

The data allows for rough distinctions between NVC communities that relate to wet woodlands that 

would have co-occurred at all research sites (Figure 6.2, B), such as NVC W1: which is recognised 

e.g. at Rowens and Braehour by the co-occurrence of Salix and Galium (possibly G. palustre) and 

species of Rumex and Ranunculaceae. NVC W5: where instead of Alnus, Salix cinerea would have 

been the dominant woodland component (as Alnus has not migrated into the area at this time). 

Salix cinerea is frequently the only shrub present in young stands of this woodland-type, possibly 

similar to stands that were present at the research sites. The field layer relates to the preceding 

swamp and fen communities (NVC W1), with a small woodland influence (Hall et al., 2004) and is 

recognised at the research sites through e.g. the presence of Carex paniculata and C. pseudocyperus 

(both suggested by the presence of HdV-126). 
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C. Betula, Corylus and Salix - upland birchwoods and wet woodlands 

The increasing Corylus occurrence and increased Sphagnum and Calluna establishment at all study 

sites at c. 9730 (Rowens), 9220 (Braehour) and 9400 cal BP (Dalchork), suggest a change from fen 

and carr vegetation to open (wet) upland birchwoods dominated by Betula and Corylus, similar to 

the woodland present in other parts of northern Scotland (e.g. Birks, 1993; Charman et al., 1995; 

Smith, 1996; Davies, 2003). Wet woodlands of Salix and some Betula continue to grow along the 

rivers and as fen communities in more open Cyperaceae woodland (Figure 6.2, C). On the drier 

locations a minor component of Ulmus (only at Rowens and Dalchork) would have been growing 

and Quercus could have been locally present at Rowens from c. 8940 cal BP, though would have 

formed a minor component of the woodlands. 

Matching NVC types include NVC W11, where Betula is developing on the more fertile soils before 

peat further developed and is growing abundant with Corylus (Rodwell, 1991). Presently, B. pendula 

dominates this type of woodland in the eastern Highland region, although B. pubescens is present 

in the wetter parts, arguing for the presence of B. pubescens during this woodland phase (Figure 

6.2, C). NVC W4 would have been present as peatlands further developed (mainly at Rowens) and 

W1 and W5 related communities also continue to be present (Rodwell, 1991).   

 

Figure 6.3    Example shows present-day Salix growth along the Thurso river near Tormsdale, Caithness (6 km east from 
Braehour). 
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D. Betula, Corylus, Salix and Pinus - Wet woodlands, upland birchwoods and native pinewoods  

Within the upland birchwood, dominated by Betula and Corylus, Pinus becomes more evident 

(Figure 6.2, D). Pinus appears to have been growing more abundant further inland (Braehour and 

Dalchork) from an earlier period (c. 9000 cal BP) than at eastern Caithness (Rowens, c. 7250 cal BP) 

and likely formed scattered patches within the upland birchwood (Figure 6.4). On the more fertile 

locations Corylus, Salix and small occurrences of Ulmus continue to be present, forming part of a 

mixed woodland, with the latter two growing along present streams and rivers, possibly 

accompanied with some Betula trees. On the mineral soils, Sorbus would have formed a minor part 

of the woodland communities at all sites. These upland (wet) birchwoods more or less match 

present NVC W17 or W4 woodland descriptions (Rodwell, 1991; Forestry Commission, 2003a).  

Pinus became more dominant at Braehour between 8300-7400 cal BP (Figure 6.2, D1) and might 

represent woodland communities similar to present-day native pinewoods (NVC W18), similar to 

present-day PWT native pinewoods in Glen Affric (Figure 6.5). At Braehour this woodland might 

have been less restricted in its growth by a lack of fires which were present at Rowens and Dalchork, 

though Pinus growth is often related to burning (Hancock et al., 2005). Betula would have formed 

part of a native pinewood community with the main Betula species present being B. pubescens on 

the wetter soils, although B. pendula could have made an appearance on drier soils close to the 

research sites. Tipping et al. (2008a) show that Pinus on peat on the east coast of Sutherland, at 

Farlary (c. 30 km southeast of Dalchork), was colonised in two phases, the first being between 7900-

7600 cal BP and Smith (1996) identified a first Pinus expansion phases for the Achany Glen sites (c. 

20 km to the south of Dalchork) at c. 8900 to 5800 cal BP. Both agree with the expansion of Pinus 

northwards and the presence of Pinus at Braehour shows that Pinus also spread into Caithness.  
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Figure 6.4    Example of upland birchwood with occurrences of Pinus, present along the Dunbeath Strath, Caithness c. 
17 km southeast from Rowens. 

Figure 6.5    Example of native Pinewoods, present today at Glen Affric, Highlands, Scotland. 
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E. Alnus, Betula, Corylus, Pinus - wet woodlands, upland birchwoods, native pinewoods 

The wet woodland structure changes when Alnus migrates into northern Scotland and appears to 

outcompete Salix on the wetter, nutrient-rich localities as Salix disappears from all local vegetation 

(Figure 6.2, E). It is typical that when stands of these wet woodlands age, Alnus tends to exclude 

Salix (cinerea) (Rodwell, 1991), which is seen at all study sites. Alnus could have grown as part of 

fen or carr vegetation along streams (Figure 6.6), e.g. the Rowens burn, along the River Tirry 

(Dalchork) and as part of fen peat.  

The wet woodlands present are similar to present-day NVC W5 woodland, where Quercus would 

have been present on the drier soils (Rodwell, 1991). Though it is difficult to attribute this woodland 

to a specific NVC type as not many of the typical field layer species were recorded. Nonetheless, 

NVC W5 typically has a species-poor ground layer, typical of carr-woodlands and could have formed 

part of wet birchwoods, which could have been a transitional phase between birchwoods on drier 

soils and open bogs. Although peat is accumulating at all sites, which suggests the on-going 

presence of mires and it is more likely that the woodlands present would have been dominated by 

upland birchwoods at this time. It has been argued that Alnus carr-woodlands were the main 

lowland coastal/river valley woodlands of the mid-Holocene (Clapham, 1999; Caseldine, 2000; 

Timpany, 2005). Although sites of this study are not from lowland areas, Alnus carr-woodlands 

would have been one of the woodland communities present throughout Caithness and Sutherland 

from about 7000 cal BP.  

The upland birchwoods (similar to NVC W17 and W4) would have consisted mainly of Betula 

pubescence and Pinus sylvestris on the poorer soils and Corylus avellana growing on the more 

enriched soils (Figure 6.2, E). Woodlands would have grown along the margins of further developing 

peatlands that were dominated by Calluna heathlands. Quercus and Ulmus are likely to have 

formed a minor canopy component of woodland on drier soils at all study sites. Though Ulmus 

declines at all sites from c. 6312 (Braehour), c. 5945 (Dalchork) and 4635 cal BP (Rowens) (see 

Section 6.2.1.3). 

The character of the woodland is expected to have been more open further north in Caithness and 

denser in Sutherland, similar to vegetation reconstructions across these regions at this time (e.g. 

Charman, 1994; Tipping, 1994; Smith, 1996). Although Pinus would have formed part of open 

upland birchwood at all three sites, in Sutherland (Dalchork), Pinus is more prominent, reflecting a 

possible dominance of native pinewoods (NVC W18) growing together with upland birchwoods. 

Present-day remnants of native pinewoods with pockets of Sorbus were identified during the NWSS 

to be growing close to Dalchork (Section 3.3.3). These remnants of semi-natural pinewoods may be 

similar to the pinewoods present in the past. The further expansion of Pinus in Sutherland and the 
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sparser presence in Caithness has been recognised by other palynological studies in the region. 

Tipping et al. (2008a) recorded a second Pinus expansion to occur at 5000-4400 cal BP at loch Farlary 

that was argued to be facilitated by anthropogenic interference which reduced competition from 

other trees. This was also recorded by Smith (1996), where Pinus recolonised the bog surface 

between c. 6100 and 3900 cal BP at the Achany Glen sites.  

 

 

F. Betula, Corylus, Alnus – upland birchwoods and wet woodlands 

In the next woodland-phase (Figure 6.2, F), Pinus disappears from the local upland birchwoods at 

all sites, though first at Braehour at c. 4450 cal BP, followed by a disappearance of Pinus in the 

Rowens landscape at c. 4140 cal BP and at Dalchork at c. 3810 cal BP. The earlier decline of Pinus at 

Braehour might be related to the pollen signal being more regional and reflect a general decline in 

the region. Pinus values declining at this time has been recorded across the UK as the ‘pine decline’ 

(Peglar, 1979; Bennett, 1984; Blackford et al., 1992; Charman et al., 1995; Smith, 1996; Huntley et 

al., 1997; Tipping et al., 2008a), though pollen studies from other sites have suggested there was 

no decline in Pinus for western Caithness (e.g. Davies, 2003). Reasons for this decline are further 

explored in Section 6.2.  

From this time onwards, the upland birchwoods mainly consist of Betula with a continues presence 

of Corylus in the more sheltered and nutrient-rich locations. These upland birchwoods are possibly 

Figure 6.6    Example of Alnus growing along the Strath Vagastie, Sutherland, c. 7 km north of Dalchork. 
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related to present-day NVC W4 woodland communities, also recognised to be currently present as 

remnants of semi-natural woodlands close to the research sites (Section 3.3). These woodlands 

were growing on moist, moderately acidic, peaty soils, around the margins of blanket mires 

(Rodwell, 1991). B. pubescens is likely to have been the dominant Betula species, though Alnus 

could have also form part of this community (Rodwell, 1991). Some of the pollen identified as 

Corylus, might be Myrica gale, as these occur occasionally within this type of woodland. The main 

field-layer component of W4 is Molinia, which has been recognised to have been present at both 

Rowens and Dalchork, shown by the presence of Molinia-indicator HdV-495 (Section 5.1.5; 5.3.5). 

The W4 sub-community of Spaghnum (W4c) is most likely to be present at all study sites, recognised 

by the high occurrence of Sphagnum spp., Eriophorum vaginatum (HdV-4/18 [van Geel, 1978]), high 

occurrences of Calluna and some presence of Erica. These taxa are expected to have created a field-

layer in an open Betula woodland canopy, with well-spaced individual trees (Rodwell, 1991). The 

prevalence of open Betula/Corylus woodland in a heather dominated landscape correlates with 

perceptions from other palynological studies in northern Scotland, where it is generally argued that 

this is the dominant woody canopy from c. 5000 cal BP (Tipping, 1994). The spread of heathland in 

combination with increased grazing activities, has been argued to have had a major impact on the 

extent and density of regional tree cover (see Section 6.2.2).  

There is a continuous presence of Alnus at all three sites, though it is more abundant at both riparian 

sites of Rowens and Dalchork, possibly reflecting its continuous growth in proximity of the river and 

streams, which are absent at Braehour. The more abundant growth likely relates to Alnus trees 

benefitting from the absence of Pinus and Alnus being a species that profits from increased wet 

conditions at this time (see Section 6.2.1.1). At all sites Alnus declines from c. 700 cal BP and remains 

absent from the local landscape from this time.  

A sub-phase has been recognised at Dalchork (Figure 6.2, F1), occurring from c. 2631 to 2381 cal BP 

and highlights a brief return of Pinus into the local landscape and again forming part of dominating 

open upland birchwoods. This Pinus re-establishment is unique for Dalchork and is not observed at 

Rowens and Braehour as well as in any other palynological studies in northern Scotland.  

G. Coniferous plantations and peatlands 

This final (woodland) community shows an absence of all tree species, except for Pinus (Figure 6.2, 

G). Betula continues to be present at Dalchork, forming a separate sub-phase (Figure 6.2, G1), which 

reflects the ongoing presence of upland birchwoods, possibly relating to present-day NVC W4 

communities. The increased values of Pinus may reflect the more modern Pinus-plantations that 

were present since at least c. 200 cal BP (Bangor-Jones, 1994). Although the Pinus increase at 

Dalchork is dated to 448 cal BP, which is too early for Pinus plantations. It is possible that there has 
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been some mixing with the more modern material, as Pinus tree growth could have been managed 

and stimulated for the Iron smelting industry in the Dalchork region. This observation was made for 

stands of Quercus: believed to have been deliberately planted or managed in the Lairg area (Smith, 

1996) in the last c. 200 years. Another theory could be that Pinus growth was stimulated by the 

absence of people after the clearances, though sheep grazing would have intensified at this time 

and the browsing of tree species present would have caused a further decline, which was observed 

for other tree species (Côté et al., 2004; Hobbs, 2009). The dominant habitat type present 

throughout Caithness and Sutherland during this time is similar to present-day vegetation 

communities: dominant blanket bog communities in an open landscape, with remnant of 

woodlands present in more sheltered locations, though locally absent from Rowens and Braehour.   

6.2 Woodland disturbance and demise 

Several phases of woodland community changes at the three research sites described in 6.1.2 can 

be attributed to disturbances during the Holocene. These disturbances within the woodland 

communities can be related to natural events, e.g. volcanic eruptions or changing climatic, or 

human-related disturbances on the landscape. Most of the woodland disturbances identified in this 

study are followed by a regeneration phase. Although these transitional woodland communities 

might have been slightly altered and their interstate can be recognised as an alternative stable 

ecosystem (Willis et al., 2010). Often these biotic and abiotic processes lead to ecological resilience 

and persistence but sometimes these disturbances cause a community to completely change from 

one stable community to another stable community when passing an ecological threshold (Froyd 

and Willis, 2008; Willis et al., 2010; Birks, 2012). This section explores the different causes for past 

disturbances in the Holocene woodland communities and outlines probable causes for the final 

woodland decline in northern Scotland. 

6.2.1 Natural disturbances  

6.2.1.1 Climatic events 

Several of the disturbances and fluctuations in the pollen records line up with past climatic events 

identified in northern Scotland (Figure 6.7). During the whole of the Holocene, but especially the 

Early Holocene, Europe was subject to rapid climatic amelioration. It has been argued that 

Mesolithic hunter-gatherers would have faced similar, or even more rapid, environmental changes 

as encountered over the last decades: i.e. a rise of sea-level, northwards migration of particular 

plant and animal species, the extinction of less thermophilous species and increased drought, and 

more frequent wildfires (Crombé, 2019). By using past climatic reconstructions, and the response 

of past vegetation communities – focussing on woodland communities – it is possible to predict 
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contemporary woodland response to future climatic changes. In this section the best-known and 

described past climatic events are related to responses of past woodland in northern Scotland. The 

resilience of woodland communities is explored, and their thresholds identified. This information is 

extremely useful because climates are expected to continue to change in the future and by 

understanding the vegetational responses to different climatic event: e.g. cooling/ warming it might 

be possible to predict future vegetational responses. Therefore, resilient woodland communities 

from the past should be targeted and used as examples for present and future woodland creation 

in northern Scotland.  

A series of dry-wet cycles have been recorded from fluctuations in raised mire surface wetness 

within peatlands across northwestern Europe (van Geel, 1978; Charman, 1994; van Geel et al., 

1996; Hughes et al., 2000; Roland et al., 2015). The main accepted theories of the climatic force 

causing the bog surface wetness to change are: the solar variability (van Geel et al., 1996; Mauquoy 

et al., 2002) or a possible link between bog surface wetness and oceanic forcing (Blundell et al., 

2008), shown by the measures of e.g. IRD (Bond et al., 2001). Some of these shifts are more 

universally represented as periods of cooling or warming, often referred to as events. Identified 

significant short-lived deteriorations in climate, caused by meltwater fluxes, changes in ocean 

ventilation and/or a decline in solar activity during the early Holocene include the 10.3 ka event and 

the 9.4 ka event, which had the same amplitude as the more well-known 8.2 ka event but was 

shorter in duration. Both 8.2 ka and 9.4 ka event were recognised by abrupt δ18O excursions with a 

peak cooling of 3.3 ± 1.1°C leading to increased drought (Bond et al., 2001; Young et al., 2013). For 

central and eastern Asia, Africa, the Mediterranean and parts of North America, cooling is 

accompanied by drier conditions, whereas in Southern America and northern Europe, these events 

correlate with wetter conditions, resulting in fluctuations in raised mire surfaces (Hughes et al., 

2000; Mauquoy et al., 2008; Roland et al., 2015). A wet shift in the mire surface were recorded to 

occur between c. 8200 and 7800 cal BP: the previous mentioned 8.2 ka event, c. 6000 to 5000 years 

ago (5.9 ka or 5.2 ka event), between c. 4410 and 3990 cal BP (4.2 ka event), and between 2900 and 

2500 cal BP (2.8-2.6 ka event) (Hughes et al., 2000; Bond et al., 2001; Roland et al., 2015). These 

shifts to wetter conditions relate to major climatic deterioration phases (Hughes et al., 2000). The 

last of these shifts is the Little Ice Age (LIA) (from 700 to 100 cal BP) (Hughes et al., 2000; Wanner 

and Bütikofer, 2008).  

Besides cool temperatures combined with increased precipitation or draughts, periods of climatic 

warming have been recorded throughout the Holocene. These warming events are of specific 

interest to this study. Future climatic predictions (up to AD 2080-2099) show an increase in 

temperatures across the UK (Section 2.6.2) (Met Office, 2020). Nonetheless, the far northeast of 

Scotland will be least affected, with only a slight increase in temperatures, though the coastal areas 
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show a significant increase in precipitation (Section 2.6.2). Understanding the response of past 

woodland communities to past warming events allows for hypothezing their future response with 

regards to current predicted climatic warming in northern Scotland.  Below specific climatic events 

will be further explored in the order of their timing and the response to these events on past 

woodland communities based on the data gathered from this study and relevant literature from 

sites in the region and throughout Europe (Figure 6.7). 
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Figure 6.7    The dates for identified major natural events including, climate change and volcanic eruptions, occurring 
during the Holocene linked to woodland disturbance phases and demise at the study sites. 
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10.3 ka 

During the 10.3 ka event (Figure 6.7), records of increased burning and soil erosion activity have 

been recorded in central Europe and a small decline in temperatures in northwest Europe. It is also 

argued that climate instability caused an increase in winter precipitation in western Scandinavia 

and an advance of glaciers in Norway (Bond et al., 2001; Davis et al., 2003; Lücke et al., 2003; Bakke 

et al., 2005; Hoek and Bos, 2007; Dreibrodt et al., 2010; Crombé, 2019; Crombé et al., 2019). Though 

this event is not widely recognised, due to a lack of high-resolution studies and good time control 

(Hoek and Bos, 2007), arid conditions have been recognised at Achany Glen, where charcoal values 

are high during this time (Smith, 1996). It is possible that this event is shown in the Rowens data, 

through increased erosion and burning activity, together with a short-lived decline of Betula values 

(Section 5.1.5.1). Though tree Betula would not have been present in this time at Rowens, it does 

show a regional decline, responding to a drop in temperatures. Sphagnum values are high after this 

event, which could suggest that it was triggered by increased precipitation. This little set-back of 

tree migration into northern Scotland was quickly remedied when warmer stable conditions 

allowed trees to migrate into the area, marking the start of the Boreal phase in northern Europe 

(Deevey and Flint, 1857).  

9.4 ka 

The 9.4 ka event, stated to have lasted c. 50 years, although its after-effect might date the event to 

c. 9300 to 9190 cal BP (Marshall et al., 2007; Rasmussen et al., 2014). This event is often absent 

from many palaeoclimatic records as it is below their resolution, even though it is argued to have 

had a significant climatic impact on northwest Europe (Marshall et al., 2007) and is known to relate 

to ice sheet advancement (Young et al., 2013) and cooling in northwest Europe (Davis et al., 2003). 

It appears to have caused disturbances at all three research sites (Figure 6.7): at Rowens and 

Dalchork this event is followed by a decline in Betula, though Corylus increases, suggesting the 

woodland canopy becoming more open for Corylus to flourish. An increase in Empetrum at Rowens 

and Calluna and charcoal values at Dalchork (Sections 5.1.5; 5.3.5) reflect drier conditions, possibly 

accompanying this cold event. At Braehour both Betula and Corylus decline but quickly recover: a 

sign of resilience of the regional stands. Followed by a decline in Salix, which passes a threshold 

after which it fails to recover. It appears that Betula and Corylus react quickly to a change in climate 

and Salix slightly later. Studies in Orkney also show a decline in temperatures during this event, 

though no related impact upon vegetation succession was recorded (Whittington et al., 2015). 

8.2 ka 

The 8.2 ka event (Figure 6.7) is the most commonly recorded Early Holocene event in vegetation 

records throughout Europe and related to drier winters, shorter and colder summers and arguably 
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increased windiness (Rohling and Pä, 2005; Edwards et al., 2006; Seppä et al., 2007; Ghilardi and 

O’Connell, 2013; Young et al., 2013; Wicks and Mithen, 2014). This event show a peak in IRD c. 8100 

cal BP (Bond et al., 1997). At Farlary a shift to drier peat surface conditions was recorded after c. 

8200 cal BP with Sphagnum giving way to increased herb and tree growth, although Betula 

woodland remained stable (Tipping et al., 2008a). Drier conditions were also recorded at Oliclett, 

allowing an expansion of Corylus and ferns (Davies, 2003). Foraminiferal records from northeast 

Scotland show a 2°C reduction in temperatures (Klitgaard‐Kristensen et al., 1998), reflecting a 

climatic deterioration causing drier and cooler conditions. At Dalchork a disturbance in Pinus, Betula 

and Corylus is recorded, but due to their local resilience, they quickly recover and continue to be 

present in the landscape. Charcoal values increase after this event, linking to drier conditions, which 

at Rowens and Dalchork appear to stimulate Calluna growth as shown in strongly increasing pollen 

values. This is the start of upland birchwood communities growing in a Calluna dominated 

landscape and the spread of blanket peat. At Rowens and Braehour a small dip in Betula and Pinus 

might show a short disturbance, possibly caused by a change in hydrology: i.e. drier conditions. 

Nonetheless these species show resilience, as they recover and continue to be present at pre-event 

assemblage levels. This is possible explained as Betula and Pinus both being recognised as cold 

tolerant and would persist in colder conditions as recorded during the 8.2 ka event (Ghilardi and 

O’Connell, 2013). A decline of Corylus, a thermophilous species, suggests this taxon is not able to 

sustain in colder conditions. Braehour seems less affected by this event, increases in Sphagnum 

show the ongoing wet conditions in the landscape. At Cross Lochs, Loch of Wineless, Wick River and 

Achany Glen 1 (Peglar, 1979; Charman, 1994; Smith, 1996; Dawson and Smith, 1997), a reduction 

in tree taxa, mainly Betula and Corylus has also been recorded to occur around the 8.2 ka event 

(Section 2.5.1). Data from the Inner Hebrides show a decline in woodland taxa around the 8.2 ka 

event, though a reduction in temperature is only recorded from c. 7790 cal BP, accompanied with 

wet conditions and the decline has been related to human activity (Edwards et al., 2006). 

Palynological records from Ireland show an increase of Betula and Pinus during this event, both are 

recognised as cold tolerant trees and appeared to have benefitted from this climatic deterioration 

(Ghilardi and O’Connell, 2013). This shows that woodlands responded differently according to their 

location.  

Wicks and Mithen (2014) showed a striking correlation, from an archaeological point of view, 

between the 8.2 ka events and the dramatic reduction in the Mesolithic population in Western 

Scotland. They argue that an abrupt fall in temperature and precipitation might have directly 

reduced birth rates and increased mortality rates. However, a reduction of human activity is not 

recorded at the three sites in this study. It appears that at the research sites, similar grazing activity 

as before continued or even slightly increased. Furthermore, burning activity continued following 
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the 8.2 ka event, which suggests that possible present Mesolithic communities were not affected 

by the climatic deterioration. If anything, they might have contributed to disturbances in the 

vegetation, though no major disturbances as all woodland recovers (see Section 6.2.2.1).  

Mid-Holocene Optimum 

During the mid-Holocene climatic optimum the climate was generally warm and moist, with 

summer and winter temperatures increasing until they both reached a maximum at c. 6000 cal BP 

(Figure 6.2). Temperatures in summer months were about 1.8°C above present temperature (mean 

of AD 1961-1990) in the north of the UK, though winter temperatures were likely to be about 1°C 

cooler than today (Charman, 2010). Nonetheless, there are many discrepancies in the timing of the 

thermal maximum across Europe and may even vary within a short distance and are related to local 

climatic effects, or edaphic factors in the case of vegetation proxies (Seppä and Birks, 2002; Davis 

et al., 2003).  

This ‘Atlantic’ phase of native woodland development is often seen as the climatic maximum of 

native woodland in Scotland, before human impacts became significant (Smout et al., 2007; Wilson, 

2015). The Atlantic phase refers to the influence of the ocean in reducing risks to vegetation from 

severe winter colds and from climatic drought summers (Wilson, 2015). Alnus is one of the tree 

species that expanded into Scotland during this phase, migrating into Caithness and Sutherland 

(Figure 6.1). At all sites it appears to benefit from the warmer and moist conditions during the mid-

Holocene optimum. It is from this time that Calluna further expands into the Braehour region, 

possibly benefitting from the decline in Betula. It appears that after the maximum at c. 6000 cal BP 

Betula further declines towards the north (Caithness) but expands further south in Dalchork, 

though this expansion might relate to an absence of people in the region at this time. Pinus starts 

to expand further into northeastern locations (Rowens), although further inland (Braehour), Pinus 

growth is massively reduced, though values already declined before the start of the mid-Holocene 

optimum (Figure 6.2). The environment around Braehour may have become too dry for Pinus to re-

establish (as seen by the high values of Calluna). The early decline of Pinus in the Braehour area has 

not been recorded at other sites in northern Scotland and it remains unclear what caused this 

decline from c. 7200 cal BP, however it is clear that it responded to a change to wetter conditions, 

possibly constraining Pinus growth and passing a threshold where native pinewoods disappear from 

the Braehour landscape. This is an early date for a first Pinus decline identified to occur across 

northern Scotland. Tipping et al. (2008a) recorded a shift to wetter peat surfaces around 6540-6200 

cal BP, similar to shifts identified throughout north and west Scotland, and northern Europe, 

arguing for a wider climatic event (Hughes et al., 2000; Blaauw et al., 2004). Pinus values started to 

decline from c. 6400 cal BP at Farlary and favoured the growth of Alnus. This timing of major 
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reductions in Pinus is also recorded at Achany Glen (Smith, 1996) (Table 6.2) and is explained as the 

result of a series of rapid events driven by regional climate shifts that destabilised the local Pinus 

population (Tipping et al., 2008a). At the other sites Pinus continues to grow in the same manner, 

and only starts to decline during the 5.2/5.9 ka event where summer temperatures decline, 

although winter temperatures continue to increase or show little change (Charman, 2010).  

Table 6.2    Phases of Pinus expansion and reduction recorded in present study and other sites in northern Scotland 
(e.g. Smith, 1996; Tipping et al., 2008a). 

Site 
First phase of 
expansion 

First significant 
reduction 

Second Pine 
expansion 

Second pine reduction 
(pine decline) 

Rowens 7250 cal BP 5855 cal BP 4635 cal BP 4141 cal BP 

Braehour 9080 cal BP 6310 cal BP 4861 cal BP 4036 cal BP 

Dalchork 8670 cal BP 7200 cal BP 5570 cal BP 4162 cal BP 

Tipping et al. 
(2008a) 

7900-7600 cal BP 6400-5500 cal BP 5000-4000 cal BP 4200-3300 cal BP 

Smith (1996) 8900-5800 cal BP 6600-5600 cal BP 6100-3900 cal BP 5000-3700 cal BP 

 

5.2/5.9 ka 

The 5.2 ka – related to the 5.9 ka Bond event (IRD 4) (Bond et al., 2001) – marked the termination 

of the warmer mid-Holocene optimum, with climatic deterioration, increased bog surface wetness 

and increased storm frequency, with the main phase of this event recorded to occur between c. 5.6 

and 5 ka and therefore referred to as 5.2 ka event (Magny et al., 2006; Roland et al., 2015). At both 

Rowens and Dalchork Betula and Pinus values decline from the start of this climatic deterioration, 

whereas Alnus benefits from increased wetter conditions and outcompetes Pinus on the wetter 

soils (Figure 6.7). This decline recorded at both Rowens and Dalchork seems to relate to a more 

widespread phase of Pinus reduction (Table 6.2). Though Pinus began to decline earlier at Farlary, 

Pinus only becoming locally very rare by c. 5500 cal BP. The abrupt and rapid hydrological changes, 

affected the Pinus growth in this region and a threshold was passed, though only for a few hundred 

years, where woodland communities would have formed an interstate with Betula, Corylus and 

Alnus as the main woodland component of mixed woodlands until a second Pinus expansion (Table 

6.2). Furthermore, a decline of Betula has also been recorded at Suisgill: between 5435-4831 cal BP 

(Andrews et al., 1985), at Oliclett: c. 5990-5040 cal BP which might have been caused by this climate 

deterioration. 

Past cultural development in Europe, including changes in settlement patterns, have been linked to 

this event. Even though the causal relation between climatic events and prehistoric societies is 

complex, a reduction in cereal grains and re-afforestation highlight absence of human activity 

(Whitehouse et al., 2014; Roland et al., 2015). For all research sites, this period shows a period of 

reduction in charcoal values and grazing indicators (Sections 5.1.5; 5.2.5; 5.3.5), possibly reflecting 
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a decrease in population densities, followed by the regeneration of Betula and Pinus (Rowens and 

Dalchork). It could be argued that people near the sites responded to a change in climate, though 

no significant reduction in woodland is recorded. With the exception of Betula (Rowens), which 

hereafter further declines and remains low, suggesting that it past a threshold and continues to 

grow in a more open woodland character. As not many archaeological features have been dated in 

the vicinity of the three study sites, there is no evidence for a direct link to possible abandonment 

of the area at this time. Nonetheless, it is after this time that a change towards more intensified 

cultivation is recognised at all sites marking the beginning of the Neolithic (Section 6.2.2), 

strengthening the hypothesised link between cultural development and climate deterioration, as 

recorded throughout Europe (Whitehouse et al., 2014; Roland et al., 2015).  

4.2 ka 

The 4.2 ka event is recorded as a shift to wetter and cooler conditions in the British Isles as a result 

of increased IRD, with sea-surface temperatures dropping 1-1.5°C  (Bond et al., 2001; Barber and 

Charman, 2003; Davis et al., 2003; Mauquoy et al., 2008; Charman, 2010), though it has been 

suggested that by 3950 cal BP summer temperatures were 1°C warmer and winters 1°C colder 

(Davis et al., 2003). No marked reduction in Betula values is recorded at the different research sites 

during this event (Figure 6.7). Alnus is further expanding, benefiting from wetter conditions, which 

is shown by an increase in Sphagnum and Cyperaceae and a decline in charcoal values. This suggests 

that the remaining upland birchwoods and wet woodlands were resilient to this event. However, 

Pinus values further decline and seem to have been massively affected by this change to cool and 

wet conditions and reach their threshold, after which they disappear from the local and regional 

landscape. The sequence of wet events appears to have negatively affected Pinus growth in this 

area. A similar pine-decline has been recorded across the northern British Isles (Birks, 1975; 

Bennett, 1984, 1995; Gear and Huntley, 1991; Blackford et al., 1992; Hall et al., 1993; Smith, 1996; 

Willis et al., 1998; Davies, 2003; Tipping et al., 2008a) (Section 2.4). However, this has also been 

related to continuous grazing pressures, agricultural and settlement expansion (Birks, 1975; 

Charman, 1994; Tipping, 1994; Tipping et al., 2008a) and volcanic fallout (Blackford et al., 1992).  

2.8-2.6 ka event 

During the 2.8-2.6 ka event, ocean proxies suggest clear changes in the North Atlantic, where higher 

precipitation is recorded and a drop of sea surface water temperature of 1-1.5°C (Charman, 2010). 

This event is associated with major declines in solar output (Charman, 2010) and IRD peak at c. 2750 

cal BP (IRD 2) (Bond et al., 2001). During this event, a shift to increased moisture combined with a 

cooling phase has been recorded in northwest Scotland (Charman et al., 2006; Tipping et al., 2008a; 

Wang et al., 2011). The abrupt climate changes during this time is also referred to as the transition 
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between the Sub-Boreal and the Sub-Atlantic and marks the transitions from the Bronze Age to the 

Iron Age in the UK (Wang et al., 2012). It is during this period that Betula declines at Oliclett and 

probably vanished from the local area (Davis et al., 2003). Although no link was made between this 

decline and the 2.8-2.6 ka event, as it was argued that the decline was related to grazing and the 

spread of pastoral grassland during the early Iron Age. It is during this time that the rate of 

expansion of human settlement slowed or halted in the British Isles, strengthened by a significant 

hiatus in settlement evidence recorded in Ireland (Needham, 2007; Ralston and Ashmore, 2007; 

Becker, 2009). Woodland communities at the study sites continue similar to those preceding this 

period. An exception is found for a halt in Pinus expension at Dalchork, once again disappearing 

from this region and not naturally returning for the rest of the Holocene (Figure 6.7). It does appear 

that at Rowens charcoal values and Calluna decrease from c. 2580 cal BP, and Sphagnum and 

Cyperaceae increase, suggesting a change to wetter habitats and a possible absence of Bronze Age 

people in the Rowens area, although human indicator species continue to be present, arguing 

against this absence. Nonetheless, populations may have been affected by this change to wetter 

and cooler environments. At Braehour no significant changes are recorded, Cyperaceae values only 

show a sharp increase at 2440 cal BP, and charcoal values continue to be high and only decline 

sharply from c. 2300 cal BP, which might be a late response to this event, or reflect that further 

inland this climatic event did not cause any constraints.   

Roman warm period 

Temperature variations were more moderate over the last 5000 years. With only slightly warmer 

conditions recorded during the Roman Warm Period (2500-1600 cal BP), which corresponds with 

the Iron Age and Roman period (Wang et al., 2012). During this period most studies show a shift 

from cooler and dryer conditions to warmer and/or wet conditions across Europe (Hass, 1996; Ji et 

al., 2005; Martín-Puertas et al., 2008; Pearce et al., 2013; Jach et al., 2018). Studies for the central 

Scandinavian mountains showed that during this period summer temperatures exceeded the 1961-

1990 mean by more than 6°C (Linderholm and Gunnarson, 2005). Similarly, northern Irish peatland 

records show that soils became markedly drier between c.2270 and 1800 cal BP (Swindles et al., 

2010), where the dry phase was interpreted as “a period with a higher frequency and/or greater 

magnitudes of summer drought”(Swindles et al., 2013) and might be related to a period of low 14C 

production. Low water-table levels are recorded for northern Scotland to occur at c. 2200 cal BP 

and again between 1600 and 1800 cal BP (Charman et al., 2006). Nonetheless, records from western 

Scotland showed that the climate between 2300 and 1900 cal BP was relatively cold compared to 

the rest of the Roman warm period, with a drop of 1°C in sea surface water temperatures (Wang et 

al., 2012) and Pinus records across Scotland show significant reductions, which is argued to occur 

because the growth of Pinus needs warm and dry climate (Grace and Norton, 1990; Wang et al., 
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2012). This can be counter-argued as Pinus will thrive in colder conditions (which has been shown 

previously), but not so much wetter conditions. During this period an increase in wetness can been 

seen at all three research sites, though occurring later at Braehour, corresponding with his further 

inland position. These periods of increased drought in northern Scotland are also recognised at the 

three sites by falls in Sphagnum and Cyperaceae (Figure 6.7). The argument for a reduction in Pinus 

during this period does not agree with records from northern Scotland studies, as all studies show 

a significant decline much earlier, though a minor drop in Pinus is recorded at Dalchork (Pinus was 

absent at the other sites at this time).  

1.4 ka event 

This event is not clearly reflected in high-resolution studies of continental Europe and was probably 

of a lower intensity, or more restricted to regions closer to the Atlantic (Florescu et al., 2019). 

Nonetheless, during the 1.4 ka event (c. 1500-1200 cal BP), also referred to as the Dark Ages Cold 

Period, climate in northern Europe was generally moist, with low burning activity (Florescu et al., 

2019) and a general increase in bog surface wetness in Scotland (started already from 1800 cal BP) 

(Langdon and Barber, 2005) and Ireland (Hughes et al., 2000). No clear signal is seen at the research 

sites, suggesting that this climatic event did not have a major impact on the vegetation present, 

though at Dalchork and Rowens there is a slight decline in Betula (Figure 6.7). This decline is possibly 

related to human activity as charcoal values are high, and relates to a period of Picts present in the 

landscape (Heald and Barber, 2015). 

Medieval warm period 

There is some debate whether the medieval warm period, or the ‘Little Climate Optimum’ was a 

truly global phenomenon (e.g. Broecker, 2001), nonetheless this period between 1050 and 650 cal 

BP was recorded in the GISP2 Greenland ice core, with temperatures being about 1°C warmer than 

modern temperatures (Easterbrook, 2016). Temperatures in Germany were believed to be 1-1.4°C 

warmer and around Trondheim, Norway, 1°C warmer than today (Easterbrook, 2016). Chironomid 

records of the Cairngorms, Scotland, showed that summer temperatures were about 0.4°C warmer 

than today (Brooks and Birks, 2001). Similar temperatures could be expected to have occurred in 

northern Scotland. Increases in fire activity have been recorded throughout Europe, which might 

relate to anthropogenic burning (Florescu et al., 2019) and during this period mire conditions in 

both Scotland and Ireland were drier than the preceding period (Hughes et al., 2000; Langdon and 

Barber, 2005). No significant changes are recorded at the study sites: upland birchwoods continue 

to be present in the open landscapes and show resilience to this slightly warmer event. The only 

anomality is that Corylus appears to expand during these warmer conditions in Sutherland (Figure 
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6.7), possibly this more southerly location responds more quickly during climatic warming. Corylus 

benefitted from the drier conditions recorded throughout Scotland.  

Little Ice Age (LIA) 

Similar to the 2.6-2.8 ka event, the LIA appears to have been triggered during periods of reduced 

solar activity, when cosmic rays were less effectively deflected by solar winds, allowing more 14C 

production in the atmosphere (Mauquoy et al., 2002). Records in mire surface wetness, showed 

that bog pool formation increased from the 17th century across northern Britain, which followed 

the Medieval warm period (Barber, 1981; Stoneman et al., 1993; Hughes et al., 2000; Mauquoy et 

al., 2002; Langdon and Barber, 2005; Blundell et al., 2008). A decline in Pinus forests in Sweden was 

related to this event and it was suggested that during the LIA summer mean temperatures dropped 

>1°C (Kullman, 1987). Cold conditions at this time were also recorded from Crag Cave in SW Ireland 

(McDermott et al., 2001) and an increase in storm activity was recorded in several locations of 

northwest Scotland, including in Orkney (Sommerville et al., 2007). To continue, at Tuquoy, Orkney, 

an expansion of wet grassland and heathland, lower rated of soil erosion and a reduction in the 

intensity of human activity is recorded and might be linked to the deteriorating climate of the LIA 

(Timpany et al., 2020). 

It is in the Highlands and Islands of Scotland that historical records from estate and rental farms 

show that communities are protecting themselves against climate-driven falls in agricultural 

productivity during the LIA and are adjusting to different cropping practices: making use of famine 

food and abandoned land (Dodgshon, 2005). For Rowens and Braehour it is during this period that 

charcoal values decline, first at Rowens, possibly due to Rowens marginal (riparian) locality in 

comparison to Braehour. It is also at this time that all remaining tree values decline, indicating the 

demise of woodland across the local landscape (Figure 6.7). It is possible that this was the climatic 

trigger that caused the remaining open upland birchwoods to pass a final threshold where after 

they declined. It can be argued against the impact of human activity triggering this final woodland 

decline as low charcoal values argue against the presence of people in the area. A possible change 

to colder, but possibly drier conditions, is reflected by the further increase of Calluna.  

Peat formation 

The spread of blanket peat in northern Scotland has been mentioned but more generalised 

assumptions and implications have to be discussed with regards to the obtained palynological data. 

Several mechanisms are identified to have contributed towards the inception and spread of blanket 

peat in northern Scotland, though it is now generally understood that blanket peat mainly develops 

in climates that are both wet and cool (Lindsay et al., 1988; Lindsay, 1995; Tipping, 2008). Although, 

increased fire frequency by Mesolithic communities has previously been argued to have 
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contributed to peat initiations in northern Scotland (Robinson, 1987; Charman, 1994). However, it 

is more likely that farming communities successfully resisted the natural spread of peat across their 

lands than that they contributed to peatland expansion (Tipping, 2008). In the palynological record 

blanket peat development might be detected by the first and continued appearance of Sphagnum 

in conjunction with a significant increase in Calluna (Fossit, 1994), which suggest the acidification 

of soils. It appears that at both Rowens and Braehour peatlands were already expanding and 

developing before humans are present in the area. The inception of blanket peat development at 

Rowens and Dalchork might have been triggered by the 9.4 ka event, after which values of Caluna 

continue to be high. Though after the 8.2 ka event peatlands appear to expand even further and at 

all sites the development of blanket peat, and especially increased in Calluna, appear to relate to 

the first decline in Betula trees at the study sites. Blanket peat developed later in Braehour (c. 7000 

cal BP), though no clear explanation can be given what triggered the blanket peat expansion in this 

region. Perhaps wet conditions were triggered by a volcanic eruption, recorded through the 

presence of Lairg A tephra that has been identified in Scotland and Ireland (Pilcher and Hall, 1996; 

Pilcher et al., 2005) and causing peat to further spread.  

6.2.1.2 Volcanic eruptions 

Volcanic eruptions are known for spreading large quantities of sulphur-rich gases into the 

stratosphere, capable of causing global climatic cooling (-0.2-0.3°C) for several years after the 

eruption (Zielinski, 2000), and increasing precipitation and lightning strikes over a short period of 

time (Payne et al., 2013). Volcanic tephra layers recorded in peatlands show that this product of 

predominantly Icelandic volcanic eruptions reached Britain and Ireland throughout the Holocene, 

including (but not limited to), Hekla 4, Lairg A, Glen Garry and the Laki eruption. There is no clear 

consensus whether volcanic eruptions have affected Holocene vegetation as there is a lack in 

temporal resolution (Payne et al., 2013). Nonetheless, plants in marginal zones can be affected by 

the decrease in temperature and produce changes in community composition and can be limited 

in their flowering or pollen production (Payne et al., 2013). Though tephra was not recorded in this 

study, it is possibly to detect whether vegetation responded to these eruptions, by focussing on 

periods associated with well-dated eruptions. Noteworthy: the results from this study might have 

some temporal resolution limitations as the sampling intervals vary throughout the cores: ranging 

from 30 year (Rowens 487 to 483 cm) up to 700-year intervals (Dalchork 17 to 9 cm).  

Hekla 4 

The eruption of Hekla-4, dated to 4260 cal BP (Hall et al., 1994) has been related to tree decline, 

and has been argued to have caused the widespread pine-decline in north western Europe 

(Blackford et al., 1992; Dwyer and Mitchell, 1997). Although, for the north of Ireland there was no 
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direct correlation found (Hall et al. (1994). Charman (1995) even identified an increase in Pinus 

pollen at the time of the Hekla-4 eruption. As mentioned previously, the identified pine-decline is 

a diverse event and is not simultaneous across north western Europe (Birks, 1975; Charman, 1994; 

Smith, 1996; Anderson et al., 1998; McCullagh and Tipping, 1998) and the impact of the eruption is 

widely debated (Anderson et al., 1998). If volcanism caused a change in Pinus pollen production in 

Britain and Ireland it would have only impacted the Pinus trees already close to a survival threshold 

(Payne et al., 2013). The date of the eruption also coincides with a period of increased sand 

movement at Tofts Ness, Orkney, where it has been argued that any volcanic activity could have 

resulted in increased marginality and land instability at the site (Sommerville et al., 2007). At all 

three study sites, a further decline in Pinus is noted to occur right after the Hekla 4 eruption, 

although this could also relate to a later response to a change to wetter conditions caused by the 

4.2 ka event: reflected by an increase in Alnus, suggesting that these stand thrive in such conditions 

(Figure 6.7) (Section 6.2.1.1). The question remains whether the volcanic eruption lead to the 

environment becoming wetter and prompted Pinus to decline, or whether the climate became 

wetter simultaneously (during the 4.2 ka event) and not as a direct result of the volcanic eruption. 

Similar to the research at Altnabreac, the possible impact of volcanic eruptions on the growth of 

Pinus cannot be excluded and might relate to the character of the present pinewoods in the uplands 

at this time, which were already open and close to their survival threshold (Blackford et al., 1992; 

Payne et al., 2013). 

Glen Garry 

The estimated date for the Glen Garry tephra is c. 2210-1966 cal BP (Barber et al., 2008). Both dry 

and wet shifts are recorded after the Glen Garry isochrone across central and southern Scotland 

(Langdon and Barber, 2004). The layer is recorded at the Achany Glen sites and Smith (1996) argues 

that at her sites there is no significant reduction in taxa showing a correlation with this tephra layer. 

No clear significant relation is seen at the three study sites, although at Rowens and Dalchork Betula 

further declines in combination with declining charcoal values during this period: possibly reflecting 

a change to wetter conditions following the eruption (Figure 6.7). Betula does show resilience 

following this event and it is around this time that Sphagnum and Calluna further spread at 

Braehour and Dalchork, possibly responding to a brief change in hydrology following the eruption. 

Laki eruption 

Historic records show that following the Laki eruption in 167 cal BP, vegetation was impacted across 

the UK and Europe (Thordarson and Self, 2003; Payne et al., 2013). Geikie (1893) referred to this 

period as “The year of the ashie” and noted that in Caithness crops were destroyed by the amount 

of ash fall over Caithness. The period has also been referred to as “Annus Mirablis” (the year of 
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awe) (Steinthorsson, 1992) because of several large-scale natural disasters (not all related to the 

Laki eruption) and the state of the atmosphere causing public concern (Thordarson and Self, 1993, 

2003). A widespread sulfuric aerosol cloud (haze) is believed to have been the result of the Laki 

eruption and was noted across Europe (Thordarson and Self, 2003). Ashfall and acid precipitations 

persisted in the Faeroe Islands; the sulphur smelling haze caused sickness in humans and withering 

of vegetation in Norway; corn and other vegetation was scorched and withered during the haze in 

Denmark and Sweden; in England withering of corn and wheat was noticed and in the Netherlands 

trees and plants are noted to have lost their green colour and dropping their leaved in the middle 

of summer (White, 1970; van Swinden, 1983; Thordarson and Self, 1993, 2003). To continue, 

unusual and extreme weather conditions have been recorded across Europe following the Laki 

eruption, and two years following the eruption showed cooler summers and winters, after which 

climate appears to recover in the four years following (Thordarson and Self, 2003). This event might 

be seen at Braehour by a further decline in Betula and Pinus a few years after the eruption (Figure 

6.7), though this merely shows a decline in trees growing in the wider Braehour region, hereafter 

they quickly recover as a result of their resilience.  

6.2.1.3 Pathogenic attack 

There is evidence that tree populations in the Holocene were affected by disease attack by fungal 

pathogens (Parker et al., 2002), just as they are in more recent time, e.g. the outbreak of Dutch Elm 

disease causing a decline in Ulmus across Europe and North America (Karnosky, 1979; Stipes and 

Campana, 1981; Brasier, 1991); the near complete loss of Castena dentata (American chestnut) in 

North America because of chestnut blight (Jacobson and Bradshaw, 1981) and the recent ash 

dieback across the UK, caused by the fungus Hymenoscyphus pseudoalbidus (Woodward and Boa, 

2013; Mitchell et al., 2014). A widespread elm-decline occurred across most of northwest Europe 

between c. 6347 and 5281 cal BP (Parker et al., 2002) and is regarded to have been caused by 

pathogenic attack from elm bark beetles (Scolytus spp.), the vectors for the fungus Ophiostoma 

ulmi causing the decease (Gibbs, 1978; Girling and Greig, 1985; Molloy and Connell, 1987; Peglar 

and Birks, 1993; Parker et al., 2002; Clark and Edwards, 2004). The exact nature and causes of the 

elm-decline remain the subject of continuous debate (Innes et al., 2006) and other causes have 

been related to a climatic trigger or human impact (Parker et al., 2002; Innes et al., 2006). Innes et 

al. (2006) argued that Neolithic pastoral farming could have provided mortally wounded trees when 

livestock grazing was enhanced, though they are not excluding pathogenic attack as a cause.  

All study sites show local presences and absences of Ulmus throughout the Holocene and reflect 

that species would never have formed any major component of the woodland at any of the sites 

(Section 6.1.2). The mid-Holocene elm decline has been identified within the pollen data of the 
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three research sites (noted by * in Figure 6.7). For Braehour, Ulmus values decline after a final peak 

at 6416 cal BP and are very low from c. 5483 cal BP. At Dalchork, Ulmus shows a first decline after 

a final peak at c. 6088 cal BP, followed by a second decline after c. 5801 cal BP and is completely 

absent from c. 5393 cal BP. Multi-step declines like these have been recognised by other studies 

(e.g. Peglar and Birks, 1993; Timpany, 2005). At Rowens, Ulmus could have been growing locally 

until c. 5507 cal BP, after which Ulmus values further decline which possibly reflects the ‘elm 

decline’. Nonetheless, it is at Rowens that Ulmus continues to be recorded until c. 4635 cal BP, 

though this is likely a more regional presence of surviving stands. 

All phases of decline appear to occur during the 5.2/5.9 ka event, suggesting that a change in 

hydrology aided towards the decline of Ulmus, similar to other trees declining at this time. 

However, it is unlikely related to the pressure of Neolithic communities on present Ulmus 

woodland, as charcoal values are low at all sites during the decline, although prolonged previous 

pressure might have aided towards the decline. It is not possible to detect any pathogenic attack, 

but as it is such a wide-spread event, this could have been the cause. For other sites in northern 

Scotland, the date of the decline of Ulmus correlates with dates of this study: Loch of Winless, 5747-

5325 cal BP (Peglar, 1979); Aukhorn, 5610-5321 cal BP (Andrews et al., 1985); Farlary, 5500 cal BP 

(Tipping et al., 2008a). Though Ulmus declined slightly earlier at Oliclett at 6540-6100 cal BP (Davies, 

2003). 

6.2.2 Anthropogenic disturbances 

From the time that people were present in the landscape, they would have utilised their 

surrounding environment, using present woodlands as a resource for their existence. It is difficult 

to fully detect what the impact of people on their landscape was, even though several phases of 

disturbance and past land-use were detected at the study sites (Sections 5.1.5; 5.2.5; 5.3.5). 

Possible major impacts on past woodland in Scotland have been summarised with the main 

categories of human impacts being: 

• “Clearance of upland woodlands by fire, to facilitate livestock grazing 

• Clearance of woodland around settlements for pasture and crop growing 

• Favouring of certain tree and shrub species (e.g. fruit/nut producers) 

• Utilisation of timber for construction and the smelting of metallic ores 

• Deflection of the natural successional development of native woodland 

• Deliberate/accidental introduction of non-native trees” (Wilson, 2015). 

Some of these different impact categories are detected in the pollen diagrams at the study sites 

(Figure 6.8) and the palynological evidence for human activity is described and discussed in the 
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previous sections (Sections 5.1.5; 5.2.5; 5.3.5). Examples of evidence includes human indicator 

plant species, i.e. P. lanceolata (which could reflect pastoral activity), the presence of NPP grazing 

indicators and the presence of cereal pollen grains. Furthermore, increases in microscopic charcoal 

might reflect the presence of people in the local or regional landscape. 

 

 

Figure 6.8    Suggested timings for cultural periods to start at the different study sites based on human impacts 
indicators including microscopic charcoal, Plantago lanceolata and cereal grains and other interpretations (Sections 
6.1.5; 6.2.5; 6.3.5) and their possible relation to woodland disturbances.  
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6.2.2.1 Mesolithic  

Mesolithic communities could have been present in the Rowens landscape from c. 6900 cal BP, 

possibly as the causal factor of high charcoal frequencies (Figure 6.8). During this first assumed 

presence, all tree values are declining, possible showing that people were using trees in the area as 

a resource. The woodland communities show resilience as values quickly recover to pre-Mesolithic 

times. The presence of people in the landscape in the vicinity of Rowens during this period is 

confirmed by the Mesolithic flint-working site of Oliclett: where several apparent centres of 

knapping activity suggest multiple short-term occupations (Pannett, 2002) and a chance microliths 

find (possibly Mesolithic) beneath Camster Long cairn (Masters et al., 1997) (Section 3.4.1). It has 

been suggested by Pannett and Baines (2006) that a variety of activities would have been 

undertaken across the landscape, including hunting activities, where burning activities would have 

improved the quality of the environment for grazing to attract game (Innes and Blackford, 2003). 

Mesolithic activity is expected to have occurred in the wider Braehour landscape due to an early 

presence of Plantago lanceolata at 8802 cal BP: the same time of minor Pinus and Corylus declines. 

This short disturbance might relate to Mesolithic communities burning patches of these woodlands 

(Innes et al., 2010). Betula increases at this time and might benefit from more open woodland 

patches by the clearance of Pinus and Corylus, although both quickly recover after this initial 

human-related disturbance. Nonetheless, the disturbances in woodland composition might also 

relate to the previous mentioned 8.2 ka event. Mesolithic activity in the Braehour region has been 

supported by the presence of Mesolithic findspots at Pullyhour (Section 3.4.2). At Dalchork, high 

charcoal values from c. 9108 cal BP suggest a possible earlier presence of Mesolithic communities 

in the local landscape and both Betula and Corylus appear to have been declining, possibly affected 

by these early Mesolithic communities. This early presence agrees with the date given by Smith 

(1996) for the first human impact recorded at 9000 cal BP for the Achany Glen sites and assumed 

Mesolithic related burning activity at Aukhorn peat and Cross Lochs (Robinson, 1987; Charman, 

1994) 

6.2.2.2 Neolithic  

For Rowens it has been argued that Neolithic communities would have been cultivating the 

landscape from c. 5158 (P. lanceolata increase) or c. 4983 cal BP (steady presence of P. lanceolata): 

marking the first presence of Hordeum-type pollen grains (Figure 6.8). Nonetheless, there is a low 

presence of large charcoal fractions recorded (Figure), which suggests that there is a limited local 

presence of people, though Neolithic communities would have been present in the vicinity of 

Rowens as recorded by the presence of the grey cairns of Camster (Section 3.4.1). The remaining 

open patches of mixed woodland present appear to have been limited affected by Neolithic 
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communities in the Rowens area. For Braehour, the peak of P. lanceolata at c. 5276 cal BP could 

suggest the presence of people in the local landscape, though grazing indicators (Section 5.2.5.2), 

combined with abrupt high charcoal values at 5690 cal BP might reflect Early Neolithic farming 

communities present in the landscape. Again, an open mixed woodland character at this time 

appears to have been minimally affected by people in the vicinity of Braehour. Moreover, at around 

4000 cal BP, both Betula and Corylus are expanding during a period of increased burning activity. 

Upland management activities might have changed during this time, from using woodlands as a 

resource to moor burning. Upland moorland would have been maintained by Neolithic 

communities by burning and grazing (Thompson et al., 1995). A natural succession after moor 

burning is the development of Cyperaceae and Poaceae (which is reflected during this period). To 

continue, the expansion of Betula and Corylus coincides with the widespread pine-decline, and 

although Pinus is not present at this time in the Braehour area, it is possible that broad-leaved 

species benefit from its absence in the wider region. Furthermore, increases of both Betula and 

Corylus might also respond to a period of warming following the end of the 4.2 ka event.  

At Dalchork, P. lanceolata becomes part of the assemblage from c. 5220 cal BP which is 

simultaneously with a peak in charcoal values, providing evidence for Neolithic activity by 

communities in the local area. Furthermore, all woodland taxa appear to have been negatively 

affected during this time. It can be argued that this decline might be linked to the 5.2 ka event, 

though the high charcoal values argue for some possible human-related impact on the woodlands 

present. Neolithic activity in the Dalchork area is supported by the presence of chambered cairns 

(Section 3.4.3). Increased grazing activity, linked to Neolithic communities, was recorded for other 

studies in northern Scotland from c. 5650 cal BP at Oliclett (Davies, 2003), at c. 5291-4858 cal BP in 

the Wick River Valley (Dawson and Smith, 1997) and sporadic local cultivation of cereal grains was 

recorded at Farlary to occur from c. 5000 cal BP. The dates of this study agree with the theory of a 

more widespread presence of Neolithic communities in the landscape. 

6.2.2.3 Bronze Age 

A further increase in P. lanceolata at all study sites, c. 4160 (Dalchork), 3580 (Rowens) and 3190 cal 

BP (Braehour) occurs during the Bronze Age (Figure 6.8): typical for this time period relating to an 

intensification in agriculture. Evidence for these Bronze Age communities are present in the local 

and regional landscape of the study sites by the occurrence of hut-circles. Intensified grazing activity 

during this time is also recorded for the Achany Glen sites from c. 4300 cal BP (Smith, 1996) at 

Lochan an Druim after 4082-3646 cal BP (Birks, 1993) and at Farlary after 4030-3500 cal BP.  

Contrastingly, evidence for an impact linked to intensified agricultural activity at this time on the 

remaining woodland communities is little, in particular for both Rowens and Braehour. At the 
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southernmost site of Dalchork, a peak in charcoal around 3500 cal BP occurs simultaneously with a 

decline in Betula, providing some evidence for a preferential selection of Betula as a resource for 

the Bronze Age people in the area. Corylus shows a small increase at this time and it is possible that 

it was managed by coppicing the shrubs to enhance the growth and increase nut yield, which might 

result in an increase in the pollen record. This follows the idea that woodland was already managed 

on a landscape scale during the Neolithic in areas of Europe (e.g. Troels-Smith, 1960; Peglar and 

Birks, 1993; Favre and Jacomet, 1998; Waller et al., 2012; Bishop et al., 2015).  

6.2.2.4 Iron Age and Picts 

Agricultural activities further intensified during the Iron Age throughout Scotland (Tipping, 1994). 

This is seen at Braehour (c. 1750 cal BP) and Dalchork (c. 2250 cal BP) (Figure 6.8), with the presence 

of cereal grains (Braehour), increased charcoal values and the most significant increase in P. 

lanceolata (Dalchork), which reflects a mix of pastoral and crop cultivation. This pattern is also 

recorded at the Achany Glen sites, where mixed farming is recognised from c. 2000 cal BP (Smith, 

1996) and in the Suisgill area from c. 1863-1414 cal BP (Andrews et al., 1985). Iron Age communities 

are also reflected by the presence of complex roundhouses, or brochs, throughout both Caithness 

and Sutherland (Section 3.4). This intensification is not specifically noticed at Rowens, where 

activities continued in the same manner as before, though a slight increase in charcoal at 1475 cal 

BP might show renewed activity in the area. This increase might even relate to Pictish people in the 

area, as they were present in Caithness (Heald and Barber, 2015), though no archaeological 

evidence for this is found in the vicinity of Rowens. At Dalchork woodland taxa increase where 

Calluna decreases from the start of Iron Age activities. This suggests that remaining woodland might 

have been positively managed and it is seen that moor burning was the main activity for these 

upland areas during this period. At both Rowens and Braehour the remaining trees appear to have 

been growing in a similar manner as previously and were not particular affected by people in the 

landscape. A possible event of coppicing might be recorded at Rowens at c. 1330 cal BP where 

charcoal and P. lanceolata is high together with Alnus and Corylus. As trees would have been sparse 

at this time, coppicing might have increased the remaining wood and nut yield present without 

felling trees as a whole.  

6.2.2.5 Medieval and modern 

Increased agricultural activity, that was recognised during the Iron Age at all three study sites, 

continues in a similar trend throughout the Medieval period. An increase of Alnus together with an 

increase of charcoal at Rowens (c. 770 cal BP) suggests that people were enhancing Alnus growth 

by coppicing remaining trees (Figure 6.8). A similar trend is recognised at Dalchork, c. 706 cal BP, 
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where high Corylus values might relate to similar management practices. On the other hand, this 

period is also recognised as the Medieval Warm Period and warm conditions would have promoted 

Corylus growth. It is in the post-medieval period (modern) that all woodland taxa further decline at 

all study sites, in line with sites from surrounding studies.  

6.2.2.6 Human impact on woodlands 

As previously displayed, the impact on woodland by people present in the local landscape can 

possibly be shown by a decline of tree values and an increase in charcoal values, along with human 

indicators (Figure 6.8) (Sections 6.1.5; 6.2.5; 6.3.5). At all study sites woodland disturbances are 

shown to co-occur with human impact and it appears that Calluna growth benefitted from phases 

of lower presence of trees. Nonetheless, it seems that for all sites, woodland does recover after 

short human-related disturbances, and major decline in woodlands does not seem to be intrinsically 

linked to human presence. Major woodland decline, and resilience, is therefore best to be explained 

as a result of climatic disturbances, as previously discussed (Section 6.3.1).  

At other sites in northern Scotland, the major woodland decline of Pinus has been argued to be a 

result of human activity (Birks, 1993; Tipping, 1994; Tipping et al., 2008a). For example, the Pinus 

and Betula decline at Suisgill, dated to 5435-4831 cal BP is argued to be caused by a combination 

of factors, including Neolithic clearances and hydrologically or climatology induced variations in the 

wetness of blanket bog (Andrews et al., 1985). This combination of causes has also been given by 

Charman (1994), who argues that the vast amount of archaeological evidence present in Caithness 

and Sutherland suggests pressure of people on the landscape. After the pine decline at Cross Lochs 

(c. 4516-4186 cal BP) all trees start to decline in this area, and the landscape becomes almost 

treeless. New insights from the data in this study does show that remaining trees could have been 

managed by sustainable coppicing practices, suggesting that people understood the value of 

remaining trees and refrained from clearcutting all woodland.  

6.2.2.7 Moor burning  

As previously mentioned, periods where charcoal values are high and Calluna values low, might 

reflect moor burning where the uplands were managed to improve grazing quality, which is argued 

to occur since at least the Neolithic (Thompson et al., 1995). This is shown at all research sites 

(Figure 6.8) (Sections 5.1.5, 5.2.5 and 5.3.5). An example are the peaks in charcoal at Dalchork at c. 

4500 cal BP and 4000 cal BP, simultaneously with a decline in Calluna and increases in Cyperaceae, 

which followed the natural succession after moor burning (Figure 5.30). Again, it appears that the 

episodes of possible moor burning do not impact the woodland present at the study sites. Phases 

of moor burning often seem to be linked to periods of woodland expansion, suggesting that people 
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are not using the remaining trees present. The practice of moor burning was also recognised at 

Farlary, where increased burning after 3040 cal BP was argued as a result of the improvement of 

Calluna heath for grazing quality (Tipping et al., 2008a).  

6.2.3 Summary main phases of woodland decline 

Phases of woodland demise have been identified to not simultaneously occur across the three study 

sites. The first main decline in Betula at all study sites, though most significant at Rowens, appears 

to be simultaneous with a phase of climatic deterioration (9.4 ka event). After which Betula and 

Corylus are the main woodland species in the landscape. During the same event Salix disappears 

from the Braehour landscape. This taxon appears to have struggled in colder and drier conditions 

accompanying this event and passed an ecological threshold. Further reductions in Betula 

woodland at Rowens are recorded from c. 6000 cal BP, during the 5.2/5.9 ka event, following the 

Mid-Holocene Climate maximum (Figure 6.7). Though both Betula and Corylus continue to be 

present in the upland birchwoods.  

At Braehour the woodland present was affected slightly different and only shows a significant 

woodland reduction from c. 7000 cal BP (Pinus) and 6500 cal BP (Betula). Their decline might reflect 

deteriorating conditions for these stands in a wider region, as the timing is similar to major 

woodland reduction recorded across northern-most Scotland where since 7000 cal BP the 

landscape became relatively open, with few trees and scattered shrubs (Peglar, 1979; Charman, 

1994) (Table 2.6). However, no clear consensus exists on the causal factors for this decline. The first 

significant reduction in Betula woodland at Dalchork is at the same time of the 8.2 ka climatic event, 

possibly showing a correlation (Figure 6.7). After this decline, Betula, together with Corylus and 

Pinus continue to grow, in a reduced presence, in the local landscape and only decline again during 

the 5.2/5.9 event after which all recover, though growing in a more open landscape. This decline, 

that was also recognised at Rowens, might also be linked to human activity, as suggested by high 

charcoal values.  

The wide-spread Pinus decline is also recognised at all three study sites and is arguably caused by a 

combination of climatic deterioration (4.2 ka event) and Hekla-4 (Figure 6.7). The final demise of 

upland birchwood at both Rowens and Braehour is not recorded until the start of the LIA, and 

arguably was the reason that the remaining woodland further declined. To conclude, all described 

phases of woodland decline show a low presence of charcoal, supporting the view of limited impact 

by people on the local woodland reduction across the study sites in Caithness and Sutherland. 

Around the world, cultural development, including changes in settlement patterns have been linked 

to events of climate change during the Holocene and people appeared to have adapted to and even 

thrived in marginal environments (Haberle, 2000; DeMenocal, 2001; Jin and Liu, 2002; van Geel et 
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al., 2004; Mercuri et al., 2012; Whitehouse et al., 2014). Cultural adaptation is also reflected at the 

study sites, where Mesolithic communities appear at Dalchork after the cooling of the 9.2 ka and 

the 8.2 ka event at Braehour. Similarly, the 5.2 ka event likely triggered a change to farming activity 

resulting into the Neolithic at all study sites and the start of the Bronze Age in its turn, could have 

been triggered by the 4.2 ka event, with a shift to Iron Age activity benefitting from the warming 

conditions during the Roman warm period (Figures 6.7; 6.8).  

Identifying these shifts and associated thresholds for woodland communities, allow for drawing 

parallels with past and predicted future climate and landscape conditions. Understanding the 

environmental preferences of woodland species and communities – based on the provided 

palynological and archeologically evidence in this study – facilitates a data and science-based 

approach for current and future woodland conservation management strategies and policies in 

northern Scotland (see sSction 6.3) 
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6.3 How does palaeoecological data contribute to conservation 

management strategies 

This study provides an overview of baselines, disturbances and thresholds in woodland 

communities during the Holocene in northern Scotland and presents itself as an additional 

monitoring tool, alongside ecological monitoring, research, and stakeholder engagement, to help 

improve the conservation efficiency of current and proposed management strategies (Davies et al., 

2014). To continue, this study untangles natural or cultural drivers for vegetation change to assess 

‘naturalness’ across northern Scotland and provides insights for scenario outcomes of predicted 

future change, e.g. the shifts in vegetation cover related to widespread climatic events such as 

Betula woodland decline during the 9.2 ka event.  

6.3.1 Contributions to upland woodland management 

One of the main targets of the Scottish Government is to increase forest and woodland cover to 

21% of the total area of Scotland by 2032 in order to reduce greenhouse gas emissions and to meet 

climate change targets (The Scottish Government, 2019). The Scottish Government aims to assist 

with planting the right woodlands in the right places to deliver environmental, social and economic 

benefits (The Scottish Government, 2018). Present study sites are all located within upland 

peatland environments, which are sensitive to change. Peatlands are an important resource for the 

national and global environment and their unique ecosystem should be managed accordingly 

(Davies, 2009). Both natural woodlands and peatlands are two of the largest natural climate 

regulating ecosystems, contain high biodiversity importance and are a priority for conservation and 

restoration in the UK (Forestry Commission, 2017; IUCN UK Peatland Programme, 2020).  

If loss of carbon is expected to be significant with current land management practices in these 

upland peat areas, then present non-native coniferous woodland would be encouraged to be 

removed and peatlands to be restored. This is supported by the Scottish Government’s Control of 

Woodland Removal Policy (Forestry Commission Scotland, 2015a). The ideal scenario is that the 

felling of these plantations will be followed by restoration without restocking, though in practice it 

is up to the land managers whether to retain trees or to restock, rather than to restore peatlands. 

In policies it is often highlighted that only deep peat (>50 cm), areas should be avoided for 

restocking, more importantly, it should be noted, and educated to land managers, that these 

policies also consider shallow peat under certain conditions, e.g. sites that compromise the 

hydrology of adjacent bog or wetland habitats (Forestry Commission Scotland, 2015a; Forestry 

Commission, 2017; IUCN UK Peatland Programme, 2020). However, woodland expansion close to 

peatlands can be beneficial for peatland ecosystems and biodiversity. Woodlands and peatlands 

support different and complementary assemblages of species, some of which are likely to use both 

habitats; trees provide support to peatlands, e.g. wooded slopes provide support against a mass of 
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blanket peat (Forestry Commission Scotland, 2015a; IUCN UK Peatland Programme, 2020). Trees 

are more likely to grow on (shallow) peat where water tables are naturally fluctuating, e.g. 

floodplains, wet woodlands, including alder carr (JNCC, 2019; IUCN UK Peatland Programme, 2020) 

and native woodland can be naturally present within peatland areas on the shallow, non-peaty soils 

and steep slopes. Furthermore, undamaged raised bogs can support natural fen carr woodland 

where the woodland will be centred around the edge on thinner peats or flush areas (Forestry 

Commission Scotland, 2015a; Scottish Forestry, 2016; JNCC, 2019; IUCN UK Peatland Programme, 

2020). 

Taking into account one of the main aims of the Scottish Government: further native woodland 

expansion in these upland areas, several options are available. Natural seeding and regeneration is 

one of the options for supporting woodland creation alongside native woodland planting to 

improve condition and species assemblages, plus increasing its national coverage (The Scottish 

Government, 2019). Furthermore, a distinct peatland-edge woodland is proposed by the SF with 

the aim to create a habitat achieving the best of both peatland and woodland habitats (Forestry 

Commission Scotland, 2015a; Scottish Forestry, 2016; Payne et al., 2018). Peatland-edge woodland 

includes low density planting (50% planted, 50% open ground) of native species within their natural 

range, whilst using minimum cultivation and only targeting areas where deep peatland sites are not 

a priority for habitat restoration, i.e. peatland or native woodland habitat (Forestry Commission 

Scotland, 2015a; Scottish Forestry, 2016). However, the novelty of the concept makes it difficult to 

determine whether peatland-edge woodland can fully secure both the peatland carbon stock and 

provide biodiversity and ecosystem service benefits from woodlands (Payne et al., 2018) and might 

only be achieved if deer populations are maintained at less than 5 per square kilometre (Scottish 

Forestry, 2016).  

Looking into the types of native woodland in the areas of study that could be used for natural 

seeding and regeneration, upland birchwoods (NVC W4/17) can be a suitable candidate. Even 

though consisting of sparse stands, the dominant native woodland-type is the upland birchwoods 

at all study sites, mainly consisting of Betula pubescens, B. pendula and Sorbus, together with a mix 

of Alnus glutinosa, Salix aurita, Populus tremila and Alnus incana (Section 3.3). Wet woodlands (NVC 

W4) are currently also present in the vicinity of Braehour and Dalchork, consisting of B. pubescens, 

Alnus glutinosa, Sorbus, Fagus sylvatica, S. aurita and A. incana. Native pinewoods (NVC W18) have 

only been recorded to presently grow in the vicinity of Dalchork with mixed Pinus and Sorbus 

stands. The woodland communities present at all research sites during the Holocene are similar to 

the above mentioned present-day native woodland communities, including at all sites upland 

birchwoods, wet woodlands and native pinewoods (Section 6.1.2). The remaining woodland 

present at the study sites might be remnants from the woodland communities present during the 
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Holocene. If creating new native woodlands in the study area, for example as part of peatland edge 

woodland schemes, it should be considered whether certain tree species are appropriate to grow 

at the given site. Site suitability can be based on environmental parameters such as windiness, 

annual temperature, hydrological (soil) conditions, continentality and soil nutrients, all combined 

in the ‘Ecological Site Classification’ (The Scottish Government, 2020). Combining such parameters 

identify the suitability of a certain (tree) species as poor, marginal, suitable of very suitable to grow 

on a specific location (Figure 6.9). However, this approach does not take into account any soil type 

information and focusses on the spatial climatic variation. The study sites appear most suitable for 

the recreation of NVC W4 (upland birchwoods/wet woodland), W18 (native pinewoods) and W9 

(upland mixed ashwoods) (Figure 6.9). All other native woodland priority habitats are not suitable 

to grow in these northern locations (based on above mentioned parameters), this also accounts for 

W17 (upland oakwoods). The latter is recognised to presently grow close to Rowens and possibly 

to have been growing in this location in the past (Section 6.1.2), though characterised as not being 

suitable for the majority of sites in northern Scotland (Figure 6.9). Both native pinewoods and 

upland birchwoods have been present throughout Caithness and Sutherland during the Holocene 

and are still present today. However, upland mixed ashwoods (NVC W9), suitable to presently grow 

in these northern locations (Figure 6.9), is not growing in the vicinity of the study sites at present 

and has not formed part of the past native woodlands in these areas. If the aim is to promote semi-

natural woodlands in these areas, then this woodland community should be excluded. Moreover, 

W9 woodlands are typical for well-drained brown soils on limestone and other base-rich sites 

(Forestry Commission, 2003f), which are not dominant soil types in this area, apart from localities 

around coastal areas in the north and lochs and straths, such as Strath Fleet, southeast of Dalchork. 

To continue, the Scottish Government has highlighted the Caledonian pinewood zone (Figure 6.9, 

W18), which is argued to be the area where Pinus sylvestris is deemed a native species and non-

native outside of this zone. Interestingly, this zone ends just south of Dalchork, arguing for the 

absence of native pine species in this area. However, this study has reflected the almost continuous 

presence of Pinus in areas in northern Scotland and especially Dalchork, arguing that the Caledonian 

pinewood zone could be updated to cover a larger extent. 

Question remains whether these woodland communities of the past and present – including upland 

birchwoods, wet woodlands and native pinewoods – will thrive in predicted future climatic 

conditions.   
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6.3.2 Past and predicted future climate analogies 

Climate change in Scotland is not a process limited to the future. For example, the average 

temperature in the most recent decade (2008-2018) was already 0.7°C warmer than the 1961-1990 

average and precipitation has increased by 11% over the past century (Lowe et al., 2018; The 

Scottish Government, 2018; Met Office, 2020). Current high emission scenarios for the UK predict 

an average warming between 0.7 and 4.2°C in the winter and 0.9 to 5.4°C in the summer for the 

period between 2061 to 2080, though warming is expected more extreme in southern UK (Section 

2.6.2). The average precipitation predictions for the UK for the same period are expected to be -1% 

to +35% in the winter and -47 to +2% in the summer for the same period (Lowe et al., 2018; The 

Scottish Government, 2018; Met Office, 2020) (Section 2.6.2; Appendix 8.6). For northern Scotland, 

annual temperatures in the future (up to 2079) are expected be least affected by climate change 

(in comparison to other regions). Temperatures for these regions are expected to increase 1-2°C 

and annual precipitation will vary between -30% and +60% (Section 2.6.2). The coastal areas of 

northern Scotland, including the locations of Braehour and Rowens, show the highest expected 

precipitation increase; whereas central northern Scotland (Dalchork) show a limited change. These 

predicted changes are similar to past periods of climatic warming recorded for Scotland: the Mid-

Holocene optimum, the Roman warm period and the Medieval warm period (section 6.2.1). During 

the Mid-Holocene optimum, wetter and warmer conditions might have been very similar to 

expected future climate in these northern regions, with temperatures of the summer months being 

c. 1.8°C warmer than those of 1961-1990 (Charman, 2010). This is also the time when woodland 

communities were present, included upland birchwoods, native pinewoods and wet woodlands, 

mainly consisting of Betula, Corylus avellana, Alnus glutinosa and Pinus sylvestris (Section 6.1.2). 

Again, these are the same woodland communities that are still present today and continue to thrive 

in present-day conditions. The parallel in climate suggests that these communities will continue to 

thrive when temperatures and precipitation increase in the future.  

To assess whether these communities can thrive in the future, the Climate Matching Tool was used 

(Broadmeadow et al., 2005; Synes, 2020). This tool uses climate variables from the UKCP18 

(precipitation, temperature and diurnal ranges) at a 12 km resolution to compare current and 

predicted future climate between sites (Broadmeadow et al., 2005; Synes, 2020). A selected future 

climate projection of a user-defined location is fitted to the best current climate (analogue climate), 

mapping out which areas currently have the same predicted future climate or which areas will have 

a similar current climate in the future (Broadmeadow et al., 2005; Synes, 2020). This tool was 

originally developed to aid forestry practitioners with planning adaptation responses in forest 

management, as changes in future climate conditions affect species preference and management 

systems. Areas that have a similar climate in 2071-2079 to the current (2011-2020) climate are 
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identified with difference scores closer to zero (Figure 6.10), showing that for Rowens and Braehour 

predicted future climate change is minimal: arguing that vegetation present today will be probably 

not much affected by future climate. Dalchork shows that present climatic conditions will minimally 

change in the future, and possibly its more southern, inland locations will be slightly more 

influenced by climate in the future in comparison to Rowens and Braehour. 
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So far, it appears that native woodland development of communities already present in these 

regions would be possible for the future. But there is more, as the targets set out to reduce 

greenhouse gas emissions by increasing woodland cover should also be taken into good 

consideration for upland peat areas (The Scottish Government, 2018). A net carbon balance was 

calculated for all potential afforestation types including, multi-purpose Sitka spruce, native conifer 

and native broadleaf across Scotland (Matthews et al., 2020) (Table 6.3; Figure 6.11). The variables 

used in their model included: climate, soil characteristics and afforestation type (species and 

management regime). Results show that when upland peat areas close to the study sites are 

afforested with multi-purpose Sitka spruce (Figure 6.11), as done in the past, these upland areas 

will be obtaining a net carbon deficit. Even after 100 years (the time-range of this study) these 

deficits will persist, with expected loss of carbon to be -0.2 g/m2 at Rowens, -13.7 g/m2 at Braehour 

and -16.9 g/m2 at Dalchork (Matthews et al., 2020). For native conifer (Pinus sylvestris) afforestation 

areas (Figure 6.11), carbon loss is still substantial after 100 years, with predicted net losses of 

carbon of -15.0 g/m2 at Rowens, -28.9 g/m2 for Braehour and -33.2 g/m2 at Dalchork. If these areas 

were to be planted with native broadleaved trees (model included: Fraxinus, Betula and Acer 

pseudoplatanus) (Figure 6.11), it will take between 50 and 70 years before all study sites will be 

storing carbon instead of releasing carbon and to provide a positive contribution towards the 

reduction of greenhouse gasses (Table 6.3). This shows that if native woodland expansion is 

promoted in these areas, it would be best to target native broadleaved species, as for higher organic 

content soils the rate of net carbon loss declines steadily. However, it is has been argued that “new 

upland native broadleaf afforestation should be promoted through natural regeneration or low 

impact cultivation, which minimises soil disturbance losses and is managed long-term as a carbon 

reserve” (Matthews et al., 2020). 

Besides climate warming as a result of an increase in greenhouse gasses, there is also direct 

warming as an effect of solar radiation on the earth’s surface (Frape, 2018). Afforestation can lead 

to changes in the reflective properties (albedo) of surface vegetation (Kirschbaum et al., 2011). 

Studies have shown that, generally, deciduous broad-leaved woodland reflect more solar radiation 

back into space than coniferous forests, meaning that coniferous forests tend to warm the earth 

even more. It has been argued before that UK forestry policy should take this type of evidence in 

account when expanding native woodlands (Breuer et al., 2003; Frape, 2018).   

Taking both the predictions for carbon loss and albedo effect into account, it is recommended to 

focus on the reinstatement and development of deciduous woodlands, and in specific upland 

birchwoods and wet woodlands, in northern Scotland.  
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Table 6.3    Net change in carbon per year in 5 year and how many years it will take before a net carbon surplus is 
reached at the study sites. Taken different afforestation types into account. Native conifers and multi-purpose Sitka 
spruce will not reach a net carbon surplus within maximum time of modelling (100 years). 

Afforestation Type 

Tonnes of carbon stored per 
hectare per year in 5 years 

Number of years before net carbon 
surplus + tonnes of carbon stored per 
hectare per year 

Rowens Braehour Dalchork Rowens Braehour dalchork 

Native conifer -2.466 -2.795 -2.771 - - - 

Native broadleaf -2.729 -3.060 -3.024 50 years: 
0.0452 

65 years: 
0.0336 

70 years: 
0.0235 

Multi-purpose Sitka spruce -2.537 -2.864 -2.878 - - - 
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6.3.3 Suitable woodland communities for northern Scotland 

The palaeoecological evidence in this study supports the idea of an almost continuous presence of 

woodland in northern Scotland. However, woodland density, expanse and composition has 

changed due to the natural and anthropogenic disturbances discussed in Section 6.2. Therefore, 

current woodland management should base their decision making, with regards to reinstatement 

of woodland species, on site- and species-specific requirements and limitations. Proposed is that 

the focus of native woodland development, in light of future climate change, should be on 

deciduous woodlands and for northern Scotland this includes upland birchwoods and wet 

woodlands (both NVC W4) (Section 6.3.2).  

Upland birchwoods in the study area have been growing, and are still present, on wet acidic soils 

and can be characterised as wet woodland communities (NVC W4). These woodlands still are, and 

have been, dominated by Betula pubescens. If expanding native woodlands is the goal, it would be 

recommended that this is the species that should be promoted to grow on peatland margins. 

Throughout the Holocene it is shown to grow together with stands of Corylus, and taking future 

climatic warming into consideration, it is this species that will benefit from increasing temperatures 

and might be suitable to accompany Betula pubescens on the less acidic and dryer locations. A 

patchy and scattered tree mosaic is likely to provide a more feasible and appropriate assemblage 

of species under future scenarios, especially on peatlands (Davies, 2009). 

Furthermore, Alnus formed a minor component of these wet birch woodlands and likely formed 

part of the carr vegetation, with trees growing on poorly drained or flooded soils. Though Alnus 

growth on peatlands is not common in the UK, it is a common vegetation-type in central European 

peatlands. To continue, it is argued that in these upland peatland areas priority should be on 

peatland restoration over woodland regeneration to reduce greenhouse gas emissions (Payne et 

al., 2018). Nonetheless, studies in Germany have shown that Alnus carr vegetation on peat soils of 

temperate Europe do show a persistently high, long-term carbon accumulation rate (Barthelmes, 

2009). Promoting the growth of Alnus carr vegetation as part of peatland-edge woodlands in 

northern Scotland (Forestry Commission Scotland, 2015a; Scottish Forestry, 2016; Sloan et al., 

2018) might therefore be beneficial for rapid sequestration rates and large carbon storages. 

However, more research into the effects of Alnus carr vegetation on peatland communities and 

their carbon balance for Scotland is required to gain more confidence in these claims. 

Besides that, even though forming only a minor component of wet birchwoods, it has become 

evident (in this study and comparisons with others) that Alnus was a dominant species growing 

along rivers and streams throughout the Holocene and especially during periods of increased 

precipitation and temperature, as is expected in the future. It is therefore recommended that this 
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species is the prime species to be promoted to grow along rivers and streams in northern Scotland’s 

upland areas, though natural regeneration is recommended. At present, many of the wet woodland 

communities include Salix species (Rodwell, 1991), though palaeoecological records show that this 

species had limited presence in these upland areas. Reinstating riparian woodlands in these 

northern uplands have also shown to aid in riverbank erosion reduction, increasing biodiversity and 

overall productivity of the rivers and streams (Broadmeadow and Nisbet, 2004). When creating 

riparian woodland, its character should be open, as excessive shade can result in bare stream banks 

lacking undergrowth, promoting erosion and shade will provide lower water temperatures which 

can reduce reproductivity of aquatic species, such as salmon (Broadmeadow and Nisbet, 2004). This 

open-character riparian woodland, based on the taxa assemblages described, is also recognised to 

have been present throughout the Holocene.  

Furthermore, the paleoecological records show that long-term grazing impacts on the woodlands 

could have contributed to the steadily decline of woodland in these upland areas, as trees were 

unable to regenerate. However, it can be argued that changes in hydrology and temperature might 

have played a bigger role in the woodland decline in these areas. Nonetheless, when people were 

absent for short periods during the Holocene at the different research sites, e.g. 6000 cal BP at 

Dalchork, woodland and scrubs were expanding. Presently, the remaining native woodland 

communities at the study sites show high impacts of browsing (Section 3.3). If maximising tree 

regeneration, deer densities and their impact have to be reduced (Tanentzap et al., 2013).  

Closing remarks 

Besides FLS reinstating and expanding natural woodland throughout Scotland, there are many 

organisations that initiated projects aiming to restore and expand native woodlands, including the 

Woodland Trust, RSPB, Reforesting Scotland, the John Muir Trust, the Borders Forestry Trust, the 

National Trust for Scotland, Trees for Life (Figure 6.12), and the BrewDog Forest initiative. It is 

important that for all locations of woodland creation, the best fit for (native) species, soil and 

climate impacts should be considered, which can be aided by the use of palaeoecological data, as 

recommended in this study. Many native or ancient semi-natural woodlands throughout Scotland 

are isolated from one another, threatening their long-term viability and the integration into habitat 

networks. Achieving interconnectivity between longstanding woodlands and woodland fragments 

is of uttermost importance and will increase the overall ecological value: essential to ensure success 

in the long-term (Newton et al., 2001).  
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Figure 6.12    Planting Betula trees in Glen Affric for Trees for Life. Photograph by H.P. Sterk (2019). 
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7 Conclusion 

This thesis presents palaeoecological evidence, including pollen, non-pollen palynomorphs and 

charcoal data, from three peatland areas in northern Scotland: Rowens and Braehour both located 

in Caithness and Dalchork in Sutherland. Both Rowens and Dalchork are categorised as riparian 

sites, while Braehour is classified as an afforested blanket bog site. A palaeoecological 

reconstruction is provided from c. 10,700 cal BP, through to modern times. Past woodland 

communities have been reconstructed and biotic and abiotic causes for woodland disturbances and 

demise have been explored. This includes events of climatic disturbance, pathogenic attack and 

human-related impact through burning activities and the grazing of livestock. Throughout this 

thesis the applicability of obtained palaeoecological data in current and future woodland 

conservation management strategies is explored. 

7.1 Past woodland communities 

The palaeoecological data of the three selected study sites enabled a comprehensive 

reconstruction of both the local and regional woodland development throughout northern 

Scotland. During the early Holocene before trees migrated into northern Scotland, the landscape 

consisted of an open eutrophic wetland habitat dominated by Cyperaceae and Poaceae. Betula was 

the first tree to migrate into northern Scotland and is locally present at Rowens, Caithness, from c. 

10,000 cal BP and possibly even earlier at Dalchork, Sutherland. These dates are in agreement of 

tree migration into other areas of northern Scotland (Birks, 1989; Smith, 1996; Davies, 2003). The 

pattern of woodland community development is similar across the three study sites, although the 

timing of the presence of communities differs over time and space. This agrees with the notion that 

tree migration patterns are similar across Scotland, though their timing differs due to geographical 

and edaphic constraints, competitive interactions with established trees and stresses on taxa 

approaching their latitudinal range-limits (Tipping, 1994). The full migration pattern of trees into 

northern Scotland has been discussed in Section 6.1.1 and present woodland communities in 

Section 6.1.2 and Figure 6.2.  

After the initial open, treeless and wet landscape, Betula together with Salix forms an open wet 

woodland vegetation at all study sites from c. 10,110 at Dalchork; c. 10,060 at Rowens; and at c. 

9360 cal BP at Braehour. These trees probably also colonised the banks of the River Tirry, the 

Rowens burn and other nearby streams and rivers. This is similar to present-day wet woodlands 

which are characterised as a priority type woodlands (PWT) and National Vegetation Classification 

(NVC) W1 and W5. Corylus migrates into northern Scotland during climate amelioration in the early 

Holocene. It is shown to form part of upland birch communities at Rowens from c. 9730 cal BP, 

followed by its presence at the other sites. A mosaic of woodland communities appears to be 
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present from this time: at the wetter locations, Salix and Betula continue to grow together in a wet 

woodland community – similar to NVC W1 and W5 – and the drier areas are dominated by Corylus 

and a minor component of Ulmus. This latter woodland community is related to present-day NVC 

W11 communities. At the same time peatlands start to further expand, especially at the marginal 

sites of Rowens. Woodland present on the margins of these more acidic soils would have been 

dominated by Betula pubescens, similar to NVC W4 communities. Pinus sylvestris migrates into 

northern Scotland from c. 9080 cal BP as reflected for Braehour, followed by its local presences 

from c. 8670 cal BP at Dalchork and 7250 cal BP at Rowens. These dates agree with other studies 

for Pinus spread into northern Scotland (Bennett, 1984; Birks, 1989; Smith, 1996; Tipping et al., 

2008a). However, Pinus stumps found in peatlands across northern Scotland, marking a definite 

presence of Pinus trees, date to a period from c. 5610 to 4090 cal BP. This might suggest that Pinus 

was not locally present before this period. However, stands of Pinus are likely to have been small 

and scattered forming a mosaic within the upland birchwoods, similar to present-day NVC W4. For 

a short period, between 8300 and 7400 cal BP, Pinus formed part of a more Pinus dominated 

woodland at Braehour, similar to NVC W18 communities.  

The character of wet woodlands changes when Alnus migrates into all study site locations from c. 

6900 cal BP and outcompetes Salix. These wet woodlands formed a transitional phase between 

birchwoods on drier soils and opens bog communities and are growing as part of carr woodland 

(NVC W5). Alnus would have been the main woodland taxa growing along rivers and streams until 

c. 700 cal BP, after which it becomes absent at all study sites. Nonetheless, open upland 

birchwoods, with Betula and Pinus on the poorer soils and Corylus on the more fertile locations 

continues to be the most abundant woodland-type (NVC W4) in northern Scotland until Pinus 

declines from c. 4450 cal BP at Braehour, 4141 cal BP at Rowens and 3810 cal BP at Dalchork. Betula 

and Corylus continue to grow in an open peatland dominated landscape until both decline at 

Rowens and Braehour from c. 350 cal BP. Upland birchwoods continue to be sparse, but locally 

present at Dalchork until at least 450 cal BP. There is no palaeoecological record for Dalchork after 

this time.  

7.2 Causes for woodland disturbance, decline and demise 

Disturbances in past woodland communities, identified in this study, have been related to natural 

causes including climatic events, volcanic eruptions, and pathogenic attack; and anthropogenic 

causes including burning activities, selective woodland taxa procurement and the grazing of 

livestock. Most of the woodland disturbances are followed by a regeneration phase of a similar 

woodland community indicating a resilience. A few periods have been identified where a 

community appears to pass a threshold after a disturbance event leading to communities being 

changed or altered.  
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Most of the significant woodland disturbances recognised at the study sites appear connected to 

natural events. At all study sites, a decline in Betula woodland communities at c. 9250 cal BP is 

linked to the climatic deterioration of the 9.4 ka event (IRD 6) (Bond et al., 2001). This decline is 

most significant at Rowens, as Betula woodland is never recovering in the same density as before 

this event. That it is mostly affecting woodland present at Rowens is due to its marginality. Salix is 

most significantly affected at Braehour as it struggled in the colder and drier conditions 

accompanying this event. This event is followed by climatic improvement benefitting Corylus 

growth across northern Scotland. A second major woodland disruption in Betula-Corylus 

communities is mainly seen at Dalchork around 8000 cal BP and corresponds to the 8.2 ka event 

(IRD 5) (Bond et al., 2001). Significant woodland reduction at Braehour is seen from c. 7000 cal BP, 

where first Pinus declines, followed by Betula (6500 cal BP). No clear explanation can be found for 

this early Pinus reduction in the Braehour area. Though the decline of Betula might relate to a 

recorded shift to wetter peat surfaces across northern Scotland (Blaauw et al., 2004; Tipping et al., 

2008a; Grant et al., 2014) arguing for a wider (non-identified) climatic event. From 7000 cal BP it is 

argued that northern-most Scotland became relatively open, with only few trees and scattered 

shrubs growing in the landscape (Peglar, 1979; Charman, 1994). Summer temperatures were about 

1.8°C warmer than the mean of AD 1961-1990 during the Mid-Holocene Optimum (from c. 7000 cal 

BP). Alnus appears to benefit from the warmer and moist conditions during this period and migrates 

into all areas of northern Scotland from c. 6400 cal BP forming part of wet woodlands along rivers, 

burns and streams. Following the 5.2/5.9 ka event (IRD 4) (Bond et al., 2001), (wet) upland 

birchwoods show a further reduction of Betula and Pinus at Rowens (6000 cal BP) and Dalchork 

(5200 cal BP), which is not seen at Braehour and suggests that this is not a widespread event. This 

decline is simultaneous with increased charcoal values, linked to anthropogenic activity at both 

sites. At Rowens this is linked to Mesolithic activity, also recognised by Mesolithic findspots and 

possible temporary occupation sites in the area (Section 3.4.1). At Dalchork this can be linked to 

Neolithic activity, recognised by chambered cairns in the wider region. Following this disturbance 

reduced upland birch woodland consisting mainly of Betula and Corylus continues to be present at 

both sites.  

The widespread elm-decline identified throughout northwest Europe between c. 6347 and 5281 cal 

BP (Parker et al., 2002), is also recognised at all three study sites, though it is unlikely that Ulmus 

would have formed a major woodland component in these areas. The elm decline is regarded to 

have been caused by pathogenic attack from the fungus Ophiostoma ulmi. Although pathogenic 

attack cannot be identified in this study, the timing of the elm decline also relates to the 5.9/5.2 ka 

event, which might indicate that deteriorating climatic conditions aided this regional decline.   
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Several phases of Pinus reduction are recorded for all study sites, though Pinus never formed a 

major woodland component at Rowens or after 7000 cal BP at Braehour. From c. 4100 cal BP Pinus 

shows a further reduction at all study sites, relating to the widespread pine-decline, recorded across 

the northern British Isles (Birks, 1975; Bennett, 1984, 1995b; Gear, 1989; Gear and Huntley, 1991; 

Blackford et al., 1992; Edwards, 1993; Smith, 1996; Willis et al., 1998; Davies, 2003; Tipping et al., 

2008a) and has been argued to be the result of human activity (Birks, 1993; Tipping, 1994; Tipping 

et al., 2008b). However, at all study sites, and other northern Scottish sites (e.g. Birks, 1975; 

Bennett, 1984; Gear and Huntley, 1991), the decline is linked to a change to cool/wet conditions 

during the 4.2 ka event. It is here that Pinus reaches its ecological threshold and disappears from 

the local and regional landscape. At the same time Alnus expands further, where it is thriving in 

these increased wet conditions. Furthermore, an eruption of the Hekla volcano (c. 4260 cal BP) is 

argued to have caused this pine-decline (Blackford et al., 1992; Dwyer and Mitchell, 1997). The 

possible impact of this reduction on Pinus growth at the study sites cannot be excluded and might 

have contributed to the decline of Pinus trees already close to survival threshold across northern 

Scotland. The final demise of upland birchwood at Rowens and Braehour at c. 350 cal BP is again 

not related to anthropogenic impact as values of charcoal are very low. The final demise occurs in 

a period of reduced temperature and increased precipitation during the Little Ice Age, suggesting 

that these changing climatic conditions were the final tipping point for all remaining Betula and 

Corylus to pass a threshold and disappeared from the local, and regional, area.  

Human activity in these northern study sites appears to be of minimal impact on phases of major 

woodland reduction. However, the presence of people from the Mesolithic onwards in the local 

landscapes is recognised and linked to minor woodland disruptions. For example, during the first 

Mesolithic presence from c. 9110 at Dalchork, 8800 at Braehour and 6900 cal BP at Rowens, 

woodland taxa such as Betula, Corylus and Pinus appear to decline slightly. These dates agree with 

the recorded presence of Mesolithic populations across northern Scotland (Robinson, 1987; 

Charman, 1994; Smith, 1996). Deliberate burning of woodlands at this time, would have improved 

the grazing quality and attracted game into local areas (Innes and Blackford, 2003). Neolithic 

communities, signalled by the presence of chambered cairns, are reflected by increases in (grazing) 

cultivation from c. 5690 at Dalchork, 5220 at Dalchork and 5160 cal BP at Rowens. Dates are similar 

to those recorded at other northern Scottish sites (Dawson and Smith, 1997; Davies, 2003; Tipping 

et al., 2008a). Minor woodland disruptions related to human activity are recorded to occur during 

this period, with the exception of the above-mentioned woodland decline during the 5.9/5.2 ka 

event at Dalchork. An intensification of agriculture from c. 4160 at Dalchork, 3580 at Rowens and 

3190 cal BP at Braehour is linked to the transition to the Bronze Age, also recognised by the local 

and regional presence of hut-circles.  
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A further intensification of agricultural activity marks the transition to the Iron Age from c. 2250 at 

Dalchork, 1750 at Braehour and 1475 cal BP at Rowens, and continues throughout the Medieval 

and post-Medieval period. Iron Age communities are also recognised in the wider landscapes by 

the building of complex roundhouses (brochs) and the main post-medieval structures include the 

many shielings located close to all study sites. During these periods, it appears that some of the 

remaining woodlands were positively managed by coppicing and it is seen that moor burning 

continues to be the main management activity for these upland areas. This suggests that people 

understood the value of their remaining trees and refrained from clearcutting all woodland and 

managed the ongoing blanket bog development by enhancing the moorlands for the grazing of 

livestock.  

Cultural developments across the world have often been linked to events of climate change 

(Haberle, 2000; DeMenocal, 2001; Jin and Liu, 2002; van Geel et al., 2004; Mercuri et al., 2012; 

Whitehouse et al., 2014). It is shown in this study that major transitions from one archaeological 

defined period into another are indeed related to climatic disturbances. For example, the 5.2/5.9 

ka event likely triggered a change to farming activity marking the start of the Neolithic and the 4.2 

ka event the beginning of the Bronze Age at all study sites. 

Understanding the impacts of these past natural and cultural events on woodland communities 

across northern Scotland aids to our understanding of possible future impact on these woodlands.   

7.3 Use of palaeoecological data in conservation management strategies 

Palaeoecological study has been promoted to play a role in modern and future ecological studies 

and has been recognised to play a fundamental aspect of effective woodland conservation 

management, though in practice is not often used in forestry policy and practice (Davies and 

Bunting, 2010; Birks, 2012; Lindbladh et al., 2013). This study is the first to incorporate long-term, 

high-resolution palaeoecological data in woodland conservation for northern Scotland; it is the first 

time that this type of data is used as an investigative tool by Scottish Forestry (SF) and Forestry and 

Land Scotland (FLS); and one of the few studies across Europe using palaeoecological data to 

directly inform current and future woodland conservation management and policy. 

The use of palaeoecological data has been proven to be a powerful tool for identifying natural 

woodland communities and their responses to disturbances such as climate change, of northern 

Scotland. Furthermore, the identified analogies between past and current climatic conditions and 

woodland community types help to model resilience and identifying thresholds to predicted 

disturbances including climatic events. Present semi-natural woodland in close proximity to the 

study sites show similarities in character and composition when comparing them with the 

woodland types in the regions during the Holocene, which included upland birchwoods, wet 
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woodlands and native pinewoods. This suggest that present-day woodland have strong links to past 

woodlands in these northern locations.  

The Scottish Government aims to assist with planting the right woodlands in the right places to 

deliver environmental, social and economic benefits (The Scottish Government, 2018). The 

definition for ‘right’ woodlands for northern Scotland is based in this study on how woodland 

communities developed in the past, present occurrences of semi-natural woodlands close to the 

sampling sites and predicted future climate change, as well as site suitability. It is concluded that 

the focus of native woodland development in these northern regions should be on upland 

birchwoods and wet woodlands (NVC W4). These (broadleaved) woodlands are seen to have been 

present throughout the Holocene; have the best site suitability at present; and will thrive best with 

expected increases in temperatures and precipitation. For broadleaved woodlands the rate of net 

carbon loss declines steadily on these blanket bog locations; and deciduous broadleaved woodland 

reflect more solar radiation back into space allowing less warming of the earth than coniferous taxa. 

The main woodland component should be Betula pubescens, accompanied by Corylus avellana on 

the drier less acidic locations, as the latter will massively benefit from expected increases in 

temperature. Alnus carr communities might be able to grow on the margins of peatlands in the 

future and contribute to long-term carbon accumulation, as displayed in Alnus carr studies in 

Germany (Barthelmes, 2009). However, more research into the effects of Alnus carr vegetation on 

peatland communities and their carbon balance for Scotland is required to gain more confidence in 

these claims. These wet woodland and upland birchwoods should be growing as part of peatland-

edge woodlands as proposed by SF (Forestry Commission Scotland, 2015a; Scottish Forestry, 2016).  

This study has shown that Alnus, besides forming a minor component of wet birchwoods, is the 

dominant species growing along rivers and streams throughout the Holocene, especially during 

periods of increased precipitation and temperature. As this is the predicted future climate for 

northern Scotland it is recommended that this species is the prime species to be promoted to grow 

along rivers and streams in northern Scotland. The character of these woodland should be open in 

order to reduce shade that can promote erosion and to increase reproductivity of aquatic species 

(Broadmeadow and Nisbet, 2004).   

The reinstatement of native woodlands should focus on expanding present semi-natural woodlands 

that have been argued to represent natural woodlands present during the Holocene. Natural 

regeneration is promoted, though the lack of native trees present can argue for low impact planting 

on the areas that will be least impacted: along rivers and streams and on peatland margins 

(Broadmeadow and Nisbet, 2004; Patterson et al., 2014; Forestry Commission Scotland, 2015a; 

Scottish Forestry, 2016). If maximising tree regeneration is the aim, deer densities and their impact 

will have to be reduced (Tanentzap et al., 2013). 
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It is important to consider that all study sites are located in peatland habitats and together with 

semi-natural woodlands form two of the largest natural climate regulating ecosystems, contain high 

biodiversity importance and are a priority for conservation and restoration in the UK (Forestry 

Commission, 2017; IUCN UK Peatland Programme, 2020). Native woodland expansion in these 

areas should therefore always take into account what the impact on these peatland habitats might 

be, and reinstatement should only occur when achieving the best conditions for both peatland and 

woodland habitats (Payne et al., 2018).  

To conclude, long-term palynological data is thus recognised as a fundamental resource for 

Government, policy and decision makers in Scotland, in particular SF and FLS. However, the strength 

of the application of this study is not only the detailed temporal analysis of woodland development 

as it provides detailed spatial understanding of northern uplands in general. It has proven an 

important tool to understand causes for woodland disturbances and resilience in the past that 

might be linked to the present and future. This type of study can be extremely useful for other 

regions in Scotland in order to determine the naturalness of woodlands, what species to target for 

reinstatement and how woodlands might respond to future climatic events and human-related 

impact. 
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8 Appendices 

8.1 Native woodland species in Scotland  

Modified from Patterson et al (2014) 

Common name Latin name 

Ash Fraxinus excelsior 

Aspen Populus tremula 

Birch 
-Intermediate birch 
 
-Downy birch 
-Dwarf birch 
-Silver birch 

 
-Betula spp. (Intermediate forms between silver and downy birch 
where species could not be distinguished) 
-Betula pubescens 
-Betula nana 
-Betula pendula 

Bird cherry Prunus padus 

Blackthorn Prunus spinosa 

Common alder Alnus glutinosa 

Crab apple Malus sylvestris 

Dog rose* Rosa canina 

Elder Sambucus nigra 

Gean/wild cherry Prunus avium 

Guelder Rose Viburnum opulus 

Hawthorn Crataegus mongoyna 

Hazel Corylus avellane 

Holly Ilex aquifolium 

Juniper Juniperus communis 

Oak 

-Intermediate oak 

 

-Pedunculate oak 

-Sessile oak 

 

-Quercus spp. (intermediate forms between pedunculate and sessile 

oak where species could not be distinguished)  

-Quercus robur 

-Quercus petaea 

Rowan Sorbus aucuparia 

Scots pine Pinus sylvestris 

Whitebeam 

-Arran whitebeam 

-Rock whitebeam 

 

Sorbus arrenensis 

Sorbus rupicola 

Willow 

-Grey willow 

-Goat willow 

-Eared willow 

-Other native 

willows** 

-Montane willows** 

 

-Salix cinereal 

-Salix caprea 

-Salix aurita 

 

-Salix myrsinifolia, S. pentandra, S. purpurea, S. phylicifolia 

-Salix reticulata, S. herbacea, S. arbuscula, S. myrsinites, S. lanata, S. 

apponum, S. repens 

Wych elm Ulmus glabra 

Yew Taxus baccata 

Bramble Rubus fruticosus 

Broom Cytisus scoparius 

Gorse/Whin Ulex europaeus 

*Other wild rose species were also recorded as dog rose 

**Not distinguished by species when recording survey data 
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8.2 NVC woodland and scrub communities  

Modified from Hall, Kirby and Whitbread (2004). 

Main woodland and scrub communities Subgroups 
W1 Salix cinerea – Galium palustre woodland  

W2 Salix cinerea – Betula pubescens – Phragmites 
australis woodland 

W2a Alnus glutinosa – Filipendula ulmaria sub-
community 
W2b Sphagnum sub-community 

W3 Salix pentandra – Carex rostrata woodland  

W4 Betula pubescens – Molinia caerulea woodland W4a Dryopteris dilatata – Rubus fruticosus sub-
community 
W4b Juncus effusus sub-community 
W4c Sphagnum sub-community 

W5 Alnus glutinosa – Carex paniculata woodland 
 

W5a Phragmites australis sub-community 
W5b Lysimachia vulgaris sub-community 
W5c Chrysosplenium oppositifolium sub-community 

W6 Alnus glutinosa – Urtica dioica woodland 
 

W6a Typical sub-community 
W6b Salix fragilis sub-community 
W6c Salix viminalis/S. triandra sub-community 
W6d Sambucus nigra sub-community 
W6e Betula pubescens sub-community 

W7 Alnus glutinosa – Fraxinus excelsior – Lysimachia 
nemorum woodland 
 

W7a Urtica dioica sub-community 
W7b Carex remota – Cirsium palustre sub-community 
W7c Deschampsia cespitosa sub-community 

W8 Fraxinus excelsior – Acer campestre – Mercurialis 
perennis woodland 

W8a Primula vulgaris – Glechoma hederacea sub-
community 
W8b Anemone nemorosa sub-community 
W8c Deschampsia cespitosa sub-community 
W8d Hedera helix sub-community 
W8e Geranium robertianum sub-community 
W8f Allium ursinum sub-community 
W8g Teucrium scorodonia sub-community 

W9 Fraxinus excelsior – Sorbus aucuparia – Mercurialis 
perennis woodland 

W9a Typical sub-community 
W9b Crepis paludosa sub-community 

W10 Quercus robur – Pteridium aquilinum – Rubus 
fruticosus woodland 
 

W10a Typical sub-community 
W10b Anemone nemorosa sub-community 
W10c Hedera helix sub-community 
W10d Holcus lanatus sub-community 
W10e Acer pseudoplatanus – Oxalis acetosella sub-
community 

W11 Quercus petraea – Betula pubescens – Oxalis 
acetosella woodland 
 

W11a Dryopteris dilatata sub-community 
W11b Blechnum spicant sub-community 
W11c Anemone nemorosa sub-community 
W11d Stellaria holostea – Hypericum pulchrum sub-
community 

W12 Fagus sylvatica – Mercurialis perennis woodland 
 

W12a Mercurialis perennis sub-community 
W12b Sanicula europaea sub-community 
W12c Taxus baccata sub-community 

W13 Taxus baccata woodland W13a Sorbus aria sub-community 
W13b Mercurialis perennis sub-community 

W14 Fagus sylvatica – Rubus fruticosus woodland  

W15 Fagus sylvatica – Deschampsia flexuosa woodland 
 

W15a Fagus sylvatica sub-community 
W15b Deschampsia flexuosa sub-community 
W15c Vaccinium myrtillus sub-community 
W15d Calluna vulgaris sub-community 

W16 Quercus spp. – Betula spp. – Deschampsia flexuosa 
woodland 
 

W16a Quercus robur sub-community 
W16b Vaccinium myrtillus – Dryopteris dilatata sub-
community 

W17 Quercus petraea – Betula pubescens – Dicranum 
majus woodland 
 

W17a Isothecium myosuroides – Diplophyllum albicans 
sub-community 
W17b Typical sub-community 
W17c Anthoxanthum odoratus – Agrostis capillaris sub-
community 
W17d Rhytidiadelphus triquetrus sub-community 
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W18 Pinus sylvestris – Hylocomium splendens woodland 
 

W18a Erica cinerea – Goodyera repens sub-community 
W18b Vaccinium myrtillus – V. vitis-idaea sub-
community 
W18c Luzula pilosa sub-community 
W18d Sphagnum capillifolium/quinquefarium – Erica 
tetralix sub-community 
W18e Scapania gracilis sub-community 

W19 Juniperus communis ssp. communis - Oxalis 
acetosella woodland 

W19a Vaccinium vitis-idaea-Deschampsia flexuosa sub-
community 
W19b Viola riviniana-Anemone nemorosa sub-
community 

W20 Salix lapponum - Luzula sylvatica scrub  

W21 Crataegus monogyna - Hedera helix scrub W21a Hedera helix-Urtica dioica sub-community 
W21b Mercurialis perennis sub-community 
W21c Brachypodium sylvaticum sub-community 
W21d Viburnum lantana sub-community 

W22 Prunus spinosa - Rubus fruticosus scrub W22a Hedera helix-Silene dioica sub-community 
W22b Viola riviniana- Veronica chamaedrys sub-
community 
W22c Dactylis glomerata sub-community 

W23 Ulex europaeus - Rubus fruticosus scrub W23a Anthoxanthum odoraturn sub-community 
W23b Rumex acetosella sub-community 
W23c Teucrium scorodonia sub-community 

W24 Rubus fruticosus - Holcus lanatus underscrub W24a Cirsium arvense-Cirsium vulgare sub-community 
W24b Arrhenatherum elatius-Heracleum sphondylium 
sub-community 

W25 Pteridium aquilinum - Rubus fruticosus underscrub W25a Hyacinthoides non-scripta sub-community 
W25b Teucrium scorodonia sub-community 
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8.3 Pollen diagrams of previous palynological studies in Caithness and 

Sutherland 
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Loch na Moine (modified from Durno, 1958) 

 

 

Flows of Leanas (modified from Durno, 1958) 
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Cnoc a Bhroillich (modified from Durno, 1958) 

 

 

 

Braehour (modified from Durno, 1958) 
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Loch of Winless (Peglar, 1979) 

Quintfall (modified from Durno, 

1958) 
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Aukhorn Peat (Robinson, 1987) 
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Suisgill Area core A (Andrews et al., 1985) 

 

Suisgill Area core B (Andrews et al., 1985) 
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Lochan by Rosail (Gear, 1989) 
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Altnabreac (modified from Blackford et al., 1992) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Loch Lèir (modified from Blackford et al., 1992) 
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Lochan and Druim (Birks, 1993) 
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Cross Lochs Site B (modified from Charman, 1994) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cross Lochs Site A (modfied from Charman, 1994) 
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Strath Kildonan (Charman et al., 1995)  
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Achany Glen site 1 Loch (Smith, 1998) 
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Achany Glen site 1 Shore (Smith, 1998)  
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Achany Glen site 2 (Smith, 1998) 
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Achany Glen site 3 (Smith, 1998) 
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Loch Shin (Daniell, 1997) 
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Wick River Valley (Dawson and Smith, 
1997) 
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Forsinard 1 (created using data from Ellis, 2018) 

 

 

Forsinard 2 (created using data from Ellis, 2018) 

 

  



8 Appendices 

330 
 

Blar-Nam-Faoileag 1 (created using data from Ellis, 2018) 

Blar-Nam-Faoileag 2 (created using data from Ellis, 2018) 
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Oliclett (Davies, 2003) 
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Loch Farlary (Tipping et al., 2008a) 
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8.4 Precipitation and precipitation-evapotranspiration records 

 

 

  

“Precipitation and precipitation-evapotranspiration records. a) Bog oak numbers, b) peatland surface 
wetness. a) and b) are as Figure 3. c) Fluvial records of flood deposits expressed as a probability difference 
function with peaks in flooding identified by arrows (Johnstone et al. 2006). d) Speleothem band width 
record of Proctor et al (2002), with 100 year mean (red curve). Horizontal bars show key periods of dune 
formation (see Table 2). Vertical green bands identify common periods of increasingly wet conditions shown 
by two or more proxies (See Table 3). Arrows indicate dry (pale, yellow) and wet (darker, green) directions 
of axes” (Charman, 2010, 1550) 
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8.5 Temperature related proxy records 

  

“Temperature related proxy records. a) lake sediment reconstruction based chironomid head 
capsules (Langdon et al., 2004). Thin (red) line shows individual data points and thicker (black) line 
shows three-point smoothed record. b) Oxygen isotopes from Crag Cave speleothem (McDermott 
et al. 2001), showing only the last 6000 years of the record. 10 point smoothed record shown to 
highlight approximately centennial trends (data points are every 10-18 years). Age estimates used 
to derive age model shown on both records (radiocarbon for a, and U series for b). Red/blue arrow 
indicates direction of warm/cold on axis” (Charman, 2010, 1551) 
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8.6 Climate predictions for north Scotland 

Modified from Met Office (2020) 
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8.7 Plantations and restored peatland in Caithness and Sutherland 

Modified from Suzanne Dolby (SF), personal communication (July 1, 2020). The red stars mark the 

locations of the study sites.  
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8.8 Strategic management plan North Highland Forest District 

Modifed from Forestry Commission Scotland (2014). Red dots mark the study sites. 

 

 

 

 

 

 

 

 

 

 

 

8.9 Felling phases study sites 

Modifed from Forestry Commission Scotland (2015, 2017). Red star marks the study sites 

 . Red star marks the location of the study site. 
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8.10 Future Habitats 

Modified from Forestry Commission Scotland (2016, 2017). The red stars mark the locations of the 

study sites. 
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8.11 Archaeological features in the vicinity of the study sites 

 Archaeological features present within a 5 km radius of Rowens (The Highland Council, 2020). 

Number Dataset ID Name OS grid reference Classification 
0 MHG24791 Scorriclet Mound ND 24700 50300 Mound; Broch 

1 MHG19129 Scorriclet Farm ND 24728 50392 Farmstead; Watermill; Lade 

2 MHG50170 Scorriclet ND 24770 50370 Farmstead 

3 MHG1982 Broch, Scorriclet ND 24850 50510 Broch 

4 MHG18392 Brae Of Tormore ND 25100 50700 Structure 

5 MHG2340 Hut Circle, Flex Hill ND 25869 50948 Hut Circle Settlement 

6 MHG18390 Brae Of Tormore ND 25210 50890 Enclosure 

7 MHG2340 Hut Circle, Flex Hill ND 25869 50948 Hut Circle Settlement 

8 MHG2340 Hut Circle, Flex Hill ND 25869 50948 Hut Circle Settlement 

9 MHG2340 Hut Circle, Flex Hill ND 25869 50948 Hut Circle Settlement 

10 MHG19132 Acharole ND 22100 50300 Building 

11 MHG19128 Acharole ND 22100 50500 Building; Structure 

12 MHG18399 Burn Of Acharole ND 22100 51000 Farmstead 

13 MHG19131 Acharole ND 22100 51200 Building 

14 MHG40555 Acharole ND 22200 51300 Enclosure 

15 MHG19133 Acharole ND 22200 51300 Building 

16 MHG19142 Ballacharn ND 22600 51400 Enclosure 

17 MHG18400 Acharole ND 22300 51400 Building 

18 MHG18396 Ballacharn ND 22900 51500 Farmstead 

19 MHG43722 Lower Camster ND 25600 45600 Boundary Dyke 

20 MHG170 Hut Circle, Lower Camster ND 25980 45550 Hut Circle; Natural Feature 

21 MHG39387 Hut Circle, Lower Camster ND 25980 45550 Shieling 

22 MHG20299 Camster Burn ND 24980 45600 Farmstead 

23 MHG47975 Bullbrest ND 26134 45572 Site; Gravel Pit 

24 MHG1801 Broch, Camster, East ND 25550 45580 Broch 

25 MHG1922 Standing Stone, Lower Camster ND 25560 45610 Standing Stone 

26 MHG20333 Lower Camster ND 25600 45600 Farmstead 

27 MHG43725 Lower Camster ND 25600 45600 Corn Drying Kiln 

28 MHG47978 Lower Camster ND 26001 45783 Culvert; Bridge 

29 MHG1802 Possible Stone Circle, Lower Camster ND 25977 45853 Stone Alignment; Stone Circle 

30 MHG1802 Possible Stone Circle, Lower Camster ND 25977 45853 Stone Alignment; Stone Circle 

31 MHG1802 Possible Stone Circle, Lower Camster ND 25977 45853 Stone Alignment; Stone Circle 

32 MHG47979 Lower Camster ND 25783 46087 Mound 

33 MHG39235 Possible Standing Stone, Camster ND 25728 46191 Standing Stone 

34 MHG1919 Hut Circle, Lower Camster ND 25860 46320 Hut Circle 

35 MHG20225 Camster Burn ND 24540 46340 Farmstead 

36 MHG39868 Possible Whisky Still, Cnocan Buidhe ND 26270 47330 Still; Hut Circle 

37 MHG596 House, Tota-nan-jockaich ND 22320 47520 House 

38 MHG20195 Bowlanga ND 24313 47951 Farmstead 

39 MHG49291 Rowens ND 23279 47937 Farmstead 

40 MHG2564 Janet's Bocan ND 24540 48020 Site; Natural Feature 

41 MHG20194 Bowlanga ND 24200 48100 Enclosure 

42 MHG37495 Kensary ND 22150 48150 Farmstead 

43 MHG1805 Findspot, Rowens Hill ND 22640 48220 Findspot 

44 MHG20196 Kensary Burn ND 22400 48600 Building 

45 MHG1807 Watermill, Achalipster ND 24230 49100 Watermill 

46 MHG1808 Corn Drying Kiln, Achalipster ND 24200 49100 Kiln Barn 

47 MHG18273 Achalipster, Cruck Framed Cottage ND 24300 49200 Cruck House 

48 MHG53754 Badlipster Farmstead, Camster ND 24699 49216 Farmstead 

49 MHG19136 Strath Burn ND 23800 50000 Farmstead 

50 MHG1835 Site Of Farmstead, Hornybach Farm ND 26250 44850 Farmstead 

51 MHG1917 Marker Or Shepherds Cairn, Cnocan Buidhe ND 26270 47330 Marker Cairn 

52 MHG47935 Hornybach ND 26384 44907 Quarry; Gravel Pit 

53 MHG47937 Hornybach ND 26404 44973 Rig And Furrow 

54 MHG47936 Hornybach ND 26409 44947 Hut Circle 

55 MHG47932 Loch Of Camster ND 26434 44465 Pen 

56 MHG32235 Sheepfold, E Of Camster ND 26609 45860 Sheep Fold 

57 MHG20287 Bullbrest ND 26610 45500 Farmstead 

58 MHG47980 Bullbrest ND 26612 45857 Sheep Fold 

59 MHG47981 Bullbrest ND 26691 45168 Sheep Fold 

60 MHG32234 Sheepfold, S Of Bullbrest ND 26805 45012 Sheep Fold 

61 MHG169 Hut Circle, Upper Achairn ND 26900 47090 Hut Circle 

62 MHG32228 Sheepfold, Sw Of Achairn ND 27127 47271 Sheep Fold 

63 MHG1918 Site Of Sheepfold, Upper Achairn ND 27180 47182 Sheep Fold 

64 MHG39869 Site Of Building, Upper Achairn ND 27200 47190 Building 

65 MHG1925 Shieling Huts, Upper Achairn ND 27390 47030 Shieling Hut 

66 MHG32229 Upper Achairn Farmstead ND 27551 47524 Farmstead 

67 MHG13689 Oult-ruag ND 27600 45600 Settlement 

68 MHG47984 Achairn Burn ND 27550 45590 Shieling Hut 

69 MHG20274 Farmstead, Achairn Burn ND 27601 45942 Farmstead 

70 MHG47982 Achairn Burn ND 27566 45802 Burnt Mound 

71 MHG47983 Achairn Burn ND 27612 45755 Shieling Hut 
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72 MHG47985 Achairn Burn ND 27701 45185 Shieling Hut 

73 MHG32230 Sheepfold, Ne Of Upper Achairn ND 27836 48253 Sheep Fold 

74 MHG47941 Achairn Burn ND 27851 44891 Boundary Mound 

75 MHG19984 Sgubach ND 25970 42940 Farmstead 

76 MHG1809 Camster Long Chambered Cairn ND 26010 44200 Chambered Long Cairn 

77 MHG1819 Hut Circle, Camster ND 26030 44250 Hut Circle 

78 MHG45982 Camster Estate ND 26000 44000 Estate 

79 MHG1817 Camster South Cairn ND 26030 43900 Burial Cairn 

80 MHG1831 Stone Rows, Loch Of Camster ND 26020 43770 Stone Alignment 

81 MHG1684 Findspot, Beneath Cairn, Camster Long ND 26010 44200 Findspot 

82 MHG40931 Camster South Cairn ND 26030 43900 Burial 

83 MHG40919 Camster South Cairn ND 26030 43900 Cist 

84 MHG1816 Camster Round Chambered Cairn ND 26080 44030 Chambered Round Cairn 

85 MHG47919 Cnoc Na Ban-tighearna ND 26175 43893 Site; Gravel Pit 

86 MHG47931 Loch Of Camster ND 26182 44330 Site; Gravel Pit 

87 MHG47930 Loch Of Camster ND 26182 44330 Site; Gravel Pit 

88 MHG47921 Cnoc Na Ban-tighearna ND 26189 43805 Site; Gravel Pit 

89 MHG47920 Cnoc Na Ban-tighearna ND 26189 43825 Site; Gravel Pit 

90 MHG47929 Loch Of Camster ND 26192 44142 Site; Gravel Pit 

91 MHG47922 Cnoc Na Ban-tighearna ND 26193 43750 Site; Gravel Pit 

92 MHG47934 Hornybach ND 26196 44873 Gravel Pit 

93 MHG47974 Bullbrest ND 26199 45317 Site; Gravel Pit 

94 MHG47971 Bullbrest ND 26203 45116 Site; Gravel Pit 

95 MHG47972 Bullbrest ND 26203 45179 Site; Gravel Pit 

96 MHG47923 Cnoc Na Ban-tighearna ND 26205 43711 Site; Gravel Pit 

97 MHG47925 Cnoc Na Ban-tighearna ND 26210 43640 Site; Gravel Pit 

98 MHG47924 Cnoc Na Ban-tighearna ND 26210 43639 Site; Gravel Pit 

99 MHG47926 Cnoc Na Ban-tighearna ND 26227 43610 Site; Gravel Pit 

100 MHG47927 Cnoc Na Ban-tighearna ND 26234 43595 Site; Gravel Pit 

101 MHG47961 Loch Of Camster ND 26245 44210 Cairn 

102 MHG1810 Hut Circle Settlement, Loch Of Camster ND 26290 44031 Hut Circle Settlement 

103 MHG47933 Hornybach ND 26248 44852 Quarry 

104 MHG47928 Cnoc Na Ban-tighearna ND 26259 43571 Site; Gravel Pit 

105 MHG47938 Cnoc Na Ban-tighearna ND 26265 43677 Commemorative Monument 

106 MHG607 Building, Airigh Mhor ND 21900 44100 Building 

107 MHG2300 Shielings, Airigh Mhor ND 22010 44160 Shieling Settlement; Sheep Fold 

108 MHG606 Structure, Airigh Mhor ND 22010 44160 Structure 

109 MHG2294 Shielings, Airidh Gheal ND 22184 42479 Shieling Hut 

110 MHG2294 Shielings, Airidh Gheal ND 22184 42479 Shieling Hut 

111 MHG13687 Allt Na Sitheach ND 22400 45500 Site 

112 MHG20229 Possible Shieling Hut, Allt Nan Scaraig ND 22400 43640 Shieling Hut 

113 MHG13690 Allt Na Sagh ND 22680 44620 Sheep Fold 

114 MHG20285 Camster Burn ND 24830 45350 Farmstead 

115 MHG1804 Cemetery, Camster ND 24950 45190 Cemetery 

116 MHG13688 Lower Camster ND 25200 45500 Settlement 

117 MHG32237 Sheepfold, Camster ND 25156 45347 Sheep Fold 

118 MHG1800 Broch, Camster, South ND 25208 45081 Broch 

119 MHG19960 Shepherd's Cairn ND 25230 44380 Farmstead 

120 MHG19983 Possible Shieling Hut, Burn Of Smerrie ND 25400 43300 Shieling Hut 

121 MHG32236 Sheepfold, Camster ND 25417 45478 Sheep Fold 

122 MHG1811 Hut Circles, Camster ND 25479 44404 Hut Circle 

123 MHG1811 Hut Circles, Camster ND 25479 44404 Hut Circle 

124 MHG13702 Camster ND 25500 43500 Findspot 

125 MHG47967 Camster Burn ND 25590 43420 Sheep Fold 

126 MHG1926 Hut Circles, Lower Camster ND 25728 45439 Hut Circle 

127 MHG13695 Camster ND 25800 44700 Settlement 

128 MHG1926 Hut Circles, Lower Camster ND 25728 45439 Hut Circle 

129 MHG1926 Hut Circles, Lower Camster ND 25728 45439 Hut Circle 

130 MHG1813 Mound, Camster ND 25750 44780 Mound 

131 MHG1803 Hut Circles, Lower Camster ND 25775 45258 Hut Circle 

132 MHG19961 Camster Burn ND 25800 43400 Enclosure 

133 MHG1803 Hut Circles, Lower Camster ND 25775 45258 Hut Circle 

134 MHG1812 Hut Circles, Camster ND 25918 44624 Hut Circle 

135 MHG1814 Hut Circle, Camster ND 25930 44860 Hut Circle 

136 MHG1812 Hut Circles, Camster ND 25918 44624 Hut Circle 

137 MHG1810 Hut Circle Settlement, Loch Of Camster ND 26290 44031 Hut Circle Settlement 

138 MHG1810 Hut Circle Settlement, Loch Of Camster ND 26290 44031 Hut Circle Settlement 

139 MHG1810 Hut Circle Settlement, Loch Of Camster ND 26290 44031 Hut Circle Settlement 

140 MHG47970 Loch Of Camster ND 26323 44137 Boat House 

141 MHG1810 Hut Circle Settlement, Loch Of Camster ND 26290 44031 Hut Circle Settlement 

142 MHG47965 Camster ND 26589 43113 Quarry 

143 MHG22635 Loch Na Feur ND 22600 41800 Site; Natural Feature 

144 MHG13691 Bad Na H-earba ND 21060 42300 Cairn 

145 MHG22634 Standing Stone - Dermore Burn ND 20900 42700 Site; Natural Feature 

146 MHG13612 Boanbean ND 19850 42810 Settlement 

147 MHG2296 Shieling Hut, Bad Na H-earba ND 21700 43000 Shieling Hut 

148 MHG2298 Township, Badryrie Settlement ND 20400 43100 Township 

149 MHG2295 Shielings, Reidhlean Na Cloiche ND 21400 43400 Shieling 

150 MHG605 Mound, Reidhlean Na Cloiche ND 21560 43430 Mound 
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151 MHG602 Sheepfold, Reidhlean Na Cloiche ND 21450 43460 Sheep Fold 

152 MHG2297 Possible Standing Stone, Airigh Bheag ND 21290 43650 Standing Stone 

153 MHG2299 Shielings, Airigh Bheag ND 21250 43890 Shieling Settlement; Sheep Fold 

154 MHG603 Structure, Airigh Bheag ND 21200 43900 Structure 

155 MHG2546 Broch, Ballachly ND 19560 44230 Broch 

156 MHG20233 Ballachly ND 19650 44350 Farmstead 

157 MHG43703 Ballachly ND 19650 44350 Boundary Dyke 

158 MHG604 Enclosure, Munsary ND 21290 44590 Enclosure 

159 MHG39356 Sheepfold, Munsary ND 21290 44590 Sheep Fold 

160 MHG39357 Building, Munsary ND 21290 44590 Building 

161 MHG14666 Bad An Uillt ND 20290 44680 Settlement 

162 MHG2302 Farmstead, Buaile-nan-gillean ND 20290 44680 Farmstead; Enclosure; Field Boundary 

163 MHG1318 Chapel Etc, Ballachly ND 19320 44780 Chapel; Cemetery 

164 MHG42022 Chapel Etc, Ballachly ND 19320 44780 Gravestone 

165 MHG20231 Stemster ND 18700 44980 Farmstead 

166 MHG2568 Munsary Cottage ND 21200 45020 House 

167 MHG595 Farmstead, Munsary ND 20999 45259 Farmstead 

168 MHG594 Munsary Watermill ND 21170 45100 Watermill 

169 MHG2566 Upper Munsary ND 20830 45140 Farmstead; Sheep Fold; Kiln 

170 MHG1268 Standing Stone, Rhianacoil ND 18380 45120 Standing Stone 

171 MHG39352 Limekiln, Munsary ND 21100 45190 Lime Kiln 

172 MHG621 Possible Shieling Hut, Munsary ND 20770 45260 Shieling Hut 

173 MHG618 Rig And Furrow, Munsary ND 21600 45300 Rig And Furrow 

174 MHG1806 Sheepfold, Munsary ND 20190 45330 Sheep Fold 

175 MHG2563 Farmstead, Rhianacoil ND 18350 45480 Farmstead 

176 MHG20221 Allt-nan-scaraig ND 21900 45500 Enclosure 

177 MHG619 Farmstead, Badleathan ND 20680 45640 Farmstead 

178 MHG39364 Kiln, Badleathan ND 20680 45640 Kiln 

179 MHG39365 Enclosure, Badleathen ND 20840 45690 Enclosure 

180 MHG620 Building, Badleathen ND 20840 45690 Building 

181 MHG600 Possible Shieling Hut, Allt Badleathan ND 20600 45750 Shieling Hut 

182 MHG39355 Possible Shieling Hut, Allt Badleathan ND 20850 46110 Mound 

183 MHG601 Possible Shieling Hut, Allt Badleathan ND 20850 46110 Shieling Hut 

184 MHG2565 Sheepfold, Munsary ND 20880 46240 Sheep Fold 

185 MHG20197 Site Of Possible Shieling Hut, Allt Caol ND 18918 48077 Shieling Hut 

186 MHG31235 Red Well & Springs; Crocan Mor ND 20140 48850 Well; Spring 

187 MHG39701 Red Well & Springs; Crocan Mor ND 20138 48923 Spring 

188 MHG39721 Red Well & Springs; Crocan Mor ND 20115 49016 Spring 

189 MHG18398 Possible Shieling Hut, Green Folds ND 20100 50000 Shieling Settlement; Enclosure 

190 MHG19834 Backlass Hill ND 20300 50200 Building 

191 MHG31234 Sulphureous Springs, S Of Shielton ND 20897 50498 Spring 

192 MHG1967 Hut Circle, Shielton ND 20658 50768 Hut Circle 

193 MHG1967 Hut Circle, Shielton ND 20658 50768 Hut Circle 

194 MHG18401 Acharole ND 21900 51400 Farmstead; Sheep Fold 
 

 Archaeological features present within a 5 km radius of Rowens (The Highland Council, 2020). 

Number Dataset ID Name OS grid reference Classification 
0 MHG1530 Hut Circle, Dorrery ND 06960 55330 Hut Circle 

1 MHG1526 Hut Circle, Dorrery ND 07000 55370 Hut Circle 

2 MHG1522 Hut Circle, Ben Dorrery ND 06750 55390 Hut Circle 

3 MHG1527 Hut Circle, Dorrery ND 07020 55400 Hut Circle 

4 MHG1524 Enclosure, Ben Dorrery ND 06800 55400 Enclosure 

5 MHG1529 Mound, Dorrery ND 07020 55350 Mound 

6 MHG1532 Hut Circle, Dorrery ND 07090 55290 Hut Circle 

7 MHG803 Hut Circle, The Carachs ND 07100 55330 Hut Circle 

8 MHG39807 Dorrery ND 07140 55170 Building 

9 MHG1533 Mound, Dorrery ND 07140 55170 Mound; Long Cairn 

10 MHG1531 Hut Circle, Dorrery ND 07190 55390 Hut Circle 

11 MHG787 Round Cairn, Dorrery ND 07200 55530 Round Cairn; Chambered Round 
Cairn 

12 MHG39425 Cist, Dorrery ND 07200 55530 Cist 

13 MHG788 Chambered Cairn, Dorrery ND 07270 55370 Chambered Cairn 

14 MHG1520 Hut Circle, Feith-an Ime ND 07558 55454 Hut Circle 

15 MHG1521 Hut Circle, Feith-an Ime ND 07566 55502 Hut Circle 

16 MHG789 Hut Circle, Dorrery Lodge ND 07560 55477 Hut Circle 

17 MHG789 Hut Circle, Dorrery Lodge ND 07560 55477 Hut Circle 

18 MHG789 Hut Circle, Dorrery Lodge ND 07560 55477 Hut Circle 

19 MHG18154 Torran Min 1 ND 08300 55700 Hut Circle 

20 MHG18153 Torran Min 2 ND 08400 55700 Hut Circle 

21 MHG1516 Hut Circle, Torr-a-gairbheal ND 08500 55480 Hut Circle 

22 MHG18148 Torran Min 3 ND 08500 55700 Hut Circle 

23 MHG1518 Hut Circle, Torr-a-gairbheal ND 08540 55460 Hut Circle 

24 MHG18909 Olgrinmore ND 09200 55500 Farmstead 

25 MHG18910 Farmstead, Olgrinmore ND 09240 55232 Farmstead; Sundial 

26 MHG1538 Mound, Torr Poiteach ND 09430 55680 Mound 

27 MHG36825 Scotscalder, Olgrinmore Holdings ND 09600 55400 Site; House 

28 MHG33321 Bannerman's Well, Olgrinmore ND 09590 54975 Well 
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29 MHG18911 Farmstead, Olgrinmore Moss ND 09657 54940 Farmstead 

30 MHG18888 Achingoul ND 10185 54979 Building 

31 MHG1354 Chapel, The Aisle ND 12940 52510 Chapel 

32 MHG39777 Cemetery, The Aisle ND 12940 52510 Cemetery 

33 MHG39781 Walled Garden, Dale House ND 12956 52111 Walled Garden 

34 MHG13622 Broch, Dale House ND 12970 52270 Broch 

35 MHG1359 Dovecot, Dale House ND 12956 52111 Dovecot 

36 MHG159 Broch, Tulach Buaile A' Chroic ND 12990 51860 Broch 

37 MHG1355 Dale House ND 12976 52285 House 

38 MHG46572 Westerdale, Dale House, Walled Garden ND 12980 52120 Walled Garden 

39 MHG39793 Burial, Dale House ND 12976 52285 Burial 

40 MHG39778 Dale House ND 12976 52285 Cist 

41 MHG54406 Possible Broch, Aisle ND 13000 52500 Broch 

42 MHG36683 Westerdale, Dale House, Old Market Cross Of 
Perth 

ND 13000 52280 Market Cross 

43 MHG1486 Watermill, East Mill, Westerdale ND 13040 51900 Watermill 

44 MHG1487 Bridge Of Westerdale ND 13080 51827 Bridge 

45 MHG30396 Road Block, Westerdale ND 13100 51800 Roadblock 

46 MHG53433 Site Of Quarry, Westerdale ND 13186 51844 Quarry 

47 MHG54428 Westerdale ND 13210 51840 Quarry 

48 MHG1305 Farmstead, Smerary ND 12000 47800 Farmstead 

49 MHG39794 Enclosure, Smerary ND 12000 47800 Enclosure 

50 MHG39796 Smerary ND 12000 47800 Sheep Fold 

51 MHG39795 Corn Drying Kiln, Smerary ND 12000 47800 Corn Drying Kiln 

52 MHG19677 Dailbreac ND 12200 47900 Farmstead 

53 MHG19676 Bruach-clavagie ND 11600 47900 Farmstead 

54 MHG1312 Enclosure, Acharynie ND 11570 47980 Enclosure; Hut Circle 

55 MHG1292 Farmstead, Acharynie ND 11100 48000 Farmstead 

56 MHG38951 Enclosure, Acharynie ND 11100 48000 Enclosure 

57 MHG38952 Possible Corn Drying Kiln, Acharynie ND 11100 48000 Corn Drying Kiln 

58 MHG25063 Acharynie ND 11103 48052 Chapel 

59 MHG19675 Bruach-clavagie ND 11600 48100 Farmstead; Boundary Dyke 

60 MHG195 Enclosure, Pullyhour ND 11940 54460 Enclosure; Broch 

61 MHG1368 Henge, Pullyhour ND 11471 54489 Hengiform Monument; Henge; 
Hengiform Monument 

62 MHG19875 Pullyhour ND 11200 54600 Field Boundary 

63 MHG196 Battle Site, Pullyhour ND 11500 54620 Battle Site 

64 MHG39775 Clearance Cairn, Battle Site, Pullyhour ND 11500 54620 Clearance Cairn; Cemetery 

65 MHG39776 Cist With Burial, Pullyhour ND 11460 54670 Burial 

66 MHG198 Cist With Burial, Pullyhour ND 11460 54670 Cist 

67 MHG55995 Dyke - Braehour, Halkirk ND 11043 52056 Dyke 

68 MHG55985 Dyke - Braehour, Halkirk ND 11047 52167 Dyke 

69 MHG55995 Dyke - Braehour, Halkirk ND 11043 52056 Dyke 

70 MHG55985 Dyke - Braehour, Halkirk ND 11047 52167 Dyke 

71 MHG1358 St Peter's, Olgrinbeg ND 11120 53630 Chapel 

72 MHG39780 Cemetery, St Peter's, Olgrinbeg ND 11120 53630 Cemetery 

73 MHG55986 Dyke - Braehour, Halkirk ND 11179 52373 Dyke 

74 MHG55986 Dyke - Braehour, Halkirk ND 11179 52373 Dyke 

75 MHG55997 Structure - Braehour, Halkirk ND 11252 52665 Structure 

76 MHG51358 Cottage At Achlibster ND 11459 52131 House 

77 MHG51358 Cottage At Achlibster ND 11459 52131 House 

78 MHG55993 Dyke - Braehour, Halkirk ND 11361 52430 Dyke 

79 MHG55993 Dyke - Braehour, Halkirk ND 11361 52430 Dyke 

80 MHG19876 Boundary Bank, Pullyhour ND 11400 54400 Boundary Bank 

81 MHG1493 Possible Standing Stone, Pullyhour ND 11500 54200 Standing Stone 

82 MHG19877 Pullyhour ND 11633 54391 Farmstead 

83 MHG1489 Probable Burial Cairn, Leosag ND 11620 53840 Burial Cairn; Chambered Cairn 

84 MHG39801 Human Remains, Leosag ND 11620 53840 Human Remains 

85 MHG19842 Lower Westerdale ND 12200 52500 Farmstead 

86 MHG197 Holy Well, Tobar Trostan ND 12170 52490 Holy Well 

87 MHG19866 Laird's Pool ND 12300 53600 Rig And Furrow 

88 MHG1356 St Trostan's Chapel ND 12696 52339 Chapel 

89 MHG39779 Cemetery, St Trostan's ND 12696 52339 Cemetery 

90 MHG21970 Westerdale House ND 12800 51900 Farmstead 

91 MHG674 Broch, Tulach Lochain Bhraseil ND 12820 52030 Broch 

92 MHG1357 Broch, Tulach An Fhuarain ND 12870 52080 Broch 

93 MHG15115 Westerdale Church, Wall & Gatepiers ND 12889 51659 Church 

94 MHG32983 Tormsdale House ND 12860 51666 House 

95 MHG37076 Westerdale, General ND 12870 51660 Site; Village 

96 MHG1485 Watermill, Westerdale ND 12930 51910 Watermill 

97 MHG1283 Shieling Hut, Bad Na Caorach ND 11142 49776 Shieling Hut 

98 MHG1299 Farmstead - Bad Na Caorach, Halkirk ND 11678 49859 Farmstead; Dyke 

99 MHG55975 Bank - Braehour, Halkirk ND 11636 49913 Bank (earthwork) 

100 MHG51704 Dirlot ND 12160 48420 Stone Row 

101 MHG39771 Stone Alignments, Dirlot ND 12280 48560 Stone Alignment 

102 MHG1285 Hut Circle, Dirlot ND 12320 48740 Hut Circle 

103 MHG1309 Cairn, Dirlot ND 12280 48560 Cairn 

104 MHG1306 Township, Dirlot ND 12500 48600 Township 

105 MHG1308 Dirlot Castle ND 12620 48640 Castle 
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106 MHG39798 Field System, Dirlot ND 12500 48600 Field System 

107 MHG39797 Head Dyke, Dirlot ND 12500 48600 Head Dyke 

108 MHG1307 St Columba's Chapel, Dirlot ND 12610 48690 Chapel 

109 MHG42014 St Columba's, Dirlot ND 12610 48690 Cemetery 

110 MHG42021 St Columba's, Dirlot ND 12610 48690 Gravestone 

111 MHG1310 Holy Well, Tobar Chalum-cille, Dirlot ND 12610 49120 Holy Well 

112 MHG19674 Dirlot ND 12700 49000 Farmstead 

113 MHG1284 Hut Circle, Dirlot ND 12830 49090 Hut Circle 

114 MHG21971 Westerdale ND 12820 51530 Building 

115 MHG37128 Westerdale Church Of Scotland ND 12870 51650 Church 

116 MHG44762 Westerdale Church, Wall & Gatepiers ND 12889 51659 Gate Pier 

117 MHG37129 Westerdale Manse ND 12910 51640 Manse 

118 MHG1484 Findspot, Dale Moss ND 13000 51000 Findspot 

119 MHG1302 Farmstead, Caiteag ND 13100 48800 Farmstead 

120 MHG1360 Cairn Merk Broch ND 13310 51030 Broch 

121 MHG1296 Limekiln, Clais An Tobair ND 13300 49000 Lime Kiln 

122 MHG1367 Hut Circles - Achlibster Hill, Halkirk ND 10149 52691 Hut Circle 

123 MHG19879 Upper Boulintogle ND 10200 54300 Farmstead 

124 MHG19840 Olgrinbeg ND 10200 53300 Building; Rig And Furrow 

125 MHG55987 Track - Braehour, Halkirk ND 10274 53162 Track 

126 MHG55987 Track - Braehour, Halkirk ND 10274 53162 Track 

127 MHG1366 Cairn - Achlibster Hill, Halkirk ND 10320 52050 Cairn 

128 MHG1361 Mound, Upper Lintogie ND 10420 54340 Mound 

129 MHG55989 Dyke - Braehour, Halkirk ND 10472 53201 Dyke 

130 MHG193 Broch, Achingoul ND 10470 54630 Broch 

131 MHG18331 Farmstead - Burn Of Olgrinbeg, Halkirk ND 10477 53349 Farmstead 

132 MHG55989 Dyke - Braehour, Halkirk ND 10472 53201 Dyke 

133 MHG55990 Building - Braehour, Halkirk ND 10474 53227 Building 

134 MHG55980 Mound - Braehour, Halkirk ND 10526 52066 Hut Circle?; Cairn? 

135 MHG55988 Dyke - Burn Of Olgrinbeg, Halkirk ND 10536 53338 Dyke 

136 MHG55988 Dyke - Burn Of Olgrinbeg, Halkirk ND 10536 53338 Dyke 

137 MHG19868 Upper Boulintogle ND 10600 54200 Farmstead 

138 MHG55981 Mound - Braehour, Halkirk ND 10579 52066 Hut Circle? 

139 MHG55982 Enclosure? - Braehour, Halkirk ND 10599 52195 Enclosure?; Bank (earthwork) 

140 MHG55983 Enclosure - Braehour, Halkirk ND 10630 52191 Bank (earthwork); Enclosure 

141 MHG55991 Dyke - Braehour, Halkirk ND 10776 52716 Dyke 

142 MHG55984 Cairn - Braehour, Halkirk ND 10687 52199 Cairn 

143 MHG18388 Farmstead - Bual-loid, Halkirk ND 10809 52289 Farmstead 

144 MHG55992 Dyke - Bual-loid, Halkirk ND 10779 52537 Dyke 

145 MHG18387 Farmstead - Bual-loid, Halkirk ND 10810 52600 Farmstead 

146 MHG19836 Olgrinbeg ND 10800 53800 Farmstead; Stack Stand 

147 MHG55992 Dyke - Bual-loid, Halkirk ND 10779 52537 Dyke 

148 MHG18387 Farmstead - Bual-loid, Halkirk ND 10810 52600 Farmstead 

149 MHG55991 Dyke - Braehour, Halkirk ND 10776 52716 Dyke 

150 MHG13623 Bual-loid ND 10900 52200 Findspot 

151 MHG55974 Track - Braehour, Halkirk ND 10960 52309 Track 

152 MHG55974 Track - Braehour, Halkirk ND 10960 52309 Track 

153 MHG863 Mutilated Shepherds Cairn, Cnoc Nan Clach ND 09510 47140 Marker Cairn; Burial Cairn 

154 MHG19837 Carn-nam-muc ND 09600 46000 Farmstead 

155 MHG1288 Township, Achtencrerach ND 10100 47900 Township 

156 MHG1291 Township, Oakerland ND 10100 46700 Township 

157 MHG1289 Farmstead, Croic ND 10200 47600 Farmstead 

158 MHG36728 Strathmore Lodge ND 10210 47940 Lodge 

159 MHG15331 Strathmore Lodge ND 10219 47946 House 

160 MHG1297 Memorial Stone, Strathmore Lodge ND 10800 47850 Commemorative Stone 

161 MHG31458 Acharynie, Graveyard ND 10745 47966 Cemetery 

162 MHG862 Kiln, Loch Meadie ND 09300 48160 Kiln 

163 MHG39452 Airigh Chruaidh ND 09001 49039 Burial Cairn; Natural Feature 

164 MHG861 Shieling, Airigh Chruaidh ND 08900 49000 Shieling 

165 MHG39451 Airigh Chruaidh ND 08900 49000 Corn Drying Kiln 

166 MHG19679 Craobh ND 08000 49100 Farmstead 

167 MHG867 Shieling Hut, Cnoc A Bhad Raphain ND 08726 49244 Shieling Hut 

168 MHG867 Shieling Hut, Cnoc A Bhad Raphain ND 08726 49244 Shieling Hut 

169 MHG867 Shieling Hut, Cnoc A Bhad Raphain ND 08726 49244 Shieling Hut 

170 MHG20235 Achvidigo ND 10100 49300 Farmstead 

171 MHG867 Shieling Hut, Cnoc A Bhad Raphain ND 08726 49244 Shieling Hut 

172 MHG867 Shieling Hut, Cnoc A Bhad Raphain ND 08726 49244 Shieling Hut 

173 MHG56001 Shieling - Allt Loch Meadie, Halkirk ND 08680 49439 Mound 

174 MHG56011 Shieling - Allt Loch Meadie, Halkirk ND 08662 49446 Mound; Shieling 

175 MHG860 Shieling, Cnoc A Bhad Raphain ND 08649 49472 Shieling 

176 MHG56010 Shieling - Allt Loch Meadie, Halkirk ND 08628 49680 Mound; Shieling 

177 MHG1311 Shieling Hut, Bad Na Caorach ND 09897 49921 Shieling Hut 

178 MHG2463 Shielings, Cnoc A' Bhad-raphain ND 09720 49780 Shieling Settlement 

179 MHG56017 Shieling - Braehour, Halkirk ND 10120 49761 Shieling 

180 MHG859 Shieling, Cnoc A Bhad Raphain ND 08630 49760 Shieling 

181 MHG40145 Shieling - Cnoc A' Bhad-raphain ND 09720 49780 Mound 

182 MHG868 Shieling Hut, Cnoc A Bhad Raphain ND 08600 49800 Shieling Hut 

183 MHG56007 Shieling - Braehour, Halkirk ND 10083 49805 Shieling 

184 MHG55999 Mounds - Braehour, Halkirk ND 09698 49824 Mound 
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185 MHG56014 Shieling - Braehour, Halkirk ND 10072 49807 Shieling 

186 MHG1287 Shieling, Braehour ND 10380 49850 Shieling 

187 MHG1298 Building, Bad Na Caorach ND 10740 49940 Building 

188 MHG2464 Shieling, Airigh Chruaidh ND 08700 49960 Shieling 

189 MHG1488 House, Halkirk ND 10000 50000 House 

190 MHG836 Mound, Lathach Nam Poiteag ND 08480 50050 Mound 

191 MHG172 Mound, Bad Raphain Mor ND 09340 50290 Mound 

192 MHG177 Enclosure, Braehour ND 08540 52590 Enclosure 

193 MHG56013 Mound - Braehour, Halkirk ND 09901 52582 Mound 

194 MHG56012 Shieling - Braehour, Halkirk ND 08612 52609 Shieling 

195 MHG56012 Shieling - Braehour, Halkirk ND 08612 52609 Shieling 

196 MHG176 Boundary Bank, Braehour ND 08620 52630 Boundary Bank 

197 MHG55994 Shieling - Braehour, Halkirk ND 08579 52621 Shieling Hut 

198 MHG55978 Hut Circle - Achlibster, Halkirk ND 10062 52639 Hut Circle 

199 MHG2540 Structure, Braehour ND 08770 52650 Structure 

200 MHG831 Shieling, Braehour ND 08660 52660 Shieling 

201 MHG55979 Hut Circle - Achlibster, Halkirk ND 10023 52665 Hut Circle 

202 MHG56002 Pen? - Braehour, Halkirk ND 08862 52681 Pen?; Enclosure 

203 MHG160 Burnt Mound, Achlibster Hill ND 10082 52760 Burnt Mound 

204 MHG19838 Boundary Bank, Lathach Leosag ND 10000 53000 Boundary Bank 

205 MHG56006 Dyke - Lathach Leosag, Halkirk ND 09847 53071 Dyke 

206 MHG56006 Dyke - Lathach Leosag, Halkirk ND 09847 53071 Dyke 

207 MHG56019 Farmstead - Lathach Leosag, Halkirk ND 09728 53086 Farmstead; Bothy; Enclosure 

208 MHG56019 Farmstead - Lathach Leosag, Halkirk ND 09728 53086 Farmstead; Bothy; Enclosure 

209 MHG37095 Braehour Farm ND 09330 53170 Farm 

210 MHG18912 Altluchan ND 08900 53600 Farmstead 

211 MHG18915 Allt Achnacoile ND 07800 53600 Building 

212 MHG18913 Alltluchan ND 08600 53800 Farmstead 

213 MHG18914 Alltluchan ND 08500 53800 Farmstead; Enclosure 

214 MHG18896 Bard Dubh ND 07600 54200 Building 

215 MHG2538 Standing Stones, Appat Hill ND 09970 54350 Stone Alignment 

216 MHG13464 Cairn, Appat Hill ND 09890 54460 Cairn 

217 MHG19874 Achingoul ND 10100 54600 Farmstead 

218 MHG180 Chapel, Gavin's Kirk ND 07740 54690 Chapel 

219 MHG39446 Cemetery, Gavin's Kirk ND 07740 54690 Cemetery 

220 MHG36870 Dorrery Lodge, Keeper's Cottage ND 07350 54860 Workers Cottage 

221 MHG36826 Dorrery Lodge ND 07420 54930 Lodge 

222 MHG37163 Dorrery Lodge, Iron House ND 07390 54930 House 

223 MHG840 Mound, Cnoc Na Craoibhe ND 07750 50550 Mound 

224 MHG39444 Enclosure, Bad Raphain Beag ND 09330 50970 Enclosure 

225 MHG839 Shieling, Bad Raphain Beag ND 09330 50970 Shieling 

226 MHG2539 Enclosure, Achadh A'chracairnie ND 07302 51226 Enclosure 

227 MHG181 Shieling Hut, Ath Garbh ND 09400 51000 Shieling Hut 

228 MHG39462 Platform, Bad Raphain Beag, Halkirk ND 09420 51040 Structure 

229 MHG56005 Shieling - Achadh A'chracairnie Shieling, Halkirk ND 07351 51088 Shieling?; Farmstead? 

230 MHG837 Shieling, Bad Na H-achlaise ND 09570 51270 Shieling 

231 MHG55998 Mound - Bad Na H-achlaise, Halkirk ND 09537 51283 Mound 

232 MHG706 Shieling Hut, Bad Na H-achlaise ND 07300 51600 Shieling Hut 

233 MHG838 Shieling, Bad Na H-achlaise ND 09290 51760 Shieling 

234 MHG39491 Building, Braehour ND 08290 52020 Building 

235 MHG964 Mound, Braehour ND 08290 52020 Mound 

236 MHG173 Mound, Braehour ND 08460 52060 Mound 

237 MHG55977 Peat Quarry? - Braehour, Halkirk ND 08252 52186 Peat Cutting? 

238 MHG55976 Track - Braehour, Halkirk ND 08321 52194 Track 

239 MHG174 Mound, Braehour ND 08790 52180 Mound 

240 MHG55976 Track - Braehour, Halkirk ND 08321 52194 Track 

241 MHG56020 Bridge Abutments - Braehour, Halkirk ND 08388 52208 Bridge Abutment 

242 MHG829 Mound, Braehour ND 08690 52240 Mound 

243 MHG830 Mound, Braehour ND 08750 52260 Mound 

244 MHG962 Mound, Braehour ND 08560 52280 Mound 

245 MHG56016 Hut Circle - Braehour, Halkirk ND 09731 52358 Hut Circle 

246 MHG834 Mound, Braehour ND 08500 52400 Mound 

247 MHG55996 Mound - Braehour, Halkirk ND 09774 52459 Mound 

248 MHG961 Mound, Braehour ND 08690 52490 Mound 

249 MHG56015 Hut Circle - Braehour, Halkirk ND 09763 52488 Hut Circle 

250 MHG56009 Mound - Braehour, Halkirk ND 09808 52499 Mound; Shieling? 

251 MHG56018 Hut Circle - Braehour, Halkirk ND 09738 52514 Hut Circle 

252 MHG56018 Hut Circle - Braehour, Halkirk ND 09738 52514 Hut Circle 

253 MHG1363 Hut Circle - Carn Liath, Halkirk ND 10010 52565 Hut Circle 

254 MHG19860 Loch More ND 07100 46300 Shieling Hut 

255 MHG38566 River Thurso, Loch More Bridge ND 07233 46282 Bridge 

256 MHG53685 Lochmore, Bridge Over Sleach Water ND 07233 46282 Bridge 

257 MHG2462 Caisteal Morar Na Shein ND 08340 46040 Hunting Lodge; Hunting Lodge 

258 MHG15291 Loch More Bridge Over River Thurso ND 08381 46013 Bridge 

259 MHG13461 Cnoc-glas ND 04110 52020 Shieling Hut 

260 MHG183 Shieling Hut, Cnoc-glas ND 03820 52050 Shieling Hut 

261 MHG844 Shieling Hut, Cnoc-glas ND 04100 52100 Shieling Hut 

262 MHG843 Shieling Hut, Cnoc-glas ND 04869 52156 Shieling Hut 

263 MHG182 Shieling Hut, Cnoc-glas ND 04513 52352 Shieling Hut 
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264 MHG13463 Sourary ND 06500 53600 Settlement 

265 MHG705 Shieling Hut, Torran Lean ND 05911 53705 Shieling Hut 

266 MHG833 Township, Sourary ND 06200 54200 Township 

267 MHG832 Farmstead, Torran ND 05841 54604 Farmstead 

268 MHG835 Drove Road, Ca-na-catanach ND 05900 54600 Drove Road 

269 MHG178 Quarry, Torran ND 06080 54770 Quarry 

270 MHG39445 Limekiln, Torran ND 06080 54770 Lime Kiln 

271 MHG175 Standing Stone, Ben Dorrery ND 06010 54980 Standing Stone 

272 MHG179 Standing Stone, Ben Dorrery ND 06720 54990 Standing Stone 

273 MHG18457 Dorrery 4 ND 06900 55100 Hut Circle 

274 MHG22041 Dorrery ND 06900 55200 Longhouse 

275 MHG1523 Field Boundary, Ben Dorrery ND 06710 55300 Field Boundary 

276 MHG1525 Longhouse, Dorrery ND 06850 55310 Longhouse 
 

 Archaeological features present within a 10 km radius of Dalchork (The Highland Council, 2020). 

Number Number Name OS NGR Classification 
0 MHG19289 Possible Shieling Hut, Loch A' Bhealaich NC 58700 25600 Shieling Hut 

1 MHG10246 Ben Kliibreck, Campsite & Survey Station, , Meall Nan Con NC 58486 29895 Colby Camp 

2 MHG10403 A' Chleansaid NC 60506 18664 Building; Corn Drying Kiln 

3 MHG12794 Feith Mhearanas NC 59272 19553 Shieling Hut 

4 MHG29439 Sandwood Estate NC 60000 21000 Shieling Settlement; Enclosure; Field System 

5 MHG22760 Luburec NC 56210 13950 Farmstead 

6 MHG12813 Blarbuie Plantation NC 56230 15080 Enclosure 

7 MHG22767 Luburec NC 56250 13860 House 

8 MHG12814 Blarbuie Plantation NC 56300 15470 Farmstead; Cultivation Remains 

9 MHG12183 Rhian Bridge NC 56320 16618 Bridge 

10 MHG12792 Quarry, Rhian NC 56370 16580 Quarry 

11 MHG12172 Blarbuie Plantation NC 56750 14880 Hut Circle 

12 MHG54486 Rhian Bridge NC 56780 15640 Milestone; Bench Mark 

13 MHG12793 Dail Na Copaig NC 57340 16380 Settlement 

14 MHG12847 Feith Osdail NC 57300 13750 Wall 

15 MHG12357 Depopulation NC 57310 13640 Wall 

16 MHG12791 Loch Dail Na Copaig NC 57340 15880 Mound 

17 MHG12848 Feith Osdail NC 57380 13720 Shieling Hut 

18 MHG23628 Abhainn Sgeamhaidh NC 57400 16400 Rig And Furrow 

19 MHG54487 Dalmichty NC 57406 14151 Milestone 

20 MHG12835 Feith Osdail Bridge NC 57477 13945 Bridge 

21 MHG12842 Feith Osdail NC 57680 14640 Cairnfield 

22 MHG23627 Abhainn Sgeamhaidh NC 57600 16500 Rig And Furrow 

23 MHG12798 Dail Na Copaig NC 57610 16530 Field Boundary 

24 MHG12795 Dail Na Copaig NC 57650 16580 Sheep Fold 

25 MHG9370 Dail Na Copaig NC 57650 16580 Building 

26 MHG12184 Dail Na Copaig NC 57710 16670 Building 

27 MHG12796 Dail Na Copaig NC 57771 16601 Kiln; Building 

28 MHG12815 Rhian NC 57800 16600 Building; Cairn 

29 MHG12185 Dail Na Copaig NC 57800 16580 Structure 

30 MHG12845 Feith Osdail NC 57810 14160 Shieling Hut 

31 MHG12797 Dail Na Copaig NC 57850 16550 Sheep Fold 

32 MHG13268 Feith Osdail NC 58116 14535 Mound 

33 MHG10461 Feith Osdail NC 58121 14499 Mound 

34 MHG12843 Feith Osdail NC 58190 14620 Peat Hag 

35 MHG12306 Shinness Lodge NC 54200 14200 Settlement 

36 MHG12305 Shinness, Cona Chreag NC 54400 14800 Hut Circle 

37 MHG9366 Shinness NC 54530 15560 Hut Circle 

38 MHG12823 Strath Tirry NC 54540 17010 Hut Circle 

39 MHG12181 Shinness NC 54600 15100 Hut Circle; Cairn 

40 MHG12182 Burnt Mound, Shinness NC 54610 15550 Burnt Mound 

41 MHG9365 Caolishie Township NC 54700 13600 Township; Corn Drying Kiln 

42 MHG12827 Burnt Mound, Shinness NC 54680 15040 Burnt Mound 

43 MHG42491 Caolishie Township NC 54700 13600 Field System 

44 MHG12822 Strath Tirry NC 54790 16580 Field System 

45 MHG12821 Burnt Mound, Strath Tirry NC 54800 16660 Burnt Mound 

46 MHG12849 Shinness NC 55000 13800 Hut Circle; Clearance Cairn 

47 MHG12167 Druim Na H' Uamachd NC 55187 14381 Hut Circle; Clearance Cairn 

48 MHG12170 Burnt Mound, Shinness NC 55130 13710 Burnt Mound 

49 MHG12816 Cnoc Olasdail NC 55298 17448 Hut Circle 

50 MHG12818 Burnt Mound, Cnoc Olasdail NC 55220 17460 Burnt Mound 

51 MHG44131 Possible Shieling Hut, Cnoc Olasdail NC 55250 17440 Field Boundary 

52 MHG12790 Possible Shieling Hut, Cnoc Olasdail NC 55250 17440 Structure; Hut Circle 

53 MHG44132 Possible Shieling Hut, Cnoc Olasdail NC 55250 17440 Shieling Hut 

54 MHG12167 Druim Na H' Uamachd NC 55187 14381 Hut Circle; Clearance Cairn 

55 MHG12855 Burnt Mound, Druim Na H-uamachd NC 55313 14516 Burnt Mound 

56 MHG19535 River Tirry NC 55400 16600 Enclosure 

57 MHG12857 Druim Na H'uamachd NC 55448 14645 Shieling 

58 MHG12817 Cnoc Olasdail NC 55600 17100 Hut Circle 

59 MHG12812 Midpenny NC 55700 15650 Building 

60 MHG12811 Midpenny NC 55820 16070 Building 
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61 MHG12789 Midpenny NC 55872 15868 Farmstead 

62 MHG19508 River Tirry NC 56000 16300 Farmstead 

63 MHG13264 Dalorchy NC 56000 16900 Site 

64 MHG54485 Rhian Bridge NC 56082 17062 Milestone 

65 MHG19310 Rhian NC 56200 16500 Farmstead 

66 MHG19540 Achfris NC 55700 12800 Farmstead; Field System 

67 MHG19538 Shinness Hall NC 55400 12800 Township; Head Dyke 

68 MHG12854 Hut Circle, Shinness Hall NC 55740 12840 Hut Circle 

69 MHG12304 Possible Hut Circle, The Airde NC 52990 12910 Hut Circle 

70 MHG12166 Achnairn NC 55700 12960 Hut Circle 

71 MHG12836 Shinness, Murray Memorial NC 55581 13070 Commemorative Monument 

72 MHG12309 Ceann Na Coille Township NC 54651 13401 Township; Kiln 

73 MHG12310 The Airde NC 53050 13100 Cairn 

74 MHG12303 The Airde NC 52650 13190 Hut Circle; Cairn 

75 MHG12173 Achnairn NC 55183 13320 Hut Circle; Cairnfield 

76 MHG12299 Achnairn NC 55469 13396 Hut Circle 

77 MHG12300 The Airde NC 53131 13303 Hut Circle 

78 MHG12299 Achnairn NC 55469 13396 Hut Circle 

79 MHG12295 Burnt Mound, Shinness NC 55470 13380 Burnt Mound 

80 MHG12189 Cnoc Olasdail NC 54730 17510 Field Boundary 

81 MHG12190 Cnov Olasdail NC 54750 17570 Enclosure 

82 MHG12176 Strath Tirry NC 54650 17590 Building 

83 MHG12175 Strath Tirry NC 54400 17600 Shieling Hut 

84 MHG12180 Burnt Mound, Sithean Dubh Mor NC 51340 17630 Burnt Mound 

85 MHG12177 Sithean Dubh Mor NC 51330 17650 Field System 

86 MHG12198 Cnoc Olasdail NC 55100 17700 Hut Circle 

87 MHG23626 Cnoc Olasdail NC 54400 17900 Rig And Furrow 

88 MHG12819 Cnoc Olasdail NC 54720 18020 Building 

89 MHG12820 Cnoc Olasdail NC 54333 18137 Farmstead; Enclosure; Field System 

90 MHG12824 Cnoc Olasdail NC 54826 18195 Hut Circle; Field System 

91 MHG9367 Strath Tirry NC 54100 18110 Building 

92 MHG12824 Cnoc Olasdail NC 54826 18195 Hut Circle; Field System 

93 MHG12828 Strath Tirry NC 54200 18200 Enclosure 

94 MHG18347 Cnoc Olasdail Plantation NC 54000 18300 Enclosure 

95 MHG55492 Enclosure, Cnoc Olasdail Plantation NC 53998 18292 Enclosure 

96 MHG9305 Cnoc Na Faire NC 50930 18370 Hut Circle 

97 MHG54484 Rhian Bridge NC 55249 18448 Bench Mark; Milestone 

98 MHG12178 Alltnacaorach NC 50300 18800 Farmstead 

99 MHG13263 Loupgoram NC 53400 19000 Settlement 

100 MHG19432 Salach NC 52700 19900 Township 

101 MHG54483 North Dalchork NC 54695 19918 Milestone; Bench Mark 

102 MHG13270 Allt Tigh Leanna NC 53000 21000 Site 

103 MHG18349 River Tirry NC 51900 21100 Building 

104 MHG54482 North Dalchork NC 53729 21096 Milestone 

105 MHG13271 Meall Odhar NC 57100 21500 Sheep Fold 

106 MHG13273 Lub Na H-uaire NC 56010 22527 Shieling Hut 

107 MHG54481 Crask Inn NC 52943 22509 Milestone 

108 MHG11609 Meall Odhar NC 56130 22560 Shieling Settlement; Corn Drying Kiln 

109 MHG55494 Sheepfold, Cnoc A'ghiubhais NC 54177 22811 Wall 

110 MHG55493 Sheepfold, Cnoc A'ghubhais NC 54178 22818 Sheep Fold 

111 MHG32373 Sheepfold, W Of Arscaig NC 50060 14105 Sheep Fold 

112 MHG19541 Arscaig NC 50917 14084 Farmstead 

113 MHG32375 Unroofed Building, Se Of Arscaig NC 51073 14021 Building 

114 MHG32374 Limekiln, E Of Arscaig NC 51069 14064 Lime Kiln 

115 MHG12833 Loch An Fhreiceadain NC 51740 17210 Hut Circle 

116 MHG12832 Cnoc Ramascaig NC 51936 16728 Clearance Cairn; Hut Circle; Cairnfield 

117 MHG12179 Cnoc Ramascaig NC 52200 16000 Farmstead; Sheep Fold 

118 MHG12188 Cnoc Ramascaig NC 52200 16300 Cairn 

119 MHG12826 Cnoc Ramascaig, South NC 52300 16000 Hut Circle 

120 MHG19542 Shinness Quarry NC 52300 13800 Building 

121 MHG13298 Shinness Limeworks NC 52300 13850 Lime Kiln 

122 MHG12187 Cnoc Ramascaig NC 52420 16370 Hut Circle; Enclosure 

123 MHG45823 Cnoc Ramascaig NC 52420 16370 Enclosure 

124 MHG45822 Cnoc Ramascaig NC 52420 16370 Building 

125 MHG12311 The Airde, Shinness Quarry NC 52600 13600 Building; Boundary Bank; Clearance Cairn 

126 MHG32968 Shinness Quarry NC 52622 13743 Quarry 

127 MHG12830 West Shinness NC 52670 15720 Hut Circle 

128 MHG12186 Broch, Shinness NC 52730 15260 Broch 

129 MHG12829 Iron Slag, S Of Broch, Cnoc Ramascaig NC 52800 15200 Iron Working Site 

130 MHG12301 The Airde NC 52800 13700 Building 

131 MHG12831 West Shinness NC 52920 15750 Hut Circle 

132 MHG48651 West Shinness NC 52910 15310 Site 

133 MHG12825 Broch? West Shinness Lodge NC 52950 15090 Broch 

134 MHG23949 Shiness Steading NC 53000 14000 Farmstead 

135 MHG12308 The Airde NC 53138 13589 Hut Circle 

136 MHG12302 Burnt Mound, The Airde NC 53140 13550 Burnt Mound 

137 MHG18295 Shinness Steading NC 53230 14880 Farmstead 

138 MHG22745 Shinness Steading, Plough Tine NC 53230 14880 Findspot 

139 MHG12307 Possible Hut Circle, The Airde NC 53280 13550 Hut Circle 
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140 MHG12312 The Airde NC 53400 13450 Boundary Bank; Clearance Cairn 

141 MHG21094 Shinness Lodge NC 53930 14250 Lodge 

142 MHG18675 Possible Shieling Hut, Allt Preas Braigh Nan Allt NC 49300 30400 Shieling Hut 

143 MHG18676 An Glas-loch NC 49900 31100 Enclosure 

144 MHG19290 Vagastie NC 53700 28200 Farmstead 

145 MHG52729 Stock Enclosure NC 53749 29122 Stock Enclosure 

146 MHG10253 Strath Vagastie NC 54000 29100 Shieling Hut 

147 MHG54475 Creag Riabach NC 54062 29499 Milestone; Bench Mark 

148 MHG52730 Sheepfold NC 54253 29374 Sheep Fold 

149 MHG54474 Creag Riabach NC 54600 30945 Milestone 

150 MHG54480 Crask Inn NC 52175 23897 Milestone 

151 MHG11576 Creag Sgotlreach NC 56898 24301 Settlement 

152 MHG13272 Creag Sgotlreach NC 56800 24400 Sheep Fold 

153 MHG10430 Creag Sgotlreach NC 57000 24500 Township 

154 MHG12320 Dyke, Se Of Crask Inn NC 52970 24470 Dyke 

155 MHG12318 Cnoc A Ghiubhais NC 54450 24490 Mound 

156 MHG17027 Crask Bridge Over Chraisg Burn NC 52433 24540 Bridge 

157 MHG12316 Lord Reay's Green Table, Crask NC 52200 24600 Mound 

158 MHG12313 Allt Domhala NC 55190 24690 Mound 

159 MHG12314 Allt Doir A' Heathais NC 55920 24710 Mound 

160 MHG32969 Crask Inn NC 52413 24725 Inn 

161 MHG12322 Allt An Fhuaron NC 53400 24720 Mound 

162 MHG12321 House Site, Crask NC 52170 24730 Building; Homestead 

163 MHG12317 Allt Dubh An Daimh NC 54620 24740 Mound 

164 MHG12315 Allt Domhala NC 55200 24770 Mound 

165 MHG12319 Shrinkburn NC 53910 24960 Mound 

166 MHG10250 The Crask NC 52250 25060 Mound 

167 MHG10251 The Crask NC 53400 25100 Mound 

168 MHG10249 The Crask NC 52320 25240 Mound 

169 MHG10252 The Crask NC 52340 25340 Mound 

170 MHG54478 Crask Inn NC 52286 25425 Milestone 

171 MHG54479 Crask Inn NC 52265 25590 Milestone 

172 MHG10247 Uamh An T-sioslaich NC 57930 25870 Cave 

173 MHG54477 The Crask NC 52863 26612 Milestone; Bench Mark 

174 MHG10255 Allt A Chraisg NC 51900 26900 Shieling Hut 

175 MHG16738 Bridge Over Allt A' Chraisg (burn), Allt A' Chraisg: Vagastie Bridge NC 53303 27244 Arch Bridge 

176 MHG11902 Loch Fiag NC 44820 27320 Shieling 

177 MHG11900 River Fiag NC 45010 27340 Shieling 

178 MHG10254 Allt A Bhuic NC 54000 28000 Shieling Hut 

179 MHG54476 Vagastie NC 53428 28039 Milestone; Bench Mark 

180 MHG11901 Fiag Lodge NC 45420 28170 House 

181 MHG52858 Shieling Huts, Cnoc A' Bhaid Bhain NC 44154 20436 Shieling; Shieling Settlement 

182 MHG52838 Shieling, Cnoc A' Bhaid Bhain (6 Of 8) NC 44151 20471 Shieling Hut 

183 MHG52834 Shieling Or Possible Dwelling, Cnoc A' Bhaid Bhain NC 44167 20409 Shieling Hut; House? 

184 MHG52839 Shieling, Cnoc A' Bhaid Bhain (7 Of 8) NC 44179 20465 Shieling Hut 

185 MHG52840 Shieling, Cnoc A' Bhaid Bhain (8 Of 8) NC 44211 20456 Shieling Hut 

186 MHG52857 Shieling Huts, Allt Na Crionaiche Bige NC 45358 18857 Shieling Settlement; Shieling 

187 MHG52855 Shieling, Allt Na Crionaiche Bige (12 Of 13) NC 45263 18789 Shieling Hut 

188 MHG52856 Shieling, Allt Na Crionaiche Bige (13 Of 13) NC 45268 18779 Shieling Hut 

189 MHG52854 Shieling, Allt Na Crionaiche Bige (11 Of 13) NC 45286 18815 Shieling Hut 

190 MHG52852 Shieling, Allt Na Crionaiche Bige (9 Of 13) NC 45305 18852 Shieling Hut 

191 MHG52853 Shieling, Allt Na Crionaiche Bige (10 Of 13) NC 45306 18813 Shieling Hut 

192 MHG52847 Shieling, Allt Na Crionaiche Bige (5 Of 13) NC 45338 18866 Shieling Hut 

193 MHG52848 Shieling, Allt Na Crionaiche Bige (6 Of 13) NC 45351 18843 Shieling Hut 

194 MHG52846 Shieling, Allt Na Crionaiche Bige (4 Of 13) NC 45354 18885 Shieling Hut 

195 MHG52849 Shieling, Allt Na Crionaiche Bige (7 Of 13) NC 45363 18845 Shieling Hut 

196 MHG52850 Shieling, Allt Na Crionaiche Bige (8 Of 13) NC 45378 18873 Shieling Hut 

197 MHG52851 Sheepfold, Allt Na Crionaiche Bige NC 45376 18840 Sheep Fold 

198 MHG52845 Shieling Or Possible Dwelling, Allt Na Crionaiche Bige NC 45382 18930 Shieling Hut; House? 

199 MHG52844 Shieling, Allt Na Crionaiche Bige (3 Of 13) NC 45428 18920 Shieling Hut 

200 MHG52843 Shieling, Allt Na Crionaiche Bige (2 Of 13) NC 45433 18914 Shieling Hut 

201 MHG52842 Shieling, Allt Na Crionaiche Bige (1 Of 13) NC 45453 18910 Shieling Hut 

202 MHG11896 Crannog, Loch Shin NC 46090 19860 Crannog 

203 MHG10562 Alltan Ruadh NC 46400 22800 Shieling Hut 

204 MHG24085 Loch Shin, Fiag Bridge NC 46650 20450 Bridge 

205 MHG13152 Allt Car NC 47200 17100 Settlement 

206 MHG34464 Cnoc An Laoigh NC 47300 20800 Non Antiquity 

207 MHG13153 Aldiurg NC 47800 16300 Settlement 

208 MHG29922 Loch Shin Ironworking Site NC 48146 16250 Iron Working Site 

209 MHG12925 Allt An Ulbhaidh NC 48961 23375 Shieling Hut 

210 MHG18316 Allt An Laoigh NC 49100 19900 Farmstead 

211 MHG52636 Sheepfold, Allt An Laoigh NC 49083 20011 Sheep Fold 

212 MHG18317 Loch Shin NC 42300 22400 Farmstead 

213 MHG52832 Shieling, Cnoc A' Bhaid Bhain (1 Of 8) NC 44093 20413 Shieling Hut 

214 MHG52833 Shieling, Cnoc A' Bhaid Bhain (2 Of 8) NC 44128 20399 Shieling Hut 

215 MHG52837 Shieling, Cnoc A' Bhaid Bhain (5 Of 8) NC 44137 20462 Shieling Hut 

216 MHG52835 Shieling, Cnoc A' Bhaid Bhain (3 Of 8) NC 44139 20429 Shieling Hut 

217 MHG52836 Shieling, Cnoc A' Bhaid Bhain (4 Of 8) NC 44143 20453 Shieling Hut 

218 MHG52841 Sheepfold, Cnoc A' Bhaid Bhain NC 44149 20342 Sheep Fold 
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8.12 Cereal pollen key 

Poaceae species with pollen sizes >37 µm in Andersen's (1979) groups 1c, 2 and 3, with size ranges of annulus 
diameter, pollen size and pollen index (diameter of the porus/width of the annulus) derived in part from Andersen 
(1979). Cereals are in bold (after Tipping, no date). 

Species 
Annulus diamter 

range µm 
pollen size 
range µm 

pollen index 
range µm 

Andersen Group 1c (wild grasses) 

Agropyron caninum 6.0-8.0 31-38 1.00-1.18 

Lolium perenne 6.0-8.0 25-30 1.00-1.20 

Calamagrostis villosa 6.1-8.2 29-34 1.00-1.13 

Baldingera arundinacea 6.2-8.2 26-30 1.01-1.16 

Agrostis stolonifera 6.3-8.2 22-25 1.03-1.17 

Bromus benekini 6.4-8.1 30-34 1.00-1.10 

B. erectus 6.5-8.3 34-39 1.02-1.16 

B. tectorum 6.3-8.6 29-33 1.00-1.11 

Avena elatior 6.3-8.7 29-34 1.04-1.22 

A. pratensis 6.7-8.4 33-39 1.04-1.23 

Bromus sterilis 6.6-8.4 28-32 1.00-1.10 

B. hordeaceus 6.6-8.6 32-35 1.00-1.09 

B. secalinus 6.8-8.5 34-38 1.00-1.12 

Andersen Group 2 (Hordeum type) 

Hordeum vulgare 7.2-9.2 33-39 1.08-1.20 

Ammophila arenaria 7.2-9.7 29-34 1.04-1.22 

Hordeum murinum 7.3-10.1 36-42 1.00-1.13 

Agropyron repens 7.7-10.0 35-41 1.03-1.19 

Elymus arenarius 7.5-10.2 41-47 1.01-1.15 

Agropyron junceiforme 7.4-10.4 37-42 1.05-1.19 

Andersen Group 3 (Avena-Triticum) 

Secale cereale 7.8-10.1 3-43 1.31-1.49 

Triticum monococcum 8.0-10.5 35-41 1.05-1.21 

Glyceria fluitans 8.3-10.7 32-37 1.00-1.12 

G. plicata 8.4-10.9 32-37 1.00-1.10 

Avena sativa 9.2-12.1 37-45 1.13-1.35 

Triticum polonicum 9.8-12.1 37-42 1.05-1.19 

Avena nuda 10.2-12.8 38-43 1.06-1.18 

Triticum aestivum  10.4-13.2 42-48 1.05-1.19 

Avena fatua 10.7-13.1 42-46 1.12-1.22 

Triticum spelta 11.0-14.0 44-48 1.07-1.15 

T. dicoccum 12.0-15.0 43-48 1.04-1.16 

T. compactum 12.4-16.0 45-50 1.04-1.14 
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8.13 Coordinates and elevation of auger survey at study sites 

Longitude, Latitude, Easting, Northing and the Elevation (m OD) measured at each auger point at Rowens using a Leica 
VIVa dGPS. * shows the location where the core has been taken. 

Auger Point  Latitude Longitude Easting Northing Elevation (m OD) 

Rowens 

AP1  58.400536 -3.316360 323162 946547 99.64 

AP2 58.400416 -3.316715 323141 946534 100.12 

AP3 58.400295 -3.317070 323120 946521 100.34 

AP4 58.400175 -3.317391 323101 946508 100.71 

AP5 58.400027 -3.317813 323076 946492 100.77 

AP6 58.400232 -3.317992 323066 946515 100.88 

*AP7 58.400353 -3.317603 323089 946528 100.82 

AP8 58.400464 -3.317247 323110 946540 100.64 

AP9 58.400576 -3.316875 323132 946552 100.34 

AP10 58.400687 -3.316486 323155 946564 99.74 

AP11 58.400892 -3.316682 323144 946587 99.57 

AP12 58.400789 -3.317071 323121 946576 100.23 

AP13 58.400686 -3.317461 323098 946565 100.59 

AP14 58.400593 -3.317834 323076 946555 100.91 

AP15 58.400481 -3.318223 323053 946543 101.06 

Braehour 

AP1  58.435961 -3.566474 308637 950804 96.20 

AP2 58.435986 -3.567348 308586 950808 96.56 

AP3 58.436003 -3.568205 308536 950811 96.88 

*AP4 58.436082 -3.569048 308487 950821 97.11 

AP5 58.436516 -3.568828 308501 950869 96.71 

AP6 58.436473 -3.567969 308551 950863 96.40 

AP7 58.436429 -3.567111 308601 950857 96.01 

AP8 58.436386 -3.566253 308651 950851 95.70 

AP9 58.436820 -3.566015 308666 950899 95.47 

AP10 58.436999 -3.566811 308620 950920 95.61 

AP11 58.437178 -3.567607 308574 950941 95.75 

AP12 58.437339 -3.568368 308530 950960 96.14 

AP13 58.437739 -3.568009 308552 951004 95.87 

AP14 58.437596 -3.567180 308600 950987 95.56 

AP15 58.437462 -3.566420 308644 950971 95.41 

AP16 58.437328 -3.565592 308692 950955 95.38 

Dalchork 

AP1 58.164197 -4.517848 251970 922246 182.68 

AP2 58.163975 -4.517748 251975 922221 183.96 

AP3 58.164402 -4.517948 251965 922269 181.88 

AP4 58.164625 -4.518049 251960 922294 181.94 

AP5 58.164660 -4.517626 251985 922297 184.20 

AP6 58.164447 -4.517509 251991 922273 184.31 

AP7 58.164224 -4.517425 251995 922248 184.58 

AP8 58.164001 -4.517341 251999 922223 184.94 

AP9 58.164027 -4.516918 252024 922225 185.80 

AP10 58.164251 -4.516968 252022 922250 185.68 

AP11 58.164474 -4.517018 252020 922275 186.19 

AP12 58.164716 -4.517069 252018 922302 186.60 

AP13 58.164751 -4.516646 252043 922305 188.16 

AP14 58.164510 -4.516595 252045 922278 187.50 

AP15 58.164277 -4.516562 252046 922252 186.87 

AP16 58.164052 -4.516546 252046 922227 186.81 

*AP17 58.163752 -4.517647 251980 922196 184.23 

AP18 58.163529 -4.517580 251983 922171 184.59 

AP19 58.163502 -4.517136 252009 922167 185.76 

AP20 58.163727 -4.517118 252011 922192 185.61 

AP21 58.163708 -4.516709 252035 922189 186.58 

AP22 58.163481 -4.516795 252029 922164 186.45 

AP23 58.163463 -4.516368 252054 922161 187.05 

AP24 58.163688 -4.516333 252057 922186 187.37 
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8.14 NPP recorded and correlating taxonomical identification 

NPP mentioned in the text. Modified from Miola, 2012 

HdV Category Taxonomical 
identification 

First publication Other publications 

HdV-1 Fungi Gelasinospora sp. van Geel (1978) van Geel et al. (1981); Kurhy (1985); Kuhry (1997); 
van Geel et al. (2006a); Chambers et al. (2011); 
Herrmann et al. (2010); Medeanic et al. (2010a) 

HdV-2 Fungi Gelasinospora cf. 
retispora 

van Geel (1978) van Geel et al. (1981); van Geel et al. (2006a); 
Chambers et al. (2011) 

HdV-
3B 

Fungi Pleospora sp. van Geel (1978) Kurhy (1985); van Geel et al. (2006a) 

HdV-4 Fungi Anthostomella cf. 
fuegiana 

van Geel (1978) van Geel et al. (1981); 
Kurhy (1985); van Geel et al. (2006a) 

HdV-5 Fungi 
 

van Geel (1978) 
 

HdV-8 
(A-G) 

Fungi Microthyrium spec. van Geel (1972) 
 

HdV-10 Fungi Trigocladium opacum van Geel (1978) Bakker et al. (1982); Kurhy (1985); van Geel et al. 
(1988b); Chambers et al. (2011) 

HdV-14 Fungi Meliola ellisii 
(synonym 
of M. niessleana) 

van Geel (1978) Kurhy (1985); van Geel et al. (2006a) 

HdV-
16A 

Fungi Byssotecium 
circinnans 

van Geel (1978) van Geel et al. (1981); van Geel et al. (2006a) 

HdV-
16B 

Fungi 
 

van Geel (1978) 
 

HV-16C Fungi 
 

van Geel (1978) 
 

HdV-
18A+B 

Fungi 
 

van Geel (1978) van Geel et al. (1981) 

HdV-19 Fungi 
 

van Geel (1978) 
 

HdV-25 Fungi cf. Clasterosporium 
caricinum 

van Geel (1978) Prager et al. (2006); Medeanic et al. (2010a) 

HdV-27 Fungi Tilletia sphagni van Geel (1978) van der Wiel (1982); Kurhy (1985); 
Kuhry (1997) 

HdV-28 Protozoa Copepoda 
Canthocamptus 
spermatophores 

van Geel (1978) van Geel et al. (1988b) 

HdV-
31A 

Protozoa Rhizopoda 
Amphitrema flavum 

van Geel (1978) van Geel et al. (1981); van Geel et al. (1989); 

HdV-
32A 

Protozoa Rhizopoda Assulina 
muscorum 

van Geel (1978) Kurhy (1985); Kuhry (1997); 
Prager et al. (2006) 

HdV-
32B 

Protozoa Rhizopoda Assulina 
seminulum 

van Geel (1978) Kurhy (1985) 

HdV-36 Animalia Acari Oribatida van Geel (1978) 
 

HdV-37 Animalia Rotifera Habrotrocha 
(Callidina) 
angusticollis 

van Geel (1978) van Geel et al. (1981); Kurhy (1985); Kurhy (1997) 

HdV-38 Unknown 
 

van Geel (1978) 
 

HdV-41 Unknown 
 

van Geel (1978) Kuhry (1997) 

HdV-44 Fungi cf. Ustulina deusta van Geel (1978) van Geel et al. (1981); van der Wiel (1982); van Geel et 
al. (1986); van Geel et al. (2006a); Prager et al. (2006) 

HdV-46 Protozoa Rhizopoda 
Hyalosphaenia 
subflava 

van Geel (1978) Kuhry (1997) 

HdV-47 Fungi 
 

van Geel (1978) 
 

HdV-
52A-D 

animal 
hairs 

 van Geel (1976)  

HdV-
55A 

Fungi Sordaria‐type van Geel (1978) van Geel et al. (1981); van Geel et al. (1983b); van Geel 
et al. (1989); Kuhry (1997); van Geel et al. (2003a); van 
Geel et al. (2006a); Aptroot et al. (2006); Prager et al. 
(2006); Marinova et al. (2006); van Geel et al. (2007); 
Medeanic et al. (2010a) 

HdV-
55B 

Fungi Sordariaceae/Sordaria van Geel (1978) van Geel et al. (1983b); Kurhy (1985); 
Marinova et al. (2006); Prager et al. (2006) 

HdV-58 Algae Zygnemataceae van Geel (1978) van der Wiel (1982) 
HdV-60 Algae Closterium 

idiosporum-type 
van Geel (1978) van Geel et al. (1981); Kurhy (1985) 

HdV-61 Algae Mougeotia cf. 
gracillima 

van Geel (1978) Kurhy (1985) 

HdV-62 Algae Zygnemataceae van Geel (1978) Kurhy (1985) 
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HdV-64 Fungi 
 

van Geel (1978) 
 

HdV-65 Fungi 
 

van Geel (1978) van Geel et al. (1981); Bakker et al. (1982) 

HdV-66 Algae Penium/Tetraedron cf. 
minimum 

van Geel (1978)  

HdV-
77B 

Fungi Trichoglossum cf. 
hirsutum 

van Geel (1978) van der Wiel (1982); van Geel et al. (2006a) 

HdV-90 Fungi 
 

van Geel (1978) van Geel et al. (1981); Kurhy (1985); Kuhry (1997) 

HdV-91 Unknown 
 

van Geel (1978) 
 

HdV-
96A 

Fungi Several species of 
dematiaceous genera 

van Geel (1978)  

HdV-
112 

Fungi Cercophora-
type/Cercophora sp. 

van Geel (1978) van Geel et al. (1981); van der Wiel (1982); van Geel et 
al. (1983b); van Geel et al. (2003a); van Geel et al. 
(2006a); Menozzi et al. (2010) 

HdV-
113 

Fungi Sporormiella-
type/Sporormiella sp. 

van Geel et al. 
(2003a) 

van Geel et al. (2006a); van Geel et al. (2007); 
Medeanic et al. (2010a) 

HdV-
115 

Acritarchs Mycrhystridium Pals et al. (1980) Bakker et al. (1982) 

HdV-
119 

Unknown 
 

Pals et al. (1980) Carrion et al. (2002) 

HdV-
121 

Fungi 
 

Pals et al. (1980) Kuhry (1997) 

HdV-
123 

Fungi 
 

Pals et al. (1980) van Geel et al. (1981); Bakker et al. (1982) 

HdV-
124 

Fungi cf. Persiciospora sp. Pals et al. (1980) Bakker et al. (1982); van der Wiel (1982); van Geel et 
al. (2006a) 

HdV-
125 

Fungi 
 

Pals et al. (1980) 
 

HdV-
126 

Fungi Gaeumannomyces/G. 
cf. 
caricis/Clasterosporiu
m caricinum 
hyphopodia 

Pals et al. (1980) van der Wiel (1982); van Geel et al. (1983b); van Geel 
et al. (1989); Kuhry (1997); Carrion et al. (2002); van 
Geel et al. (2006a); Prager et al. (2006) 

HdV-
128A 

Algae? 
 

van der Wiel (1982) van Geel et al. (1983b); van Geel et al. (1989); Carrion 
et al. (2002); Prager et al. (2006); Kramer et al. (2010); 
Miola et al. (2006) 

HdV-
128B 

Algae? 
 

van der Wiel (1982) van Geel et al. (1983b); van Geel et al. (1989); Miola et 
al. (2006) 

HdV-
130 

Algae Spirogyra Pals et al. (1980) van der Wiel (1982); van Geel et al. (1983b) 

HdV-
131 

Algae Spirogyra Pals et al. (1980) van der Wiel (1982) 

HdV-
132 

Algae Spirogyra reticulate Pals et al. (1980) van der Wiel (1982) 

HdV-
133 

Algae Mougeotia Pals et al. (1980) van der Wiel (1982) 

HdV-
135 

Algae Mougeotia Pals et al. (1980) van der Wiel (1982) 

HdV-
140 

Fungi Valsaria cf. 
variospora/V. 
variospora‐type 

van der Wiel (1982) van Geel et al. (1983b); van Geel et al. (2003); van Geel 
et al. (2006a) 

HdV-
143 

Fungi Diporotheca spec/D. 
rhizophila 

van der Wiel (1982) van Geel et al. (1986); van Geel et al. (1989); van Geel 
et al. (2003a); van Geel et al. (2006a); Prager et al. 
(2006) 

HdV-
150 

Unknown 
 

van der Wiel (1982) van Geel et al. (1983b) 

HdV-
169 

Fungi Zopfiella 
type/Apiosordaria 
verruculosa 

van Geel et al. 
(1983b) 

van Geel et al. (2006a);  ugny et al. (2010) 

HdV-
170 

Algae Rivularia‐type van Geel et al. 
(1983b) 

van Geel et al. (1989); van Geel et al. (1996b); Menozzi 
et al. (2010) 

HdV-
172 

Fungi  van Geel et al. 
(1983b) 

Marinova et al. (2006); van Geel et al. (2006a); van 
Geel et al. (2011); 

HdV-
181 

unknown 
 

van Geel et al. 
(1983b) 

 

HdV-
200 

Fungi 
 

van Geel et al. (1989) Kuhry (1997); Marinova et al. (2006); Miola et al. 
(2006) 

HdV-
205 

Fungi Sordariaceae? van Geel et al. (1989) Kuhry (1997) 

HdV-
207 

Fungi Glomus cf. 
fasciculatum 

van Geel et al. (1989) van Geel et al. (2003a); Marinova et al. (2006) 

HdV-
211 

Algae Spirogyra species van Geel et al. (1989) 
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HdV-
220 

Animalia Porifera sponges van Geel et al. (1989) 
 

HdV-
225 

Algae? 
 

van Geel et al. (1989) Kuhry (1997) 

HdV-
313 

Algae Mougeotia sp. div. van Geel et al. (1981) van Geel et al. (1989) 

HdV-
314 

Algae Zygnema type van Geel et al. (1981) 
 

HdV-
315 

Algae Spirogyra sp. similar 
as HdV-C, HdV-130 

van Geel et al. (1981) 
 

HdV-
341 

Algae? 
 

van Geel et al. (1981) 
 

HdV-
342 

Algae Spirogyra cf. 
scrobiculata 

van Geel et al. (1981) Kurhy (1985); van Geel et al. (1989); Miola et al. (2010) 

HdV-
351 

Fungi 
 

van Geel et al. (1981) Miola et al. (2010) 

HdV-
359 

Fungi Brachysporium 
obovatum/Brachyspor
ium 

van Geel et al. (1981) Carrion et al. (2002) 

HdV-
360 

Fungi cf. Brachysporium sp. van Geel et al. (1981) 
 

HdV-
420 

Unknown 
 

Kuhry (1997) 
 

HdV-
466 

Fungi Podospora 
sp./Zopfiella sp. 

Kuhry (1985) 
 

HdV-
495 

Fungi 
 

van Smeerdijk (1989) Cugny et al. (2010) 

HdV-
527 

Fungi Enthorhiza sp. van Geel et al. 
(1983a) 

 

HdV-
729 

Fungi 
 

Bakker et al. (1981) van Geel et al. (1983b) 

HdV-
760 

Algae Pediastrum sp. Bakker et al. (1981) 
 

HdV-
766 

Algae Botryococcus spec. Bakker et al. (1981) Medeanic et al. (2008); Herrmann et al. (2010); Miola 
et al. (2010) 
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8.15 Change-point analysis code in R 

Data import in RStudio 

# Import the appropriate R packages: 

library(bcp) 

library(scales) 

# Import TLP pollen counts and microscopic charcoal fraction datasets from a .csv-

file stored in a target directory: 

P_B=read.csv(‘.../Braehour.csv’) 

P_R=read.csv(‘.../Rowens.csv’) 

P_D=read.csv(‘.../Dalchork.csv’) 

# Sub-setting the data to work with the bcp package and renaming columns:  
B = matrix(c(P_B$Trees, 

P_B$Herbs, 

P_B$Shrubs, 

P_B$Dwarf_shrubs, 

P_B$TLP, 

P_B$Microscopic_charcoal_1_21um, 

P_B$Microscopic_charcoal_21_50um, 

P_B$Microscopic_charcoal_50um, 

P_B$Pinus, 

P_B$Betula, 

P_B$Alnus_glutinosa, 

P_B$Corylus_avellana, 

P_B$Salix, 

P_B$Calluna_vulgaris, 

P_B$Filipendula, 

P_B$Cyperaceae, 

P_B$Poaceae, 

P_B$Plantago_lanceolata, 

P_B$Poa), 

nrow=87, ncol=19, byrow=FALSE, 

dimnames = list(P_B$Depth, 

c("T","H","S","D","TLP","Micro1","Micro2","Micro3","Pi","Bet","Aln","Cor

","Sal","Cal","Fil","Cyp","Poa","Pll","Poal"))) 

 

# Create x-axis labels based on depth range of the cores 

depth_B = matrix(P_B$Depth) 

 

# Apply the same sub-setting steps for Rowens and Dalchork datasets (not 

shown) 

 

Data analysis and plotting 

 

# To obtain change points, the bcp function from the bcp-package is used:  
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# Example shown: Braehour, including Trees, Herbs, Shrubs and Dwarf shrubs 

# Subset appropriate columns (column 0 = Depth, columns 1 to 4 are Trees, 

Herbs, Shrubs and Dwarf shrubs): 

B1 = B[,1:4] 

 

# Run the bcp function with the subset: 

bcp.B1 = bcp(B1) 

# Plot results for interpretation: 

plot(bcp.B1, xlab = “Core depth – Braehour – B1”,  

xaxlab = depth_B, colors = c(2,4,3,5,7)) 

 

# Summarize data output: 

B1_sum = summarize(bcp.B1) 

 

# Apply the same analysis steps for all other TLP and microscopic charcoal 

combinations for Braehour, Rowens and Dalchork datasets (not shown) 

# Rescaling had to be applied to the microscopic charcoal values to enable the 

bcp function to work 

 

Summaries and data-output 

# Summarize and combine the bcp results for change point probability estimates 

for all models in the study 

# For Braehour: 

Braehour_probs = cbind(B1_sum, B1b_sum, B2a_sum, B2b_sum, B3a_sum, B3b_sum,  

B3c_sum, B3d_sum) 

write.csv(Braehour_probs, file = ‘.../Braehour_probabilities.csv’, 

row.names=T) 

 

# For Braehour: 

Rowens_probs = cbind(R1_sum, R1b_sum, R2a_sum, R2b_sum, R3a_sum, R3b_sum, 

R3c_sum, R3d_sum) 

write.csv(Rowens_probs, file = ‘.../Rowens_probabilities.csv’, row.names=T) 

 

# For Braehour: 

Dalchork_probs = cbind(D1_sum, D1b_sum, D2a_sum, D2b_sum, D3a_sum, D3b_sum, 

D3c_sum, D3d_sum) 

write.csv(Dalchork_probs, file = ‘.../Dalchork_probabilities.csv’, 

row.names=T)
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