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Overview 
The temporal dynamics and spatial distribution of the 

Scottish Caledonian Pine forest throughout the 

Holocene is hotly debated and it is not yet clear 

whether climate change and/or human influences within 

the Scottish landscape have been the dominant drivers 

for woodland coverage changes through this period. The 

maximum pine extent, discerned from pollen records, 

was ~8000-7000 yrs BP (Birks 1972) and appears 

generally consistent across northern Scotland and likely 

reflects optimal growing conditions of the mid-Holocene 

optimum. However, between 7000 and 4000 yrs BP, the 

timing of pine woodland reduction across Scotland 

appears to be quite variable. While some areas show a 

general decline in pine pollen (Bennett 1995; Tipping et 

al. 2006; Wilson et al. 2013), others suggest more stable 

woodland coverage (Froyd, & Bennett 2006) or the start 

of decline being later (Wilson et al. 2013). Tree-ring 

dated death dates of remnant sub-fossil pine extracted 

from both peat bogs and lakes, indicate quite variable 

periods of so-called “pine decline”: ~6800 yrs BP for the 

Cairngorm high elevations (~550 masl – Wilson et al. 

2013), ~6600 yrs BP for Rannoch Moor (~350 masl – 

Bridge et al. 1990), ~5500 yrs BP at lower elevations in 

the Cairngorms (~280 masl – Wilson et al. 2013) and 

5000-4000 yrs BP in the Flow Country in far northern 

Scotland (Gear and Huntley 1991; Moir et al. 2010 – 

Figure 1).  

 

Pollen records cannot detect complex fine-scale spatial 

and temporal differences. It is hypothesised that  
Figure 1:  known macro sub-fossil pine sites (Bennett 2005). Red boxes: 

areas (Flow Country and Rannoch) (RA) denoting previous tree-ring work 

on peat based pine remnant material (Bridge et al. 1990; Gear and 

Huntley 1991; Moir et al. 2010).    : Proposed initial sampling locations; 

Loch Einich (LE) and Glen Affric (GA). More sites will be found as part of 

the project. 

 

dendrochronological evidence could better provide finer 

temporal and spatial scale environmental and climatic 

information, which is currently lacking for large areas of 

Scotland (Figure 1). This project aims to test the 

hypothesis that climate change was the main driver of 

pine woodland decline in the early-mid Holocene. To 

address this hypothesis, the project will expand the tree-



  

ring peat bog-pine sub-fossil network as recent studies 

have successfully created crossdated chronologies 

(placed in time using radiocarbon dating) from subfossil 

wood extracted from high-elevation blanket peatbog 

sites in the Highlands (Moir et al. 2010; Wilson et al. 

2013). Although remnant pine material is found 

throughout northern Scotland (Figure 1), 

dendrochronological dating and chronology 

development can only be successful if samples are taken 

from the stem of preserved dead trees, rather than low 

down near or within the root stock as was done by 

Bridge et al. (1990) and Gear and Huntley (1991).  

 
Figure 2: Remnant pine forest from upper Glen Einich (500 masl). This 

forest existed from ca. 7800-6800 yrs BP. 

 

Dr Wilson (St Andrews) has identified two sites in 

western Glen Affric and the NW Cairngorms (Loch 

Einich) where many exposed trees (with well-preserved 

stem material) have been exposed from eroded peat 

hags (Figure 2). Such high elevation bog pine sites 

represent marginal environments where pine growth 

would have been especially stressed by climatic and 

associated environmental changes (both through changes 

in temperature and water table levels). Creating well 

replicated tree-ring chronologies from such sites, along 

with spatial mapping and detailed stratigraphic profiles, 

will enable the testing of the climate-induced decline 

hypothesis more comprehensively than has hitherto 

been performed. Modern living bog pine sites will also 

be sampled to assess the current response of such 

woodlands to climate change. 

The proposed PhD research aims to: 

1. Identify bog-pine sites (that would have been at 

the marginal edges of the maximum extent of 

the early-mid Holocene pine woodlands) where 

large amounts of well-preserved pine trees have 

been preserved in peat deposits at high elevation 

(> 300-600m) allowing the development of well 

replicated tree-ring chronologies. Two excellent 

sites have already been identified (Figure 1). The 

few rare living bog pine sites will also be 

sampled to provide modern analogues. 

2. Undertake detailed mapping and sampling of at 

least 50 sub-fossil pine stems for a sub-set of 

sites with appropriate stratigraphic assessment 

of peat profiles. 

3. Build living and floating (placed in time using 14C 

dating) ring-width (RW) and blue intensity (BI – 

Rydval et al. 2014) chronologies using 

dendrochronological techniques. RW and BI 

provide different climatic information (summer 

temperatures and water saturation of the soil) 

from which it may be possible to elucidate 

periods of low growth related to either cold or 

wet conditions. 

4. Complement these few detailed sampled sites 

with a cross-Scotland network of temporal 

“snap shot” sites where remnant pine material 

has been found (Figure 1), but which might not 

provide enough stem material to allow the 

development of robust tree-ring chronologies. 

These samples could still be dated using 

radiocarbon methods, to identify periods when 

pine woodland existed in these locations. 

5. Explore possible mechanisms behind woodland 

decline through the early-mid-Holocene 

optimum using the temporal distribution of the 

dated remnant sub-fossil material, the climatic 

information gleaned from these tree-ring 

records, and palaeoclimate reconstructions from 

further afield across the northern Atlantic realm.  

 
Methodology 
Suitable high-elevation blanket peat bog sites will be 

identified throughout the Highlands. Hiking and 

mountain biking will provide the main method of site 

identification although remote sensing and aerial 

photographs will facilitate the search. Preliminary field 

surveys have already identified two excellent candidate 

sample locations in the NW Cairngorms and the upper 

western end of Glen Affric for the development of well 

replicated tree-ring chronologies. Other promising sites 

have been also been found in Abernethy (NE 

Cairngorms), Mar Lodge (S Cairngorms) and Alladale 

(Northern Highlands). Due to the labour intensive 

nature of tree-ring chronology development, the project 

will focus on the development of detailed well replicated 

chronologies from a sub-set of locations, while more 

broad spatial information will be gleaned from 

radiocarbon dating multiple sites (2-3 samples per sub-

fossil horizon) around the Scottish Highlands (Figure 1). 

Living bog pine sites are already known and can be easily 

sampled. 

For chronology development at each of the main sub-

fossil sites, disks will be cut using a chainsaw from at 

least 50 subfossil trunks. Samples from living trees will 

be taken with a 5mm increment corer. These will be 

slowly air dried, sanded and polished and RW and BI 

measured to allow crossdating between trees. Within 

site dating of the chronologies will be undertaken by 

statistical cross-matching between individual RW and BI 

series as well as to chronologies developed in other 



  

regions (Wilson et al. 2013). The sub-fossil chronologies 

will also be anchored in time by radiocarbon dating.  

Living bog-pine sites (e.g. Abernethy, Inshriach, Monadh 

Mor on the Black Isle), although very rare, will be 

sampled to allow for the development of a modern 

calibration analogue for dendroclimatic reconstruction 

of the sub-fossil material. 

To place this detailed work in a wider geographical 

context, the distribution of sub-fossil pines from regions 

spanning the Highlands will be mapped and dated with 

range finder radiocarbon dating. Although 25 carbon 

dates are budgeted within this RTSG application, further 

funds will be sought through application(s) to the NRCF 

steering Committee. All three supervisors will help the 

student in writing these applications to increase the 

chance of success. A further 50 radiocarbon dates will 

ensure project success in gleaning robust spatial 

information across Scotland.  

The dated remnant pine material will be mapped and 

analysed using ArcGIS to gauge spatial and temporal 

trends. Secondary data (pollen, peat ‘wetness’ and 

geochemical lake-sediment proxies) will be utilised to 

explore possible local and regional-scale mechanisms, 

while large-scale dynamics will be assessed using 

terrestrial and marine proxy data from Greenland, 

Scandinavia and the North Atlantic. 

 
Timeline 
September 2017: (1) Fieldwork at Loch Einich. 

Preliminary samples have already been taken, but it is 

proposed that > 100 remnant trees can be sampled from 

this location; (2) Sampling of living bog-pine sites to 

provide a modern calibration data-set for dendroclimatic 

reconstruction of the sub-fossil material. 

Oct 2017 – April 2018: (1) Review and meta-analysis 

of previous palaeo-ecological studies for Northern 

Britain for the 9000-3000 yrs BP period; (2) chronology 

construction of the Loch Einich samples. 

April 2018: Phase I Application to NRCF for 

radiocarbon dates. 

May 2018: Fieldwork at western Glen Affric site. Initial 

50 samples will be taken.  

Summer 2018: (1) Search for new potential field sites 

and undertake range finder sampling; (2) chronology 

construction of the Glen Affric samples. 

September 2018: Further fieldwork – return to Glen 

Affric or new site. 

Oct 2018 – April 2019: (1) Chronology construction 

of the Glen Affric samples; (2) AMS dating of remnant 

pine samples across Scotland. 

April 2019: Phase II Application to NRCF for 

radiocarbon dates. 

Summer 2019: (1) Search for new potential field sites 

and undertake range finder sampling; (2) detailed 

chronology development of a further site. 

Oct 2019 – April 2020: (1) Further chronology 

construction; (2) AMS dating of remnant pine samples 

across Scotland; (3) final analyses bring all the different 

data sources together leading towards final write up by 

the end of 2020. 

 
Training & Skills 
Dendrochronology: Fieldwork methods including 

mapping (including GIS) and stratigraphic profiles; 

laboratory methods including crossdating and the 

measurement of RW and BI; calibration methods for 

converting tree-ring variables to estimate of 

temperature and hydroclimate. 

Radiocarbon: The candidate will receive training in 

sample pre-treatment techniques for AMS radiocarbon 

analysis, quality assurance protocols and radiocarbon 

calibration.   
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