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Opening the woods: towards a quantification of Neolithic clearance around the 
Somerset Levels and Moors 

Introduction 

Despite a long history of collaboration between palaeoecologists and archaeologists in 

Britain and Ireland (e.g. Clark and Godwin 1962; Coles et al. 1973), it is often argued that 

closer integration of palaeoecological and archaeological datasets is still required in order 

to fully interpret past landscapes (e.g. Chapman and Gearey 2000). Within the 

archaeological literature there is a disjuncture between broad interpretive interest in 

landscape (e.g. Tilley 1994; Edmonds 1999) and detailed, locally specific reconstruction 

of the settings in which Neolithic people lived. One symptom of this is that the majority 

of recent archaeological syntheses of the Neolithic period in Britain do not much exploit 

the pollen record (Bradley 2007; Thomas 2013). Vicki Cummings (2017, p. 73) notes the 

complex phenomenon of the elm decline in the early Neolithic, and touches on cycles of 

‘woodland clearance and regrowth’ in the late Neolithic (Cummings 2017, pp. 180–181), 

while Keith Ray and Julian Thomas claim both swift and extensive removal of tree cover 

in the early Neolithic (2018, pp. 72, 203). In parallel research on the chalkland of 

southern England, based on molluscan and soil analysis, there is a growing tendency to 

doubt that uninterrupted tree cover was the natural baseline at the start of the Neolithic 

(French et al. 2007; Pollard et al. 2012; Allen 2017).

Just as earlier headlines were hogged by discussions of landnám (or initial land taking and 

clearance of woodland for agriculture: Iversen 1941; 1949), the pollen record in Britain 

and Ireland currently tends to only be referenced in discussion of specific horizons, such 

as in recent debate about possible discontinuity of cereal cultivation in the later fourth 

millennium cal BC (Stevens and Fuller 2012; cf. Cummings 2017, pp. 180–181). The 

geographical scope of that particular debate also appears typical, the argument being 

conducted on the basis of country-wide syntheses. One recent account does engage with 

a wide range of evidence for the nature of Neolithic woodland, including conventional 

pollen analysis, and with local case studies (especially in Scotland, but also including a 

case study of the Somerset Levels), but the over-riding emphasis is in the end on the 

conceptual and symbolic relationships between groups of people and the wooded 

environments which they inhabited (Noble 2017). Other exceptions to the under-

exploitation of the pollen record come from Ireland, where the locations of 
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MSA revised2 v2 both AW and MJB.docx

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

https://www.editorialmanager.com/jarm/download.aspx?id=41954&guid=130fb57f-de68-4ece-87a3-5694dce63024&scheme=1
https://www.editorialmanager.com/jarm/download.aspx?id=41954&guid=130fb57f-de68-4ece-87a3-5694dce63024&scheme=1


2 

archaeological features and pollen-bearing deposits — classically peat — more often 

coincide, especially in the north-east, the centre and the west, as in the study of the Ceíde 

Fields (Molloy and O’Connell 1995; Whittle et al. 2011). Interpretation of radiocarbon-

dated pollen diagrams has also been part of the Cultivating Societies project in Ireland 

(Whitehouse et al. 2014), though that too has tended to operate at a high level of 

synthesis within a fairly broad chronology, focusing on specific horizons such as the elm 

decline.  

Vegetation reconstruction from pollen analysis presents its own challenges, since each 

pollen record reflects a sample of the vegetation present in and around the sediments 

sampled within a variable spatial area (see e.g. Hellman et al. 2009).  The majority of 

reconstructions are based on qualitative or semi-quantitative interpretation of individual 

site records, which are usually located where the ‘best’ (e.g. deepest) pollen-preserving 

sediments are found rather than at the location of contemporary human activity, or large-

scale, based on the aggregate patterns that emerge when many pollen records are 

combined (e.g. Grant et al. 2011; Woodbridge et al. 2014). Even where pollen studies are 

undertaken in close proximity to, or in conjunction with, archaeological investigations, 

the diverse theoretical and methodological underpinnings of both disciplines mean that 

we need to formulate and employ different approaches, models and ways of working to 

achieve integration between them (Perry et al. 2016). The approach employed here 

provides one method for scaling up from single-site palaeoecological records to full 

landscape reconstructions, addressing the issue of pollen sampling sites rarely being 

located near to areas of contemporary human activity. 

From the earliest discussions of landnám in Scandinavia, Neolithic impact on land cover 

in north-west Europe as a whole, including Britain and Ireland, has been framed in terms 

of replacing tree cover with open vegetation. Openness, mainly identified in pollen 

records through rising proportions of non-tree pollen types or increases in pollen from 

plants of disturbed, open or farmed habitats (anthropochores or Anthropogenic 

Indicator Species; e.g. Behre 1981), is sometimes treated as a proxy for levels of human 

population or intensity of activity, although interpretation of this signal is not clear-cut. 

Tree-free areas within wooded landscapes can occur due to natural processes (e.g. wind-

throw, flooding, lightning strikes, disease), and there has been considerable recent debate 

regarding the role that large herbivorous mammals such as bison, elk and aurochs may 
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have played in the formation and maintenance of clearings in the early Holocene 

‘wildwood’ (e.g. Vera 2000; Svenning 2002; Mitchell 2005; Whitehouse and Smith 2010). 

Clearings can also be formed by human activity which could be deliberate (e.g. ring-

barking, felling), or as an unintentional consequence of other activity (e.g. introduction of 

grazing animal species such as sheep, which tend to suppress tree regeneration). 

Naturally formed clearings may also be exploited by humans for grazing of sheep/goats, 

cattle and pigs and as a source of food, fuel and building materials. Natural gaps in 

woodland canopy are recolonised by trees through successional processes over multiple 

decades, although some natural disturbance events may slow down this process (e.g. fire, 

or the presence of large herbivores like deer or aurochs). Human activity in both natural 

and created clearings can also extend the length of time taken for recolonisation to occur 

via mechanisms such as repeated re-felling of natural regrowths or control of the 

movement of domesticated herbivores. In addition, prehistoric activity could occur in 

one location over a long period of time, or move within the landscape over relatively 

short timescales, creating a mixture of actively exploited clearings and areas of woodland 

regeneration. In this paper, we follow the terminology proposed by Tony Brown (1997), 

using the term ‘clearings’ for openings in the woodland canopy regardless of the cause of 

that opening, and the term ‘clearance’ for those clearings where human agency is actively 

involved, directly or indirectly, in their creation or persistence. 

Palaeoenvironmental data are critical for assessing the presence of clearings within 

prehistoric woodland, as well as the overall degree of openness of the landscape, and 

much recent palaeoenvironmental work has attempted to test the ‘Vera hypothesis’ that 

proposes a relatively open structure for the early Holocene ‘wildwood’ in north-west 

Europe (e.g. Mitchell 2005; Whitehouse and Smith 2010; Smith et al. 2010). These 

studies did not attempt to quantify the level of openness, however, and whilst earlier 

research programmes using pollen records to explore the landscapes of human 

settlement assumed that the proportion of non-arboreal pollen types (NAP) could be 

used as a proxy for landscape openness (e.g. Berglund et al. 1991; 1996), Sugita et al. 

(1999) used a simulation approach to show that NAP percentages give only a rough first 

approximation of the percentage cover of open land. The relationship between %NAP 

and the actual proportion of openings in the landscape near the pollen sampling site 

varies depending on the overall openness of the regional vegetation and on the 

characteristics of the location providing the record. Models of the relationship between 
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pollen signals and vegetation composition in the landscape around a sampling point (e.g. 

Prentice 1985; 1988; Sugita 1993; 1994) have been shown to enable improved estimates 

of landscape openness at different scales (e.g. Fyfe et al. 2013; Hultberg et al. 2015; 

Trondman et al. 2015), and the PAGES LandCover6k project seeks to reconstruct 

proportions of the main land cover types, including open land, for the globe at key time 

points using the Landscape Reconstruction Algorithm (LRA: Sugita 2007a; 2007b; 

Trondman et al. 2015).   

The same mathematical models have also been used to conduct ‘thought experiments’, 

using simulations of different arrangements of vegetation to investigate how, and 

whether, the pollen signal is actually affected by changes in land cover. This approach 

has been used to explore a range of archaeological landscape questions, including 

comparing possible structures of vegetation communities on Achill Island, western 

Ireland, in the earliest Neolithic (Caseldine et al. 2007), estimating the probable area of 

disturbed and open land around the early Neolithic hall at Warren Fields, north-east 

Scotland (Tipping et al. 2009), exploring the landscape setting of rock art (Hjelle and 

Lødøen 2017), and investigating the changing spatial sensitivity of pollen records at 

different points in prehistory in Sweden (Hellman et al. 2009).  

Comparing the modelled pollen signals from different landscape arrangements can also 

be used on a larger scale to reconstruct past land cover, and this method is termed the 

Multiple Scenario Approach (MSA: Bunting and Middleton 2009; Bunting et al. 2018). In 

the MSA, spatial grids defining known past environmental constraints for a particular 

landscape are combined with simple ecological principles in a probabilistic manner (e.g. 

oak does not occur above 700 m altitude, and so the probability of oak occurring in 

woodland below this altitude in different proportions is calculated) to generate a large 

number of possible land cover maps. Pollen assemblages are simulated for each map and 

then compared with actual pollen assemblages recovered from that landscape to 

determine which of the possible maps produces a pollen signal closest to the one 

produced by the actual past landscape (see Supplementary Information S1 for more 

information). 

This research was undertaken within a major project, The Times of Their Lives (Whittle 

2018; and see Acknowledgements), aimed at enhancing chronological precision in 
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Neolithic studies, and followed a detailed study of the early Neolithic in southern Britain 

(Whittle et al. 2011). We set out to use the Somerset Levels and Moors to investigate the 

potential and limits of pollen records as a tool for identifying the locations and intensity 

of past impacts on the landscape, specifically by quantifying clearance using pollen 

dispersal and deposition models within the MSA framework. 

The Somerset Levels and Moors were selected as an example where a landscape-scale 

approach could be applied to both archaeological remains and pollen studies, with an 

emphasis on probabilistic modelling not only of archaeological and sediment 

chronologies, but also of past land cover. The dynamic nature of the wetlands adds an 

extra layer of complication to reconstructing dryland vegetation from the pollen record 

(e.g. Binney et al. 2005), with data only available from the Levels and Moors themselves, 

whilst human activity undoubtedly was affecting land cover in all parts of the landscape, 

including the surrounding hills.

Specifically, we aim to:

 Apply the ‘thought experiment’ approach to investigate the ability of pollen 

records collected from different types of wetland in the Somerset Levels and 

Moors to detect the presence of clearings and clearances in what was in the 

Neolithic a largely wooded landscape; 

 Use the MSA to reconstruct land cover for a series of 200-year intervals 

(‘timeslices’) covering the period 4200–2000 cal BC using existing pollen 

assemblages from multiple locations; 

 Compare reconstructed changes in land cover, with a particular focus on 

clearings and clearances, to archaeological evidence for contemporary Neolithic 

human activity in the landscapes of and around the Somerset Levels and Moors; 

 Demonstrate the potential of models of pollen-vegetation relationships to 

improve the integration of archaeological and palynological studies, and the value 

of considering a regional spatial scale in studies of prehistoric human activity in 

the landscape. 

We begin with a summary of previous research in the Somerset Levels and Moors, 

before presenting Bayesian chronological models for the archaeology of the region to 

enable comparison of the archaeological and palaeoenvironmental data. We then apply a 
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‘thought experiment’ approach to investigate the potential of pollen records from the 

Levels and Moors to detect the presence of clearings in the largely wooded surrounding 

dryland landscape, before using the MSA to estimate the scale of clearance associated 

with human activity in the region over the period from 4200–2000 cal BC. Finally, we 

discuss the implications of our findings for interpretation of human activity in the 

Somerset Levels and Moors and further afield, and the potential for closer integration of 

archaeological and palaeoenvironmental data in future studies. 

Study area and previous research 

The Somerset Levels and Moors (Figure 1), one of England’s largest lowland wetland 

areas, consist of extensive floodplain deposits in the valleys of the present Rivers Axe, 

Brue, Yeo, and Parrett in central Somerset covering an area of 650km2. The inland peat-

dominated ‘Moors’ and the coastal clay belt or ‘Levels’ are surrounded by high ground, 

to the north the Mendip Hills, to the south the Blackdown Hills and to the west the 

Quantock Hills. The Polden Hills, an outcrop of Permo-Triassic to Lower Jurassic rocks 

(Green 1992), essentially divide the area into southern and northern zones. More than a 

hundred ‘islands’ that rise above the floodplain are found within the valleys and have 

attracted humans throughout the Holocene. 

The Levels and Moors have seen extensive archaeological and palaeoecological 

investigations over more than a century (Brunning 2013, pp. 8–15). The first 

palynological studies undertaken within the Somerset Levels were by Gunnar Erdtman 

(1928, pp. 152–153), focusing on arboreal pollen contained within the peat layers at 

Highbridge, Cossington and Meare Lake Village, Shapwick. Following the work of 

Erdtman, palynological research on the Somerset Levels and Moors aimed to reconstruct 

the development of later prehistoric vegetation and environment and understand the 

influence of relative sea-level change (Godwin 1941; 1960).

Environmental studies undertaken as part of the Somerset Levels Project (SLP) from 

1973–1989, along with a well-funded programme of radiocarbon dating, resulted in the 

recognition of localised Neolithic clearance on the sandy islands of the Burtle Beds 

(Coles et al. 1973), together with the publication of the ‘classic’ vegetation sequence for 

the region during the Neolithic and Bronze Age (Beckett and Hibbert 1978). Integration 

of environmental specialists with archaeologists was a central tenet of the SLP, enabling 
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the environmental setting of the excavated wooden structures to be reconstructed and

landscape development from the late Mesolithic onwards investigated (Coles and Coles 

1986; Coles 1989). Environmental reconstructions of the settings of archaeological sites 

such as Glastonbury Lake Village (Housley 1988; Aalbersberg and Brown 2011; Hill et al.

2019) or as part of developer-funded projects (Tinsley 2000) have characterised more 

recent work, together with investigations along the coastal fringe of the Severn Estuary 

(Druce 2000; Sturt et al. 2016). Since the end of the SLP only a handful of sites have 

been investigated within the Levels and Moors, with most funded research concentrating 

on how to manage the threatened resource (Brunning 2013).

Spatial and temporal resolution of reconstructions of the landscape that prehistoric 

people would have inhabited has for the most part not improved since the late 1970s, a 

notable exception being the well-dated and close pollen sampling resolution undertaken 

on a monolith from close to the southern terminal of the Sweet Track (Wells et al. 1999). 

This has been due to an overriding interest in focusing on the palaeogeography, in 

particular the timing and extent of marine influence on the Somerset Levels and Moors 

(Aalbersberg 2000; Aalbersberg and Brown 2011; Haslett et al. 2001), and the relatively 

small numbers of radiocarbon determinations obtained from sediment sequences. 

Archaeological chronological modelling 

The archaeological chronologies included in this paper are based on a review of 116 

radiocarbon measurements on archaeological samples (Table S2a) and tree-ring dates for 

four structures (Table S2b, Hillam et al. 1990). We have considered all dating evidence 

associated with sites that cover the later fifth to the later third millennium cal BC in the 

Somerset Levels and Moors. This covers a total of 41 archaeological structures or sites.  

The archaeological chronological modelling has been undertaken using the program 

OxCal v4.2 (Bronk Ramsey 2009) and IntCal13 (Reimer et al. 2013). The archaeological 

chronological models are described in the Supplementary Information (S2), and are 

defined exactly by the brackets and OxCal CQL2 keywords on the left-hand side of the 

technical graphs (http://c14.arch.ox.ac.uk/). The posterior density estimates output by 

the model are shown in black, with the unconstrained calibrated radiocarbon dates 

shown in outline. The other distributions correspond to aspects of the model. For 

example, build_structure_16 is the estimated date when Structure 16 at Walpole was 
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constructed (Figure S2b). In the text and tables, the Highest Posterior Density intervals 

of the posterior density estimates produced by the models are given in italics, followed by 

a reference to the relevant parameter name and the figures in which the model which 

produced it is defined. Key parameters for the chronology of human activity are listed in 

Table S2c.

Formal modelling of the ages from archaeological contexts not only enables more precise 

chronologies for the dates of construction of individual structures, but allows us to 

characterise the duration and timing of different building methods, and then to combine 

these into a much more differentiated narrative than has previously been available. Below 

we outline what we think are the key elements in that narrative (see Supplementary 

Information S2 for further detail). 

The beginning of the Neolithic in the south-west of England 

Figure 2 shows estimates for the beginnings and endings of the earliest Neolithic activity 

associated with diagnostic early Neolithic material (Whittle et al. 2011, p. 731) in south-

west England from sites other than enclosures, together with estimates for the currency 

of other material (e.g. pits, human bone and domesticated animals) dated to the fourth 

millennium that was not associated with diagnostic early Neolithic material (see Figures 

S2o–S2s for models from which this summary is derived). Structures built on the 

Somerset Levels and Moors have been modelled along with other material dated to the 

fourth millennium (Phase 1Other Context) as, apart from the Sweet Track, none are 

associated with diagnostic early Neolithic material. 

It thus seems probable that the Levels and Moors were utilised from the very earliest 

Neolithic in the south-west (3975–3805 cal BC (95% probability; start_Neolithic_settlement; 

Figure 2), probably 3890–3805 cal BC (68% probability)) and that their exploitation 

continued after the first enclosures were constructed in 3735–3650 cal BC (95% 

probability; first_SW_enclosure; Figure 2), probably 3700–3660 cal BC (68% probability).

Activity through the Neolithic in the Somerset Levels and Moors 

Figure 3 is a schematic diagram summarising the estimated dates for the building of 

structures across the Somerset Levels and Moors from 4400–2000 cal BC. The 

1 Text in Courier denotes OxCal CQL2 keywords (http://c14.arch.ox.ac.uk/).
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horizontal bars represent the probability that a particular structure was built in a 

particular 100-year period (light shading is less probable, darker shading more probable). 

These distributions have been taken from the models defined in Supplementary 

Information S2. 

Architectural practices

Figure 4 summarises the model for the construction and use of tracks made of timber, 

roundwood/brushwood and hurdles respectively. The first structures to be built were 

timber tracks (77.5% probability) in use from 4065–3835 cal BC (95% probability; 

start_timber_tracks; Figure 4), probably 3915–3835 cal BC (68% probability). Construction 

using roundwood/brushwood and hurdles (by their nature using roundwood) probably 

began in the second quarter of the fourth millennium cal BC (Table S2d). This change in 

the use of woodland resources and in building techniques occurred some centuries after 

the first timber trackways were built. The construction of brushwood tracks may have 

ended before that of tracks built using hurdles (Figure 4). Overall, the picture suggested 

by the trackway and other archaeological evidence is of sustained use of the Levels and 

Moors through the Neolithic, century after century (cf. Coles and Coles 1992), but it is 

difficult using that evidence alone to get at possible variation in the intensity of land use 

and settlement, apart from instances such as the Sweet Track where the preserved 

timbers suggest difference in the presence and location of primary and secondary 

woodland (Coles and Coles 1986).  

Land cover reconstruction 

All analyses described in this section were performed using the software package 

LandPolFlow (Bunting et al. 2018). Technical details are outlined in Supplementary 

Information S1. Here we focus on the decisions and assumptions which were made in 

developing the reconstructions of Neolithic land cover. 

We began by considering that, before historic and modern drainage, the Somerset Levels 

and Moors could be broadly divided into two parts: a wetland landscape which was at 

least seasonally waterlogged and supported vegetation with a distinctly hydrophilic 

character, and a dry landscape which was reasonably well drained, occurring both on 

topographic ‘islands’ within the wetland area and on the surrounding hills. We assumed 

that the wetland landscape supported a complex of different types of wetland: in the 
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western Levels where tidal influences were dominant, saltmarsh, reedswamp and 

mudflats; in the eastern Moors, floodplain and carr wet woodlands; and that there was 

mixed deciduous woodland on the dryland areas (see Figure 5). The modelled 

distribution of wetlands was highly simplistic compared to a real dynamic wetland, and 

constrained in part by the modern distribution of sedimentary units of wetland character, 

partly due to a lack of robust information about the palaeogeography of the landscape.   

Changes in relative sea-level significantly altered the palaeogeography of the study area 

during the early and mid-Holocene, and Neolithic human activity occurs during a period 

of reducing rates of relative sea-level rise coupled with higher sediment aggradation rates 

including peatland expansion. However, a lack of sea-level reconstructions that take 

account of aggradation rates restricted us to using modern coastline position throughout 

the study period. Modern sea-levels were attained around 4000 cal BC (e.g. Shennan and 

Horton 2002; Sturt et al. 2013), and we therefore began land cover modelling with the 

timeslices that bracket this date, using 4200–4000 cal BC as our baseline. 

The lack of detailed palaeogeography also affects our reconstruction of the distribution 

of wetland vegetation communities. We used the modern surficial geology; where the 

deposits are mapped as peat, wet carr woodland was placed, and where they are mapped 

as alluvium, floodplain woodland was placed. Where they are mapped as Holocene tidal 

sediment, beach deposits or sand, pixels were allocated to either bare mud, marsh or 

saltmarsh with a probability distribution of 0.2:0.4:0.4. All other areas above an arbitrarily 

chosen limit of 3 m asl were designated as dryland woodland.   

We then modelled the presence of clearings within the wooded areas. Natural forest tree 

canopies are not perfectly closed; as reviewed above many natural causes of clearing 

generation act within the landscape, and clearing creation and successional recolonisation 

will create a mosaic of clearings and closed canopy. Clearings may arise from multiple 

causes (e.g. Brown 1997), and for this paper, clearings were modelled simply as treeless 

areas dominated by grasses with some weedy plant taxa often considered to be grazing 

indicators, although the reality would have been more complex with a variety of 

intermediate stages between full clearing and full woodland cover. This community 

therefore could be either a clearing or a clearance, if maintained by pastoral activity. 

Cultivation clearance was modelled as garden plots with cereals and associated weeds. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



11 

Full details of the data sources and processing methods used to derive the environmental 

input grids are given in Supplementary Information S1, and of the composition of each 

modelled vegetation community in Table S1a. 

Thought experiments: the palynological visibility of clearings and clearances 

First, we applied a ‘thought experiment’ approach to investigate the potential of pollen 

records collected from the sedimentary archives of the Levels and Moors to detect the 

presence of clearings and clearances in a largely wooded landscape. Thought experiments 

use the pollen dispersal and deposition model within a multiple hypothesis testing 

framework to investigate how (and indeed whether) the pollen signal changes in response 

to hypothesised differences or changes in land cover (e.g. Fyfe 2006; Caseldine and Fyfe 

2006; Caseldine et al. 2007; Tipping et al. 2009; reviewed in Bunting and Farrell 2018). 

Thought experiments support interpretation of pollen records, but do not make direct 

use of existing palynological datasets. 

Where human disturbance of vegetation is localised, the position of the sampling 

location relative to the activity has a large effect on the detectability of the activity (e.g. 

Binney et al. 2005; Bunting 2008). Pollen records are also known to be sensitive to 

variations in vegetation patterning, as well as overall land cover composition (Bunting et 

al. 2004). 

We therefore conducted two thought experiments representing contrasting Neolithic 

land use models to explore the effects on the pollen signal of both a single large 

clearance and multiple smaller clearings throughout the dryland woodland (Figure 6). It 

seems likely that Neolithic settlement would have been present on the sandy islands of 

the Burtle Beds within the Levels and Moors (Coles et al. 1973), which are still visibly 

preferred in the modern settlement patterns. Trackway construction could well have 

been partly driven by a need to travel to and from these ‘island’ settlements in addition to 

crossing the valleys or accessing the wetland resources within them. In the first thought 

experiment, we modelled a single clearance of around 72 ha on Westhay Island, 

consisting of grazed grassland with scattered small cereal plots, and simulated pollen 

assemblages at different positions in the adjacent wetland (Figure 7a). Point F is at the 

same location as the existing pollen sequence from Shapwick Heath (Tinsley 2007), and 

the remaining six are hypothetical. The type of wetland vegetation present at the 
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sampling location also affects the visibility of anthropogenic disturbance (e.g. Binney et 

al. 2005; Bunting 2008), and therefore four different types of local wetland vegetation 

were modelled (raised bog, marsh, alder carr and mixed wet woodland: see Table S1a for 

community compositions).  

Figure 7b shows the simulated proportion of anthropogenic indicator pollen types 

(Plantago lanceolata, Rumex-type, and cereal pollen) at all seven modelled sampling points. 

The results show a rapid decline in the proportion of open land pollen types with 

distance from the farmed area, and that a change in local wetland vegetation can have a 

significant impact on the pollen signal without any change in the dryland vegetation. At 

the first sampling point, only 50 m from the dryland edge, the pollen signal ranges from 

6.2% anthropogenic indicator taxa in raised bog vegetation to 2.8% in wet woodland, a 

more than two-fold difference. The ‘palynological visibility’ of human activity in 

sedimentary records depends on multiple factors, especially the number of pollen grains 

counted by the analyst in each sample, but the lower the proportion of pollen types of 

interest (e.g. anthropogenic indicator taxa), the harder it is to confidently identify a signal 

of deliberate activity as distinct from the background levels of presence of those taxa in a 

natural landscape. 

This thought experiment shows that where human disturbance is localised, the position 

of the sampling location relative to the activity has a large effect on the detectability of 

the activity, as expected (e.g. Binney et al. 2005; Bunting 2008). The type of wetland 

vegetation present at the sampling location also affects the ‘palynological visibility’ of the 

disturbance, emphasising the importance of structuring pollen record interpretation by 

first identifying the local sediment-forming environment via pollen and other proxies 

(e.g. plant macrofossils and insect remains) before reconstructing land cover in the wider 

landscape.   

Since this first thought experiment showed that sequences located towards the middle of 

wetland deposits do not record a strong signal from a localised area of human activity, 

but most well dated sequences from the study area come from locations with deep 

deposits well away from the dryland edge, we conducted a second thought experiment to 

explore the sensitivity of such records to changes in the wider landscape. 
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The second thought experiment therefore explored the pollen signal of scattered 

clearings in the dryland woodland across the whole landscape in the sediments of a 

centrally located sampling site with local alder carr vegetation (point E on Figure 7a). A 

large number of landscapes were modelled using different sizes of clearing to simulate 

different land use scenarios from small scattered glades to smaller and larger occupation 

sites, both more dispersed and more clustered, as well as different total numbers of 

clearings.  

Figure 8a shows the simulated pollen signal of dryland woodland clearings in this central 

sequence. The mean percentage of anthropogenic indicator pollen taxa increases with 

increasing numbers of clearings, but the variation in pollen signal for a given percentage 

of clearings in the landscape is great enough to show that, as Sugita et al. (1999) argued, 

inferring the proportion of clearings in a landscape from a single pollen sampling 

location is not possible. The pollen signal is strongly affected by the location of the 

clearings, as well as by the amount of cleared land, and pollen records are known to be 

sensitive to variations in vegetation patterning as well as overall land cover composition 

(Bunting et al. 2004). 

Figure 8b shows that the variability seen is largely driven by scenarios with a small 

number of larger clearings, with variability reducing if the landscape is organised into 

smaller cleared units or multiple small gardens or grazed clearings. In a sequence with 

closely spaced pollen samples giving decadal temporal resolution, the variability of 

anthropogenic indicator pollen taxa may therefore provide some insight into landscape 

organisation, but when pollen assemblages are averaged into 200-year timeslices for 

reconstruction, the landscape organisation may have changed multiple times during those 

200 years, reducing the variability of the pollen signal at any one location.   

Applying the MSA to infer variation in the proportion of woodland clearings and potential clearance 

through the Neolithic 

Secondly, we used the MSA to obtain initial estimates of variation in the proportion of 

woodland clearings over the period 4200–2000 cal BC, and thereby to infer the possible 

scale of clearance associated with Neolithic activity in the region. We began by collating 
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pollen records and associated radiocarbon dates2 from the region and grouping pollen 

data into a series of timeslices.  

Radiocarbon measurements on 138 macrofossil or peat samples and six luminescence 

ages from 28 palaeoenvironmental sequences were used to construct 26 age-depth 

models. Small numbers of radiocarbon measurements from long sequences result in low 

resolution chronologies, especially for samples located between radiocarbon 

measurements, for which the age has to be estimated through interpolation. For the 

purposes of land cover reconstruction the study period was divided into equal-sized bins, 

which we refer to as ‘timeslices’. Given the available data (Table S3a), our timeslices are 

at a relatively coarse resolution of 200 years. Age-depth models (see Supplementary 

Information S3 for full details) for the 26 sequences listed in Table 1 were derived from 

Bacon (Blaauw and Christen 2011) using IntCal13 (Reimer et al. 2013). Bacon is Bayesian 

age-depth modelling software used to reconstruct accumulation histories for deposits by 

combining scientific dates with prior information. For each pollen sequence, all samples 

falling within a particular timeslice were identified, and the pollen percentages summed 

and averaged to provide a single pollen assemblage for each 200-year timeslice. Only sites 

with pollen assemblages dating to the relevant timeslice were included in the modelling 

of that slice, and therefore each timeslice used a slightly different set of pollen records 

(ranging from seven to 16 different locations: Table 1). The median age estimates for 

depths with pollen samples were used to assign pollen data to one of the eleven 200-year 

timeslices covering the period from 4200–2000 cal BC (Table 1). For the two sequences 

without age-depth models pollen samples were assigned on the basis of radiocarbon 

dates obtained from the same depth in their individual sequence.

For the first stage of landscape reconstruction for each timeslice, a very wide range of 

possible levels of clearings (0–100%) and of local wetland conditions was considered, 

producing 11,264 landscape scenarios in combination. Full details of the modelling 

strategy are given in Supplementary Information S1. Goodness-of-fit scores between 

2 None of the pollen data was archived with the European Pollen Database (EPD):  
http://www.europeanpollendatabase.net/index.php). Pollen count data for 19 sequences were available 
from analysts and for nine sequences data were recovered by ‘reading’ from published diagrams. To ensure 
that loss of pollen data does not occur it is imperative that it should be archived within a suitable 
repository such as the European Pollen Database. At present data from only 96 radiocarbon dated 
sequences from locations within the UK are archived with the EPD, representing <4% of dated UK pollen 
sequences (see Grant and Waller 2017).
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simulated pollen assemblages and actual pollen assemblages for each site were used to 

identify the best-fit range of local wetland vegetation conditions independently for each 

pollen site. Summed goodness-of-fit scores for all pollen sampling sites were used to 

estimate the best-fit range of proportion of clearings in both sets of woodland landscape 

scenarios (clearings in dryland woodland only or in all woodland). 

These then formed the basis of a second stage, where we tested timeslice-specific sets of 

scenarios with each site having different local wetland conditions (determined from the 

best fits for each site from the first stage), using 5% increments of the proportion of 

woodland clearings within the best-fit range previously identified. At this stage we tested 

multiple repeats of each scenario to ensure that we took into account variations in pollen 

signals at particular sites due to the random placement of clearings, since pollen records 

are known to be sensitive to variations in vegetation patterning as well as overall land 

cover composition (Bunting et al. 2004). 

During examination of the results, it was clear that the reconstructed proportion of 

clearings varied between the different pollen sites, with a higher proportion of clearings 

generally inferred from sites closer to the coastline. We suggest that this may reflect our 

poor understanding of landscape palaeogeography, since a small change in coastline 

position or the altitudinal limit to dryland woodland would have a marked effect on the 

distribution of the open wetland communities found near the coast, which have pollen 

types in common with clearings. In addition, changing sea-level will have been 

accompanied by shifts in the structure and composition of vegetation communities 

throughout the wetland landscape, as changing base levels altered the flooding regime in 

the river valleys and across the Moors. Sea-level was likely established at modern levels 

by around 4000 cal BC (e.g. Shennan and Horton 2002; Sturt et al. 2013) but the 

uncertainty on its actual position in our 200-year timeslices is high, and imposes potential 

errors on this reconstruction exercise. Figure 9a shows an example of a good-fit land 

cover map for the timeslice 3800–3600 cal BC (examples for all 11 timeslices are shown 

in Supplementary Information S1). 

Results in the form of a single estimate of proportion of clearings in the woodlands were 

extracted in two different ways. First, we identified the best-fit scenario for each 

individual site in turn for a specific timeslice, noted the proportion of clearings in that 
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scenario, and then took the mean across all the sites in that timeslice. This approach 

emphasises the conditions in the local area around each pollen sampling locality, and 

therefore is likely to reflect the proportion of clearings in the Levels and Moors and at 

their margins. Second, we took the mean of the proportion of clearings in the scenarios 

with the best overall fits (based on the sum of goodness-of-fit scores across all the 

included pollen sites) for each timeslice. This approach puts more emphasis on the 

whole-landscape reconstruction, and therefore is likely to mostly tell us about the 

amount of clearings in the wider wooded landscape around the Levels and Moors. 

The means of the proportion of clearings required to achieve best fits at individual sites 

plotted over the study period are shown in Figure 9b and the average proportion of 

woodland clearings in the overall best-fit landscape reconstructions for each timeslice in 

Figure 9c. The landscape already contained some clearings before the start of the 

Neolithic (considered for this region as falling within the 4000–3800 cal BC timeslice; see 

Figures 2, 3 and 4). We therefore take the pre-Neolithic timeslice (4200–4000 cal BC) as 

a ‘baseline’ for natural proportions of clearings in the landscape. This baseline is 

indicated by the red line on Figures 9b and 9c. Figure 9b emphasises the proportion of 

clearings in the Levels and Moors area, and suggests that the ‘natural’ proportion of 

clearings is around 15%, whilst Figure 9c implies that the ‘natural’ proportion of 

clearings in the wider woodland landscape is around 5%. These values will include both 

woodland glades and patches of other open communities such as reedswamp and fen, 

particularly along the river channels or in the alder carr. These levels of openness are 

comparable with the 9.5% reported for old-growth deciduous forests in North America 

(Runkle 1982). Where levels of clearings in later timeslices rise above the baseline, we 

considered it possible that clearance as a result of human activity was taking place. 

Figure 9b shows that whilst the proportion of clearings in the Levels and Moors area 

varied over the Neolithic, it rarely clearly exceeds the pre-Neolithic baseline when 

considered in the surroundings of individual pollen sites. Slightly higher levels in the 

period 3800–3400 cal BC may reflect ongoing activity in parts of the wet woodland, since 

many of the pollen sampling sites were chosen for proximity to trackways and other 

wooden constructions, and there also seems to be a higher level of clearings in the 2800–

2600 cal BC timeslice. The earliest Neolithic activity in the region appears to date not 

later than to the 39th century cal BC (Figure 3). The proportion of woodland clearings in 
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the wider landscape (Figure 9c) approximately doubles at this point and persists at that 

level until 3000 cal BC, which we interpret as reflecting the addition of anthropogenic 

clearance (sensu Brown 1997) to the landscape disturbance regime, either in terms of the 

direct creation of clearings or of the exploitation of existing clearings, thereby prolonging 

their lifetime. The proportion of clearances increases after 3000 cal BC to a maximum of 

around 22% between 2800 cal BC and 2400 cal BC, followed by a decrease towards 

baseline levels for the last two timeslices. 

Discussion 

Using thought experiments to better understand the palynological visibility of clearings and clearances 

Thought experiments such as those presented here provide insights into the potential 

and limitations of pollen records. Here we have been able to show that small scale, local 

farming activity could be detected by carefully placed sampling locations, and that 

changes in the proportions of clearings in the wider landscape can be detected in an 

extensive wetland.  We have also demonstrated how changes in local wetland vegetation 

affect the sensitivity of pollen records to indicators of dryland activity.  

Thought experiments can also enable more effective targeting of resources in planning 

future palaeoecological investigations.  Given a known or inferred dryland archaeological 

site, such as a settlement or trackway landfall, simulation can determine the pollen 

sampling location most likely to record the inferred disturbance of vegetation due to 

human activity. In addition, it can also be used to construct hypothesis tests by 

determining the expected changes in the pollen record that would occur in response to 

different types of activity. For example, in the first thought experiment, samples taken 

within a few hundred metres of the archaeological activity are more capable of detecting 

changes in human land use at relatively low pollen sums than those taken at the centre of 

the wetland (often preferred when sampling as they are assumed to contain the deepest 

and therefore oldest and most complete records). Using a thought experiment approach 

to identify the most sensitive locations for pollen record retrieval in future, and ensuring 

material is dated to locate target horizons before carrying out pollen analysis, will both 

increase the likelihood of collecting archaeologically relevant data and allow for targeted 

use of palynology even in projects with limited resources.
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The thought experiment approach could be employed, for example, to test hypotheses 

regarding Neolithic settlement and localised clearance on the sandy islands of the Burtle 

Beds (Coles et al. 1973). By simulating the pollen signal of clearance on these islands at 

several possible sampling locations, the place most likely to detect such activity could be 

selected for sampling. Analysis of the pollen from this sequence would allow hypotheses 

regarding human activity on the islands to be confirmed, rejected or modified for further 

investigation.  

Variations in Neolithic land cover in the Somerset Levels and Moors 

The results of the land cover modelling show that using pollen records to interpret small-

scale human-mediated disturbances in a landscape such as the Somerset Levels and 

Moors has considerable potential and, though challenging, is feasible. The thought 

experiments showed that, although local wetland conditions can suppress the signal of 

Neolithic agriculture (Figure 7b), it is possible to detect small-scale occupation and 

activity in the records from the Levels and Moors (Figure 8a), and that the hypothesised 

shifting nature of clearances associated with early agriculture actually increases their 

visibility in the pollen record (Figure 8b). Vegetation reconstruction using the MSA 

shows a clear increase in woodland clearings in the wider landscape (Figure 9c) of up to 

17% above the pre-Neolithic baseline during the Neolithic, which we interpret as a sign 

of anthropogenic clearance. Some of these clearances may be associated with woodland 

management, since analysis of wood used to construct the trackways shows changes in 

wood age structure indicative of coppicing (Coles and Coles 1986; 1992), and others with 

dryland agriculture in the form of grazing animal management or cereal cultivation. 

It is important to emphasise that while previous studies clearly did not neglect questions 

of the scale of human activity and clearance, wider inferences have often been limited. A 

review of research on the Sweet Track, for example, noted once again the difference in 

the age of oaks used in construction, which suggested exploitation of areas of both 

primary and secondary woodland, and stressed the brevity of activity in a context 

seeming to lack direct evidence of cereal cultivation (Coles and Brunning 2009, pp. 25, 

28, 31); an earlier estimate was of the use of at least 500 trees for the rails which underpin 

the trackway (Coles and Coles 1986, p. 63). One major conclusion was of ‘shifting small-

scale clearance of the primary woodland’ (Coles and Brunning 2009, p. 31), but this was 

not further quantified. Another review had gone a little further, but even then in very 
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broad-brush terms, contrasting ‘a healthy, well established human occupation of the area 

in the Early Neolithic’ and ‘a period of forest clearance on the dryland’ with a ‘decrease 

in pollen evidence for forest clearance and farming’ at the turn of the fourth millennium 

cal BC, followed in the middle centuries of the third millennium by ‘a picture of forest 

cover on the drylands fringing the Levels, but clearance and farming on the islands in the 

middle of the raised bog’ (Coles and Coles 1992, pp. 30–31; cf. Coles and Coles 1986; 

Noble 2017, pp. 131–132).  

Whilst the reconstructions presented here support the model of increased clearance of 

the dryland woodland from the early Neolithic (see Figure 9c), the timing of increases 

and decreases is offset from previous reviews. Our reconstructions show the highest 

levels of clearance at the start of the third millennium cal BC, with a decrease towards 

the end of this millennium. These differences may partly be due to the different spatial 

scales considered. More recent research still, detailed and concentrated on a series of 

local situations, has been focused on the Mesolithic and the Mesolithic-Neolithic 

transition, with indications from local pollen evidence of some early Neolithic activity on 

both the Burtle Beds north and south of the Polden Hills, including at Shapwick close to 

the southern end of the Sweet Track (Bell 2015, p. 143), but again the scale of early 

activity has not yet been specifically quantified, beyond the generalisation that it was 

probably ‘rather smaller scale clearance with limited or equivocal evidence for agriculture’ 

(Bell 2015, p. 176). The MSA reconstructions presented here offer a more nuanced 

understanding of the scale and timing of Neolithic clearance in the Somerset Levels and 

Moors. 

Comparing models of clearance with archaeological sequences 

As set out above, the limitations of the precision available for the age-depth models and 

pollen sampling intervals have meant that so far it has been possible only to reconstruct 

land cover for 200-year timeslices, even though individual archaeological sites can 

sometimes be dated much more precisely (see Supplementary Information S2). That is at 

a coarser resolution than the timescales of lifetimes and generations advocated in a recent 

study of causewayed enclosures in southern Britain in particular and of the early 

Neolithic context in general (Whittle et al. 2011), and sets a tension between differing 

kinds of temporal resolution. Earlier reviews had already noted this, stressing the 

evidence for probably discontinuous and short-lived activity on trackway construction 
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across the centuries of the fourth and third millennia cal BC (Coles and Coles 1992; 

Coles and Brunning 2009). In his paper on the temporality of the landscape, Tim Ingold 

coined the distinction between landscape and taskscape — landscape is what you can see, 

taskscape is what you can hear, and so landscape is taskscape congealed (Ingold, 1993, p. 

162). In these terms, our timeslices and MSA modelling still present landscapes, 

generalised interpretations of activity and impact, rather than the immediacy and 

variability of taskscapes which Ingold sought (and which can, perhaps, be rather vividly 

captured in specific wetland situations such as the reedswamp setting of the Sweet Track: 

Coles and Brunning 2009, p. 25). In particular, the initial centuries at the start of the 

fourth millennium in the Somerset Levels and Moors must have witnessed a whole series 

of changes in practices and tasks, but the discontinuous, short-lived nature of human 

activity will have created a succession of individual taskscapes that are currently blurred 

together in the MSA reconstructions.  

This might therefore look like a regrettable loss of resolution, but in this context may, 

paradoxically, enable wider trends to be more easily visible. The combined, synthesising 

approach presented here has the potential to develop considerably more detailed 

narratives of human activity, beyond the immediate construction and use of the 

trackways and related features such as platforms. In the first place, the MSA models 

presented here offer a fuller narrative for land use around the Levels and Moors 

themselves. One of the most striking trends is the seeming contrast between the differing 

scales of trackway activity on the one hand and of wider clearance on the other (Figure 

10). There appears to be something of an inverse correlation for much of the sequence 

between the effort invested in trackway construction and the scale of wider clearance. 

Thus the Sweet Track, with its kilometres of length and hundreds of trees felled and 

used, sits in contrast to the initial relatively small scale of Neolithic clearance activity. 

That can speak not only to the special significance of the Sweet Track itself, in 

conditions of pioneering settlement (Coles and Brunning 2009) (and also to the local 

conditions underfoot), but also to the subsequent routinisation of more modest hurdle 

and brushwood trackways, more easily and less laboriously assembled, part by part, from 

the products of a managed and established more open landscape including coppiced 

stands, in a wider setting with a greater extent of clearance, suggested for example for the 

timeslices following 3800 cal BC. Is it then just coincidence that a heavier form of 

trackway construction as seen in the Abbots Way recurs in the middle of the third 
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millennium when the MSA reconstruction for the timeslice 2600–2400 cal BC suggests 

again less open local conditions, as suggested by Figure 9b? Perhaps in some way the 

more heavily built trackways served to create more explicit signaling about social 

connections in less open settings, if they are not, again, to be seen as a response to purely 

local conditions of wetness. 

Our models for the Somerset Levels and Moors also prompt useful comparisons and 

contrasts with neighbouring regions across southern Britain, both in specific situations 

and in terms of possible general trends, in an archaeological landscape in which definable 

occupation sites are scarce and their accompanying material culture chronologically not 

very sensitive. The practice of settlement must have varied (Pollard 1999), but it has 

proved recurrently difficult to get at not only the timing but also the scale of activity. 

Thus for the area around the great enclosure complex at Hambledon Hill, Dorset, to the 

south of the Somerset Levels and Moors, the tentative conclusion (given the challenges 

of finding suitable evidence in the chalkland setting) was that ‘major clearance’ did not 

take place until the Beaker period (Bell et al. 2008, pp. 450–452). Around Avebury, north 

Wiltshire, again in a chalkland setting and based on varied sources of evidence including 

molluscan analysis and soil studies, a series of broad timeslices (4200–3700 cal BC; 3700–

3400; 3400–3000; 3000–2600; 2600–2200; and 2200–1600, and later) serve to define a 

shifting mosaic of continuing clearance and activity, with some local regeneration at 

intervals (Gillings et al. 2008, figs 5.5–5.10), though in a landscape now regarded as 

probably not having dense woodland as its initial baseline (Pollard et al. 2012; Allen 

2017). On a smaller spatial scale, but again over quite broadly defined phases (‘earliest 

Neolithic’; ‘early’; ‘middle’: c. 3300–2900 cal BC; ‘late’: c. 2900–2450 cal BC), detailed 

reconstructions of the gradually extending scale of local clearance have been offered 

(using very varied sources of evidence) for the valley bottom setting at Yarnton, 

Oxfordshire (Hey and Robinson 2016, figs 2.4, 2.6, 2.8, 2.10); the local picture is of 

small-scale activity, with openness only gradually extending through time. Finally, at 

Haddenham, Cambridgeshire, reconstruction of the setting of the long barrow and 

enclosure was aided by pollen analysis from a palaeochannel of the Great Ouse, which 

suggested early clearance and cultivation, and relatively open conditions thereafter 

(Evans and Hodder 2006; Peglar 2006). By comparison, and allowing for variation from 

place to place, the models given in this paper for the Somerset Levels and Moors do 

offer a more detailed view of change right through the sequence.
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From an even broader perspective, suggested beginnings for Neolithic activity in the 

Somerset Levels and Moors by the 39th century cal BC conform with the wider picture 

for the initial development of the Neolithic suggested by Whittle et al. (2011), and the 

increase in woodland clearance in the 3800–3600 cal BC and 3600–3400 cal BC 

timeslices matches the scale of monument construction — first long barrows, then 

causewayed enclosures and finally cursus monuments — evident in southern Britain 

through those times. It is frustrating, however, to not yet have sufficient precision to 

examine whether these changes also reflect shorter-lived trends in activity such as the 

suggested ‘surge’ in new practices which precedes and accompanies the first appearance 

of causewayed enclosures in central-southern England in the early part of the 37th 

century cal BC (Whittle et al. 2011, fig. 14.182).  

Our models also potentially contribute to better understanding of other, later, suggested 

trends. Locally, in the Levels and Moors themselves, the later fourth millennium picture 

(Fig. 9b) conforms to the reduced activity connected with cereal production suggested 

widely elsewhere (Stevens and Fuller 2012, p. 714: with a start date suggested at c. 3350 

cal BC), but the trend is less clear at the wider regional scale, though there is again a 

reduction in clearings in the 3200–3000 cal BC timeslice. Clearings increase again in the 

3000–2800 cal BC timeslice, and the greatest proportion of clearance in the wider 

landscape occurs in the 2800–2600 cal BC and 2600–2400 cal BC timeslices (though not 

locally, as noted above). The latter also sees both major construction and cultural 

changes in the Stonehenge area, for example, so this perspective from the Somerset 

Levels and Moors offers an insight into both local and regional variations and 

convergences. 

Finally, our case study here also prompts initial comparison with other parts of Britain, 

with Ireland and with selected regions of the adjacent continent. Estimates of openness 

generated by applying the LRA (Sugita 2007a; 2007b) to groups of pollen sites in selected 

regions of the UK (Fyfe et al. 2013) are significantly higher for Dartmoor (Figure 11a) 

and North Devon (Figure 11b), the closest regions included in Fyfe et al.’s study to the 

Somerset Levels and Moors, than our estimates presented here, but show similar trends 

in terms of relative levels of openness through time. The discrepancies in scale of 

openness can probably be explained by differences in methodology and the nature of the 
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vegetation dynamics in each region. The LRA and MSA use the same mathematical 

model of pollen dispersal and deposition, but take different approaches to 

reconstruction. The LRA does not account for local on-site vegetation, which the 

thought experiments presented here show can have a large influence on detection of 

openness in the surrounding landscape. Fyfe et al. (2013) also used a different set of 

input parameters, particularly estimates of Relative Pollen Productivity, to those used 

here. The sites included in Fyfe et al.’s North Devon grouping are all situated in and 

around Exmoor, and this region, along with Dartmoor, has seen the spread of peat and 

reductions in tree cover since the Mesolithic. The baseline levels of openness for Fyfe et 

al.’s Dartmoor and North Devon regions at the start of the Neolithic are therefore likely 

to have been higher than for the Somerset Levels and Moors, and changes over the 

Neolithic set against a background of ongoing natural woodland loss and peat spread. 

The maintenance of landscape openness appears to be given up earlier in Ireland, c. 3600 

cal BC (Whitehouse et al. 2014; McLaughlin et al. 2016) than in the Somerset Levels and 

Moors, though it is interesting to note the seemingly comparable trend to reduced 

landscape openness in northern Germany in the later fourth millennium cal BC (Hinz et 

al. 2012, fig. 2; see also Diers 2018; Knitter et al. 2019), while a more complicated pattern 

is evident in the Alpine foreland (Jacomet et al. 2016). It should be the goal of future 

research to track both local variation and common trends, region by region, but that kind 

of exercise depends on rigorous modelling of local data.  

The potential for closer integration of archaeological and palynological data 

The combined modelling approaches which we have applied in this paper currently have 

substantial limitations in practice. There remain considerable challenges in terms of 

visibility, representativeness and interpretation. Even though the Somerset Levels and 

Moors contain many well preserved palaeoecological records, translating these records 

into simple measures of intensity of past human activity is problematic, both due to the 

effects of the changing local vegetation within the wetland and to the spatial arrangement 

of vegetation within the wider landscape. Not least, reconstruction of local wetland 

vegetation through detailed recording of peat stratigraphy and plant macrofossils (Birks 

and Birks 2000) along with the pollen record, and incorporation of other proxies to aid 

the reconstruction of palaeogeographies of this area of dynamic sea-level change, is 

essential to improve confidence in interpretation of pollen data from these complicated 
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systems. The MSA is explicitly designed to identify situations of equifinality, that is, 

where ecologically distinct landscapes cannot be distinguished by their pollen signals, and 

therefore to reduce the risk of over-interpretation based on informal analysis.  Since the 

approach produces spatially explicit scenarios of possible past land cover, it also has the 

potential to contribute to a more robust basis for the visualisation, or ‘virtualisation’ 

(referring to a virtual reconstruction of a past landscape that can be considered plausible 

whilst not necessarily being a true reflection of reality; sensu Caseldine et al. 2008; Fyfe et 

al. 2010), of the context of past human activity. 

On the other hand, modelling has the potential to maximise the relevance of palynology 

for archaeological questions by allowing simulation of the likely signal of particular types 

and intensities of anthropogenically driven land cover change at multiple possible 

sampling points. It can identify whether a change in the type and/or intensity of activity 

is theoretically detectable by pollen analysis and provide clear guidance on where to 

locate samples for pollen analysis relative to archaeological activity, thereby enabling 

efficient research design and the effective targeting of resources. Beyond that, the current 

study shows the value of an approach which uses robust chronologies to integrate 

evidence from both palynology and archaeology. While the archaeology of the Somerset 

Levels and Moors on its own tends to promote a view of long-term continuity in terms 

of the building of wooden structures, the palynological record contributes a more 

dynamic and varying narrative. This provides a first-order quantification of the possible 

scale of Neolithic activity in this region which, if it could be replicated elsewhere, would 

contribute significantly to a much more sensitive account of the development of 

Neolithic landscapes and settlement. None of this is incompatible with thinking about 

what woods, trees, clearings and clearances may have meant to people and implied for 

human experience during the Neolithic (cf. Noble 2017). If ‘people, plants, animals and 

the material of the earth itself all play their role in shaping and being shaped by each 

other’ (Harris and Cipolla 2017, p. 164), there is every reason to demand specific 

quantification through defined timescales of all four components of the past 

environment. This paper demonstrates how this could be done for the plant component, 

enabling us to get closer in the future to reconstructing the lived Neolithic environment.  
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O
pening the w

oods: tow
ards a quantification of N

eolithic clearance around the 
Som

erset Levels and M
oors 

Fig. 1 Study area w
ith location of archaeological sites and pollen sequences. Pollen 

sequences not used in the M
SA

 m
odelling include undated sequences and those that do 

not include sam
ples dating from

 the study period 4200–2000 cal BC

Fig. 2
Probability distributions of dates associated w

ith diagnostically early N
eolithic 

m
aterial (excluding those from

 enclosure sites), from
 enclosures, and from

 fourth 
m

illennium
 activity not associated w

ith early N
eolithic m

aterial (including structures built 
on the Som

erset Levels and M
oors). The distributions are derived from

 the m
odel show

n 
in Figs S2o–S2s

Fig. 3 Schem
atic diagram

 show
ing the periods of construction of dated structures on the 

Som
erset Levels and M

oors and the M
SA

 tim
eslices (dotted vertical lines) 

Fig. 4 Probability distributions for beginnings and endings of construction of different 
types of w

ooden structures on the Som
erset Levels and M

oors. The form
at is identical to 

that of Fig.S2b, although the tails on som
e distributions have been shortened.  The 

distributions are derived from
 the m

odel show
n in Fig.S2n 

 Fig. 5 The m
odelled N

eolithic vegetation of the Som
erset Levels and M

oors prior to the 
addition of w

oodland clearings. W
here tidal influences are dom

inant in the w
estern 

Levels, saltm
arsh, reedsw

am
p and m

udflats (all show
n in grey) w

ere m
odelled. In the 

eastern M
oors below

 3 m
 asl, floodplain (dark green) and m

ixed carr w
oodlands 

(m
edium

 green) w
ere placed, w

ith the rest of the landscape covered by m
ixed deciduous 

w
oodland (light green) 

Fig. 6 The process for thought experim
ents used in this paper 

Fig. 7a A
 series of sim

ulated coring locations in the northern part of the Som
erset 

M
oors. PointF is at the sam

e coordinates as the actual core from
 Shapw

ick H
eath 

(Tinsley
2007). The location of a hypothetical N

eolithic settlem
ent w

ith a 72
ha cleared 

area,consisting of grazed grassland show
n in yellow

 w
ith som

e garden cereal plots 
show

n in w
hite,occupies part of W

esthay Island

Fig. 7b Sim
ulated proportions of anthropogenic indicator taxa (Plantago lanceolata, Rumex-

type, and cereal pollen) derived from
the hypothetical N

eolithic settlem
ent expected at all 

seven coring points show
n in Fig.7a, in varying scenarios of local w

etland vegetation

Fig. 8a Sim
ulated percentages of tw

o classic anthropogenic indicator pollen taxa 
(Plantago lanceolata and Rumex-type) in a core at the centre of an alder carr w

oodland from
 

location E
 on Fig. 7a for different percentages of dryland w

oodland clearings. 
H

ighlighted proportion of clearings (0.10) is used for Fig. 8b 

Fig. 8b Sim
ulated percentages of Plantago lanceolata and Rumex-type pollen in a core from

 
location E

 on Fig. 7a that result from
 a landscape containing 10%

 clearings in the 
dryland w

oodland, show
ing the effect of varying the size of the clearings (clearing size 

decreases and num
ber of clearings increases along the x-axis)

M
anuscript

C
lick here to access/dow

nload;M
anuscript;farrell_et-

al_som
erset_M

SA_figure_captions_revised_v9.docx
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Fig. 9a A
n exam

ple of a good-fit land cover m
ap for the tim

eslice 3800–3600 cal BC. 
G

rey =
 tidally influenced vegetation (saltm

arsh, reedsw
am

p and m
udflats); purple =

 
raised bog; pink =

 alder carr; m
edium

 green =
 m

ixed carr w
oodland; dark green =

 
floodplain w

oodland; light green =
 m

ixed deciduous w
oodland; yellow

 =
 clearings 

Fig. 9b A
n estim

ate of changing percentage of w
oodland clearings from

 4200–2000 cal 
BC, based on the average of the proportions of clearings required to achieve best fits at 
individual sites during each tim

eslice. Red line indicates the pre-N
eolithic baseline level 

of clearings (see text for details) 

Fig. 9c A
n estim

ate of changing percentage of w
oodland clearings from

 4200–2000 cal 
BC, based on the average proportion of clearings in the overall best-fit landscape 
reconstructions for each tim

eslice. Red line indicates the pre-N
eolithic baseline level of 

clearings (see text for details) 

Fig. 10 Schem
atic diagram

 show
ing the periods of construction of dated structures on 

the Som
erset Levels and M

oors overlaid on the estim
ates of percentage of w

oodland 
clearings based on overall best-fit landscape reconstructions from

 4200–2000 cal BC. 
N

ote that the errors on som
e estim

ates are too sm
all to be visible on this figure (e.g. that 

for clearings in the 3200–3000 cal BC tim
eslice). 

Fig. 11a Com
parison of M

SA
 estim

ates of clearings in the Som
erset Levels and M

oors 
(grey bars) w

ith estim
ates of openness in D

artm
oor by Fyfe et al. (2013) (green bars). 

M
SA

 estim
ates are those presented in Fig. 9c. E

stim
ates from

 Fyfe et al. (2013) are based 
on reconstructed vegetation proportions of the taxa included in our clearing com

m
unity 

Fig. 11b Com
parison of M

SA
 estim

ates of clearings in the Som
erset Levels and M

oors 
(grey bars) w

ith estim
ates of openness in N

orth D
evon by Fyfe et al. (2013) (green bars). 

M
SA

 estim
ates are those presented in Fig. 9c. E

stim
ates from

 Fyfe et al. (2013) are based 
on reconstructed vegetation proportions of the taxa included in our clearing com

m
unity 
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Opening the woods: towards a quantification of Neolithic clearance around the Somerset Levels 
and Moors 

Table 1. Details of sites with pollen data included in 200-year timeslices 4200–2000 cal BC (highlighted 
cells). *Sequence does not have an age-depth model, and so pollen samples have been assigned on the 
basis of radiocarbon dates obtained from the same horizon. Full details, including references to original 
publications, are contained within Supplementary Information S3. 
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Steart Point - BH02* 2 1

Steart Point - BH109 2 2

Steart Point - BH112 2 2

Burnham on Sea - Upper 2

Burnham on Sea - Lower 2

Pawlett 4

Walpole Landfill 6

Walpole - Trench L 5

Walpole -Trench A* 1

Chedzoy 4

Woolavington Bridge 2

Greylake - monolith 3 2

Shapwick Heath 5

Shapwick - Pit 2 9

Abbot's Way 14

Shapwick - SWA93 7

Sweet Track - Factory 
Site

6

Shapwick Heath - axe site 4

Meare Heath 8

Sweet Track - TW 4

Meare Village East 3
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Eclipse Track 7

Heath Rhyne* 2

Sharpham Drove 2

Benedict Street - Trench 
2

3

Glastonbury - Wells Road 2

Glastonbury - GA-18 6

Queens Sedgemoor 23
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