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ABSTRACT

The thesis seeks to illuminate the character of later prehistoric woodlands on the Thames 

floodplain and their use by contemporary communities. This is achieved by the application of a 

two-pronged research agenda which examines both non-cultural and cultural waterlogged wood 

assemblages from east London. The non-cultural data is obtained from the mapping, recording 

and species identification of 1679 tree trunks, stumps and root systems preserved on the Thames 

foreshore at Erith in Kent. This research facilitates the characterisation of four temporally 

distinct woodlands dating from the Later Neolithic through to the Early Iron Age period. 

Application of ecological and forest stand dynamics models provides a detailed reconstruction 

of the prehistoric landscape including the species composition, density, canopy height and 

maturity of the floodplain woodlands. As such, the three-dimensional woodland reconstructions 

provide the tangible character of the wooded landscape within which prehistoric activity is 

contextualised.

Bronze Age trackway assemblages from Beckton Nursery in Newham and the Thames 

foreshore at Erith are simultaneously examined. Morphological and tree-ring analysis 

illuminates the nature of prehistoric wood use on the Thames floodplain, including evidence for 

tree species selection, woodland management and various woodworking techniques. This 

information is then placed within the reconstructed wooded landscape to facilitate comparison 

of the two datasets. It is suggested that the targeting of specific timber resources on the 

floodplain and the introduction of woodland management regimes linked to animal husbandry 

characterised woodland use. Furthermore, the contextualisation of the trackway features within 

the reconstructed landscape enables wider suggestions pertaining to contemporary cultural 

perceptions of the wooded landscape and alternative interpretations of later prehistoric activity 

on the floodplain.
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Chapter One___________________________________________________________________________________ Introduction

Chapter One 

INTRODUCTION

Waterlogged contexts frequently contain wood which has been collected specifically because of 

its use by past communities (cultural assemblages), and/or sequences of naturally accumulated 

wood derived from trees which grew and died in the past landscape (non-cultural assemblages). 

Archaeology directs resources into the study of the cultural assemblages which may occur as 

trackways, platforms, revetments and buildings. This research is justly undertaken in order to 

understand how communities used woodlands in the past for various functions. However, a 

detailed picture of the wooded landscape may remain ambiguous and the resultant interpretation 

of the derivative woodland and its use is incomplete.

The widespread use of palynology has provided information on the woodland composition of 

the prehistoric British landscape, the progressive clearance of woodland for agriculture, and the 

vegetation changes in response to climatic change. However, pollen analysis can only provide a 

partial picture of the woodland composition, density and structure. Equally, the use of cultural 

wood assemblages to suggest the derivative woodland suffers from unquantifiable cultural 

biasing which can result in skewed representations of the overall woodland resource.

The study of non-cultural wood assemblages can provide the woodland information 

unobtainable from other environmental and archaeological tools. Reconstruction of the precise 

species composition, tree sizes, woodland structure and density enables the wooded landscape 

to be draped around archaeological sites. Through comparison of contemporary cultural and 

non-cultural wood assemblages, a fuller understanding of the ancient woodland resource base 

and the different ways in which it was exploited and perceived may be obtained.
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1.1. Intertidal and wetland archaeology.

The potential of waterlogged and intertidal sites for exceptional organic preservation has been 

recognised since the 19* and early 20* centuries in areas such as the Somerset Levels {eg. 

Bulleid & Gray, 1911) and the Essex Coast (Warren et al, 1936). However, it was only in the 

1970’s that interdisciplinary research began to characterise wetland excavation {eg. Somerset 

Levels Project), and still later before intertidal archaeology became a recognised discipline 

leading to nationwide projects {eg. Wilkinson & Murphy, 1995; Bell, Neumann & Caseldine, 

2000). The value of intertidal research has been well demonstrated, offering extensive spreads 

of preserved landsurfaces which may be used to shed light on wetland environments and their 

use in the past.

In particular, intertidal zones offer excellent opportunities for the examination of past 

woodlands and their use through the extensive exposures of submerged forests, within which 

archaeological features may be preserved. Consequently, the landscape may be reconstructed as 

a backdrop to the evidence for cultural activity within. Nevertheless, submerged forests whilst 

becoming increasingly researched, are often examined for palaeoecological or sea-level 

information as a separate entity to archaeology {eg. Clapham, 2000; Heyworth, 1978). 

Conversely, wooden archaeological features may be examined in detail on the foreshore, whilst 

the mainstay of environmental information is gathered from palynology. As such, therefore, the 

woodland research potential within intertidal archaeology remains under exploited against a 

backdrop of continued erosion, desiccation and loss.

1.2. London’s intertidal and wetland archaeology.

Academic interest in London’s waterlogged sequences originated as early as Samuel Pepys’

examinations of 17* century dock excavations (Churchill, 1965), and Spurrell’s pioneering

work ( 1889) on the Thames foreshore. However, the palaeoecological potential of the sequences

was only realised in the late 1970’s after publication of Devoy’s (1977, 1979, 1980) seminal

work on sea-level rise and vegetation change. The preservation potential of waterlogged cultural

sequences of wood became fully appreciated during the early 1990’s when numerous trackway

26



Chapter One___________________________________________________________________________________ Introduction

complexes were discovered in northeast London. It was not until a pilot study by the Thames 

Archaeological Survey in 1995 that the intertidal foreshore of the Thames was highlighted as a 

zone of archaeological and environmental importance (Webber, 1995).

The London sequences are characterised by thick accumulations of peats overlain by alluvial or 

estuarine clays which sealed and preserved the earlier organic deposits. Depending on site 

location, the peats may be intercalated with minerogenic accumulations indicative of flooding 

episodes, or characterised by a single peat which was buried in the Late Bronze Age. These 

peats frequently contain archaeological wooden features such as trackways of Middle Bronze 

Age date. The entire Thames sequence offers rich palynological potential, and sometimes 

includes long sequences of naturally fallen tree trunks from the Mesolithic to the Late Bronze 

Age.

It is now recognised that these deposits are also observable on the Thames foreshore, where 

riverine erosion is consecutively stripping off the upper layers to expose large areas of former 

landsurface. Peats dating from the Mesolithic are variously observable along the Thames 

foreshore, often containing preserved archaeological features. One of the more striking aspects 

of the intertidal zone are the exposures of submerged woodland which occur as fragments in 

central and west London, and as extensive spreads in east London. These exposures provide 

large research windows, both in a spatial and temporal sense, into the prehistoric woodlands of 

the Thames floodplain.

Archaeological work in London is generally undertaken by commercial organisations in 

advance of urban re-development. Whilst the introduction o f PPG 16 has vastly broadened the 

prehistoric archaeological record in London, the economic and time constraints of contract 

archaeology have resulted in few sites receiving fully exhaustive research. Consequently, 

palaeoenvironmental research is often halted after preliminary assessment and the results have 

rarely been published, particularly in the area of woodland research. Whilst every site with
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waterlogged sequences is assessed for palynological information, the wooden macroremains 

including archaeological assemblages are rarely studied in macroscopic and microscopic detail.

Consequently, various shortfalls in the understanding of London’s former landscapes and its use 

remain. Palynological work has provided a comprehensive picture of the general woodland 

composition of the floodplain and its terraces, particularly in the realms of clearance and early 

agricultural activity. Furthermore, the overall vegetation changes consequent upon progressive 

sea-level rise are relatively well understood. Archaeologically, it is recognised that Bronze Age 

communities were constructing extensive trackways built o f alder on the Thames floodplain in 

response to increased waterlogging. Beyond this stasis, little more is known of the detail of the 

wooded landscape, or its use by prehistoric inhabitants.

For example, the local variability of tree species on the floodplain remains unclear, and in 

particular the types of species associations and communities which existed. Still less is known 

of the tree sizes, woodland density, canopy heights and the degree of both natural and cultural 

woodland disturbance. As such, the tangible characteristics of the prehistoric wooded landscape 

remain ephemeral. Equally, the woodland as a timber resource is little understood, being 

characterised by circular arguments such as those illustrated below.

Assemblage
formation

Bronze Age 
Felling

Exploitation
interpretation

Alder
trackways

Alder
dominated
woodland

Environmental
interpretation

Assemblage
formation

Bronze Age 
harvesting

Exploitation
interpretation

Straight-
stemmed

wood

Environmental
interpretation

Managed
woodland
resource

Figure 1.1. Two examples of largely untested archaeological assumptions which characterise 

interpretations of Bronze Age woodlands and wood use on the Thames floodplain.
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These suggestions have rarely been tested or substantiated through the detailed analyses of 

cultural wood assemblages. Furthermore, the species and morphological composition (and 

presumed representivity of the derivative woodland) of cultural assemblages have never been 

compared to a detailed model of woodland composition as provided by non-cultural remains.

1.3. The relevance of woodland studies.

The long history of woodland alteration and management makes it virtually impossible to 

deduce the original character of Britain’s former woodlands. Woodlands remained dominant in 

the landscape for much of prehistory and were consequently integral to people’s experience of 

their surroundings. Woodlands provided essential resources including building timber, 

fuelwood, roads and equipment. Simultaneously, they presented the key obstacle to major 

subsistence changes such as the transition to agricultural landuse. Interactions between people 

and woodland characterised basic everyday activities, witnessing a transformation from 

opportunistic exploitation for various purposes, to the development of woodland management 

regimes for specific purposes. As such, understanding woodlands and their use in the past is 

tantamount to understanding everyday life in the past.

Woodlands were integral to people’s social and ritualistic perception of their contemporary 

landscape. A detailed understanding of this landscape is, therefore, critical to a better 

understanding of the cultural fabric of past communities. Furthermore, understanding the former 

landscape o f Britain and its traditional use allows modem society to connect with its 

countryside, in terms of its original characteristics, the cultural and historical aspects of 

landscape, and the natural and humanly induced transformations of the past, present and future. 

The reconstruction o f ancient woodlands, including understanding of their alteration, enhances a 

cultural affiliation with the countryside.

Increasing awareness of the character of ancient woodland and its traditional use is both

scientifically and publicly valuable. For example, the reconstruction of these former landscapes

offers valuable information for environmental projects such as the conservation and
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management of ancient woodlands, and future landuse schemes in floodplain areas. Similarly, 

understanding the compositional and structural woodland changes which occurred in the past 

from flooding, sea-level rise and human disturbance enables rational environmental planning for 

the changes of the future. The identification of traditional woodland management practices 

carries implications for the renewed interest in small-scale, sustainable woodland industries and 

crafts. Lastly, educating the wider public of their countryside history, the changes it has 

witnessed and the future potential and priorities for environmental conservation, is a 

responsibility for all those who work with ancient landscapes.

1.4. The aims and objectives of the research.

This research has examined the woodlands and wood use of the Thames floodplain in later 

prehistory. A two-pronged approach is adopted which uses contemporary wooden assemblages 

of both non-cultural and cultural origin in a cross-comparative manner. A submerged forest 

exposure on the Thames foreshore at Erith in Kent forms the non-cultural research base. The 

cultural evidence is provided by trackways and fences recovered from Beckton Nursery in 

Newham, and a trackway from the foreshore at Erith. The aims and objectives of the 

investigation are summarised as:

• To assess the potential and limitations o f submerged forest research for woodland 

reconstructions, and to devise suitable working methodologies for intertidal data 

collection.

• To provide a detailed reconstruction of the species composition and structural 

architecture of the floodplain woodlands as evidenced by the Erith submerged forest 

from the Later Neolithic to the Later Bronze Age.

•  To compare the woodland model with macroremain and palynological evidence 

from the wider Thames floodplain to assess the typicality o f Erith and the degree of 

extrapolation to the floodplain as a whole.

• To examine species use, woodworking techniques and the evidence for woodland 

management from Bronze Age cultural wood assemblages of trackways and fences.
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•  To compare the cultural wood analysis findings to other assemblages from the 

wider floodplain to assess the degree of extrapolation to the floodplain as a whole.

•  To contextualise the archaeological sites within the Erith woodland model in order 

to examine the specifics of woodland use, landscape perception, and trackway 

function.

•  To emphasise the role of woodlands in past societies, to define the future research 

priorities and to place woodland research on the archaeological agenda.

1.5. Thesis structure.

The research findings have been structured in a specific manner in order to address these 

objectives. Essentially the cultural and non-cultural research findings are presented separately 

until the interpretation chapters begin to integrate the two types of information. However, it is 

the concluding chapter which aims to provide a full integration of the different datasets, through 

which the value of cross-comparative research is emphasised.

The following three chapters provide the necessary background information within which this 

research should be considered. Chapter two provides an overall introduction to woodlands, 

including the definition of terms which are commonly used and the different management 

practices which have impacted on the English countryside. This detail is accompanied by an 

introduction to the various approaches to woodland research including woodland classifications 

systems and structural quantifications o f woodlands, both of which are used to characterise the 

Erith woodlands. Submerged forests as representatives o f ancient woodlands are introduced, and 

a brief outline of previous research is presented. Chapters three and four provide the 

environmental and archaeological background to the research in order to contextualise the study 

area and raise various research issues which are addressed in this thesis.

Following the background information, the research itself is presented starting with chapter five 

which outlines the methodologies applied. This begins with a description of the methodology
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devised for the study of Erith, outlining the problems that were encountered during fieldwork 

and the approaches devised to overcome them. Subsequently, the techniques used during the 

cultural wood analyses are explained in less detail since the methodologies are established and 

may be referenced elsewhere in the literature.

Chapter six provides the research results from the Erith submerged forest which will be used in 

the later interpretation. A site phasing is devised to account for temporal diachronicity at the site 

and this is explained prior to the provision of results. Each set of results are provided from the 

site as a whole, and followed by sub-grouped data within the site phasing. Chapter seven 

provides the results from the Beckton Nurseiy and Erith archaeological assemblages. The site 

contexts are explained within which the results are grouped. The results are provided both for 

the sites as a whole, and within the structural sub-groups indicated by the excavations. Chapter 

eight then outlines the main taphonomic, interpretative and methodological limitations of the 

research which require consideration during the interpretations.

Chapters nine and ten provide the interpretations of the research. Chapter nine discusses four 

temporally distinct woodlands at Erith in terms of their species composition, maturity, structure 

and modes of establishment. These woodlands are then discussed within the context of the 

London evidence in order to extrapolate the findings to the wider floodplain. Chapter ten 

provides a summarised interpretation of the species composition, woodworking and 

management evidence from each individual structure at Beckton Nursery, and the single 

trackway at Erith. This is followed by a thematic discussion of the evidence which uses the 

woodland landscape provided by Erith to enable suggestions of the Bronze Age woodland 

economy and cultural activity on the wider floodplain.

Lastly, chapter eleven draws together the woodland model and the evidence for wood use to 

enable wider interpretations of the floodplain landscape and its use in prehistory. This 

concluding chapter aims to establish cross-comparison as a valuable archaeological approach in

the study of woodlands, and to suggest methodological techniques for application elsewhere.
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Consequently, the thesis ends with a contextualisation of the research within the national 

picture, and a call for similar research approaches in other regions.

Various conventions are used throughout the thesis. Botanical nomenclature follows that of 

Stace (1997). The results of radiocarbon dating at Erith are conventional radiocarbon ages 

(Stuiver & Polach, 1977) and are quoted in accordance with the international standard (Stuiver 

& Kra, 1986). They have been calibrated with data from Stuiver et al. (1998) using OxCal 

(v.3.5.) (Bronk Ramsey, 1995). The date ranges have been calibrated using the maximum 

intercept method (Stuiver & Reimer, 1986) and are cited in the text at two sigma (95% 

confidence). They are quoted with the end points rounded out to ten years as recommended by 

Mook (1986).
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Chapter Two

WOODLANDS AND SUBMERGED FORESTS

General concepts, perspectives and approaches to woodlands vary significantly between the 

disciplines of archaeology, history, ecology, forestry and conservation. Various terminologies, 

definitions and ecological models will be drawn upon in the course of this thesis and it is felt 

useful, therefore, to provide some background to woodlands and their descriptions, and to 

clarity the meaning of specific terms as used here. These terms and models will be applied to 

the Erith submerged forest and, consequently, an introduction to submerged forest exposures is 

provided. The chapter is subdivided into the following areas;

i) definitions of the various terminology.

ii) An introduction to woodland management systems.

iii) An outline of the various models of plant classification, with particular reference to

riparian and wetland woodlands.

iv) An outline of the central models of woodland development and succession, and the

role of disturbance in woodland structure.

v) An introduction to submerged forests as representatives of ancient woodlands.

2.1. Woodlands; concepts and definitions.

Woodland history, and its relevance to British archaeologists, begins at approximately 11 500 

BP with the return of a warmer, hospitable climate after the Weichselian glaciation, and the 

subsequent recolonisation of Britain with woody species. The severance o f Britain from the 

Continent at the beginning of the Atlantic period (c. 8000 BP) reduced the opportunities for 

continued species colonisation. Furthermore, until approximately 5000 BP, the impact of 

humans upon woodlands in most areas (c.f. Rankine et al, 1960), in terms o f permanent 

clearance and compositional change, was probably insignificant in relation to the scale of 

woodlands (Peterken, 1996). The Atlantic period, therefore, represents a unique window in 

British woodland history, when trees already established could move through successive stages 

of natural vegetation development,
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The woodlands which comprised the Atlantic tree cover of Britain are those of Rackham’s

(1980) 'wild wood % which may be described as the ‘prehistoric vegetation as it was just before 

the impact of civilisation, at approximately 4000 calendar years B.C.’ (Rackham, 1988b, p.3). 

The works of Birks et al. (1975) and Godwin (1975a) have elucidated the composition of this 

woodland, and facilitated recognition of various community provinces throughout Britain. 

(Figure 2.1.).

‘Wildwood’ is a term synonymous with the ‘natural’ woodland of England. Peterken (1996), 

recognising the scope for misinterpretation of ‘natural’, devised a scale of different types of 

‘naturalness’, in which wildwood would be classed ‘original natural’ ie. the state which existed 

before humans became a significant ecological factor. Another term commonly found in the 

literature is ‘semi-natural’ woodland. This defines woodlands which principally consist of 

native trees, which, mostly, have not been planted, and to plantations of native trees which 

approach old-growth stature (Peterken, 1996, p. 14).

The Atlantic ‘wildwoods’ of England may also be aligned with the popular term of ‘virgin 

forest’, which Peterken (1996) describes as woodland which has never been significantly 

influenced by people. The concept of ‘virgin’ forest is widely accepted in Europe, although 

application of the term embraces woodlands which considerably contrast with the more precise 

definition of Peterken (1996). For example, the term ‘virgin’ has been applied to Continental 

wood-pasture and Mediterranean woodlands where prehistoric fire regimes may have 

profoundly influenced woodland composition (Peterken, 1996). Use of the term ‘forest’ to 

describe woodlands is common on the Continent, and in the North American literature, despite 

its more specific origins in Britain {c.f. Rackham, 1986, p. 129).

Virgin woodlands in North America are termed ‘pre-settlement’ forests, most of which are ‘old- 

growth’, which is an important ecological state within models of forest stand dynamics. Old 

growth stands are woodlands with mature structural and functional characteristics (Peterken,
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Figure 2.1. Maps of pollen frequencies of selected tree and shrub genera in deposits formed 

about 5000 years ago Modified from Birks et a i (1975). (a) Alnus, (b) Betula and Pinus, (c) 

Quercus, (d) 7/7/3 and Ulmus. (Peterken, 1993, p. 7).
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1996). Although the exact definition of ‘old-growth’ is ambiguous, there is an implication in 

North American literature, that these woodlands are native, natural and virgin (Peterken, 1993). 

In Europe, where human-woodland dynamics have a far longer history, ‘old-growth’ may not 

necessarily mean ‘virgin’ since the term actually defines a particular stage in woodland 

development. Peterken (1996) uses the term old-growth to describe woodlands with more than 

200 years of growth.

A further set of woodland definitions is recognised in the terms ‘primary’ and ‘secondary’ 

woodland. Whereas ‘virgin’ and ‘old-growth’ refer to a type of stand, ‘primary’ and ‘secondary’ 

describe the degree of continuity or otherwise of a woodland on a site (Peterken, 1993). Primary 

woodland may be defined as patches of primaeval woodland, possibly brought under 

management, but never cleared of trees (Rackham, 1980; Peterken, 1977, 1993). Conversely, 

secondary woodland is woodland which grows on land which at some point was completely 

cleared of trees. These terms recognise a period in time when the original ‘wildwood’ was 

fragmented into islands of woodland. Primary woodland represents sites which have been 

continuously wooded since this time, and secondary woodlands occupy sites which have not 

been continuously wooded (Peterken, 1993).

In practice, the distinctions between primary and secondary woodlands are more ambiguous. 

For example, it would be impossible to recognise secondary woodland which established in 

prehistory, because areas of primary woodland in the locality provided the necessary seed 

source, and there was adequate time for the characteristics of primary woodland to be assumed. 

Primary and secondary woodland are terms which are most useful in areas where few, if any, 

primary woodland have survived (Peterken, 1996). It is generally accepted that the millennia of 

forest clearance, exploitation and management has left Britain without any primary woodland 

(Rackham, 1980; Peterken, 1993, 1996), and the term is more useful as a hypothetical concept, 

rather than an identifiable state (Peterken, 1993).
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Consequently, a different set o f terms, ‘ancient’ and ‘recent’ as defined by their period of origin 

before or after a specified threshold, are employed. This threshold is delimited for convenience 

as around A.D. 1600 by Peterken (1993), because maps first became available and plantation 

forestry begins to become important. Rackham (1980) defines ancient woodlands as those in 

existence before around A.D. 1700. Obviously, all primary woodlands are ancient, however, 

secondary woods may be either ancient or recent depending on how long ago a site was allowed 

to revert to woodland. Importantly, the characteristics of ancient secondary woodlands are 

thought to resemble those of primary woodland (Peterken, 1993).

2.2. Woodland management.

The variety of definitions indicates the long history of human intervention with woodlands. In 

England, this history may be extended back some 5000 years, and modem broadleaved 

woodlands may be understood through their origins and history of management (Peterken, 

1996). A variety of silvicultural systems have been practised within woodlands, some of which 

developed within the original natural woodland, the continuous use of which has facilitated the 

survival of ancient woodland species. Rackham (1980) defines four traditional management 

systems within the English landscape;

i) woodland; woods managed by ‘woodmanship’ within which coppicing is included,

ii) wood-pasture,

iii) plantation; woods where the trees have been planted, the practice of ‘forestry’,

iv) non-woodland; the tradition of trees in hedgerow and field (and including orchard, 

town and garden trees).

Peterken (1996) defines five broad systems of management, three of which are relevant to this 

discussion due to their long tradition in Europe. They may be summarised as;

i) wood pasture; woods which are, or were, more-or-less permanently used as pasture 

by cattle, sheep, horses and deer, and as sources of mast by pigs (see Plate 2.1.). 

Their origin may be found in the prehistoric landscape but by Norman times most
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were located within deer parks, royal forests and chases. The trees were often 

pollarded as protection from grazing.

ii) Wood meadow; woods which shared features of wood pasture and coppice. They 

consisted of grasslands covered by open woodland of shred and pollard trees, and 

many smaller trees and shrubs which were cut at ground level and allowed to 

resprout. However, the ground vegetation was cut for hay and the branchwood was 

burned in order to distribute the ash as fertiliser.

iii) Coppice; woods which are regenerated by sprouts growing from stumps of felled 

trees. (Peterken, 1996) (see Plate 2.2.).

The craft of woodmanship exploits the ability o f most British trees to regenerate vegetatively ie. 

they produce reiterative shoots from various parts of the tree. Most native species coppice: the 

stump produces epicormic shoots and becomes a stool from which an indefinite succession of 

crops of poles (‘slop’) can be cut at intervals of years (Rackham, 1980, p.l). Similar vegetative 

regeneration may occur through the following methods;

i) pollarding; also called lopping or cobbing where the tree is cut at 2-5m above

ground, leaving a permanent base called a boiling. This sprouts in the same manner 

as a coppice stool but with the advantage of a height above which animals can 

graze. Pollards have a restricted life-span, unlike coppice stools, because of the 

gradual degradation of the bole. Pollarding is largely undertaken to provide leaf 

fodder for animals, although the wood remains a useful product.

ii) Suckering; the stump dies but the root system remains alive indefinitely and sends 

up successive crops of poles, forming a patch of genetically identical trees called a 

clone.

iii) Shredding or shrouding; cutting off the branches of a tree, leaving a tuft at the top 

(Rackham, 1980), enabling the stumps of side branches to produce leafy shoots 

which are used as leafy fodder (Figure 2.2.).
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Plate 2.1. Wood pasture Illustrating grassland beneath Quercus standards. 
Stanmore Common, Middlesex.

Plate 2.2. Stored Fagus sylvatica coppice in semi-natural woodland. 
Heriot’s  Wood, Middlesex.

mem
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The management system which is of most relevance to this discussion is that o f ‘coppice’ since 

this represents the earliest identifiable system of management in England.

2.2.1. The orisins o f  coppicins.

It is generally assumed that the trees which constituted the wildwood of England attained great 

sizes, which apart from presenting a considerable obstacle to land clearance, rendered them 

largely unusable to prehistoric communities (Rackham, 1980). Posts, poles and wattlework, the 

size of which is in disparity to wildwood trees, represent the majority of Neolithic and Bronze 

Age archaeological wood discovered in England. Exceptions are prehistoric log and sewn boats 

which demonstrate clear evidence for the exploitation of large timber. However, the 

predominance of pole sized wood assemblages led Rackham (1980) to suggest that the 

alteration of the structure of English woodlands had prehistoric origins. It is perhaps not 

surprising that the earliest evidence for coppicing in England is found in the Neolithic period 

when people were beginning to clear and cultivate the land for the first time. Within one year of 

a woodland felling the vegetative properties of regeneration would be demonstrated to 

prehistoric communities.

The earliest definite evidence for woodmanship is found in the Somerset Levels, amongst the 

wood used to construct the Sweet Track dated to 39°T-(»BC% Poles of ash, oak and hazel 

demonstrate indications of coppicing in the form of characteristic coppice heels where the pole 

has been pulled or cut away from the stool (Rackham, 1977) (Figure 2.3.). The species 

composition of the derivative woodland of these poles demonstrates clear similarities to the 

still-extant and managed coppice in Cheddar Wood nine miles from the Sweet Track site 

(Rackham, 1986).

Wattle-work trackways from the Somerset Levels dated to the later Neolithic, Bronze Age and 

Iron Age have provided further information on the origins of management in England. For 

example, the Neolithic Walton Heath track was constructed from hazel produced from
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Figure 2.2. Ways of managing wood-producing trees. For each method the tree, or group of 

trees, is shown just before cutting, just after cutting, and one year after cutting. All drawn to the 

sam e scale. (From Rackham, 1993, p.9).
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Figure 2.3. Reconstruction of a Neolithic hazel stool illustrating the characteristic morphology of 

component parts. (From Rackham, 1977, p. 66).

r

The six fully drawn portions are taken from actual specim ens, selected to show the range of 

variation encountered, and shown in the positions in which they are likely to have grown on the 

stool. The remainder of the stool is reconstructed in light outline. A, B, C: butt ends cut above 

ground. D: butt end taken from below ground, with attached portion of root. E; mid-length of rod. 

F: top-length of rod, showing scar left by topping process and reconstruction of part cut away 

som e years previously. B’: butt end B viewed from the side showing plane of w eakness, with 

ingrown fold of bark, used in rending it away from the stool (Rackham, 1977, p.66).
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coppicing, and there is some additional evidence for pollarding (Rackham, 1977). The 

coppicing regime in operation was based on ‘drawing’, which selected stems of suitable size for 

the purpose in hand, and allowed others to grow on (Rackham, 1980). Drawing was 

recognisable in the wide variation in age but relative evenness in size of the Corylus rods from 

Walton Heath.

Similarly, the wood from Rowlands Track demonstrated frequent evidence for cutting of the 

leading shoot leaving a stump which rotted down into the rod (Rackham, 1977). Rackham calls 

this activity ‘topping’ (see Figure 2.3.) where coppiced shoots grew for 2-4 years, and then had 

their tops cut away leaving the remainder to grow on for a further term of years {ibid.). It is 

suggested that this practice developed to provide green foliage for cattle fodder during the 

summer months (Rackham, 1977). The provision of leafy fodder through coppicing may also be 

attested by the ring evidence at Walton Heath illustrating summer cutting of stems whilst the 

shoots were in leaf {ibid.).

Although the Somerset Levels represents the earliest evidence for coppicing, there is now a 

large body of data from around England indicating the practice of coppicing from ancient times. 

For example, coppiced stools and small pollards have been identified growing within the ditch 

of the middle Neolithic causewayed enclosure at Etton, Cambridgeshire (Pryor, French & 

Taylor, 1985). Similarly, coppiced and pollarded stems of alder and oak are documented at Flag 

Fen, Cambridgeshire (Taylor, 1992). The list is comprehensive and it appears probable that 

certain woodlands have been coppiced more or less continuously since prehistory. It is this 

probability which provides the rationale for viewing ancient woodlands as representative, in 

terms of species composition, of the ancient natural or semi-natural woodland on a given site.

2.2.2. Coppicin2 systems.

The typical coppice woodland consists of two main elements, the ‘timber’ or ‘standard’ trees 

and the ‘underwood’ or ‘coppice’. Commonly the timber trees are oak, although ash and some

44



Chapter Two_____________________________________________________________________Woodlands and submereed forests

Other species may be used, and the underwood may be oak but normally consists of a wider 

range of species (Peterken, 1996). Table 2,1, summarises the various vegetative regeneration 

abilities of the principle native British trees. The earlier the coppice, the more woodlanders used 

the natural tree species on the land, although they may have encouraged favoured species by 

layering, planting and natural regeneration in gaps (Peterken, 1993), After the 1800’s many 

coppices were artificially designed with the planting, known as ‘plashing’, of preferred trees. 

The dominance of hazel and chestnut coppice in south and southeast England is largely a result 

of deliberate planting (Peterken, 1993),

Various systems of coppicing regimes have developed through its long history, A coppice 

system may comprise the annual felling and harvesting of an area or ‘panel’ (also known as 

coupe, sale, fell, cant or burrow (Peterken, 1993)) of underwood poles (Rackham, 1980), 

Coppice shoots or ‘spring’ then sprout from the remaining stools regenerating the underwood 

with rapid reliability. The coppice cycle itself, or the interval between successive underwood 

fellings, may be regular or irregular, typically varying between four and thirty years (Rackham, 

1980),

The timber trees are left standing for several rotations and then felled when of desired size to 

provide larger material. These are replaced by leaving uncut when coppicing, saplings or 

selected underwood poles known as ‘wavers’ or ‘staddles’ to grow on in a process known as 

‘promoting’ (Rackham, 1980), The proportion of timber trees to underwood varies, although in 

general, timber trees are kept to a minimum because most British underwood species are 

intolerant of shading. By inference the underwood is the most important product of coppice. 

However, young spring is extremely palatable to cattle, sheep and deer and presumably from the
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Table 2.1. Demonstrating the properties of the principal native British trees, alphabetically ordered according to English name. (From Rackham, 1993, p.6-7).

Native species Older
vernacular

Botanical
Latin

Methods of Regeneration Preference for 
woodland

Ability to 
form

Tolerance of 
poor soils

name Name Seed Suckers Coppicing Pollarding secondary

woodland
Alder - Alnus glutinosa ++++ 0 ++++ ? - +++ ++

Apple (crab) Wilding Malus sylvestris +++ 0 +++ ? + 0 ?
Ash - Fraxinus excelsior ++++ 0 ++++ ++++ 0 +++ +

Beech - Fagus sylvatica +++ 0 +++ ++++ + + ++++

Birch (black) - Betula pubescens ++++ 0 +++ ? 0 +++ ++++

Birch (silver) - Betula pendula ++++ 0 +++ ? 0 +++ ++++

Blackthorn - Prunus spinosa ++ ++++ 0 O — ++ +

Cherry (wild) Gean Prunus avium ++ ++++ 0 ? + + ++

Elder - Sambucus nigra ++++ 0 (+++) ? 0 + 0

Elm (wych) - Ulmus glabra +++ 0 ++++ -H-++ 0 0 O

Elm (smooth-leaved) - U caprinifolia (minor) + ++++ (+) ++++ 0 +++ 4-++

Elm (English) - U. procera 0? ++++ (+) ++++ - +++ ++

Hawthorn (hedgerow) Whitethorn,
Quickthom

Crataegus monogyna ++++ 0 +++ (+++) 0 +++ ++

Hawthorn (woodland) - C. laevigata ++ 0 ++++ 0? +++ 0 ++

Hazel Nuttery Corylus avellana ++ 0 ++++ + + + ++

Holly Hulver Ilex aquifolium +++ 0 +++ +4-4- o + ++++

Hornbeam Hardbeam Carpinus betulus +++ 0 ++++ ++++ ++ + +++
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Native species Older

vernacular

name

Botanical
Latin

Name

Methods of Regeneration Preference for 

woodland

Seed Suckers Coppicing Pollarding

Lime (small-leaved) Linden Tilia cordata + +

Maple - Acer campestre +++ 0

Oak (pendunculate) Quercus robur +++ 0
Oak (sessile) Quercus petraea ++ 0

Pine (scots) - Pinus sylvestris ++++ 0

Poplar (aspen) Asp Populus tremula + ++++

Poplar (black) Popelar Populus nigra 0 +

Poplar (white) Abele Populus alba 0? ++++

Rowan Quicken Sorbus aucuparia +++ 0
Sallow - Salix caprea ++++ 0
Sallow - Salix cinerea (atrocinerea) ++++ 0

Service - Sorbus torminalis + 4- 4- +

Whitebeam - Sorbus aria +++ 0

Willow (crack) - Salix fragilis ++++ 0

Willow (white) - Salix alba ++++ 0

Ability to 
form 

secondary 

woodland

Tolerance of 
poor soils

++++

++++

O

O

o?
o

+++

++++

+++

+++

(++++)

++++

(++++)

o
o

++++
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?
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(+++)
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(+ + + + ) -H-++

+++

o
o
++

++

++

o
o
o

+++

o

o
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+++
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+++
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+
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o
o

+++

+

++++
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+ ++
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earliest times measures were required to exclude grazing animals from the area. Traditionally, 

woodbanks were built around the perimeter of the coppice, consisting of an earthwork bank 

with an external ditch. These banks commonly supported rows of pollards and their present day 

distribution within the countryside is a clear indication of ancient woodland (Rackham, 1980).

Various coppicing cycles developed after the Anglo-Saxon period in England, often in response 

to supply and demand. For example, a wood may be divided into a number of ‘fells’, one being 

cut every year to a predetermined plan. Alternatively, the entire wood may be felled every so 

many years. Lastly, the area felled from year to year was permitted to fluctuate depending on 

growth rate and demand. Rackham’s (1980) survey of medieval woods generally demonstrates 

the dominance of predetermined cycles. Prehistoric coppicing was likely to have resembled a 

fluctuating system in response to demand, and the selective ‘draw’ felling as indicated in the 

Somerset Levels. The point in time when coppicing changed from a relatively opportunistic and 

random affair, to a systematic regime with its inherent ownership rights, is not known.

From the Medieval period onward, coppicing provided wood for numerous purposes including 

fuelwood, road surfacing, hedging, saltmarsh revetments, hurdles, wattle and daub and charcoal. 

The archaeological discovery of prehistoric wattle-work in revetments (Wilkinson & Murphy, 

1986), domestic structures, enclosures and trackways suggests that coppice wood was equally 

important in later prehistory.

2.3. The classification of woodlands.

Ecological classifications of plant communities facilitate the characterisation of 

archaeobotanical material into analogous vegetation types in the modem day environment. The 

term ‘classification’ describes the act of grouping objects into classes because of certain 

attributes which they have in common (Gilmour & Walters, 1964). There are many possible 

approaches to classifying plant communities, emphasising different kinds of characteristics as 

the basis of classification (Whittaker, 1973). For example, woodlands may be classified on the
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basis of their species composition {eg. Braun-Blanquet, 1928), their dominant species {eg. 

Tansley, 1939) their structural stage in development {eg. Clements, 1916), or their origins {eg. 

Thoreau, 1860).

The investigation of the various characteristics of plant communities including physiognomy, 

floristic composition, community morphology, structure, development and change, multilateral 

relations of plants to one another and to the environment, and the classification of communities, 

is termed phytosociology (Becking, 1957). Phytosociology is based on two features of plant 

communities; a) plants are not randomly distributed, rather there are distinct combinations 

which repeat themselves regularly in nature, and b) the complex interaction between plants and 

habitat (environment) and between individual plants (Rieley & Page, 1990).

2.3.1. Theory and development o f  woodland classification systems.

When describing woodlands, it is conventional to treat the trees, shrubs, herbaceous plants, and 

bryophytes growing on the ground at any one point as forming a single community, whereas 

epiphytes are often regarded as one or more separate communities (Rackham, 1980). Rackham 

delimits two methods of classifying woodlands, a) floristically ie. which plant species are 

present, or b) on the basis of their vegetation ie. the abundance of each species and its 

relationship with other species (Rackham, 1980, p. 21).

Despite the apparent simplicity of Rackham’s (1980) subdivision, both methods encompass a 

large number of ecological schools around the world, each expounding various methodological 

and theoretical criteria for plant classification. Principally, a wide discrepancy developed during 

the early 20* century between approaches to classification in Europe, and those adopted by 

British and North American ecologists. Plant communities were traditionally classified in 

Britain according to their dominant species -  the one, or few, species which are so abundant or 

so large as to impose their character on the community as a whole -  and to the soil types on
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which they occur (Rackham, 1980). Consequently, the British tradition is encompassed within 

Rackham’s (1980) ‘vegetation’ approach to plant communities.

British approaches to classification may be viewed as the natural philosophical development of 

the work by Moss (1910) on succession, and research on succession and climax communities by 

North American writers such as Clements (1916). The priorities of early and mid twentieth 

century British ecology may be summarised as the investigation of physiological relationships 

between plant and habitat, autoecology and the study.of succession and development (Poore, 

1956).

In contrast, ecological interest on the Continent emphasised the importance of producing a 

complete description and classification of vegetation (Poore, 1956). The largest school of the 

European tradition is the Zurich-Montpe11ier school of phytosociology, of which Braun- 

Blanquet was the main proponent. The essence of this approach may be summarised as:

i) Plant communities are recognised by their full fioristic composition.

ii) Amongst the species that constitute the fioristic composition of a community, some 

are more sensitive expressions of a given relationship than others. Thus, in terms of 

classification, ‘diagnostic’ species are used whose ecological relationships make 

them the most effective indicators (termed character species, differential species, 

and constant companions).

iii) Diagnostic species are used to organise species into a hierarchical classification of 

which the plant ‘association’ is the basic unit. ‘Associations’ are classed into 

‘alliances’, ‘alliances’ into’ orders’, ‘orders’ into ‘classes’, and ‘classes’ into 

‘divisions’ (Westhoff & Van der Maarel, 1973).

Although some measure of the abundance of each species is recorded (eg. the Domin scale), the 

methodological basis for classification is fioristic composition, based on certain characterising 

species, rather than a dominance of a selected few species. The terminology of plant
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communities is comparative to taxonomic hierarchies, and the community units are prescribed 

Latin names derived from plants which characterise them eg. Querco-Carpinetum stachyetosum 

{eg. Ellenberg, 1963).

2.3.2. Classification systems and riparian and wetland woodlands.

For much of the 20^ century, British ecologists relied on the plant classifications of Tansley 

(1911, 1939), which demonstrates the classic use of species dominance for community 

characterisation. Tansley uses many of the terms found within the Continental literature, 

however the basis on which they are allocated differs. Woodlands are classified on the basis of 

the dominant species in the tallest stratum and are accordingly named, for example, 

pendunculate oakwoods, ‘Quercetum roboris’. These associations are further subdivided into 

‘damp’ or ‘dry’ oakwoods characterised by compositional differences observed on various soil 

types. Within these communities, societies are defined on the basis of dominant ground flora 

species.

Tansley’s (1939) classification groups the majority of British wetland woodlands into 

‘alderwoods’, Alnetum Glutinosae, with a basic subdivision between the vegetation of alkaline 

soils (fen carr) and acid soils (bogs). In general, woodlands growing on damp soil, such as 

stream sides, would be characterised within various associations such as damp oakwoods, and 

diagnosed within various societies where for example, Urtica dioica is dominant.

The subdivision of various wetland vegetation types is based on models of succession, and the 

progressive or retrogressive hydroserai models of Moss (1910). Woodland is the overall 

‘climax’ vegetation of wetland plant communities, and ^Alnetum’’ is the carr stage within an 

eventual hypothetical succession to ^Quercetum’ woodland. Tansley (1939) lists various 

communities of alder woodland according to observed variations in the ground flora and 

substrate. Consequently, the main woodland types include ‘fen carr’, ‘swamp carr’ (Pallis, 

1911), valley fenwoods (Farrow, 1915), and ‘young carr’ as demonstrated at Wicken fen
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(Godwin & Bharucha, 1932). A fioristic table, ranked according to species dominance, 

accompanies each type.

Early phytosociological work on the Continent created numerous vegetation classifications 

throughout Europe (eg. Braun-Blanquet 1928; Tuxen, 1937, 1950; Oberdorfer, 1957). The 

defining character of these classifications largely negated the role of dominant species in 

community structure, and avoided the implications of the successional aspect of plant 

communities. The comprehensive work of Ellenberg (1963) collated a vast array of local 

relevees throughout Central Europe into the Vegetation Ecology o f Central Europe. Ellenberg, 

whilst applying the basic methodologies of Braun-Blanquet (1928), considered the long term 

effects of disturbance on communities and, in particular, the details of ecological habitat and 

influence of environmental gradient upon plant structure.

In the 1970’s, the National Vegetation Classification project was initiated in Britain which 

aimed to provide standardised descriptions of named and systematically arranged vegetation 

types. Although several local classifications in the Continental tradition were available {eg. 

Shimwell, 1968; Wheeler, 1975; Birks, 1969), this was the first nationwide attempt to classify 

the British vegetation since Tansley (1911, 1939). The methodology applied was based on the 

Continental model of selecting sample areas of relative homogeneity in terms of composition 

and structure, and listing all the species within the plot. Similarly, an eye estimate of the degree 

of cover (abundance) was scaled using the Domin scale. Crucially, the classification of plant 

communities was based on fioristic composition, rather than dominance and habitat.

The terminology applied, whilst largely paralleling the Continental unit divisions, did not 

attempt to create the rigidity of the alliance, order and class (Rodwell, 1991). However, the 

basic unit of classification, termed the ‘community’, corresponds to Braun-Blanquet’s 

‘association’. The community is further subdivided into ‘sub-community’ and, rarely into 

‘variant’. Each community is presented with a fioristic list (relevee) demonstrating the
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abundance and frequency of species within the community type. This is followed by 

information on the physiognomy of the community, its edaphic details and indications of 

possible lines of succession.

The system produced 25 communities of woodland and scrub, with seven types of wet 

woodland, with vaiying mixtures of Alnus glutinosa, Betula pubescens and Salices. The 

nomenclature of these wet woodlands is based on two or more of the most frequent species eg. 

Alnus glutinosa -  Carex paniculata woodland. Each community is further described by the 

degree of waterlogging and the nutrient status of the substrate. Several of the communities are 

synonymous with those listed in Tansley (1939). For example, Salix cinearea -  Betula 

pubescens -  Phragmites australis is comparable to Tansley's general term ‘fen carr’, and Alnus 

glutinosa -  Carex paniculata encompasses much of Pallis’ (1911) ‘swamp carr’. However, the 

key difference between the two classifications is the use of dominance and habitat type by 

Tansley (1939), and the use of frequent species by Rodwell (1991).

It is Rodwell’s (1991) definitive classification system which is used in the course of this thesis 

to characterise the ancient woodlands of the Thames floodplain. However, it should be noted 

that several other systems developed simultaneously and subsequently to the National 

Vegetation Classification. Notably, A Field Key fo r Classifying British Woodland Vegetation 

(Bunce, 1982) applied a computerised numerical technique called Indicator Species Analysis 

(Hill et al, 1975) to vascular plants and bryophytes as the basis of classification. Furthermore, a 

growing recognition and interest in the semi-natural and ancient woodlands of Britain prompted 

researchers to attempt classification of ancient woodlands. Thus, Rackham (1980) applied a 

Tansleyan methodology to classifying the ancient Bradfield Woods in Suffolk. Similarly, 

Peterken (1993) devised a methodology for classifying semi-natural woods based on a) the 

composition of selected elements in the stand, b) the soil factor, c) stand history and 

development and d) the regional variation in these. Peterken (1993) defined 12 stand groups 

based on the presence or absence of 13 tree and shrub species. The emphasis of the
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classification on semi-natural woodlands allows examination of potential management variants 

of stand types and their possible, or real, counterparts within high forest or wood pasture.

2.4. Structural models of woodland classification.

Stand development models of woodland classification facilitate quantitative analysis of plant 

macrofossil data. They are particularly applicable to submerged forest exposures where the size 

class data is available for large numbers of trees, and the spatial distribution of trunks allows 

investigation into the relative maturity, stability and development history of the woodland {eg. 

Clapham, 2000). The following discussion provides an outline of the central terms and theories 

behind forest stand dynamics which will be used in the course of this thesis.

Investigation of the succession of vegetation after disturbance events originates in North 

America with the early works of Thoreau (1860), Cowles (1911) and Clements (1928). Various 

models of woodland succession are accessible in the literature, although the works of Oliver

(1981) and Oliver and Larson (1996) are the models outlined below. They are broadly 

comparable to a large number of other descriptions {eg. Bormann & Likens, 1979; Peet & 

Christensen, 1987).

Stand development may be defined as the product of growth, mortality and survival (Peterken, 

1996). Stand development models recognise the role of disturbances in determining forest 

structures and species compositions (Oliver & Larson, 1996). Disturbances may be roughly 

divided into two types based on the amount of overstorey removed;

i) ‘stand replacing disturbances’ or ‘major disturbances’ which remove or kill all the 

existing trees above the forest floor vegetation,

ii) ‘minor disturbances’ which leave some of the predisturbance trees alive.

After a major disturbance, newly regenerating trees compete only with other trees also 

regenerating after the disturbance. However, after a minor disturbance the newly regenerating
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trees compete for ‘growing space’ with previously established, large trees which survived the 

disturbance, and with trees regenerating after the disturbance (Oliver & Larson, 1996, p. 95). 

Growing space may be defined as the sum of factors necessary for growth {ibid.). Major 

disturbances may result from various factors such as glaciers, severe fires and severe 

windstorms. However, much more common are minor disturbances such as windthrow, fires, 

floods, disease or insect outbreaks and commercial thinnings. Species vary in their ability to 

endure different disturbances and consequently, the various types of disturbance act as 

‘environmental sieves’ determining which species continue to constitute the stand (Oliver & 

Larson, 1996).

The group of trees developing after a single disturbance has been referred to as an age class, a 

cohort (Bazzaz, 1983) or a generation (Smith, 1984). Stands developing after major 

disturbances may be termed ‘even-aged’, however, the relatively wide age range which occurs 

when regeneration continues over several decades makes this term misleading. Therefore, a 

group of trees regenerating after a single disturbance are referred to as a ‘cohort’ (Oliver & 

Larson, 1996). Stands developing after a single minor disturbance are called single-cohort 

stands. Stands where component trees arose after two or more disturbances (all but the first of 

which would be minor disturbances) are called multicohort stands {ibid).

2.4.1. Stand development models.

The following model divides the development patterns following a disturbance (both of major 

and minor amplitude) into four stages. It is idealised since the way a particular woodland 

develops after disturbance is unique, and the number of possible combinations in space and time 

is effectively infinite (Peterken, 1996). However, certain successive stages with a high 

probability of repeating themselves may be recognised. They are outlined (after Peterken, 1996, 

p. 118-123; Oliver & Larson, 1996) in terms of major stand replacing development because the 

transition stages are clearly illustrated. Each stage demonstrates a characteristic woodland 

structure which may be recognisable from a submerged forest exposure. The model therefore
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provides the ecological dynamics of specific woodland types, which can be used to illuminate 

the ecology o f ancient woodland environments on the Thames floodplain.

2.4.1.1. Stand initiation stase.

After a stand replacing disturbance, trees and shrubs are recruited from advance regeneration, 

new regeneration from seed, and sprouts from stumps and roots. Individuals will continue to be 

recruited until all available growing space is occupied which may happen as rapidly as within 5- 

10 years, and typically under 30 years. When regeneration occurs rapidly on a site, the size 

distribution o f saplings is narrow and, conversely, when regeneration is slower, the size 

distribution will be wider with numbers peaking at lower levels.

On a spatial scale, a stand in the initiation stage will demonstrate an aggregated, ‘clumped’ 

distribution with some areas containing no individuals. Such a distribution should be 

recognisable in a submerged forest exposure if the woodland died during this stage. Clumping is 

the product of various mechanisms including the provision of perches for birds on the initial 

colonists which increases seedling dispersal around the individual, vegetative reproduction 

around stumps, and innate site characteristics. If the initial colonists of the area are short-lived, 

they can become replaced by a second wave of regeneration. The stand initiation phase is 

characterised by the high numbers of species and individuals, and small sizes of plants relative 

to their surroundings.

2.4.1.2. Stem exclusion phase.

Natural thinning o f the stand begins as soon as the branches of saplings interlock or individuals 

overtop their weaker neighbours. The patchiness of the initial regeneration results in the timing 

of the onset of stem exclusion varying within a stand. Differentiation of individuals within a 

stand, in terms of height and crown volume, is dependent on the site variation, age differences, 

inherent growth differences between species, intra-specific genetic variation and patterns 

established during stand initiation.
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Several characteristics are recognisable in woodlands during the stem exclusion stage. For 

example, the number o f individuals decreases as the size of the survivors increases, which leads 

to an increase in stand biomass and basal area within the woodland. Furthermore, the age class 

distribution of the woodland tightens because the smaller (and more numerous) individuals die 

first thereby progressively narrowing the initial spread of ages towards the upper limit. Changes 

to the species diversity of the woodland are evidenced with a general decrease in diversity 

resulting from the exclusion of species growing on less favourable sites, and the death of short

lived pioneer species.

In addition, the woodland structure becomes stratified in a vertical direction, with the shade- 

intolerant species growing rapidly to form the canopy, whilst those species tolerant o f shade 

growing slowly to comprise the underwood. Similarly, size differentiation occurs within species 

with some individuals dominating, and others surviving in suppressed conditions leading to 

slower growth rates. Both a low species diversity and restricted age structure are characteristics 

which may be identified from submerged forests. In summary, the typical outcome of the stem 

exclusion stage is a stratified, increasingly even-aged stand with decreasing diversity,

2,4.1.3. Understorv reinitiation.

During the stem exclusion stage, the ground receives a constant rain of seed and is commonly 

carpeted with seedlings. Between 30-50 years after the end of stem exclusion, the vigour of the 

canopy declines and the structure becomes more diverse. This allows more seedlings to survive 

for long enough to create a second cohort within the stand. This stratum of saplings is termed 

‘advance regeneration’. Species which comprise advance regeneration must be shade tolerant; 

they normally grow slowly and can remain as saplings under the canopy shade for many 

decades. Therefore, species identification combined with size data from a submerged forest may 

illustrate the trees which constituted advance regeneration within the palaeowoodland. Spatially, 

the understorey regeneration reflects the patchiness of the ground vegetation, canopy and
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irregularities of seed dispersal. Advance regeneration tends to cluster around the base of the 

canopy trees due to suckering and base sprouts of these trees, and the enhanced and more 

reliable water supply resulting from stem flow.

2.4.1.4. Old srowth stase/canopv breakup.

Crown expansion no longer compensates for mortality in the canopy providing opportunities for 

suppressed individuals of the first cohort, and taller individuals from the second, to enter the 

canopy. This change in canopy structure additionally initiates further regeneration, advance 

regeneration and allows shrubs to grow. The timing of the canopy breakup depends on the 

longevity of the initial dominants, and the degree of mixture in the stand. Between 100 and 500 

years is commonly required for most North American stands to reach the transitional stage to 

old growth (Oliver & Larson, 1996). Any patchiness established during stand initiation will be 

reflected in the timing of canopy breakup and, therefore, in the timing and pattern of the next 

generation. The underwood trees which are released at this stage may comprise the same 

species as the initial dominants, but are more commonly dominated by shade tolerant trees 

through the process of ‘alternation’.

In general, old growth is assumed to exhibit a reverse -  J -  shaped diameter distribution (Meyer 

& Stevenson, 1943; Minckler, 1971; Leak, 1973) which may be identified from diameter 

distribution curves of submerged forest exposures. Furthermore, old growth forests are high in 

species diversity (Leak, 1973; Alaback, 1984; Franklin et a l 1981, 1986) and consist of many 

large, old trees, often at wide spacings (Nichols, 1913; Franklin et al, 1981, 1986; Alaback, 

1984). Structurally, mature woodland exhibits a relatively continuous vertical distribution of 

foliage (Lutz, 1930; Hough, 1936; Morey, 1936; Franklin et al, 1986), combined with 

considerable quantities of dead wood, both as standing dead trees or ‘snags’ (Franklin et al, 

1981, 1986) and as large logs on the ground (Franklin et al, 1981, 1986). Forests in the old- 

growth stage are assumed to be relatively stable ecosystems where growth equals mortality
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(Steele & Worthington, 1955; DeBell & Franklin, 1987) and large amounts of internal nutrient 

recycling occurs (Sollins et al, 1980; Bormann & Likens, 1981).

2.4.2. Gap Regeneration.

Trees of a cohort in multicohort stands are sometimes aggregated rather than well distributed 

throughout the stand, and sometimes well intermingled with other cohorts. Aggregations, or 

‘patches’ can be classified in one of two ways;

i) ‘gap’ where a cohort forms a discrete shorter stratum surrounded by taller ones 

(Runkle, 1984)

ii) ‘clumps’ where a tall stratum is surrounded by shorter ones.

Although the four stage stand development model is based on major disturbance events, the 

processes outlined will similarly occur when minor disturbances operate within woodland. In 

the absence of major events such as flash-flooding or forest fire, gap regeneration typifies the 

inner woodland dynamics, which can lead to any of the development stages occuring 

simultaneously through different areas of the woodland.

Gaps have become an important focus of interest in regeneration within established woodlands 

(see Ecology 1989, 70 (3)). Often regeneration is largely confined to gaps (Watt, 1923-5) 

representing minor disturbances. In most temperate broadleaved forests, wind provides the main 

agent of disturbance (Peterken, 1996), and thus gaps are formed when trees are windthrown, 

snapped or lose branches. Such a process has important ecological consequences for internal 

regeneration, woodland structure and composition {eg. Falinksi, 1978; Lorimer, 1980; Matlock 

etaL, 1993).

Gap formation in floodplain woodlands is primarily determined by windthrow, with the effects 

o f wind being enhanced by soft sediments and insecure root systems. However, also of 

importance are the effects of flooding and river channel change. Figure 2.4. illustrates the 

creation of a mosaic of single-cohort stands along the river channel as a result of episodic gap
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formation resulting from scour and deposition. In addition, the biotic influence of beaver 

{Castor fiber) is of importance within floodplains. The process of damming slow streams, 

flooding parts of the floodplain, and creating anaerobic conditions (Peterken, 1996), combine to 

create a disturbance regime which provides the conditions for gap regeneration. Consequently, 

high structural diversity would be expected from a submerged forest exposure representing 

different stages of woodland development across a site in response to ongoing gap regeneration 

processes.

2.4.3. Fioristic succession models.

The stand development model describes the various spatial and structural stages that occur after 

a disturbance, but restrict discussion of the species composition of succession (Peterken, 1996). 

Fioristic succession provides a model by which the ecology of species identified from 

submerged forests may be utilised to further characterise the woodland dynamics of an ancient 

floodplain.

2.4.3.1. Tolerant and intolerant species.

Species may be roughly divided into two main categories according to their ability to tolerate 

shade. ‘Tolerant’ species are those which will survive and grow under the forest canopy. They 

tend to live longer, mature later, flower later and more irregularly, and live in the understorey as 

slow-growing, suppressed seedlings and saplings (Peterken, 1996). When tolerant individuals 

are released from shade (by a disturbance) they react variously according to species, but can 

grow rapidly. Typically, they form mixed-species stands with a high density of stems {ibid.). 

Many lack long-distance dispersal mechanisms and consequently they are poorly represented in 

early successions. Their strategy is long term occupation of a site in the absence of major 

disturbance, thus they are commonly labelled ‘climax’ species. Typical tolerant genera in 

Europe are Acer, Carpinus, Tilia, Ulmus and Fagus (Peterken, 1996).
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Figure 2.4. Age-distrlbutlon of cottonwood trees on the floodplain of the Little Missouri River, 

North Dakota. The pattern of canopy a g es directly reflects the sequence of deposition of shoals 

by the wandering river.

(From Hupp, 1988 in Peterken, 1996, p. 184)
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In contrast, ‘intolerant’ species cannot withstand shade and thrive only in the main canopy or in 

the open. They tend to be short-lived, fast-growing species which mature quickly casting a light 

shade, fruiting copiously and readily and with rapid seed dispersal mechanisms such as wind 

and birds (Peterken, 1996), They are commonly known as ‘pioneers’ because of their short-term 

occupation of newly available sites following disturbance, however, they will also persist on 

extreme and infertile sites by means of rapid regeneration or very slow growth. Typical 

examples are species of Alnus, Populus, Salix, Pinus and some species of Betula (Peterken, 

1996, p. 133).

The two classes inevitably represent extremes of the ecological spectra, and many species 

possess qualities which are characteristic of both intolerant and tolerant individuals. For 

example. Ilex and Taxus are very long-lived, tolerant species, but their fruits are dispersed 

widely by birds which allow them to act as pioneers in some situations (Peterken, 1996).

2.4.3.2. Relay and initial fioristic succession.

The ecology of different species fundamentally determines the successive changes in species 

dominance after a disturbance. Principally there are two models which describe the processes 

which determine vegetation establishment on a site. Early models suggested that one or a few 

species invaded a disturbed area and predominated; as these altered the environment, other 

species invaded which achieved dominance, altered the environment, and allowed still other 

species to invade and eventually predominate {eg. Clements, 1916). This progressive change in 

species was termed ‘succession’ and the concept of one species invading after another in a 

‘relaylike’ manner is termed ‘relay floristics’. The pattern ends when a species or group of 

species invades which eventually predominates and replaces itself rather than becoming 

replaced by other species, culminating in a stable end point to succession known as the ‘climax’ 

(Clements, 1916).
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The relay floristics model has largely become replaced by the ‘initial floristics’ model first 

proposed by Egler (1954). Initial floristics suggests that most plants which comprise a stand 

invaded shortly after a disturbance, rather than throughout the life of the stand. The model 

suggests that species which predominate later were actually present shortly after the 

disturbance, but have tended to be overlooked because of their small size and relatively small 

numbers (Oliver & Larson, 1996).

It is currently thought that both relay and initial floristics characterise forest development, 

however, initial floristics is the most common invasion pattern following a disturbance (Oliver 

& Larson, 1996). The scale and intensity of disturbance influences the duration and character of 

the subsequent succession. For example, initial floristics dominate the pattern when the 

disturbance is slight enough to leave many predisturbance species as living remnants, seeds and 

saplings. Furthermore, initial floristics dominate when a close proximity of seed minimises the 

inherent differences in seed dispersal mechanisms amongst species (Peterken, 1996).

The above fioristic succession model describes the extent to which species ecology dictates the 

spatial and temporal patterns of trees in a woodland. However, succession models simplify the 

variety of patterns and diversity of successions that may occur in real forests. Often the 

environmental conditions and character of the initial disturbance will diversify the possible 

patterns of colonisation and regeneration. For example, unless the disturbance is severe then 

colonisation will be strongly influenced by the composition and structure of the earlier 

vegetation (Peterken, 1996). Similarly, different forms and intensities of disturbance will dictate 

the species composition ie. windthrow may generate different dominants to that of floods. In 

the same manner, the frequency of disturbance is important. A high frequency of disturbance 

will exclude tolerant species and, conversely, infrequent disturbance will favour the 

establishment and survival of tolérants. Lastly, the temporary environmental conditions 

prevalent during stand initiation {ie. a high ground water table) will influence the composition 

of the establishing woodland.
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These variable factors are the major determinants of the composition and structure of a new 

stand as it embarks on stem-exclusion. Furthermore, their influence will last much longer 

because the initial composition of dominants is eventually reflected in the old-growth canopy, 

and the advance regeneration beneath it. In summary, the structural models of stand 

development facilitate the examination of prehistoric floodplain woodland as a dynamic system, 

in which the possible combinations of woodland structure and composition are numerous, but 

certain predictable and known disturbance regimes are accepted. These disturbances provide 

specific site conditions for tree establishment, against which palaeobotanical macrofossil 

assemblages from floodplains may be compared in order to elucidate the successions and site 

history of given areas. Submerged forests provide ideal sites for such a characterisation and a 

brief introduction to these exposures is provided below.

2.5. Definition of submerged forests.

Prior to the early 1900’s exposures of submerged woodland were popularly known as ‘Noah’s 

Woods’. The occurrence of rooted tree-stumps and trunks around the coast of Great Britain was 

accredited to the great biblical deluge of Noah’s time and the resultant devastation of the 

landscape. However, the emergence of more science-based antiquarian interest in intertidal 

exposures led to increasingly rationalised questioning of the nature and origin of submerged 

forest exposures.

Reid (1913) and Godwin (1943c) provide early definitions of submerged forest exposures. In 

recent years the definitions have been somewhat refined leading to Heyworth’s (1986, p. 401) 

description; “ .... assemblages of tree remains, clearly in their growth position, and so situated 

that they are regularly covered by the tide. These forests are usually found as peat beds, 

containing the stumps and trunks of trees, which outcrop on the foreshore.’
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2.5.1. Origin and distribution.

Several theories of origin have been proposed for submerged forests, and it is unlikely that a 

single mode of origin may be applicable to every exposure. Early geological attempts at 

explaining the intertidal position of submerged forests, whilst rejecting the causal possibility of 

sea-level change, revolved around three main hypothesis; landslips, compression o f underlying 

strata and/or the removal of a protective barrier (Reid, 1913). The landslip theory was soon 

dismissed by Reid (1913) due to both the occurrence of forest beds in low, flat topographic 

areas unlikely to experience landslip, and the abundant evidence for in situ trees and stumps 

anomalous with the disturbed nature of deposits produced from landslides.

The second explanation of origin relates to some compression of the underlying strata and a 

consequent sinkage of land level. The extent to which this occurs may explain the low-lying 

level at which submerged forests are located. Deposits that have formed directly over 

underlying mineral horizons are less susceptible to compaction and sinkage than those 

developed on underlying organic material (Churchill, 1965). Although deposit compaction is a 

significant factor whilst attempting mean sea-level plots, it is clear that the location and actual 

origin of submerged forests is more related to sea-level increases, than dramatic strata 

compression.

The third theory of forest formation relies on the presence o f a protective barrier allowing 

woodland to establish on low-lying land. This was noted by Godwin (1943c) who, on the basis 

of the possible presence of a barrier, urged sea-level researchers to be cautious when relating 

peat bed altitude to mean sea-level height. For example, peats may develop at the mid-tide level 

behind a shingle spit or sand dune barrier that protects vegetation from the immediate influence 

of the sea. Thus, although a marine transgression may progress, vegetation composition will not 

demonstrate its effects until the barrier is breached exposing the area to full tidal range and 

burying it under marine strata.

65



Chapter Two_____________________________________________________________________ Woodlands and submersed forests

It has been argued {e.g. Churchill, 1965) that the gradual sere of floral and faunal change 

evidenced through submerged peat exposures contrasts with the lithostratigraphic and botanical 

changes that result from sudden flooding events as would occur behind a barrier. The fact that 

many floras evidence gradual retrograde hydroserai changes, and that lithostratigraphical 

bounderies are not always sharp, strongly suggests that the origin of many submerged forests 

may be more directly related to changing sea-levels.

However, Heyworth (1986) and Campbell & Baxter (1979) suggest that many submerged 

forests did form behind coastal barriers. Heyworth (1978) proposes two different mechanisms 

by which this can occur. The first envisages a coastal barrier between the sea and the growing 

trees, which gradually becomes pushed-up and back by wave action across the forest leaving it 

exposed on the foreshore. The alternative process is where a shingle barrier becomes overtaken 

by sea-level rise leaving the submerged forest behind a fossil shingle ridge, at a lower level than 

the present storm beach (Heyworth & Kidson, 1982). It is now evident that some submerged 

forests developed in this manner {eg. Bridgewater Bay amongst other exposures in the Bristol 

Channel), however, these exposures are the eventual result of sea-level rise, and this is the 

underlying origin of all submerged forests.

The majority of submerged forest trees were killed by a rising water table or the ingress of salt

water, rather than by a catastrophic and permanent marine inundation (Heyworth, 1978). Almost 

all exposures owe their preservation to the fact that, following death the trees were engulfed by 

later growths of peat, or clays, silts and sands, from which they have only recently been 

exhumed. The sedimentation patterns are largely determined by, and synchroneous with rises in 

sea-level, and consequently research on submerged forests has been closely allied with that on 

sea-level change. An understanding of sea-level processes accounts for the current distribution 

of submerged forests around Britain.
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Submerged forests occur on land between the lowest tides and mean high water mark, which 

varies between locations depending on the tidal range. However, the net result of eustatic global 

sea-level rise and isostatic uplift determines the various heights at which submerged forests may 

be located today. In general, coastal regions in the northwest of Britain have risen during the 

post-glacial, whilst those in the south and east have sunk (Heyworth, 1978). Much of the area 

between the two, including Wales, the southwest and the Humber, has undergone very little 

vertical movement.

As a consequence, the more northerly the site, the greater the postglacial uplift and once the 

Solway Firth is reached, the land has risen approximately the same amount as sea-level during 

the last 8000 years (Heyworth, 1986). Consequently, despite a 20m rise in sea-level in this area, 

submerged forests that formed at about mean high water mark (m.h.w.m.), lie at approximately 

m.h.w.m. even now. In this way, the altitude of a submerged forest exposure may be related to 

sea-level curves in order to approximate a date for woodland development. In addition, forest 

exposures which developed from 8000 years ago to several hundred years ago are all easily 

accessible depending on where along the British coastline one looks.

Figure 2.5. shows the distribution of the main submerged forest exposures around England and 

Wales. There are also records of submerged forests around the Channel Islands, Northern 

France, near the mouth of the Somme, at Sangatte and Wissant near Calais, and along the coasts 

of Holland and Scandinavia (Lucy, 1877). Bell (1997) suggests that approximately one hundred 

and fourteen submerged forests are present around the coast of Great Britain. This number is 

likely to fluctuate as present exposures are eroded away, and still buried exposures are gradually 

exhumed. However, although they are found around the majority of the British Isles, there are 

three main coastal types that lack submerged forest sites (Heyworth, 1978). These are;

a) where changes in estuarine channels have removed the beds,

b) on a receding coastline where a coastal alluvial belt is now, or in the past, absent.
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Figure 2.5. Illustrating the distribution of intertidal peat sites and coastal sedimentation around 

the coast of England and W ales (from Bell, 1997, p. 56).
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c) where accretion has caused the coastline to advance across the earlier intertidal 

area, so that any submerged forests are now well inland (Heyworth, 1986, p.402).

2.5.2. Patins.

The dates o f submerged forest exposures are integrally related to sea-level variations around the 

coast o f Britain. Early attempts at dating were based on the ‘great deluge’ theories, which led to 

the conclusion that all submerged forests were formed at the same time, ‘the submerged forest 

period’. Subsequently, many nineteenth century antiquarians began to use the chronology of 

artefacts discovered within exposures to date submerged forests. This resulted in an overall 

chronological framework for forest development that ranged from Palaeolithic to Medieval 

times.

Godwin (1943c) urged caution when dating forests through artefactual evidence, stating that 

many artefacts, that for a long time were ascribed to the Neolithic period, were in fact of other 

periods (Mesolithic, Neolithic, Bronze Age and, sometimes. Iron Age). The first application of 

palynology began to create a true chronological framework for submerged peat beds. Pollen 

spectra from peat beds were compared to Godwin’s pollen zones to demonstrate that submerged 

forests related to the Atlantic and Sub-Boreal zones of development (Godwin, 1943c). It also 

became clear that submerged forests did not develop contemporaneously, but gradually through 

time (Godwin & Newton, 1938; Godwin & Godwin, 1940).

The advent of radiocarbon dating revolutionised the chronological framework within which 

submerged forests were recognised. It became clear that they had formed throughout most of the 

post-Glacial period, the earliest possibly as soon as trees reappeared with climatic amelioration 

(Heyworth, 1978). The majority of submerged forests age between 4000 and 5500 BP, a period 

of moderate sea-level rise, which allowed the growth of extensive coastal forests which were 

progressively inundated (Heyworth, 1978). Prior to this period, marine inundation was rapid 

permitting only a narrow belt of submerged forests of any age, and subsequent to this period,
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sea-level rise has been slow resulting in the sedimentary environment remaining relatively static 

(ibid).

Since submerged forests are largely preserved due to their burial under sedimentary overburden, 

changing sedimentary regimes (synchroneous with changing sea-levels) are instrumental to the 

potential for different periods to produce forest exposures. In general, sedimentation and peat 

growth has kept pace with, or outstripped, marine inundation and it is only before 8000 years 

ago that sea-level rise was so rapid as to make significant terrestrial inroads (Heyworth, 1978). 

Over the past 3000 years, the virtually negligible rate of sea-level rise has resulted in few 

coastal woodlands becoming inundated, and furthermore, still fewer becoming buried and 

preserved. An exception is the 450 year old Cardigan Bay exposure which has become 

preserved due to its proximity to the sea (Heyworth, 1978). Table 2.2. demonstrates the 

chronology of several radiocarbon dated submerged forests around the coast of Great Britain 

and Ireland.

Table 2.2. Radiocarbon dates for subm erged forests in Britain and Ireland.

Subm erged Forest Radiocarbon Date

Solway Firth, Dumfries 

North Wirral, M erseyside

8300 BP 

6420 -  6460 BP 

5500 -  3980 BP

Borth/Ynyslas, W ales 6000 -  3800 BP

Severn Estuary, W ales & Som erset 6000 -  2500 BP

Stolford (Bridgewater Bay), Som erset 5700 -  3800 BP

Poulnasharry, Co. Clare, Ireland 4960 BP

Purfleet, Tham es Estuary, E ssex SL 4930 -  3850 BP

Meelick Rocks, Co. Limerick 4160  BP

Upper Crouch Estuary, E ssex 4100 BP

Humber, Humberside 4000 -  2500  BP

M orecom be Bay, Cumbria 3800 BP

Bristol Channel, W ales 3500 BP

Cardigan Bay, W ales 450  BP

(From Heyworth, 1978; Kenna, 1986; Allen, 1992; Wilkinson & Murphy, 1995; O’Sullivan, 

1997b)
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Aside from the development of a chronological framework for submerged forests, dating has 

also been applied in attempts to ascertain the longevity of woodland history represented at 

exposures. Reid (1913, p. 118) first alluded to the possible age of woodlands when he stated, “ 

the usual characteristic of a ‘submerged forest’ is that it shows indications of only a single 

generation of trees. The trees also are usually small, except where the.... forest rests directly on 

deposits of much earlier date, or on solid rock.” Reid continues, “ .... I have not succeeded in 

discovering a tree more than a century old in any.... marsh deposits alternating with the 

estuarine silts.”

In contrast, Spurrell (1889) observed areas of submerged forest where yew trees grew with the 

roots of each covering those of its predecessor to form a mound. The rings of two of the trees 

were counted; one was 298 years old and another was 187 years old. The direct contact between 

the three trees indicates undisturbed woodland growth over a period of time in excess of four 

hundred years.

Use of dendrochronological techniques has elucidated the woodland histories of various 

submerged forests. Heyworth (1986) divides exposures into two types:

a) where trees grew on pre-Holocene deposits drowned by rising sea-levels to produce a 

continuous basal submerged forest bed resting on an undulating surface, and where the 

age of the bed decreases with increasing altitude.

b) Where trees grew across virtually horizontal Holocene alluvium on an accreting 

coastline and a slight sea-level rise drowned trees over a wide area to produce extensive 

horizontal forest beds.

Whilst the latter may be more likely to represent single-phased, contemporary trees within a 

woodland, the former will include stratigraphie layering where trees of different ages may occur 

at different heights on the foreshore because of a gradually rising water-table. Thus, a typical 

scenario would be the preservation of older trees on the lower exposure nearest to mean low 

spring tide level, and more recent trees further up the foreshore.
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Different processes may be expected for different locations depending on local hydrological and 

topographical conditions. Where coastal barriers are absent, changes in sea-level are more likely 

to have a direct effect on coastal vegetation. However, the fact that peat accumulation and 

sedimentation has generally kept pace with sea-level rise since 8000 BP, suggests that many 

submerged forests represent comparatively long woodland sequences, with trees regenerating on 

a continually rising substrate. This is particularly the case where trees are rooted and embedded 

in peat, with no clear evidence for flooding horizons until the burial strata.

2.6. Research history and potential.

The following section outlines a selective overview of the research history o f submerged 

forests. Antiquarian interest in submerged forest exposures was strong and, therefore, only 

research that applies to the Thames exposures is detailed.

2.6.1. Early records o f submersed forests.

People have been aware of, and fascinated by, the presence of submerged forests for many 

hundreds of years, one of the earliest documentary references being made by Giraldus 

Cambrensis in 1188 (Itinerium Kambriae, 1191). He records a storm in the winter of 1171-72 at 

Newgale, St. Brides Bay in Wales where “.... laid bare.... the surface of the earth, which had 

been covered for many ages, and discovered the trunks of trees cut off, standing in the very sea 

itself, the strokes of the hatchrt (sic.) appearing as if made only yesterday.... By a revolution, 

the road for ships became impassable and looked, not like a shore, but like a grove cut down.... 

being by degrees consumed and swallowed up by the violence and encroachment o f the sea.”

During the sixteen hundreds, mention was made of various exposures around Britain. The 

Mersey Flats were highlighted by Camden (1674) and Lhuyd (1709) noted exposures between 

Borth and Aberdovey in Wales. It is reasonable to assume that, in addition to these documentary 

accounts, local people were aware of nearby exposures for hundreds of years. Whilst describing 

exposures on the foreshore at Abergele in Denbighshire, Penant (1810) writes, “ The wood is
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collected by poorer people and carried home and used for fuel.” Reid (1913, p. 1) also alludes to 

the local knowledge of forest beds, fishermen will tell you of black peaty earth, with 

hazelnuts, and often with tree stumps still rooted in the soil, seen between tidemarks when the 

overlying sea-sand [\cs been cleared away by some storm or unusually persistent wind.”

Although an awareness of the existence of submerged forests dates back hundreds of years, 

systematic research only developed recently. Clement Reid was one of the first to call for a 

methodical and interdisciplinaiy scientific examination of exposures, writing; ".... the deposits 

should be examined bed by bed, and nothing should be overlooked, whether it belong to 

geology, archaeology or natural history.’ In truth, several antiquarians of the late eighteen 

hundreds had begun to examine the deposits in this manner, but Reid’s call for multidisciplinary 

research of exposures has only been heeded in very recent years.

2.6.2. Antiquarian research in the Thames.

Nineteenth century London provided numerous opportunities to examine buried alluvial 

sequences during the deep excavations for dock-building, tunnels, drains and dredgings. In 1889 

Spurrell published an account of his examinations of peats along the Thames, which clearly 

demonstrated the rich palaeoenvironmental and archaeological content of the area. Spurrell 

recorded the complex intercalated peats and clays that define the Thames sedimentary sequence. 

He writes; " . . . .a  layer of peat may be found covered with tidal clay.... lying at Qrdnance^atum. 

Below this, at about Woolwich, other layers of tidal peat and clay come in, which succession is 

very marked at Crossness. Between Erith and Gravesend a third layer of peat commences, 

which is also covered with tidal clay and which at Tilbury has beneath it slight signs here and 

there of tidal clay again.”

Spurrell made detailed records of the submerged forests of the lower Thames from observations 

during cuttings for the Metropolitan sewer, and from foreshore walks along the Thames. At 

Crossness he recorded two different phases o f submerged forest, and stated that this division
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may be observed on both sides of the Thames (1889). He describes the lower forest bed as such; 

". .. the roots of most of the trees remain in place, but many have fallen over and lie prone in 

different directions, without so far as I have seen, any one direction predominating.... mossy 

and grassy patches occassionally appear.... a whole skeleton of a beaver was found lying under 

a big tree stem.” Spurrell records a layer of tidal clay above this bed before an upper forest bed 

occurs; “ the trees, so far as their mode and thickness goes, are like those of the lower layer, but 

the majority are not so softened by decay.”

Spurrell recorded in relatively good detail the species and sizes of trees and suggested that the 

species of trees in both layers were nearly the same, but in the upper layer the proportion of yew 

trees and their size was greater than the lower layer, in which Alnus and Fraxinus predominated. 

Spurrell (1889) recorded large oaks and yews in both layers, the largest oak measuring 33 

inches in diameter above the taper, and largest yew comprising at least five hundred rings.

From Spurrell’s records it appears that the upper peat bed mentioned was of Roman date. He 

records; " .... the upper surface of the upper layer of peat was much weathered and was strewn 

all over the area with abundance of Roman pottery....” He makes particular reference to the 

forest bed at Erith in the following statement; "The tideway of the river.... especially about 

Erith and Purfleet, at low water, shows broad strips of forest beds, the upright stubs of trees 

being surrounded by a dense and complicated network of roots. Fallen trunks of trees lie awash. 

From these surfaces are obtained now and then vases of Roman ware, some of which, as at Erith 

and elsewhere, have formed part of burial deposits.” By extrapolation, it is clear that 

considerable erosion of the foreshore has occurred since the 1880’s since the Erith foreshore 

now represents a far more ancient landsurface.

2.6.3. Twentieth century research

After the initial antiquarian interest in submerged forest exposures, research dwindled 

dramatically with virtually no work undertaken until the 1940’s. Godwin revived interest in peat
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beds although he concentrated on the palynology of the sites in order to expand his development 

models of the British Flora. Godwin and his co-workers undertook research of forest sites in 

Portsmouth (1945b), Southampton (Godwin & Godwin, 1940), Borth and Ynyslas (Godwin & 

Newton, 1938). However, Godwin felt that examination of the trees themselves was to some 

extent unnecessary (c ./ Bibby, 1940) since all the species present could be found in the modern- 

day British flora.

Interest in submerged forest exposures was truly revived in the late 1970’s, and has increased to 

the present day. Heyworth (1978) began examining forest beds in order to analyse past sea- 

level s, realising the potential for dendrochronological analysis to track more sensitively marine 

oscillations around the coast of Great Britain. Simultaneously, Campbell & Baxter (1979) 

researched submerged forests to examine fluctuations in atmospheric C*'* concentrations which 

affect radiocarbon accuracy.

Increasing awareness of present day coastal inundation has led to Britain’s coastline, in terms of 

ecology, heritage and management, becoming a focus for many different agencies. As a result, 

archaeology in the intertidal zone has become a discipline in itself, the importance of which has 

led to English Heritage producing a book devoted to England’s coastal heritage (Fulford, 

Champion & Long, 1997). Comprehensive intertidal surveys have been undertaken on most of 

Britain’s larger rivers, and the presence of submerged forest sites is now well known to a wide 

community.

One of the leading intertidal surveys was the Essex Coast Hullbridge Survey, in which the 

Rivers Crouch, Blackwater, and the northern bank of the Thames were systematically walked 

and recorded (Wilkinson & Murphy, 1982, 1984, 1995). Archaeological features formed the 

focus of research, however, natural features such as submerged forests were recorded and 

examined in order to provide an environmental backdrop to the archaeological remains. Five 

submerged forest sites were identified in the upper Crouch Estuary, three from the river
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Blackwater and an extensive exposure was examined at Purfleet, Essex. The most 

comprehensive research has been carried out at Purfleet, where the trees were identified, and 

combined with molluscan and soil micromorphologicai analysis to provide a picture of valley 

floor woodland during the Neolithic.

Additionally, the Severn Estuary Research Committee has carried out large-scale intertidal 

research on both the English and Welsh sides o f the Severn estuary {eg. Bell, 1993,1994, 1995). 

To some extent this research is a natural progression of the Somerset Levels research of the 

1970’s and 1980’s. The palaeoclimatological potential of submerged forests realised by Bibby 

(1940) was extended by Allen (1992) on sites in the Severn Estuary. In addition, a 3 km stretch 

of foreshore at Goldcliff, Wales has been extensively surveyed and recorded (Bell, Caseldine & 

Neumann, 2000), creating a rich palaeoenvironmental database.

Other large-scale intertidal surveys of note are the Discovery Programme on the Shannon 

Estuary in Ireland, and the WoottcA Quarr Survey on the Isle of Wight. Aside from the rich 

archaeological record discovered on the Shannon Estuary, nine Neolithic submerged forests 

were recorded along the intertidal zone providing a picture of woodland in this zone 

(O’Sullivan, 1997b). Similarly, a multidisciplinary research project is in operation at WootkA 

Quarr, with the recording of stumps and trunks, and sampling of pollen, diatom and insect 

remains in order to build a detailed ecological reconstruction of the area (Tomalin et aL, in 

press). Nearby, some work has been undertaken on a submerged forest south of Hayling Island 

in the Solent (Bullivant et.al, 2000).

2.7. Woodland types represented by submerged forests.

The majority of researched submerged forests are dominated by Quercus with Pinus, although 

lesser values of Alnus, Taxus and Betula are recognised. To some extent the species recognised 

may be more a product of work-biased factors rather than any nationwide trend in species 

distribution. For example, until the 1990’s, the overwhelming majority of submerged forest
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work was undertaken on the western seaboard where Quercus and Pinus woodland may have 

been dominant. In addition, the relative ease of field identification of Quercus and Pinus may 

have led to their apparent abundance, as well as the deliberate selection of Quercus forests for 

dendrochronological purposes. As more detailed and extensive palaeobotanical analysis of 

submerged forests is undertaken, the diversity of tree types detected has increased, particularly 

from those located on Britain’s east coast.

Submerged forests examined on Ireland’s coast have produced the following woodland types. 

The nine Neolithic forests recorded on the Shannon estuary consisted of Quercus and Pinus 

(O’Sullivan, 1997b). At Meelick Rocks, Co. Limerick, trunks and roots were identified as 

Quercus and Alnus woodland dating to 4160 BP. Additionally, Pinus sylvestris woodland was 

identified at Poulnasharry Bay in Co. Clare (O’Sullivan, 1997b).

The Welsh coast submerged forests show little diversity in species type; for example, Pinus 

dominates the exposure at Borth in Cardigan Bay (Heyworth, 1978), with Quercus comprising 

the only other prevalent tree. However, as suggested above, comprehensive species 

identification of trees across these submerged forests may well lead to other species being 

identified.

Studies of submerged forests in the Severn Estuary have shown that Quercus and Alnus 

dominated the coastal woodland during the mid-Flandrian (Allen, 1992). The more 

comprehensive submerged forest sampling at Goldcliff has led to a widening of woodland 

spectra within the Bristol Channel. The Mesolithic forest was planned and sampled providing 

one hundred and twenty two identifications of the following species; Alnus, Betula, Salicaceae, 

Quercus and Rosaceae, the relative abundances of each differing between trunks and stumps 

(Bell, Caseldine & Neumann, 2000). The forest mapping enabled spatial differences in 

woodland composition to be identified, with a ubiquitous presence of Alnus and Betula, and 

Salicaceae to the south with Quercus and Pomoideae to the north, although the contrast may be
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temporal (ibid.). The Iron Age submerged forest was also examined, with one hundred and 

twenty one samples taken to provide the following spectra; 64^6 Alnus, 31% Betula and 5% 

Salicaceae (Bell, Caseldine & Neumann, 2000). This woodland is representative of wetter 

ground conditions and shows a typical low diversity, fen carr woodland.

Recent work on submerged forests in northern England has attempted to achieve detailed 

woodland reconstruction in the planning, recording and sampling of exposures (Clapham, 

2000). A submerged forest site in Merseyside comprised Quercus, Salicaceae, Betula, Alnus and 

Corylus. This woodland was compared to submerged forest sites on the east coast of England in 

Lincolnshire where a different composition was identified with Alnus, Fraxinus, Quercus, and 

Salicaceae in varying degrees of abundance across the site (Clapham, 2000). This study 

demonstrates a greater diversity of species on the western seaboard than previously realised, and 

indicates the potential for tracking spatial composition changes across submerged woodlands. 

Furthermore, the stand development models outlined in section 2.4. were applied to these 

exposures to elucidate the woodland histories (Clapham, 2000).

Species identifications of submerged forests examined in the Hullbridge Survey has further 

increased the diversity of Neolithic woodland types in the southeast. At sites on the Crouch 

estuary only three species were identified, with Alnus dominant, followed by Quercus and 

Ulmus. However, the Purfleet submerged forest on the Thames produced a relatively mixed 

species composition. Drifted trunks from the lower sediments comprised Ulmus, Alnus, Corylus, 

Poplus and Fraxinus, and rooted trees and stumps of Neolithic age consisted of Taxus, Ilex, 

Ulmus, Alnus and Fraxinus (Wilkinson & Murphy, 1995). In contrast to most forest sites, the 

Purfleet exposure failed to demonstrate the presence of Quercus, although the presence of Taxus 

is documented which appears to be an ecological varience o f the Thames Neolithic woodland.

In summary, it appears that submerged forest sites on the western seaboard represent low 

diversity woodland, with Quercus and Pinus predominating. However, sites from the eastern
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coastline appear to represent more mixed woodland, with Fraxinus becoming important here, 

compared to its absence to the west. The southeastern submerged forests o f Neolithic age appear 

to represent the most diverse woodland composition, with the Thames exposure at Purfleet 

comprising species indicative of mixed deciduous woodland growing in relatively dry 

conditions.

2.8. Human Impact within Submerged Forests.

Geraldus Cambrenesis’ account of hatchet marks on submerged forest trees in Wales suggests 

that prehistoric communities were exploiting these coastal woodlands for timber. However, the 

presence of prehistoric hatchet marks is largely dismissed at this site on account of Tenant’s 

description of a history of wood and fuel collection within exposures. Owen (1595) stated there 

had for a long time been a deficiency of fuel in Pembrokeshire, thus it is assumed (North, 1955) 

that the hatchet marks recognised by Geraldus Cambrenesis and other writers (e.g. Fenton, 

1811) were made in historic times during the collection of firewood.

There are numerous finds of flints and axes of prehistoric date within submerged forest sites, 

indicating the presence of people within these woodlands. At Porlock, Boyd-Dawkins (1880) 

discovered flints in the submerged forest, and many discoveries of Mesolithic flints were made 

within the Pembrokeshire submerged forests between 1909 and 1951 {eg. Leach, 1918). The 

extent to which prehistoric communities exploited the trees themselves, or used the woodlands 

for hunting grounds, remains unclear.

The presence of microlithic flints at sites such as Lydstep in Pembrokeshire, suggests hunting 

activities, certainly during the Mesolithic, within these coastal woodlands. Neolithic submerged 

forest sites provide increasing evidence for woodland exploitation through artefact finds. Axes 

predominate amongst flintwork recovered from forest beds. At Meelick Rocks in Ireland, a 

stone axehead was found embedded in the peat of the Neolithic submerged forest (O’Sullivan, 

1997b). At Purfleet, three polished axes and chisels, two flint saws, and a flint flake were found
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in the upper surface of the submerged forest. This evidence has been interpreted as a Neolithic 

specialist activity area within the woodland (Wilkinson & Murphy, 1995). An interesting 

documentary source is that o f the Hazeldine Warren (1936) who records the discovery of an axe 

embedded in a tree stump from the Essex Coast. Nevertheless, it remains a characteristic trait of 

submerged forests that death occurred because of hydrological change, rather than 

anthropogenic clearance, hence the general absence of trees bearing traces of felling or burning 

indicative o f clearance.

It seems apparent that Neolithic submerged forests underwent some degree of exploitation by 

populations, although there is little to suggest any large-scale woodland clearance. Arguably, 

Neolithic communities would have used the riparian woodland for hunting, fishing and plant 

collection. It seems almost inconceivable, therefore, that the rich source of timber these 

woodlands provided was not tapped to some degree, for fuelwood, building materials and tools.

Equally, there is little evidence from submerged forests to suggest the occurrence of woodland 

management within these coastal and riparian woodlands during the Neolithic. In terms of tree 

morphology, large single stumps and trunks characterise submerged forests, with little evidence 

for slender, young poles that may be indicative of coppicing. One recorded exception is Allen’s 

(1992, p. 151) observation of the submerged forest at Goldcliff, Severn Estuary; “A number of 

trees.... consist of two or three, approximately equal trunks which spring virtually at ground 

level from one root bole.” This morphology may indicate a coppiced stool, however, the 

evidence for management, in general, remains limited. In summary, the artefacts found within 

the submerged forests clearly indicate exploitation of these areas during the Mesolithic and 

Neolithic periods. However, there is little to suggest sustained clearance of the coastal 

woodland, and no evidence to indicate woodland management regimes.
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Chapter Three 

THE ENVIRONMENTAL CONTEXT OF LONDON

The following chapter aims to provide the environmental background to the study area during 

the Neolithic and Bronze Age. Central to the research is the effect of climatic change on sea and 

river levels during these periods, and the sedimentary sequence that resulted from such change. 

Thus, the status of the river Thames during prehistory and the various sedimentary deposits of 

the river are discussed in some detail. The chapter follows by providing current interpretations 

of woodland and vegetation in the study area throughout the relevant periods.

3.1. The Thames Basin,

The study area is situated in the East London area stretching from the Isle o f Dogs on the north 

bank of the Thames to Purfleet in Essex. To the south of the Thames, sites are discussed 

between Southwark and Erith in Kent. The basic geological characteristics of this area are 

outlined in Figure 3.1., and the main sites discussed in the text are illustrated in Figure 3.2.

3.1.1. The 2eolo2V o f  East London.

The London basin rests on an underlying geology that dips gently from west to east as it merges 

into the deeper and active southern North Sea syncline (d’Olier, 1972). Within the research area, 

borehole studies have identified the underlying chalk surface at Barking Creek Mouth at -26.6m 

O.D. dipping down to -153m OD some 30 km east at Sheemess (Devoy, 1979). This area 

encompasses land of the Thames floodplain, most of which lies beneath the 100m contour, with 

Chalk and London Clay formations forming zones of high ground. Four main physiographic 

units are recognised:

a) the floodplain north and south of the River Thames, lying between mean low water

mark of spring tides and the 10m contour; this unit includes the alluvium of 

tributary stream,

b) the chalk upland south of the river, rising above 60m O.D
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Figure 3.1. Simplified geological map (solid) of the Thames area between London and Purfleet (from Rodwell Jones. 1931. pp. 6).
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Figure 3.2. Sites mentioned in the text
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c) the raised and largely sub-horizontal clay zones of southeast Essex,

d) the clay uplands of north Kent, from Higham and High Halstow to the Isle of Grain. 

(Devoy, 1979).

Pleistocene deposits form the major geomorphic features today and may be grouped under five 

headings; river terrace sequences, head, brickearth, alluvium and boulder clay.

3.J.2. The maior tributaries.

Several major tributaries flow into the Thames in the east London area leading to characteristic 

deposits and palaeochannels within the adjacent sediments (Figure 3.2.). These tributaries 

include the rivers Lea and Roding, which flow into the Thames at Blackwall and Barking 

respectively. Combined with the Wandle, the Lea and Roding represent the oldest tributaries of 

the Thames and are flanked by terrace sequences similar to those of the Thames (Nunn, 1983). 

The Lea is recognised as a major Pleistocene meltwater channel (Baker & Jones, 1980) with an 

elaborate system of buried channels (Grady, 1958). Further east into Essex, the rivers Beam and 

Ingrebourne flow through the Dagenham/Homchurch and Rainham areas respectively, and the 

Mar Dyke enters the Thames at Purfleet. Only two major tributaries exist to the south of the 

Thames, the Ravensboume joining the Thames at Deptford creek, and the rivers Darent and 

Cray which join the Thames east of Crayford Ness.

3.1.3. The Thames terraces and the Pleistocene development o f the river.

The single largest influencing factor in the geomorphology of Greater London is the processes 

of migration, downcutting and accretion of the River Thames over the last 400,000 years (Sidell 

ei al, 2000). Although the Holocene deposits are the relevant sequences to this research, the 

development of the Thames terraces is fundamental to understanding the geological form o f the 

Thames basin.

Extensive debate has occurred over the recognition, dating and developmental processes of the 

Thames terrace sequence. Most recently models have been proposed by Gibbard (1985),

84



Chapter Three__________________________________________________________________________Environmental backeround

Bridgeland (1994,1995) and Bridgeland et aL(\995). Conventionally the Pleistocene succession 

of the Thames is divided between areas to the west of the ‘Goring Gap’ which constitute the 

upper Thames, and those to the east which comprise the lower Thames. The nomenclature of the 

sequence differs between the upper and lower Thames deposits.

Table 3.1 provides the most recent sequences of terrace formation which have been devised and 

Figure 3.3 provides a transect through the Pleistocene deposits o f the lower Thames. Bridgeland 

(1994) and Gibbard (1985) differ on the exact chronology of the later Pleistocene sequence 

partly because few radiometric dates exist for the early deposits. Dating therefore relies on 

Oxygen Isotope Stages (CIS), vertebrate biostratigraphy and geomorphology (Bridgeland, 

1994), and palynology and lithostratigraphy (Gibbard, 1985, 1994).

In general, periods of cold climate (glaciation) resulted in river downcutting and the aggradation 

of gravels which constitute the Thames terraces. Interglacial periods result in the deposition of 

fine-grained sediments such as loams and brickearth. The following provides a summary of 

terrace formation through the later Pleistocene.

3.1.3.1. Anglian Formations (O IS12)

The Thames adopted its approximate present course sometime during OIS 12 which correlates 

with the Anglian glacial. Formerly, it ran through the Vale of Saint Albans (Bridgeland, 1983) 

to enter the North Sea via the north Norfolk coast. However, the advancement of the Anglian 

ice-sheet deflected it southwards towards its present course, although at Southend-on-Sea it 

flowed northwards to exit into the North Sea near Colchester. Within this channel a series of 

gravel strata were deposited in the late OIS 12 termed the lower Thames Dartford Heath Gravel 

(Gibbard, 1994). Periods of subsequent incision, reduced energy flow and accretion during OIS 

12 to OIS 11 created various Swanscombe deposits, including the Swanscombe Lower Gravel 

Bed.
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Table 3.1. Pleistocene strata of the London Tham es -  conflicting views (from Sidell e t at. 2000, p. 13).

Bridgeland 1994; 1995 Gibbard 1985; 1994; 1995

OIS Middle Thames Lower Thames Middle Thames Lower Thames

1 Floodplain alluvium Estuarine deposits Floodplain alluvium Estuarine deposits

2 Shepperton Gravel Submerged Shepperton Gravel Submerged

5a, 5c, 3 Kensington, Sunbury, Isleworth Submerged Kensington, Sunbury, Isleworth Submerged

5 d - 2 Kempton Park Gravel Tilbury Marshes Gravel Kempton Park Gravel Tilbury Marshes Gravel

5e Trafalgar Square and Brentford Below floodplain Trafalgar Square, Brentford Aveley, Crayford, Ilford, Grays

Thurrock, Purfleet, Northfleet

6 Kempton Park Gravel/Taplow Mucking Gravel Kempton Park Gravel/Taplow Mucking Gravel/Taplow

Gravel Gravel/Lynch Hill Gravel Gravel/Corbets Tey Gravel

7 None in London Aveley, W est Thurrock, Crayford, Northfleet

8 Taplow/Lynch Hill Gravel Mucking Gravel/Corbets Tey Gravel

9 None in London Purfleet, Grays

10 Lynch Hill Gravel/Boyn Hill Corbetts Tey/Orsett Heath Gravels

Gravel

11 None in London Swanscom be deposits None in London Sw anscom be deposits

12 Boyn Hill/Black Park Gravel Orsett Heath Gravel Black Park Gravel Orsett Heath Gravel

Text on white background is gravel strata, while text on grey background represents temperate episodes of mainly fine-grained or terrestrial 
accretion.
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Figure 3.3. Idealised transverse section through the lower Thames terraces (from Bridgeland, 1995, p. 41).
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3.1.3.2. Hoxnian Interslacial Deposits (OIS 11). 423 -  380.000 years BC,

The Hoxnian interglacial o f OIS 11 led to the deposition of fine-grained floodplain deposits 

such as the Swanscombe Lower Loam linked to an ameliorating climate. In situ Clactonian and 

Acheulian artefacts have been recorded from these loams (Rackham & Sidell, 2000). In areas 

where the Upper loam deposits survive the preserved footprints of Cervidae (deer), Equus ferus 

(horse), and possibly Dicerorhinus kirchbergensis/hemitoechus (rhinoceros) and Palaeoloxodon 

antiquus (elephant) are recorded (Gibbard, 1994, Sutcliffe, 1995). Furthermore, a reddish zone 

is recorded from these upper loams which is interpreted as a temperate buried soil, the earliest 

example of a Pleistocene ground surface recorded in the lower Thames area (Kemp, 1985).

3.1.3.3. Saalian (Wolstonian) Deposits (OIS 10-6) ,  380 -  130.000 years BC.

Climatic deterioration during OIS 10 initiated a further period of downcutting, followed by 

accretion under high-energy braided channel flow to form the lower Thames Orsett Heath 

Gravel. This was progressively followed by further accretion under similar conditions forming 

the Corbetts Tey Gravel, which continued to accumulate until OIS 8 (mid Saalian/Wolstonian). 

Bridgeland (1994) recognises periods of low-energy deposits within OIS 9 in response to 

interglacial (Hoxnian) conditions. These deposits are characterised by organic channel fills 

which interdigitate with Corbetts Tey gravel and are recognised at Ilford, Purfleet and Grays.

Between OIS 8 and 6 (mid-late Saalian/W olstonian), the course of the Thames shifted 

southwards slightly and the lower Thames Mucking Gravel was deposited. This gravel 

aggraded in a braided river system that underwent successive downcutting associated with 

changes in relative sea-level. The faunal remains consist of MammydKKiprimigenius, Coelodonta 

antiquitatis (woolly rhinoceros), Equus ferus, Bos/Bison (auroch/bison) and Ovibos moschatus 

(musk ox) indicating a cold climate (Rackham & Sidell, 2000).

Bridgeland (1994) also identifies a period of interglacial Ilfordian deposition during OIS 7 

typified by sites at Aveley, Ilford, West Thurrock, Crayford and Northfleet. The remains of
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Palaeoloxodon antquus (elephant) and Mamm<^f^^ primigenius (mammoth) were recorded in 

these interglacial layers at Aveley (West, 1968). Table 3.1. demonstrates the difference of 

opinion between Gibbard and Bridgeland on the chronology of these gravel accumulations. For 

example, all interglacial sites attributed to OIS 9 or 7 by Bridgeland (1994) are allocated to OIS 

5e by Gibbard (1994, 1995).

3.1.3.4. Ipswichian InterslacialDeposits (OIS 5e). 130 -  110.000 years BC.

The deposits of OIS 5e (Ipswichian Interglacial) are well represented in Central London, 

notably the fine-grained channel fill and floodplain sediments of Trafalgar Square (Franks, 

1960; Preece, 1999). A rich faunal assemblage was recovered from this site including Paw/Aera 

leo (lion), Palaeoloxodon antiquus, Dicerorhinus hemitoechus and various Cervidae (Stuart, 

1976, 1982) Sites to the east including Grays, Aveley, Purfleet and the Crayford to Erith 

‘brickearth spreads’ are characterised by the deposition of intertidal sediments (Hoi 1 in, 1977; 

Holyoak, 1983; Gibbard, 1994). However, it is these deposits that Bridgeland (1994) attributes 

to OIS 9 or 7.

3.1.3.5. Devensian Deposits (OIS 5d -  2). 110 — 25. OOP years BC.

The cooler conditions of the Early Devensian and the related fall in eustatic sea-level initiated a 

further period of downcutting between OIS 5d-4. This led to renewed gravel aggradation of 

firstly the West Thurrock Gravel, followed by the Tilbuiy Marshes Gravel, both of which took 

place within a braided river system. Localised temperate conditions evidenced by organic 

channel fills have been correlated with OIS 5a (Maddy et al, 1998), 5c (Rendell et al, 1991) and 

3 (Bridgeland, 1994). Further downcutting occurred during OIS 3 characterised by a buried 

channel beneath the modem river, followed by accumulation of the Shepperton Gravels which 

lie l-2m beneath the present riverbed.

OIS 2 (Devensian Late Glacial/Holocene transition) is characterised by the climatic 

amelioration of the Windermere Interstadial dated to £,15 000-13 000 cal. BP. A consequent
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reduction in sediment supply appears to have resulted in a hiatus in deposition. Therefore, many 

of the braided channels in the Shepperton Gravel were abandoned (Wilkinson et al, 2000) and 

within them organic sediments accumulated during the Windermere Interstadial, the Loch 

Lomond stadial (13000-11500 cal. BP) and into the early Holocene. These organic 

accumulations have been identified at Silvertown (Wilkinson et a l  2000), West Drayton 

(Gibbard & Hall, 1982) and Bramcote Green (Thomas & Rackham, 1996).

3.2. The Holocene development of the Thames and the sedimentary sequence.

The impact of the River Thames on the surrounding deposits and environment of the floodplain 

continues through the Holocene period. Notably, increasing river levels consequent upon rises 

in relative sea-level, combined with the effects of marine incursion, define the sedimentary 

sequences and vegetational history o f the area.

3.2.1. The early Holocene river.

The early Holocene glacial retreat in Britain was accompanied by climatic amelioration leading 

to optimum temperatures some 2-3 degrees higher than today between 8000 and 5500 BP 

(Table 3.2.). By c.l 1 500 cal. BP the Thames floodplain was incised by a series of channels and 

the localised accretion of organic sediment within abandoned ones (Wilkinson et al, 2000). 

Palynological data suggests that soils were developing beyond the floodplain margins 

supporting woodland dominated by Pinus, and to a lesser extent Betula (Thomas & Rackham, 

1996; Wilkinson et a l 2000). Research on the river and floodplain during the Holocene is 

characterised by sedimentary models from Crossness to the Isle of Grain (Devoy, 1979), and the 

amalgamations of data from central London based on numerous excavations {eg. Wilkinson et 

aZ, 2000; Sidell e ta l  2000).
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Table 3.2. Chronological chart. From Godwin (1975a). Bridges & Davidson (1982) & Sidell etal.  (2000).
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Devoy’s (1979) sequence is constructed using facies-based modelling and ecological 

reconstruction. A series of interdigitating peats and estuarine clays and silts were identified 

throughout the lower Thames (Figure 3,4.) and were characterised in terms of lithology and 

biostratigraphy. The biogenic layers comprising peats and gyttjas were interpreted as indicative 

o f a regressive period of relative sea-level rise (Figure 3.5.) and termed Tilbury after the type 

site where the sequence was most developed. The minerogenic layers were interpreted as 

indicative of transgressive periods of relative sea-level rise (Devoy, 1979) and termed Thames. 

A total of five transgressions and six regressions were recognised by Devoy (1979) with the 

biogenic and mineral deposits numbered Tilbury (T) or Thames (Th) I-V/VI from the gravel 

substrata upwards.

3.2.1.1. Thames I  - Tilbury II-Thames II  (Palaeolithic -  Late Mesolithic/Earlv Neolithic). 

Devoy’s (1979) sequence documents an initial period of rapid relative sea-level rise (Thames I) 

following the retreat of the ice. Relative sea-level is thought to have risen by at least 15m 

between 11,500 and 6850 cal. BP. The extent of this rise is paralleled throughout southeastern 

England (Long & Tooley, 1995), the Netherlands (Jelgersma, 1961) and northern England 

(Tooley, 1976).

Brackish river conditions are indicated from the base of Thames I at Tilbury where 

Mesohalobian diatoms attain high values. These are subsequently replaced by Polyhalobian 

taxa, which continue to the top of Thames I indicating a rapid expansion of marine conditions. 

The diatom signal at Tilbury indicates the early incursion of marine conditions within the study 

area during this initial sea-level rise.

The rate of relative sea-level rise began to tail off towards £^6850 cal. BP and this led to the 

formation of an impersistant peat (T II) occuring between -9.0m and - 1 1.15m O.D. at Tilbury. 

Tilbury II is characterised by a dark brown compact felted wood peat, which changes to a 

Phragmites and Cyperaceae dominated monocot peat in the upper transition zone to Thames II
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Figure 3.4. Diagrammatic cross-section illustrating the Holocene succession  of the Lower 

Thames, and its relationship to inferred sea-level changes (after Devoy, 1977; 1979).
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Figure 3.5. Simplified graph to illustrate the relationship between relative sea-level change 

(RSL), vegetation succession , and sea-level tendency. (After Fulford, Long & Roberts, 1997, 

p.29)
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(Devoy, 1979). A further rise in relative sea-level (Thames II) occurs between 7550 and 5700 

cal. BP. Devoy (1979) suggests that sea levels rose from -10.1m to -0.5m during the Thames 

II transgression. Thames II has been traced at Tilbury to maximum depths of -12.15m O.D. to 

-8.75m O.D., although it is located at higher levels west of Tilbury {eg. -6.8m).

The Polyhalobian (marine) influence is strong from the outset of Thames II, maintaining high 

values and expanding towards the top of the sediment where it reaches a maximum of 75% 

total diatoms (Devoy, 1979, 2000). These values subsequently decline to 20% over the 

boundary with Tilbury III. Oligohalobian frequencies are low and decline from high basal 

values, whilst Mesohalobian taxa expand at the top of Thames II, with a preponderance of 

broken valves reflecting a decrease in the marine and tidal influence towards the end of this 

stage. The broken valves are interpreted as indicative of shallow water and the reworking of the 

Thames II surface in response to falling river levels. Thames II demonstrates a strong marine 

signal from the outset, which only declines towards the boundary with Tilbury III when 

Mesohalobian taxa expand.

Upstream of Devoy’s study area the sequence of Thames I/Tilbury E/Thames II is not present. 

This status has recently been attributed to the stability of the river system in this area during the 

early Holocene (Wilkinson et al, 2000). It is suggested that a reduced sediment load made it 

unlikely that significant sedimentary sequences would have formed on the middle floodplain. 

Channel accretion continued but changed in calibre from predominantly gravel-sized material 

to sand as a result of a fall in peak discharge energy (Sidell et al, 2000). These sands appear to 

have formed large cross-bedded dune-like structures {ibid.) and have been identified to the 

West of London, and at Silvertown (Wilkinson et alf 2000), Culling Road in Rotherhithe 

(Sidell et al, 2000) and Erith (Sidell et al, 1997).
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3.2.2. The Middle to Late Holocene sequence.

Lower lake levels (Digerfeldt, 1988) and the drying out of mire surfaces (Godwin, 1975a) 

indicate a relatively dry continental climate before 7000 BP. The continental climate of the 

Atlantic period was followed by a period of increased rainfall which delimits the sub-boreal 

zone (Godwin: Vllb) between 5500-3000 BP. Subsequently, the sub-boreal is terminated by 

very wet conditions at the advent o f the sub-Atlantic period towards the end of the Iron Age.

The sedimentary sequence from the middle to late Holocene is widely recognised through the 

middle and lower Thames floodplain. Central to this period is the oscillating position of the 

tidal head, which fundamentally influenced the composition of the riparian vegetation of the 

Thames. Devoy’s (1979) Thames-Tilbuiy model is of most relevance to the changes in river 

system that would have affected the Erith woodland. However, the accuracy of its correlation to 

the Beckton area is discussed after the following summary of Devoy’s model.

3.2.2.1. Tilbury Ill/Thames III (Neolithic -  Late Bronze Ase).

From C.5700 cal. BP, sea-level rise around southeastern England was interrupted by a 

regressive period exposing formerly submerged coastal and riverine areas to plant colonisation, 

thereby producing a major peat horizon through the Thames sequence termed Tilbuiy III. The 

exact river/floodplain dynamics suggested by Devoy (1979) for this period have recently been 

questioned by Haggart (1995) and Long (1995) and will be outlined in the discussion below.

The Tilbury IQ horizon plots at Tilbury between the limits of —4.0m and -8.2m O.D. which 

contrasts with levels further upstream of between -1.0m and -5.0m O.D. Tilbury HI averages a 

thickness of 2.5m, which increases westwards towards Thamesmead. Devoy (1979) 

characterises the deposit as a dark brown monocot peat dominated by the stems and leaves of 

Phragmites and Cyperaceae bedded in a black organic mud matrix (gyttja). Tilbury IE is 

irregular in profile, which may result from a number of factors including;

a) peat growth upon an originally hummocky,
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b) an uneven underlying clay/silt surface,

c) surface erosion of the peat during subsequent river/estuary action, together with

channel and creek incision,

d) differential drying and oxidation of Tilbuiy HI at sites,

e) differential east-west changes in the growth rates and vegetation composition of

Tilbury III (Devoy, 1979; 2000).

The Tilbury III accumulations are exposed on the foreshore at Purfleet in Essex where 

woodland growth during this period is evidenced by a submerged forest exposure (Wilkinson & 

Murphy, 1995). A minerogenic deposit dated to 3910 +/- 70 BP underlies the freshwater peats 

correlating to the Thames II transgression. However, an immature palaeosol was recorded 

between the minerogenic and organic accumulations at -1.94m O.D. with a thickness of 2 cm 

{ibid.). This has been interpreted as indicative of drying-out of the lower Thames II estuarine 

sediments. The Purfleet peat accumulation dates to the very end of the Tilbury III regression 

and achieves a thickness of one metre. There is relatively abundant evidence for significantly 

dry conditions during Tilbury III, with the peat surfaces demonstrating evidence for desiccation 

and shrinkage at, for example. Tilbury (Devoy, 1979; Haggart, 1995) and Canning Town 

(Bates etal, 1994; Sidell et al, 2000).

Between 4250 and 2900 cal. BP a further marine transgression (Thames ID) is documented by 

minerogenic deposition. During Thames III relative sea-level rose within the Thames estuary 

from approximately -5.0m O.D. to between -1.4m and -2.5m O.D (Devoy, 1979). Thames HI 

is characterised by a compact mottled brown silt/clay lying between -7.3m and -4.7m O.D. at 

Tilbury (up to -1 .9m west o f Tilbury). It has been interpreted as representative of the most 

recent remnant of intertidal mudflat and saltmarsh development with in situ Phragmites and 

Cyperaceae (Devoy, 1979).
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At the base of Thames III, Oligohalobian indifferent taxa reach 40% suggesting slightly 

brackish conditions at the beginning of the transgression. However, these taxa fall sharply to 

<10% and are replaced by a dominance (50%) of Polyhalobian taxa indicative of marine 

incursion. As the sediment grades upwards to Tilbury IV brackish water diatoms again expand 

in importance.

3.2.2.2. Tilbury I V -  Thames IV  (Late Bronze Age/Early Iron Age — Late Iron Age?)

At around 2900 cal. BP a thin, fibrous dark brown to black oxidised silty peat with Phragmites 

is present in the Tilbuiy sequence. Tilbury IV occurs at -2.0m to -2.5m O.D. at Tilbury (up to 

—0.8m west of Tilbury), and varies in thickness from 0.3m to 1.5m. Tilbury IV is only locally 

persistent, although it was recorded at Stone Marsh cropping out at approximately -0.5m with 

maximum depths of -2.6m O.D,, and at Broadness Marsh at levels between -1.66m and 2.75m 

O.D. The presence, timing and altitude of Tilbury IV is highly variable through the Thames 

deposits.

A further transgression termed Thames IV is dated from 2750 cal. BP. Thames IV lies at 

Tilbury between -4.0m and —2.3m O.D., although it rises to —0.8m O.D. to the west of this site. 

The diatom signal differs in this layer where Oligohalobian halophile and Oligohalobian 

indifferent taxa dominate the basal levels. These taxa are then replaced by Mesohalobian taxa 

reaching 90% at the top of the layer. However, there are no Polyhalobian (strongly marine) taxa 

in the Thames IV sediments, which differs from the diatom signal of earlier transgressions. 

This suggests some freshening of river conditions during this period and a progressive decline 

in marine taxa indicates that river/ upper estuarine conditions became dominant in the upper 

sequence.

The apparent freshening of the Thames during Thames IV coincides with increased storminess 

and a drop in annual temperatures by 2 °C across Europe (Lamb, 1977) which may have 

increased the flow of freshwater discharge into the Thames. However, the same phenomenon
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recorded from the Mar Dyke sequence (Wilkinson, 1988) has been attributed to forest 

clearance, increased run-off, valley aggradation and increased water flow into the estuary.

3.3. Discussion.

The sequence from Tilbuiy suggests marine conditions in the study area from an early stage c. 

7550 cal. BP {c.f. predictions by Ackeroyd (1972)). However, the rise in relative sea-level was 

not continuous and the organic Tilbury peats found throughout the Thames sediments 

document periods of regression. These peats are essentially freshwater in origin, although 

towards the transgressive contacts both at the base and upper levels brackish conditions 

probably characterised the formation environment.

Devoy (1979; 1980) suggests that different environmental conditions established along the 

estuaiy during Tilbury III. For example, at Tilbury Phragmites reedswamp and saltmarsh 

deposits dominate the accumulation suggesting that brackish water conditions prevailed in the 

river throughout the Tilbury III regression. This contrasts with sites upstream of Broadness 

Marsh where an initial phase of Phragmites and saltmarsh peat accumulation is replaced by the 

development of Alnus-Quercus fen wood peat, before a final return to Phragmites and 

saltmarsh towards the contact with Thames III. Therefore, the peats upstream of Tilbury 

appeared to have formed under freshwater conditions during Tilbury EQ.

This disparity places the Erith submerged forest site at the juxtaposition of the two zones 

between 5700 and 4250 cal. BP, indicating that either brackish or freshwater conditions could 

have predominated. However, both the apparent thickness of peat combined with the long 

history of woodland growth at this site, suggests that the deposits accumulated for a longer 

period than the Tilbury III phase. This, therefore, raises the question of how freshwater 

conditions prevailed at the site (and also at Purfleet in Essex) enabling woodland to grow, 

whilst estuarine conditions must have predominated in the river.
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Until the 1990’s Devoy’s model was the most detailed description and explanation of the 

interdigitated peats and silts/clays that characterise the Thames sequence. As a consequence, it 

was widely, and to some extent unquestioningly, used to characterise deposits throughout east 

and central London. More recently certain aspects of the Devoy model have been criticised, and 

its application to sites outside the original study area has been more cautious.

A fundamental disparity in the model was the creation of two age/altitude sea-level curves for 

the Thames (Figure 3.6.). The altitudes of Thames/Tilbury horizons at Tilbury consistently plot 

below those of the sequences at Crossness, Dartford and Broadness. Devoy (1979) largely 

attributed this disparity to differential subsidence from west-east along the Thames, although he 

also considered differential compaction of the peats as a possible causal factor.

Haggart (1995) has questioned Devoy’s explanation for the mode of formation of Tilbury III 

which, combined with readjustments of altitude due to peat compaction, goes some way to 

explaining the age/altitude disparities. Haggart (1995) suggests that Tilbury III indicates a 

reduction in the rate of sea-level rise, rather than a drop in relative sea-level itself. Thus, the 

Tilbury HI peats represent rapid accumulation which outstripped river level rise, and 

consequently formed well above the mean high water mark until sea-level rise increased again 

in Thames HI. This model o f peat formation for Tilbury HI provides one explanation for the 

Erith site. The peats of the Erith submerged forest may have accumulated at an altitude 

substantially higher than the river level, thus preventing estuarine conditions affecting the site 

until well into Thames IH/TV.

Continued research on the behaviour of the Thames during this period has led to another model 

(Long et al, submitted) discussing the changes in relative sea-level rise in the Thames estuary. 

Long proposes a three-stage development of the Thames, starting with the widely evidenced 

initial rapid sea-level rise until 6850 cal. BP. Sea-level rise was subsequently followed by a 

period of estuary contraction between 6850 and 3200 cal. BP (Devoy’s Th H, T HI and Th HI
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Figure 3.6a. Devoy’s (1979) age/altitude curve for relative sea-level fluctuations from the 

inner estuary (C rossness and sites to east), and mid estuary (Tilbury). Index points from 

transgressive/regressive contacts only. (From Long, 1995, p. 101).
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horizons). This phenomenon is demonstrated by the seaward expansion of tracts of semi

terrestrial marsh deposits along the river margins and in the tributary valleys (Sidell et al, 

2000). This was probably caused by a drop in the rate of sea-level rise (not a drop or 

‘regression’ in relative sea-level) leading to the formation of peats at a greater altitude than the 

rising tide levels (Long et al, submitted).

The contraction of the Thames estuary does not appear to have been accompanied by the 

migration of freshwater facies eastwards. For example, no freshwater fluvial processes have 

been found in the peats of this period (Sidell et al, 2000). Estuary contraction was characterised 

merely by a reduction in channel width. This is exemplified by Devoy’s (1979) work at 

Crossness where the channel width changed from 4.7 km to 0.67 km from about 6000 BP 

(Long et a l submitted). Consequently, during the Tilbury IB accumulation brackish water 

could have predominated within the Thames channel itself but have largely unaffected the 

higher floodplain peats. However, occasional overbank flooding events would deposit brackish 

to estuarine sediment within the overall freshwater peat sequence. A significant reduction in 

channel width at Erith may have placed the current foreshore deposits at a far enough distance 

from the river’s edge to protect them from marine incursion for some time.

The final stage in the model (Long et a l submitted) outlines the subsequent increasing rate of 

sea-level rise that continues to this day. This rise is demonstrated by a series of estuarine clays, 

which submerged the earlier marshes as the estuaiy expanded once more. Tidal conditions 

returned to Central London around 3000 cal. BP where flooding deposits of marine character 

are recorded from Union Street (Sidell et a l 2000). However, the expansion of estuarine 

conditions downstream was earlier and began about 4800 -  4400 cal. BP at Crossness (Devoy, 

1979). Sidell et a l (2000) suggests that the average rate of movement of the tidal head 

upstream during this period may have been 5.4m every year. Simultaneously, estuary 

expansion operated in a lateral direction with tidal waters penetrating the East London marshes 

(Rackham, 1994; Sidell et a l 2000).
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The Thames-Tilbury deposits recognised by Devoy (1979) illustrate significant differences in 

the timing and altitude of transgressive and regressive events. Furthermore, not all sites on the 

floodplain document all o f the events with local variation in channel form and floodplain 

topography resulting in unique site formation processes from at individual sites. Consequently, 

the direct extrapolation of the Thames-Tilbury model to other locations where different 

processes may have been important is misleading (Rackham, 1994; Sidell et ak 1995).

The degree to which Thames-Tilbury may be correlated with the Beckton area is questionable. 

This area is set further back on the floodplain adjacent to the gravel terrace, and may have been 

more influenced by the behaviour of the tributaries than directly by the River Thames itself. 

The depositional tendency from the east London sites favoured the constant accumulation of 

peat, rather than the interdigitating record for direct flooding events. Flooding events may be 

represented by higher silt/clay content within the peat, rather than a distinct alluvial deposition 

(Rackham, 1994). This suggests that the east London sediments and peats may have 

accumulated in the manner described by Devoy, but as a result of processes and/or events 

different from those prevailing further downstream in the estuary (Sidell et al, 1995).

For example, long sequences of peats are identified from Newham, Bexley, Rotherhithe and 

Rainham. Palynological investigation {eg. Scaife, 1997a, 1997b, 1997c; Sidell et al, 1997; 

Sidell et al, 1995; Scaife, 1991) indicates that although these sites experienced the hydrological 

fluctuations of Devoy’s model, the overall lithology remains unchanged. At Beckton Nursery a 

flooding episode is documented by alluvial silts at the bottom of the sequence with a terminus 

ante quem date of 4670 -  4635 B.C. (Divers, 1994b). This would correlate with the Thames H 

transgression (Devoy, 1979), however it is unlikely that alluvial deposition represents direct 

flooding from the Thames. The northeast London flooding events may have resulted from a 

ponding-back effect of the major tributaries such as the Lea and Roding subsequent to marine 

incursion. Similarly, the site at Barking Tescos demonstrated consecutive flooding episodes 

documented by alluvial clay and silt layers between cultural phases (Chew, 1993). Rising
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waterlevels at these sites may be accredited to vegetation clearance and reduced 

évapotranspiration on the floodplain and surrounding terraces (Scaife, 1991).

At Erith Spine Road peats began forming during a period of sea-level rise and therefore must 

have matched rising water levels {ie. Haggart's (1995) interpretation). However, although the 

site is well within the study area, the sequence does not match that proposed by Devoy (1979). 

For example, the sequence at Erith contains one substantial peat unit, roughly dating from 5500 

to 3200 BP (Sidell et al, 1997). This contrasts with the Thames-Tilbury model, which includes 

Thames II, Tilbury H, Thames HI and Tilbury IH within this time frame {ibid.).

In contrast, all the floodplain sites record a major flooding event in their eventual burial by 

alluvial deposits. This alluviation probably equates to the cumulative effects of sea-level rise 

during Thames IV on the inner floodplain. In summary, the environmental processes which 

impacted sites upstream and inland, fringing the terrace and on the Thames tributaries, may 

have significantly differed to those identified by Devoy (1979). The lithology of the inner 

floodplain sequences suggests that the wholesale use of Devoy’s model to characterise the 

London sediments and their mode of formation is oversimplistic.

3.4. Floodplain systems and dynamics.

In order to understand the complexities of vegetation reconstructions within the Thames basin, 

it is useful to outline some of the major processes unique to floodplain areas. In doing so, the 

above discussion of sea-levels and channel salinity may be viewed of further importance within 

the floodplain context.

The distinctive hydrogeomorphic processes associated with floodplains result in a number of 

different fluvial landforms within a floodplain landscape (Hupp & Osterkamp, 1985). These 

include features such as oxbow lakes, point bars, meander scrolls, sloughs and back swamp
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areas (Breen, Rogers & Ashton, 1988). Combinations of the above topographies provide a 

highly diverse ecotone, which in turn affects vegetation growth.

The general characteristics of floodplain forests may be outlined as:

- strong zonation based on small differences of elevation (and therefore flooding) and 

proximity to disturbance by the river (Wharton et a l 1982; Christensen, 1989).

Substantial diversity of forest types and ecotones, based on the diversity of site conditions, 

(Petts, 1990).

Mosaics of wooded and open habitats, maintained by substantial tracts of poorly-drained 

ground and the constant reworking of floodplain deposits by channel movement.

Numerous interactions between land and water. For example, floodplain hydrology and 

channel movement determine the pattern and composition of the forest.

A patchwork of even-aged stands associated with the channels, from newly-initiated 

successions of old-growth stands (see Figure 2.3.).

Affinities with tropical forests, including rapid growth, buttress roots and a propensity for 

lianas to occupy gaps. (Taken from Peterken & Hughes, 1995, p. 189)

The above indicates the complexities of floodplain form and vegetation, and highlights the 

dynamism of such landscapes. The fundamental natural controls on floodplain forests are 

slope, erosion, deposition and sediment calibre. The Thames river and floodplain represents a 

low-slope, fine substrate, low energy floodplain, the form of which is often meandering or 

anastomosing (Brown, Harper & Peterken, 1997). These low energy floodplains are particularly 

sensitive to alterations through vegetative or faunal means.

In low energy floodplains, dynamic interactions within the system operate on a three- 

dimensional basis:

a) longitudinally (down the river channel),

b) vertically (between the channel and porous sediments to groundwater),
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c) laterally (flood overbank flows and surface or groundwater return) (Brown, Harper & 

Peterken, 1997).

Taking the above into consideration, it is clear that the hydrological changes of the Thames 

during the prehistoric period would profoundly influence the vegetation and form of the 

landscape.

For example, during transgressive periods, both the increased flooding frequency and higher 

saline levels of the Thames would result in a markedly different mosaic of plant communities 

on the floodplain, than that of regressive periods. Salinity values would effect the floodplain 

vegetation longitudinally creating different environmental zones as posited for Tilbury IQ 

(Devoy, 1979). Similarly, the incursion of marine conditions would operate vertically, raising 

the groundwater table and potentially bringing saline conditions up to the rooting horizon. 

Lastly, overbank flooding would deposit brackish/estuarine sediment within the floodplain as 

posited by Rackham (1994).

Similarly, the sensitivity of low energy floodplain systems to alteration from large organic 

debris and tree drifts (Brown, 1995) is important. Whilst regressive periods allowed the 

development of woodland on the adjacent floodplain, the forested nature of the area increases 

the likelihood of anastomosing channels and their related areas of dryland islands and 

interleaving channels. The subsequent complexity of such a system would give rise to a rich 

mosaic of stand types on the Thames floodplain during regressive episodes.

Gumell (1995) states that the distribution of plant species on a floodplain depends on a variety 

of factors including the soil and river water quality, the calibre and organic content of river 

corridor sediments and the rates of sedimentation. Sedimentological regimes, therefore, are of 

paramount importance to river form and vegetation types on floodplains. The oscillating river 

and salinity levels related to prehistoric sea transgressions would significantly alter the 

sedimentological regime of Thames during prehistory.
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The area of the Thames between Woolwich Reach and Gravesend Reach is a zone of high- 

suspended load and the resulting increased sedimentation gives rise to extensive mudflats. This 

sedimentary regime is related to the position of the saltwater-freshwater mixing zone. At this 

interface the clay-grade sediment from upstream flocculates on meeting saline water producing 

larger particles which are less capable of transport (Prentice, 1972). The progressive incursion 

of salinity associated with marine transgressions would have increased sedimentation upstream 

leading to extensive aggradation o f the floodplain. Consequently signiflcant alterations would 

be expected to both the floodplain vegetation, and morphology of the river channel, potentially 

leading to temporary braiding of the river (Starkel, 1995).

In summary, floodplain landscapes are highly diverse and sensitive to both extrinsic and 

intrinsic change. The dynamic hydrological environment of the Thames during the Neolithic 

and Bronze Age would result in a constantly changing channel form and successive vegetation 

colonisations and regenerations in response to changing river levels. The nature of the Thames 

area vegetation is expanded upon below.

3.5. The Neolithic vegetation of London.

Palynological evidence from numerous sites in London demonstrates the importance of 

woodland during the Neolithic. This was largely dominated by Tilia, with Quercus, Ulmus, 

Corylus and Alnus as evidenced from sites such as Hampstead Heath (Girling & Greig, 1977; 

Greig, 1989, 1992), Runnymede Bridge (Scaife, in prep.) and Silvertown (Wilkinson et al, 

2000). There is no evidence for a Mesolithic impact on the vegetation of London, however, 

from about 6300 cal. BP the earliest impact on the ‘wildwood’ is evidenced by the broadly 

synchronous ‘primary elm decline’.

The palynological data from Devoy (1979) provides information on the vegetation growing 

close to the Thames during the Neolithic. The Tilbury HI accumulation demonstrates a riparian 

flora dominated by Phragmites reedswamp and saltmarsh communities characterised by high
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frequencies of Gramineae, Cyperaceae, Typha cmgustifolia/Sparganium type, Chenopodiaceae 

and Compositae Beilis pollen (Devoy, 1979). The assemblage from Tilbury demonstrates 

riverside vegetation intrinsically linked to the western extent of tidal conditions along the 

Thames.

Further upstream serai vegetation changes are documented corresponding to the removal of 

marine conditions beyond Tilbury. Here the saltmarsh communities grade into freshwater 

fen with both Corylus and Quercus pollen indicating areas of drier Quercus-Corylus fen 

woodlands (Devoy, 1979). The presence of Filicales such as Thelypteris palustris suggests 

damp, shady woodland with high levels of Gramineae, Cyperaceae and non-arboreal pollen 

indicative of a seasonally wet landscape. The recurrence of tidal conditions with the onset of 

Thames HI is evidenced by the replacement of freshwater communities with saltmarsh and 

Phragmites dominated vegetation {ibid.).

The analysis of the Mar Dyke sediments provides some indication of the Neolithic landscape 

further back from the Thames but still within the study area. Palynological data indicates an 

Alnus fringed estuary at the Mar Dyke by 3800 be (Scaife in Wilkinson, 1988). The valley sides 

were dominated by Tilia, Quercus and Corylus, with some Ulmus and Fraxinus, and Viscum 

and Hedera of local importance {ibid.).

The pollen record from sites at Beckton, Barking, Rainham and Erith suggest a similar picture 

of floodplain vegetation (Scaife, 1997a, 1997b, 1997c; 1994b, Scaife 1991; Sidell et al, 1997). 

The ‘dryland’ taxa such as Tilia, Quercus, Fraxinus, Corylus and Ulmus would have dominated 

the woodlands of the well-drained terrace soils and chalk uplands. In contrast, the valley 

bottom floodplain vegetation represents a ‘mire ecology’ dominated by Alnus carr. Local 

variation within this carr is now increasingly recognised, although earlier interpretations of the 

east London sequences tended to overlook the potential diversity o f the vegetation.
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For example, a typical model of floodplain vegetation follows the clear gradations related to 

hydrology. Therefore, Alnus and Salix type taxa will occupy extinct channels, backswamps and 

land on which water is impounded by levees. Species such as Quercus, Ulmus, Fraxinus, Alnus 

and Betula can dominate on the better-drained areas of a floodplain (Peterken & Hughes, 

1995). This woodland will tolerate occasional winter flooding and may grade into Quercus, 

Carpinus, Tilia, Fraxinus and Acer woodland around the edges of the floodplain {ibid.). 

Advance and retreat of this gradation zone will be closely related to the history of summer 

flooding (Peterken & Hughes, 1995).

This floodplain model demonstrates the potential species diversity of floodplain vegetation, and 

the majority of species represented are also recognised in the Neolithic Thames palynological 

and macroremain records. Therefore, the vegetation of the east London floodplain was likely to 

have been represented variously by the majority of species identified in the pollen spectra. The 

presence and abundance of species would depend on the local edaphic and hydrological 

variations in the area, combined with the frequency and extent of both short-term disturbance 

(seasonal floods, faunal activity, clearance etc.) and long-term change related to the overall 

hydrological fluctuations of the Thames and its tributaries.

Indeed, a more diverse model of both the floodplain, and surrounding dryland vegetation, now 

characterises current interpretations of the Neolithic palynological data. Recent analysis of 

deposits from Silvertown (Wilkinson et al, 2000) and the Jubilee Line Extension (Sidell et al, 

2000) propose a more varied landscape model to earlier interpretations of Quercus dominated 

climax woodland and low-diversity Alnus carr.

The dominance of Tilia in the landscape has been suggested due to its under-representation in 

pollen sequences because of its entomophily (Andersen, 1973). The importance of this species 

was likely to have varied locally as evidenced by recent palynological analysis from Central 

London (Sidell et al, 2000). At the Union Street site in Southwark, Tilia attained 40% total
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pollen whilst at the nearby Joan Street values were only 9% (ibid). These sequences, coupled 

with other London sites, are interpreted as indicative of a polyclimax landscape with ‘differing 

woodland communities dominant on varying soil types which were themselves developed on 

different bedrock types under different groundwater conditions’ (Scaife in Sidell et al, 2000, 

p .l l l ) .

The importance o f Tilia during the Neolithic has additionally led to the recent suggestion that 

its distribution was not necessarily restricted to the well-drained soils of the terraces. It is now 

suggested that Tilia may have established on the poorer soils such as sandy substrates (Waller, 

1994b) and damp peats (Tomalin et al, in press). Areas of the Neolithic floodplain with a 

relatively dry peat substrate, for example Union Street in Southwark, may have supported 

mixed woodland of Tilia and Quercus with Fraxinus, Betula, Corylus, Taxus and various 

understorey shrubs (Sidell et at, 2000).

There is good evidence for a drying-out of the floodplain environment during the early to 

middle Neolithic. Highly humified peats are recorded from Union Street (Sidell et al, 2000) and 

Fort Street (Wessex Archaeology, 2000) suggesting a semi-terrestrial floodplain environment 

in certain localities. Mature woodland is indicated by the pollen of Polypodium vulgare (which 

often grows on mature trees) and Dryopteris type identified from Union Street and Culling 

Road (Sidell et al, 2000), and Fort Street (Wessex Archaeology, 2000). The maturity of these 

woodlands may also be attested by the Coleopteran assemblage from West Heath Spa 

indicating beetles associated with Tilia, Quercus, Corylus, Ilex, Hedera, Salix, Acer and, 

significantly, rotting wood (Girling & Greig, 1977), which is characteristic of old-growth forest 

(see section 2.4.1.4.).

The wetter areas of the floodplain during the Neolithic supported locally dommdtnX Alnus carr in 

response to the postglacial rise in sea-level. This vegetation is interpreted as rich fen supporting 

shrub species of Frangula alnus, Rhamnus cathartica, Salix and Viburnum opulus as evidenced
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from Southwark (Sidell et al, 2000). Within these woodlands areas of standing water are 

indicated by the presence of Potamogeton and Alisma plantago-aquatica at Joan Street in 

Southwark (Sidell et a l 2000).

Furthermore, the presence of Taxus pollen from many London sites is now accepted as 

representative of this species prehistoric distribution on the Thames floodplain. Taxus trunks 

have been identified from Wennington Marsh (Sidell et a l 1996), Beckton (Meddens & Sidell, 

1995), Purfleet (Wilkinson & Murphy, 1995) and Dagenham (Divers, 1994a). Consequently, 

despite the apparent poor preservation of Taxus pollen, its occasional presence in the 

palynological record is now considered indicative of autochthonous growth during the 

Neolithic.

Relatively mixed alder carr woodland is suggested for several sites in east London. For 

example, at Beckton Sewage Farm the Alnus carr may have included Quercus, Taxus, Corylus 

and Salix (Scaife, 1995). Similarly, at Rainham Marshes the carr appears to have been quite dry 

with Salix, Rhamnus, Frangula, Chysosplenium and Cyperaceae. Quercus and Corylus may 

have been locally important depending on local variation in drainage on the floodplain (Scaife, 

1991).

Interpretations of diverse Neolithic floodplain vegetation are more in line with the macroremain 

evidence from the Thames peats. For example, the early Neolithic palaeosol beneath the 

Tilbury III peat at Purfleet, combined with the abundant presence of terrestrial mollusca, 

suggests drier topographic conditions near the river than previously assumed (Wilkinson & 

Murphy, 1995). The trunks lying on the foreshore at this site are identified as Fraxinus and 

Alnus, with some Taxus, Ulmus and Ilex.

The constituents of the Purfleet woodland correspond well with the wood species identified by 

Spurrell from foreshore peats during the 1880’s. At Crossness, Spurred (1889) recognised two
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main peat layers; the lower of which was dominated by Alnus and Fraxinus with some Taxus 

and Quercus, and the upper with an increase in the size and quantity of Taxm  (Spurrell, 1889). 

Spurrell also identified macroremains of Prunus sp.. Viburnum opulus, Hedera helix, Camus 

sanguinea, Salix sp., Betula alba (=B. pendula), Corylus avellana and Acer campestre.

In summary, it is becoming increasingly clear that a polyclimax view of the London vegetation 

during the Neolithic is more appropriate (Sidell et at, 2000). Thus, the importance of Tilia 

within the terrace and upland woodlands is stressed, and the local variation of inter-species 

composition is recognised. Similarly, the localised presence of many of the typical ‘dryland’ 

species within the fen carr of the floodplain is probable, although conclusive evidence for this 

diversity remains ephemeral.

3.5.1. The impact o f Neolithic communities.

The majority of sites in London span the Late prehistoric period with peat accumulation 

initiating at, or just after, the elm decline between 6300 and 5730 cal. BP. Typical sequences 

have been identified at Bryan Road, Rotherhithe at 5040 +/- 80 BP, Femdale Street at 4480 +/- 

60 BP, and Beckton Alp, Nursery and Tollgate with dates ranging from c^4900 to 5450 cal. BP 

(Sidell et al, 2000). Simultaneous to the reduction in Ulmus pollen is an increase in the 

herbaceous pollen of cultigens, ruderals and segetals. The primary elm decline is recorded at 

Mar Dyke around 4650 +/- 90 bp, accompanied by increases in Plantago lanceolata, cereal and 

ruderal pollen (Scaife in Wilkinson, 1988). The nature and dates of this change correspond with 

the pollen spectra from Broadness, Tilbury and Stone Marsh (4930 +/-110 bp) (Devoy, 1980).

The primary elm decline provides clear evidence for Neolithic cultivation although this was 

unlikely to have had a significant impact on the overall character of the woodland. The opening 

of the woodland canopy probably aided the spread of the fungal disease Ceratocystis ulmi by 

ScolytUs scolytus, the elm bark beetle which was identified from the Neolithic deposits at 

Hampstead Heath (Girling & Greig, 1977; 1985). As a consequence, a dramatic reduction in
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Ulmus pollen is recorded from Neolithic levels throughout Southern England delimiting the 

Mesolithic/Neolithic transition.

Neolithic cultivation was probably characterised by the Landnam model proposed by Iversen 

(1941; 1949) which represents clearances of the slash and bum type. The transience of these 

clearances renders them difficult to recognise palynologically, however short lived ‘blips’ of 

grasses and herbs may indicate Neolithic Landnam activity (Sidell et aU 2000). At Silvertown 

(Wilkinson et al, 2000) the primary elm decline is followed by an expansion of Ulmus and 

Tilia, whilst Quercus and Corylus continue to decrease further and Taxus pollen appears. 

Poaceae and Pteridium aquilinum both decrease whilst Plantago lanceolata simultaneously 

increases. This pattern has been interpreted by Scaife (Wilkinson et al, 2000) as indicative of 

short-lived openings of the canopy during the Neolithic. A similar model has been proposed for 

the palynological record at Bryan Road (Sidell et al, 1995) and Hampstead Heath (Girling & 

Greig, 1977).

In general, the pollen of cereals, ruderals and segetals occur sporadically throughout the 

Neolithic period in London. At Union Street the first indication of nearby agricultural activity 

is dated to 4630 +/- 110 BP (Sidell et ak 2000). The elm decline is accompanied by a decline in 

Tilia and an expansion of Corylus suggesting the establishment of Corylus scrub. Successive 

declines in Tilia are simultaneous with peaks in cereals, Plantago lanceolata, Pteridium 

aquilinum and wild Poaceae (Sidell et ak 2000), These correlative changes between arboreal 

and herbaceous taxa appear to directly reflect the small-scale clearances and agricultural 

activity suggested for the Neolithic.

The majority of sites in Southern England, and also in London, demonstrate a widespread 

regeneration of woodland towards the later Neolithic period. For example, at Mar Dyke a 

significant expansion of Ulmus, Tilia and Fraxinus is recorded, with Ulmus values returning to 

pre-elm decline levels (Scaife in Wilkinson, 1988). The extent of Ulmus regeneration at this
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site is unusual, but similar evidence for woodland regeneration after the primary elm decline is 

evidenced at Hampstead Heath (Girling & Greig, 1977), Bryan Road (Sidell et al, 1995), and 

Fort Street (Wessex Archaeology, 2000).

The character of this woodland was more open than the previous Atlantic wildwood 

representing secondary woodland species at many sites. For example, at Fort Street the pollen 

of Fraxinus and Betula both increase suggesting secondary woodland with some Betula scrub 

colonisation (Wessex Archaeology, 2000). Similarly, declining values of Polypodium vulgare 

at Union Street (Sidell et al, 2000) may suggest that the surrounding woodlands comprised 

younger trees of secondary regeneration, rather than the mature individuals of the preceding 

wildwood.

The impact of people upon the vegetation of the Thames floodplain is difficult to gauge due to 

the successive changes in the position of the estuarine zone and related hydrology. Increases in 

Gramineae and other light demanding taxa at the beginning of Tilbury III could equally 

indicate the development o f sedge fen and reed swamp subsequent to rises in river level, as it 

could the clearance of floodplain woodland by Neolithic communities. The edaphic and 

hydrological conditions of the floodplain would render it less suitable for Neolithic cultivation. 

Furthermore, the Mar Dyke sequence suggests that during periods of regression, dense alder 

carr spread across the former estuary (Scaife in Wilkinson, 1988).

However, a reduction of Alnus at Fort Street, accompanied by the arrival of Pinus pollen, 

during the late Neolithic may indicate some opening of the floodplain carr (Wessex 

Archaeology, 2000). The Pinus is interpreted as allochthonous and its inclusion in the pollen 

record from this site indicates more open conditions (ibid.). Furthermore, the discovery of a 

trackway at this site attests to the presence of Neolithic communities on the floodplain. 

Localised clearance of the floodplain may equally be indicated by the discovery of three 

polished axe/chisels amidst the waterlogged trunks at Purfleet (Wilkinson & Murphy, 1995).
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This evidence combined with five similarly dated charcoal scatters from the Mar Dyke 

sequence some 3 km to the north, may suggest localised clearance of the floodplain (Wilkinson 

& Murphy, 1995).

It is suggested that some form of woodland, rather than agricultural, economy developed during 

the late Neolithic on the lowest areas of the floodplain (Wilkinson & Murphy, 1995). A shift to 

woodland-based pastoralism during this period has been suggested by Whittle (1978) and 

Scaife (1988). Evidence for pig rearing from late Neolithic contexts was identified at 

Durrington Walls, Wiltshire and this was accompanied by expansions in heliophilous taxa such 

as Ilex, Corylus, Hedera and Poaceae indicative o f open woodland (Whittle, 1978; Scaife, 

1988). It is possible, therefore, that the floodplain woodlands of the Thames were exploited in a 

pastoral manner during the Neolithic, although their agricultural exploitation remains unlikely.

3.6. The Bronze Age and Early Iron Age vegetation of London.

It becomes increasingly difficult to distinguish between allogenic and autogenic changes to the 

floodplain vegetation during the Bronze Age. Consequently, the broad characteristics of the 

Bronze Age anthropogenic impact on London’s vegetation will be outlined prior to a discussion 

of the floodplain vegetation.

5.6.1. Bronze Ase impact on the vesetation o f London.

A renewed onslaught on the landscape is characterised by the secondary elm decline, the Tilia 

decline, and the accompanying expansion of cereals and the weeds of cultivation. At Mar Dyke 

the secondary elm decline is recorded in the Early Bronze Age from 1630 be onwards (Scaife 

in Wilkinson, 1988). However, woodlands of Quercus and Tilia remain, with the latter 

dominant, although this is supplemented by a marked increase in herbaceous pollen such as 

cereals and Plantago lanceolata {ibid.). The decline in Tilia pollen from this site appears to 

have occurred in the Iron Age indicating sustained and considerable anthropogenic impact on 

the landscape. The Iron Age date for the Tilia decline at Mar Dyke is relatively late compared
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to Other sites in London, although at Beckton Sewage Farm it is recorded in the Late Iron Age 

(Scaife, 1995).

The Tilia decline was once thought indicative of climatic deterioration between the sub-Boreal 

and sub-Atlantic periods, and was thus used to delimit these pollen zones (Godwin, 1975a). 

However, increasing numbers of pollen records demonstrate the Tilia decline as an 

asynchronous event, recorded from the Neolithic period on the Isle of Wight {eg. Scaife, 1980) 

to Saxon periods at Epping forest (Baker et al, 1978). This asyncronicity, combined with the 

accompanying increases in herbaceous, cereal and ruderal pollen, suggests that the Tilia decline 

indicates significant anthropogenic impact on the landscape preceding sustained and 

uninterrupted cultivation.

Several sites from east London indicate a relatively early Tilia decline in the area. For example, 

at Silvertown (Wilkinson et at, 2000) Tilia declines at 3070 +/- 60 BP accompanied by the 

grains of cereal and increases in Poaceae and Pteridium aquilinum. This coincides well with the 

dates recorded at Fort Street (3250 +/- 50 BP) (Wessex Archaeology, 2000) and at Barking 

Tescos during the Late Neolithic/Early Bronze Age (Scaife, 1994a). Furthermore, at Bramcote 

Green, Bermondsey the event is dated to 3630 +/- 80 BP (Thomas & Rackham, 1996). These 

sites suggest a relatively early date for widespread woodland clearance around the Thames 

floodplain.

At Canada Water in Rotherhithe the Tilia decline is dated to the early -  middle Bronze Age at 

4245 -  3692 cal. BP (Sidell et al, 2000). The decline is matched by a sharp expansion of 

cereals, herbs, and arable weeds such as Chenopodiaceae, Plantago lanceolata, Rumex spp., 

Poaceae and Pteridium aquilinum {ibid.). This change in taxa is mirrored at all the London sites 

and is generally synchronous with the decline in Tilia. It reflects a renewed impact on the 

woodlands in London from the Bronze Age onwards as a result of a developing agricultural 

economy. Furthermore, there is good evidence for Bronze Age agriculture within the limits of

116



Chapter Three_______________________________________________________________________________ Environmental backeround

the floodplain itself from sites in Southwark. Preserved ard marks have been identified from 

Lafone Street (Bates & Minkin, 1999), Wolesley Street (Drummond-Murray et al, 1994) and 

Hopton Street (Ridgeway, 1999) indicating agricultural exploitation of the higher land provided 

by islands on the floodplain in central London.

3.6.2. Chanses to the floodplain vegetation.

The major shift from arboreal to herbaceous taxa outlined above is mirrored within the 

floodplain vegetation itself. The marine incursion of Thames III is recorded throughout the 

Thames sequences by a major increase in non-arboreal pollen indicating the expansion of 

sedge, reedswamp and saltmarsh communities related to the changing position of the coastal 

zone. Increasing waterlogging appears to have been compounded by the effects of valley side 

agriculture (Burrin & Scaife, 1984; Wilkinson, 1988; Scaife, 1991). It is suggested that reduced 

évapotranspiration subsequent to woodland clearance led to increased run-off from the valley 

sides thereby raising the watertable on the floodplain (Moore & Wilmott, 1976; Wilkinson, 

1988).

At Tilbury, arboreal taxa fall to 25% of the total pollen, and are replaced by a dominance of 

, Cyperaceae and Chenopodiaceae taxa (Devoy, 1979). The presence of abundant 

seeds of A ster tripolium, Juncus g erard ii and Juncus m aritimus suggests that the transgressive 

contact at Tilbury represents vegetation growth close to the mean high water mark of spring 

tides. Devoy (1979) suggests that Phragm ites australis dominated the riverside vegetation.

Further back from the riverside, pollen sequences record similar changes in the mire ecology 

consequent upon a rising water table. At Mar Dyke the damp Alnus carr of the Neolithic is 

replaced by other wetland elements. Non-arboreal taxa increase in importance with high values 

of ?ocLce<u., Typha latifolia, T angustifolia/Sparganium  type, Cyperaceae, A lism a  type. Iris 

and Isoetes (Scaife in Wilkinson, 1988). These taxa continue to increase through the Bronze 

Age and their presence, combined with changes in the lithostratigraphy prior to the Tilia
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decline, suggests that alluviation and waterlogging at this site resulted from hydrological 

change due to Thames HI {ibid.).

All of the Thames floodplain sites demonstrate a retrograde hydroserai succession dated 

variously from the mid Bronze Age to the Iron Age. The expansion of reedswamp communities 

is recorded from Erith Spine Road from c. 3000 BP (Sidell et al, 1997), Beckton Sewage Farm 

during the Late Bronze Age (Scaife, 1995), Rainham Marshes during the mid-late Bronze Age 

(Scaife, 1991), and Fort Street at c. 3250 +/-50 BP (Wessex Archaeology, 2000). At sites where 

arboreal taxa remain important in the pollen spectra there is evidence for a change in the 

woodland composition. For example, at Dagenham the Alnus carr is replaced with Salix and 

Betula, with increasing values of Osmunda regalis demonstrating a rising water table (Scaife, 

1994b).

The exact timing of changes in the mire ecology differ between sites, however, there is some 

evidence for a correlative relationship between clearance events and cereal cultivation, and 

expansions in the herbaceous taxa o f the mire. For example, at Canada Water the Tilia decline 

and expanding dryland herbs are mirrored by a significant change in the marsh with declining 

Alnus and increases in Typha/Sparganium type and Cyperaceae (Sidell et al, 2000). Similarly, 

at Erith Spine Road Alnus carr appears to have comprised a long-lived community, which 

established around 5570 +/- 90 BP and continued through to the Iron Age (Sidell et ai, 1997). 

In the upper level of the profile cereal pollen and Plantago lanceolata, P. major, 

Chenopodiaceae, Trifolium type and Rumex expand and are paralleled by a demise in Alnus 

carr and expansion of herbaceous fen taxa such as Cyperaceae, T. angustifolia/Sparganium, T. 

latifolia and Chrysosplenium {ibid.).

The correlation between changes to the dryland vegetation and that of the floodplain suggests 

that the affects of adjacent Bronze Age cultivation were exacerbating the rising water levels 

concurrent with marine incursion (Thames IH/TV). This change to the floodplain hydrology
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significantly impacted on the vegetation of the valley bottoms. The character of vegetation on 

the floodplain during the Bronze Age may be summarised as:

i) A reduction and, in some places, replacement o f the alder carr with other woodland 

elements notably Salix and Betula.

ii) A widespread reduction in arboreal pollen and its replacement by herbaceous taxa 

representative of increasing water levels and a retrogressive sere to sedge/fen 

conditions on the inner floodplain, and saltmarsh communities alongside the river.

iii) An eventual alluviation of sites with silts and clays as a consequence of the 

Thames IE and Thames IV transgressions and increased flooding across the 

floodplain.

Within this changing environment it is unlikely that Bronze Age communities attempted to 

cultivate the floodplain itself. The Bronze Age cultivation soils o f the Southwark islands were 

buried under alluvial silts during the Late Bronze Age/Early Iron Age thus clearly indicating 

the impossibility of agriculture even on the topographic highs of the floodplain. The increasing 

waterlogging of the Thames floodplain is accompanied by a period of intense trackway 

building in the east London area and it is likely that the construction of these structures was 

intrinsically linked to the changing landscape of the floodplain during Thames III.

3.7. Summary.

This chapter has outlined the major environmental considerations involved in 

palaeoenvironmental and archaeological research on the prehistoric Thames floodplain. It is 

clear that the River Thames was a fundamental factor influencing the nature and form of the 

floodplain, its vegetation and the activities of people in the landscape. The significant climatic 

and sea-level fluctuations of the Neolithic and Bronze Age would have profoundly influenced 

the vegetation types on the floodplain. As a consequence, the particulars of these changes have 

been provided in some detail. They may be summarised as follows:
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a) A fluctuating watertable, with regressive and transgressive periods, when the 

floodplain experienced comparatively dry conditions and periods of frequent flooding 

respectively.

b) Fluctuating salinity levels along the river where freshwater conditions prevailed during 

regressive periods and marine conditions dominated during transgressive periods.

c) A high incidence of vegetation disturbance as a consequence of the above.

d) Diverse woodland and herbaceous communities as a result (a), (b) and (c), and the 

microtopographical/hydrological diversity of the landscape.

e) Increasing anthropogenic impact on the environment, initiating with small-scale 

clearance and increasing to sustained clearance and agriculture through the Bronze 

Age.

f) Increasing freshwater discharge into the floodplain due to increased run-off consequent 

upon woodland clearance.

g) A general linear rise in watertables due to sea-level change which, combined with (f), 

resulted in retrograde hydroserai changes to the floodplain vegetation, and the eventual 

inundation of much of the floodplain by the Iron Age.
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Chapter Four

THE ARCHAEOLOGICAL CONTEXT OF WATERLOGGED WOOD

ASSEMBLAGES

The following chapter provides the archaeological background to the prehistoric waterlogged 

wood assemblages discovered in East London. Trackways comprise the majority of wooden 

structures recovered from London, thus the first section provides a typological description of 

trackway structures excavated from well-researched areas in Britain, freland and the 

Netherlands. Within this discussion, the various woodworking techniques applied during 

construction, and their archaeological recognition, are discussed. The chapter follows by 

describing the current analyses and interpretations of trackways in the study area, including 

examples from central London where relevant. Finally, the archaeological evidence for later 

prehistoric settlement and activity in East London is outlined, thus providing the wider 

archaeological context.

4.1. Waterlogged wood assemblages.

A cultural waterlogged wood assemblage may be defined as the archaeological product of 

human collection and use of wood, which has become preserved through waterlogged, 

anaerobic conditions. Preservation is frequently exceptional, and large quantities of wood with 

bark intact, demonstrating ancient toolmarks, commonly characterise such deposits. The main 

types o f waterlogged wood assemblages are outlined in Table 4.1.

The quality of wood preservation facilitates extensive macro- and microscopic analysis in order 

to assess the following research themes;

a) examination of wood use in the past, in terms of species used and tree parts 

selected.

b) Examination of past woodland management regimes such as coppicing through ring 

analysis, and other morphological features.
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c) High-resolution dendrochronological dating of structures providing exact 

chronologies of building, use and repair,

d) Examination of seasonality and wetland exploitation from last ring analysis, and 

site location.

e) Examination of past woodworking tools and techniques from preserved tool marks.

f) Examination of social structure, organisation and settlement drawn from the above.

The research value of waterlogged wood assemblages is further enhanced by the excellent 

accompanying organic preservation, often providing a rich suite of archaeological and 

environmental data with which to reconstruct prehistoric landscapes and community activities.

4.1.1. Presence and Distribution.

Waterlogged wood assemblages may be found preserved in lowland wetland areas, in upland or 

inland raised bogs, and in palaeochannels, alluvial deposits and modern-day rivers, lakes and 

coasts. However, the distribution of sites from a specific period is frequently dependent on the 

palaeoenvironmental conditions in a given location. For example, the majority of Mesolithic 

wetland sites are located either in the intertidal zone, or beyond the tidal reach on the sea or 

riverbed. This pattern results from the dryland nature of this zone during the Mesolithic, thus its 

suitability for settlement, and subsequent coastal submergence. Areas of raised bog, such as the 

peat bogs of central Ireland, rarely contain waterlogged archaeology of Mesolithic date since the 

establishment of peat growth, and therefore feature preservation, generally post-dates this 

period.

Successive rises in sea-levels, coupled with the wetter conditions of the Atlantic period (p.z. 

Vila), results in the occurrence of Neolithic sites in both the intertidal zone and inland bog 

areas, where the consequences of a rising watertable was engulfment of features in peats. The 

Bronze and Iron Ages are well represented throughout wetland areas, both because widespread 

trackway and platform building was a response to environmental deterioration, and structure
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Table 4.1. Demonstrating the various types of cultural waterlogged wood assemblages.

A ssem blage Type Distribution U ses Archaeological Examples

Trackways. Lowland marsh and floodplain. 

Inland raised bogs.

A ccess routes over wetlands to, and from, areas 

of higher ground.

A ccess routes into wetlands for resource 

exploitation and/or ritual activity.

Som erset Levels. 

Mountdillon Bog, Ireland. 

East London wetlands.

Within or adjacent to lakes and Consolidation of ground for occupation, specialist Baker’s  site, Som erset Levels.

Platforms. open water. activities (woodworking etc....), and/or ritual Oakbank Grannog, Scotland.

Adjacent to river channels. activities Flag Fen, Cambridgeshire.

Revetments.
At the ed g es of streams, rivers, 

coasts and lakes.
Bank reinforcement and flood protection.

Goldcllff, Severn Estuary. 

Runnymede Bridge, Surrey. 

Barking T esco  s, East London.

Buildings and pile dwellings.
In lowland wetlands, often on 

the marsh, lake or river edge.

Seasonal occupation of wetlands. 

Animal enclosures.

Mooring stages.

The Stumble, Crouch Estuary. 

Runnymede Bridge, Surrey. 

Glastonbury, Som erset Levels.

Intertidal zone. Ritual enclosures. S eahenge, Norfolk.

Other
Rivers & palaeochannels. Boats and paddles. Canewdon paddle, E ssex.

Peat bogs and wetlands. Miscellaneous items. Dagenham idol, London.
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preservation was high due to rapid engulfment in accumulating peats and/or burial under 

estuarine clays and silts.

4.2. Neolithic and Bronze Age trackways.

The following section outlines the main structural forms of waterlogged wood assemblages. 

Discussion is focused on trackway structures (Table 4.2.), due to their predominance amongst 

the London assemblages. Brief outlines of relevant woodworking techniques are additionally 

provided.

4.2.1. Brushwood Tracks.

The simplest trackways consisted of brushwood bundles and required a minimal construction 

effort to obtain maximum trackway lengths (Figure 4.1a.). As such, brushwood trackways are 

the most commonly encountered prehistoric structures, and are abundant in the Somerset 

Levels, the Netherlands, Ireland, Severn Estuary and Essex coast. The majority were relatively 

insubstantial, although those that were staked into place represent longer-lasting structures. The 

wood species utilised depended on the local resources and the degree of woodworking was 

minimal, with simple cut and tom ends constituting the majority.

The Somerset Levels provides multiple examples of brushwood trackways, and a selection from 

this area forms the basis for the following structural description. The Neolithic (c. 2800 EC) 

Honeygore track represents a brushwood structure 70-80 cm wide, with pegs to either side in 

order to stop the track spreading through use (Coles & Hibbert, 1975). Natural stumps were 

incorporated into the track from the trees felled for construction, and very small brushwood, or 

brash, was used for additional packing where necessary {ibid). The brushwood comprised 

locally available Betula and Corylus stems of slender diameters averaging 30-40 mm. The age 

range represented was ten to twenty years, and it is probable that stems were selected for their 

size. The pegs were roughly chopped from poles, often with a single axe blow followed by 

snapping-off to produce a point that could be driven into the peat.
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Table 4.2. Demonstratlna structural variation between trackways.

Typology Description Exam ples

Brushwood Bundles of brushwood laid Tinney’s  tracks, Honeygore &

longitudinally along the line of Honeycat, Som erset Levels.

p assage, often pegged in place by Beckton 3D, London.

stakes at the ed ges. Goldcliff, W ales.

Corduroy Roundwood, split wood or planks 

laid transversly at right angles to 

the line of p assage, supported by 

various substructures; som etim es associated  

with vehicle parts.

Corlea 22 & 6, Ireland. 

Prejawa VII, Germany. 

Lengener Moor XV, Germany. 

Abbot’s  Way, Som erset.

Longitudinal Planks, split wood or logs laid end to end Sw eet Track, Som erset.

along the line of p assage, som etim es Derrendif, Ireland.

elevated by various substructures. Bramcote Green, London.

Eclipse Track, Som erset.

Hurdle
W oven panels of wattling tied/jammed Corlea 22, Ireland.

together to form continuous hurdle surface. Fergus Estuary, Ireland. 

Erith, London.

Similarly, multiple trackways of Bronze Age date at Tinney’s ground were of brushwood 

bundle structure providing path widths of 25 cm to one metre (Coles et.al, 1975), The trackway 

complex is suggested to have provided access routes between settlement on the higher ground 

and structures on the riverbank (Coles & Coles, 1986). The majority of these tracks were simple 

brushwood types, although several also included longitudinally laid oak planks {ibid). Alnus 

dominated the wood species used, although Corylus, Fraxinus, Ulmus, Quercus, Salix and 

Viburnum were also present, indicating unselective use of the range of local trees in the area. 

Diameter measurements demonstrate a similar range to the Honeygore track suggesting size, 

rather than species, selection during construction.

In general, brushwood tracks are relatively ephemeral footpaths, laid down rapidly to provide a 

path o f marginal stability for a limited duration. Some degree of pegging is common along the 

sides o f the brushwood bundles in order to prevent the roundwood spreading under use.
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Brushwood tracks appear to have been constructed for human use only, and the potential for 

them to support heavy animal or vehicle traffic is dubious.

4.2.2. Woodworkins Evidence.

Much of the brushwood that comprises trackways demonstrates little or no evidence for 

woodworking. However, the stakes used to secure the brushwood commonly exhibit toolmarks 

from felling and pointing. Several felling methods may be applied to produce roundwood 

lengths, including simple snapping-off from the stool, chopping into the stem and then breaking 

away, or chopping straight through the stem with a number of blows (Coles & Orme, 1985). 

Each technique will leave characteristic marks and facets on the roundwood ends. Small 

roundwood often bears the traces of snapping and tearing. However, marginally larger diameters 

may take the following forms;

a) chisel ends: where the stem was chopped through from one side only with varying 

numbers of axe blows.

b) Wedge ends: where the stem was chopped through from both sides to form an 

intersection of facets.

c) Pencil ends: where the wood has been worked all around leaving multiple facets.

d) Variant-point: where cuts were made on one side of the stem leaving two facets side 

by side on one half of the stem only (Coles & Orme, 1985).

The woodworking technique used was generally dependent on the diameter of roundwood 

selected. For example, roundwood between 10-30 mm diameter at Tinney’s ground was usually 

broken from the bole leaving characteristic snaps and tears (Coles & Orme, 1985). Pieces 

between 15 and 35 mm diameter were cleanly cut at a shallow angle producing typical chisel 

ends. Larger pieces of 25-50 mm diameter were also cut from one side only but often carried 

two facets, one on top of the other, where the shallow angle precluded a single clean cut. Alder 

roundwood of 35-60 mm diameter was commonly represented by wedge end cutting from both 

sides of the stem {ibid.).
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Figure 4.1. Illustrating various trackway constructions from brushwood tracks (a) to corduroy construction (b).

a) Brushwood from Derryoghil, Co. Longford (Raftery, 1999a).

(incorporated  
hurdle)

b) Corduroy track from Corlea 1, Co. Longford (Raftery, 1999b)

/

W-
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Furthermore, the various shapes of facets and the angles of cut reflect the type of tool used 

during woodworking. Consequently, slightly dished facets, concave across their width, 

represent stone and some bronze axes, whereas flat facets reflect some bronze and iron axes 

(Coles & Orme, 1985), In addition, the thicker blade edge of stone axes necessitates a steeper 

entry angle into the stem, than thinner bronze and metal types. Consequently, Neolithic cutting 

and pointing of stems is often represented by wedge and pencil ends, with multiple axe blows 

required to produce fairly blunt pointed ends covered by many small, dished facets.

Roundwood specifically pointed using bronze tools tends to support fewer and longer facets, 

although overestimation of tool efficiency sometimes resulted in jam stops and stepped facet 

ends (Coles & Orme, 1985). These carpentry ‘mistakes’ provide information on the size and 

shape of axe used in prehistoiy, however, small diameter roundwood is unlikely to reflect the 

total width of axe blade. In summary, the woodworking evidence from brushwood trackways 

often reflects the felling and chopping of roundwood stems, rather than methods of carpentry or 

conversion. This is due to the minimal effort used during construction. However, the facets of 

cut ends frequently provide information on the types, and sometimes the number and condition, 

o f blades used (eg. Sands, 1997).

4.2.3. Corduroy Tracks.

Corduroy tracks are typologically linked by the presence of transversly laid wood at right angles 

to the line of passage (Figure 4.1b.). The substructure varies widely, although it frequently 

consists of longitudinal runners. Major corduroy structures are constructed from converted 

wood in the form of planks, or half split roundwood, and therefore provide examples of 

prehistoric wood conversion techniques.

The Abbots Way in Somerset (c. 2000 be) represents a corduroy track measuring 2560m in 

length, and linking the island of Burtle to the rock islands of Westhay and Meare (Coles &
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Orme, 1976). The track was constructed from planks laid transversly and edged by opposing 

pegs that may have performed a ‘marker’ role rather than a stabilising function (Coles & Orme,

1976). The majority of planks were radially split Alnus, although also present were Corylus, 

Fraxinus, Ulmus, Quercus, Salix and Viburnum demonstrating wide ranging utilisation of the 

surrounding vegetation. The Abbot’s Way was laid directly on the Sphagnum bog and may have 

provided a route for animal passage {ibid.).

Corduroy trackways from Ireland show further variation in track surface and substructure type. 

At Littleton Bog, Co. Tipperary, Quercus planks were laid transversly over longitudinal 

Quercus, Alnus and Prunus roundwood timbers providing a walkway three metres wide 

(Raftery, 1993). Mortices were cut into either end of the transverses, through which long 

wooden pegs of Salix, Populus and Fraxinus were driven (Raftery, 1993). In contrast, at Corlea 

22 {c. 2259 BC) the upper layer of transverses comprised unworked roundwoods forming a 

track 2-2.5m wide, supported by a lower layer of half split longitudinal stems {ibid.).

Corduroy tracks are common from the Netherlands, where split and roundwood transverses 

were frequently supported by longitudinal roundwood runners laid side by side (Casperie & 

Maloney, 1994). Tracks at Nieuw-Dordrecht, Lengener Moor XV and Prejawa VII were found 

in association with broken axles, fragments of wheels and other vehicle parts {ibid.). The use of 

wheeled vehicles may explain the construction of corduroy type roads, since greater quantities 

of wood are required in order to achieve relative lengths of road. However, problems in 

assuming ubiquitous vehicular use of corduroy tracks arise from the early construction dates of 

roads, and the later {e.g. 2000 BC in Ireland) evidence for the introduction of wheeled transport.

4.2.4. Woodworkin2  Evidence.

Corduroy tracks provide evidence for prehistoric woodworking techniques in the use of split 

roundwoods and cleft planks. Methods of splitting will be outlined here, and the further 

conversion into planks in the following section. It is likely that tree conversion occurred soon
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after felling while the wood was still green and relatively easy to split. Seasoning duration 

differs between species with Alnus, for example, drying substantially within six months, whilst 

Quercus may take more than two years (Darrah, 1982).

Prehistoric wood conversion exploited the natural planes of weakness of various species. 

Consequently, split transverses from the Netherlands were usually the lighter hardwoods such as 

Alnus, Betula or Corylus. Furthermore, the use of Alnus for the Abbot’s Way transverses, 

almost certainly reflects deliberate selection for a species which splits easily in the radial plane. 

Quercus will also lend itself to radial splitting, with its large rays providing lines of weakness.

The preliminary stages of conversion would split the trunk in half by driving wedges (typically 

o f seasoned oak) through the radial plane with a mallet. This may be half split again to provide 

quarter radiais, wedge shaped in the transverse plane, as were identified from the Abott’s Way 

(Coles & Orme, 1976). An alternative method of splitting is tangential conversion, which 

requires careful controlled splitting of natural planes of weakness across the radiais (Orme & 

Coles, 1983). For this reason it is less commonly identified in prehistoric timber from large 

rayed species such as Quercus, but is frequently identified in ring porous woods with smaller 

rays such as Fraxinus.

Splitting will result in characteristic toolmark evidence, with the clean face of the split often 

interrupted by ‘burring’. This results from the forcing of wedges into the trunk, which then 

become stuck between the main face and an attached sliver of wood on the wrong side (Orme & 

Coles, 1983). These slivers must be axed free leaving characteristic marks on the wood face, 

and occasionally remnant slivers around the woodworking site.

4.2.5. Longitudinal Tracks.

The characteristic feature of longitudinal tracks is the laying of worked, or unworked, timber 

end to end onto various substructures (Figure 4.2a.). Plank footpaths fall into this category, and
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provide good evidence for prehistoric plank manufacture. However, other longitudinal tracks 

were constructed either from unworked roundwood, whole trunks or half split logs.

Further variation may be encountered where construction used several roundwood stems, or 

logs, laid side to side to provide a wider walking surface. For example, at the Cloonbreany site, 

Corlea 22 (1200 BC), Corylus rods were packed tightly against each other, laid longitudinally, 

and pegged at the sides (Raftery, 1993). Moloney (1988) states that Irish longitudinal tracks 

were more common in the Early Christian period than in prehistory, although this chronological 

development is not demonstrated outside of Ireland.

Undoubtedly the best known longitudinal track is the Neolithic (c. 3200 be) Sweet Track in 

Somerset, which has been traced for 1800 metres. Preliminary construction resulted in the Post 

Track; a line of Corylus post markers and dumped planks of Fraxinus and Tilia (Coles & Orme, 

1984). Subsequently, long rails of Corylus, Fraxinus, Ilex, Salix, Populus, Alnus, Ulmus and 

Cornus were laid on the peat, and stakes were driven across them into the bog to provide a firm 

cradle substructure. Into this cradle were laid up to forty centimetre wide radially split Quercus 

planks, often pegged, providing an elevated, narrow walkway across the marsh. The wide range 

of species utilised in the supporting structure, and almost exclusive use of Quercus for the 

footpath, suggests that Quercus was deliberately selected and conserved for the plank walkway 

itself.

The Meare Heath track (c. 1135 be) demonstrates a slightly different construction method, 

providing a route two kilometres in length, which linked the higher ground of the Polden Hills 

to Meare Island. A substructure of half split and radially split transverse Quercus sleepers was 

laid on the bog. Long Quercus stakes were then driven through mortices in either end of the 

transverses, thus anchoring them into place. The footpath surface consisted of longitudinal 

Quercus planks, which may originally have comprised a single plank’s width laid end to end 

(Coles & Orme, 1978).
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Figure 4.2. Illustrating various trackway constructions from (a) longitudinal types to (b) hurdle 
tracks.

a) Meare Heath Track, Som erset Levels (from Coles & Orme, 1978).

;

b) Annaghbeg 2, Go. Longford (from Raftery, 1999b).

ç/
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4.2.6. Woodworking Evidence.

Quercus was the main timber used in the majority of planked longitudinal tracks, during both 

the Neolithic and Bronze Ages, and throughout the British Isles. Indeed, in structures such as 

the Sweet Track, Quercus appears to have been conserved exclusively for the walkway, with all 

the other available species used for the substructure.

Evidence from the Somerset Levels indicates that the majority of Neolithic planks were split in 

the radial plane, or finer variations of such, whilst Bronze Age examples ranged from redirected 

radiais to true tangentials (Orme & Coles, 1983). Plank conversion follows from the minimal 

splitting techniques outlined in section 4.2.4. Further primary splitting of a quarter radial serves 

to ‘slice-ofF additional, thinner pieces to provide radial planks.

A subsequent secondary stage of splitting was common in the production of Bronze Age planks 

from the Somerset Levels (eg. Meare Heath), although infrequent from Neolithic trackways 

possibly as a result of simpler woodworking technology (Orme & Coles, 1983). The sapwood 

was trimmed-off the majority of Quercus timber, occasionally leaving characteristic axe marks 

down the side of planks (Coles & Orme, 1984). This trimming probably constitutes preventative 

action that would delay rot of the timbers once laid on the bog surface. Secondary splitting of 

various forms {eg. tangential sub-dividing, cross-diagonal splitting) then occurred in order to 

obtain the desired size and shape of plank. For example, trimmed radiais from site TG of the 

Sweet track produced planks ranging from 245 x 105 mm in section to 350 x 32 mm (Coles & 

Orme, 1984).

Continued finishing was frequently undertaken to create a smooth, flat plank surface. This was 

achieved using either axes or adzes, the traces of which may preserve on the plank surface. 

Axing or adzing along the grain was also a technique used to create tapering points for stakes, 

pegs and piles {eg. Meare Heath). Although individual facets do not provide distinguishable 

marks between axe or adze use, the general appearance of a finished surface may be used to
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infer the use of either (Orme & Coles, 1983). For example, axing creates a number of straight 

steps where chips have been broken off, and a bronze tool leaves slightly dished facets with a 

generally straight leading edge. Adzing tends to take the chips out rather than breaking them off, 

leaving slightly dished facets in a honeycombed pattern (ibid). A  second adzing, however, 

would remove all trace off this operation leaving little evidence for the method of finishing. 

Several of the Meare Heath planks bore the traces o f adzing, and clear honeycomb type adzed 

faces were identified from the plank footpath XVIII (Bou) in the Netherlands (Casperie, 1984).

Prehistoric planks often contained mortices, which were a common feature of both Neolithic 

and Bronze Age carpentry in the Somerset Levels. For example, holes were frequently cut into 

the ends of trackway planks or transverses, through which anchoring stakes could be driven. 

The general method of prehistoric morticing may be outlined as follows. The ends of the 

proposed holes were axed into both surfaces of the plank and wedges were then used to split out 

the sides, each loosened piece creating a deeper perforation. The central chunk could be 

dislodged with a final blow to its centre if the axe failed to completely cut through the plank 

(Orme & Coles, 1983).

The preserved shape of mortice sides will indicate the ease of splitting, and consequently, the 

skill of the carpenter. Near-vertical sides indicate an easy split, whilst stepped and bevelled 

edges reflect a more arduous process. In general, the thinner bronze blades made mortice 

production easier, with increasingly direct downcutting into the wood leaving squarer and neater 

holes than those produced by the stone axes of Neolithic times.

4.2.7. Hurdle Tracks.

Hurdle tracks are constructed from wattle (Figure 4.2b.) consisting of two main elements; the 

uprights, (sails) and horizontals (rods), which are interwoven through the sails to create the 

wattled panel. Use of small diameter roundwood for hurdle making results in the application of 

similar woodworking techniques to those recognised in brushwood tracks (discussed above).
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However, variant points frequently characterise the cut ends of sails, for example those from the 

Eclipse Track in Somerset, which allows them to be wedged into the ground during the weaving 

process (Coles & Orme, 1985).

Neolithic examples of hurdle tracks from Somerset include Walton Heath and Rowland’s Track 

(Coles & Orme, 1977a, 1977b). The length of Somerset’s hurdle tracks far exceeds those from 

the Irish peatbogs, with the Walton Heath track running for 60 metres. Similarly, the Bronze 

Age Eclipse track was constructed of 125 connected woven panels, which provided a walkway 

one metre wide (Coles et. a l, 1982). Corylus comprised the dominant species used, although 

Fraxinus, Viburnum, Alnus, Quercus and Acer were additionally identified.

Corylus constitutes the dominant species of all the hurdle tracks in the Somerset Levels, 

although Betula, Fraxinus, Salix and Alnus are also present. Any species that produces long, 

straight poles may be used for wattling, thus the natural straightness of Corylus stems accounts 

for its predominance in prehistoric trackways. However, on the basis of pole diameter, 

straightness of stem, and characteristic heels and ‘topped’ stems, Rackham (1977) suggests that 

Rowland’s, Walton Heath and Garvin’s tracks were constructed from coppiced woodland in the 

area. This took the form of ‘draw’ felling and topping during the summer months (Rackham,

1977), in contrast to the more familiar coppicing cycles observed in the Medieval period (see 

section 2.2.).

Although hurdles have been used for trackway construction in the past, wattling was also 

employed for fencing and building construction. Enigmatic occurrences of hurdle structures are 

recorded at Annaghbeg in Ireland where a longitudinal roundwood and plank structure ended in 

a single hurdle panel (Raftery, 1999b). In total, twelve hurdle tracks have been identified from 

Ireland, all dating to c. 1000 BC (Raftery, 1999b). However, the maximum length recorded is 

that from Annaghbeg 2 which consisted of three Corylus panels {ibid.). To some extent, 

therefore, application of the ‘trackway’ term to these structures may be misleading. The term
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implies construction of a road along an otherwise inaccessible linear route which was used 

regularly for passage. Small hurdle features may more accurately be termed ‘fascines’, where 

panels were laid down to enable passage along wetter areas of an otherwise accessible route.

4.3. Waterlogged wood finds from east London.

Since the late 1980’s it has become apparent that the peats and alluvial clays of central and east 

London provide high potential for the preservation of organics, including waterlogged wood. 

Up to ten metres of peats and clays have been identified across the Thames fioodplain, 

particularly along the A13 relief road to Tilbury. Since the first trackway was discovered in 

1989, there is now a considerable waterlogged wood database from prehistoric London.

4.3.1. Presence and distribution.

Figure 4.3. presents the distribution of trackways on the Thames fioodplain. The majority of 

trackway structures are located along the edge of the Thames fioodplain, thus linking them with 

settlements on the drier ground and marsh utilisation on the fioodplain. Table 4.3. lists the 

waterlogged wood sites from central and eastern London, with their radiocarbon dates and 

assemblage description. The dates demonstrate that the major phase of trackway building 

occurred during the middle Bronze Age, although one trackway has been identified of Neolithic 

date.

4.3.2. Trackway construction.

The construction of London’s Neolithic and Bronze Age trackways is closely comparable to that 

from the Somerset Levels, Ireland and the Severn Estuary, although similar examples from the 

Severn are dated to the Iron Age. The majority of London’s trackways are the brushwood 

bundle type, often relatively insubstantial in nature. However, several sites are marked by 

substantial, staked brushwood trackways representing attempts to construct longer lasting access 

routes across and/or into the marsh.
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Figure 4.3. Illustrating the distribution of waterlogged wood sites in central and east London (stippling demonstrates schematic extent of the alluvium).
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Table 4.3. Chronology and description of trackway sites in London.

Site
Structure

Type
Structure Description Date (cal. BC)

Rainham Bridge Trackway Insubstantial brushwood bundles. 1410-1000

Road, Havering. Enclosure. Stakes and woven horizontals. 1680-1260

Barking T escos, 3 trackways. Staked and unstaked brushwood

Redbridge. bundles.

Revetment. Driven piles and stakes. 1510-1250

Platform. Stakes, un worked wood and clanks.

Beckton 3D, Trackway. Cradle supported brushwood bundles. 1510-1070

Newham.

Beckton Trackways. Cradle supported brushwood bundles 1430-1200

Nursery, and unstaked, ephem eral brushwood 1910-1515

Newham. structures (fences/walls).

Fort Street, Trackway. Longitudinal timber planks and stakes. 3 3 4 0 -2 9 1 0

Silvertown.

Atlas Wharf, Isle Trackways. Brushwood bundles and corduroy-type 1890-1590

of Dogs. structure.

Platform. Stakes, roundwood and cleft logs. 1200-980

Bricklayers

Arms, Platform. Worked and unworked timbers. 1310-1350

Bermondsey.

Bramcote Trackway 1. 2 1 1 0 - 1 7 4 0

Grove, Longitudinal logs and stakes.

Bermondsey. Trackway II 1 8 5 0 - 1 4 6 0

Bellot Street, Trackway (?) Stake and brushwood bundles. 1720-1580

Greenwich.

Erith Spine Trackway. Hurdle panel. 1700-1300

Road, Bexley. 1440-1010
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Cradle substructures, overlain with longitudinal brushwood bundles, typify the staked 

brushwood trackways. For example, the trackway from Beckton 3D (Figure 4.4.) was 

constructed of two metre length stakes driven diagonally across each other into the peat surface 

to provide a sturdy cradle substructure (Beasley, 1993). Brushwood was then laid upon this 

cradle to provide a path approximately one metre in width, and at least 80 metres in length. 

Similarly, at the nearby Beckton Nursery site, shorter stakes of one metre length were driven 

into the peat to provide a V shaped cradle (Figure 4.4.) onto which brushwood was laid (Divers, 

1994b). Cradle substructures are paralleled at Goldcliff in the Severn Estuary, although 

trackway 1108 at this site is Iron Age in date (Bell, Caseldine & Neumann, 2000).

Two examples of longitudinal trackways have been identified from London, at Fort Street in 

Silvertown (Wessex Archaeology, 2000) and Bramcote Green in Bermondsey (Thomas & 

Rackham, 1996). The Fort Street trackway represents the only definite Neolithic wooden 

structure in London and was constructed from roughly hewn planks which were laid end to end 

(Wessex Archaeology, 2000). The preliminary structure at Bramcote Green, which possibly 

dates to the Late Neolithic (see Table 4.3.) comprised an unstaked, two log wide trackway laid 

end to end, on top of a sheet of bark (Thomas &Rackham, 1996). The subsequent Bronze Age 

structure comprised a single line of logs laid end to end and lined by a row of stakes (Figure

4.4.).

One wattle-type trackway has been identified from the Erith Spine Road site in southeast 

London (Sidell et al, 1997). The method of weave is unique amongst Britain’s prehistoric 

hurdle structures, with the sails in bundles of four, and the rods woven in groups rather than as 

individual pieces (Goodbum in Sidell et al, 1997). This grouping of sails has only been 

identified from Anglo-Saxon and Medieval dated wattling from London. The Erith hurdle 

represents an ephemeral structure similar to those from Ireland. In view of this, it may be more 

appropriate to consider this feature a ‘fascine’, rather than a true trackway structure.
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Figure 4.4. Illustrating trackway construction at Beckton 3D, Beckton Nursery and Bramcote 

Green respectively (after Meddens & Sidell, 1995; Thomas & Rackham, 1996).
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True corduroy tracks are, as yet, unidentified from London although there are somewhat elusive 

signs of this construction type at Atlas Wharf. For example, a layer of Alnus logs laid in 

corduroy style was identified from the upper layers of this site, and is interpreted as a possible 

trackway feature (Lakin, 1998). In addition, a recently discovered linear feature on the Thames 

foreshore at Erith (this research) is comparable to corduroy construction.

4.3.3. Wood species and sizes.

In contrast to wetland research projects such as the Somerset Levels, Severn Estuary and Irish 

Archaeological Wetlands survey, London has lacked a cohesive and systematic research 

protocol where waterlogged sites are concerned. All o f the trackways discoveries result from 

pre-development evaluations, or alongside-development watching briefs, contracted to various 

archaeological units including Newham Museum Services, MoLAS and Wessex Archaeology. 

Although the main core o f environmental analyses have been carried out by MoLAS 

environmental services, both the funding and time constraints of a commercial unit often 

preclude detailed analysis. As a consequence, wood analysis has seldom extended beyond the 

assessment stage, and the results are rarely published.

Despite these limitations, it is clear that the majority of London’s trackways were almost 

exclusively constructed of Alnus. For example, all o f the identified roundwood used for the 

brushwood at Rainham Bridge Road was Alnus (Meddens & Beasley, 1990). Similarly, Alnus 

comprised 99% of the wood analysed from both the trackways and platform structures at 

Barking Tescos, with rare occurrences of Quercus, Corylus and Acer (Seel, 1996b). In terms of 

roundwood sizes used at this site, the brushwood comprised relatively typical diameters, 

clustering between 15 mm and 25 mm (Seel, 1996b).

Furthermore, analysis of the Erith hurdle indicated that Alnus dominates, although the sails also 

included Corylus, Carpinus and Quercus (Sidell et al, 1997; Bennell, 1998). The abundance of 

Alnus in this wattle structure contrasts with the general prehistoric preference for Corylus in
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hurdle-making. Roundwood diameters clustered within the typical dimensions, with both the 

sails and weaves ranging from 20 to 30 mm (Goodbum in Sidell et al, 1997) and the wood was 

cut in spring (Bennell, 1998).

An exception to the ubiquitous dominance of Alnus is the assemblage composition of a possible 

trackway feature from Greenwich. Two or more layers of brushwood were laid diagonally on 

the peat surface at this site (Philp & Garrod, 1994). Cut marks and the presence of at least one 

sharpened stake led the excavator to conclude the assemblage was a trackway (Philp & Garrod, 

1994). Twenty-nine wood samples were analysed, seventeen of which were Corylus, with lesser 

quantities of Alnus, Ulmus, Fraxinus, Acer and Ilex {ibid). This feature, therefore, demonstrates 

a marked contrast in species composition to other Bronze Age brushwood tracks in London.

The longitudinal track at Bramcote Grove (structure I) was constructed using Alnus logs and 

stakes, although one log of Fraxinus was identified (Thomas & Rackham, 1996). A subsequent 

single log track (structure II) was constructed from Quercus, with Alnus comprising the 

accompanying line of stakes. It is interesting that this single example of a Bronze Age 

longitudinal trackway in London was constructed of Quercus similar to those identified in 

Ireland (Lucas, 1985), and the Sweet Track of the Somerset Levels. However, the Neolithic 

longitudinal plank track from Fort Street, Silvertown (Wessex Archaeology, 2000) was 

predominantly built of Alnus, with some Fraxinus.

In summary, Alnus comprises the majority of wood identified from both the Neolithic and 

Bronze Age trackways, suggesting species selection on the fioodplain, and/or the dominance of 

this species within the Neolithic and Bronze Age landscape. Roundwood diameters compare 

well with similar brushwood features throughout Britain and Ireland, with 20-40 mm being the 

typical diameters utilised. This suggests size selection of stems and tree parts within this 

category, however the extent to which this selection may indicate coppicing requires discussion.
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4.4. Evidence for the derivative woodland.

Relatively abundant evidence for Neolithic and Bronze Age woodland management from the 

Somerset Levels and Ireland, suggests that the trackway wood from London could have derived 

from coppiced woodland. This would, in part, explain the overall dominance of Alnus 

throughout the assemblages. However, the archaeological recognition of coppicing can be 

problematic, and some of the often overlooked considerations are outlined below.

4.4.1. Woodland management indicators.

Requirements for long, straight poles for trackway construction, particularly hurdle structures, 

and other domestic uses, led to the early practice of woodland management in Britain. 

Coppicing of woodlands may be identified in waterlogged wood assemblages from the 

following characteristics;

a) stem morphology; degree of branching, straightness and presence of coppice heel.

b) Dimensions of poles; regularity o f diameter sizes used may indicate draw-felling.

c) Age of poles; clusters of same aged stems, or peaking of ages at regular intervals.

d) Size of first ring; enlarged indicative of first year rapid free growth.

e) Season of fell; consistent season of fell from wood assemblage.

Although the presence of any one of these characteristic features should be treated with caution, 

where wood assemblages demonstrate several of the above traits, the occurrence of coppicing 

may be suggested. For example, where strong age peaks are identified in an assemblage, the 

wood is interpreted as uncharacteristic of natural woodland, and thus suggested to have 

originated in some form of managed resource {eg. Coles et al, 1985; Wilkinson and Murphy, 

1986b). However, the idealised age/diameter trends which result from Medieval and post- 

Medieval coppicing regimes may well be incomparable to the patterns that resulted from 

prehistoric management regimes.
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A major problem in the recognition of a prehistoric coppice regime is the differentiation 

between opportunistic forms of felling resulting in coppice, and pre-planned managed 

landscapes. Furthermore, the ability of certain tree species to ‘self-coppice’ (grow naturally as 

multi-stemmed stools) will produce poles which resemble deliberately coppiced wood, but 

which derive from natural resources. Similarly, ‘adventitious coppice’, where new shoots are 

sent out from the roots of a felled or broken stump, will provide the even-aged poles 

characteristic of a coppiced stool, despite the absence of a pre-planned management regime. 

Additionally, a major disturbance event (stand-replacing) in woodland can produce a new stand 

of even-aged trees through natural processes (Oliver & Larson, 1996). Clearly the partial, or 

total, felling of such a stand whilst in the sapling stage, would produce numerous stems 

resembling coppiced poles.

It seems inconceivable that prehistoric populations could have overlooked the ability of trees to 

send out new shoots after damage, and furthermore, after felling. However, the point at which 

this response was deliberately encouraged, in terms of organisation and pre-planning is difficult 

to define. As Peterken (1993, p. 24) states; “Coppicing is unlikely to have had a definable 

origin.... a form of coppice would have emerged from woodland exploitation. It could later be 

refined and made more productive when demand and organising ability increased. Thus the 

coppice structure was probably widespread before a coppice system was needed.”

4.4.2. Evidence for copvicine in prehistoric East London.

Little microscopic analysis has been carried out on the roundwood preserved from London’s 

trackways, thus the majority of interpretation is based on stem morphology. Meddens (1996) 

states that the roundwood from Rainham Bridge Road was ‘coppiced alder’ which had been cut 

on a rotation of one to three years, with a few exceptions on a longer rotation. However, the 

underlying evidence for this statement is unclear.
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Goodbum (1998) highlights a possible coppiced heel on a roundwood stem from Atlas Wharf. 

Equally, in a provisional statement on the origin of roundwood from the Erith hurdle, Goodbum 

(in Sidell et al, 1997) suggests that the straightness and regularity of stems probably indicate a 

coppice origin. In fact, this assumption appeared to be substantiated by further analysis which 

demonstrated a predominance of wood cut at six years (Bennell, 1998). However, other east 

London assemblages are suggested to have derived from coppiced woodland, almost certainly 

on the basis of stem morphology. For example. Chew (1993) states that bundles of coppiced 

withies were laid on top of the cradle at Beckton 3D.

Where ring analysis has been undertaken, little evidence for coppicing is recognised. For 

example, the excavation report at Barking Tescos records the discovery of a trackway consisting 

of vertical stakes and horizontal coppiced wood (Chew, 1993). Due to Health and Safety 

considerations, this feature was not sampled although it was thought to be similar to another 

sampled trackway at the site (Chew, 1993). The general outer morphology of stems 

demonstrated comparative straightness and regularity in terms of the diameter sizes selected. 

Visually, therefore, the roundwood could have derived from coppiced woodland. However, 

scatter diagrams comparing stem age and diameter revealed a gradient typical o f normal to slow 

growing conditions, in contrast to the fast-grown gradient typical o f coppiced wood (Seel, 

1996b). Age distribution analysis demonstrated a clustering of stems of two years, potentially 

indicative of a coppicing rotation, however, subsequent age peaks were not detected. 

Furthermore, a high number of off-centre piths indicated that a considerable quantity of the 

roundwood originated from branching pieces (Seel, 1996b).

The Barking example urges caution in interpreting coppicing on the basis of roundwood 

morphology. Stem straightness and the use of similarly sized roundwood are relatively typical 

traits o f the London trackway assemblages. However, the evidence for coppicing is limited, and 

assumptions of an Alnm-àommaiQé coppiced landscape on the Bronze Age Thames fioodplain 

are misleading. Alnus will frequently grow straight-stemmed within alder carr woodland, and is
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also a self-coppicing species. This, combined with the probable selection of straighter stems or 

tree parts of a certain size, may account for the apparent regularity of wood species and sizes 

used, ahd the consequent interpretations of woodland management.

4.5. Evidence for Bronze Age woodworking.

The dominance of brushwood trackways from London generally limits the amount of 

information available on prehistoric carpentry techniques. Furthermore, interpretations are 

hindered by the limited analysis that has been undertaken on the assemblages. However, some 

woodworking evidence is available and is outlined below.

4.5.1. Roundwood.

The character of the roundwood cut ends from London is broadly comparable to those from 

Tinney’s Tracks in the Somerset Levels (see section 4.2.2.). The majority of small diameter 

roundwood is characterised by simple chisel cut ends representing basic felling techniques. 

There is little written evidence for snap and tear techniques during the Bronze Age in London. 

A search through the plans from Barking Tescos demonstrates a predominance of chisel cuts on 

the worked brushwood of small diameter. In contrast, the larger (c. 30+ mm diameter) stakes are 

characterised by wedge ends indicative of the two-sided felling technique required on larger 

stems. Furthermore, some o f the larger timbers from this site are described as being half-split 

(Chew, 1993).

It is not known what type of felling technique characterised the cut marks at the Erith Spine 

Road site, although the stems appeared to have been cut with a small, light, rather rounded 

metal blade hafted as an axe (Sidell et a l 1997). These toolmarks contrast with the broadly 

contemporary Atlas Wharf site where tool marks on small roundwood (15-30mm diameter) 

were characterised by long, smooth oblique chisel ends (Goodbum, 1998).
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At Bramcote Green some evidence for carpentry techniques on larger roundwood is available. 

For example, structure I contained two relatively well preserved alder stake tips; one with a 

blunt chisel end, and the other with a multifaceted pencil point (Thomas & Rackham, 1996). 

The facets were slightly concave and indicated use of a metal axe. Stake ends from structure II 

were either blunt wedge ends, or multi-faceted elongated points. Jam curves preserved on the 

facets indicate the use of a metal tool at least 55 mm wide and concave in shape (ibid.).

4.5.2. Timber.

The largely brushwood nature of London’s trackways generally precludes the examination of 

timber conversion techniques in the area during the Bronze Age. Some rudimentary half- 

splitting of trunks has been identified from Erith, Bramcote Green and Atlas Wharf. It is 

possible that the dominance of Alnus in these larger structures reflects deliberate selection for a 

species which is easy to split radially (see section 4.2.4.). Quercus logs from Bramcote Green 

had their side-branches lopped off, and were then crosscut to length through hewing. Axe marks 

from one end of log (V) were deep and strongly curved, the longest facet being incomplete at 65 

mm. The toolmarks demonstrated the use of a thin, keen palstave type tool, at least 70 mm wide, 

which was strongly hafted (Thomas & Rackham, 1996).

The most interesting evidence for timber conversion is the recovery of two oak cleaving wedges 

from Atlas Wharf. The best preserved example had been radially split from fast grown oak and 

axed to a taper with a rounded bronze tool (Goodbum, 1998). The butt end was neatly bevelled 

for strength and slightly bruised demonstrative of use. This wedge measured 40 cm in length, 70 

mm in width and was 43 mm thick (ibid.). Also found at the site were irregular slivers o f Alnus 

possibly resulting from burring during the cleaving process. It appears likely that these wedges 

were used to split the alder logs that comprise the corduroy structure at the site.
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4.6. Trackway distribution and resource exploitation.

Figure 4,3. demonstrates an important trend in trackway location across central and eastern 

London. The trackways are either distributed on the edge of the Thames fioodplain, or along 

former sand ridges or between former eyots, within the fioodplain. Commonly the tributaries of 

the Thames, and their own terrace sequences, form the focal point for trackway location rather 

than the Thames river itself. For example, the trackway at Rainham Bridge Road runs towards 

the River Ingrehourne (Meddens, 1996), and similarly, the structures at Barking Tescos were 

built along the east bank of the River Roding (Chew, 1993). In contrast, the Beckton trackways 

run in a north-south direction from the first Thames terrace onto the wider fioodplain of the 

Thames itself (Meddens, 1996).

Where modem tributaries are absent, trackway sites are located in areas where 

palaeoenvironmental work has demonstrated the existence of smaller, extinct palaeochannels. 

For example, the structures examined at Atlas Wharf were located on the eastern side of a 

braided channel running NNW — SSE towards the Thames (Lakin, 1998). Similarly, the 

Bramcote Green trackway appears to have been constructed within a palaeochannel running 

between two eyots on the Bermondsey fioodplain (Thomas & Rackham, 1994).

4.6.1. Resource exploitation o f  the fioodplain.

Given the above distribution pattern, it appears that the majority of London’s trackways were 

constructed to provide access into the former marshes of the fioodplain, and towards river 

channels. This contrasts strongly with the majority of trackways from the Somerset Levels, 

which tended to link areas of higher ground separated by bogland. An exception is Bramcote 

Green which appears to have linked an island settlement in the northeast to a gravel ridge of 

higher ground to the south (Thomas & Rackham, 1996).

However, the trackway complex of Tinney’s ground in Somerset is closely comparable, in terms 

of construction and wood species, to those traced across London’s northeast wetlands.
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Interestingly, Tinney’s Ground trackways do not link higher ground islands, but are interpreted 

as providing access to the river bank from drier ground settlements (Coles & Coles, 1986). 

Although direct settlement evidence is rare, the orientation of London’s trackways from higher 

ground terrace outcrops into the marsh, or towards rivers and streams, strongly indicates the 

location of settlement on the higher ground. Consequently, the occurrence of narrow paths 

suitable for human passage into the marsh suggests extensive wetland resource exploitation 

during the Bronze Age.

The high resource potential of nutrient-rich floodplains is widely recognised, and primary 

productivity of minerotrophic fens is often comparable, or in excess of, that observed from 

adjacent agricultural land (Long & Mason, 1983). This is further enhanced in fioodplain areas 

since biodiversity is increased by the complex ecotones between dryland and riverine ecological 

units (Mitsch & Gosselink, 1993). The Bronze Age trackways suggest that communities living 

on the edge of the Thames fioodplain exploited this rich resource base. Wild foods such as fish, 

shellfish, fowl, deer, herbs and ftmghi would all be readily available in this zone. Other 

resources such as reeds, timber, mosses and the peat itself may have been tapped for building 

purposes and firewood (Meddens, 1996).

The distribution of many of the trackways on tributaries or palaeocharmels is interesting in 

terms of resource exploitation. Mitsch & Gosselink (1993) state that flowing, or periodically 

inundated, wetlands are more productive than deep-standing or stagnant water. The flowthrough 

provides a flush of nutrients, reducing anaerobic conditions and increasing the diversity of 

ecological conditions. The location and orientation of many of the trackways towards, or beside, 

riverchannels may indicate the ability of prehistoric communities to pinpoint, and exploit, the 

most diverse areas of the fioodplain. Furthermore, the broadly comparable dates for trackway 

building in east London, may reflect more intense exploitation of the fioodplain during the 

middle Bronze Age because of rising waterlevels, increased flooding, and consequently 

increased resource productivity during this period.

149



Chapter Four_____________________________________ __________________________________________Archaeological backzround

4.6.2. Anim al 2razins.

Bronze Age floodplain exploitation almost certainly extended beyond the collection o f wild 

plants and the hunting and fishing o f  wild animals, fowl and fish. There is considerable 

evidence for seasonal grazing on the marshes during the middle Bronze Age. For example, the 

discovery o f  a rectangular wattle enclosure at Rainham Bridge Road has been linked to the 

presence o f domestic animals in the area, and the use o f  marshland for summer grazing 

(Meddens, 1996). This interpretation is, to some extent, exemplified by the site’s pollen 

sequence, which demonstrates marked agricultural intensification, with a reduction in arboreal 

pollen, and corresponding increases in and cereal pollen (Scaife, 1991).

Furthermore, the beetle Platystethus that thrives in animal dung was identified from middle 

Bronze Age levels at Rainham Bridge Road (Grattan, 1991).

Similarly, the nearby Dagenham metalled causeway is interpreted as an access route for cattle 

and sheep into the marshes for seasonal grazing (Divers, 1994a). Additionally, a cow skull was 

identified from peats between trackway constructions at Barking Tescos (Chew, 1993). Use o f 

the Thames marshlands during the summer for animal grazing is well documented during the 

Medieval period. It appears probable that Bronze Age communities also grazed their animals on 

the floodplain, and that some o f  the trackway sites may be related to such activities. 

Nevertheless, the majority o f  trackway structures are too insubstantial for animal passage and 

although animal husbandry may have been a feature o f the marshland life they represent, the 

trackways provided alternative functions to that o f  a walkway for animals.

4.6.3. Ritual activ ity  on the floodplain.

A discussion o f the possible uses o f trackways in wetland places would be incomplete without 

at least some mention o f the possibilities o f  ritualistic activity on the floodplain. Although there 

is little evidence for ritual activity from the trackways themselves, the large quantities o f  fine 

Bronze Age metalwork recovered from the river Thames and its tributaries (see section 4.8.), 

have been interpreted as indicative o f ritual deposition (eg. Needham & Burgess, 1980).
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Furthermore, interpretation of sites such as Flag Fen {e.g. Taylor & Pryor, 1990) and the more 

recent Seahenge in Norfolk have strongly linked ‘watery’ places and prehistoric ritual {eg. 

Bradley, 1990; Bradley & Gordon, 1988).

Within East London’s marshes, miscellaneous ritual items such as the Dagenham 

anthropomorphic figure have been recovered. Although outside the scope of this discussion, it 

seems probable that London’s trackways, aside from having a utilitarian function, were also 

used for ritual purposes, possibly at specific times of the year, by the entire, or certain sections, 

of the community. The nature of such activity may only be guessed at, but its possible 

occurrence should not be entirely dismissed when assessing the various types of trackway use.

In summary, the London trackways indicate extensive middle Bronze Age activity on the 

Thames floodplain. The Neolithic track recovered at Fort Street suggests Neolithic communities 

were also present on the floodplain, although much less is known of the distribution or nature of 

Neolithic exploitation. The London trackways only represent certain aspects of prehistoric life, 

thus, the following section places them within the wider archaeological context for London.

4.7. The Later Neolithic in London.

Table 4.4. provides the main archaeological characteristics of London’s Neolithic. Until the 

1970’s, recognition of Neolithic activity on the Thames floodplain suffered from the widespread 

destruction of monuments during successive urban development. For example, obvious signs of 

Neolithic settlement {eg. causewayed enclosures and barrows) were absent in central and 

eastern London, in contrast to recognisable monuments to the west at Staines, Kingston and 

Twickenham (Collins, 76). As a consequence. Neolithic research was largely ignored in favour 

o f the much richer Roman and Medieval archaeology of the area.

Similarly, the majority of evidence for Neolithic activity relied on the numerous stray finds of 

flints and ceramics in museum and private collections (MacDonald, 1976). However, an
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interpretative minefield existed in the unprovenanced, or at best, vaguely provenanced nature of 

these finds. For example, the many flint axes recovered from the Thames and its tributaries 

were, and still are, difficult to assess in terms of Neolithic settlement and activity. However, a 

concerted drive by archaeologists over the last fifteen years has started to provide contexts for 

these finds, and the nature o f Neolithic occupation is becoming clearer. Figure 4.5. 

demonstrates the location of Neolithic sites and finds discussed below. Discussion focuses on 

evidence from the later Neolithic since the chronological scope of this research postdates 3000 

BC (ie. there are no waterlogged wood assemblages pre-dating Fort Street).

Later Neolithic sites in London are extremely rare, with Runnymede Bridge being exceptional, 

and the majority of sites located to the west of London. For example, the west London stretch of 

the Thames has produced one of the richest concentrations of stone and flint maceheads in 

Britain (MacDonald, 1976). In addition, occupation sites have been recorded at West Drayton, 

Kingston, Shepperton and Croydon.

Recent discoveries in central London are beginning to redress the geographical imbalance of 

evidence. Extensive remains of later Neolithic/early Bronze Age activity have been recorded at 

Hopton Street, located on a natural eyot within the Southwark floodplain. A large finds 

assemblage of approximately 820 worked lithics, 2400 fragments of burnt flint, 300 potsherds 

and some daub has been recovered (Ridgeway, 1999). Furthermore, the probable ritualistic 

deposition of a Late Neolithic Beaker pot, with a flint core and blade, was found within a sub- 

circular pit (Ridgeway, 1999). This deposit was sealed by a plough soil and associated with 

postholes and charcoal.

To the east of London, pits containing Grooved Ware and Beaker pottery are recorded at 

Mucking in Essex, providing direct evidence for later Neolithic settlement in southeast Essex. 

Later Neolithic ceramic finds are also infrequently recorded in, or nearby.
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Table 4.4. The main archaeological characteristics of the Neolithic and Bronze Age in London.

Date Chronology Lithics Ceramics Metalwork Settlement & 
Monuments

1000- 650  
BC

Late Bronze 
Age

Barbed and tanged  
arrowhead. 

Chisel/adzes.

Post Deverel-Rimbury.
Lead-bronze leaf shaped  
swords.
Socketed axes.

Metalwork hoards. 
Field system s.

1500- 
1000 BC

Middle Bronze 
Age

Barbed and tanged 
arrowhead. 

Chisel/adzes.

Deverel-Rimbury (bucket-shaped 
v esse l & globular urns).

Palstave axes.
Narrow-bladed swords and 
rapiers, often of European 
origin or inspiration (eg. 
Hemigkofen and Erbenheim 
type leaf-shaped, flange-hilted 
swords).

Flat-grave cremation 
cem eteries.
Settlem ent indicated by 
pits, postholes & short 
ditches.
Soil micromorphological 
evidence for ploughing.

2000- 
1500 BC

Early Bronze 
Age

Barbed and tanged  
arrov/heads. Beaker and Collared urns.

Copper and bronze flat and 
flanged axes.
Rare daggers, spearheads and 
halberds.

Ring ditches & barrows. 
Beaker burials. 
Settlem ent indicated by 
‘cooking pits’, and 
ceram ic concentrations.

3200- 
2000 BC Later Neolithic

Barbed and tanged 
arrowheads. 
Transverse type 
arrowheads. 
M aceheads. 
Plano-convex knives.

Beaker ware.
Grooved Ware.
Peterborough Ware (Ebbsfleet, 
Mortlake and Fengate styles).

None.

Single burial and round 
barrow funerary 
monuments.
Ceremonial henges. 
Cursus monuments. 
Isolated shallow pits with 
ceram ics, bone & 
flintwork.
Flint scatters.

4300- 
3000 BC Early Neolithic

Scrapers, awls, sickles. 
Flaked and polished flint 
and stone axes. 
Leaf-shaped  
arrowheads.

Decorated pottery of Mildenhall, 
Abingdon and Windmill Hill type. 
Grimston-type carinated bowls.

None.

Causew ayed enclosures. 
Ring ditches and pit 
burials.
Settlem ents indicated by 
pits, postholes, burnt flint 
and clay.
Flint scatters.
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Figure 4.5. Distribution of Neolithic sites and finds mentioned in the text.
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the study area. For example, a collection of Ebbsfleet style Later Neolithic pottery was 

recovered from the Ebbsfleet stream at Northfleet in Kent indicating some activity in this area 

around 2710 BC (MacDonald, 1976).

However, apparent concentrations of early Neolithic activity in the Rainham area as evidenced 

by a ring-ditch at Launder's Lane (Smith & Simpson, 1964), and flints, pottery, pits and 

postholes at Brookway (Meddens, 1996), do not appear to extend into the later Neolithic period. 

Similarly, indications of an early Neolithic presence at Erith Spine Road through the discovery 

of Grimston-Lyles ceramic ware and food preparation debris (Swain, 1995), fail to extend into 

the later Neolithic.

The rarity of unambiguous Neolithic settlement sites, particularly in east London, necessitates 

consideration of the unprovenanced and/or undated finds from London. As mentioned, many are 

river finds and, therefore, may have eroded from riverbanks, become moved by fluvial action or 

redeposited by dredging activity. Despite these limitations, apparent distribution trends indicate 

that such articles may have some value when examining Neolithic activity on the floodplain.

For example, three hoards of flint axes are recorded from the study area; by the Lea at Temple 

Mills (Smith, 1894), at Stratford (Evans, 1897) and at Upton in Bexley-Heath (Evans, 1884). 

The Bexley-Heath hoard is of particular note, both in its location on an agriculturally valuable 

chalk outcrop south of Erith, and in the presence of non-local flint from Lincolnshire or 

Belgium (Macdonald, 1976).

Stray find distributions also appear to focus on the Erith area, with a dense concentration of 

Neolithic axes running from Erith and the mouth of the Darent, southwestwards along the 

pebble gravels near Cray, and towards Bromley (Clarke, 1970) (see Figure 4.5.). In the Erith 

marshes a logboat was discovered in the 19* century containing a Neolithic polished flint axe 

and a scraper. Furthermore, an additional polished axe was dredged out of the same peat in the
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Thames nearby (Jessup, This concentration of finds, combined with the natural

topographic features of the area, led Macdonald (1976) to suggest the importance of Erith as a 

later Neolithic and early Bronze Age occupation area.

The Lea Valley also resembles a focus area during the Neolithic, with river finds of axes 

concentrating around the mouth of the Lea. Although this pattern may result from intensive 

dredging activity at this location, recently excavated evidence provides a more secure context. 

At the Elizabeth Fry School, two flint flakes, a scraper and a broken axe were discovered 

pointing to the presence of Neolithic communities in the area (Meddens, 1996). A sherd of 

Ebbsfleet pottery was also found in the Lea Valley (Pigott, 1954) which, taken in conjunction 

with other finds in the area, indicates the continued occupation of this locality during the Later 

Neolithic.

In summary, despite improved archaeological investigation, direct evidence for Neolithic 

settlement in London remains rare. However, the density of stray finds, increasingly 

contextualised by excavations, suggests that areas such as Rainham, the Lea and Erith 

constituted focal points for Neolithic activity. The sheer quantity of flint work recovered along 

the Thames indicates a presence on the Thames floodplain, although attempts to suggest 

settlement locations on the basis of stray finds is clearly problematic. Certainly, the movement 

of Neolithic communities to, and from, the Continent suggests the importance of the Thames 

Valley as a major thoroughfare. Petrological analyses of axes indicate stone sources as widely 

distributed as Cornwall, Pembrokeshire, Ireland, Piedmont and Brittany (Macdonald, 1976). It 

appears inconceivable that both the terraces, and riverside, were not settled and utilised during 

this period. The scarcity of direct evidence may largely result from the only recent realisation 

of the potential for Neolithic site preservation under the Thames alluvium, and within its 

intertidal zone.
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4.8. The Bronze Age in London,

The evidence for Bronze Age occupation in London has long been dominated by the numerous, 

and impressive, metalwork finds recovered from the Thames during the 19^ and early 20^ 

centuries. These finds were accompanied by some perfunctory openings of the few surviving 

earthen barrows (Akerman, 1855), and limited salvaging of cremation cemetary contents 

uncovered during gravel extraction and urban development (Roberts, 1871). However, since the 

1970’s, excavations on a wider scale have begun to elucidate the nature of Bronze Age activity 

on the floodplain. Figure 4.6. illustrates the location of Bronze Age sites and finds discussed 

below.

4.8.1. The Early Bronze A ge.

Early Bronze Age settlement evidence is virtually absent from east London, although this 

accords with its rarity on a national scale (Gibson, 1993). Consequently, distributions of 

ceramic finds are used to suggest possible occupation areas across London. General ceramic 

trends demonstrate a bias of Beaker finds towards west London. However, a concentration of 

finds distributed across southeast London may indicate an extended distribution over the 

Thames into Essex, where Beaker burials are found at Orsett (Milton, 1984) and Mucking 

(Couchman, 1980). Ceramic distributions are, to some extent, matched by other finds, including 

flint and bronze daggers, and potentially indicate a real concentration of early Bronze Age 

activity throughout southeast London (Brown & Cotton, 2000).

Direct burial evidence is rare in London with only two sites. East Molesey (Andrews & 

Crockett, 1996) and Teddington (Akerman, 1855), providing secure contexts. Many ring-ditches 

and barrows recorded throughout London may be Early Bronze Age, but lack radiocarbon dates 

(Brown & Cotton, 2000). Nevertheless, their distribution pattern is similar to that for other Early 

Bronze Age finds, with concentrations to the west of London {eg. Longley, 1976), and a 

southeast distribution indicated by numerous antiquarian records of barrows around Greenwich 

Park (Johnson & Wright, 1903).
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Figure 4.6. Distribution of Bronze Age sites and finds mentioned in the text
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Other funerary evidence suggests the continued occupation of the Erith and Rainham areas. For 

example, two complete Beaker vessels were found at Erith, almost certainly representative of 

burial deposits (Merrifield, 1975). Additionally, Beaker sherds from the Launder's Lane ring 

ditch at Rainham suggests re- use of the early Neolithic feature for Bronze Age funerary 

purposes.

This general scarcity of settlement evidence illustrates the importance of the Hopton Street site. 

Agricultural activity is demonstrated by the discovery of over one hundred parallel linear 

grooves indicative of ploughing (Ridgeway, 1999). The Late Neolithic Beaker immediately 

beneath this soil is suggested to represent ritual preparation of the ground prior to cultivation 

{e.g. Rowley-Conwy, 1987). This interpretation is potentially strengthened by the excavation of 

a bumt-out tree bole indicating pre-cultivation land clearance (Ridgeway, 1999).

The upper ploughsoil surface contained evidence for poaching in the form of 23 shallow 

depressions, and excavated cattle bones attest to the presence of domesticated animals at Hopton 

Street. Furthermore, agricultural evidence is accompanied by approximately forty structural 

postholes and 570 stakeholes indicative of huts, enclosures and/or fence lines (Ridgeway, 1999). 

The Hopton Street evidence indicates intensive, possibly seasonal agricultural activity and 

accompanying settlement on a natural eyot within the Southwark floodplain (Ridgeway, 1999).

Additional sites in Southwark add weight to the apparent focus o f Early Bronze Age activity in 

this area. For example, a gully and posthole associated with Beaker pottery were located on 

Southwark Street, and additional Late Neolithic/Early Bronze Age ard marks were identified at 

Wolesley Street in Southwark (Drummond-Murray et aL, 1994). Early to Middle Bronze Age 

settlement evidence is recorded at Phoenix Wharf in Bermondsey, where a rectangular cooking 

pit and ploughed-out burnt mound were found (Bowsher, 1991; Merrimen, 1992).
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The above discussion illustrates a clear contrast between the relatively abundant early Bronze 

Age settlement evidence in central London and the poor record within the study area. To some 

extent, the apparent absence of settlement in eastern London may result from deep alluvial 

cloaking of the Bronze Age landsurface. The presence of barrows under the peat in the Fenland 

(Hall, 1987) and the upper Thames reaches (Bowler & Robinson, 1980), indicates that the 

Thames alluvium in eastern London may similarly contain the settlement evidence that the 

archaeological record lacks. Thus, with increasing awareness of the archaeological potential of 

alluvial sediments, a correspondent increase in Early Bronze Age sites may be expected.

4.8.2. The Middle Bronze Ase.

Weapon types and associated metalwork dominate the Middle Bronze Age assemblages from 

London (Brown & Cotton, 2000). Their distribution indicates the importance of the Lower 

Thames Valley in bronze production, and consumption in the British Isles (Rowlands, 1976; 

Needham, 1987). Narrow-bladed rapiers, spearheads and occasional shields predominate, many 

of which are of European origin or inspiration (Brown & Cotton, 2000). For example, Rosnoen 

type broad-bladed swords, and leaf-shaped flange-hilted swords of Hemigkofen and Erbenheim 

types, are found towards the end of the Middle Bronze Age. The latter tend to form 

concentrations from, and around, the River Lea and Barking Creek (O’Connor, 1980).

Riverine deposition of metalwork increased dramatically during this period, and the quantity of 

finds indicates, amongst other suggestions, the importance of the Thames as a major artery of 

transport to, and from, the Continent. Once again, the riverine origin of these finds makes it 

difficult to assess the true significance of metal deposition. However, the discovery of two side- 

looped spearheads associated with a wooden pile jetty on the foreshore at Nine Elms (Cotton & 

Wood, 1996), provides some context to the apparent riverside deposition of such finds.

Ceramic evidence from the Middle Bronze Age is common in London, although concentrated to 

the north and west by finds from cremation cemetaries (Barrett, 1973) and settlement sites
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(Cotton et a l 1986). The characteristic Deverel-Rimbury types are commonly found and 

typologically belong to the Lower Thames group, which extends to south and central Essex 

(Brown, 1984-5; Brown & Cotton, 2000). Settlement sites, characterised by pits, postholes and 

short ditches, are now relatively frequent in west London.

In Central London, some evidence for occupation exists with the continued presence of cross- 

ploughing, and hoe and spade cultivation. For example, early to middle Bronze Age ard marks 

are recorded at Phoenix Wharf in Bermondsey (Merriman, 1990). Soil micromorphological 

evidence from this site demonstrated that the field had been manured (Drummond-Murray et a l 

1994). Similarly, ard marks were identified from Lafone Street in Southwark, possibly 

reflecting the use of a ‘rip ard’ for initial ground breaking (Bates & Minkin, 1999). It is 

interesting that the evidence for relatively intense cultivation in Southwark coincides with the 

trackway construction at Bramcote Green and a platform structure at Bricklayer’s Arms.

Further east, evidence for land division and the development of field systems is attested at 

Mucking in Essex, where two adjacent fields measuring 130m x 160m are recorded (Jones & 

Bond, 1980). These fields are accompanied by settlement evidence in the form of domestic pits 

containing pottery, associated flints, and stores of clay {ibid). The site is situated on a terrace 

outcrop 30m north of the Thames and hints at the utilisation of these terraces for occupation 

during the Bronze Age.

In the area between Mucking and Central London the evidence for settlement, although indirect, 

is becoming increasingly strong. Of paramount importance are the middle Bronze Age 

trackways which indicate settlement in the study area, despite an absence of direct occupation 

sites comparable to Southwark. Ditches indicative of a possible middle Bronze Age enclosure 

are recorded at Eastbrookend Park in Barking (Meddens, 1996), thus providing some evidence 

for settlement in the area. Furthermore, numerous stray finds of metalwork from the Thames
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around Erith and Woolwich, and from the marshes of northeast London (see Figure 4.6.), 

additionally suggest middle Bronze Age activity in the study area.

4.8.3. The Late Bronze Ase.

Evidence for late Bronze Age activity continues to be dominated by metalwork from the 

Thames (Needham & Burgess, 1980), although there is a high occurrence of metalwork hoards 

away from the river. These hoards are distributed along both sides of the Thames eastwards to 

the estuary, and are generally considered to be ‘founders hoards’ containing fragments of tools, 

weaponry and copper ingots {eg. Brickfield Road, Barking). These hoards are commonly 

attributed to a devaluation of bronze, and the consequent removal of quantities from circulation 

in order to maintain its rarity value to society {eg. Bradley, 1984).

The quantity and nature of riverine later Bronze Age metalwork has been used to indicate 

funerary practice since direct burial evidence is relatively scarse. Thus, the ritual deposition of 

high prestige goods within water contexts has been postulated in conjunction with funerary rites 

(Merriman, 1990). To some extent, this theory is supported by river finds of skulls dating to the 

same period from the Thames and Lea Valley (Bradley & Gordon, 1988), viewed in conjunction 

with the in situ find of a deliberately deposited skull at Runnymede Bridge (Needham, 1993). In 

addition, several metalwork hoards have been found in the former marshland contexts of 

Barking Creek, Stratford and Clapton, which possibly strengthen suggestions of ritual 

deposition within ‘watery’ contexts.

Later Bronze Age settlement evidence is common although, as with earlier periods, it is 

concentrated on the West London gravel terraces. Runnymede Bridge provides the best example 

of the nature of Late Bronze Age settlement on the Thames (Needham, 1993). However, 

increases in settlement evidence through east London suggest continued occupation of the area 

after the trackways fell into disuse. For example, structures have been located at Hunts Hill in 

Havering and pits, postholes and a ring-ditch are located at Oliver Close in Leyton (Meddens,
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1996). Additional indications of occupation in the guise of pits, pottery and lithics are recorded 

at Barking Abbey and Eastbrookend in Barking, Buttsbury and Uphall Camp in Redbridge, and 

from the Fairlop plain in Redbridge (Meddens, 1996). Furthermore, Rainham continues to 

provide a focus during the later Bronze Age with field systems and ditches located at Scott and 

Albyn’s farm in south Hornchurch (GLSMR). These features are associated with hearths, 

spindlewhorls, loomweights and a founder’s hoard, which, taken in their entirety indicate a 

significant settlement.

The Dagenham causeway provides indirect evidence for later Bronze Age settlement in 

northeast London. This linear feature, constructed of pebbles, sandy silts and burnt flint, was 

traced for 23 metres and was four metres wide and up to 0.27m deep (Divers, 1994a). Pitting 

within the underlying peat is interpreted as the result of poaching of the trampled mixed 

material from the passage of heavy animals over the surface (Divers, 1994a). Thus, the 

Dagenham causeway is interpreted as a principle access route into the marsh, possibly used to 

transport sheep and cattle onto the marsh for seasonal grazing (Meddens, 1996).

By extrapolation, such agricultural activity must have been supported by a nearby settlement, 

thus indicating the likelihood of occupation sites on the terraces of the floodplain. The nature of 

settlement and social organisation remains uncertain. However, small settlements of linked 

compounds, comparable to the extensively investigated sites on the chalklands of southern 

England (Drewett, 1982), may provide a realistic model of Bronze Age occupation in London 

(Brown & Cotton, 2000).

4.9. Summary.

This chapter has provided an introduction to the archaeology of waterlogged wood assemblages, 

and of the main features of Neolithic and Bronze Age London. It is hoped that the above 

discussion has provided a general backdrop to the cultural aspects of this research. The value of 

waterlogged wood assemblages has been assessed, and the main structural types have been
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outlined, with an emphasis on trackways because they comprise the assemblages examined in 

the research. The London cultural wood record has been outlined, introducing the main 

trackway sites in and around the study area. Lastly, a general overview of the archaeological 

evidence for Neolithic and Bronze Age settlement and activity in the study area provides the 

wider context within which the trackway sites must be viewed.

164



Chapter Five_______________________________________________________________________________________ Methodoloev

Chapter Five.

METHODOLOGY.

The following chapter provides the methodology of practical research techniques used in this 

investigation. The first section refers to field and laboratory techniques employed during the 

study of the Erith submerged forest. Initially the nature of intertidal fieldwork is explained, 

outlining the various difficulties and restrictions specific to these site types. This is followed by 

an explanation of the sampling strategy, field and laboratory methods. The second section 

outlines the field and laboratory techniques used during the cultural wood analysis. These 

techniques are relatively well established and consequently require less explanation.

5.1. The Erith submerged forest.

Intertidal work presents specific difficulties and restrictions, which fundamentally influence the 

formulation of fieldwork methodologies. Techniques of fieldwork have yet to be formally 

established and consequently methodological development is, to a large degree, an organic 

process with a certain amount of ‘trial and error’ contributing to the final protocol. It is felt 

appropriate therefore, to outline the practical research limitations regarding fieldwork at Erith, 

since these considerations strongly dictated methodology design.

The central fieldwork limitations at Erith may be summarised as:

a) tidal restrictions on time available for fieldwork,

b) seasonal restrictions on time available for fieldwork,

c) continuous site erosion and siltation,

d) the spatial extent and density of remains.

5.1.1. Tidal and seasonal fieldwork restrictions.

Undertaking intertidal work is, by definition, dependent on the occurrence of low tides, 

therefore site-specific tidal ranges, frequencies and relative foreshore/low water altitudes govern

165



Chapter Five_______________________________________________________________________________________ Methodoloev

the overall potential of a site for research. In addition to the tidal range providing necessary site 

exposure, the occurrence of very low tides is fundamental to creating the longer tidal windows 

during which substantial fieldwork may be undertaken. For example, the majority of submerged 

forest at Erith will expose at a relatively frequent tidal low of around 0.6m (chart datum). 

However, the duration of exposure for much of the site is too short to facilitate substantial 

fieldwork gains. On such occasions, fieldwork concentrates on areas at the top o f the foreshore 

which are exposed for long enough to warrant research. However, in order to undertake 

fieldwork on the lower foreshore (where the majority of woodland lies) a tidal low of at least 

0.4m is required to expose the site for the necessary duration. Ideally, tidal lows beneath 0.2m 

are required at Erith, which provide windows of approximately four hours, one to two of which 

will expose the lowest foreshore.

The annual spring tides, during which tidal amplitude is greatest, provide the most productive 

months of the year for intertidal work. In the Thames estuary, the months of October through to 

April/May offer relatively frequent low tides, with tidal amplitude increasing exponentially 

through this period. Tidal ranges increase (and decrease) with the waxing (waning) moon and 

the largest tidal windows generally cover a period of two to five days per month. However, the 

winter distribution of these tides introduces additional restrictions on fieldwork potential. For 

example, the majority of daytime low tides within the Thames estuary fall between 6 am and 

9.30 am. In addition to the limited daylight hours during winter, the return to Greenwich Mean 

Time in October results in many low tides falling at, or before sunrise, effectively rendering the 

tidal window useless. Therefore, although the winter months provide the lowest tides and 

maximum exposures, many fieldwork opportunities are lost due to the limited daylight hours 

over this period.

Furthermore, tidal predictions are less reliable during the winter months due to the increased 

extremity of meteorological conditions. Periods of increased rainfall result in higher river levels 

thus significantly raising the predicted tidal altitude. Similarly, strong north-westerly or north
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easterly winds back water up the Thames resulting in increased tidal heights. Either condition 

may significantly reduce the degree and duration of site exposure. Conversely, a low tide 

combined with south-easterly or south-westerly winds may actually reduce the tidal altitude 

providing an unexpectedly low tide.

In summary, the time restrictions of intertidal work constitute the greatest influencing factor in 

methodology design. Methods of fieldwork must attempt to obtain the maximum amount of 

information in minimum time. Such considerations have led to the ‘dash and grab’ character of 

foreshore work noted by Bell (1993) and Wilkinson & Murphy (1995), and principally 

influenced the methodological framework of this investigation.

5.1.2. The dynamic foreshore and site familiarisation.

Additional characteristics of foreshore sites influence the nature of fieldwork. The dynamism of 

the foreshore zone, with its constant erosion and sedimentation, complicates familiarisation with 

sites and creates difficulties for long-term study. Well eroded features may be present on one 

visit and have washed away the following day. Furthermore, depending on the tidal flow and 

wind direction, large quantities of silt may blanket and obscure features from one day to the 

next. Fortunately, riverine zones do not aggrade to the degree of coastal beaches during the 

winter months, thus severe blanketing of features is reduced. However, the dynamism of the 

system places a heavy emphasis on the complete recording of individual features or areas per 

visit in order to reduce potentially high numbers of incomplete records. This emphasis clearly 

creates difficulties when time lapses inevitably occur between various stages of fieldwork, not 

least because tidal considerations limit the intensity of concentrated work sessions.

Furthermore, continuous changes in the appearance of intertidal sites considerably prolong the 

familiarisation stage with a site. Indeed, site familiarisation is a dynamic, self-perpetuating 

process due to the creation of what is effectively a ‘new’ site from month to month. More 

importantly, the changing shape and size of site from hour to hour according to the tidal ebb and
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flow, renders systematic fieldwork across the foreshore difficult. Thus, attempts to ‘walk the 

site’ within some established linear or grid-based framework soon become erroneous as, for 

example, planned transects and routes disappear beneath the water. Consequently, methods are 

required to ensure that areas o f the site are not unintentionally missed during fieldwork and, 

perhaps more importantly, areas are not repeatedly recorded thus wasting the rare tidal 

opportunities for research. The above considerations additionally influenced the design of 

fieldwork methodology in this research.

5.2. Sample selection.

In accordance with the aims of this investigation, every tree in the woodland exposure was to be 

recorded and sampled. Thus, in terms of a recording and sampling strategy, the design was 

wholly inclusive, acknowledging the entire woodland site. However, the initial recognisable 

parameters of the site, particularly to the west, altered over the three years of study. Primarily, a 

small run-off channel near Erith Yacht Club delimited the exposure at its western extent since 

little woodland was observed beyond this point. However, a reconnaissance walk in the summer 

of 2000 demonstrated that the preceding year of erosion had exposed woodland for some 

distance beyond this channel. To a degree then, the site extent has been artificially delimited, 

and the site parameters bear an ill-defined relationship to the original woodland edge.

Furthermore, the research aims specified the recording of all wood exposed within the site 

extent. Although the sampling strategy attempted to fulfil this condition, the site map is likely to 

represent a slightly skewed reflection of the density of woodland at the site. This will have 

occurred for the following reasons:

a) the sheer density of remains renders it likely that some wood has been missed,

b) continued erosion removed certain trunks before complete recording, and will have 

exposed some trees subsequent to the planning and recording of an area.

Measures were built into the methodology to reduce the biases introduced by (b). Consequently, 

regular walks were made across the site in order to recheck researched areas against the
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recorded template. This allowed additional information which became exposed at a later date to 

be appended to the relevant records.

Initially the sampling strategy included coring of every trunk in order to gather tree ring 

information. However, attempts at coring trunks during 1998 demonstrated the difficulty, and 

time required, in extracting a sound core from many of the trunks. The value of widespread 

coring was somewhat reduced by the low occurrences of Quercus thus limiting the potential for 

dendrochronological cross-matching, although the creation of a floating chronology for the site 

remained desirable. It soon became apparent that the all inclusive recording and species 

sampling of the site presented a significant challenge in itself, and consequently tree ring studies 

were necessarily removed from the research agenda.

5.3. Fieldwork methodology.

The following discussion provides details of the techniques used during fieldwork, many of 

which originated as a direct response to the restrictions and difficulties outlined above.

5.3.1. Site familiarisation.

The preliminary stages of fieldwork at Erith comprised a general familiarisation with the site. It 

was felt that the degree and extent of proposed fieldwork could not be realistically assessed 

without a more detailed knowledge of the site. This situation was reinforced by the absence of 

established intertidal recording or sampling guidelines in the literature. The site was regularly 

visited over a period of four months during which the spatial extent and potential density of 

remains were established. Furthermore, the various tidal ranges and their implications for 

exposure were monitored, as were the erosional dynamics and the degree of spatial movement 

across the site.

Six classes of wood remains were identified at the site during this process, defined on the basis 

of the following characteristics.
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i) Tree trunk: which may variously be represented by a small fragment of the original 

specimen, to a 9-10m preserved length often with the root system still attached 

(Plate 5.1.).

ii) Branch: a class only applied when a tom portion of the original trunk remained 

attached to one end of the specimen thereby clearly indicating a branching piece 

(Plate 5.2.).

iii) Trunk/branch: specimens which were of small diameter and demonstrated no 

evidence for tapering or attached root systems, but where this status may have been 

a product of fragmentation.

iv) Stump: where the lower part of a trunk was preserved in its growth position, 

normally comprising the tapering portion of the lower trunk, with no exposure of 

the roots (Plate 5.3.).

v) Root system: the broadly circular spread of horizontal roots. Normally attaining no 

greater height that 20cm from the foreshore surface and with no remaining vertical 

portion of the trunk preserved (Plate 5.4.).

vi) Root system and stump: root system with a small portion of the standing trunk, or 

the degraded trace of the original trunk diameter, preserved in the centre of the 

spread (Plate 5.5. & 5.6.).

It was decided to undertake a pilot study of a small sub-sample of trees from across the site for 

the following reasons:

a) to assess the preservational state of the wood,

b) to assess the species composition at the site with a view to determining an

approximate date,

c) to assess the spatial contemporainity across the site and degree of

stratigraphy present.
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Plate 5.1. Trunk with root system attached and double stem  (Alnus glutinosa).
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Plate 5.2. Branch torn from trunk (by wind) with part of trunk attached {Alnus 
glutinosa).
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Plate 5.3. Stump with no root system  exposed {Quercus sp.)

Plate 5.4. Root system s with no stump remaining {Alnus glutinosa)

K̂ ' "7‘ /  ̂
V .- V '. ^

c-i

172



Chapter Five Methodoloev

Plate 5.5. Root system  and stump where the trace of original stump diameter is preserved 
{Alnus glutinosa).

Plate 5.6. Root system  and stump where the roots are becoming exposed {Fraxinus excelsior).
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In May 1998 a total of one hundred and fifty trees were sampled from across the site. At this 

stage, the amount of additional recorded information was minimal consisting only of a wood 

number, general description and vague provenance. Attempts were made to core several of the 

trunks during this study in order to assess the potential for ring analysis at the site. The wood 

samples were identified and the formulation of initial site descriptions and research possibilities 

could be determined. Upon completion of the pilot study, a methodology was designed which 

aimed to address the central research themes, whilst dealing with the specific site limitations.

5.3.2. Site labellins.

Central to the research was the creation of a comprehensive site plan which plotted the location 

and ordnance datum level of every tree. Time and funding constraints dictated that the selected 

mapping process was as rapid and efficient as possible in order to cover the full site extent. 

Consequently, it was decided to number all wood before mapping to reduce time spent at each 

tree during planning. Advance numbering also permitted the recording process to begin whilst 

funding applications for the mapping project were being assessed.

Each tree required labelling to allow relocation throughout the fieldwork process. However, 

tagging presented practical difficulties since labels needed to be waterproof, durable and firmly 

attached to the tree in order to withstand tidal exposure and submergence over a two year 

period. It was clear that tying numbers to trees was unlikely to provide a usable label under such 

conditions over the desired time length. Therefore, it was decided to insert wood numbers into 

each tree allowing the natural suction of the wood to hold each label in place. High visibility 

orange brick line was threaded through small Dymo tape numbers. These labels were then 

inserted into the wood using a penknife until a small amount of brick line was left protruding 

from the wood surface. The line tag could then be relocated and used to extract the label from 

the wood for reference.
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This labelling method was unworkable when trunks of Taxus baccata were encountered. In 

these cases the wood remained too hard to penetrate and thus rendered the insertion of labels an 

impracticality. However, the macroscopic appearance of these trunks was so distinctive that a 

diagnostic on-site label was, to some degree, unnecessary. Consequently, Taxus trees were 

numbered from east to west across the site during the planning process, with the numbers 

entered directly onto the site map. Relocation after planning was possible through reference to 

labelled deciduous trunks which lay nearby and to the site map.

In general, the labelling technique was successful although in certain circumstances detachment 

and loss was a regular occurrence. For example, where wood preservation was poor, particularly 

where trunks were heavily riddled by invertebrate borers (Plate 5.7.). Similarly, it was difficult 

to permanently label the more degraded root systems comprising hollowed structures where 

only the outer bark remained. Furthermore, wave action would occasionally fracture trunks 

along the transverse plane (Plate 5.8.) resulting in the detached, and possibly labelled, fragment 

washing away. Lastly, if the brick line detached from the Dymo tape then the locational 

indicator would be lost, and the inserted number could remain unlocated.

These occasional losses presented problems for the longitudinal nature of study at the site, for 

example, it could make the matching of planned trees with descriptive records impossible. If 

further study was required of unlabelled trees then they were renumbered with a suitable prefix 

relating to the site visit. However, it was clear that an additional form of tree identification 

should be incorporated into the fieldwork during the planning stage to aid the future relocation 

of possibly unlabelled trees.
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Plate 5.7. Degraded trunk with multiple galleries created by wood borers (Salicaceae).

Plate 5.8. Trunk demonstrating transverse fracturing which results in successive lo sses  
of trunk length {Alnus glutinosa).
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5.3.3. Plannin2.

The tidal restrictions, combined with an approximate 1500 trees that required mapping, rendered 

traditional planning techniques impractical. Previous work on the Rainham foreshore using a 

Geographical Positioning System (GPS) demonstrated the value of this technique for rapid 

mapping of the intertidal zone. However, both the cost of GPS equipment and limited number of 

trained users eliminated GPS as an option. Consequently, it was decided to use an electronic 

distance measurement station linked to a handheld computer with Pen Map software. It was 

additionally decided that the plotting of one point per tree in a standardised manner was 

adequate, allowing the additional details and dimensions to be subsequently added.

Funding for the planning process was obtained Irom various agencies including University 

College London Graduate School, Thames Archaeological Survey and London Archaeological 

Research Facility. These grants enabled employment of the Museum of London Archaeology 

Service geotechnics department who both owned the necessary equipment, and employed 

appropriately trained personnel. The western exposure at Erith was planned over a period of 

three mornings during the spring tides in April 1999. The eastern exposure was planned over a 

period of two mornings during the spring tides in February 2000 using the same technique.

Each trunk, stump or root system was plotted once at its upper mid-point, thus enabling the 

additional dimensions to be extrapolated from this point at a later date (Figure 5.1.). A prism 

staff was placed at the appropriate point, which was then read by the total station positioned off 

the foreshore. Site radios were used to convey the wood number to the total station surveyor 

which was directly entered onto the digital map. New numbers were inserted into the wood with 

an appropriate prefix where labels could not be relocated. Furthermore, each planned number 

was suffixed with ‘T’, ‘B’ ‘R’ or ‘S’ depending whether it was a trunk, branch, root system or 

stump respectively. This additional, albeit minimal, information later aided the relocation and 

recording of trees that had lost their diagnostic label. An adjustment of techniques after the
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Figure 5.1. The original base map in AutoCAD illustrating tree numbers and other information which was directly entered during the 
planning process.
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planning of the western site resulted in root systems diameters from the eastern site being 

measured and directly entered in to the site map during planning (Figure 5.1.)-

A major advantage of the PenMap technique was the immediate on-site creation of a visual 

map. This allowed the off-site surveyor to communicate areas which were blank and required 

planning whilst the mapping was in progress. Consequently, the number of areas which were 

unintentionally missed because of the difficulties of systematic transects was dramatically 

reduced.

At the end of each morning’s planning the degraded root systems which lie at the top of the 

foreshore were plotted. In general, these root systems were unidentifiable in terms of species, 

and were often only recognisable as slight circular mounds of decomposed root and peat 

material approximating one metre diameters. Better preserved examples had been sampled 

during the pilot study although could not be labelled due to poor preservation. No further 

sampling was planned for these features thus they were allocated one metre diameter circles on 

the site plan and labelled generically as ‘roots’.

Once the planning process was completed, the site map demonstrated several small blank areas 

where no trees were plotted. It was clear that some of these gaps represented areas that the tide 

had cut-off before mapping could be completed, rather than real gaps in the palaeowoodland. 

During mapping a site grid marked with planned and levelled wooden pegs had been created in 

the eventuality that further planning might be required. The relatively small size of these blank 

areas, combined with the planned grid markers, enabled the relevant trees to be roughly planned 

without further Pen Mapping.

This additional planning was carried out using compass bearings to known site points. The use 

of a compass, rather than tape offsets and triangulation, was chosen for the following reasons:
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a) The cumulative time required both establishing an accurate baseline (per site visit) and

planning the required trees when using tapes.

b) The difficulties of stretching tapes over large areas of uneven topography where 

numerous root systems and stumps ‘snag’ the line.

c) The time taken to accurately measure-off tape measures, compared to taking three

compass sightings from one point.

d) The small tool kit required for compass bearings, rather than that required for tape

triangulation, all of which must be carried to, and around, the site.

The method of compass planning was as follows. Three back-bearings were taken from over the 

middle of each tree to known points around the site. In order to improve accuracy sightings 

were taken on points which remained clearly visible, but lay as far as possible from the planning 

location. Once transcribed, the back-bearings were reversed by adding 180 degrees to the 

bearing, and corrected from magnetic to true north, thereby providing the angle of line to be 

extrapolated from the known sighting points. The tree could then be plotted onto the site map at 

the meeting point of the three lines.

Although the resultant plots lacked the positional accuracy of electronic planning, the general 

associations between trees were true, and the plans provide the necessary data for spatial 

analysis. Furthermore, the sightings provided no information on ordnance datum levels which 

therefore required arbitrarily setting in relation to adjacent planned points. Nevertheless, the 

hand-mapped areas lie across the generally level topography of the lower foreshore, and 

stratigraphically relate to the level of trees mapped at the edges of these areas.

5.3.4. Recording.

The mapping process created a general site plan providing the ordnance datum level o f each 

tree, and the location of its mid-, or central, point (Figure 5.1.). However, in order to address the 

research aims of the project, the following additional information was required;
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a) Wood description; trunk, root system, stump etc., state of degradation and degree of 

exposure.

b) Tree dimensions; length and diameter of trunk, diameter and height of root spreads and 

stumps.

c) Trunk orientation; angle of fall and angle of protrusion from peat.

d) Presence of bark or branching, position and number o f branches.

e) Additional information; ie. windthrow, stratigraphie associations and photograph if

necessary.

f) Wood sample for species identification.

The impracticality of using paper on intertidal sites led to the use of Dictaphone for the 

recording of all site information. These tapes were then transcribed onto paper immediately after 

each site visit. Wood dimensions were taken with a centimetre tape measure following, as far as 

possible, standard forestry mensuration techniques. Thus, trunk length was taken following the 

curvature of a trunk. So far as was possible, trunk diameters were measured at the estimated 

point at which the tree would have stood 1.3m (diameter at breast height; DBH) above 

groundlevel. Where poor trunk preservation precluded a 1.3 metre measurement, the diameter 

was measured at the furthest point from the root system, where preservation remained sound, 

and the estimated height of this point above the ancient groundlevel was noted. Diameters were 

taken twice across the tangential plane when trunks demonstrated evidence for compression and 

these measurements were then averaged.

The difference in level between the middle upper points of each feature and the peat surface was 

measured, in order to extrude the peat surface ordnance datum from the plotted wood levels. 

Root system diameters were measured on two transects, one running north-south across the root 

spread, and the other extending east-west.
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Trunk orientation was measured from over each tree using a compass to provide a bearing along 

the trunk axis. The position of the root system was recorded where possible to demonstrate the 

direction of fall. However, the roots were frequently buried or absent, and in such cases the fall 

direction could often be established from the taper of a trunk, or more commonly, from the 

angle of branch protrusion.

The angle at which a trunk protruded from the peat was recorded where relevant. This angle was 

estimated since accuracy was unnecessary in terms of establishing the stratigraphie position of a 

trunk. Lastly, any additional information such as the evidence for windthrow was recorded, as 

were any peculiarities or specific characteristics which may have significance at a later stage in 

the research, or aid in the site interpretation. It was clear that the exact characteristics of 

individual trees would be rapidly forgotten as fieldwork progressed. Consequently, records were 

made in the greatest detail possible, regardless of the potential irrelevance of thoughts, in order 

to facilitate comprehensive and accurate analyses and interpretations at a later stage.

It was felt unnecessary to compile a complete photographic record of the site that documented 

every recorded tree. In terms of the time required to create such a photographic log, the 

disadvantages outweighed the advantages. Furthermore, the overall expense of producing in 

excess of 1500 photographs was insupportable. However, photography was employed to record 

certain features or characteristics which demonstrated aspects of site formation, preservation 

and interpretation. A representative photographic sample of the various types, sizes and 

characteristics of trees present at the site was compiled, accompanied by a log of relevant wood 

numbers. Numerous wide-angle photographs were additionally taken from known positions 

within the grid to facilitate cross matching of areas on the site map with transect photographs.

5.3.5. Samplim for species identification.

Each tree was sampled for species identification in the laboratory. In the majority of cases, 

samples were easily taken using a penknife to detach a small (c.2cm x 2cm) block of wood.
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Smaller samples were preferred because they harboured fewer wood-boring invertebrates, 

which continued to thrive in the sample bags for several weeks further destroying the cell 

structure. Samples were placed into labelled and sealed sample bags. Water was not put in the 

bags since this only served to prolong the life of any wood borers which inadvertently travelled 

with the sample. A small saw was required for the sampling of Taxus trunks due to their 

extreme hardness.

On completion of both the recording and sampling of each tree, a clout nail was hammered into 

the wood indicating its completed research status. This measure was designed to reduce the time 

spent during later visits, cross referencing wood numbers against the site log to elucidate the 

research status of individual trees. However, if wood preservation was very poor, the nails 

would sometimes fall out of trunks between site visits. In order to reduce repetition of recording 

in these cases, a site map was updated after each visit illustrating trees which remained 

unrecorded. This map was taken to site and used both to orientate oneself, and to locate the 

remaining areas which required fieldwork.

5.3.6. Radiocarbon samplins.

It was clear that obtaining at least one absolute date for the woodland was fundamental to site 

interpretation. Further, it was hoped that a number of radiocarbon dates could be obtained to 

provide a chronological framework across the site, within which trees could be more certainly 

associated with each other. This aim was particularly important given the difference between 

ordnance datum levels at the top and bottom of the foreshore, which almost certainly 

represented temporal stratigraphy. Sampling for radiocarbon dating was deferred until funding 

support was obtained and the number of overall dates possible was known.

An offer of funding support was provided by the London Archaeological Research Facility in 

2000. This facilitated the design of a sampling strategy which would provide maximum 

information on the degree of stratigraphy at the site. Four samples were taken from various trees
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across the site in August 2000. These samples were weighed, labelled accordingly and double

bagged. Corresponding datasheets were completed and the samples were sent to Beta Analytic 

in Florida for standard radiometric determinations.

5.4. Laboratory analysis.

Laboratoiy analysis of the wood samples for species identification followed well-established 

techniques. Each sample was examined to locate the most suitable area for sectioning and a 

razor was used to section the wood in the transverse, radial longitudinal and tangential 

longitudinal planes. These were then mounted on slides using distilled water and a cover slip 

and examined under a high power transmitted light microscope at magnifications of X I00 and 

X400. Identification to the lowest taxonomic level possible was made according to the 

anatomical characteristics described in Schweingruber (1990). Binomial names were provided 

where only one member of the genus is native to the British Flora.

5.5. Data Entry.

Dictaphone transcriptions were entered onto an SPSS v. 9.0 database which could be referenced 

and statistically analysed accordingly. This information was used to add detail to the AutoCAD 

site plan which had been drawn by MoLAS surveyors after the fieldwork. Therefore, all trunk 

lengths and orientations were extrapolated from the plotted points of each tree on the site map. 

These dimensions were drawn onto the map using an AutoCAD digitiser to provide an accurate 

digital site plan. In addition, those trees which had been planned using the compass method 

were added to the map through the same techniques.

Once the digitising process was complete, the site map was opened in Arc View v. 3.2 where 

various analyses could be undertaken. The SPSS database was converted into .dbf format and 

accordingly joined to the Arc View map. This allowed the full record for each tree to be viewed 

spatially and three-dimensionally, using Arc View Spatial Analyst and 3D Analyst, and thus 

analysed and interpreted accordingly.
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5.6. The Cultural wood assemblages.

The majority of research on the cultural wood assemblages from London involved archive and 

laboratory work. In general, the practical research limitations were far fewer within this area of 

research than for the non-cultural analyses. However, the greatest research restriction was the 

limited availability of assemblage material for analysis because the research commenced at what 

effectively became the ‘tail-end’ of a spate of cultural wood discoveries in the east London area.

Commercial specialists had already assessed the majority of assemblages, and the remaining 

wood was in storage. Unfortunately, assemblages which may have been available for further 

study had already survived three to four years of storage. Therefore, important diagnostic 

features which generally require recording during or immediately after excavation failed to 

survive this time lapse. As a result, a quantity of the cultural wood research was necessarily 

archive- based.

5.7. Archive search.

The majority of site reports and environmental analyses of the waterlogged wood assemblages 

were unpublished archive reports. Some had already been obtained from the (former) Passmore 

Edwards Museum as part o f an undergraduate research project (Seel, 1996a). However, the 

remaining reports were obtained from the MoLAS environmental archive section, and 

photocopied with the kind permission of the relevant authorities. There was, in addition, 

detailed information available from analysis of the Barking Tesco’s assemblages (Seel, 1996b).

5.8. The Erith trackway.

Practical research on the cultural wood assemblages involved a limited degree of on-site 

planning and sampling in order to provide the necessary material. During mapping of the Erith 

site in 1999, a trackway feature was identified from the upper peat of the foreshore. In view of 

the limited availability of alternative cultural wood assemblages, it was imperative that this 

feature was planned, recorded and sampled to provide wood for species and toolmark analyses.
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However, the time constraints on fieldwork, and unique erosional regime of intertidal sites, set 

this process apart from more conventional archaeological techniques.

For example, it was clear that a considerable and inestimable quantity of structural wood had 

been stripped away through riverine erosion before the structure was located. Furthermore, there 

appeared little value in ‘cleaning-up’ the structure prior to planning for the following reasons;

a) the overall time this would take within a tidal window,

b) the exposed trackway was not necessarily the entire trackway, the deeper

structure (if present) was to remain terra incognito, and no excavation was 

envisaged.

Consequently, the plans and samples taken represent a time-dependent slice through the feature, 

rather than the architectural form in its entirety. It was felt that a ‘watching brief type of 

monitoring over the succeeding months would allow further detail to be added as the feature 

eroded. Therefore, supplementary plans could be appended in the event of significant structural 

features becoming exposed at a later date. The methodology for trackway planning was as 

follows.

5.8.1. Plannin2.

The broad parameters of trackway exposure had been delimited and drawn during Pen Mapping 

of the site. In order to facilitate detailed planning a rudimentary grid was initially marked out 

over the trackway. A baseline was created between the two nearest grid pegs which ran along 

the south side of the trackway length. Offsets were measured out at right angles from the 

baseline marking the easterly and westerly extent of the feature. The distance of these points 

from each grid peg was measured to allow subsequent recording to be tied into the AutoCAD 

site map. A two meter square grid was then marked out from the baseline across the visible 

extent o f the trackway.
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Following creation of the site grid, planning proceeded in the conventional manner. A Im^ 

planning frame was moved from west to east along the trackway until all visible wood was 

drawn. The plan was drawn onto permatrace stretched over one centimetre square grid paper. 

Context numbers were designated to each area of brushwood within which clear associations 

were visible.

5.8.2. Samplins.

Natural riverine exposure of the structure made it unclear in certain areas whether wood was 

structural in origin, or whether it represented a natural accumulation of woody debris on the 

woodland floor. Sampling of the feature, therefore, concentrated on all the worked wood and a 

random sample of wood that lay in a manner which clearly demonstrated deliberate inclusion 

into the structure. Each piece was allocated a sample number which was marked onto the 

trackway plan. Furthermore, a random sample of brushwood was taken from each contextual 

unit for further species analysis of the feature. Each sample of brushwood was also allotted an 

individual number which was marked on the plan. Samples were placed in waterproof, airtight 

bags which were labelled and dated.

5.9, Laboratory analysis.

The methodology for laboratory analysis was consistent for both the Erith and Beckton 

trackways. In accordance with the aims of this investigation, all samples were analysed in order 

to provide information on the species composition and woodworking technology of 

assemblages. Figure 5.2. presents the laboratory wood recording sheet designed and used to 

provide information on the following areas:

a) wood species and sizes used,

b) evidence for woodland management,

c) types of woodworking technology used.

The methods used in each stage followed well-established techniques. The methodology utilised 

for species identification may be found in section 5.4.
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5.9.1. Woodland manasement and srowth conditions.

Techniques for the identification of growing conditions and possible woodland management 

concentrate on roundwood diameters and ring patterns. The general methods used here, 

particularly for ring analysis, follow the pioneering work of Morgan {e.g. 1988). The initial 

stages of roundwood description were undertaken on a macroscopic level, answering a standard 

set of dimensional and descriptive questions. Roundwood length and diameter were measured 

using a standard metric tape measure, although the length of a fragment reflected the 

excavator’s sampling practice, rather than the actual wood length. Diameters were taken twice 

across the tangential plane because of the common elliptical shape in cross section of 

compressed wood. Furthermore, diameters were measured beneath the bark since some species 

such as birch have very thick layers of bark (Morgan, 1988). The mean average of these 

measurements was then calculated.

Roundwood morphology was described in terms of stem straightness, the presence and number 

of side branches and the existence of forking. The position of the pith within the tangential 

plane was recorded, as were any other diagnostic macroscopic features such as the presence of a 

coppiced heel, or evidence for damage/healing such as a ‘topped’ stem.

Ring analysis of the roundwood was microscopically undertaken using thin sections taken with 

a razor blade from the pith to outer bark. The thickest section of each roundwood sample was 

selected in order to obtain the maximum age attained for each stem. Thin sections were taken as 

one complete slice from the transverse plane of small diameter roundwood, however, two 

overlapping sections were taken on larger roundwood in order to capture the complete ring 

record. These sections were laid flat on slides using distilled water and a cover slip, and 

examined under a high power transmitted light microscope at a magnification of x 100.

Microscopic analysis of the roundwood involved the recording of the following information;

a) number of rings or age (assuming annual increment).
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b) character of rings (classified into five groups of wide, narrow, wide decreasing to 

narrow, uniform and variable)

c) relative width and character of the outermost ring under the bark, if present, to suggest 

the season of felling.

General points were noted on the variability of ring-width. In particular the widths of the 

innermost and outermost ring were recorded to provide evidence for possible coppicing in the 

case of the former, and for the season of fell, in the latter. Unusual ring patterns were 

additionally sketched on the wood recording sheet, highlighting years of slower or faster 

growth. Despite uncertainties regarding the uniformity of annual increment in many species, the 

cross-matching of growth peculiarities could provide a relative chronology for the structural 

wood.

5.9.2. Woodworking Analysis.

Woodworking analysis was undertaken on a macroscopic level, and followed established

methodologies for the characterisation of toolmark features. The worked ends were

characterised according to criteria used by other writers (Coles & Orme, 1985; O’Sullivan,

1991) and outlined in chapter 4.2.2. Thus, initial toolmark description used the following 

classification: chisel, wedge, pencil or variant points accordingly.

The dimensions of preserved facets were then measured using callipers graduated to 0.1cm. 

Where more than one facet was preserved, that of maximum size was measured since this 

reflects the relative ability for an axe to remove large chips (O’Sullivan, 1991). The length was 

measured parallel to the direction of the axe blow, whilst the facet width was measured at right 

angles to this axis.
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Figure 5.2. W ood recording sh eet used for the cultural wood analysis.

LABORATORY WOOD RECORDING SHEET

SITE; CONTEXT NO: SAMPLE NO:

WOOD DIMENSIONS: Length: Average Width:

SPECIES IDENTIFICATION:

BARK PRESEN T: BRANCHING:

NO. OF RINGS:

RING FEATURES: large 1st Ring: Decreasing Width: Other:

SEASON OF FELL:

COPPICED HEEL: POSITION OF PITH:

CHARRING:

MANAGEMENT CONCLUSIONS:

CLIMATIC INDICATIONS:

OTHER COMMENTS:

TOOLMARKS PRESENT:

TYPE/METHOD OF CONVERSION: Split: R /T Point Type: Other;

NO. OF FACETS: ANGLE OF CUT:

MAX. FACET: Length: Width:

FACET SHAPE: Flat: Slightly Concave: Concave:

ENTRY HEEL: DIRECTION OF CUT:

FACET JUNCTIONS: Sharp: jaggcd/Zblunt: Other:

SIDE FEA IURES: Right: Left: Width:

JAM CURVE: Sketch:

TOOL SIGNATURES:

CAST TAKEN:

SIGNATURE MATCHES:

TYPE OF TOOL:

OTHER COMMENTS:
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The cross-sectional shape of the facets was recorded, albeit somewhat subjectively, according 

to the following criteria; flat, slightly dished and dished (O’Sullivan, 1991). Similarly, where 

multiple facets were present and preservation permitted, the general character (blunt/sharp) of 

facet junctions was recorded. Lastly, each facet was checked for side features, registering the 

ends of the axe blade edge, which, where present, were similarly recorded onto the data sheet.

The cutting angle denotes the angle of the worked surface to the length of stem. Although some 

stems exhibit multiple facets with several different cutting angles, the full recording of each is 

considered unnecessary. In such cases, both the maximum and minimum angle of cut was 

recorded to provide the full range (ibid.). The angle of cut was recorded by lining the straight 

axis of the stem along a line drawn onto a waterproof card template. Graduated intervals of 

degrees were marked off from this line against which the angle of cut could be measured. 

Characterisation of cutting angles is derived from Brunning & O’Sullivan (in Nayling & 

Caseldine, 1997) as follows:

a) 0-20 degrees: very shallow,

b) 21-40 degrees: shallow,

c) 41-60 degrees: medium,

d) 61-80 degrees: steep,

e) 81-90 degrees: straight.

Each facet was examined for the presence of ‘jam ’ or ‘stop’ curves which represent the brief 

embedding of the axe blade in the wood. Recording of such features followed the methodology 

outlined by O’Sullivan (1991). Clear film was laid over the diagnostic ridge and its length was 

traced using a fine nibbed marker. The film tracing was then laid onto paper and a pin was used 

to impress points along its length into the underlying paper sheet. These points were 

subsequently joined using a pen to provide an accurate impression of the curve.
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Lastly, facets were examined for the presence of tool ‘signatures’, the striations which indicate 

irregularities on the axe blade (Sands, 1997). It was hoped that various information on axe use 

and the chronology of trackway construction could be gathered if  enough tool signatures were 

preserved. The facets were examined under strong side-lighting which would highlight any 

preserved ridges or grooves (Sands, 1997). However, the poor preservation of the majority of 

facets precluded signature analysis. Furthermore, use of cling film to wrap the Beckton wood 

prior to bagging, combined with three years of storage, created cling film grooves across the 

width and length of facets which obviously obscured any prehistoric striations. Although some 

facets appeared to demonstrate Bronze Age striations, the overall low percentage of pieces 

largely negated, in statistical terms, the value of signature analysis.

5.10. Data entry.

An SPSS v.9.0 database was created into which the recorded values for each sample were 

entered. This created two database sets for each assemblage; the original wood recording sheets 

and the digital data. The SPSS database facilitated various statistical analyses of the 

assemblages as a whole, and of individual contexts within assemblages. Visual analyses of 

various research areas such as size selection and growth patterns were applied in the form of 

histograms and scatter diagrams.

5.11. Subsidiary fieldwork drawn upon in the thesis.

Two further fieldwork assessments were undertaken after the main volume of research had been 

completed at Erith. The results o f these investigations are not included in the site results because 

the work was undertaken outside the remit of the research. However, the information from this 

fieldwork will occassionally be alluded to, and an outline of the work is required.

Firstly, a small-scale subsidiary mapping and sampling programme was undertaken for a Time 

Team production in April 2001. This aimed to demonstrate fieldwork at the site rather than 

provide any fundamentally new information for this research. The mapping was undertaken on
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the upper foreshore at Erith and resulted in 80 new trees being planned and identified. These 

trunks had become exposed over the interleaving two year period since April 1999. The 

mapping was undertaken in the same manner as outlined above, whilst the species 

identifications were carried out by Dr. Jon Hather at the Institute of Archaeology. This 

information supplemented the woodland interpretations for specific areas of the site and will be 

referenced where appropriate.

Secondly, some test coring of the site was undertaken in July 2001 in order to assess the depth 

of peat beneath the basal woodlands at Erith, and to elucidate site processes through the 

sequence. The preliminary findings of this work are not provided in the following chapter, 

although they will be referenced where appropriate within the woodland interpretations.
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Chapter Six.

RESULTS FROM THE ERITH SUBMERGED FOREST

This chapter presents the results of the analysis of the Erith submerged forest. A description of 

the site is provided, followed by the radiocarbon dates and an explanation of the chronology and 

stratigraphy at the site. The subsequent sub-division of the submerged forest into temporal 

phases is explained. The results are presented within the following criteria:

i) species identifications,

ii) diameter distributions,

iii) woodland density,

iv) tree-fall orientations.

6.1. The Erith submerged forest.

Figure 6.1. demonstrates the location of the submerged forest site along the Lower Thames. The 

site is located on the Thames foreshore, approximately two kilometres east of Erith town centre. 

The site is delimited to the east by Crayford Ness point (Plate 6.1.), and to the west by Erith 

yacht club (Plate 6.2.) with an Ordnance Grid reference of TQ 532782. Plate 6.3. provides an 

aerial view of the Erith exposure.

6.1.1. Exposure area and ordnance datums.

The exposure stretches for approximately 640 metres in length along the foreshore from west to 

east, and over 90 metres in width from the uppermost tree remains to the low water mark of

spring tides. The total area of the site is approximately 57, 600 m^» although the density of tree 

remains varies across this area.
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Figure 6.1. Location map of the Erith Submerged Forest.
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Plate 6.1. Overlooking Erith east from the saltmarsh edge on the western side of the outfall 

channel (foreground). Crayford N ess is the reinforced point extending into the river to the right 

of the photograph. The eastern woodland exposure extends from the base of a peat shelf 

which hides it from view. Across the river is Purfleet where contemporary woodland exposures 

are preserved on the foreshore.

Plate 6.2. Erith yacht club (left) which delimits the western exposure of woodland. Planning 

and sampling actually stopped at the small run-off channel running south-north through the 

middle of the picture (see  section 5.2 ). This picture (Nov 2000) demonstrates wood remains 

beyond the channel which were not visible in ’98 and ’99.

1%



Plate 6.3. Aerial Photograph of the Erith foreshore picturing all of the east end (left) and the majority of the w est end (right). The outfall which splits the site in 
half is clearly seen  as is the different foreshore topography between Erith east and west. (Environment Agency, March 2001).

s
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Principally, the site is split into a western and eastern exposure by an outfall channel (Plate 6.1., 

Plate 6.3. and Plate 6.4.). The outfall has been positioned at the location of a natural channel 

which drains the marshes behind the sea defences. No tree remains are present along this 

channel although this may result from erosion which has stripped away the palaeo-landsurface. 

Nevertheless, the creek provides a clear demarcation of the site into two exposures, and the 

majority of the results presented below recognise a subdivision between Erith east and west.

The western exposure is slightly larger in extent, covering 285 metres on an east to west transect 

along the foreshore, and a maximum of 90 metres of foreshore from south to north. The eastern 

exposure extends for 330 metres from west to east, and 70 metres from south to north at its 

maximum. Both exposures consist of a spread of root systems, tree stumps and tree trunks 

within a coarse peat matrix. A total of 1679 trees were planned across the site which may be 

further subdivided into:

Erith West: Pen Mapped tree trunks/stumps: 532

Pen Mapped root systems: 187 Total: 908

Compass planned trees: 189

Erith East: Pen Mapped tree trunks/stumps: 530

Pen Mapped root systems: 72 Total: 771

Compass planned trees: 169.

The dimensions and orientations of each tree trunk, stump and root system have been drawn 

onto an Arc View map which is illustrated in Figure 6.2. and enlarged in Figures 6.2. (i) and 6.2. 

(ii).
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Plate 6.4. Looking south (landward) along the outfall channel which splits the site into an 

eastern and western exposure.

-

Plate 6.5. Looking from the upper foreshore (c. -0 .6  m OD) of the western exposure to the 

northeast down over the gradual slope of exposure in this area to the river (c. -3 .0  m OD).
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Figure 6.2. Site plan of the Erith submerged forest.
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Figure 6.2. (i). Enlarged plan of the submerged forest at Erith east.
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Figure 6.2. (ii). Enlarged plan of the submerged forest at Erith west.
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Each tree has an ordnance datum level which facilitates the creation of topographic maps. The 

uppermost trees emerge at, and just below, zero metres ordnance datum, and the exposure drops 

approximately 3 metres down to the rivers edge. There is little altitudinal variation between the 

eastern and western exposure, however, the erosional regime has created a different foreshore 

topography between the two exposures. Principally, the western exposure slopes gradually and 

continuously from south to north (Plate 6.5.), whereas the eastern exposure is characterised by a 

one metre high peat shelf, from the base of which the majority of trees extend riverwards (Plate

6.7.). Figure 6.3. presents a topographic map of the site demonstrating the altitudinal slope of 

the foreshore towards the river.

6.1.2. Radiocarbon dates.

The radiocarbon strategy aimed to elucidate the following:

i) the overall date range of the exposure,

ii) the degree of contemporainity between the eastern and western exposures,

iii) the degree and nature of stratigraphy at the site.

Four radiocarbon dates were obtained, the location of which are demonstrated in Figure 6.2 (i 

and ii). The woodland of the eastern exposure lies on a relatively level foreshore surface. This 

topography, combined with a consistent species assemblage across the woodland, suggests that 

the trees in this area are broadly contemporary. As a consequence, one sample was taken from 

the eastern exposure for radiocarbon dating.

The western exposure exhibits a more complicated stratigraphy with the gradual slope of the 

foreshore offering the possibility a broad range of dates from the uppermost trees to those on the 

lowest foreshore. Furthermore, the abundance of root systems, and root systems with stumps, 

lying amidst lateral tree trunks suggests that the temporal stratigraphy may be relatively mixed 

across comparatively small areas.
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Figure 6.3. Topographic map of the Erith foreshore.
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Consequently, three radiocarbon samples were taken from the western area. The first was taken 

from a trunk on the lower foreshore, the elevation of which suggested broad contemporainity 

with the eastern exposure. This sample aimed to test the degree of east to west contemporainity 

at the site. The second sample was taken from a stump, lying at approximately the same 

elevation as the former trunk, in order to test the temporal range exhibited by different tree 

types. The third sample was taken from a stump on the uppermost foreshore in order to establish 

the latest date represented by trees at the site.

Table 6.1. and Figure 6.4. provide the radiocarbon results from the submerged forest within the 

conventions outlined in Chapter 1.5. The dates demonstrate that approximately 1500 years of 

woodland history are represented by the Erith exposure. The earliest woodlands exposed date to 

the late Neolithic period. Trees grew throughout the early and middle Bronze Age, and 

woodland growth finally terminated at the site during the Late Bronze Age/ Early Iron Age.

The initial interpretations of stratigraphy at the site are vindicated by the radiocarbon results. 

The tree trunks on the lower foreshore may generally be accepted as contemporary, however, as 

elevations rise landwards, the woodland becomes progressively more recent. As a consequence 

of this stratigraphy, a temporal phasing of the site has been devised which enables consideration 

of the changes in woodland composition and structure through time.
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Plate 6.6. Looking southwest across the eastern exposure to the peat shelf characteristic of 

the foreshore topography in this area. Large Taxus trunks lie along the lower peat which 

extends riverward from the shelf. Phase 2 woodland.

Plate 6.7. Looking east across the eastern exposure. The trunk in the foreground em erges  

from the peat at c. 80° and is classed  a s  Phase 1. The trunk beyond it is rooted in the peat 

surface and is classed as Phase 2.
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Table 6.1. Radiocarbon results from Erith.

Lab. Location Wood Sample Wood Peat Radiocarbon Calibrated

Code Type Number OD. OD. Years BP Years EC

Beta Lower peat.

147033 east Trunk 5/97 -1.911 -2.251 3920 +/-70 2580-2200

Beta Lower peat.

147032 west Trunk 4/169 -1.935 -2.635 3640 +/-60 2130-1760

Beta Lower peat.

147034 w est Stump 248 -2.04 -2.37 3420 +/-80 1890-1500

Beta Upper peat.

147031 west Stump 2/47 -0.607 -0.837 2470 +/-60 990 - 790

Figure 6.4. demonstrating the calibration range of the Erith dates.

E R ITH

Phase ERITH 

BETA 147031 2470d=60BP 

BETA 147034 3420±80BP 

BETA 147032 3640±60BP 

BETA 147033 3 920 t70B P __________
1 I  ,  I  , . , I I

4000Ca!BC 3000Ca!BC 2000CalBC

Calibrated date

(From Seel, in Sidell & Long, 2000)

lOOOCalBC CalBC/CalAD
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6.1.3. Site Dhasin2.

The radiocarbon dates and altitudinal differences at the site necessitate a separation of the 

woodland into distinct temporal phases. The delimitation of trees into separate phases is, to 

some extent, an arbitrary process although the following criteria are considered important for 

the construction of a site phasing:

i) The temporal range demonstrated by, and the location of, the radiocarbon dates.

ii) The topographical gradient of the site from south to north; as the exposure drops to 

the river, it becomes progressively earlier because of the erosional regime. 

Consequently, trees at higher altitudes are later in date than those at lower 

elevations.

iii) The tree types present; root systems represent trees growing later than neighbouring 

horizontal tree trunks.

iv) The degree of exposure of tree trunks; trunks that emerge from the peat surface at 

acute angles (<40°), with no indication of the position or depth of the rooting 

horizon, are earlier than neighbouring lateral trunks with root systems exposed.

v) The species composition and distribution within the overall woodland; clear 

changes in woodland composition are observable from the lowest woodland 

exposure to the uppermost trees.

Information from each category is combined to provide a distinction between trees lying at 

different levels across the site. In total, seven phases of woodland have been delimited, the 

earliest and lowest comprising Phase 1. Figure 6.5 (i, ii). illustrates the distribution of phases at 

the site and the rational for the phasing followed the procedure outlined below.

• Trees which emerge from the peat at acute angles are allotted the phase number 

preceding that of the surrounding lateral trunks and stumps, in recognition that they 

represent earlier woodland.

• Root systems with no stump remaining are allotted the phase number succeeding that of 

the surrounding lateral trunks and stumps, in recognition that they represent later trees.
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• Root systems with stumps preserved are allotted the same phase number as that of 

neighbouring trunks, despite the possibility that they represent a marginally later period 

of growth.

• Stumps with no root system exposed are allotted the same phase number as that of the 

surrounding trunks.

The above rationale provides the following woodland phases at Erith.

Phase 1 and Phase 2: -3.403 m to -1.63 m OD.

The earliest woodland represented at Erith lies in the lower peat within the eastern exposure. 

Trees which emerge from this peat at angles of < 40° represent the partial exposure of the 

earliest visible woodland at the site and are classed as Phase 1 (Plate 6.7.). As erosion continues, 

these trees are expected to become fully exposed providing the full composition of the Phase 1 

woodland. Their present exposure is limited, and the Phase 1 trees will generally be combined 

with those of the succeeding Phase 2 when the woodland is interpreted.

The main spread of woodland on the lower peat of the eastern exposure comprises Phase 2. This 

woodland broadly dates to 3920 +/- 70 BP and is represented by tree trunks and stumps across 

the eastern area (Plate 6.6.). The species composition o f this assemblage is unique and 

interpreted as a distinct type and stage of woodland along the Thames riparian zone. Although 

the altitudinal range of Phase 2 is wide, the majority of trees from this phase lie at 

approximately -2.0m OD, with an altitudinal mean of -2.28m (standard deviation 0.258). The 

stratigraphy and associations between the trees in this phase suggest that they are broadly 

contemporary. Root systems which lie amongst the Phase 1 and 2 trees are promoted to the next 

phase because they represent later trees (Plate 6.8.). These root systems are therefore termed 

Phase 3 in the eastern exposure.
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Figure 6.5.1. illustrating the contour boundaries which delimit the site phasing.
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Figure 6.5.11. illustrating the pattern of site phases across the site.
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Phase 3: -3.403 m to -1.63 m OD.

Phase 3 comprises the main spread of woodland across the western exposure (Plate 6.9). The 

altitudinal range is broadly the same as that of Phase 2 in the east. The majority of trees lie at 

approximately -2.2 m OD, with an altitudinal mean of -2.42 (standard deviation 0.309) 

However, the western exposure represents a later date of woodland as evidenced by the 

radiocarbon dates of 3640 +/- 60 BP and 3420 +/- 80 BP, and a woodland exposure spanning a 

maximum of 300 years. It is probable that some temporal diachronicity occurs within this phase 

which is discussed in the woodland interpretation. The species composition of this woodland 

differs significantly from that of Phase 2 in the east, thus adding weight to the allocation of a 

later phase number to the west.

A consequence of this phasing method is that trees within the same contour interval are 

numbered differently between the east and west exposures. Thus, trees within the altitude of 

Phase 2 in the east, are Phase 3 to the west. Trees within the altitude of Phase 3 in the east, are 

classed Phase 4 to the west, and the pattern continues (see Figure 6.5.).

Following the outlined convention, trunks which emerge at <40° angles from the peat of this 

level are allocated to the preceding Phase 2. This method is vindicated by a similar woodland 

composition of angled trunks in this area to that of Phase 2 in the east. Thus, it is suggested that 

with continued erosion, the woodland represented to the east by Phase 2, will eventually 

become exposed at the west. Following the phasing procedure, root systems which lie amongst 

the western Phase 3 trunks are allocated the succeeding phase number 4.

Phase 4: -1.63 m to - 1 .039 m OD.

Phase 4 is allocated using the same procedure and principally applies to the western woodland 

where the majority of tree remains exist within this altitudinal range (Plate 6.9 ). The altitudinal 

mean of this phase is -1.34m OD (standard deviation : 0.218). Trees in Phase 4 date
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Plate 6.8. Looking w est over the eastern exposure. The circled area is a degraded root 

system  representing a tree which grew later than surrounding trunks. It is classed as Phase

3.

Plate 6.9. Looking north across the western exposure. The lowest foreshore at the river’s  edge  

supports the Phase 3 woodland and root system s amongst this level are classed  Phase 4. The 

root system s visible in the middle and bottom of the image are classed  as Phase 5 and 6 

respectively as elevation rises southwards.
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after 3420 +/- 80 BP, but before 2470 +/- 60 BP, and probably correlate to the middle Bronze 

Age. The outlined conventions are applied with emergent trunks (classed Phase 3) and root 

systems within this level (classed Phase 5).

Phase 5: -1.039 m to -0.448 m OD and Phase 6: -0.448 m to 0.143 m OD.

These phases apply to the western exposure and are generally represented by root systems at 

consecutively higher altitudes (Plate 6.9.). This area of the foreshore has suffered severe riverine 

erosion which has stripped away the majority of trunks that once comprised the woodland, 

leaving mainly rooted material. The delimitation between Phase 5 and 6 is based on altitudinal 

differences alone, and there is no evidence for changes in species composition between these 

phases. The altitudinal mean of Phase 5 is -0.709 m OD (standard deviation 0.241), whilst that 

of Phase 6 is -0.201 m OD (standard deviation 0.237). The exposure is dated to the late Bronze 

Age, with a stump from Phase 5 (-0.607 m OD) dated to 2470 +/- 60 BP. In general, the 

temporal and stratigraphie complexity of this area of the foreshore results in a combined 

discussion of these phases in the woodland interpretation.

Phase 7: 0.143 m to 0.734 m OD.

Phase 7 applies to the uppermost level of root systems in the western exposure. These degraded 

mounds of peat and woody debris were not sampled for identification although the preserved 

bark indicates a predominance of Alnus in these strata.

The above system of site phasing provides an interpretative model within which the Erith 

woodlands may be discussed. The exact limits between each phase are arbitrarily defined on the 

basis of the topographic model, which is dictated by the overall elevation range of the site, and 

the defined parameters of contour intervals. Consequently, no interpretations are made which 

rely wholly on the stratigraphie model. However, the model facilitates a site discussion within a 

temporal framework and accurately reflects core changes, in terms of species composition and 

distribution, which occur from the lowest foreshore to the uppermost tree remains. Strict
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adherence to the model is not the intention, and interpretations will occasionally subdivide and 

combine phases, where specified, in order to illustrate specific patterns.

In view of the above proviso, the major analytical results provided below are presented both as 

fully combined data and sub-phased data. Similarly, maps which demonstrate spatial 

distributions across the site are presented as consecutive overlays, with the basal maps 

corresponding to the earliest phases, and the subsequent phases printed onto acetates which 

overlay the base map. This enables consideration of presented trends in terms of the overall site, 

and within the sub-phases allocated. As a general rule, presentation of the site results maintains 

a basic subdivide between the western and eastern exposure to facilitate the visual display of a 

large body of data.

6.2. Species identifications.

Of the 1679 trees that were planned, 1505 were identified to species or genus, with 20 trees 

being either unidentifiable, or unlocated due to erosion between the time of planning and that of 

recording. The remaining 174 planned, but unidentified points, represent the degraded root 

systems on the uppermost foreshore.

Table 6.2. presents the results of the species identifications, ranked in alphabetical order. A total 

of 15 species are identified with varying abundances across the site, and between the site 

phases. Figure 6.6. and Figure 6.7. illustrate the individual species compositions of Erith west 

and east, and the proportion of trunks, root systems and stumps of each. These figures provide 

the overall species abundances identified at the site. They represent the Erith woodland at a 

static point in time, in terms of site erosion, sampling strategy and analysis.

Interpretation of the data requires consideration of the temporal framework of the site and the 

subsequent changes in woodland composition through the periods discussed. Table 6.3. presents 

the species results from each of the delimited phases of the site, and Figure 6.8. graphically
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illustrates the changing species compositions through each phase. The percentages of species 

within each woodland phase are provided. This enables the comparative relationships across the 

phases to be viewed, as identification numbers decrease through successively later phases. 

Phases 2 and 3 provide the most statistically valid results whilst statistical validity decreases 

exponentially through the successive phases.

The spatial extent of the entire site creates difficulties in presenting the data pictorially whilst 

retaining the integrity of individual features recorded. Consequently, the spatial distribution of 

the species across the site is illustrated within the site grid presented in Figure 6.9. Figures 6.10. 

(i-v) present six maps of the site illustrating the species distributions across the exposure. The 

basal maps illustrate Phase 1 and 2 combined in the east, and Phase 2 and 3 combined in the 

west. Subsequent phases are illustrated as acetate overlays.

The species are presented as coloured circles with specific diameters which correspond to the 

diameters of each tree. Filled circles represent cross-sections through stumps and trunks, whilst 

hollow circles represent the diameter of root systems. Each species is colour coded as indicated 

by the key provided on the basal maps. The majority of root systems from Phases 5, 6 and 7 are 

illustrated as black circles because they were not sampled for identification.

The circles represent the mid-point of each trunk and consequently, apart from stumps and root 

systems, do not necessarily plot the exact rooting position of each tree. However, in the majority 

of cases the distance between the mid-point and root system was within one metre. Furthermore, 

many trunks either lacked their original root system, or it remained buried under the foreshore 

surface, thus it was impossible to precisely assess the original standing position o f the tree.
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Table 6.2. Results of the sp ec ie s  Identifications from Erith (east and west).

Species Identified Erith East 
No. of Trees

Erith West 
No. of Trees

Total Number 
Of Trees

Percentage of 
Total Trees

Acer campestre 9 13 22 1.5

Alnus glutlnosa 370 442 812 54.0

Betula sp. 5 77 82 5.4

Clematis vitalba 3 1 4 0.3

Cornus sanguinea 0 2 2 0.1

Frangula alnus 2 0 2 0.1

Fraxinus excelsior 121 105 226 15.0

Hedera helix 1 4 5 0.3

Ilex aquifolium 11 8 19 1.3

Prunus sp. 0 2 2 0.1

Quercus sp. 11 6 17 1.1

Rhamnus cathartica 0 4 4 0.3

Salicaceae 9 44 53 3.5

Taxus baccata 162 9 171 11.4

Ulmus sp. 29 35 64 4.3

Unidentified 4 16 20 1.3

Total 737 768 1505 100
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Table 6.3. The species composition of Phase 1 to Phase 6 from Erith east and west.

Species
Identified

Phase 1
Number of Trees Percent of Woodland

Phase 2
Number of Trees Percent of Woodland

Phase 3
Number of Trees Percent of Woodland

Acer campestre 3 6.4 5 0.8 10 1.9

Alnus glutlnosa 25 53.2 308 47.3 297 55.1
Betula sp. 1 2.1 5 0.8 66 12.2
Clematis vitalba 0 0.0 3 0.5 1 0.2

Cornus sanguinea 0 0.0 0 0.0 2 0.4
Frangula alnus 0 0.0 2 0.3 0 0.0
Fraxinus excelsior 7 14.9 108 16.6 66 12.2

Hedera helix 0 0.0 0 0.0 5 0.9

Ilex aquifolium 0 0.0 10 1.5 5 0.9

Prunus sp. 0 0.0 0 0.0 0 0.0
Quercus sp. 0 0.0 9 1.4 6 1.1

Rhamnus cathartica 0 0.0 0 0.0 4 0.7

Salicaceae 4 8.5 12 1.8 31 5.8
Taxus baccata 4 8.5 157 24.1 9 1.7
Ulmus sp. 3 6.4 28 4.3 25 4.6

Unidentified 0 0.0 4 0.6 12 2.2

TOTAL 47 100.0 651 100.0 539 99.9

219



Table 6.3. (continued).

Species
Identified

Phase 4

Number of Trees Percent of Woodland
Phase 5

Number of Trees Percent of Woodland
Phase 6

Number of Trees Percent of Woodland
Acer campestre 2 1.1 1 1.8 0 0.0

Alnus glutinosa 120 68.6 39 69.7 9 75.0

Betula sp. 8 4.6 2 3.6 0 0.0

Clematis vitalba 0 0.0 0 0.0 0 0.0

Cornus sanguinea 0 0.0 0 0.0 0 0.0

Frangula alnus 0 0.0 0 0.0 0 0.0

Fraxinus excelsior 27 15.4 11 19.7 3 25.0

Hedera helix 0 0.0 0 0.0 0 0.0

Ilex aquifolium 4 2.3 0 0.0 0 0.0

Prunus sp. 2 1.1 0 0.0 0 0.0

Quercus sp. 2 1.1 0 0.0 0 0.0

Rhamnus cathartica 0 0.0 0 0.0 0 0.0

Salicaceae 2 1.1 1 1.8 0 0.0

Taxus baccata 0 0.0 0 0.0 0 0.0

Ulmus sp. 6 3.4 1 1.8 0 0.0

Unidentified 3 1.7 1 1.8 0 0.0

TOTAL 175 100.4 56 100.2 12 100.0
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Figure 6.8. The abundance (%) of each species through the phases at Erith.
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Figure 6.9 . Location of the num bered grid m aps illustrating sp e c ie s  and diam eter distributions across the site.
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6.3. Diameter distributions.

The distribution of diameters at Erith are used to investigate several areas of woodland ecology 

including:

i) The relative maturity of tree species, and consequently, the maturity and stability of

the woodland system.

ii) The degree of regeneration within the woodland.

iii) The spatial trends of disturbance, gaps, and clumping.

As outlined in Chapter 5.3.4, the diameters of trunks were measured at approximately 1.3m

above estimated ground level, where preservation permitted, to facilitate comparison to modem 

ecological and forestry data. When preservation was poor, diameter was taken at the furthest 

point from the root system where preservation remained good. However, diameter 

measurements of trunks near the root system, and of stumps, are likely to provide overestimated 

diameter values when compared to modem dimensions measured above the taper. In order to 

minimise this bias, diameters taken at 0.6m or less from estimated ground level are converted to 

an estimated diameter at breast height using the following formula:

Dbh= 1.6 + (0.7xSD )

Where dbh = overbark diameter in cm

SD = underbark stump diameter in cm (Witts & Christie, 1979).

All diameter measurements illustrated are presented as dbh measurements, derived either from 

the original tmnk measurements above 0.6m, or from the application of the above formula.

Figure 6.10 (i-v). presents the spatial distribution of diameters across the site. The diameters 

illustrated represent a cross section through each tree trunk or stump at the estimated breast 

height (1.3 metres) point, or the calculated dbh. Figure 6.11 (i) presents the diameter 

measurements from the site as a whole, and Figure 6.11 (ii) illustrates the girth measurements
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from the same data. Figures 6.12 (i-ii) illustrate the diameter distributions from each o f the site 

phases.

The average diameter and girth dimensions vary according to species, and the relationship 

between trunk diameter and tree age is influenced by the specific growing conditions of each 

tree. Therefore, the high number of Taxus trunks from Phase 2 skews the distribution curve of 

diameters towards the left due to large numbers of small diameter trees. However, in the case of 

Taxus, the diameter may be disproportional to age, thus the use of diameter as a relative 

indicator of age in this manner may be misleading. Consequently, Figures 6.13. (i-vi) provide 

the diameter distributions of each species from the each of the site phases, thus enabling 

appreciation of the variability of diameter size between species.
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Figure 6.11 (i). The distribution of diameter m easurem ents from Erith,
all phases.
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Figure 6.12.1. The diameters of trunks from each phase at Erith
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Figure 6 .1 3.i. T he d iam eters of ea ch  sp e c ie s  in P h a se  1.
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Figure 6 .1 3.(iv). The d iam eters of ea ch  sp e c ie s  in P h a se  4
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6.4. Woodland density and basal area.

Old-growth woodlands in America and Europe have been quantified using the density of the 

stand, measured by the number of trees per hectare, and the basal area of the stand. The basal 

area of an individual tree is the cross-sectional area of the tree at its breast height point and may 

be calculated using the following procedure:

;r X dbh^
B A  = --------------

40000

where: BA = basal area in square metres

dbh = diameter at breast height in cm 

The basal area o f a stand is the sum of the basal area of all the trees in the stand.

The quantification of submerged forests using the above methods facilitates comparison of the 

prehistoric woodland with modem broadleaved woodlands. Consequently, the timber yields and 

overall productivity of the woodland may be assessed in terms of its potential for exploitation 

by prehistoric communities. Furthermore, it allows cross-comparison with other submerged 

forests from Britain that have been treated in a similar manner {eg. Clapham, 2000).

Table 6.4. provides the woodland density and basal areas of the site as a whole, and of the 

phased woodlands. Basal areas of the stand are provided for Phases 2 and 3, with the stand area 

encompassing the eastern and western exposures respectively. Basal areas of the stand are not 

calculated for the emergent trunks o f Phase I in the east, and those of phase 2 in the west, 

because they provide a partial and incomplete record of the woodland and will inevitably 

produce extremely low values. Basal areas of the stand are also not provided for Phases 4 to 7 

because the majority of trees are represented by root systems which lack the necessary basal 

values. However, density values are provided for these phases, although the numbers are likely 

to be lower than the original woodland because erosion has, in general, left only rooted material.
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The minimum and maximum basal areas and diameters are provided for cross comparison 

between phases. Trees with a diameter at breast height of less than 7 cm are conventionally 

assumed to have no volume and are classified as ‘unmeasurable’ (Edwards, 1998). Therefore, 

the minimum basal area is zero for many of the woodlands presented.

6.5. Tree-fall orientations.

The analysis of fallen tree trunk orientations enables consideration of the possible events which 

led to a woodland’s demise. Catastrophic disturbance events in particular will be indicated by 

patterns in trunk orientation. For example, trees which are felled by a severe flooding event may 

demonstrate clusters of trunk orientations in line with the flood force and direction. Similarly, 

wind storms are known to provide fallen trunk orientations in line with the direction of wind. 

The importance of wind as a causal factor of natural mortality within floodplain forests has been 

described in Chapter 2.4.2. Although woodland trees may die through old age, disease, or the 

onset of unfavourable ecological conditions, they will commonly topple in the direction of 

prevailing winds and gusts. Consequently, a large dataset of trunk orientations can indicate 

general trends in wind direction at a given location.

Trunk orientations were recorded from 1298 trees at the submerged forest. The direction of fall 

can only be identified with certainty when the root system remains attached to the trunk, or a 

branch angle is visible. Those trunks without this evidence may have fallen in either direction 

along their orientation, and consequently are less useful indicators.

The fall directions are graphically illustrated by grouping the data, and drawing the groups as 

spoke diagrams on a compass card, where the spoke length is proportional to the number of 

observations. Meteorological convention groups orientation as spokes on a twelve-sector (30°) 

compass card with sectors divided by the cardinal points (Allen, 1992). Figure 6.14. (i-iv) 

illustrates the spoke diagrams of trunk orientations at Erith. The eastern and western
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Table 6.4. The woodland densities and basal areas of each phase at Erith.

Woodland Density 

(N ha-1)

Basal Area 

(m2 ha -1)

Minimum 

Basal Area

Maximum 

Basal Area

Mean 

Basal Area

Minimum 

DBH (cm)

Maximum

DBH

(cm)

Mean DBH 

(cm)

Entire Site 72.06 55.3778 0.0000 0.4778 0.4333 3 78 21.18

P hase 2 (east) 106.38 26.4309 0.0000 0.4190 0.041 3 73 21.45

P hase 3 (east) - - 0.0113 0.2830 0.0503 12 60 23.07

P hase 3 (west) 82.96 20.4658 0.0038 0.4778 0.045 7 78 21.39

P hase 4 (west) 26.48 - 0 .0000 0.2040 0.0409 3 51 20.77

P hase 5 (west) 45.15 - 0.0000 0.1390 0.0328 10 42 18.29

P hase 6 & 7 68.65 - 0.0050 0.1080 19.22 8 37 19.22
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exposures are illustrated first, with diagrams of both the total number of orientations, and of 

those with a clear fall-direction. These diagrams are then followed by the orientations of trunks 

in each of the phases at the site.

Table 6.5. provides the results of a basic statistical analysis of the orientation data. Calculations 

were applied in order to measure the strength of apparent patterns within the data. The statistical 

tests applied conform to the conventions for dealing with circular orientation data (Mardia, 

1972; Cheeny, 1983). This assumes that the data are vectors, and it is conventional to give the 

data a uniform (unit) weight (Allen, 1992). The parameter which describes the central tendency 

of a spread of directions totalling n is the (vector) mean, 0^ . A number of parameters describe 

the overall spread. The most fundamental is R, the mean resultant vector, or vector strength, 

calculated as a fraction (Allen, 1992). R may be converted and illustrated as the circular 

standard deviation, (Tq (radians, degrees arc) which demonstrates the overall spread around the 

mean. The resultant statistical information for the Erith site is presented in Table 6.5.

6.6. Summary.

This chapter has provided the summarised results of the analysis from Erith's submerged forest. 

The interpretative methodology of site phasing has been introduced and the results from each of 

the central research aims have been presented. The full results o f the analysis, which may be 

cross-referenced with the site map, are provided in Appendix 1.
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Figure 6.14. (i). Tree-fall orientations across the Erith submerged forest.
1 0 %

1 = West, trunks with fall direction data
2 = West, all trunk orientations.
3 = East, trunks with fall direction data.
4 = East, all trunk orientations.
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Figure 6.14. (ii). Tree-fall orientations at Erith (east), phases 2 and 3.

1 = East, phase 2, all trunk orientations.
2 = East, phase 2, trunks with fall direction data.
3 = East, phase 3, all trunk orientations
4 = East, phase 3, trunks with fall direction data
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Figure 6.14. (iii). Tree-fall orientations in Erith (west), phases 3 and 4.

1 ) Phase 3, all trunk orientations.
2) Phase 3, trunks with fall direction data.
3) Phase 4, all trunk orientations.
4) Phase 4, trunks with fall direction data.
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Figure 6.14. (iv) Tree-fall directions in Erith (west), phases 5 and 6 combined

1 ) Phase 5 and 6, all trunk orientations.
2) Phase 5 and 6, trunks with fall direction data.
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Table 6.5. A statistical summary of tree-fall directions at Erith.

Woodland

All trees Trees with fall-directions indicated by root system s or branches

n Om
(deg)

R
(deg)

n Om
(deg)

R
(deg)

Erith 1298 144 0.00072 121.2 643 177 0.0016 102.3

Erith (east) 692 152 0.0014 116.6 382 172 0.0026 100.6

Erith (west) 607 134 0.0017 125.6 261 185 0.0038 104.4

Phase 2 606 153 0.0017 116.0 367 171 0.0027 100.6

Phase 3 492 135 0.0161 126.2 220 186 0.0046 103.8

Phase 4 64 112 0.0157 128.1 24 209 0.0417 103.8

Phase 5 & 6 37 107 0.0270 124.3 16 188 0.0627 104.8
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Chapter Seven 

THE CULTURAL WOOD RESULTS.

This chapter presents the results of the analysis from two cultural wood assemblages examined 

for this research. The Beckton Nursery wood assemblage is substantially larger than that from 

the Erith trackway, and the Beckton results are presented first. A description of each site is 

provided prior to presentation of the results. The results are subsequently presented in the 

following order:

i) The species identified.

ii) The size, age and growth rates of wood analysed.

iii) The ring analysis results.

iv) The toolmark analysis results.

7.1. Beckton Nursery.

The Beckton Nursery site was discovered during an archaeological evaluation commissioned by 

London and Quandrant Housing Association in 1994. The evaluation was undertaken by 

Newham Museum Services at the site of the former Beckton Nursery, Newham Way, North 

Beckton, E6 (Figure 7.1.). An extensive auger survey consisting of 6m deep bore holes at a 5m 

spacing along an east -  west transect across site was undertaken (Divers, 1994b). Two trenches 

were then opened following the discovery of archaeological deposits. Trench 1 was positioned 

to investigate a gravel anomaly detected during the borehole survey (Analytical Geotechnics, 

1994). The location of Trench 2 was decided after analysis of the auger survey to maximise the 

potential of encountering archaeological deposits and features (Divers, 1994b).

Trench 1 was excavated to a depth of 4m and the gravel anomaly proved to be the lower fill of a 

large modem ditch associated with post World War II development of the site. However, the 

edge of a brushwood and stake structure was exposed at -2.21m O.D. and the trench was 

extended to assess the feature. The structure proved to be a substantial north-east/south-west
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Figure 7.1. Location map of Beckton Nursery, East London.
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orientated brushwood trackway secured by two rows of stakes. Adjacent to this, a north/south 

brushwood structure was additionally exposed (Divers, 1994b),

Trench 2 was substantially larger in order to investigate the full 6m depth of deposits. A large 

number of brushwood structures were exposed at the same depth as the archaeological features 

in Trench 1. The structures exposed were not as substantial as the staked structures in Trench 1, 

and the function of many of them was unclear. However, cut ends predominated in the 

structures and large quantities of woodchips were exposed throughout the trench (Divers, 

1994b).

Archaeological features were exposed and cleaned, recorded as contexts on proforma sheets, 

planned at 1:20 on proforma planning sheets, photographed, and, where appropriate, sampled 

for post-excavation analysis (Divers, 1994b).

The deposits at Beckton were divided into 14 phases (Divers, 1994b) which are summarised 

below:

i) PHASES 1 to 4 (-4.46m O.D. -  c. -2.20 m O.D.): Natural deposits initiating with a 

basal alluvial band of silty clay representing standing water from a cut off meander 

or pond. This was overlain by a thick accumulation of peat within which lay several 

naturally fallen tree trunks of Taxus baccata, Fraxinus excelsior and Alnus 

glutinosa (Seel, 1996a). The bottom of the peat was radiocarbon dated to 4670 to 

4635 cal. BC or 4620 -  4360 cal. BC.

ii) PHASE 5 (-2.20m O.D. -  c. -2.00 m O.D.): This phase encompasses the deposits 

of relevance to this research, representing a period of intense cultural activity at 

Beckton. A total of ten individual brushwood structures were exposed, some more 

substantial than others, and accompanied by various isolated stakes, areas of 

disturbance and woodchip spreads. The staked trackway in Trench 1 was 

radiocarbon dated to 1430 -  120ûcal. BC and 1910 - 1515 cal. BC. However, the
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earlier date is suspected to be spurious because it does not correlate with the same 

deposits in neighbouring sites (Divers, 1994b).

iii) PHASES 6 and 7 (-2.00m O.D. - c. 1.50m O.D.l: These phases represent 

abandonment of the site and the continued accumulation of peat. Trees continued to 

grow on the site and their roots subsequently damaged and dislodged the 

brushwood structures beneath. The top of the peat deposits was radiocarbon dated 

to 755 -  685 cal. BC or 540 -  360 cal. BC or 280 -  250 cĉl.BC. (Divers, 1994b).

iv) PHASES 8 to 14: The water level at the site subsequently rose producing slow 

moving north — south water channels. Consequently, the site was buried under 

layers of alluvial clay up to 2m in thickness. The last horizons of activity relate to 

20^ century landuse.

7,2. The Beckton Nursery structures.

The various brushwood features exposed at Beckton Nursery comprised distinct structures 

although the function of many, and their interrelationships, was often ambiguous. 

Archaeological deposits and events were allocated a context number and where contexts 

appeared to be related they were brought together into discrete groups (Divers, 1994b). The 

results of the wood analysis are, in general, presented within the groups outlined in the site 

matrix. Consequently, a summarised site description (Divers, 1994b) of each of the major 

groups and constituent contexts is provided below.

7.2.1. Structures in Trench 1.

Group 1:05. Context 231. A north-south alignment of brushwood secured by a row 

of stakes with an exposed length of 2.80m. The maximum width of the structure 

was 0.25m with a maximum thickness of 0.1 Om. The structure is interpreted as a 

fence (Figure 7.2. (i)). The brushwood consisted of cut roundwood up to 1.0m in 

length. The stakes varied in length from 0.40m to 1.05m, with diameters between
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Figure 1.2. (i) Beckton Nursery. Plan of Context 231 .a brushwood fence or wall.

231 Stake and Brushwood feature
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HE BN 94 Trench 1 (west end) Plan 
(From; Divers, 1994b)

_ J
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Figure 7.2. (ii) Beckton Nursery. Plan of Context 4. a staked cradle trackway.

r

HE BN 94 Trench 1 Pian of Trackway (4) 

(From; Divers, 1994b)
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0.02m and 0.07m, Divers (1994b) states that each stake was pointed with up to 5 

cuts and had its side shoots trimmed.

ii) Group 1:07. Context 4. The most substantial structure at the site comprising a 

north-east/south-west trackway with an exposed length of 3.30m (Figure 7.2 ii). 

The trackway width was approximately 1.20m with a maximum brushwood 

thickness of 0.25m. The trackway was constructed from brushwood laid 

longitudinally and secured by two rows of stakes in a cradle configuration. The 

dimensions of the stakes were essentially the same as those from Context 231.

iii) Group 1:08. Context 219 & 224. Context 4 appeared to have suffered damage and 

possible repair creating these two areas of broken roundwood lengths on the south

east side of the trackway.

7.2.7.7. Sub - Phase 5.1.

i) Group 2:16. Context 138. The longest structure on the site running on a

north/south alignment. This was interpreted as a trackway although it was not 

particularly substantial and may have comprised the collapsed remains of a 

different structure such as a fence (Figure 7.3., Plate 7.1.). The maximum 

roundwood lengths were Im which provided an overall width between 0.40m 

and 0.70m, with a maximum thickness of 0.08m. The structure demonstrated 

evidence for surface damage, and was truncated at its northern end because of 

severe root disturbance. Two isolated structures beyond the root damage may 

represent a continuation of Context 138. They are:

ii) Group 2:21. Context 50. A circular depression filled with brushwood and,

iii) Group 2:22. Context 82. A loose collection of brushwood.

iv) Group 2:19. Context 158. Damage to the surface of 138 characterised by a group

of broken roundwood lengths lying on top of the track’s surface.
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Figure 7.3. Plan of brushwood fence/track 138 and continuation 50.
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7.2.1.2. Phase 5.2. (Figure 7.4.)

i) Group 2:18. Context 90. A brushwood structure lying directly above, but

independently of, Context 138 on an ENE/WSW alignment. The structure was 

constructed using longitudinally laid brushwood over two perpendicular 

brushwood bundles. This provided a structure 3m in length, and approximately 

0.3m in width. The function of the structure was ambiguous although it is 

interpreted as the remains of a trackway. Context 90 appeared to be extended by 

two further features:

ii) Group 2:18. Context 89. A north/south structure running north from Context 90

for 2.36m. At its south end Context 89 was entwined with Context 90 suggesting 

that the two features were contemporary. Context 89 consisted of brushwood up 

to 1.20m in length, providing a structural width of 0.25m and a maximum 

thickness of 0.15m. This structure appeared to be of a vertical type, and was 

interpreted as a fence or a wall, although there was little evidence for vertical 

support.

iii) Group 2:26. Context 34. An east/west feature which had suffered considerable

root damage but lay to the east of context 90 and comprised the most substantial 

structure exposed in Trench 2. Context 34 was constructed using a repeated 

pattern of alternating brushwood bundles, firstly perpendicular, then 

longitudinally. The provided a structure approximately 1.00m, wide and 0.20m 

deep which is interpreted as the remains of a trackway. Context 90 is interpreted 

as a possible continuation of this structure.

Two further contexts possibly relate to the structures in sub-phase 5.2., however, uncertainty 

prevented them from being included. These contexts are:

i) Group 2:23. Context 101 & 112: A small pile of poles up to 1.65m long, lying 

parallel to, and slightly north of. Context 89. These were possibly gathered stakes

260



Figure 7.4. Plan of Beckton Nursery. Trench 2. Phase V  Features.
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waiting to be used (Figure 7.4.).

ii) Group 2:24. Context 96. A short length of timber, 0.17m long, possibly the cut end

of a stake and situated just north of Context 90 (Figure 7.4.).

An additional two contexts relate to the structures in sub-phase 5.2. representing areas of 

damage where brushwood became redeposited into the overlying peat of Phase 6. These are:

i) Group 2:40. Context 113. An area of short broken lengths of brushwood lying 

directly on top of structure 89. This wood was probably disturbed during use or 

through subsequent floral or faunal damage.

ii) Group 2:41. Context 136. A similar area of short broken lengths of roundwood lying 

over structure 90. This was probably redeposited in the same manner.

7.2.1.3. Phase 5.

The remaining features were allocated to the overall Phase 5 or the succeeding Phase 6.

i) Group 2:20. Contexts 106 and 143. Two insubstantial structures which lay directly

above, and in the same north/south line, as trackway 138. They rested on three 

roundwood pieces (172), two of which had cut ends. The maximum structure width 

was 0.25m, with a maximum depth of 0.05m. This group is variously interpreted as 

part of 138 which has collapsed, a rebuild of 138, or a totally independent feature 

(Figure 7.4.).

ii) Group 2:37. Context 98. A loose horizontal spread of brushwood allocated to Phase

6, but lying directly above context 106. It is interpreted as wood dislodged from 106 

and redeposited.

iii) Group 2:33. Context 105. A brushwood feature running for 2.50m in length with a

width of 0.30m. Although there were no stakes present. Context 105 is interpreted 

as a vertical structure such as a fence or wall (Figure 7.4).

iv) Group 2:39. Context 109. An area of damage to 105 comprising redeposited

brushwood in the peat of Phase 6.
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v) Group 2:31. Context 150 & 153. A north/south linear feature (150) and 

northeast/southwest linear structure (153) lying Im south of Context 105 and possibly a 

continuation of this context. The structure was constructed of brushwood laid in a 

similar alternating manner to that of Context 34 and providing a width of 0.50m. It is, 

therefore, assumed to be another trackway feature. At its south end this structure rose 

up and terminated on a fallen tree trunk which may have served as a continuation of the 

structure (Figure 7.4.)

vi) Group 2:27. Context 140. The most ephemeral brushwood feature at Beckton 

Nursery running for at least Im in length on a northeast/southwest alignment. 

Context 140 consisted of a handful of brushwood pieces providing a width of 

0.20m. Immediately to its north were several cut timbers which appeared to be 

remnant stakes of this feature. It is interpreted as the remaining trace of a larger more 

substantial structure (Figure 7.4.).

Several other isolated features of clear cultural origin were exposed, although their function and 

relationship with the other structures remains obscure. These are:

i) Group 2:28. Context 141. A single timber, possibly a stake, which may have been 

associated with the Context 140. There was no cut end but the end was compressed 

suggestive of driving into the ground (Figure 7.4.).

ii) Group 2:29. Context 145. Two possible stakes, one with a cut end, and located 1.50m 

north/west of the Context 141 (Figure 7.4.).

iii) Group 2:35. Context 78. A collective number for all the woodchips found in 

Trench 2. The distribution plot appeared to suggest three main concentrations of 

chippings, each in the vicinity of a structure. These structures are Context 89, 

Context 105 and Context 140.

In addition to the structures described above, several other contexts from Phase 6 were received 

for analysis. These are:
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i) Group 2:42. Context 73. A collective group of all the unstratified cut ends found at the 

site. These cut ends were probably dislodged from the various structures during use 

or subsequent to abandonment through root damage.

ii) Group 2:38. In situ roots of trees which grew after the cultural activity of Phase 5 

causing damage to Contexts 89,90 and 34 and Contexts 106 and 143 described above.

iii) Group 2:44. In situ tree stumps which caused substantial damage to Context 34 below.

7.3. Presentation of the results.

The Beckton Nursery wood derives from a complex of various structures and phases. The 

function of individual features, and the relationship between structures, remains uncertain in 

several contexts. Consequently, the grouping of contexts through apparent associations, and the 

archaeological interpretation of structures, may be incorrect in some cases. This ambiguity 

argues caution in combining the results from each structure’s contexts together, although 

interpretation of the wood assemblage from the site as a whole would be over simplistic.

In order to address these concerns, the following method of presentation is provided. The results 

from the site as a whole will be presented for each stage of the analysis. However, these are 

supplemented by more detailed results from the site’s individual structures. Where a structure is 

comprised of major contexts which are stratigraphically related, the results will be presented for 

each context within an overall sub-group. Areas of damage and redeposited material which 

relate to the structure’s main contexts will also be included in this group. Furthermore, isolated 

features such as individual stakes, which are stratigraphically ambiguous, but may relate to the 

structure in question will be presented within the group. This method aims to reduce the overall 

quantity of data presented, whilst providing enough detail for comparison within and between 

component parts of a structure, and facilitating cross-comparison between various structures.

Although the majority of contexts from Beckton were received for analysis, some contexts are 

missing from the assemblage. This is explained by the on-site sampling o f some structures being
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limited because of Health and Safety Regulations. Other samples appear to have been retained 

by MoLAS, possibly because analysis of them was proposed as part of a preliminary 

environmental assessment. Consequently, some structures are more fully represented than 

others in the results tables. Table 7.1. demonstrates which contexts were received for analysis, 

and the number of samples analysed from each. The contexts are grouped according to their 

stratigraphie associations in the manner outlined above. Full results o f the species, management 

and toolmark analysis may be located in Appendix II and IE.

7.4. Species identifications.

A total of 654 wood samples were received from Beckton Nursery comprising 62 contexts. 

Seven species were identified from the wood assemblages as a whole, and a total of 17 samples 

were unidentifiable due to poor preservation. Table 7.2. presents the full species list identified 

from the site, and Figure 7.5. illustrates the species composition of the entire assemblage. Table 

7.3. presents the species composition of each context within the sub-groups defined, in order to 

facilitate cross-comparison between the results.
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Table 7.1. Table of the contexts received and the grouping of contexts applied in the results.

C ontext/

Structure

D escription Structure C ontains  

C ontexts:

Num ber o f  S a m p ies  

R eceived

231 Staked Fence 232 6

Stakes 235, 237, 238, 239, 240, 

242, 246, 247

9

4 Staked Trackway 220, 2 2 1 ,2 2 2 , 225, 228 140

D am age 219, 224 14

Stakes 2 4 1 ,2 4 9 , 250, 253, 256, 

257, 267

7

Un located 4 3

138 Fence/Track 138 78

Dam age 158 6

Brushwood Fill 50 13

89 Fence 89 7

Dam age 113 2

90 Trackway 90, 91 12

Dam age 136, 137, 13

34 Trackway 34 1

Brushwood Bundles 114, 115, 116, 118, 120, 

123, 125

55

112 Stockpile 112, 101 2

105 Fence/W all 105 102

D am age 109 9

106 Linear Feature 106, 143 11

Support poles 172 2

D am age 98 5

140 Linear Feature 140 5

Stakes 141, 145 3

150 Brushwood 150, 153 97

73 Unstratified 65, 73 23

68 W oodchips 68, 36, 33 26

11 P hase 8 11 1

69, 99 Roots 69, 99 2
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Table 1.2. Results of the Species Identification from Beckton Nursery.

CL

Species identified Number of Percent of Assemblage

Samples

Ainus glutinosa 609 93.12

Beta la sp. 1 0.15

Corylus avellana 1 0.15

Fraxinus excelsior 17 2.60

Prunus sp. 1 0.15

Quercus sp. 7 1.07

Taxus baccata 1 0.15

Unidentified 17 2.60

Total 654 99.99

Figure 7.5. The percentage of sp ecies identified from the Beckton Nurserv
assem blage.

100 -

9 0 -

8 0 -

7 0 -

^  6 0 -  
c 0)
O 5 0 -  
0)

4 0 -

3 0 -

20 -

10 -

0

%

Species

4
% % \

%

267



Chapter Seven

Table 7.3. Results of the S o ec ie s  Identifications from each structure at Beckton Nurserv.

Context Description Species Identified Number of 
Samples

Total Number

231 (Fence) Alnus glutinosa 6

231 (Stakes) Alnus glutinosa 9 15

220, 222, 225, 228 Alnus glutinosa 141

(Trackway 4) Betula sp. 1

Unidentified 2

219, 224 (Dam age) Alnus glutinosa 13

Trackway 4 (Stakes) Alnus glutinosa 7 164

138 (Track/Fence) Alnus glutinosa 77

50 (Brushwood fill) Alnus glutinosa 10

158 (D am age to 138) Alnus glutinosa 6

Unidentified 4 97

89 (Fence) Alnus glutinosa 8

Fraxinus excelsior 1

90 (Trackway) Alnus glutinosa 25

34 (Trackway) Alnus glutinosa 56

112 (Stockpile) Alnus glutinosa 1

Fraxinus excelsior 1 92

106, 143 (Feature) Alnus glutinosa 10

172 (Supports) Alnus glutinosa 2

98 (D am age to 106) Alnus glutinosa 5

Unidentified 1 18

105 (Fence/W all) Alnus glutinosa 102

109 (D am age to 105) Corylus avellana 1

Prunus sp. 1

Quercus sp. 7 111
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Table 7.3. Continued.

Context Description Species identified Number of Total Number
Samples

150 (Trackway) Alnus glutinosa 90

Fraxinus excelsior 2

Unidentified 5 97

140 (Feature) Alnus glutinosa 4

Fraxinus excelsior 1

145 (Stakes) Alnus glutinosa 1

Fraxinus excelsior 1

Taxus baccata 1 8

73 (Unstratified) Alnus glutinosa 23 23

68 (W oodchips) Alnus glutinosa 10

Fraxinus excelsior 13

Unidentified 2 25
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7,5. Diameter and age measurements.

Various analytical techniques were applied to the Beckton Nursery wood in order to examine 

the selection criteria involved in wood collection, and to assess the possibility for woodland 

management practices such as coppicing in the derivative woodland. This analysis involved 

both morphological examination of roundwood, and microscopic examination of the tree rings 

(see section 5.9.1.). A total of 606 samples were roundwood, of which 550 samples were 

suitable for most aspects of ring analysis. A remaining 36 samples lacked bark and therefore 

were discounted from ring measurements, and a further 27 samples were too poorly preserved 

for ring analysis.

The diameter of each wood sample was measured and recorded in millimetres, providing a 

record of the overall sizes of roundwood used in construction. Similarly, the number of rings in 

each roundwood sample were counted to provide a record of the range of ages of stems used at 

Beckton Nursery. The age of each stem may then be correlated with diameter in order to assess 

the general rates of growth of the derivative woodland. Furthermore, peaks in the age 

distribution across the assemblage may, combined with additional data, suggest the existence of 

coppicing regimes in the area.

The conventional method of presenting dimensional and age data is as histograms and scatter 

diagrams. In accordance with the outlined procedure, the combined results from the entire site 

are presented first. Figure 7.6. (i-ii) presents the diameter and age ranges recorded from the 

Beckton Nursery wood assemblage, and Tables 7.4. (i-ii) provide summary statistics for each 

criteria. A scatter diagram plotting age against diameter is presented in Figure 7.6 (iii) to 

indicate the general rates of tree growth from the site as a whole.

The combined results are followed by the individual results of each major structure, with its 

component and associated contexts. This facilitates cross-comparison within and between 

structures in order to assess the degree of variation in wood selection and use across the site.
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and potentially, to illuminate the exploitation of different types of woodland in the area. Figures

7.7. to 7.15. provide histograms and scatter diagrams for the age and diameter results from each 

structure at Beckton Nursery. Each major context within a structure is presented in a different 

colour in order to examine the variability of growth rates between related contexts. These are 

supplemented by summary statistics presented in Tables 7.5. to 7.13. Due to the majority of 

contexts consisting entirely, or almost entirely of Alnus glutinosa^ the scatter diagrams do not 

demarcate inter-species differences in growth patterns. Where a context contains less than 10 

samples {eg. Context 140), histograms of age and diameter ranges are not displayed.
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Figure 7.6. (i) Histogram illustrating the diameter range from the Beckton Nurserv wood 
assem blage.
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Figure 7.6. (ii) Histogram illustrating the age range from the Beckton Nurserv wood 
assem blage.
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Figure 7.6. (iii) Scatter diagram illustrating the overall growth rates recorded from the Beckton 
Nurserv wood assem blage.
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Table 7.4. (i) Summary statistics of the diameter values (mm) from the Beckton Nurserv wood 
assem blage.

Number of Minimum Maximum Mean Standard

Roundwoods Diameter Diameter Diameter Deviation

613 15.00 750.00 17.176 7.370

Table 7.4. (ii) Summary statistics of the age values (years) from the Beckton Nurserv wood 
assem blage.

Number Minimum Maximum Mean Standard

Determined Age Age Age Deviation

550 1 43 6.75 3.74
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Figure 1.1. (i) Context 231. Histogram illustrating the diameter range from a staked fence or 
wall.
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Figure 7.7. (ii) Histogram illustrating the age range from a staked fence or wall.
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Figure 1.1. (iii). Scatter diagram illustrating the growth rates from both stakes and brushwood.
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Table 7.5. (i) Summary statistics of the diameter values (mm) from Context 231.

Description Number of Minimum Maximum Mean Standard 

Roundwoods Diameter Diameter Diameter Deviation

Brushwood ’ 6 ' ^ ^ 5 0  19750 17.250 1.370

Stakes 9 19.00 42.50 31.444 7.489

Table 7.5. (ii). Summary statistics of the age values (years) from Context 231.

Description Number Minimum Maximum Mean Standard

Determined Age Age Age Deviation

Brushwood 6 3 16 6.83 4.96

Stakes 8 3 8 4.50 1.60
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Figure 7.8 (i). Context 4. Histogram illustrating the diameter range from the staked trackway.
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Figure 7.8. (iiV Histogram illustrating the age range from the staked trackway
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Figure 7.8. (iii) Scatter diagram illustrating the growth rates from the component contexts of 
trackway 4.
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Table 7.6. (i). Summary statistics of the diameter values (mm) from Context 4.

Context Number of Minimum Maximum Mean Standard

Number Roundwood Diameter Diameter Diameter Deviation

220 54 3.70 30.50 15.994 4.967

222 31 10.00 36,50 18.839 5.943

225 25 10.50 37.00 18.980 6.757

228 28 11.50 37.00 19.000 5.101

219 8 12.50 36.50 19.500 7.265

224 6 14.00 29.50 21.50 6.025

Table 7.6. (ii) Summary statistics of the age values (years) from Context 4.

Context Number Minimum Maximum Mean Standard

Number Determined Age Age Age Deviation

22Ô 4 12 ' 5.81 3.02

222 30 2 18 7.37 4.04

225 24 3 16 6.38 3.40

228 23 2 10 5.61 2.52

219 5 3 11 5.80 3.27

224 6 3 10 5.33 2.66
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Figure 7.9. (i). Context 138. Histogram illustrating the diameter range from a trackway or fence.
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Figure 7.9. (ii). Histogram illustrating the age range from a trackway or fence.
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Figure 7.9. (iii). Scatter diagram illustrating the growth rates from a brushwood trackway or 
fence.
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Table 7.7. (i) Summary statistics of the diameter values (mm) from Context 138.

Description

(138) Trackway 

(158) Dam age to 138 

(50) Fill in hollow

Number of 
Roundwood

78

6

12

Minimum
Diameter

8.00
11.50

6

Maximum
Diameter

65'00

22.50

35

Mean
Diameter

15 .1^4 "

15,667

18.842

Standard
Deviation

7.486

5.125

8.831

Table 7.7. (ii) Summary statistics of the age values (years) from Context 138.

Description Number
Determined

(138) Trackway 

(158) Damage to 138 

(50) Fill in hollow

72

5

10

Minimum
Age

Maximum
Age
27 ~

9 

4

Mean
Age
7.89

4.80

7.80

Standard
Deviation

3.93 "

2.39

4.26
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Figure 7.10 (i) Contexts 89. 90 & 34. Histogram illustrating the diameter range from trackway 
and fence features.
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Figure 7.10. (ii). Histogram illustrating the age range from trackway and fence features.
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Figure 7.10 (iii). Scatter diagram illustrating the growth rates from trackway and fence features.
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Table 7.8. (i) Summary statistics of the diameter values (mm) from Contexts 34. 89. 90.

Description Number of Minimum Maximum Mean Standard
Roundwood Diameter Diameter Diameter Deviation

(89) Fence 7 6l5(T 23.50 1 ^ 1 4 5.678”

(90) Trackway 25 10.00 38.50 19.180 6.215

(34) Trackway 56 9.00 27.00 17.134 3.849

(101/112 Stockpile 2 26.00 40.50 33.25 10.253

Table 7.8 (ii) Summary statistics of the age values (years) from Contexts 34. 89. 90.

Description Number Minimum Maximum Mean Standard
Determined Age Age Age Deviation

(89) Fence 7 " 1 14 5.14~ 4.34

(90) Trackway 25 2 18 7.88 4.35

(34) Trackway 53 1 14 7.81 2.97

(101/112) Stockpile 1 8 8 8.00 0.00
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Figure 7.11. (i) Context 106. Histogram illustrating the diameter range from a linear brushwood 
feature.
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Figure 7.11, (ii) Histogram illustrating the age range from a linear brushwood feature.
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Figure 7.11. (iii) Scatter diagram illustrating the growth rates from a brushwood feature.
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Table 7.9. (i) Summary statistics of the diameter values (mm) recorded from Context 106.

Description Number of Minimum Maximum Mean Standard
Roundwoods Diameter Diameter Diameter Deviation

(106/143) Brushwood 11 10.00 37.50 17.864" 4.910

(172) Supports 2 28.50 37.50 33.000 6.364

(98) Damage 5 19 27 22.000 3.391

Table 7.9. (ii) Summary statistics of the age values (years) recorded from Context 106.

Description Number Minimum Maximum Mean Standard
Determined Age Age Age Deviation

(106/143) Brushwood 10 3 10 4 80 2 1 5 ^

(172) Supports 2 10 12 11.00 1.41

(98) Damage 5 5 6 5.40 0.55
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Figure 7.12 (i) Context 105. Histogram illustrating the diameter range from a brushwood fence 
or wall.
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Figure 7.12 (ii) Histogram illustrating the age range from a brushwood fence or wall.
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Figure 7 12. (iii). Scatter diagram illustrating the growth rates from a brushwood fence or wall.

E
E
0)
0)
Ero
b

30

20

CD

10

0

C ontext 

°  109 (D am age)

" 105 (F ence/w all)

6 8 10 12 14 16 18 20

A g e in Y ears

Table 7.10. (i) Summary statistics of the diameter values (mm) recorded from Context 105.

Description

(105) Fence/wall 

(109) Damage

Number of Minimum Maximum Mean Standard
Roundwood Diameter Diameter Diameter Deviation

102 1.50 39.00 13.316 5.612

1 21.00 21.00 21.000 0.000

Table 7.10. (ii) Summary statistics of the age values (years) recorded from Context 105.

Description Number Minimum Maximum Mean Standard
Determined Age Age Age Deviation

(105) Fence/wall 87 1 18 6.17 3.16

(109) Damage 1 6 6 6.00 0.00
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Figure 7.13. (i) Context 150. Histogram illustrating the diameter range from a brushwood 

trackway.
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Figure 7.13. (ii) Histogram illustrating the age range from a brushwood trackway.
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Figure 7.13. (iii). Scatter diagram illustrating the growth rates from a brushwood trackway
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Table 7.11. (i) Summary statistics of the diameter values (mm) recorded from Context 150.

Description

(150) Trackway 

(153) Continuation of 150

Number of Minimum Maximum Mean Standard
Roundwoods Diameter Diameter Diameter Deviation

79 ‘ T.50 '  75^00 T5.779 8:463
18 10.50 30.00 19.417 5.796

Table 7.11. (ii) Summary statistics of the age values (years) recorded from Context 150

Description

(150) Trackway 

(153) Continuation of 150

Number Minimum Maximum Mean Standard
Determined Age Age Age Deviation

75 2 12 5^88 2A7
12 3 25 7.42 5.90
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Figure 7.14. Context 140. Scatter diagram illustrating the rates of growth from a linear 
brushwood feature and possibly associated stakes.

E
E

I
Ero
b

Context 

° 145 (S tak es)

° 140 (Brushwood)
0 4 8 12 16 20 24 28 32 36 40  44 48

2 6 10 14 18 22 26 30 34 38 42 46  50

A ge in Y ears

Table 7.12. (i) Summary statistics of the diameter values (mm) recorded from Context 140.

Description

(140) Brushwood

(141) Stake 

(145) Stakes

Number of 
Roundwoods

Minimum
Diameter

~ 1 2 .5 0

57.50

34.00

Maximum
Diameter

"7 8 .0 0 ^
57.50

37.50

Mean
Diameter

14.667

57.50

35.75

Standard
Deviation

2.930

0.000

2.475

Table 7.12. (ii) Summary statistics of the age values (years) recorded from Context 140.

Description

0 4 0 )  Brushwood 

(145) Stakes

Number
Determined

3

2

Minimum
Age
y
5

Maximum
Age

5

43

Mean
Age

" 3 W
24.0

Standard
Deviation

1.15

26.87
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Figure 7.15. (i) Context 73. Histogram illustrating the diameter range from all the unstratified cut 
ends at Beckton Nursery.
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Figure 7.15. (ii) Histogram illustrating the age range from all the unstratified cut ends from 
Beckton Nursery.
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Figure 7.15. (iii) Scatter diagram illustrating the rates of growth from all the unstratified cut ends  
from Beckton Nursery.
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Table 7.13. (i) Summary statistics of the diameter values (mm) from the unstratified cut ends.

Description

(73) Cut ends

Number of Minimum Maximum Mean Standard
Roundwoods Diameter Diameter Diameter Deviation

23 6.50 38.50 20.239 7.970

Table 7.13 (ii) Summary statistics of the age values (years) from the unstratified cut ends.

Description Number Minimum Maximum Mean
Determined Age Age Age

(73) Cut ends To 2 14 7 ? ^

Standard
Deviation

3.39
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7.6. Woodland management results.

The scatter diagrams illustrated in the preceding figures provide information on the growth 

conditions of the wood, which may be used to examine the possibility of management in the 

Beckton area. Furthermore, each wood sample was assessed in terms of its morphology and 

ring characteristics, for indicators of woodland management and specifically a coppiced 

origin. The roundwood samples were assessed in terms of their fulfilment of the following 

characteristics:

i) A central pith demonstrating an unbranching stem.

ii) Straightness of stem, free from branching and forking,

iii) A comparatively large first ring width indicative of release after cutting.

iv) A subsequent decreasing width of consecutive growth rings.

v) A consistency in felling season.

Table 7.14 presents the results of the management analysis. The columns represent the criteria 

considered important as indicators of management, therefore, samples which failed to 

demonstrate a positive characteristic are omitted from each criteria. However, the number of 

samples analysed illustrates the overall number of roundwoods from each context. 

Percentages are provided next to each value to illustrate the weighting of positive indicators 

within each context.

O f the 606 roundwood samples analysed, all could be assessed in terms of their 

morphological characteristics. However, a total of 74 samples lacked bark and/or were in an 

advanced state of degradation. Consequently, the ring characteristics and, in particular the 

season of fell, could not be reliably determined. The note written beneath Table 7.14. details 

the number of samples within each context which could not be determined.
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Table 7.14. Results of the morphological and ring analysis from Beckton Nursery. Presence of the criteria below are those considered important a s  indicators of 
woodland management. Percentages within each context are provided in brackets adjacent to each value.

Context Description Morphoiogicai
Characteristics

Ring Characteristics Season of Feiiing Number of 
Sampies

Centrai
Pith

Unbranched
Stem

Large 
1®* rina

Decreasing 
Rina width

Summer Winter

(231) Brushwood FenceAA/all 5 (83.3) 6 (100.0) 0 (0.0) 1 (16.7) 3 (50.0) 2 (33.3) 6
Stakes from (231) 7 (87.5) 3 (37.5) 0 (0.0) 0 (0.0) 0 (0.0) 7 (87.5) 8
(220) Brushwood from Trackway (4) 53 (91.4) 51 (87.9) 4 (6.9) 3 (5.2) 7 (12.1) 43 (74.1) 58
(222) Brushwood from Trackway (4) 27 (87.1) 29 (93.5) 0 (0.0) 3 (9.7) 8 (25.8) 20 (64.5) 31
(225) Brushwood from Trackway (4) 19 (76.0) 20 (80.0) 0 (0.0) 0 (0.0) 9 (36.0) 14 (56.0) 25
(228) Brushwood from Trackway (4) 21 (75.0) 23 (82.1) 1 (3.6) 2 (7.1) 4 (14.3) 19 (67.9) 28
Cradle Stakes from Trackway (4) 7 (100.0) 6 (85.7) 0 (0.0) 0 (0.0) 1 (14.3) 5 (71.4) 7
(219) Dam age to Trackway (4) 4 (50.0) 7 (87.5) 1 (12.5) 1 (12.5) 1 (12.5) 4 (50.0) 8
(224) Dam age to Trackway (4) 4 (66.7) 6 (100.0) 0 (0.0) 0 (0.0) 2 (33.3) 4 (66.7) 6
(138) Brushwood Trackway or Fence 56 (71.8) 66 (84.6) 0 (0.0) 10 (12.8) 30 (38.5) 42 (53.9) 78
(158) Dam age to (138) 5 (83.3) 6 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (66.7) 6
(50) Brushwood Fill 8 (66.7) 6 (50.0) 2 (16.7) 1 (8.3) 5 (41.7) 5 (41.7) 12
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Table 7.14. Continued.

C ontext D escription M orphoiogicai

C haracteristics

Ring C haracteristics S e a so n  o f Feiiing Num ber o f  

S a m p les

Centrai

Pith

U nbranched

Stem

Large 

f '  Rina

D ecreasing  

Rina Width

Sum m er W inter

(89) Brushwood Fence 5 (100.0) 4 (80.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0) 5

(90) Trackway 21 (84.0) 16 (64.0) 2 (8.0) 7 (28.0) 11 (44.0) 14 (56.0) 25

(34) Trackway 46 (82.1) 24 (42.9) 2 (3.6) 3 (5.4) 13 (23.2) 40 (71.4) 56

(112) Stockpile 1 (50.0) 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0) 2

(106) Brushwood Feature 3 (60.0) 4 (80.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (80.0) 5

(143) Continuation of (106) 6 (1 0 0 .0 ) 3 (50.0) 0 (0.0) 0 (0.0) 0 (00.0) 6 (100.0) 6

(98) Dam age to (106) 4 (80.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0) 5

(172) Supports (106) 2 (1 0 0 .0 ) 1 (50.0) 0 (0.0) 1 (50.0) 1 (50.0) 1 (50.0) 2

(105) Brushwood FenceAA/all 91 (89.2) 41 (40.2) 0 (0.0) 8 (7.8) 21 (20.6) 65 (63.7) 102

(109) Dam age to (105) 1 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 1

(150) Brushwood Trackway 68 (86.1) 40 (50.7) 1 (1.3) 14 (17.7) 24 (30.4) 46 (58.2) 79

(153) Continuation of (150) 13 (72.2) 4 (22.2) 0 (0.0) 2 (11.1) 3 (16.7) 8 (44.4) 18

(140) Brushwood Feature 3 (1 0 0 .0 ) 2 (66.7) 0 (0.0) 0 (0.0) 1 (33.3) 2 (66.7) 3

(145) Stakes 2 (66.7) 1 (33.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 3

(73) Unstratified cut ends 17 (73.9) 19 (82.7) 0 (0.0) 4 (17.4) 4 (17.4) 16 (69.6) 23

Totai 499 (82.3) 391 (64.5) 1 3 (2 .1 ) 60 (9.9) 148 (24.4) 384 (63.4) 606

(Note: A bsence of bark or poor preservation precluded ring m easurem ents on the following number of sam ples from contexts: 231=2; 220=8; 222 =3; 225 =2; 228 =5; 
219=3; 138=6; 158=2; 50= 2; 34= 3; 112=1; 105=16; 150=9; 153=7; 145=2; 73= 3.).
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The season of fell has been divided into summer and winter, rather than the three categories of 

spring, summer/autumn and winter. This approach was decided after assessing the degree of 

variability between ring widths of different samples. It was felt that an accurate determination 

between spring and summer/autumn could not be achieved. Consequently, any last ring which 

was incomplete was simply assigned to a summer fell, and any complete last rings were 

assigned to a winter fell.

7.7. Toolmark results.

The wood from Beckton Nursery was assessed for evidence of working and, where present, 

toolmarks were recorded according to the procedures outlined in Chapter 5.9.2. Table 7.15. 

presents the results of the toolmark analysis. A total of 272 roundwood samples demonstrated 

evidence of working in the form of cut ends. However, the preservational condition of 

toolmarks differed widely between samples and contexts. An additional 46 samples 

demonstrated the tapering shape of a cut end, however, the character of the working could not 

be determined. These samples have been omitted from Table 7.15., which, consequently, 

provides an underestimate of the number of worked roundwoods.

7.7.1. Facet lengths and widths.

Figures 7.16. and 7.17. graphically illustrate the range of facet lengths and widths measured 

from the samples in each context. Each context is illustrated as a filled box which represents the 

main spread of measurements recorded. The extreme outliers are demonstrated as a line or a 

small cross on the context axis, and the mean average of measurements per context is 

represented by a black line running through each box-plot.

Preservation of the facet edges was occasionally too degraded for accurate measurement and 

some cut ends were broken which precluded measurement of the facet length. As a 

consequence, a total of 77 facet lengths and 59 facet widths remained unmeasured.
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Table 7.15. Results of the toolmark analysis from Beckton Nursery.

Context Worked Toolmark Type No. of Facets Angle of Cut (0°) Facet Length (mm) Facet Width (mm) Facet Shape

Ch Wed. Pen. Trim. 1 2 3 4 Min Max Mean Min Max Mean Min Max Mean Flat SI.D. Dish.
(231) Fen/wall 5 5 0 0 0 4 1 0 0 15 31 23.0 44.0 44.0 44.0 11.2 11.2 11.2 0 2 0
(231) Stakes 5 4 0 1 5 3 1 0 1 14 37 19.8 52.8 81.0 65.4 20.0 29.8 25.9 3 1 0
(220) Track (4) 8 7 1 0 1 6 1 0 0 16 18 17.0 53.7 69.2 59.5 9.5 29.5 19.3 3 2 0
(222) Track (4) 29 27 2 0 0 27 2 0 0 17 25 21.8 27.2 67.1 49.3 10.6 36.8 21.6 9 1 0
(225) Track (4) 18 18 0 0 0 18 0 0 0 7 34 21.3 26.0 90.0 56.6 11.4 30.8 19.0 12 1 0
(228) Track (4) 17 17 0 0 0 15 2 0 0 11 37 23.6 24.9 81.2 43.8 5.6 28.0 16.3 8 3 0
Stakes (4) 2 2 0 0 1 2 0 0 0 15 16 15.5 32.1 81.0 56.6 16.2 20.0 18.1 2 0 0
(219) Damage 6 6 0 0 0 6 0 0 0 15 24 19.5 39.4 53.0 44.8 8.6 27.4 19.2 2 2 0
(224) Damage 5 3 1 1 0 3 1 1 0 10 39 20.5 38.7 65.0 57.8 7.9 30.0 16.0 2 2 0
(138)Tr/Fence 60 59 1 0 0 58 2 0 0 15 37 22.2 16.4 85.6 40.9 5.0 54.3 13.8 30 2 0
(158) Damage 5 5 0 0 0 4 0 0 0 22 27 24.5 31.3 31.3 31.3 15.0 15.0 15.0 1 0 0
(50) Fill 9 8 1 0 0 6 1 0 2 13 40 25.8 28.3 57.2 49.8 7.9 33.4 19.9 7 1 0
(89) Fence 4 4 0 0 0 4 0 0 0 21 25 23.0 26.0 32.6 29.3 8.5 11.2 9.9 3 0 0
(90) Track 18 18 0 0 0 17 1 0 0 14 38 20.8 28.2 87.8 53.1 12.0 42.6 21.5 11 5 0
(34) Track 11 11 0 0 0 11 0 0 0 16 32 24.1 39.4 80.0 53.0 14.5 27.4 18.3 5 3 0
(112) Stock 2 1 1 0 0 1 1 0 0 28 37 32.5 48.4 55.8 52.1 20.0 46.5 33.3 2 0 0

Ch. = Chisel point; W ed. = W edge point; Pen. = Pencil point; Trim. = rimmed stem.
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Table 7.15. Continued.

Context Worked Toolmark Type No. of Facets Angle of Cut (deg.) Facet Length (mm) Facet Width (mm) Facet Shape
Ch. Wed. Pen. Trim. 1 2 3 4 Min. Max. Mean Min. Max. Mean Min. Max. Mean Flat SI.D. Dish.

(106) Feature 3 3 0 0 0 3 0 0 0 16 24 21.3 34.0 63.7 50.9 26.0 31.5 28.2 3 0 0
(143) Feature 1 1 0 0 0 1 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0
(105) F/wall 13 13 0 0 0 12 1 0 0 15 37 24.1 22.0 86.5 45.3 6.0 22.8 14.8 5 3 1

(109) Damage 1 1 0 0 0 1 0 0 0 0 0 0.00 0.0 0.0 0.0 17.9 17.9 17.9 1 0 0
(150) Track 24 24 0 1 0 21 2 0 0 13 36 19.1 18.0 105.0 55.1 7.0 29.2 18.2 14 7 0
(153) Track 0 0 0 0 0 0 0 0 0 0 0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0
(140) Feature 4 4 0 0 0 4 0 0 0 0 0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 2 0 0
Stakes (140) 2 1 0 1 1 1 0 0 0 41 41 41.0 54.8 54.8 54.8 35.8 35.8 35.8 0 0 1

(73) Unstrat. 20 20 0 0 3 18 2 0 0 15 42 26.4 23.5 94.8 47.2 6.1 33.0 20.2 14 5 0
Total 272 262 7 4 11 246 1Ô 1 3 7 46 22.6 16.4 105.0 49.2 5.0 54.3 18.8 130 40 2

Ch. = Chisel point; Wed. = W edge point; Pen. = Pencil point; Trim. = Trimmed stem.
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Figure 7.16. Box-plot demonstrating the range of facet length from each context at Beckton 
Nursery.
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Figure 7.17. Box-plot demonstrating the range of facet widths from each context at Beckton 
Nursery.
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Figure 7.18. The distribution of facet shape between contexts at Beckton Nursery. 
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Figure 7.19. Box-plot demonstrating the range in cutting angle from each context at 
Beckton Nursery.

50

40 ' + 5 7 7

m 30 '

D)

N = 2 8 11 13 2 9 39 2 2 13 8 1 1 9 22 1 18

Context/Structure

298



Chapter Seven___________________________________________________________________________________Trackway results

7.7.2. Facet shape.

The shape of the original facet could not be determined in 91 samples due to facet compression 

and poor surface preservation. The low values within the facet shape column in Table 7.15. 

reflect this status. It should be noted that a dished facet would probably be recognisable despite 

poor preservation. It was the determination between flat and slight dishing of facets which 

prevented recording of shape. By inference, the missing values almost certainly belong to either 

the flat or slightly dished criteria. Figure 7.18. illustrates the distribution of facet shape between 

the contexts at Beckton Nursery.

7.7.5. Cuttins ansles.

Figure 7.19. illustrates the range of cutting angles measured from each of the contexts at 

Beckton Nursery. The box-plot presents the information in the same manner as those for facet 

length and widths. A total of 56 samples could not be measured due to poor preservation of the 

junction between the stem and facet, or the cut end was broken from the stem.

7.7.4. Tool signatures.

As outlined in Chapter 5.9.2. the preservation of a large proportion of facet surfaces was poor 

due to long-term storage of the samples, and the wrapping of Clingfilm around each sample 

which subsequently impressed into the wood surface. Consequently, only three samples 

demonstrated the potential for tool signature preservation. This number was considered too 

small to provide significant results and these samples were not recorded further.

7.7.5. Jam curves.

Two cut ends from Context 90 exhibited jam curves as a consequence of the axe blade 

becoming jammed in the wood. These are drawn to scale in Figure 7.20. Jam curve (a) 

demonstrated evidence for the right side feature of the axe, whilst (b) appeared to indicate a left 

side feature, although preservation was poor. Figure 7.20. also provides a possible 

reconstruction of the original blade edge.
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Figure 7.20. Drawings of the two jam curves observed from Beckton Nursery. Both 

were preserved on chisel points from Context 90 at the site.

(a) Curve (a) demonstrated a right side 
feature (in the direction of the axe) 
providing an Indication of the 
maximum width of the axe.

(b)

I - J L

Curve (b) demonstrated evidence 
for a left side feature (in the 
direction of the axe) providing an 
indication of the maximum width of 
the axe

5 cm 
_ j

It is possible that the same axe was used to cut both pieces because of the close proximity 

of the samples. The drawing below reconstructs the possible total cutting width of the axe 

used by superimposing curve (a) onto cun/e (b), and reconstructing the left axe side in 

accordance with the apparent curvature.

Right side feature of (a) 
drawn to link with the 
stralghter curve of (b)

Hypothetical 
continuation of the 
blade edge based 
on the reconstructed 
curvature.

^cm
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7.7.6. The woodchips.

A total of 31 woodchips were recorded from Beckton Nursery, 3 of which comprised bark chips 

from the initial working of stems. Four species were identified, one of which was not identified 

from the roundwood identifications. The length, width and thickness of each was measured and 

recorded in millimetres. The shape of the surfaces was noted, and the position of the chip from 

the original trunk/plank was assessed from the tree ring orientation. Table 7.16. presents the 

results of the species identifications, and a statistical summary of the dimensions recorded.

The results are grouped by the species identified rather than the context number. This reflects 

the collective context number which was assigned to all the woodchips recorded from Beckton. 

A further 10 woodchips were recorded during analysis from contexts 140 and 89. However, due 

to the lack of significant variation between contexts, these samples are also presented within 

species groups.

Figures 7.21. to 7.23. graphically illustrate the range of dimensions of woodchips from each 

species identified. Figure 7.24. illustrates the distribution of tree ring orientation between 

woodchips of each species. The woodchips demonstrated both parallel and opposing cuts at 

their top and bottom ends.

7.7.7. Miscellaneous features.

Three other morphological characteristics were recorded from several contexts at Beckton 

Nursery. A total of nine samples had been half chopped with an axe and then tom from the stem 

leaving long jagged tears at their cut end. This felling technique was recorded from Contexts 50, 

73, 105, 115, 140, 150, 228 and 247.

One sample from Context 105 had suffered the loss of a branch which resulted in characteristic 

scarring of the stem. This characteristic may indicate the ‘topping’ of stems, a coppicing 

practice observed from wood in the Somerset Levels (Rackham, 1977). Equally, however, this
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scarring is produced when branches are naturally snapped from the stem during, for example, a 

windstorm. The ring record demonstrated reduced growth in the fifth year which, if connected 

with the damage, suggests the loss of the leading shoot during the summer.

Lastly, one sample from Context 138 represented a wedge cut stem which bore the remains of 3 

to 4 shoots on its upper surface. This sample resembled a small boiling or above the ground 

coppice stool, the shoots of which had been removed.
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Table 7.16. The dimensions, species and characteristics from the Beckton Nursery woodchips.

Species Length Width Thickness Split Shape Total

Min.

(mm)

Max.

(mm)

Mean

(mm)

Min.

(mm)

Max.

(mm)

Mean

(mm)

Min.

(mm)

Max.

(mm)

Mean

(mm)

Tangential Radial Flat Slightly

Convex

Convex

Alnus glutinosa 34.0 85.0 59.8 19.0 60.0 38.4 4.0 17.0 8.7 9 0 9 0 0 9

Fraxinus excelsior 23.0 80.0 51.5 25.0 77.0 39.2 4.0 19.0 09.1 12 0 12 0 0 12

Prunus sp. 17.0 17.0 17.0 14.0 14.0 14.0 3.0 3.0 3.0 1 0 1 0 0 1

Quercus sp. 23.0 63.0 32.5 12.0 65.0 29.0 2.0 7.0 4.2 1 5 6 0 0 6
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Figure 7.23. Box-plot illustrating the range of woodchip thickness from Beckton Nursery.

QuercusFraxinus PrunusAlnus

Figure 7.24. Bar chart illustrating the distribution of tree-ring orientations of the 
woodchips from Beckton Nursery.

c3Oo

Orientation

I I Radial

Tangential

Alnus Fraxinus Prunus

S p e c ie s

Quercus

305



Chapter Seven_________________________________________________________________________________________ Trackway results

7.8» The Erith Trackway.

The Erith trackway was planned and sampled in November 1998 using the methods outlined in 

Chapter 5.8. The number of wood samples analysed was significantly less than that for Beckton 

Nursery. Furthermore, because no investigative excavation was undertaken the function of 

individual contexts remains ambiguous as does the detail of constructional techniques. 

However, the results provide comparative data to both the Beckton assemblage, and the species 

composition of the surrounding Erith woodland.

7.8.1. Site description.

Descriptions of the Erith site have been provided in Chapter 6.0 and are not outlined here. 

Figure 7.25. presents the location of the trackway within the Erith site. The trackway lies on the 

upper levels of the foreshore of the western site where the majority of tree remains are 

represented by root systems. The structure runs in a WSW/ENE direction at a level of 0.00m 

O.D. Although the trackway has not been radiocarbon dated, it almost certainly dates to the Late 

Bronze Age/Early Iron Age period. This is suggested both by the character of the cut ends 

recorded from the trackway, and by a tree stump lying 15 m west of the feature dated to 990 -  

790 cal. BC (Figure 6.2. ii).

The trackway was assigned 6 context numbers which are illustrated on the plan in Figure 7.26. 

The following context description outlines the general nature of each group, and the sampling 

strategy undertaken.

Context 1. A collection of wood at the westernmost end of the trackway which, although 

clearly of cultural origin, did not appear to constitute a structural part of the main trackway. It 

consisted of a collection of roundwood lying in a SW/NE orientation. The roundwood reached 

lengths of 0.50m and diameters up to 5cm. The roundwood was unbranching and 2 cut ends
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Figure 7.25. Location map of the Trackway at Erith
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Figure 7.26. Plan of the Erith T rack wav.
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were observed. Context 1 has been tentatively interpreted as a stockpile of wood waiting to be 

used. Five samples were taken for analysis.

Context 2: A small collection of wood lying 0.80m east of Context 1 and consisting of 

roundwood orientated in an east-west direction. The roundwoods were up to 0.40m in length, 

and up to 9cm in diameter, with some pieces demonstrating branching. One cut end was 

observed from this context. The function of Context 2 remains obscure, and it may indicate a 

continuation of the stockpile, or constitute part of the main trackway. Four samples were taken 

for analysis.

Context 3: A collection of wood lying 0.40m south of Context 2 and consisting of roundwood 

lengths orientated NNW/SSE. The roundwood was up to 0.70m in length and 40cm in diameter, 

and, apart from one piece, was unbranching. One cut end was observed from this context. The 

orientation of the wood suggests that Context 3 represents a continuation of the main trackway 

to the east. Four samples were taken for analysis.

Context 4: This context represents the main trackway visible at the site consisting of roundwood 

lengths orientated NW-SE and lying next to each other in a corduroy construction (Plate 7.2, 

Plate 7.3). Roundwood lengths reached 1.20m and diameters were up to 40cm. Although some 

branching was evident, the majority of roundwood comprised straight stems, three of which 

were cut (Plate 7.4.). The track width approximated 1.00m and there was no evidence for 

staking or pegging of the trackway. Thirty-six samples were taken Context 4 for analysis.

Context 5: A collection of wood to the northeast of Context 4, consisting of roundwoods lying 

in a east/west orientation. The roundwood lengths reached 0.50m and diameters were up to 

20cm. Two pieces were branching and one cut end was observed from this context. The 

orientation of this wood differs to that of the main trackway and suggests that it was not a
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component of the trackway’s surface. However, the wood was of cultural origin and led to 

Context 6 to the east. The function of Context 5 remains ambiguous and 3 samples were taken 

for analysis.

Context 6: This context was assigned as a collective number for a spread of woodchips lying 

1.0m east of Context 5 (Plate 7.5.). The woodchips were spread over a 3m square area within an 

apparent slight depression in the foreshore surface (Figure 7.25.). One cut end was also 

observed amongst the woodchips. Context 6 represents an area of woodworking at the eastern 

end of the trackway. Fourteen samples were taken from this context for analysis, 13 of which 

were woodchips.

7.8.2. Presentation o f the results.

The various analytical results from the Erith trackway will be presented in the same order as the 

Beckton Nursery results. However, due to the ambiguity of several contexts from Erith and the 

low sample numbers, the degree of detail of each context will be reduced. Emphasis is placed on 

the results from the trackway as a whole, although a breakdown of context results will be 

provided where sample numbers permit. Full results of the species identifications, management 

and toolmark analysis may be located in Appendix IV and Appendix V.
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Plate 7.2. Context 4. The Erith trackway photographed looking 
WSW to the Saltings and yacht club.

Plate 7.3. Context 4. The Erith trackway photographed looking ENE 
across the western site to Purfleet on the north bank.
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Plate 7.4. The Erith trackway emerging from the receding tide demonstrating the cut ends in 
Context 4.

m

Plate 7.5. An area of woodchips at the northeastern end of the Erith trackway, context 6.
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7.9. Species identifications.

A total of five species were identified from 67 samples which were taken from the Erith 

trackway. Of these, four samples remained unidentifiable because they were bark. Table 7.17. 

provides the results of the species identifications, whilst Figure 7.27. illustrates the results 

graphically according to wood type.

7.10. Diameter and age measurements.

A total of 52 roundwoods were assessed for ring counts. However, 12 samples could not be 

measured because of a lack of bark in 9 cases, and poor preservation in the remaining 3 cases. 

The low sample numbers per context at Erith argues against presenting individual diameter and 

age results. Consequently, the histograms present the results from the trackway as a whole, 

supplemented by summary statistics. Similarly, the scatter diagram illustrating growth rates 

encompasses the entire wood assemblage, although the different species are marked out by 

colour coding. Figures 7.28 (i) and (ii). provide the diameter and age histograms, and Figure 

7.28 (iii). illustrates the growth rates recorded. Tables 7.18. (i) and (ii) provide summary 

statistics for the assemblage.

7.11. Woodland management results.

The results of the woodland management analysis from Erith are presented in the same manner 

as those for Beckton Nurseiy. Both the overall results from the trackway and those from 

individual contexts are presented in Table 7.19.

7.12. Toolmark results.

The wood from the Erith Trackway was assessed for toolmarks using the same procedure as that 

for the Beckton assemblage. All wood which demonstrated evidence for working was sampled 

in the field whilst planning and recording the trackway. However, two years of erosion at the 

site has now exposed additional cut ends which were not visible in November 1998. These
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Table 7.17. Results of the sp ecies identifications from the Erith Trackway.

Species
Identified
Acer campestre 

Alnus glutinosa 

Prunus sp. 

Quercus sp. 

Salicaceae 

Bark

Total

Number of 
Samples

50

1

10

1

 A_̂
67

Percent of 
Assemblage

74.63

1.49 

14.93

1.49 

5.97

100.00

Figure 7.27. Diagram illustrating the distribution of species identified from roundwood and 
woodchips.

c3OO

Wood Type

I I Woodchip 

Roundwood
Alnus glutinosa Quercus sp. Acer campestre

Salicaceae Prunus sp. Bark

Species
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Figure 7.28 (i). Histogram illustrating the diameter range from the Erith trackway.
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Figure 7 28 (ii). Histogram illustrating the age range from the Erith trackway.
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Figure 7.28 (iii). Scatter diagram illustrating the growth rates from the Erith trackway.
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Table 7.18 (I). Summary statistics of the diameter values (mm) from the Erith 
T rackwav.

Number of Minimum Maximum Mean Standard
Roundwoods Diameter Diameter Diameter Deviation

53 13.50 50.00 24.07 8.48

Table 7.18. (ii) Summary statistics of the age values (years) from the Erith trackway.

Number Minimum Maximum Mean Standard
Determined Age Age Age Deviation

40 2 12 6.18 2.42
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pieces have not been sampled although their general character is comparable to those analysed 

and presented below.

7.12.1. Facet dimensions, shape and cutting angles.

A total of 8 roundwood samples demonstrated evidence for woodworking in the form of cut 

ends and the results of the analysis are provided in Table 7.20. A further sample from Context 1 

had been split in half along its length. Figures 7.29. -  7.32. graphically illustrate the range of 

facet lengths, widths, shapes and cutting angles recorded from the site. Context 3 and 4 both 

comprised one cut end which had broken across their lengths. Consequently, information on 

facet length or cutting angle could not be obtained from these samples.

7.12.2. Tool simaiures and jam curves.

Degradation of the facet surfaces from the trackway was significantly advanced due to repeated 

exposure and submergence of the feature. Consequently, no facets demonstrated the potential 

for tool signature preservation. Furthermore, no jam curves were observed from the worked 

ends at Erith.
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Table 7.19. The results of the morphological and ring analysis for woodland m anagement from the Erith Trackway. The criteria given below are those considered  
important a s  indicators of woodland managem ent. Percentages per context are provided in brackets.

Context Morphologlcal Characteristics Ring Characteristics Season of Fell Number of Samples
Central

Pith
Unbranched

Stem
Large 

1*' Ring
Decreasing 
Ring width

Summer Winter

1 (Stockpile?) 5(100.0) 5(100.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (40.0) 5
2 (Brushwood) 3 (75.0) 3 (75.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (75.0) 4
3 (Trackway) 3 (75.0) 3 (75.0) 0 (0.0) 0 (0.0) 1 (25.0) 3 (75.0) 4

4 (Trackway) 27 (75.0) 24 (66.7) 0 (0.0) 3 (8.3) 12(33.3) 20 ((55.6) 36
5 (Brushwood) 3 (100.0) 1 ((33.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3) 3
Total 41 ((78.8) 36 (69.2) 0 (0.0) 3 (5.8) 13 (25 .0 ) 29 (55.8) 52

(Note: A bsence of bark or poor preservation precluded ring m easurem ents on the following number of sam ples from contexts: 1 = 3; 2 = 1; 4  = 4; 5 = 2).

318



Table 7.20. The Results of the Toolmark analysis from the Erith Trackway.

Context Worked Toolmark Type No. of 
Facets

Angle of Cut (0°) Facet Length (mm) Facet Width (mm) Facet Shape

Chisel W edge Split Trimmed 1 2 Min. Max Mean Min. Max. Mean Min. Max. Mean Flat SI.D. Dish.

1 2 0 1 1 0 0 1 29 29 29.0 59.5 59.5 59.5 41.0 41.0 41.0 1 0 0

2 1 1 0 0 0 1 0 31 31 31.0 70.2 70.2 70.2 26.8 26.8 26.8 0 1 0

3 1 1 0 0 0 1 0 0 0 0.0 0.0 0.0 0.0 2.9 2.9 2.9 1 0 0

4 3 3 0 0 0 3 0 27 45 36.0 19.9 60.5 40.2 14.2 36.2 23.5 2 1 0

5 1 1 0 0 0 1 0 7 7 7.0 69.2 69.2 69.2 14.2 14.2 14.2 1 0 0

6 1 1 0 0 0 1 0 13 13 13.0 55.8 55.8 55.8 25.7 25.7 25.7 1 0 0

Total 9 7 1 1 0 8 1 7 45 25.33 19.9 70.2 55.9 14.2 41.0 25.9 6 2 0
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Figure 7.29. Box-plot illustrating the range of facet lengths (mm) from the Erith trackway. 
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Figure 7.30. Box-plot illustrating the range of facet widths (mm) from the Erith trackway. 
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Figure 7.31. Box-plot illustrating the range of cutting angles from the Erith trackway.
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7.12.3. The woodchips.

A total of 14 woodchips were sampled from the eastern end of the trackway at Erith. All were 

identified as Quercus, apart from 4 chips which consisted entirely of cut bark. The results of the 

analysis are presented in Table 7.21. Three of the woodchips demonstrated clear cutting angles of 

40-45 degrees at their top and bottom ends which were angled oppositely to each other, and the 

surface shape of all the chips was flat. The results are not illustrated graphically because a single 

context was assigned to all the woodchips negating the value of cross-comparison between different 

features.

Table 7.21. Summary statistics of the dimensions from the Erith woodchips.

Length (mm)

Min. Max. Mean

Width (mm)

Min. Max. Mean

T hickness (mm)

Min. Max. Mean

Orientation

R T NT

23 84 49.21 18 48 27.14 4 18 9.5 3 5 2

(Note: R = Radial; T = Tangential; NT = Near Tangential.)

7.13. Summary.

This chapter has presented the summarised results of the analysis of the Beckton Nursery and Erith 

cultural wood assemblages. Full results may be located in Appendices II, III, IV and V. Both 

assemblages were subjected to the same analytical procedures in order to examine the species and 

size selection involved in feature construction, the possible presence of woodland management in 

the area, and the nature of woodworking from the two sites. The results have been presented in a 

manner which facilitates cross-comparison between structures and features from the two sites, 

whilst providing the core trends of each assemblage.
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Chapter Eight

TAPHONOMIC AND INTERPRETATIVE CONSIDERATIONS.

Prior to a full discussion and interpretation of the results, it is necessary to highlight the various 

taphonomic and theoretical factors which may bias the assemblages. The submerged forest at 

Erith presents unique problems when attempting to reconstruct the preserved woodlands, and in 

the application of modem ecological models. Similarly, interpretation of the two cultural 

assemblages necessitates consideration of the standard taphonomic processes which effect 

reconstructive reliability, and of the cultural influence in assemblage formation.

8.1. The Erith submerged forest.

Submerged forests offer unique information on the character of ancient woodlands, however, to 

obtain this information the site formation processes and potential biases must be considered. To 

some extent, the importance of biasing factors depends on the number and detail of questions 

asked. Since this research attempts to derive relatively detailed ecological information, the 

possible limitations in accuracy are numerous. The critical areas may be summarised as; site 

stratigraphy and diachronicity, preservation and erosional factors, the resolution of data 

obtained, and the application of modem ecological data.

The central factor which dictates the degree to which a submerged forest is representative of an 

ancient woodland is the nature of stratigraphy at the site. The possibility that trees of 

significantly different date may be exposed within the same elevational level across large areas, 

and even across meter distances, fundamentally influences the amount of spatial data which can 

be interpreted. Various factors can produce diachronic exposure across a site.

8.1.1. The character o f living woodlands.

On an underlying level the complexity of living woodland systems will transfer into an ancient 

woodland exposure, thereby complicating the representivity of the distribution of trees at any
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given point in time and space. For example, the differentiation between living and dead trees 

within the original woodland may be significant. Natural woodlands contain large amounts of 

dead wood in the form of standing dead trees (snags) and fallen trees and branches. The larger 

material, with diameters above 2.5 cm, is regarded as coarse woody debris (CWD) (Peterken, 

1996). Broadleaved trees which die standing generally lose some of their bark (sloughing) 

within five years. If the snag remains standing, further retreat from the top occurs until a gaunt, 

bark free skeleton remains (Peterken, 1996). This process of standing decay may take decades to 

over a hundred years.

Fallen logs occupy approximately 3% of the woodland floor in temperate broad leaved 

woodlands, although the distribution differs both spatially and temporally. Rates of 

decomposition vary although the total decomposition and mineralisation of dead wood in 

temperate oak forest may last at least 135 years, depending on diameter (Christensen, 1977). In 

waterlogged ground where there is low penetration of oxygen (Maser et al, 1988) and the 

absence of gallery forming invertebrates, decomposition rates are slower (Harmon et al., 1986; 

Samuelsson et al, 1994).

Figure 8.1. demonstrates both standing and fallen trunks in an unmanaged woodland. It is clear 

that the distribution of tree trunks is both vertical and horizontal. However, this complex 

structure, when translated into a submerged forest exposure, renders it difficult to recognise 

which trees were actually growing in a stand at a given point in time.

The preservation o f trees within a submerged forest attests to the rapidity o f peat accumulation, 

and/or the permanence of waterlogged ground conditions, which has preserved trees for 

thousands of years. Consequently, it is possible that some of the trees within an exposure may 

represent dead wood within the palaeowoodland. This dead wood may represent woodland 

communities considerably earlier, and possibly quite different, to the living stands at any given 

point. The degree to which this may occur is largely unquantifiable and it should be considered
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that spatial interpretation of the exposure might involve the mixing of different communities 

because of this diachronicity.

It may be possible to locate trunks which have lain on the forest floor for some time through 

their state of degradation. The absence of bark provides one indicator. Furthermore, logs that are 

in an advanced state of degradation lose their structural integrity and begin to settle. At this 

point, the transverse shape becomes more elliptical, fragmentation occurs and the contact 

between the substrate and wood increases (Harmon et al, 1986). Such characteristics may be 

identifiable from trees in a submerged forest. However, distinguishing between trunk 

degradation during the woodland’s lifetime, and decomposition as a consequence of post-burial 

and subsequent erosional changes may be impossible,

8.1.2. Site formation and stratigraphy.

If the original complexities of a woodland can be disentangled, the fundamental ambiguity of a 

submerged forest’s stratigraphy remains an interpretative limitation. Radiocarbon dating at Erith 

demonstrates the common erosional phenomena of diachronous exposure on a lateral transect 

from land to river. Thus, it would clearly be oversimplistic and misleading to consider the 

exposure as representative of one woodland in this spatial direction. However, the problem 

remains of how to differentiate woodlands from the often complex stratigraphy exhibited.

The formation of a site phasing is to some extent reliant on the assumption that the original 

woodland floor and topography was level. Although this is a relatively secure assumption 

considering floodplain topography, it is probable that the accumulating peats developed over an 

undulating gravel surface. Consequently, the peat surface may have reflected the underlying 

basal undulations. Evidence from Crossness Sewage works (Figure 8,2.) approximately 4 km to 

the west of the Erith foreshore suggests that the underlying gravel surface in this area undulates 

by at least three metres (Bates & Barham, 1995), If peat accumulation accurately reflected this
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Figure 8.1. Map illustrating the distribution of living trees and dead wood in an old-growth forest.

færzs Æ Z

Gitka s p r u c e  (live)

^  W e s t e r n  h e r n l u c t  I ' l iv e )

S t a n d  in  L] d e a d  S i l k a  s ip i.iO H  

«  S i t < n  s p r u c e  s a p l i n g

o  W e s t e r n  n e m l o c k  s a p l i n g

V i r e  F T ia p ie

( • )  A l d e r  w p i l l  I':;

X? Fa len trees and logs

Map of standing and fallen trees  
in a 3 0 0 -4 0 0  year old stand of 
Sitka sp ru ce  and w estern  
hem lock in the South Fork of the  
Hoh Valley, Olympic peninsula, 
W ashington. Plot 20m  x 60m . 
(Peterken, 1996; 82).

Figure 8.2. Crossness; interpolated gravel surface prior to Holocene sedimentation. 
(Bates & Barham, 1995, p. 97)

GSF.n "6G S r I

326



Chapter Eieht_________________________________________________________ Taphonomic and interpretative considerations.

variability then the included tree remains may have grown on a relatively uneven topographic 

surface. Consequently, interpreting spatial data on the basis of a level surface will, in effect, cut 

a transect through preserved woodlands of variable date.

Although undulation is likely to be present the scale on which it occurs is important for 

interpretation. Some differences in the altitude of the underlying strata would be expected across 

relatively large distances, for example, the full 700 metres of exposure at Erith. Nevertheless, no 

interpretations would be made comparing one extreme end of the site to the other. The degree to 

which undulation may affect spatial diachronicity across small areas is more problematic and 

should be borne in mind during interpretation. A high-resolution radiocarbon framework would 

be desirable in order to minimise possibly erroneous stratigraphie interpretations. Furthermore, 

a high-resolution tree ring dating strategy across the exposure may have been potentially more 

informative. Although unlikely to provide dendrochronological determinations, it may have 

provided a floating chronology for site. This would have illuminated the site stratigraphy and 

aspects of woodland development. Furthermore, tree-ring studies may additionally have 

demonstrated the amount and location of dead wood within the woodland {eg. Henry & Swan, 

1974).

8.1.3. Peat accumulation, compression and compaction.

The spatial analysis of an exposure is further compounded by the variable influences of peat 

accumulation, compaction and compression. The overall relationship between the present day 

altitude of a peat bed and its altitude during accumulation will not effect the information which 

can be derived from lateral exposures of ancient woodland {c.f. sea-level research limitations). 

However, the possibility that peats of a submerged forest may have accumulated and compacted 

unevenly across the site presents greater difficulties. If variable compaction has occurred then 

the result will provide an exposure consisting of trees lying at broadly the same altitude, but 

varying significantly in date.
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Initially it should not be assumed that a peat layer represents continuous accumulation through 

time. The process of accumulation in any area may ensure either regular, unbroken deposition or 

irregular, broken deposition (Greensmith & Tucker, 1986). If  accumulation is irregular then the 

record of environmental change will be discontinuous. Furthermore, hiatus episodes of 

accumulation may be accompanied by desiccation and erosion of the uppermost peat layers. 

Thus, specific episodes of vegetation history may decompose in prehistory thereby effecting 

reconstructions of vegetation development through time.

Limited coring at Erith (see section 5.11.) demonstrated evidence for occasional flooding events 

through the Bronze Age. Consequently, it appears likely that woodland growth was not 

continuous at the site but experienced periods of hiatus. This probability is also indicated by the 

long radiocarbon sequence compared to the maturity of trees within the woodlands at Erith. It 

should be considered that any hiatus in peat growth, particularly if accompanied by erosion of 

the upper horizon, will have resulted in gaps in the temporal representation of woodland history.

The degree of peat compression is dependent on the initial thickness and variability of the 

accumulation, the physical character of the peat, the underlying strata and the extent of sediment 

overburden (Greensmith & Tucker, 1986). Each factor may vary over space and time, and the 

impact of each on the thickness and altitude of a peat horizon is difficult to quantify. The much 

quoted figure for peat shrinkage of up to 90% of original thickness (Jelgersma, 1961), and 

Allen’s (1999) assessment that peat compresses more than any other type of sediment, indicates 

the seriousness of this phenomenon for lateral peat correlations. However, there has been no 

research (as far as the author is aware) on the different rates of compression between wood peats 

as represented by submerged forests, and, for example, finely grained accumulations. To some 

extent it may be expected that peats incorporating large woody debris such as tree trunks retain 

better structural integrity and, consequently, are less prone to severe compression.
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Sediment compression due to progressive overloading is most significant when organic horizons 

overlie other organic strata. Peat beds developing directly over the underlying mineral 

substratum are less likely to suffer extreme compression (Churchill, 1965). However, the depth, 

thickness and character of underlying sediments may vary over comparatively small areas thus 

producing differential rates of compaction. The consequence of such variation is temporal 

differentiation within the same altitudinal range. The implications of such a process are 

significant when attempting ecological reconstructions in a spatial direction across lateral peat 

exposures.

Coring of the eastern basal exposure at Erith demonstrated the presence of at least a further 

1.5m of peat beneath the later Neolithic exposure. The peat sequence was relatively continuous 

although isolated flooding events were visible. Consequently, the Erith submerged forest lies 

within organic strata which overlay considerable further depths of organic accumulation. The 

implications for overall sediment compaction are clear and it is probable that the Erith site lies 

at a considerably lower altitude, possibly variously across the exposure, than in prehistory. This 

raises the possibility of high temporal variation between trees across the site.

However, various characteristics of the submerged forest may help to elucidate the issue. For 

example, the presence of distinct species assemblages representing defined woodland 

communities suggests some degree of lateral contemporainity. This may particularly be 

accepted when an unusual and temporally short-lived community is identified within clear 

altitudinal parameters. The condition of the trunks at Erith may also be indicative o f the degree 

of compression of the peat matrix. Very few trunks are elliptical in section and the presence of 

standing snags suggests that the woodland exposure itself has not suffered severe compression 

from overloading. This does not imply, however, that the underlying stratum is not significantly 

compressed.
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Although the various factors of irregular topography, differential rates of accumulation and 

compression, and the extent of site erosion are each difficult to quantify, the extent to which this 

effects reconstructive reliability depends on the scale of the research questions. For example, the 

direct comparison of areas several hundred metres apart invites misrepresentation of the original 

woodland. Equally, interpreting groups of adjacent trees as exact representatives of 

contemporary individual interactions probably expects an unobtainable detail of reconstruction. 

Core trends and patterns, however, both in time and space, should remain recognisable. 

Therefore, frequent and distinctive associations between species and tree sizes from different 

points across an exposure should suggest real patterns in the palaeolandscape. Similarly, 

ubiquitous changes in species composition up the foreshore should indicate real changes in 

woodland composition through time. It is these high incidence trends which form the focus of 

reconstruction.

8.1.4. Site erosion and preservation.

Taphonomic factors such as site erosion and differential preservation will inevitably affect the 

accuracy of woodland reconstruction. It is tempting to view submerged forest exposures as 

accurate representations of the original woodland composition. However, taphonomic factors 

can produce death assemblages which are mixtures of elements from communities that 

originally were distinct in time and space and thus anomalous by modem standards (Gee & 

Oilier, 1991).

8.1.4.1. Preservational factors.

There has been little research on the preservation potential of different species under 

waterlogged conditions. The preservative qualities of Alnus once submerged are often stated, 

however, it is unclear whether this represents a real anatomical resistance to waterlogging, or a 

consequence of its wetland distribution, and subsequent common discovery is waterlogged sites. 

Certainly some species appear to be consistently absent from many waterlogged sites in London 

and further afield. Despite abundance in the pollen record, no Tilia or Corylus ‘bog trees’ are
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found. This potentially indicates an intolerance of certain species to waterlogging and a greater 

vulnerability to rotting and disintegration (Rackham, 1988b).

Differential preservation of species affects the reliability of species representation in 

waterlogged assemblages. Macroremain identifications from Erith suggest the presence of 

Corylus avellana and Crataegus sp., neither of which has been identified from the wood 

remains. This suggests that certain species are under-represented in the wood assemblage. 

Similarly, the dense wood of Taxus facilitates its excellent survival in waterlogged conditions 

which may over represent it in the assemblage as a whole. However, preservation as a whole 

was variable across the site and trunks of individual species did not appear to suffer worse or 

better than others. Poor preservation tended to concentrate in specific areas of the site, rather 

than amongst specific species.

Preservational biasing of the Erith assemblage is perhaps more important regarding the 

representation of different diameter sizes. It will take longer for a large diameter trunk to 

completely erode away than a sapling or small tree with a diameter of a few centimetres and no 

heartwood (Harmon et al, 1986). This biasing may be evidenced in the markedly low numbers 

of small trees or saplings which were recorded from Erith. This may, of course, indicate a real 

characteristic of the original woodland structure. However, it could equally, and quite probably, 

indicate a preservational bias at the site. Furthermore, it is unlikely that seedlings and young 

saplings, providing they preserved, would be recognisable and recorded in the field. Visually, 

they would have the appearance of twig material which constitutes much of the peat across the 

site. A preservational bias towards larger trees will affect the accuracy o f interpretation of the 

developmental stages, disturbance history and stability of the original woodland. It is, therefore, 

an important consideration and will be discussed more fully during site interpretation.
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8.1.4.2. Site erosion and allochthonous inclusions.

Riverine erosion is constantly changing the foreshore at Erith, exposing formerly buried trunks 

and dislodging and removing those which have been exposed for some time. This creates a 

dynamic foreshore and, to a certain degree, a different exposure from month to month. As a 

consequence, the recording of Erith represents a distinct three year transect through the 

exposure.

This dynamism obviously creates bias in the representivity of the exposure to the entire 

woodland which once grew on the site. An unquantifiable number of trunks had already been 

washed away before fieldwork began. Thus, the overall density of the site is likely to be an 

underestimate of the original woodland. Certain areas are probably better represented than 

others. For example, several locations on the plans are relatively clear o f tree remains. This may 

well be a product of differential erosion across the site rather than an indication of open spaces 

within the original woodland.

Riverine erosion sometimes dislodges trunks from the matrix and then redeposits them 

elsewhere on the foreshore. This was particularly noticeable with the Taxus trunks which would 

occasionally be carried into the river whilst the tide was receding. The slack before re-incursion 

resulted in them floating some meters offshore before being washed back in on the incoming 

tide. The implications for the species distribution maps are clear. Nevertheless, it was generally 

recognisable when remixing of the exposure had occurred. Trunks which were resting on the 

foreshore, rather than lodged in the peat, were noted during the planning process.

Remixing of the deposit also raises the possibility of the inclusion of allochthonous trunks, both 

in prehistory and today. Indeed, a layer o f trunks at Purfleet was interpreted as representative of 

driftwood in prehistory (Wilkinson & Murphy, 1995). Stratigraphie and erosional factors may 

mean that any one plant-bearing horizon may include evidence from one or more, originally
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distinct, plant communities (Collinson & Scott, 1987). However, the majority of trees at Erith 

lay within a peat matrix and the incidence of allochthonous inclusion was felt to be low.

8.2. The application of ecological models.

The application of ecological models to fossil assemblages further provides areas o f possible 

error. Many of the theoretical considerations are applicable to the interpretation of both the Erith 

site and the cultural assemblages. The concept of uniformatarianism is well known and need 

only be outlined here with relevance to reconstructing ancient plant communities on the basis of 

modem data. It defines the assumption that it is possible to infer past vegetation and habitat 

types using our knowledge of the environmental factors that influence the distribution of 

modem plant communities. The following points outline the critical areas where uniformatarian 

principles may be questioned.

8.2.1. Ecological change in plant species/communities.

The ecology of species and communities is commonly used to characterise fossil assemblages, 

and infer environmental habitats through analogy with modem day distributions. Implicit in the 

use of analogy is the assumption that ecological preferences and tolerances of plant species and 

communities have remained constant through time. However, ecological and physiological traits 

are subject to evolutionary modification (Gee & Oilier, 1991) and there is good evidence for 

ecological evolution within species without a corresponding change in morphology (eg. West, 

1964). Consequently, changes in species preference will inevitably affect the validity of 

ecological analogy in palaeoenvironmental reconstruction.

It is rare that reconstruction relies on single species ecology alone. More often plant 

assemblages are interpreted using community models as, for example, in phytosociological 

characterisations (see section 2.3.). However, Collinson & Scott (1987) have demonstrated that 

major community changes have occurred in the past and there are many instances (eg. Coope, 

1987; Davis, 1986) where past communities have no close modem analogue. The occurrence of

333



Chapter Eieht_________________________________________________________ Taphonomic and interpretative considerations.

community evolution indicates the potentially spurious nature of woodland reconstruction using 

analogy with extant community types. It is suggested, therefore, that the modem communities 

studied in phytosociological modelling should perhaps be viewed as representing one small time 

slice; less as finely tuned entities in dynamic equilibrium and more as sampling points within an 

evolving continuum (Collinson & Scott, 1987).

8.2.2. Commun itv structure and orsan isation.

Uniformatarian principles rely on the premise that a particular set of environmental 

circumstances invariably leads to a particular biological community (Gee and Oilier, 1991). 

However, the interpretation of past environments from plant assemblages depends on a) the 

extent to which they can be equated with once-living biological communities, and b) the 

predictability of both the relationship between the composition of the community and its 

external environment, and how the community assembles (Harris & Thomas, 1991). These 

factors critically influence the extent to which a characteristic plant assemblage may be deemed 

indicative of specific environmental conditions. Such assumptions should be questioned on two 

accounts.

i) Models which assume ecological systems to be stable or equilibrium-seeking may 

be ill-founded (Davis, 1986). Communities may represent a state of flux, in which 

the representation of various species results from chance effects or peculiar 

conditions ie. human interference (Thomas, 1985). If this is the case, then the 

characteristic living communities, and death assemblages, will represent transient 

communities, containing some species unadapted to the environmental conditions at 

the locality, and lacking others that would have been well-adapted (Gee and Giller, 

1991). Interpretation of the fossil assemblage is limited because it assumes an 

apparent plant community is suited to a particular habitat, and reconstructs the 

palaeoenvironment accordingly.

ii) Phytosociology is based on the premise that plants are not randomly distributed but 

that there are distinct species combinations which repeat themselves regularly in
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nature (Rieley & Page, 1990). However, communities may be assembled merely as 

a result of the responses of individual species to external environmental gradients, 

and the order in which species assemble is in part subject to chance or random 

effects (Harris & Thomas, 1991). Experimental evidence from invertebrate 

communities indicates the possibility that a predictable community organisation and 

ecology may be non-existent (Eager, 1968). Whether biological communities should 

be considered as organised or unique in structure, moulded individually by one or 

more of a wide range of factors (Gee & Giller, 1991) inevitably affects the 

plausibility of assigning a characteristic assemblage to a particular habitat.

8.2.3. Non-analosue environments and communities.

The use of ecological analogy requires a sound understanding of the ecology of living plant 

communities. However, it is often unclear which of a complex mix of physical, chemical and 

biological interactive variable effects the distribution of a species at any one time (Thomas, 

1985). A multiplicity of factors may determine community structure and species composition 

(Gee & Giller, 1991), and the extrapolation of ecological data into the past requires a clearer 

determination of which variables are operating at a specific point in space and time.

Fundamentally, there is an absence of comparative environments in which to undertake this 

research. This is particularly the case when examining floodplain communities since no ancient 

woodland grows on floodplains in Britain today (Rackham, 1988b), although the Gearagh 

Woodland in southwest Ireland may provide some comparison. The species growing in extant 

wetland habitats may bear no relation to those of the past when wider plant distributions, since 

reduced by interactions following evolution, emigration or the introduction of competitors or 

predators, may have existed (Gee & Giller, 1991). It should not be automatically assumed that a 

set of habitats in which a species is found today includes all the habitats in which a species 

occurred in the past {ibid.).
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Most species possess genetic variability which gives them the ability to respond adaptively to 

environmental change (Thomas, 1985). However, certain factors such as the progressive 

islandisation of plant communities (through human disturbance and/or environmental change) 

reduce genetic flow and produce populations less able to adapt to changing conditions 

(Ellstrand, 1992; Widen & Svensson, 1992). The overall result is the survival of genetic 

varieties with specific modem day habitat preferences, which may have been far less specific in 

the past.

The Erith site is important when considering the above theoretical issues. Firstly, the existence 

of a relatively large spatial exposure of tree remains allows patterns in the data to be visible. 

Thus submerged forest analysis represents ‘internal analysis’ where no uniformatarian 

assumptions have to be made about the ecologies of species in the past, or about the equivalence 

of past environments to putative modem analogues (Harris & Thomas, 1991). The presence of, 

and associations between, species on a general spatial scale are preserved. However, the use of 

the species presence and distribution at the site to infer environmental conditions may be 

flawed. Furthermore, the site provides good evidence for the existence of species and 

communities in habitats to which they are not usually assigned, and consequently inherently 

questions the relevance of modem analogues.

8.2.4. The use o f modern ecolomcal data for environmental reconstruction.

The fundamental consideration when comparing fossil assemblages to modem communities is 

the resolution of data. For example, the occurrence of preserved tree tmnks lying as they fell in 

submerged forests provides various forms of quantitative data which may be compared to 

modem forestry research. In contrast to the majority of plant fossil assemblages, certain 

information is automatically available including the number of trees of each species, the size of 

trees, and the actual distribution of species over the landscape (within the parameters defined 

through taphonomic biasing).
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However, direct comparisons between submerged forests and living woodlands should be 

undertaken with caution. The data collected from modem woodlands is fully comprehensive, 

and the detail and accuracy of data collection far exceeds that obtainable from submerged 

forests. Statistical results from preserved ancient woodlands are inevitably inaccurate in 

comparison. Consequently, when viewing tables of results {ie. basal areas, woodland densities) 

from ancient assemblages, it must be remembered that the raw data has not been collected 

within the same controlled environment. Fossil assemblages do not provide quantified results 

for direct extrapolation with modem quantified woodlands.

Furthermore, attempts to classify ancient communities using modem woodland classification 

models suffers from the same problems of low resolution data. The characterisation of plant 

communities requires the full spectra of plants growing within the woodland including the trees, 

shrubs, ground flora and bryophytes (see Chapter 2.3.). However, differential preservation of 

ancient seqds, combined with the low taxonomic precision in identification, inhibits community 

classification. For example, waterlogged assemblages often contain an abundance of the genus 

Cyperaceae, the species of which may occur in a variety of wetland and upland environments 

(Waller, 1994). Identification of this genus, therefore, does not help to narrow-down the 

possible woodland communities from which an assemblage may have derived.

In general, the arbitrary nature of classification makes it difficult to translate phytosociological 

into archaeobotanical results (Kuster, 1991). Both phytosociological data, and quantitative data 

from modem woodlands, are difficult to relate directly to ancient wood assemblages. This status 

is further compounded by the possibly erroneous use of modem analogy to characterise past 

environments.

8.3. The cultural assemblages.

The uniformatarian and data resolution issues outlined above are equally important when 

interpreting cultural assemblages in an ecological manner. However, this research aims to
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provide the palaeoecological data on London’s woodlands from the off-site material, thus the 

issues raised have more poignancy regarding the submerged forest interpretation. The analysis 

and interpretation of cultural assemblages offers a different set of problems to that of submerged 

forests which are outlined below.

8.3.1. Preservation.

The preservational biasing of wood assemblages outlined above is equally relevant to the 

interpretation of cultural wood assemblages. Specifically, the over- or under-representation of 

different species is important. However, the presence or absence of species from cultural 

assemblages may equally be determined by the cultural processes which led to formation of an 

assemblage. Therefore, the species composition of a cultural assemblage may be more 

influenced by human processes such as species selection, than taphonomic factors. It is hoped 

that the comparative nature of this research between non-cultural and cultural data will elucidate 

the extent of representivity of cultural wood assemblages to the surrounding woodland.

Preservational bias of size class is equally important in the interpretation of cultural 

assemblages. For example, examination of the criteria involved in wood selection concentrates 

strongly on the diameters of wood used in construction. Taphonomic biasing of an assemblage 

may follow the same lines as those stated above in terms of the correlation between wood size 

and degradation rates. Therefore, apparent concentrations of specific diameter sizes in a cultural 

assemblage may result from preservational factors rather than the original size selection.

Similarly, the degree to which taphonomic distortions of an assemblage effect the quantification 

of cultural assemblages must be considered. Thus, deducing what fragments actually represent 

in terms of the original assemblage composition is problematic for the following reasons;

i) Taphonomic damage will create an increase in the amount of original fragments in 

an unpredictable and irregular way (Boyd, 1988). This may create
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overrepresentation of certain taxa and wood sizes, and under-representation of 

others.

ii) It is unclear what the relationship is between, for example, a branch fragment (or 

number of fragments) and the original species/size abundance and/or depositional 

characteristics (Boyd, 1988).

Apparent peaks in age or size data should be treated with caution considering the potential 

taphonomic disturbance to the assemblage. Fragmentation of roundwood will artificially create 

peaks in distribution. However, the recording of each sample’s ring record can help to mitigate 

the quantitative problems caused by fragmentation. Thus, if the same stem is being recorded 

more than once it should be recognisable from the clear correlations in the growth patterns.

8.3.2. Depositional bias ins and stratisraphic mixins.

Smaller wood fragments are subject to various dispersal agents that may transport them 

considerable distance before deposition. Complex hydraulic activity should be envisaged on a 

floodplain consisting of stream in- and out-fiow, overbank flooding, fast- and slow- moving 

open water, and shifting groundwater levels. Any one of these mechanisms would provide a 

suitable medium for the sedimentary incorporation of allochthonous material. This would 

inevitably affect the archaeobotanical visibility of the original assemblage composition and the 

patterns of wood use.

Equally important is the removal of specific size classes through fluvial action. For example, 

apparent clusters of diameters suggesting cultural selection processes may result from hydraulic 

removal of smaller fragments during the structure’s use and/or post depositional processes. To 

some extent, the stratigraphie integrity of the Beckton assemblages appears relatively secure 

since alluvial deposition does not occur until after continued peat accumulation. Furthermore, 

there is no evidence for channel incision within the cultural peat layers. However, the exposure
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of the Erith trackway to tidal action will almost certainly have skewed the size distribution 

towards the larger classes.

In addition, stratigraphie mixing of the Beckton assemblages is apparent where floralturbation 

from the roots of in situ trees disturbed the cultural structures below. Consequently, these 

taphonomic processes may well obscure patterns in the original assemblages. The original 

assemblage may have allochthonous material included, and equally, may have lost component 

parts of the initial construction.

The post-depositional damage to many of the Beckton features complicates the interpretation of 

individual structures. The stratigraphy of the complex was ambiguous and, therefore, although 

the structures were generally interpreted as contemporary the site may have been used for a 

period of years. This possibility could result in different periods of wood use and collection 

episodes becoming amalgamated into a single wood assemblage. Furthermore, episodes of 

damage and repair over a period of time may not be distinguishable, similarly biasing the 

accuracy of interpretation. In summary, stratigraphie mixing of the assemblages at Beckton is 

clearly demonstrated, and the implications for erroneous compositional patterns and inaccurate 

interpretations require consideration.

8.3.3. The identification o f woodland manasement.

The identification o f woodland management is possibly most effected by the various factors of 

taphonomic biasing, the on-site sampling strategy, and underlying questions regarding the 

indicators of management.

8.3.3.1. Sampling stratesv.

The criteria which defined the sampling strategy at Beckton Nursery are unknown. However, the 

location of wood sampling is important when attempting woodland management determination. 

Ideally a sample should be taken at the base of the stem where a full record of the size and age
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of the tree could be obtained. The stem’s age decreases as it grows in height, and the differences 

between the base and top of the trunk often increase as it grows older (Morgan, 1988). 

However, it is firstly difficult to ascertain the original position of the sample to the stem, and 

secondly, implicit that the excavators are aware of the importance of sampling at the thickest 

point of each roundwood fragment. This ambiguity suggests the likelihood that the age 

estimations from Beckton Nursery provide underestimates of the actual age of the stem.

8.3.3.2. Growth variation.

There has been very little research on the natural growth rates of species or their individual 

responses to cutting. This is particularly the case with Alnus which has not been studied in terms 

of responses to management in the same manner as Corylus (eg. Crone, 1986). Consequently, 

the interpretation of archaeological wood is limited whilst little comparative data exists on the 

responses of modem day Alnus to management.

Furthermore, certain species have demonstrated physiological traits which influence the 

reliability of ring analysis. For example, Corylus is known to cease growth whilst living 

(Morgan, 1988) thus affecting the representivity of ring counts to age. Similarly, Alnus is known 

to demonstrate false growth rings thereby creating more than one ring per year (Morgan, 1976). 

These types of physiological characteristics (many of which are still unidentified) affect the 

reliability of ring analysis and should be noted when interpreting ring data from fossil 

assemblages.

8.3.3.3. Management indicators.

Further problems are encountered when interpreting the various characteristics which are used 

to indicate management. For example, the accurate determination of cutting season may not 

always be possible. Firstly, this is dependent on the preservation of bark on each stem, which 

was variable between contexts at Beckton and Erith. Furthermore, stems with a variable growth 

character (rings which vary in width) are more difficult to characterise in terms of the
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completeness of the last ring. Similarly, a very narrow last ring may easily be overlooked which 

will skew the seasonality results towards a winter cut. The subjective element involved in 

determining the season of fell will inevitably affect the accuracy of results to some degree.

The recognition of ring characteristics is easier amongst ring-porous species such as Quercus

and Fraxinus. These species demonstrate marked differences in the cell structure of the early

(spring) wood and the late (summer/autumn) wood of each ring. Therefore, ascertaining the 

season of fell is a relatively simple procedure with these species, although growth fluctuations 

can distort the cell structure. For example, the late wood of Fraxinus may not develop if the tree 

has suffered a long, dry summer. However, it is difficult to distinguish between early and late 

wood in diffuse porous species, for example Salix and, to some extent Alnus. These species 

exhibit regular growth throughout the summer and consequently demonstrate an even 

distribution of cells across each ring. The determination of felling season in these species is, 

therefore, a somewhat subjective process.

Furthermore, there is a degree of uncertainty regarding the following points:

a) that the wood used in construction was actually cut,

b) that the wood used in construction was cut immediately prior to use and,

c) that construction occurred in a single event.

The extent to which either situation characterised the construction methods will affect the 

strength of potential patterns in felling season which may indicate seasonality or woodland 

management regimes. For example, the stockpiling of wood in prehistory will provide 

misleading data on the season of construction. Similarly, dead wood may have been randomly 

collected from the ground and used to construct a feature. Therefore, the season of fell data will 

reflect the natural season of death for each branch or stem. The patterns produced by such a 

process could be severely misleading if, for example, winter storms created large amounts of 

woody debris, all with complete last rings, which was used in construction. This scenario would

342



Chapter Eisht______________________________________________________  Taphonomic and interpretative considerations.

produce a strong signal indicating winter cutting which may be interpreted as indicative of a 

coppicing cycle.

The analysis of first ring indicators of management also has its inherent limitations. The 

amount of increment in the first year after cutting is not solely determined by a positive 

physiological response of certain species to manipulation. If the overall growing conditions are 

unfavourable then a rapid first year’s growth may not occur. Furthermore, if young understorey 

trees are being cut, then suppression by overstorey trees will potentially affect the rates of 

regrowth. Lastly, if roundwood samples originate from the top of a stem they will not reflect the 

rapid first year’s growth that may be apparent at the base.

Further problems exist in the quantitative analysis of the results of the roundwood analysis. The 

use of histograms to demonstrate clusters of size or age groups facilitates the rapid assessment 

of the character of wood used in construction. However, the appearance of the results will easily 

be affected by the choice of scale and division of the age/size classes (Morgan, 1988). Thus 

apparent concentrations may occur using one scale, and become less apparent plotted on a 

different scale. This issue should be considered when interpreting the results of this data.

8.4. Summary.

This chapter has outlined the various taphonomic and interpretative considerations which may 

affect the accuracy of the overall conclusions of this research. The submerged forest data is 

fundamentally influenced by the site formation and diagenic processes which can produce 

diachronicity across the site. These concerns have been raised and will continue to be discussed 

during the site interpretation.

The ecological considerations regarding community and habitat extrapolations have been outlined, 

many o f which equally apply to the ecological interpretation of cultural assemblages. However, 

it is hoped that the comparative approach of this research to some degree limits the relevance of
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these issues to the interpretation of the Beckton and Erith trackways. Conversely, however, the 

more conventional taphonomic processes which affect assemblage representivity gain 

importance when examining the cultural sites.
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Chapter Nine.

THE ERITH WOODLANDS

This chapter provides an interpretation of the various woodlands represented by the Erith 

submerged forest. As discussed in Chapter 8.0. the interpretation is based upon the assumption 

that there is enough spatial contemporainity across the exposure to facilitate discussion of both 

the species composition and structural character of the woodlands. The interpretation focuses on 

trends and core patterns within the temporal framework devised (see section 6.1.4.). Although a 

margin of error is expected, the focus on patterns with high repeatability, both in time and 

space, has illuminated real trends in the palaeolandscape. The discussion focuses on the 

following areas of woodland ecology:

i) Species composition of the woodlands, and comparison with the National 

Vegetation Classification (NYC) (Rodwell, 1991).

ii) Structural composition of the woodlands, and the stability of the floodplain.

iii) Correlation of the woodlands within the wider London landscape.

9.1. The Later Neolithic woodlands; 3920 +/- 70 BP (2580 -  2200 cal. BC).

The Phase 1 and Phase 2 exposures of the eastern site represent the later Neolithic woodlands at 

Erith. A small-scale map of the species and sizes of trees is provided in Figure 9.1., although 

larger scale maps are provided for reference in Figures 6.10. (i-v). Furthermore, Figure 9.2. 

provides a classification of the woodland types which may be used for referencing the 

discussion of various areas on the floodplain. A total of twelve tree and shrub species were 

identified, with the most abundant species comprising Alnus glutinosa, Taxus baccata and 

Fraxinus excelsior (see Table 6.3.).

9.1.1. Mixtures and Mosaics: variability on the Neolithic floodplain.

The woodland composition may broadly be divided into two major communities

345



Figure 9.1. Small-scale map of the Phase 2 woodland at Erith east with trends mentioned in the text.

Black Lines = Ulmus distribution.
Blue C ircles = Pure s p e c ie s  sta n d s  
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G reen box = transect reconstructed in Figure 10.4.
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Figure 9.2. Generalised distribution map of the woodland types on the Late Neolithic floodplain at Erith east, 
including the proposed ecological classifications from the National Vegetation Classification (Rodwell, 1991).
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dependent on the dominance oiAlnus glutinosa, which resulted in a large-scale mosaic structure 

of communities across the floodplain.

9.1.1.1. The Alnus dominated woodlands.

The majority of the Neolithic woodland is dominated by Alnus glutinosa, which spreads across 

the floodplain to form a more or less continuous canopy. However, within these woodlands two 

sub-zones are distinguishable in which a) Alnus is well mixed with Taxus, and b) Alnus is mixed 

with Fraxinus where Taxus failed to establish. Within the sub-zones each species forms 

occasional pure stands, which is typical of the ecology and habit of all three taxa (McVean, 

1954; Wardle, 1961; Watt, 1923).

The overall dominance of Alnus glutinosa and Fraxinus excelsior attests to the wetland nature 

of the floodplain substrate during the Neolithic (McVean, 1953; Wardle, 1961). Furthermore, 

additional wetland species make an occasional contribution to the woodland. For example, 

Salicaceae and Betula sp. are present, although both are rare as a whole, increasing in 

importance towards the west of the site, and within zones where Alnus failed to dominate. 

Taxonomic imprecision limits precise species identifications, however, Salicaceae is likely to be 

represented by Salix (probably S. fragilis, S. alba and/or S. cinered) which commonly occurs 

within wet woodland today, and is also present within palynological identifications from 

similarly dated peats {eg. Sidell et al, 1997). The Betula almost certainly represents B. 

pubescens given this species preference for moister soils (Atkinson, 1992; Gimingham, 1984). 

Both species will thrive in wetland environments and their overall rarity indicates a closed 

Alnus canopy which excluded intolerant species, a characteristic typical of mature Alnus 

woodlands (Rodwell, 1991).

In addition to the three dominant species, Quercus sp.. Ilex aquifolium, Ulmus sp., and Acer 

campestre are occassionally present within the Alnus woodlands. The Quercus is likely to 

represent Q. robur which tolerates moister soils than Q. petraea (Jones, 1959). The Ulmus may
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represent U. glabra which is thought to establish in wetter substrates than other species of the 

genus (Rackham, 1980), although the distribution and morphology of these individuals might 

indicate a different species. All four of these species are recorded as components of wet 

woodlands (Rackham, 1980; Jones, 1944; 1959; Dengler, 1930) and their presence on the fen 

peat is not unprecedented, although it illuminates the potential diversity of the floodplain carr 

during the Neolithic.

The diameter values of the above species suggest an occasional presence in the Alnus canopy, 

with Fraxinus in particular attaining comparable sizes to adjacent Alnus. The general trend, 

however, is of smaller individuals of Ilex, Ulmus, and Acer suggesting growth in the 

understorey which these species will tolerate. The occasional presence of Salix, Betula and 

Quercus characterises areas where Alnus failed to attain maturity or establish as dense stands 

thereby indicating colonisation within the more open areas of woodland.

Estimations of the upper canopy height may be made from the diameter at breast height (DBH) 

values across the site. Alnus comprises the largest diameters and this species sets the upper limit 

for the majority of the woodland structure. Evenly spread individuals between 31 and 40 cm 

DBH suggest a canopy typically in the order of 15 m high, and possibly up to 20 m where 

Fraxinus achieves maturity. There are several examples, however, throughout the woodland 

where smaller trees dominate the woodland indicative of structural diversity. Furthermore, 

occasionally very large Alnus trees between 61 cm and 80 cm DBH indicate trees which would 

have overtopped the upper canopy as emergents which is typical of natural woodlands (Jones, 

1945).

Shrub species are noticeably absent from Erith, with the exception of the occassional Frangula 

alnus. However, it has been suggested (see section 8.1.4.1.) that smaller diameter trees are less 

likely to preserve, and the often small, bushy habit of Frangula (Godwin, 1943b) may indicate 

its former abundance in the understorey of more open areas of the woodland. A similar bias may
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be expected with species such as Viburnum opulus, Rubus fruticosus agg., Rosa sp. and 

Crataegus monogyna (see Plate 9.1. and 9.2), all of which are present as macrofossil and 

palynological remains from similarly dated peats {eg. Sidell et al, 1996). Nevertheless, the 

ecology of the Alnus-Taxus community may have resulted in a real scarcity of undergrowth 

species. This characteristic is recognised on the South Downs where Taxus eventually shades- 

out the associated Crataegus creating dead tangled thickets of the latter species on the ground 

(Tansley, 1911; Watt, 1923).

O f central ecological interest is the presence of Taxus baccata on the floodplain. For example, 

the association between Alnus and Fraxinus is common in wet woodlands and is well evidenced 

from other Neolithic sites in London {eg. Beckton Nursery (Seel, 1996a)). However, the 

presence of Taxus on fen peat is unparalleled today, and a strong association between this 

species and Alnus is largely unknown, both in modem day woodlands and on the Neolithic 

floodplain. The Erith exposure provides an opportunity to explore the prehistoric ecology and 

composition of this association.

Alnus glutinosa and Taxus baccata form an intimate mixture across the majority of the Erith 

woodland (see Figure 9.1.). Although the association between the two species is unprecedented, 

the abundance of Alnus in the overall environment would secure its dominance in the seed 

population thereby making it the natural co-dominant species. Figure 9.1. and Figure 6.13. (ii) 

demonstrates that Alnus diameters consistently exceed those of Taxus across the site indicative 

of larger (although not necessarily older) trees within the woodland. Consequently, Alnus 

comprised the woodland canopy on the Neolithic floodplain, under which Taxus constituted a 

well-defined understorey. The majority of Taxus diameters lie between 11 and 20 cm DBH 

which suggests a height of 3 to 5 metres, under the Alnus canopy of 15 metres (Plate 9.3. 

and 9.4.).
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Plate 9.1. Riparian woodland with Fraxinus exce/s/or dominant and 
Crataegus understorey (Syon Reach, Thames).

Plate 9.2. Wet woodland with abundant Crataegus understorey, and field 
layer of Rubus fruticosus agg. and Urtica dioica (Syon Reach, Thames)
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Plate 9.3. Taxus baccata understorey beneath an Alnus glutinosa canopy 
(Summerhouse Lake, Middlesex)

y »,.

Plate 9.4. Taxus baccata understorey in mixed deciduous woodland 
of Alnus glutinosa, Salix sp. and Quercus robur (Summerhouse 
Lake, Middlesex)
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The vertically stratified nature of this woodland reflects the different growth patterns and shade 

tolerances of the two species. Alnus seedlings are relatively shade tolerant, but a high light 

requirement is demanded by the saplings before a return to intermediate requirements as an 

adult (McVean, 1953; 1956). In contrast, Taxus is extremely shade tolerant and will grow 

slowly in the understorey for many years. The occurrence of Alnus in the canopy demonstrates 

its ability to grow rapidly (0.5m -  1 m in the first 1 0 -2 0  years (Evans, 1984)), outstripping the 

slower grown Taxus early in the establishment to become dominant in the canopy. The obvious 

flaw with this association is the degree to which Alnus could regenerate underneath the Taxus, 

which easily outlives the 120 year life-span of Alnus glutinosa (McVean, 1953).

Within the woodland, several Taxus attained a greater stature than the majority with DBH 

values of 31-40 cm and 41-50 cm, and preserved lengths of 10 metres. It is striking that these 

mature individuals generally stand as isolated trees, sometimes surrounded by smaller 

individuals of the same species. These larger individuals may represent the pioneer 

establishment of Taxus on the Erith floodplain, although it is not known how much Taxus lies in 

the underlying stratum. However, five of the larger specimens exhibited a strongly excurrent 

form which is linked to pioneer status on the South Downs (Watt, 1923; Williamson, 1978). A 

similar morphology was recorded from the larger Taxus from the similarly dated Wennington 

Marsh site (Sidell et al, 1996).

It is instructive to make some estimation regarding the age of the larger Taxus since they 

probably represent the oldest stands within the currently exposed Erith woodland. Although 

ageing yews on the basis of size is notoriously hazardous {eg. Watt, 1923), some calculations 

exist in the literature. The average life span of Taxus baccata is 500 years, although specimens 

such as the Fortingall Yew in Tayside may be at least 1500 years old. Estimations o f mean 

annual increments suggest approximately 0.11 mm year (Williamson, 1978; Ferguson & 

Westhoff, 1987; Czartoryski, 1975; Hulme, 1996), although an alternative model proposes 

increment between 0.25 and 0.3 mm year during the first 30 to 40 years, with a subsequent
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decline (possibly down to 0.1 mm to 0.05 mm year as the tree ages (White, 1994; Newbould, 

1960; Tabbush & White, 1996).

These estimates give an upper and lower limit for the Taxus at Erith. The largest yew indicates 

an age between 180 and 220 years old, which consequently provides a maximum maturity for 

the woodland stands at Erith of around 200 years. However, the majority of Taxus above 30 cm 

DBH were probably 100 to 150 years old, and the most abundant trees between 10 and 20 cm 

DBH may range between 40 to 50 years old, and 90 to 110 years.

The younger trees almost certainly represent seedling establishment from the older parent trees 

at Erith. Taxus baccata does not reach reproductive age until after 70 years (Hulme, 1996) and 

the estimated ages of the Erith yews suggests two generations of establishment. The more 

abundant younger trees of the second generation were probably between 50 and 70 years old 

when they died and had not reached reproductive age. This suggestion has two major 

implications:

a) that a disturbance regime with a cyclic frequency within 100 years would reduce the 

ability of Taxus to regenerate on the floodplain,

b) that the low numbers of sexually mature individuals may partly explain the minimal 

palynological presence of Taxus from Later Neolithic peats in London.

A further discussion of the ecological implications of Taxus growth is provided within the wider 

discussion, however some general comments on the character of the Erith woodland are 

instructive. Firstly, Taxus was second in abundance only to Alnus and constituted a locally 

dense understorey component across the floodplain. This suggests localised dark ground 

conditions which would exert a profound influence on the ability of other species to establish or 

regenerate. As a consequence, it is likely that the field layer was significantly impoverished, 

being restricted to gaps within the Taxus strata which permitted light through to the ground.
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Similarly, the ability of intolerant tree species to regenerate would be severely reduced and the 

overall trend (had the woodland survived) would be towards pure Taxus woodland as evidenced 

on the South Downs today. It is noticeable that Fraxinus is restricted to areas where Taxus is 

largely absent and it is possible that this species failed to establish and outstrip Taxus before a 

heavy shade was created. This led to a stronger association between the faster grown Alnus and 

Taxus across large tracts of the floodplain at Erith.

P. 1.1.2. Mixed deciduous woodlands.

Several areas on the Neolithic floodplain supported a diverse woodland composition, with a 

correlative reduction of Alnus glutinosa. These communities are evident in Figure 9.1. and 

outlined in Figure 9.2. The largest zone lies in the central exposure and witnesses a marked 

increase in the presence of Ulmus sp., Quercus sp., Acer campestre, Fraxinus excelsior, Ilex 

aquifolium, Betula sp. and Salix/Populus. Alnus becomes restricted to isolated trees which 

demonstrates a significant ecological shift from the majority of woodland.

The establishment of these species on the floodplain is interesting since their presence within 

palynological profiles is more commonly attributed to the drier valley sides of the Thames. 

There are clear trends in the distribution of these zones which suggest substrate variation on the 

floodplain. For example, they occur along the landward zone of the woodland which may 

delimit the transitional edge of the true floodplain during the Later Neolithic. Consequently, 

these species may have established on an interface substrate between the true peat and a mull or 

clay soil which characterised the higher ground to the south.

The other possible explanation is that of substrate variation along streams and flushes which 

drained the higher ground to the south. This theory is potentially supported by the presence of 

this community along the modem outfall channel which, on the basis of test coring, probably 

represents a palaeochannel. Furthermore, the spread of these communities in a south to north 

pattern would substantiate growth along riparian zones which threaded through the floodplain.
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Lastly, the peat shelf which lies immediately south of these zones is somewhat indented 

indicative of worsening erosion in these areas (see Plate 6.3). This may indicate a different 

lithostratigraphy, such as a higher silt or clay content, resulting from the presence of former run

off channels in these areas.

Whatever the underlying reason for these zones, the presence of mixed deciduous woodland 

strongly indicates the local variation across the floodplain woodlands of the Neolithic. These 

areas are characterised by a mixed canopy of Fraxinus, Quercus, Ulmus, Ilex, Acer, Alnus and 

Betula, with an understorey comprising the widespread Taxus, and smaller individuals of the 

aforementioned taxa. It is noticeable that the density of Taxus in these areas is reduced which 

probably facilitated the establishment of light demanding species such as Fraxinus excelsior, 

Betula pubescens and Quercus robur. Similarly, a comparative increase in Salix/Populus is 

demonstrated to the west where Taxus becomes absent.

In the smaller eastern zone. Clematis vitalba is recorded achieving considerable diameters of 25 

cm, which may represent a prehistoric abundance of smaller individuals in the wider woodland 

which have not survived. Clematis is not a wetland plant but is commonly associated with 

young Taxus woodlands, and with the dryland woodland types indicated by these zones. 

Furthermore, floodplain forests commonly support abundant lianas (see section 3.4.) and 

Clematis may comprise one of these plants. In general, the diversity and abundance of the field 

and ground layer within the mixed deciduous woodlands may have been considerably higher 

than the surrounding and Taxids woodlands.

Ulmus expands significantly within these zones becoming co-dominant with Fraxinus in the 

central area. U glabra would normally be modelled as an occasional isolated tree within wet 

woodland, and the localised dominance of this species is unusual. Furthermore, the trees were 

straight-stemmed up to 5.3 m from the root systems, which contrasts with the multi-stemmed, 

spreading habit of U glabra. These factors suggests the presence of different species on the
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floodplain, notably U. procera and/or U. minor, both of which are suckering species which 

invade woodlands and eventually dominate by clonal reproduction (Rackham, 1980).

The spatial pattern of Ulmus at Erith is significant forming semi-circular rings (see Figure 9.1). 

This pattern is characteristic of invasive elms where the parent tree sends out suckers into the 

woodland thereby creating clonal stands in semi-circular patterns. Such invasion usually 

initiates from parent trees in hedgerows although it also occurs internally if viable seed is 

additionally produced {eg. U minor). Consequently, the pattern of distribution at Erith may 

suggest the presence of suckering elms on the Neolithic floodplain.

In summary, the species composition of the Later Neolithic woodlands at Erith indicates a 

landscape which comprised various mixtures and mosaics of species, which is characteristic of 

natural woodlands (Rackham, 1992). The majority of the floodplain supported y4/«w5 dominated 

woodland mixed with Fraxinus and/or Taxus, and with occasional occurrences of Quercus, 

Ulmus, Acer, Betula and Ilex. However, within this landscape localised patches of different 

woodland communities established, supporting tree species that are more commonly attributed 

to the dryland terraces.

9.1.2. Ecological characterisation o f the Neolithic woodlands.

There are two main limitations in attempts to correlate the Neolithic woodlands with modem 

day analogue. The first is the lack of macrofossil data for the field layer component, upon which 

most classifications depend. The second limitation is the presence of the Taxus woodlands 

which have no modem day analogue. However, some classification may be suggested using the 

canopy composition of the Alnus-Fraxinus community and the diyland mosaic.

9.1.2.1. The Alnus. woodlands.

The Alnus dominated woodlands may be compared to various wet woodlands delimited by 

Rodwell (1991). The virtually pure canopy component of Alnus and Fraxinus suggests
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woodland similar to the W2, W5, W6 or W7 communities. However, possibly most comparable 

is the W5 Alnus glutinosa-Carex paniculata type, given the frequency of Carex spp. in 

macrofossil identifications from similarly dated peats {eg. Sidell et al, 1997). The dominant 

species of this community are provided in Table 9.1. and its distribution across the floodplain is 

illustrated in Figure 9.2.

The community is typical of wet to waterlogged base-rich soils and peats in open water 

transitions (Rodwell, 1991). A mature, dry woodland of this type would comprise Alnus and 

Fraxinus, with occasional Salix {cinerea, alba or fragilis), Betula pubescens and Quercus robur 

(Rodwell, 1991). The field layer component of the W5 community (Table 9.1.) can generally be 

encompassed within the genera from correlative palynological and macrofossil identifications. 

Assignation of this community suggests relatively impenetrable floodplain woodland, although 

the ubiquitous Taxus understorey may have reduced the dense and tangled field layer.

9.1.2.2. The mixed deciduous woodland.

Similarly, the lack of field layer identifications restricts characterisation, however the species 

composition of the dryland mosaic at Erith compares well to the W8 Fraxinus excelsior-Acer 

campestre-Mercurialis perennis woodland (see Table 9.2.). This is not a community of fen peat, 

although it characterises mull soils and heavy base-rich clays. Two sub-communities are 

recognised {Deschampsia cespitosa and Anemone nemorosa) which develop on soils which may 

be more or less permanently waterlogged (Rodwell, 1991). These communities often establish 

around flushes and springs forming transitions to Alnus woodlands on the accumulating peats 

below the springhead (Rodwell, 1991). Consequently, the classification of this community at 

Erith may further substantiate the suggestion that these zones delimit run-off channels across the 

floodplain.
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Table 9.1. Generalised Species Composition of the W5 Alnus glutinosa — Carex paniculata 

woodland, ranked in order of decreasing frequency. All tree and shrub species included, and 

field layer component with a frequency at and above HI (derived from Rodwell. 1990.

TREES UNDERSTOREY AND FIELD AND GROUND LAYER

Alnus glutinosa *

SHRUBS

Salix cinerea * Eurhynchium praelongum

Salix cinerea * Crataegus monogyna Carex paniculata

Fraxinus excelsior * Frangula alnus * Brachythecium rutabulum

Betula pubescens * Ilex aquifolium * Rubus fruticosus agg.

Quercus robur * Alnus glutinosa sapling Galium palustre

Salix aurita * Solanum dulcamara

Rhamnus cathartica * Phragmites australis *

Sorbus aucuparia Mnium hornum

Viburnum opulus Cardamine pratensis

Dryopteris dilatata 

Cirsium palustre 

Mentha aquatica 

Urtica dioica 

Filipendula ulmaria 

Carex acutiformis 

Eupatorium cannabinum 

Iris pseudacorus 

Valeriana officinalis

* = Identified from Erith.

* = Definite identification not possible due to taxonomic imprecision.

= Identified from macrofossil identifications (A. Davis; Brook, 1998; Ruck, 2001).
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Table 9.2. Generalised Species composition of the W8 Fraxinus excelsior-Acer campestre- 

Mercurialis perennis woodland based on the wet sub-communities Anemone nemorosa and 

Deschampsia cespitosa. ranked in order of decreasing frequency. All trees and shrubs included, 

and field laver with a frequency at or above III (derived from Rodwell. 1991).

TREES

Fraxinus excelsior * 

Quercus robur * 

Acer campestre * 

Ulmus glabra * 

Salix caprea *

Taxus baccata * 

Betula pubescens * 

Prunus avium * 

Alnus glutinosa * 

Carpinus betulus 

Betula pendula * 

Tilia cordata 

Ulmus minor * 

Populus tremula * 

Ulmus spp. * 

Quercus petraea *

UNDERSTOREY AND FIELD AND GROUND LAYER

SHRUBS

Corylus avellana 

Crataegus monogyna 

Acer campestre *

Fraxinus excelsior sapling 

Sambucus nigra 

Comus sanguinea * 

Prunus spinosa 

Malus sylvestris 

Crataegus laevigata 

Quercus robur *

Viburnum lantana 

Carpinus betulus 

Betula pendula sapling 

Ilex aquifolium *

Ulmus glabra sapling 

Viburnum opulus 

Sorbus aucuparia 

Prunus padus

Mercurialis perennis 

Eurhynchium praelongum 

Rubus fruticosus agg. 

Anemone nemorosa 

Ranunculus ficaria 

Deschampsia cespitosa 

Hyancinthoides non-scripta 

Brachythecium rutabulum 

Plagiomnium undulatum 

Circaea lutetiana 

Fissidens taxifolius

Note: Also present in W8 and Erith with frequency values less than III: Hedera helix

Clematis vitalba

Structural characteristics.

Tree height (m): 17

Tree cover (%): 83

Shrub height (m): 4

Shrub cover (%): 48

Herb height (cm): 36

Herb cover (%): 87.

* = Identified from Erith; * = Identification limited by taxonomic imprecision; = Identified 

from macrofossil identifications (A. Davis; Ruck, 2001).
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The mature canopy is dominated by Fraxinus excelsior, Acer campestre and Quercus robur and, 

less commonly. Ilex aquifolium, Betula spp.. Prunus avium, Populus tremula and Alnus 

glutinosa. A central feature of these woodlands is the local dominance of the invasive elms, 

which it is suggested characterises the elms at Erith. The canopy component at Erith is broadly 

comparable to this woodland community, although the understorey shrubs are missing.

9.1.3. Stand structure and disturbance on the Thames floodplain.

The above discussion has focussed on the Neolithic woodlands in terms of their species 

composition. However, the diameter data from Erith facilitates further characterisation of the 

woodlands in terms of their maturity, structural character and disturbance/regeneration regimes 

(see section 2.4.). This information provides added detail to the architecture of the woodland 

landscape, and carries strong implications for the stability of the floodplain system during the 

Later Neolithic.

Figure 6.12. (i-ii) illustrates the diameter curves from the Phase 1 and 2 woodlands at Erith. A 

typical reverse -  J -  shaped curve is illustrated characteristic of natural woodlands comprising a 

variety of age classes, but exhibiting fewer numbers of larger trees. Figure 9.3. (i-iii) provides 

high-resolution diameter curves from the three dominant species in order to elucidate the pattern 

of woodland development and stand structure at the site.

The Alnus and Fraxinus curves (Figure 9.3. i-ii) demonstrate the mature elements of the 

woodlands, with a larger number of individuals between 18 cm and 26 cm DBH. However, 

clear peaks and troughs are visible within the negative exponential shape, typical of woodland 

undergoing active recruitment and regeneration (Peterken, 1996). There are various ways in 

which the curves may be interpreted, although the spatial distribution of tree sizes across the 

woodland provides some illuminating information.
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Figure 9.3. (I) High-resolution diameter curve for Alnus glutinosa from Phase 2 illustrating 
pulses of regeneration.
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Figure 9.3. (ii) High-resolution diameter curve for Fraxinus excelsior \n Phase 2, indicating 
pulses of regeneration.
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Figure 9.3. (ill) High-resolution diameter curve for Taxus baccata in Phase 2.
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Figure 9.3. (iv). Superimposed Alnus and Fraxinus curves demonstrating correlations in 
regeneration episodes.
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9.1.3.1. Transitional old-srowth woodlands o f the Neolithic floodplain.

It is suggested that large areas of the Alnus dominated woodlands were in the mature stages of 

stand development, specifically the transition to old-growth stage (see section 2.4.1.4.). By 

implication, this interpretation indicates stability on the Thames floodplain for a considerable 

period of time. During the transitional old-growth stage the vigour of the canopy declines 

thereby facilitating episodic regeneration from the understorey, although relics of the earliest 

establishments remain (Oliver & Larson, 1996). Curves (i) and (ii) (Figure 9.3.) evidence 

renewed diameter peaks between 12 and 18 cm DBH indicative of a typical renewed phase of 

regeneration after the major woodland establishments.

The largest trees in Figure 9.3. (i-iii) are distributed widely and evenly across the woodland 

which is characteristic of mature stands. These larger individuals probably represent the earliest 

establishments in the woodland, which subsequently provided the parent seed source for later 

colonisations in the wider area. These subsequent colonisations are evidenced within curves (i) 

and (ii) by peaks between 42 and 47 cm DBH, and 33 cm to 38 cm DBH which represent trees 

equally well distributed through the woodland. The rare large Alnus trees at Erith attain sizes 

which suggest growth at the upper limits of natural mortality, possibly in the region of 100 years 

old, which similarly substantiates an old-growth characterisation. For example, the point at 

which a stand reaches any structural stage is dependent on the longevity of the dominant species 

(Oliver & Larson, 1996). Therefore, understorey reinitiation can occur within 40 to 60 years of 

stand initiation and old-growth may be achieved within 100 years if short lived, intolerant 

species such as Alnus glutinosa dominate the woodland.

Stems which comprise the understorey in mature woodlands undergo a series of recruitment, 

exclusion, and then understorey reinitiation as the understorey develops (Peterken, 1996). This 

leads to a series of broad waves of age/size classes identical to the pulses of regeneration 

demonstrated in the high-resolution diameter curves. Figure 9.3. (iv) superimposes the Fraxinus 

and Alnus curves onto each other to demonstrate broad correlations in regeneration episodes.
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This relationship suggests that the comparable growth patterns of the two species {eg. Wardle, 

1961; McVean, 1953) enabled similar responses to the release of growing space resulting in 

simultaneous pulses of regeneration, although Alnus remained dominant because of overall site 

conditions.

The central spatial tendency of the smaller diameter peaks from Alnus and Fraxinus is a wide 

distribution through the woodland, rather than a distinct clustering of single-cohort 

establishment in patches. This indicates simultaneous episodes of canopy decline across the 

woodland as a result of older even-aged elements which reached transition old-growth 

simultaneously. Well-distributed regeneration episodes would equally occur because of 

externally induced disturbance events. For example, high winds will concurrently topple 

isolated trees and/or snap trunks and branches (see Plate 5.2.) widely across the woodland 

thereby creating contemporary waves of regeneration in an area around these events. This is the 

classic ‘gap’ regeneration of natural woodlands (Whitmore, 1989; Runkle, 1989) although it 

will not necessarily create distinct spatial cohorts. For example, in mature woodland, the fall of 

a large tree will release growing space in a wide area relative to both the canopy and root 

horizon disturbance (Oliver & Larson, 1996).

The internal regeneration of the woodlands comprises the same intolerant species as those 

which dominate the canopy. This primarily further substantiates the maturity of the upper 

canopy which allowed considerable light to filter through to the understorey. However, large 

areas of the Alnus dominated woodland comprised an understorey of Taxus baccata. 

Consequently, the continued regeneration of Alnus and Fraxinus in certain areas suggests that 

Taxus failed to form a ubiquitously closed understorey across the site. There is some evidence 

that Taxus will not form a closed canopy if it grows under heavy shade (Watt, 1923; Leuthold, 

1980), and the woodland at Erith must have provided enough gaps in the understorey to 

facilitate the localised seedling establishment of intolerant taxa (see Figure 9.4.). The areas
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where Taxus forms pure stands suggests localised crown closure thereby excluding regeneration 

of the dominant species.

The overall structural characterisation of the Neolithic woodlands allows a three-dimensional 

picture to be created of the vertical structure of the woodland. Figure 9.1. illustrates a transect 

across the woodland which has been reconstructed in Figure 9.4. The widely spaced oldest 

Alnus trees would have risen up through the canopy as impressive giants. However, more 

commonly the canopy comprised younger and smaller individuals exhibiting some variability in 

height. For example, the upper tier was represented by widely spaced Alnus between 31 and 36 

cm DBH, mixed with a slightly lower and denser stratum of 14 cm to 17 cm DBH Alnus and 

Fraxinus trees (see Figure 9.4.). Gaps in the woodland cover are noticeable in the reconstruction 

although thickets of scrub and sapling regeneration probably characterised these areas.

The lowest stratum was dominated by Alnus, Fraxinus and Taxus distributed in an aggregated 

pattern indicative of younger cohorts entering stem exclusion (see section 2.4.1.2.). This 

younger stage of development occurred simultaneously to, and as a result of, the transition old- 

growth process in the upper canopy. Figure 9.4. demonstrates the localised distribution of Taxus 

in this transect, either occuring as pure stands or as individual understorey trees. The depth of 

view has been lengthened in order to illustrate the woodland structure. In reality, the density of 

woodland from southeast to northwest was more condensed, forming a relatively closed canopy. 

In general, the Neolithic woodlands were marked by structural heterogeneity, providing a 

diverse woodland structure with older, evenly distributed trees intermixed with denser stands of 

regeneration in the understorey.

9.1.3.2. Disturbance and 2ap regeneration.

The characterisation of the Neolithic woodlands as transitional old-growth indicates an overall 

stability on the floodplain, which allowed the riparian woodland to develop mature structural 

characteristics. In particular, there is no evidence for a disturbance regime related to the river
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edge during the Later Neolithic. Consequently, the mature and oldest establishments colonised 

the northernmost edge of the woodland and enjoyed stable conditions for at least 200 years as 

evidenced by the largest Taxus trunks.

However, certain locations document small-scale disturbance regimes which created single

cohort stands within specifically defined areas. Jones (1945) states that even-aged elements are 

widespread in natural temperate forests and that the recruitment of individual species proceeds 

irregularly in time and space. Single-cohort stands at Erith indicate gap regeneration in response 

to episodic external disturbance. It is likely that wind provided the main agent of disturbance 

(see section 2.4.2.) which opened up small areas in the canopy, particularly where senescing 

trees provided less resistance or disease had weakened individuals (Plates 9.5. and 9.6.).

Figure 9.1. illustrates a pure stand of mature Alnus comprising a tight diameter distribution (42 

cm to 47 cm DBH) indicative of single-cohort establishment within a limited number of years. 

The spatially delimited distribution of this stand strongly suggests gap regeneration created by a 

small disturbance some time earlier in the woodland history. The overall effect of this process 

was the creation of an older, taller stand (‘clump’) within an area of younger woodland (see 

Plates 9.5. and 9.6.). It is noticeable that Taxus is absent from this area indicating the effect of 

regular disturbance on the establishment of Taxus on the floodplain. The stand structure 

suggests a disturbance to each strata of the woodland either by a severe storm, or from other 

biotic factors such as the activities of Castor fiber (beaver). Smaller individuals, particularly of 

the light-demanding Fraxinus, reflect the understorey reinitiation or transition old-growth stage 

of the stand.

It is suggested that gap disturbance on the floodplain was primarily caused by episodic impact 

of wind on the canopy. Figure 6.14. (ii) illustrates the fall direction data from the site which 

indicates an even distribution of fall directions, although there is a weaker signal for easterly 

winds. However, it is difficult to be certain of the number of trees which toppled (either whilst 

alive or dead) because of windfall. Windthrow was most probable amongst the largest trees {eg.
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Falinksi, 1986) and amongst the Taxus which was shallow rooted and less likely to snap because 

of the strength of the wood (Oliver & Larson, 1996). Dead and dying trees, particularly with 

stem rot, are more likely to snap leaving a snag (Plate 9.9, & Plate 6.7.). The Taxus trunks 

demonstrate an even distribution of fall directions across the woodland, however, the largest 

Alnus have generally fallen in a southerly direction which may indicate a prevalence of 

northerly winds at Erith. Certainly there is no evidence for major storm events and wind 

appears to have operated evenly through the woodland acting as a disturbance agent of minor 

amplitude. This process occassionally created small gaps in the canopy thereby facilitating 

single-cohort establishment of the fast growing intolérants.

9.1.4. Quantification o f the Later Neolithic woodlands.

The density and basal area values for the Neolithic woodlands are provided in Table 6.4. whilst 

Table 9.3. and Table 9.4. provide published records of various temperate woodlands. The 

density value at Erith is comparatively low and could be explained by the suggested biasing of 

woody representation towards the larger sizes. However, the blank areas on the site map provide 

an additional reason for the apparent low values.

Severely eroded areas at Erith tend to retain some evidence for a rooting horizon, despite an 

absence of trunks or stumps. However, the blank areas consist of bare peat with a total absence 

of woody or root inclusions. Consequently, these areas could represent zones of herbaceous, 

rather than woody, vegetation such as reed and sedge fringing open pools of water (see Figure

9.4.). Additionally, the zones may represent areas of recent gap disturbance where seedlings and 

small saplings predominated but have not preserved. Similarly, areas of scrub comprising 

species such as Crataegus, Frangula or Rubus would equally have been destroyed by post- 

depositional factors.
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Plate 9.5. Gap regeneration of Betula pendula in an old Fagus sylvatica (pollarded) stand. 
Even-aged stand of Betula in background and young sapling establishing next to a felled 
Fagus tree in centre-right. Epping Forest, Essex.

Plate 9.6. Single-cohort (even-aged) establishment of Betula pendula around fallen trunk, 
entering stem-exclusion. Epping Forest, Essex.

• ^
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Table 9.3. Published records of densltv from various stand tvoes (after Peterken. 1996). and
from submerged forests below orange line (Claoham. 2000).

Woodland/stand type Density (N ha"'*) Lowest DBH
(cm)

Author

Broadleaved 363-975 none Auten, 1941
Broad leaved 125-252 18-25 cm Auten, 1941
200 year old Coniferous 400 none Peet, 1989
Douglas Fir (old-growth) 389-556 none Franklin eta l, 1981
Virgin oak (Slovakia) 268-594 16 Korpel, 1989
Virgin oak-beech (Slovakia) 268-594 16 Korpel, 1989
Virgin beech (Slovakia) 112-272 16 Korpel, 1989
Virgin beech-silver fir (Slovakia) 179-453 16 Korpel, 1989
Nonvay Spruce (Slovakia) 202-810 16 Korpel, 1989
Hightown, Merseyside 1511 5 Clapham, 2000
Wolla Bank, East Lincs. 325 9 Clapham, 2000
Anderby Creek, E. Lincs. 236 14 Clapham, 2000

Table 9.4. Published records of Basal Area from various stand types (after Peterken. 1996). and 
submerged forests below orange line (Clapham. 2000).

Woodland/Stand type Basal area 
m2 ha

Author

Broadleaved virgin 24-39 Auten, 1941
Broadleaved, Lilley Cornett Woods 21 Martin, 1975
Broad leaved, Beall Woods (Indiana) floodplain 46 Lindsay, 1962
Beech-maple, Warren Woods 52 Cain, 1935
Mixed hemlock/white pine with broadleaves 42-56 Korpel, 1989
Virgin beech-silver fir (Slovakia) 37-56 Korpel, 1989
Coastal redwoods 343 Franklin, 1989
500 year old Douglas fir/western hemlock (Cascades) 91 Franklin & DeBell, 1988
Lodgepole pine (Rockies) 35-55 Peet, 1989
Subalpine and white firs 58-118 Peet, 1989
Ponderosa pine 35-46 Peet, 1989
High-altitude Norway spruce (Slovakia) 36-71 Korpel, 1989
Pine 6.4 Goodier & Bunce, 1977
Birch 3.5 Good 1er & Bunce, 1977
Native pine, Strathfarrer, Scotland 25.9 Goodier & Bunce, 1977
Native pine, Ballochbuie, Scotland 23.3 Goodier & Bunce, 1977
Native pine, Black Wood, Rannoch 12.4-30.3 Peterken & Stace, 1987
Hightown, Merseyside 72.45 Clapham, 2000
Wolla Bank, East Lincs. 65.59 Clapham, 2000
Anderby Creek, E. Lincs. 29.2 Clapham, 2000
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Basal area values provide a preferable measure for comparison because trees under 7 cm DBH 

are discounted from the calculations thereby redressing some of the imbalance created through 

size-degradation biasing. The value for Erith provides a comparable figure to the lower records 

from Auten's (1941) examination of broadleaved stands and the lower figure from Clapham’s 

(2000) analysis of submerged forests. Clapham’s results are extremely high which may reflect 

measurements of stumps at ground level rather than DBH values upon which published records 

are based.

However, if preservational biasing remains a factor, the Later Neolithic woodlands at Erith 

comprised a relatively high basal area. This suggests a woodland resource rich in a variety of 

timber for Neolithic communities, comprising well-stocked stands of mature and young trees of 

a variety of different species. The mixed deciduous woodland areas in particular would have 

provided a rich woodland resource. However, the Taxus dominated understorey throughout the 

wider woodland may have deterred Neolithic forays into the floodplain. This species would 

require substantial effort to fell and work and the overall Neolithic impression of the floodplain 

woodlands may have been a low-quality, high-expenditure resource.

9.2. The Early Bronze Age woodland; 3670 +/- 70 BP and 3420 +/- 70 BP.

The Phase 3 woodlands in the western area of the site evidence significant changes to the 

woodland ecology. A different pattern of woodland development and floodplain dynamics 

occurs after c. 2000 BC between the eastern and western site. For example, the main Taxus 

woodlands to the east appear to shift to a young alder can* environment as evidenced by the few 

root systems lying between the trunks (see Figure 6.10 i, ii). This phase was then inundated as 

evidenced by a layer of clay within the vertical section above this woodland. Conditions fail to 

return to a densely wooded landscape within this area, although there is some evidence for a 

young alder carr phase at a later time.
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In contrast, woodland develops on the western site some 200 years after the Taxus phase and 

regenerates (possibly discontinuously) until c. 790 BC. The initial woodland establishments in 

the Early Bronze Age demonstrate a marked shift in the overall ecology and nature o f  the 

floodplain landscape (see Figure 6.8.), and provide some illuminating indications o f riverine 

change at Erith. A total o f thirteen tree and shrub species are identified from this period (see 

Table 6.3.).

9.2.1. M osaics and riparian ^ a d a tio n s: variability on the floodplain.

Figure 9.5. provides a small-scale map o f the Early Bronze Age woodlands at Erith, whilst 

Figure 9.6. outlines the spatial distribution o f communities. The obvious change to the 

woodland composition is the virtual absence o f Taxus baccata  on the floodplain, and its 

replacement with pioneer species o f Salicaceae and Betula  sp. which expand significantly 

during this period. The various mixtures between the four dominant species; Alnus glutinosa, 

Fraxinus excelsior, Betula sp. and Salicaceae create a specific woodland community on the 

floodplain. This woodland abuts areas o f higher diversity woodland supporting Ulmus sp., 

Quercus sp. and A cer cam pestre in a similar woodland type to that o f the more diverse zones o f 

the Later Neolithic woodlands.

9.2 .1.1. The Alnus dom inated woodlands.

Alnus glutinosa  remains dominant on the floodplain during the Early Bronze Age, spreading out 

across the site to form the main canopy component o f the landscape. As the woodland extends 

towards the river, Alnus becomes commonly associated with Salicaceae and Betula sp. Similar 

to the Later Neolithic woodlands, these taxa are suggested to represent Betula pubescens and 

Salix (S. fragilis, S. a lba  and/or S. cinerea).
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Figure 9.5. Small-scale plan of the Phase 3 woodland at Erith west, with compositional and structural patterns discussed in the text.
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Figure 9.6. Generalised distribution of woodland types on the Early Bronze Age floodplain at Erith west, including 
proposed ecological classifications based on the National Vegetation Classification (Rodwell, 1991).

N

w E

S

W 2

11 III

W 5

20 40 60 80 100 M eters

W o o d la n d  Z o n e s

mill Mixed d e c id u o u s  w oo d lan d

A lnus  - F raxinus  w o o d lan d

A lnus  - T ax u s  w o o d lan d

A lnus  - Be tula - Salix w o o d lan d

375



Chapter Nine_________________________________________________________________________________The Erith woodlands

Alnus continues to form pure dominant stands particularly within the western areas of the 

woodland. However, Salix and Betula either occur as intimate mixtures with Alnus, or as co

dominant pure stands (see Figure 9.5.). Fraxinus is less common within the Alnus woodlands 

than in the Later Neolithic landscape, and is noticeably absent from the northernmost woodland 

zone. Also occassional within the Alnus woodlands are Acer campestre, Ulmus sp. and Ilex 

aquifolium, but their abundance and maturity is considerably lower than the examples from the 

Later Neolithic woodland. The distribution of Ulmus is restricted solely to a landward zone 

along the floodplain suggesting unfavourable conditions towards the river.

The mixture of Alnus, Betula and Salix attests to the wetland character of the floodplain during 

the Early Bronze Age, and the extinction of Taxus carries strong implications for an 

environmental change at Erith around 2000 BC. Furthermore, species gradations develop within 

the woodland which are typical of riparian zone vegetation (see section 3.4.). For example, Salix 

and Betula occur predominantly in a broad linear zone along the northernmost edge of the 

floodplain. These trees generally fall within the lower DBH values of the overall woodland, and 

represent pioneer colonisation of the floodplain nearest the river (see Figure 9.5.). Fraxinus and 

the larger Alnus are distributed landward suggesting increased stability on the floodplain away 

from the river.

Estimations of the general canopy height continue to rely on the predominant and largest Alnus 

trees, although structural heterogeneity is marked within the woodland. The DBH values 

between 31 and 40 cm suggest an upper canopy around 15 m, although many areas are 

characterised by smaller, younger trees probably reaching maximum heights of 10 metres. Alnus 

fails to attain the overall sizes observed to east and the Early Bronze Age woodland resembles 

an open, spatially heterogeneous structure formed by numerous young stands of trees. The 

expansion of Salix and Betula in the woodland suggests an unclosed canopy thereby providing 

relatively light conditions within the woodland.
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Areas of scrub are amply evidenced by the occasional presence of understorey shrubs. Rhamnns 

cathartica expands and is marked by four trees widely scattered across the floodplain. This 

species may be underrepresented because of its bushy habit (Godwin, 1943a) the small size of 

which precluded preservation. It is significant that one individual reached 35 cm DBH 

indicating preservation of the larger mature trees. Nevertheless, the suggested openness of the 

overall woodland would additionally favour Frangula and both species could have grown in the 

understorey forming dense thickets.

This scrub appears to have been mixed with Cornus sanguinea, which is not associated with wet 

woodlands but has also been recovered as seeds from similarly dated peats at Wennington 

Marsh and Beckton Sewage Farm (Sidell et ah, 1996; Davis, 1995). Furthermore, Clematis 

vitalba continues to contribute to the younger woodland of Betula and Salix. These species are 

light demanding and strongly indicate the open nature of many areas of the woodland, 

particularly where Alnus loses its dominance. The absence of both Taxus baccata and a closed 

canopy of mature Alnus, suggests a richer field layer than in the earlier woodlands. Such a shift 

would be expected to signal within palynological sequences in the area.

9.2.1.2. Ecological characterisation.

The expansion of Betula and Salix in the early Bronze Age suggests a different woodland 

community to that of the earlier period, although the absence of a field layer makes it difficult to 

distinguish between a different community and a different structural stage. However, the canopy 

component compares well with the W2 Salix cinerea-Betula pubescens-Phragmites australis 

community (Rodwell, 1991) (see Table 9.4.). The overall dominance o f Alnus suggests that the 

sub-community Alnus glutinosa-Filipendula ulmaria may be most comparable. The presence of 

Phragmites is essential to this classification and it may be significant that a Phragmites peat was 

identified above the Taxus woodlands to the east (Brook, M.A. dissertation).
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Table 9.5. Species composition of the W2 Salix cinearea-Betula pubescens-Phragmites 

australis community: sub-community Alnus slutinosa-Filipendula ulmaria. ranked in order of 

decreasing frequency. All tree and shrub species included, and field/ground laver with a 

frequency at or above II (derived from Rodwell. 1991).

TREES

Alnus glutinosa * 

Betula pubescens * 

Salix cinerea * 

Fraxinus excelsior * 

Quercus robur * 

Salix aurita *

Salix fragilis *

UNDERSTOREY AND 

SHRUBS

Alnus glutinosa sapling 

Fraxinus excelsior sapling 

Crataegus monogyna 

Viburnum opulus 

Rhamnus cathartica * 

Frangula alnus *

FIELD AND GROUND 

LAYER

Phragmites australis * 

Filipendula ulmaria 

Brachythecium rutabulum 

Urtica dioica 

Eupatorium cannabinum 

Plagiomnium undulatum 

Galium palustre 

Cirsium palustre 

Carex acutiformis 

Epilobium hirsutum 

Galium aparine 

Angelica sylvestris 

Mentha aquatica 

Solanum dulcamara 

Eurhynchium praelongum 

Dryopteris dilatata 

Poa trivial is 

Rubus fruticosus agg. 

Thelypteris palustris

General structural characteristics of the sub-communitv.

Tree height (m): 

Tree cover (%): 

Shrub height (m): 

Shrub cover (%): 

Herb height (cm): 

Herb cover (%):

9 (5 -1 1 )

74 (5 -  100) 

4 ( 3 - 5 )  

8 (0 -1 0 0 )  

8 6 (10 -200 ) 

86 (2 5 -  100)

* = Identified from Erith; * = Definite identification limited by taxonomic impression; 
■' = Identified from macrofossil identifications (A Davis; Ruck 2001; Brook, 1998).
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The W2 community is again typical of topogenous fen peats and floodplain mires, although the 

structure of the canopy is extremely heterogeneous. Consequently, adjacent stands may contain 

various mixtures of the three main species, of different ages, forming a cover from low, open 

scrub or dense thickets to taller woodland with stratification (Pallis, 1911; Godwin & Turner, 

1933; Lambert, 1951). Such a heterogeneous structure is evidenced at Erith and is influenced by 

the chance availability of seed parents and the vagaries of propagule dispersal (Godwin, 1936). 

The composition of the field layer is strongly influenced by the preceding fen and this 

community is typical of open fen establishment. As such, its characterisation at Erith carries 

implications for woodland development during the Early Bronze Age.

9.2.1.3. Mixed deciduous woodlands.

Two areas within the Early Bronze Age woodland supported a mixture of alternative species 

markedly similar to the mosaics observed in the Later Neolithic woodlands. Within these zones 

Alnus, Betula and Salix are significantly reduced, whilst Fraxinus, Ulmus, Acer and Quercus 

expand. The distribution of this community is noticeably landward, with the central area 

typically spreading northwards towards the river. Similar to the Neolithic woodlands, these 

zones suggest substrate variation along run-off channels through the floodplain. Test coring next 

to these areas revealed inorganic sediment rather than peat which suggests the presence of 

palaeochannels. It is additionally significant that foreshore erosion to the south of these zones 

demonstrates the same indentation indicative of a different substrate composition.

Within the central zone Fraxinus expands considerably accompanied by Ulmus and several 

Quercus. Acer campestre is absent from this area, although this species predominates in the 

similarly delimited zone to the west. Alnus becomes widely scattered and comprises smaller 

trees than its neighbours suggesting its presence in the understorey, rather than the canopy 

dominant. Fraxinus excelsior comprises the largest trees, typically between 41 and 50 cm DBH 

indicating an upper canopy approximately 20 metres high. This contrasts sharply with the 

canopy heights of the Alnus dominated woodlands and these zones would have overtopped the
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surrounding woodland. Hedera helix was identified from this woodland which suggests a 

relative openness. This species is also seen to expand in the contemporaiy pollen profile at Erith 

Spine Road (Sidell et al, 1997).

These zones indicate the mosaic character of the floodplain woodlands during the Early Bronze 

Age. The similarities between the species composition and those of the Later Neolithic suggest 

a similar ecological characterisation of W8 may be appropriate (Table 9.2.). However, it is also 

noticeable that the species and size gradations recognised in the surrounding wet woodlands 

additionally occur in the mixed deciduous woodland. For example, Quercus is located 

exclusively to the south, and Acer demonstrates a similar distribution. Furthermore, the largest 

trees of Quercus, Fraxinus, Betula and Ulmus are concentrated landward, whilst DBH values 

decrease riverwards. This similarly suggests an increased stability on the floodplain away from 

the river which allowed these species to establish and mature in this area.

The Early Bronze Age woodlands as a whole illustrate a marked change in the woodland 

composition of the floodplain at Erith. A shift to the more common wetland tree species is 

documented, and typical riparian gradations of various species are evidenced. These gradations 

are substantiated by an apparent trend towards decreasing woodland maturity riverward 

indicative of higher frequency disturbance regimes near the river. The obvious conclusion from 

these trends is that the Thames had begun impacting upon the floodplain vegetation by the Early 

Bronze Age.

9.2.2. Chanses to the river regime and the Erith woodlands.

The species change between the Taxus woodlands and the Betula-Salix expansion may be 

viewed as a response to one of two models of floodplain change.
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9.2.2.1. Gradual watertable rise.

One model proposes a gradual rise in the overall watertable on the floodplain, which 

subsequently produced conditions which were too wet for Taxus baccata to tolerate, but 

remained suitable for other wetland species. Such a change would be related to the continued 

background river level rise on the Thames floodplain, although a slowing in peat accumulation 

may have exacerbated this background dynamic. For example, the Later Neolithic Taxus 

understorey probably shaded-out much of the potential field layer on the floodplain. This factor, 

combined with the evergreen qualities of Taxus, would have significantly reduced the amount of 

organic humic input to the woodland substrate. As a consequence, peat accumulation may have 

slowed, thereby failing to keep pace with a gradually rising groundwater table and resulting in 

increased waterlogging on the floodplain.

This model assumes uniformatarian extrapolation between the apparent modern-day intolerance 

of Taxus for waterlogging, and a hypothesised intolerance during prehistory. There is some 

morphological evidence to substantiate this ecological analogy. For example, the Taxus root 

systems at Erith were noticeably shallow which potentially suggests a degree of water control at 

the rooting horizon allowing Taxus to avoid the waterlogged conditions in the deeper substrate. 

This rooting morphology was also observed from Wennington Marsh (Sidell et al, 1996) and 

other London sites. A rise in the watertable could have brought intolerable (possibly saline) 

conditions up to the rooting horizon thereby leading to the death of Taxus across the floodplain.

The widespread subsequent death of Taxus would have released large areas of bare substrate 

ideal for colonisation by pioneer species such as Betula, and the Early Bronze Age expansion of 

these species may have occurred as a direct result of the Taxus extinction. This model of 

ecological change suggests that the establishment of the Early Bronze Age woodland should 

have proceeded irregularly in time and space, directly related to the death and fall of Taxus trees 

across the floodplain. However, a gradual model of change fails to account for the death of
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young wetland trees within the Later Neolithic, which should have been able to tolerate a 

marginal watertable increase.

9.2.2.2. Severe flooding: causin2  a cessation in woodland development.

An alternative model proposes a distinct but relatively brief flooding event at Erith which 

caused the death of the Later Neolithic woodlands, and subsequently released growing space 

several hundred years later for an entirely new woodland establishment. There are several lines 

of evidence which suggest the occurrence of a severe flooding episode and a retrograde 

hydrosere.

a) Lying at -1.65 m OD, and above the Later Neolithic woodlands of the eastern 

exposure, is approximately 30 cm of grey clay within the peat accumulation (see 

Figure 9.7.). This layer contained diatoms of estuarine origin and clearly documents 

a flooding event during the site history. Peculiarly, however, this event appears to 

be absent from the western areas of the site where woodland development continues 

throughout the Bronze Age. There are several ways in which this anomaly may be 

interpreted; the most obvious being that the flooding event also occurs to the west 

above the Early Bronze Age woodland, but is not visible from the foreshore 

topography or woodland stratigraphy. However, test coring failed to establish the 

presence of a flooding event above the phase 3 woodland in the west.

The woodlands of both the eastern and western lower foreshore lie within the same 

elevational level, despite a temporal diachronicity of some 300 years between the 

two areas. This suggests that east to west spatial contemporainity across the outfall 

area is slightly skewed, with the accumulation marginally dipping down to the 

west. This phenomenon raises the possibility that the eastern flooding event also 

occurs to the west, but lies beneath the Early Bronze Age woodlands. Consequently 

the pioneer woodlands developed on top of the drying surface of estuarine/alluvial 

sediments.
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b) An alternative model proposes a flooding event to the east, and a severe retrograde 

hydrosere to the west which opened up the fen for pioneer colonisation. Reasons 

why this occurred to the east are unknown although some ponding back of the 

outfall river may have impacted to the east. To some degree, the palynological 

profile (see Figure 9.7.) supports the development of the Early Bronze Age 

woodland to the west simultaneous to continued flooding in the east. For example, 

the clay accumulation illustrates an expansion in Betula whilst Fraxinus decreases 

(Brook, 1998) which correlates with the Early Bronze Age woodland. Furthermore, 

Poaceae and Chenopodiaceae expand in this zone potentially indicative of the 

expansion of Phragmites reedswamp and the encroachment of saltmarsh 

communities. Consequently, woodland establishment on an herbaceous fen may 

have occurred to the west, whilst flooding continued in the eastern site.

c) The radiocarbon dates from the western site suggest a pattern of woodland 

development on the floodplain in a south to north direction. A cursory glance at the 

species and size distribution of the Phase 3 woodland may assume a disturbance 

regime related to riverine incursion southwards (see Figure 9.5 ). For example, the 

mature southern stands of Alnus appear to document the later survival of woodland 

furthest from the river, than the younger trees at the river’s edge which died earlier 

because of marine incursion. This model would provide a temporal framework 

where the northernmost trees date to an earlier period than the southernmost stands, 

in the typical manner of foreshore altitude and diachronicity.

However, despite a low dating resolution, the radiocarbon framework opposes this 

view. The mature stands to the south date some 200 years earlier than the immature 

stands on the floodplain towards the river, although both areas lie within the same
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Figure 9.7. Percentage pollen diagram from Erith east. The profile starts at the base of the organic mud above the Taxus woodland of the Later Neolithic. Pollen 
preservation was poor and number of grains low. (Brook. M. A. Thesis. 1998).
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elevational level. This diachronicity strongly suggests that the woodland established 

on the floodplain within a linear direction northwards towards the river. The most 

logical explanation for such a pattern is the recolonisation of the fen in response to a 

retreat of the river’s edge northwards. Obviously this model opposes the wider view 

of continued riverine incursion on the floodplain, and such a process could only 

occur in response to a direct and brief flooding event which subsequently abated. A 

flood event of this type could be correlated with the Devoy (1979) Thames HI 

transgression which would indicate that the Bronze Age woodlands grew within 

Tilbury IV accumulations.

9.2.3. Stand structure and woodland development durins the Early Bronze Ase.

The Alnus-Betula-Salix communities on the northernmost floodplain represent immature 

woodland with many areas dominated by young stands (see Plate 9.7. and 9.8.). For example, a 

general predominance of 11 -  20 cm DBH trees suggests that the area nearest the river 

supported the youngest woodland probably no older than 25 -  30 years. In sharp contrast, 

mature Alnus individuals between 61 and 70 cm DBH dominate the landward woodland zone. 

This community represents the most mature elements in the exposure probably near 100 years 

old. However, these trees developed first at the site and subsequently became a remnant within a 

younger developing woodland.

If the major flooding proposal is accepted, trees could re-establish on the floodplain once the 

water levels receded, and the woodland stand structure suggests that this colonisation occurred 

to the south of the floodplain where suitable propagules firstly became available. Consequently, 

an Alnus dominated woodland developed typical of open-water transitions. It is possible that 

this woodland established in relatively swampy conditions being directly fronted by reedswamp 

at the open water interface.
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Plate 9.7. Young carr comprising Alnus glutinosa, Salix (c.f. fragilis) and Betula pendula 
establishing on marshland.
Barne Elms Wetland Centre.

'..*r
Plate 9.8. Alnus glutinosa establishing on marshland dominated by Phragmites 
australis, with Lythrum salicaria and Caltha palustris.
Barne Elms Wetland Centre.

&
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Progressive drying of the fen mat subsequently led to the establishment of the Alnus-Betula- 

Salix woodlands northwards towards the river (see Figure 9.5.). The expansion of Betula and 

Salix during this period strongly suggests that the preceding conditions were open (Gimingham, 

1984), possibly herbaceous fen. The nearby dominance of Alnus to the south provided the seed 

source for the establishment and abundance of Alnus within the pioneer communities. The 

increasing immaturity of stands towards the river suggests that these areas were colonised last in 

the sere in response to riverine retreat northwards (see reconstruction in Figure 9.8.).

However, although the overall pattern of establishment operated linearly, the stand structure 

indicates that recolonisation also occurred irregularly across the site as suitable propagules 

became available. Closer analysis of the diameter distributions enables establishment of the 

pattern. Figure 6.13. (iii) demonstrates the typical reverse-J-shaped curve of natural woodland. 

However, a significantly sharper fall occurs from the smaller to larger diameter classes than that 

evidenced in the Later Neolithic woodlands. Primarily this reflects the young status of the Early 

Bronze Age woodlands. The curve also suggests that a few individuals invaded the fen first (as 

represented to the south), and were then followed by a larger wave of colonisation some years 

later. The steep slope of the central peak demonstrates that this major colonisation occurred over 

a relatively short time frame.

Figure 9.8. (i-iv) provides high-resolution diameter curves iov Alnus, Fraxinus, Betula and Salix 

and typically demonstrates sharp peaks and troughs representing cycles of colonisation or 

regeneration. The Alnus and Fraxinus curves evidence the mature elements of woodland located 

to the south of the site. Subsequent peaks in the Alnus curve between 30 cm and 40 cm DBH 

correlate to the larger trees that occur immediately to the north of the oldest stands, and the 

occasional older trees scattered across the site. These individuals reflect the earliest 

colonisations of the wider fen, possibly on the newly available propagules to the north. The 

Betula curve evidences a couple of individuals which accompanied this invasion.
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Figure 9.8. (I) High-resolution Alnus glutinosa diameter curve from Phase 3.
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Figure 9.8. (ii) High resolution diameter curve for Fraxinus excelsior \n Phase 3.
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Figure 9.8. (iii) High resolution diameter curve for Betula pubescens in Phase 3.
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Figure 9.8. (iv) High-resolution diameter curve for Salicaceae {Salix sp.) in Phase 3.
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Figure 9.8. (v) Superimposed high-resolution diameter curves from the four dominant sp ecies in 
the Phase 3 woodland, showing simultaneous pulses of colonisation/regeneration.
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The initial colonists of the wider fen subsequently provided the seed source for further 

establishment on the adjacent interleaving areas when suitable substrates became available. 

These later cohorts are represented by the peaks between 10 cm and 20 cm DBH in the Alnus, 

Fraxinus, Betula and Salix curves (Figure 9.8. i-iv), demonstrating progressive waves of 

colonisation irregularly across the fen. The Betula and Salix curves are strongly skewed to the 

left indicating the abundance of smaller (younger) trees within the woodland, particularly along 

the river edge.

Figure 9.8. (v) demonstrates correlations between the diameter peaks of each species when they 

are superimposed. The four taxa possess similar growth patterns, being light-demanding and 

fast growing, and the interspecies correlations represent simultaneous waves of colonisation as 

areas of substrate became available. This pattern consequently created clearly delimited areas of 

mixed-species, single cohort stands across the floodplain.

For example. Figure 9.5. (area 1) illustrates mixed woodland exclusively represented by trees 

between 15 cm and 20 cm DBH indicating single-cohort establishment upon a distinct area of 

fen. Similarly, Figure 9.5. (area 2) comprises DBH values between 14 cm and 19 cm DBH. The 

peaks between 15 and 20 cm DBH in Figure 9.8 (v) correlatively illustrate these single-cohort 

establishments. These stand structures suggest that specific areas became available for 

establishment within a clearly delimited period, allowing the three species to colonise 

simultaneously because of the nearby availability of seed sources, and their comparative 

properties of germination and growth.

The spatial distribution of these stands demonstrates an aggregated pattern of young woodland 

with immature structural characteristics typical of the stem exclusion phase. The widely spaced 

older individuals are probably indicative of the isolation of propagule establishment early in the 

colonisation. This may be suggested because of the relative youth of the woodland, compared to 

the Later Neolithic landscape where wide spacing represents transitional old-growth. The Early
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Figure 9.9. Schematic reconstruction o f the Early Bronze Age woodland at Erith west and its proposed establishment based on the transect illustrated in Figure 9.5.
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Bronze Age woodlands are typified by a stand structure and species composition indicative of 

the increased frequency of disturbance on the floodplain. For example, the youngest stands 

should have continued to develop for some fifty years before natural mortality. However, 

premature death suggests that any abatement in riverine incursion at Erith was short-lived, and 

the northern floodplain only became suitable for woodland establishment for a maximum of 20 - 

30 years before a return to unsuitable, possibly reedswamp or saltmarsh, conditions.

Figure 9.9. provides a schematic reconstruction of the Early Bronze Age woodlands at Erith 

based on the transect illustrated in Figure 9.5. It demonstrates the upper canopy of large Alnus 

trees which are spaced widely across the floodplain. Between these individuals single-cohort 

stands of Betula and Salix are visible creating localised areas of closed canopy. Much of the 

floodplain is open and in these areas small pools of water and reeds are drawn, although scrub 

and saplings may also have characterised these gaps. The river’s edge is drawn to the northeast, 

fringed with reedswamp, illustrating its hypothetical retreat northwards. Smaller Salix, Alnus 

and Betula trees are drawn on the edge of this reedswamp indicative of pioneer colonisation of 

newly available riverside land.

The major agent of disturbance is suggested to be the changing river regime during the Early 

Bronze Age. Furthermore, the relative immaturity of the stands suggests that wind disturbance 

may have been minimal within the woodland. However, wind may have provided the central 

agent to topple and/or snap trunks once they were dead or dying (Plate 9.9. and 9.10.). The fall 

orientations (Figure 7.14. iii) demonstrate a relatively even spread of falls within the woodland 

and there is no evidence for major storm events operating within the woodland during the Early 

Bronze Age.

Without a higher resolution of dating, it is difficult to be certain which hydrological model of 

woodland establishment is correct. However, the diameter curves and spatial spread of tree sizes 

seem to favour a more dramatic flooding model. This may be substantiated by the deposition of
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Plate 9.9. Wind snap of mature Fagus sylvatica leaving a standing snag and 
releasing growing space for gap regeneration. (Epping Forest, Essex).

Plate 9.10. Windthrow of mature Fagus leaving the root plate attached to the trunk and a 
distinctive pit beyond. Gap disturbance in mature woodland. (Epping Forest, Essex)

393



Chapter Nine________________________________________________________________________________ The Erith woodlands

clay to the east, although further coring is required to establish the presence of this event 

beneath the Early Bronze Age woodlands. Certainly, the influence of the river becomes 

dominant on the floodplain, thereby creating lateral zones of various species as a response to 

increased disturbance towards the river. The expansion of pioneer species reflects the open 

character of the preceding fen, possibly as herbaceous reedswamp established after the retreat of 

water.

9.2.4. Quantification o f the woodland.

The woodland density value for the Early Bronze Age woodlands (see Table 6.4.) is 

significantly lower than any published records in Table 9.3. However, the immaturity of many 

of the stands suggests that density values may be significantly biased by preservational factors. 

For example, dense thickets of seedlings and young saplings which are liable to degradation 

characterise the stand initiation and stem exclusion stages.

However, the basal area value (Table 9.4.) remains significantly low in comparison to published 

records. Preservational biasing clearly provides an underlying explanation. The low value also 

suggests relatively open woodland with numerous areas of herbaceous vegetation (see Plate 

9.11. and 9.12.) and possibly the localised presence of open water. Such a landscape would 

characterise the floodplain during fen invasion and correlates with the model of woodland 

development at the site (see Figure 9.9.). In summary, the Early Bronze Age woodlands at Erith 

represent an open, structurally heterogeneous landscape in which thickets of trees established 

between numerous areas of herbaceous fen. The aggregated distribution and species 

composition illustrates a markedly younger and more typical riparian woodland than the Later 

Neolithic woodlands of the floodplain.

9.3. The Middle Bronze Age woodlands.

The Phase 4 woodlands at Erith are likely to represent the Middle Bronze Age period, although 

a lack of radiocarbon dates makes precise delimitation difficult. On the basis of elevation and
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Plate 9.11. Herbaceous gradation around open water illustrating Typha latifolia 
at the water’s  edge with Salix scrub beyond.
Barne Elms Wetland Centre.
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Plate 9.12. Scirpus lacustris at the water’s  edge with Phragmites australis beyond. 
Barne Elms Wetland Centre.
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foreshore topography, these woodlands date after 3420 +/- 80 BP, but before the last trees at the 

site around 2470 +/- 60 BP, Nevertheless, the delineation between the southern zone of this 

woodland and subsequent phases is based purely on elevational differences. Some overlap 

between them is expected, although the general species ecology demonstrates continuing trends 

throughout the Bronze Age woodlands and the uncertainty is not, therefore, perceived as 

problematic. The Middle Bronze Age woodlands represent the landscape in which trackway 

construction occurred, and its detail is therefore important.

9.3.1. Species mixtures and gradations.

Essentially the Phase 4 woodlands represent decreasing species diversity over much of the 

floodplain at Erith (see Table 6.3. and Figure 6.8.) in response to gradual river level rise. Figure 

9.10. provides a small-scale map of the woodlands and illustrates the dominance of Alnus 

glutinosa over the northern site. Interpretative difficulties arise in the representation of this 

woodland by root systems although some clear trends are apparent. The Time Team project (see 

section 5.11.) added a further 35 trunks and stumps to this phase which have been included in 

Figure 9.10. Consequently, the southern zone is better represented than the northerly exposure.

9.3.1.1. The Alnus dominated woodlands.

Fraxinus excelsior makes an occasional contribution to the woodland, although this species is 

generally confined to specifically delimited areas and to the southernmost zone of the 

floodplain. Consequently, the majority of the floodplain woodland resembles a typical alder carr 

landscape which is marked from the earlier periods by a significant reduction in the contribution 

of Betula and Salix. The overall dominance of Alnus strongly suggests an increasingly wet 

substrate over the floodplain which excluded the majority of other wetland trees. Consequently, 

an ecological characterisation of W5 (see Table 9.1.) to the Alnus woodland appears valid in 

contrast to the Early Bronze Age W2 comparable woodlands. It is significant that sampling
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Figure 9.10. Small-scale map of the Phase 4 woodlands at Erith. including Time Team additions.
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within this woodland exposed a greasy peat accumulation which suggests formation within a 

regularly flooded landscape. The increased input of allochthonous inorganic material may be 

viewed as a prelude to subsequent severe inundation and is also recognised from similarly dated 

sequences {eg. Beckton Nursery).

The predominance of root systems renders it difficult to suggest maturity or woodland structure 

from the remains. However, it is significant that smaller Alnus trees are represented along the 

river’s edge, whilst the more mature individuals grade into the landward zones. This pattern 

probably indicates increased disturbance at the river’s edge intimately linked to marine 

incursion. Alnus appears to have established within this area over the fallen trunks of the Middle 

Bronze Age woodland. This phenomenon was observed wherever sections of vertical 

stratigraphy were exposed and may indicate the waterlogged conditions of the floodplain. 

Consequently, fallen trunks provided small areas of higher dry ground amongst the swamp on 

which Alnus seedlings could establish. The comparative absence of Betula or Salix suggests that 

the rooting horizon was saturated and thereby unsuitable for these taxa. A model proposing a 

closed Alnus canopy which excluded these species appears irrelevant given the large areas of 

open floodplain throughout the site, and the generally small diameter root systems.

Where trunks represent Alnus and Fraxinus, the diameter values suggest an Alnus canopy with 

occasional co-dominant Fraxinus, and a mixed understorey of the two species. Commonly, 

however, each taxon established as pure stands which, in the case of Fraxinus, suggests areas of 

marginally drier ground across the floodplain. The palynological profile (Figure 9.7.), whilst 

difficult to relate to the west, appears to document the reduction in Betula and Salix, and an 

expansion o f Alnus glutinosa.

In general, the Alnus woodlands represent classic, low diversity carr indicative of the increasing 

swampiness of the substrate. It is assumed that the Thames edge would be relatively close to the 

Erith site by this period and therefore its influence on the riparian woodland was strong. Indeed,

398



Chapter Nine____________  The Erith woodlands

the northern limit of root systems at Erith may represent the interface with reedswamp or 

saltmarsh adjacent to the river.

9.3.1.2. Mixed deciduous woodland.

The alder carr merges into a zone of higher diversity woodland at the southern extent of the 

woodland. Within this area Quercus, Acer campestre, Betula sp., Ulmus sp., Ilex aquifolium and 

Prunus avium increase within a continued overall co-dominance of Alnus and Fraxinus. These 

areas suggest the fragmentary survival of W8 comparable communities (see Table 9.2.) on the 

floodplain, although the comparative abundance of Alnus was progressively increasing. The 

distribution of this zone strongly indicates a riparian gradation to drier ground away from the 

river’s edge. It is also significant that the mixed deciduous woodland occurs within the same 

area as the previous woodland during the Early Bronze Age. This continuation of woodland 

mosaics substantiates the theory of substrate variation in this area, thereby providing suitable 

conditions for dryland trees. Outside of this zone Ulmus continues a linear distribution landward 

of the Alnus carr indicative of groundwater differences from north to south.

The majority of these diverse species will tolerate waterlogged soils, although none to the 

degree of Alnus. For example, Quercus robur will withstand waterlogging and more prolonged 

flooding than Fraxinus and some species of Populus (Jones, 1959; Babos, 1953; Puster, 1924). 

There are also indications that Quercus will grow on fen peat during periods of increased 

flooding and is tolerant of sea-water (Jones, 1959). Similarly, Ilex can endure soils which are 

more or less permanently waterlogged (eg. in the New Forest (Peterken & Lloyd, 1967)). Acer 

campestre is viewed as a characteristic species of swamp woods (Auenwalder) on the Continent 

(Dengler, 1930), and Ulmus glabra will tolerate some waterlogging (Rackham, 1980). The 

presence of these species on the floodplain does not, therefore, indicate dry substrates during the 

Middle Bronze Age, and in the case of Quercus may indicate increasing waterlogging. 

However, the distribution of this woodland to the landward indicates the extreme swampiness of 

the alder carr towards the river where the watertable was intolerably high.
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Trees of Quercus, Acer, Ulmus and Ilex reach significant size and maturity with this area (see 

Figure 9.10.). This suggests suitable conditions for at least 50 years, although it would be 

interesting to analysis the growth rates of each taxon. The establishment of Primus avium on the 

floodplain is interesting given its absence within the landscape until the Middle Bronze Age. 

This species also occasionally occurs from the cultural trackway assemblages of the period and 

appears to represent a distinct period of growth on the floodplain during a general increased 

waterlogging. It is also significant that Prunus pollen arrives and expands around 3490 +/- 70 

BP at the Erith Spine Road site (Sidell et al, 1997). Simultaneously, Lonicera pollen expands at 

this site which may also be represented at Erith by the distorted Prunus stem illustrated in Plate 

9.13.

The presence of mixed deciduous woodland on the floodplain carries implications for the 

woodland resource during the Bronze Age. Although the majority of the floodplain is 

dominated by alder carr, distinct mosaics of richer diversity continue to occur despite increased 

waterlogging. This pattern suggests that pockets of floodplain supported a valuable timber 

resource which may have encouraged the Bronze Age exploitation of these areas. The value of 

this resource was further enhanced by the distribution of timber trees within specific targetable 

areas towards the drier ground, rather than scattered widely through an impenetrable alder carr.

9.3.2. Woodland development and stand structure.

Less may be surmised of the woodland structure due to the predominance of root systems and 

the lack of a radiocarbon framework. However, the small diameters of the majority of root 

systems suggest a young carr structure, and the broad correlation between diameters indicates 

even-aged stands on the floodplain, which is typical of alder carr (McVean, 1953). The root 

systems are closely spaced suggesting localised high density which contrasts with the low 

density value for the woodland (see Table 6.4.), almost certainly indicative of preservational
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Plate 9.13. Prunus avium stem from Phase 4 at Erith, demonstrating 
constricted growth due to a climber such as Hedera or Lonicera.

h

Plate 9,14 Fraxinus excelsior sapling demonstrating constriction due 
to the growth of Lonicera up the stem.

/
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biasing. However, there is a high degree of irregularity in tree distribution across the site which 

suggests large areas of herbaceous fen and open pools within the woodland (see Figure 9.11,).

The low representation of trunks renders high-resolution diameter curves less useful, and 

increasingly difficult to interpret as indicators of woodland development. Consequently, they 

are not provided for discussion and Figure 6.12 (i) and Figure 6.13. (iv) provide the overall 

diameter distributions of the woodland. These curves demonstrate that trees generally failed to 

attain the sizes of the earlier periods, and there are fewer individuals of any maturity.

However, it is difficult to be certain whether the largest trees {eg. Fraxinus, Alnus and Ulmus) 

represent the earliest colonists of the site, or the latest survivors in the woodland. The model of 

south to north fen establishment in the Early Bronze Age is perceived as unusual within the 

established context of gradual floodplain incursion landwards. Consequently, a suggestion for 

these later woodlands would favour early woodland demise at the river edge, and progressive 

deaths in a southwards direction across the floodplain. This model implies that the larger trees 

to the south attained greater maturity due to a longer period of environmental stability at 

progressive distances from the riverine flooding zone. Furthermore, the model substantiates the 

establishment and relative maturity of the mixed deciduous woodland at the southernmost 

extreme of the site. The generally smaller diameters of these species compared to Alnus 

represents the fast growth of the latter within its preferred habitat, in contrast to taxa which had 

presumably colonised site conditions at the extremity of their tolerances.

The maximum ages suggested for the Alnus and Fraxinus is 60 to 70 years and this figure 

probably provides the overall period through which the Middle Bronze Age woodlands 

survived, although a degree of temporal diachronicity may lengthen this figure somewhat for 

the overall woodland. Nevertheless, conditions appear to have become progressively unstable 

through the Bronze Age in relation to riverine disturbance. The overall result was to create 

woodland landscapes where the intolerant fast growing wetland trees were favoured. However,
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even these species failed to reach full maturity before further habitat disturbance reversed the 

conditions and led to their demise.

Figure 9.11. provides a schematic reconstruction of the middle Bronze Age woodlands at Erith 

based on the transect illustrated in Figure 9.10. The transect selects an area of woodland which 

was supplemented by the Time Team mapping and consequently provides additional 

information on the woodland structure. However, the transect includes both the mixed 

deciduous woodland to the south, and the alder carr of the northern floodplain. Alnus dominates 

throughout the woodland forming an upper canopy between 10 and 15 metres high. Beneath this 

canopy both Alnus and Frœcinus are regenerating in the understorey.

Localised dense stands of trees comprise the structure as represented by groups of Betula, Alnus 

and Fraxinus. The aggregated distribution of these trees indicates the immaturity of the 

woodland, characteristic of the stem exclusion stage. Areas where trees are not preserved have 

been characterised by open pools of water and reedswamp, indicative of the increasing wetness 

of the substrate during this period. The mixed deciduous woodland trees are distributed 

unevenly through the woodland, with individuals of the same species {eg. Quercus) occuring 

within specific areas.

The species and size gradations indicate a woodland composition integrally dictated by the river 

regime. However, the trunk orientation data from this period indicates an interesting pattern 

(Figure 6.14. iii), although the low numbers urges a cautious interpretation. In contrast to earlier 

trends a stronger signal to the west is illustrated, with very few trees falling to the southeast. If 

wind is the accepted agent of toppling and snapping trees then the pattern suggests a prevalence 

of easterly winds. Furthermore, northeasterly winds create the major storm surges in the Thames 

(Devoy, 1979) responsible for modem day flooding episodes. A swing in prevailing wind 

directions to the east would have compounded the effects of continuing marine incursion 

creating increasingly frequent overbank floods of greater magnitude. Obviously such a
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Figure 9.11. Schematic reconstruction o f the Middle Bronze Age woodlands at Erith west based on the transect illustrated in Figure 9.10.
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mechanism would create a high frequency disturbance regime, which may have been 

responsible for the short-lived nature of the Erith woodlands during the Middle Bronze Age.

9.4. The Late Bronze Age woodlands; c. 2470 +/- 60 BP.

The woodlands represented by the Phase 5 and Phase 6 zones provide the Late Bronze 

Age/Early Iron Age date for this exposure. Unfortunately, erosion of the upper foreshore is 

considerable and much of the woodland is represented by degraded root systems which were not 

sampled for identification. The distinctive bark, however, indicates that they predominantly 

represent Alnus glutinosa Phases 5 and 6 are delimited on the basis of altitudinal differences 

alone and it may be more useful to interpret the two together. In terms of species composition a 

similar woodland is represented across the foreshore despite any potential diachronicity (see 

Table 6.3. and Figure 6.8.). Figure 9.12. provides a small-scale map of the Late Bronze Age 

woodlands. The Time Team project added a further 14 trunks and stumps to this woodland 

which have been included in Figure 9.12.

The Late Bronze Age woodland appears mostly monodominant, comprising Alnus glutinosa 

with an occasional and localised co-dominance of Fraxinus. The abundance of Alnus suggests 

an ecological characterisation of W5 (Rodwell, 1991) to the Late Bronze Age woodlands (see 

Table 9.1.). The small diameter root systems are closely spaced indicating young even-aged and 

relatively dense alder carr (but see Figure 9.13.). Betula makes a very occasional contribution to 

this woodland represented by small trees, probably no older than 20 years. It is suggested that 

the riverine zone was extremely close to the woodland by the Late Bronze Age creating swamp 

conditions on the floodplain favourable only to Alnus. Similarly to the Phase 4 woodlands, peat 

sampling of this level identified a greasy accumulation indicative of increasingly flooded 

environments. It is relatively surprising therefore that species such as Fraxinus succeeded in 

growing to some maturity under apparently muddy and saturated conditions (see Figure 9.12.).
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The northern line of root systems, although delimited by altitude, follows an erosional trend at 

the site and possibly relates to the actual woodland edge in the Late Bronze Age. It is suggested 

that a monocotyledon peat may erode faster than an accumulation structurally strengthened by 

large woody inclusions. Erosion along this zone could result from an eroded northerly peat 

which accumulated under reedswamp. Furthermore, the estuarine condition of the river by the 

Late Bronze Age suggests that the interface may have abutted with saltmarsh communities. The 

palynological profile (Figure 9.7.) from this level possibly substantiates the proximity of 

Phragmites reedswamp and saltmarsh by the expansion of Poaceae, Callitriche, Typha sp. and 

Chenopodiaceae, and a reduction o ï Alnus at this point (Brook, 1998).

The southernmost zone is characterised by the growth of larger trees and some increased 

diversity with the presence of Quercus, Acer and Ulmus. The more diverse elements occur 

directly south of the same woodland type in the earlier landscape and may represent a temporal 

contemporainity with the Phase 4 woodland. Nevertheless, the presence of a large Acer tree at 

the top of the foreshore may indicate accuracy in a later date. This zone represents a 

fragmentary survivor of the W8 community (Rodwell, 1991), although the overall dominance of 

Alnus within the area suggests that this classification is increasingly tenuous. These species may 

be more suitably viewed as occasional contributors to an overall W5 comparable alder carr 

woodland.

It is relatively surprising that Quercus continued to establish on the Erith floodplain in the Late 

Bronze Age. Furthermore the size (40 -  50 cm DBH) of the Quercus and Acer suggests 

favourable conditions for these taxa over a significant time period. Interpretation of the larger 

trees to the south suffers from the same temporal ambiguities of the middle Bronze Age 

woodland. However, it seems likely under increasing flooding that this area once again 

experienced stable conditions for marginally longer than the northerly floodplain.
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Figure 9.12. Small-scale plan of the Later Bronze Age woodlands at Erith west, including Time Team additions.
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The poor preservation of this exposure precludes a more detailed interpretation, however some 

broad reconstructive patterns may be deduced. Figure 9.13. provides a schematic reconstruction 

of the Late Bronze Age woodlands based on the transect illustrated in Figure 9.12. The 

overwhelming dominance of Alnus in this woodland suggests extremely wet floodplain 

conditions which excluded the establishment of most tree species. Certainly the Late Bronze 

Age floodplain became intolerable for Ilex and Prunus which succeeded in establishing during 

the Middle Bronze Age period. Consequently, gaps within the woodland have been illustrated 

with open pools of water. Reedswamp has been drawn at the northern extreme of the woodland 

in recognition of the probable proximity of the River Thames.

The reconstruction suggests a relatively open alder carr woodland, thereby allowing the trees to 

achieve a fuller stature than those growing in dense woodland. Nevertheless, preservational 

biasing may have created a significant underestimation of woodland density. Furthermore, other 

areas of the exposure demonstrate root systems which are spaced more densely. The areas of 

woodland which supported Quercus and Fraxinus are represented by larger trees which, when 

drawn three dimensionally, create a closed canopy woodland. The localised distribution of these 

communities, and the assumed drier substrate, suggests that certain areas of the floodplain 

continued to provide easily targetable timber resources in the Late Bronze Age.

The density values (Table 6.4.) are typically low indicative of severe erosion at the upper 

foreshore. However, the rather sparse fall direction data appears to continue the trend observed 

from the Middle Bronze Age woodlands (Figure 6.14. iv). A southeasterly wind direction is 

evidenced from the Late Bronze Age trees which correlates with the Middle Bronze Age signal 

of easterlies, and contrasts sharply with the even spread from earlier periods. Similarly, if this 

trend reflects a real shift in prevailing winds then this factor was likely to have contributed to 

the increased flooding and overall alluviation of the floodplain during the Later Bronze Age
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Figure 9.13. Schematic reconstruction o f  the Late Bronze Age woodlands at Erith west based on the transect illustrated in Figure 9.12.
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9.5. The Erith woodlands within the London context.

It is necessary to compare the Erith findings to environmental sequences in the east London area 

in order to ascertain the typicality of the woodland as landscape, and to add further detail to the 

character of the woodlands using complementary palynological and macrofossil identifications. 

The major ecological trends identified from Erith are provided in Figure 9.14. and the following 

discussion will concentrate on areas of interest which have largely been unrecognised in the 

literature.

9.5.1. Diversity on the floodplain.

One of the interesting trends to emerge from the Erith woodlands are the areas of increased 

species diversity comprising tree species not normally associated with the mire. Furthermore, 

this diversity continues through the woodlands until the Late Bronze Age period at Erith. 

Consequently, it is important to assess whether this represents a vagary of the Erith area, or a 

widely applicable model for the floodplain. Obviously, palynological profiles document the 

presence of Quercus, Ilex, Ulmus, Acer and Fraxinus (see Figure 9.15.), however, discussion 

commonly attributes these species to the valley sides. The evidence from Erith indicates zones 

of mixed deciduous woodland on the floodplain itself which is unprecedented.

Several Neolithic sites from London document the macroremain presence of one or several of 

the above species. The Purfleet submerged forest is perhaps most comparable demonstrating 

Taxus, Ilex, Ulmus, Alnus and Fraxinus from the peat accumulations (Wilkinson & Murphy,

1995). Other sites with evidence for Taxus have suggested associations with Fraxinus, Alnus 

and Rhamnus at Beckton Nursery (Seel, 1996a), Ilex at Beckton Sewage Farm (Davies, 1995) 

and Quercus at Wennington Marsh (Sidell et al, 1996).
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Figure 9.14. Summarising the woodland compositional changes on the Erith floodplain from the 

Later Neolithic to the Early Iron Age.
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Continued species diversity is evidenced during the Bronze Age at Erith and is further 

collaborated at other sites. For example, Fraxinus, Alnus, Rhamnus, Pomoideae, Quercus and 

Salicaceae were identified from the non-cultural assemblage at Beckton Nursery (Seel, 1996a). 

This diversity may be further increased by the presence of Prunus, Betula and Corylus from the 

cultural wood assemblages. Similarly, the Barking Tescos cultural assemblages suggested the 

presence of Alnus, Acer, Quercus and Corylus on the floodplain in this area (Seel, 1996b). 

Consequently, the majority of species which comprise the diverse mosaic zones at Erith have 

been identified in small quantities from other floodplain sites. This fragmentary evidence 

suggests that localised diversity equally occurred elsewhere on the floodplain where substrate 

variation was present.

The localisation of mixed deciduous woodland at Erith represents a maximum of 15 % total 

woodland area. Consequently, standard evaluation trenches suffer an 85 % chance of missing 

these areas, providing such extensive spreads of woodland are common within London’s peats. 

Obviously it would be unusual, and probably interpretatively misleading, to encounter a mosaic 

zone during archaeological investigation on the floodplain. This factor provides an explanation 

for the apparent unusualness of species diversity on the Erith floodplain. It is suggested that the 

Erith spatial maps provide a widely applicable model of floodplain woodland diversity, which 

may be extrapolated using the fragmentary remains identified elsewhere. Furthermore, the 

proportion of mixed deciduous woodland may be expected to be higher at floodplain sites near 

the terrace or tributaries where transitional edaphic conditions occurred.

The occurrence of mixed deciduous woodland on the floodplain carries some significant 

implications for landscape ecology. For example, species such as Acer campestre are absent 

from palynological profiles but are represented in some abundance from macroremain evidence. 

In particular, the abundance of Fraxinus excelsior both within the mixed deciduous woodland 

and the wider Alnus carr is significant. This species is widely recognised as underrepresented in 

pollen profiles (Andersen, 1970; 1973) (see Figure 9.15.) and the Erith site demonstrates the
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extent of this phenomena. All of the woodlands at Erith record Fraxinus as second in abundance 

to Alnus, with the exception of the Taxus woodlands which appear to have negatively impacted 

on the establishment of this species on the floodplain. Fraxinus was similarly second in 

abundance at Beckton Nursery (Seel, 1996a) and Purfleet (Wilkinson & Murphy, 1995). This 

species constituted an important component of both the Late Neolithic and Bronze Age 

floodplain woodlands, and pollen taphonomy consistently under represents its contribution to 

the floodplain vegetation.

The presence of mixed deciduous woodland on the Thames floodplain raises additional 

problems for tracking wider landscape change. A pollen catchment of 30 metres has been 

suggested within wooded localities (Tauber, 1965; 1967), which has implications for 

recognising vegetation change on the valley sides using floodplain sampling sites. For example, 

evidence for an arboreal regeneration, particularly of Ulmus during the Late Neolithic, has been 

recognised at Bryan Road (Sidell et al, 1995b), the Mar Dyke (Wilkinson, 1988) and Fort 

Street, Silvertown (Wessex Archaeology, 2000). This phenomenom has been linked to a 

woodland based, rather than agricultural economy in the southeast (Whittle, 1978; Scaife, 

1988). All of these sites represent a sample location within a formerly Alnus dominated 

landscape which presumably reduced the input of allochthonous pollen rain. Consequently, it is 

not inconceivable that some of the ecological changes relate to the floodplain deciduous 

woodland.

For example, the regeneration of Ulmus commonly signals at levels around 10 % of total pollen, 

excluding Alnus. However, if Alnus is additionally removed from the woodland percentages at 

Erith then values of 10 % mark the Ulmus composition during the Late Neolithic and Early 

Bronze Age. It is not known whether Ulmus grew at Erith in preceding periods although 

progressive drying of the floodplain through the Neolithic suggests an increasingly favourable 

habitat for Ulmus. Consequently, palynological profiles which are (unknowingly) sampled near

413



Figure 9 .15. Pollen diagram from Beckton Nursery demonstrating trends discussed in the text (Scaife. 1997a).
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a mixed deciduous zone on the floodplain may be tracking the autochthonous establishment of 

Ulmus, rather than a widely occuring phenomenom.

Furthermore, there is a case for suggesting that the relatively dry floodplain of the Late 

Neolithic provided a refuge location for Ulmus. For example, it is not untenable that the largely 

untouched floodplain woodlands offered protection for Ulmus from the Neolithic clearances on 

the dryland which contributed to the spread of Ceratocystis ulmi via Scolytus scolytus. Elm 

disease may have continuously impacted on the dryland woodlands during the Later Neolithic, 

but the refuge establishment of Ulmus on the floodplain created expansions in pollen which are 

interpreted as secondary regeneration.

Similar implications occur for the interpretation of species such as Fraxinus excelsior as 

secondary woodland subsequent to the elm decline and agricultural clearance. As stated, 

Fraxinus is the second most abundant tree in the floodplain woodlands, all of which would be 

classed as primary woodland. The presence of zones in which both Fraxinus and Ulmus 

predominate operates against models which suggest the secondary expansion of the former 

within the ecological niche left by Ulmus. Furthermore, comparative percentages within the 

Erith woodlands illustrate the increasing importance of this species as other taxa decline through 

the Bronze Age (see Figure 6,8), Consequently, percentages of total pollen would be expected 

to track an expansion of this species from the floodplain ecology alone, which urges caution in 

assuming dryland secondary regeneration from percentage values of this taxon.

It is not suggested that the London palynological profiles merely track changes to the floodplain 

ecology. For example, clear indications of the wider woodland are represented by the ubiquitous 

presence of Tilia within floodplain pollen sequences {eg. Figure 9.15,), but its total absence 

from Erith, Furthermore, dryland sites such as West Heath Spa (Greig, 1982) and the Isle of 

Wight (Scaife, 1988) track changes in Ulmus and Fraxinus pollen which must represent the 

upland ecology. However, the Erith results urge caution in automatically attributing arboreal
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changes from the London floodplain sites to anthropogenic activity on the dryland. There is a 

good case for areas of mixed deciduous woodland on the floodplain itself, which would be 

expected to signal in palynological profiles in the vicinity. Furthermore, similar ecological 

developments are evidenced in the Erith arboreal flora which, rather than being a result of 

clearance, are attributable to autogenic change on the floodplain linked to rising sea-levels.

9.5.2. The Taxus woodlands.

The predominance of Taxus during the Late Neolithic at Erith is widely substantiated by 

macroremain evidence for this species at other east London sites (see section 3.5.). 

Palynological profiles track the presence of Taxus throughout the Neolithic period (eg. 

Wennington Marsh and Dagenham), although it is the late Neolithic establishment represented 

by macroremains which is of relevance here. These finds suggest that considerable tracts of the 

lower Thames floodplain supported Taxus woodland during the Later Neolithic, with marginally 

later establishments upstream. Taxus macroremains are not recorded from Central London, 

although more recently a Late Neolithic palynological presence was identified at Union Street in 

Southwark, and a middle to late Bronze Age presence at Joan Street, Southwark (Sidell et al, 

2000).

It has been suggested that dense Taxus growth would have resulted in a minimal field and 

ground flora. At Wennington Marsh the pollen diagram demonstrates minimal values of non- 

arboreal taxa such as Filipendula, Lysimachia, Cyperaceae and Dryopteris type (Sidell et al,

1996). Indeed, the majority of herbaceous species arrive in the sequence immediately above the 

Taxus horizon which appears to substantiate a low ground flora. However, abundant bryophyte 

remains were identified (ibid.) which is a characteristic of the yew woodlands in Killamey, 

Ireland (Kelly, 1981). Additionally, relatively good evidence for scrub species such as Rosa 

agg., Rubus fruticosus agg.. Viburnum and Crataegus (Sidell et al, 1996) appear to characterise 

the Taxus woodlands.
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Equally, a general decrease in herbaceous species at the level of Taxus pollen is visible from 

Dagenham Marshes (Scaife, 1994b), Beckton Nursery (Scaife, 1997a, Figure 9.15.), Beckton 

Alp (Scaife, 1997b) and Union Street (Sidell et al, 2000). Correlative changes between Taxus 

and non-arboreal pollen occur in the same horizon at these sites despite differences in dating. 

These trends indicate the profound and apparently ubiquitous effect of Taxus growth upon the 

floodplain vegetation. The evidence from Erith suggests localised dense stands of Taxus, with 

interleaving areas of scrub thickets indicated from correlative macrofossil remains.

It has been suggested that the Late Neolithic phase at Erith represents mature woodland, despite 

the relative youth of the Taxus. The presence of Taxus pollen at other sites signifies landscapes 

which experienced stability for at least 70 years thereby facilitating flowering. As a 

consequence, Taxus pollen indicates mature local woodland, either of the Alnus type 

communities, but also of the mixed mosaic zones on the floodplain. It is significant, therefore, 

that correlative peaks and troughs in Polypodium vulgare (epiphytic in mature woodlands) 

spores occur comparative to Taxus. Although this fern is unlikely to have colonised the flaking 

bark of Taxus (Kelly, 1981), the mature adjacent trees would provide ideal conditions for this 

species. Correlative expansions between Taxus and Polypodium are evidenced from Dagenham 

Marshes, Wennington Marsh, Beckton Alp, and the Southwark sites. Significantly, Polypodium 

disappears from the majority of profiles simultaneous to Taxus {eg. Figure 9.15.) which 

suggests that its presence, at least in part, may be attributed to the mature woodlands of the 

floodplain.

It should be stressed that areas with Taxus pollen indicate Taxus stands of greater maturity than 

those at Erith. In these areas it seems likely that Taxus eventually formed pure stands to the 

exclusion of other species as may be indicated by its abundance at Wennington Marsh. It is 

significant that Taxus pollen is not recorded from Erith Spine Road (Sidell et al, 1997) which 

lies 2 km west of the submerged forest. The large proportion of Taxus at Erith died before 

reaching reproductive age which probably accounts for its palynological absence from the
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Table 9.6. Radiocarbon dates and approximate Ordnance Datum Levels for peat seq u en ces with 
Taxus macroremains from London

Site Earliest for Basal Peat Latest for Upper Peat QD Level

Taxus peats 01) (m) Taxus peats QD.(m) of Taxus

Erith 3920 +/- 70 BP -2.21 3640 +/- 60 BP -1.60
-2.21 to 

-1.60

Wennington

Marsh
5010 +/- 70 BP -2.43 3220 +/- 70 BP -1.11

-1.57 to 

-1.67

Purfleet 3910 +/- 70 BP -1.94 3910+ /- 70 BP 0.00 c. -1.9

Beckton 

S ew age Farm
4240 +/- 60 BP -2.39 3220 +/- 60 BP -0.54

-1.11 to 

-0 .8 7

Beckton

Nursery

4670-4635 or 

4620 - 4360  

cal. BC

-3.85

1430-1200 or 

1910-1515  

cal. BC

-2.20
-2.27 to 

-2.70

Figure 9.16. Diameter values of Taxus trunks recorded from London illustrating
broad comparability between tree sizes.
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nearby site. By implication, the absence of Taxus pollen from similarly dated peats may indicate 

young Taxus woodland in the vicinity, rather than an absence of this species.

The Erith site lies on the lower floodplain where hydrological change would be expected to 

impact relatively early. It may be significant therefore that Taxus diameters from east London 

demonstrate broad comparability (see Figure 9.16). This suggests a broadly synchronous 

establishment of the species across the floodplain (see Table 9.5.) and a correlative longevity. 

Sites upstream of east London, or with a longer peat sequence, may have provided suitable 

conditions longer periods. Consequently, Spurrell (1889) records a yew tree up to 500 years old 

at Crossness which presumably dates to an earlier period in the Neolithic when floodplain 

conditions remained stable for longer. Similarly, Beckton Sewage Farm comprised greater 

Taxus diameters than those to the east, suggesting that an earlier establishment enabled longer 

growth. By implication, a relatively synchronous death of Taxus around the Erith area is 

suggested, presumably related to wider ecological change.

9.5.2.1. Models for the extinction o f Taxus.

The disappearance of Taxus from the floodplain appears to have occurred around 2000 BC in 

east London, and marginally later at sites upstream. This suggests an ecological change related 

to relative sea-level. However, a sensitivity of Taxus to waterlogging should not be assumed on 

the basis of ecological analogy. For example, growth upon fen peat is also unparalleled today, 

which suggests a shift in habitat ecology since prehistory. There are two models which may 

account for the extinction of the species during the Later Holocene.

i) Gradual Relative Sea Level and increased floodplain \vaterl022in2.

The simplest model assumes ecological analogy between modem and prehistoric Taxus 

baccata in which waterlogging created intolerable environmental conditions. 

Consequently, rising relative sea-level progressively inundated the floodplain upstream 

(possibly with saline water) thereby successively killing the species in this direction.
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Furthermore, increased disturbance on the floodplain impacted on the reproduction 

mechanisms of the species and the long reproductive cycle of Taxm  discriminated 

against it within a dynamic landscape. This model suggests that stable conditions never 

returned, hence a noticeable absence of a secondary Taxus establishment after the 

Neolithic.

ii) Genotypic variation and change.

A second model assumes the existence of a different Taxus genotype in prehistory 

which was relatively well adapted to waterlogging. However, the progressive 

islandisation of floodplain habitats restricted gene flow thereby inducing damaging 

genetic changes (Ellstrand, 1992). For example, inbreeding depression leads to a drop in 

reproductive performance, the fixation of deleterious alleles and a drift towards 

genetically depauperate populations which are less likely to respond to selective 

pressures in a changing environment (Peterken, 1996). Furthermore, renewed exposed 

to related populations from the wider environment results in the inflow of genes from 

less well adapted populations leading to out breeding depression and extinction by 

hybridisation.

This genetic model is based upon the increasing dynamism of both the floodplain 

because of increasing inundation, and the valley sides where agricultural clearance 

progressed. Consequently, Taxus populations became progressively isolated and 

deleterious genetic changes resulted. This alone may have caused the extinction of a 

prehistoric genotype. However, any renewed contact with wider populations (for 

example during the proposed Late Neolithic woodland regeneration) hybridised 

different Taxus populations, introducing genes from individuals unadapted to the 

floodplain environment. Consequently, the habitat itself, combined with increasing 

waterlogging, became intolerable to the new genotypes and Taxus became extinct from 

subsequent woodland reestablishments on the floodplain.
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It is impossible to know which model is most applicable given the dynamism of the floodplain 

during the Bronze Age. Increasing waterlogging and base levels would appear the most obvious 

model, although genotypic differences cannot be discounted given the presence of Taxus on the 

floodplain peats in the first place. Indeed, it is possible that both models were operating, with 

flooding providing the final overriding factor in the species extinction. The implications of the 

change are well evidenced at Erith and may be traced at other sites on the floodplain,

9.5.3. The expansion o f Betula and Salicaceae and decreasing diversity.

A clear shift to open Betula-Salix woodland is evidenced at Erith during the Early Bronze Age. 

This ecological change has been tentatively attributed to a distinct flooding event at Erith which 

led to retrogressive herbaceous fen and subsequent colonisation by pioneer species. There is 

little evidence for a wider flooding event at this point elsewhere on the floodplain although 

localised episodes are widely recognised However, it has been suggested that the expansion of 

pioneers and herbaceous flora was a likely response to the death of Taxus elsewhere on the 

floodplain, regardless of a major flooding event.

Expansions of Salix and/or Betula pollen after the Taxus decline are demonstrated at 

Wennington Marsh (Sidell et al, 1996), Dagenham Marsh (Scaife, 1994b), Beckton Nursery 

(Figure 9.15.) and Alp (Scaife, 1997b), Joan Street and Union Street in Southwark (Sidell et al, 

2000). Consequently, all the sites which evidence Taxus also demonstrate this ecological shift 

upon its decline. The expansion of Betula at Dagenham was perceived as interpretatively 

problematic since it is assumed this species represents a drier carr (Scaife, 1994b; Fairbum, 

1994b), but the overall trend is one of increased waterlogging. However, the evidence from 

Erith suggests that the carr hydrosere was probably similar during and after Taxus growth, but 

that this species excluded the pioneer intolérants from the floodplain. Consequently, upon the 

demise of Taxus these species, accompanied by herbaceous flora, rapidly colonised the bare 

ground and therefore signal expansions in the palynological profiles (Figure 9.15.).
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Frequently, the major expansions of marsh taxa {eg. Osmunda regalis and Typha sp.) occur 

some time later than the Betula and Salix expansions. However, short-lived peaks in Typha and 

Potamogeton frequently occur around the time of the Taxus decline (Figure 9.15.). Such a 

correlation is particularly well evidenced at sites such as Joan Street and Beckton Nursery where 

two small peaks in Taxus occur. These marshland taxa then decrease before significant and 

continuing expansion towards the top of the profiles. This evidence suggests that a short-lived 

and marginal watertable increase could have occurred at many sites leading to Taxus death, 

before a return to former conditions which facilitated the colonisation of pioneers on newly 

available ground. Central to this model is the importance of hydroserai change on the demise of 

Taxus, but its relative unimportance as a causal factor for the Betula or Salix expansion.

The Taxus decline and subsequent pioneer expansions suggest this event may be viewed as a 

distinct ecological episode on the floodplain, in much the same way as the Tilia decline on the 

dry ground. The difference lies in the probability that the floodplain event was autogenically 

induced due to minor changes in the hydrosere which resulted in major changes in the 

vegetation. The ecological shift was considerable because of the excluding effect of Taxus on 

the growth of other species on the floodplain. Consequently, its removal caused significant 

woodland changes which reflect vegetational successions, more than hydroserai shifts.

The Erith woodlands document an overall decreasing diversity on the floodplain culminating in 

large tracts of monodominant alder carr by the Late Bronze Age. It is suggested that this shift 

occurred due to progressive waterlogging of the mire leading to expansions of reedswamp, and 

the exclusion of diverse woodland types. This change is well evidenced fi'om other sites in 

London (Figure 9.15.) and has been outlined in Chapter 3.6.2. For example, at Erith Spine Road 

arboreal taxa decrease whilst a corresponding increase in Typha angustifolia and Cyperaceae 

occurs around 3210 BP (Sidell et at, 1997). This change occurs simultaneous to increases in 

cereal and ruderal pollen which suggests that anthropogenic factors contributed to the 

paludification of the floodplain. Other sites such as Beckton Nursery (Figure 9.15) and
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Dagenham Hays Storage document a similar change, with decreasing values of Dryopteris type 

and corresponding increases in Osmunda regalis, Typha sp, and Potamogeton {eg. Scaife, 

1997a; 1994b).

The eventual disappearance of mixed deciduous woodland is mirrored at the Erith Spine Road 

site where Ilex, Betula and Prunus disappear, and Quercus and Ulmus decrease (Sidell et al, 

1997). The Later Bronze Age woodlands at Erith suggest that these changes operated on the 

floodplain itself in addition to the valley sides. Areas of mixed deciduous woodland probably 

survived later at sites upstream of Erith where relative sea-level rise impacted later.

However, Erith appears relatively unique in the duration of woodland growth on the floodplain. 

For example, large Fraxinus trees survived at this location until 2470 +/- 60 BP which is 

substantially later than the final inundation which buried Erith Spine Road at around 3490 +/- 

70 BP. The disparity is relatively surprising given the riverside location of the submerged forest 

site. However, the dates of inundation at Beckton Nursery are comparable with Erith occuring 

between 755 and 685 cal. BC, after a period of greasy peat accumulation. The late survival of 

the Erith woodland suggests rapid rates of peat accumulation which succeeded in keeping pace 

with relative sea-level rise until the Early Iron Age. At this point grey clay characterises the 

profile indicative of widespread inundation which buried the site, and is typical of the floodplain 

peat sequences in east London.
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Chapter Ten

BRONZE AGE TRACKWAYS AND WOODLAND USE.

This chapter presents an interpretation of the Beckton Nurseiy and Erith results presented in 

Chapter 7.0. The following aspects of Bronze Age wood use will be discussed:

i) Species and sizes of wood utilised from the floodplain carr.

ii) The use of Alnus and the evidence for management practices.

iii) Species selection, woodworking activities and trackway function.

iv) Tree felling and tool usage.

Both the Beckton and Erith structures are interpreted individually prior to a wider discussion of 

Bronze Age woodland use. The interpretations of woodland around the Beckton site assume 

broad compatibility between the Erith woodlands and the landscape of the Newham area. 

Although precise extrapolations are likely to be flawed, Section 9.5. has demonstrated the broad 

correlation between the reconstructed environment around Beckton (Scaife, 1997a; Seel, 1996a) 

and the woodland ecology of Erith.

10.1. The Beckton Nursery structures.

The discussion of contexts at Beckton operates within the construction groupings presented in 

Table 7.1. and descriptions of each structure may be located in section 7.2. The following 

provides a structure-specific summary of the main trends observed in the results (chapter 7.0). 

These summaries will then be discussed in terms of central themes regarding wood use in 

Beckton and the wider area.

10.1.1. Fence/Wall 231.

This upright structure (see section 7.2.1.) was constructed entirely of Alnus glutinosa (Table

7.3.) with the brushwood diameters tightly grouped between 15.5 mm and 19.5 mm (Table 

7.5.i). The stakes demonstrate evidence for the selection of larger stems up to 42.5 mm 

diameter, and the disparity between the two elements clearly illustrates size selection of wood
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for various functions. The age of both the stakes and brushwood peaks between three and five 

years, although the stakes are faster grown (Figure 7.7. iii). The distribution of similar aged 

stems with variable diameters suggests the use of woodland which had been cut over some three 

to five years previously producing even-aged stands. Two other Alnus stems which were slow 

grown may have been selected from a different area on the basis of their comparative diameters.

The stakes and brushwood consist of straight-stemmed wood with central piths, all of which 

demonstrated regular and even growth under favourable conditions. Branching was uncommon, 

although the stakes demonstrated evidence for side shoots which had been trimmed away (Table

7.14.). Two of the stakes were twisted and longitudinally compressed suggesting that they were 

driven into the ground whilst green, and the consistency of winter fells suggests a winter 

construction. The brushwood demonstrated a mixed season of collection probably indicative of 

summer cut wood which had been stockpiled and supplemented by freshly cut stems during the 

construction phase. No large first rings were identified although this does not necessarily negate 

a coppiced origin, and the even-aged composition of the assemblage suggests exploitation of a 

previously cut area of woodland. This would also account for the fast growth of stems between 

three and four years (Figure 7.7. iii).

Working of the stems was minimal with the brushwood felled using simple chisel cuts at one 

end (Table 7.15.) (see Plate 10.1.). This generally comprised a single facet, although one sample 

from both the brushwood and stakes demonstrated a chisel variant point with two facets cut on 

one side o f the stem. This characteristic has been ascribed to use during the construction of 

vertical structures in the Somerset Levels (see section 4.2.7.) (Coles & Orme 1985) and it may 

be significant that chisel variants were identified from this fence or wall. The simple processing 

of the stakes indicates that little further sharpening of points was required before driving the 

stems into the peat. However, one stake was cut to a pencil end using four cuts around the stem 

to create a more efficient point.
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Plate 10.1. Typical chisel ends from Beckton Nursery (Context 
Alnus glutinosa.

5cm

Plate 10.2. Woodchips (Context 78) from Beckton 
Nursery (a) Quercus sp. (b) Alnus glutinosa

(b)

5cm
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The angle of cut was similar between the two wood classes characterised by shallow to very 

shallow cuts (Table 7.15., Figure 7.19). The facet widths were generally small (Figure 7.17) 

although the diameter of stems restricted the facet size regardless o f the original blade width. 

Facet length on some of the stakes (Figure 7.16) was considerable reaching 81 mm, and facets 

ranged from flat to slightly dished (Table 7.15.). These characteristics suggest the use of a 

small, sharp metal tool with a relatively thin cross-section, which could consequently cut into 

the stems at shallow angles removing long slivers of wood. The variation between facet shapes 

(Figure 7.18.) could indicate the use of two similarly sized axes but of different thickness, the 

thicker blade producing the slight dished curvature.

10.1.2. Staked trackway 4.

Trackway 4 was constructed of Alnus glutinosa and one stem of Betula sp. with diameters 

clustering around 10 mm to 30 mm (Figure 7.8.i-iii, Table 7.6.i, ii). Similar to the previous 

fence, the stake diameters generally exceed those of the brushwood elements indicative of size 

selection related to specific constructional purposes. The age of stems demonstrates a wider 

distribution between 1 and 18 years, with a major peak of 3 and 5 years, and also a cluster at 7 

to 9 years. The stakes suggest a more even-aged origin falling between 7 and 10 years across a 

15 mm diameter range. However, the general distribution of sizes and ages suggests exploitation 

of different areas of woodland, where size was the prominent selection criteria and age ranged 

within the diameter classes in accordance with natural fluctuations in growth.

The wood varied in quality although the majority was straight stemmed and demonstrated a 

central pith. Nevertheless, all contexts with the exception of the stakes, comprised some wood 

with an off-centre pith indicative o f branching pieces, and stems with evidence for side branches 

and forking were identified throughout (Table 7.14.). Growth rates varied through the 

assemblage and demonstrate the natural fluctuations of growth. However, six stems aged four 

from Contexts 220, 224 and 225 attain diameters of 25 mm to 30 mm which represents faster
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growth than the majority of wood. In addition, three stems aged two from 220 and 228 attained 

15 to 18 mm diameter, two of which also demonstrated a large first year ring (Figure 7.8. iii). 

These faster grown samples represent growth rates consistent with stems which grow up from a 

previously cut stool. The tight age grouping of 2 to 5 year stems may represent the use of wood 

which has been previously cut, although rapid first year growth is generally absent (Table

7.14.).

Although the growth patterns of the wood exhibit a generally regular and even form, some older 

stems demonstrated an irregularity with one year of growth representing suppression. A total of 

28 stems demonstrated this growth pattern, with the year of suppression ranging from the 

second to the eighth year, although years between 2 and 6 were most abundant being identified 

from all the contexts except 219. A fewer number of stems demonstrated two years of 

suppression separated by one to two years of good growth.

Periods of low summer growth may indicate distinct unfavourable environmental events in 

localised areas from which these stems derived. Alternatively, the loss of growth could indicate 

a spring and summer topping practice within the surrounding woodlands, possibly to provide 

leafy fodder for animals {c.f. Rackham, 1977). The majority of stems with this ring pattern were 

cut in winter (Table 7.14.). It may be significant that the majority of summer cut stems (63 -  

100% per context) fell between three and seven years old. These stems demonstrated regular 

growth and could have been harvested during the summer in this manner, with the remaining 

wood derived from older topped stems which had been allowed to grow on.

Working of the wood was minimal with chisel ends predominating, the majority with single cuts 

although a few also demonstrated variant chisel ends both of which had been cut at shallow to 

very shallow angles (Table 7.15.). The facet dimensions and shapes replicate the range found in 

context 231 (Figure 7.16. -  Figure 7.19.), although the widths reached 36.8 mm indicative of a
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blade at least this size. The cut ends similarly suggest the use of possibly two types of sharp 

metal axes, with different thickness, capable of removing long flakes at shallow angles.

Wedge cut ends characterised four stems with diameters within the upper spectra of sizes 

between 22 mm and 24 mm. This technique was used on the larger stems, probably as a direct 

result of the felling techniques used on larger diameters. Wedge ends were produced on 

summer cut wood, in contrast to the predominant winter cut, and may indicate a different 

episode of exploitation. Only one pencil end was recognised with three shallow cuts around the 

stem, although the stakes were apparently pencil pointed with up to 4 cuts (Divers, 1994b). 

Unfortunately, this wood was not received for analysis although it demonstrates an alternative 

working of stems ends which were to be driven into the ground. Three of the stakes were 

twisted and longitudinally compressed indicative of driving whilst green which, combined with 

the winter cut, suggests a winter construction for the trackway.

10.1.3. Trackway/Fence 138.

This feature was constructed of Alnus glutinosa with a tight diameter grouping between 8 mm 

and 25 mm, and one considerably larger stem of 65 mm diameter (Figure 7.9i). The ages 

demonstrate a similar clustered distribution between 3 and 16 years (Figure 7.9. ii). Figure 7.9. 

(iii) demonstrates an even spread of growth indicative of a natural source with none of the rapid 

growth evidenced in trackway 4. A natural source of wood is substantiated by the 

morphological form of the stems (Table 7.14.) demonstrating 30% and 40 % off-centre piths 

indicative of branch wood, with up to 50 % of stems with branches from Context 50. The last 

ring evidence suggests a relatively even distribution between summer and winter felling 

indicative of collection throughout the year, and limiting deduction of a construction season. 

There is limited evidence for the felling of even-aged stems and collection appears to have 

draw-felled suitably sized stems, particularly branch wood, from various areas in the 

surrounding woodland.
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Growth rates are generally regular, although some stems demonstrated irregularities over a 

series of years, and five stems evidenced the characteristic one year suppression. These 

suppressed stems were exclusively cut in summer and demonstrated reduced growth between 

the second and fourth years, or the eighth year of growth. The single stem demonstrating second 

year suppression also contained a large first ring, possibly indicative of coppicing, although it 

failed to achieve overall rapid growth because of this episode. An additional four stems with 

off-centre piths demonstrated growth reductions over a period of two to six years. This branch 

wood probably represents natural fluctuations in response to various ecological events. 

However, it is possible that occasional stems from areas of the woodland which had been 

topped became incorporated into this otherwise naturally derived assemblage.

Woodworking was characteristically minimal with single facet chisel ends comprising the 

majority, although a wedge end characterised the working of the larger 65 mm stem (Table

7.15.) A considerable proportion of wood (62 %) was unworked and may have been broken up 

by hand, or collected from the ground as fallen branch wood. The collection of dead wood from 

the ground would similarly explain the high variability in last ring patterns. The cutting angles 

demonstrate a range of shallow cuts leaving predominantly flat facets with lengths up to 85.6 

mm (Figure 7.16 to Figure 7.19.). The wedge end demonstrated a far greater width than the 

remaining stems with an open facet of 54.3 mm suggesting the use of a broader bladed tool than 

the majority of stems. Furthermore, this stem demonstrated a peculiar form with the wedge end 

at what was apparently the bottom of a small trunk, and four small shoots protruding from the 

opposite end (see Figure 10.1b.). This sample may represent a small boiling which had been 

felled by cuts to both sides of the stem. Unfortunately preservation was too poor for ring 

analysis which could indicate cropping episodes.

10.1.4. Trackway 34.

This trackway was constructed using alternating bundles of brushwood comprised entirely of 

Alnus glutinosa. The stem diameters typically demonstrate size selection with the main cluster
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between 8 mm and 28 mm (Figure 7.10. i - iii). Age ranged widely from 1 to 14 years, with a 

considerable proportion of the wood demonstrating slow growth. There was a low proportion of 

unbranched stems, although central piths were relatively high. Some differences between the 

constructional elements were identifiable. For example, 25% of the wood from Context 114 

demonstrated evidence for the characteristic narrow ring which occurred in the 3̂  ̂ or 4* year. 

The majority of the wood was eight to nine years old and was predominantly straight-stemmed 

with central piths and small twiggy side shoots characterising the morphology. The suppression 

years suggest an origin in previously topped woodland.

In contrast, the adjacent bundle 115 demonstrated a higher incidence of branching. Half of this 

wood demonstrated an off-centre pith, with two stems showing forking, and a further piece with 

numerous twig protrusions. Growth was very variable with 4 to 5 years of slow growth leading 

to older stems o f lower diameters. Woodworking was minimal and two pieces demonstrated 

evidence for tearing, rather than cutting. These tom samples could be matched by ring 

similarities which suggests that this bundle consisted of natural branch wood, which was 

probably broken up by hand to suitable lengths and laid down. The long tears suggest that this 

occurred whilst the wood was green, and a summer fell substantiates this interpretation.

In general, trackway 34 was characterised by slow grown branch wood and the morphology and 

growth rates suggest the arbitrary exploitation of natural woodland where the trees were 

collected in a simple manner, often by snapping and breaking up branches to provide suitable 

lengths. The track was probably constructed in winter given the predominance of winter felled 

wood, although wood was also used which had been collected in the summer.

The rough processing of the wood is reflected in the low numbers of cut ends from the 

trackway. The majority of the bundles contained a maximum of one chisel end with the typical 

single facet. Bundle 125, however, was entirely comprised of chisel ended wood reflecting a
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different method of processing. The angles of cut, and facet dimensions correlate to those 

recognised in other constructions (Figure 7.16 to Figure 7.19., Table 7.15.).

10.1.5. Trackway 90.

Trackway 90 demonstrated a similar composition to Trackway 34, and may represent a 

continuation of this feature (Divers, 1994). It was constructed entirely from Alnus glutinosa 

with diameters between 10 mm and 38.5 mm, although the majority were under 30 mm (Figures 

7.10 i-iii). Ages ranged between 2 and 18 with the main cluster between 2 and 12 years which is 

similar to trackway 34. However, the wood was generally straighter stemmed and contained a 

higher proportion of central piths (Table 7.14.). Both summer and winter cut wood was used in 

construction, some of which originated from fast grown trees. For example, one 23 mm stem 

was aged 2 years and demonstrated rapid first year growth. This stem demonstrates unusually 

fast growth and may indicate the inclusion of some previously cut stems into the assemblage. 

Other stems were slower grown which suggests the inclusion of material from different areas of 

woodland, growing under different conditions.

A redeposited group (Context 137) which lay on top of the trackway demonstrated a 

significantly different wood source. Half of the samples had off-centre piths with two pieces 

demonstrating forking. A further two samples were clear branching pieces with 5 and 7 

branches respectively. The stems were noticeably knotty and unworked which may indicate a 

similar rough processing method of natural woodland as identified from context 115 in 

trackway 34.

The main assemblage contained the characteristic single-faceted chisel end cuts, although one 

sample had been cut to a variant chisel point (Table 7.15.). The fast growing two year old stem 

had a jam curve preserved which is illustrated in Figure 7.20. This was cut at a very shallow 14 

degree angle leaving a slightly dished facet with a length of 58 mm and width of 18.9 mm. The 

axe blade appears to have been around 40 mm wide with a relatively straight blade edge.
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10.1.6. Fence 89.

Very few samples were received from this context and during analysis two samples were 

identified as woodchips. The assemblage was constructed of Alnus glutinosa with one woodchip 

o f Fraxinus excelsior. The diameters vary between 7 mm and 24 mm although a cluster between 

12 and 13 mm characterises the assemblage (Figure 7.10. i-iii, Table 7.8.i-ii). A wide spread of 

ages between 1 and 14 was recorded, with the main peak between 2 and 6 years which 

correlates to the diameter peaks. This suggests an origin within natural woodland where the 

trees grew relatively slowly. All the stems demonstrated a full last year’s growth suggesting 

construction of this feature during the winter (Table 7.14). Growth was generally regular, 

although three stems demonstrated suppression years between the third, fourth and tenth year. 

This variation in growth could represent stems which had been previously topped.

Three stems demonstrated working with single-faceted chisel ends cut at shallow angles which 

left typical long flat facets indicative of a small keen axe (Figure 7.16. to 7.19.). The rectangular 

woodchips were tangentially orientated with thickness between 5 mm and 19 mm and lengths 

up to 85 mm (Figure 7.21 to 7.24). Both retained bark on one side indicating debris from the 

initial working of the outer surfaces of larger trunks. The associated stockpile (112) comprised 

Alnus and Fraxinus stems, with the Fraxinus cut into a wedge shaped end characteristic of the 

technique used on larger diameter stems.

10.1.7. Brushwood feature 106.

Context 106 was constructed from Alnus glutinosa between 10 mm and 38 mm in diameter, 

although variation occurs between the component elements (Figure 7.11. i-iii). The supporting 

timbers are characteristically larger in diameter than the majority of brushwood thereby 

demonstrating size selection of stems according to function. The age grouping is relatively tight 

with the majority of brushwood aged between 3 and 6 years old when cut. The wood was 

predominantly cut in winter suggesting a winter construction consistent with the majority of the 

Beckton structures. Some evidence for branching and branching pieces occurred in all the
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contexts (Table 7.14.) although the majority was straight-stemmed. There were no characteristic 

narrow rings, and the wood was probably arbitrarily collected from various areas of woodland. 

Although growth was generally normal, the higher proportion of stems aged between 4 and 6 

years may indicate felling from an area of woodland which had been previously cut.

Woodworking was characteristically minimal and the majority of Context 143 was unworked, 

with smaller proportions of the damaged elements demonstrating typical chisel ends (Table

7.15.). The worked supporting timber had been trimmed of side branches, and demonstrated a 

typical flat chisel facet, cut at a shallow angle of 18 degrees which sheared 80 mm of wood 

from the stem (Figure 7.16. to 7.19.). The cut ends once again demonstrate the use of a thin, 

sharp tool capable of cutting into the wood at shallow angles and removing long portions of 

wood.

10.1.8. Fence/Wall 105.

Context 105 was constructed oŸ Alnus glutinosa between 5 mm and 39 mm diameters, although 

there were a higher proportion of smaller diameter classes (Figure 7.12. i-iii). Ages ranged from 

1 to 18 years, with the majority of stems cut under 12 years. An even spread of ages and 

diameters characterises natural growth, although some clustering of age occurs between 4 and 5, 

and 7 and 8. The majority o f stems demonstrated a central pith, although small branching on the 

stems was relatively high (Table 7.14.). Similar to the other constructions, the wood was 

predominantly winter cut, with some summer cut elements also included. The cluster of age 

peaks may suggest the exploitation of areas of woodland which had been previously cut 4 and 7 

years previously.

Six stems demonstrated one year’s reduced growth which typically fell between the 2“*̂ and 5* 

years, with a 4* year suppression occuring most commonly on stems between five and seven 

years old. The remaining stems demonstrated even growth rates, with eight showing decreasing 

growth after the first year. Interestingly, an 11 year old stem with topping damage was
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identified which demonstrated decreased growth in the 5^ year (see Figure 10.1a.). 

Consequently, it is possible that this stem, combined with the suppression evidence, indicates 

the practice of spring and summer topping in the area. The suggestion of topping would also 

account for the inclusion of two to seven year old summer felled stems in the predominantly 

winter cut assemblage, which demonstrate uniform growth rather than the characteristic narrow 

ring.

Context 109 was interpreted as an area of damage to 105 (Divers, 1994b), however it proved to 

consist of one roundwood piece and 7 woodchips. Furthermore, the species composition of this 

assemblage was markedly different comprising Corylus avellana from the roundwood, and 

Prunus {c.f. avium) and Quercus sp. from the woodchips. This assemblage indicates 

woodworking activities at Beckton Nursery. The woodchips were mostly radial and three 

samples retained bark on one side (Table 7.16, Figure 7.21 to Figure 7.24.). They were 

rectangular in shape and the ends were angled oppositely indicating the working of large oak 

trees, possibly to make mortices.

Single faceted chisel ends and one variant chisel point represent the remaining evidence for 

woodworking from Context 105. The cutting angles and facet dimensions demonstrate the 

typical ranges outlined in other constructions (Figure 7.16. to Figure 7.19.). This assemblage 

also contained one end with a dished facet (Table 7.15) which may indicate the use of a thicker 

axe blade than that used on the majority of the Beckton wood.

10.1.9. Trackway 150.

Trackway 150 was constructed from Alnus glutinosa and two stems of Fraxinus excelsior. The 

diameters clustered between 8 mm and 24 mm and the age classes demonstrate a strong peak 

between 4 and 6 years old comprising slow and fast grown stems (Figure 7.13. i-iii). Straight

stemmed, central piths comprised 86% of assemblage, although a higher proportion (50%) of 

stems demonstrated small branching off the main stem (Table 7.14.). Furthermore, stems with
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Figure 10.1. Management evidence from Beckton Nursery.

a) Topped Stem from Fence/wall, Context 105.

I—  0

_  5 cm

b) Above the ground coppiced stool or boiling with wedge  
cut end from trackway/fence, Context 138.

—  5 cm
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decreasing ring widths were more common in this construction than the adjacent structures, 

despite a relative absence of large first rings. The general morphology and concentration of stem 

age suggests that some of the wood from this feature was collected from woodland that had 

previously been cut, thereby producing even-aged stands o f Alnus from the regrowth.

The majority of wood was cut in winter, however the summer cut wood distinctly fell between 

the 3 and 6 year age classes, whilst diameters varied within this age peak. The concentration of 

summer cut fast grown stems of the younger age classes could indicate derivation from a 

managed source. This would also correlate with the suggested topping practice of 3 to 6 year 

stems from Context 105. The majority of winter cut wood suggests that the feature was 

constructed during these months, although wood from collections earlier in the year was also 

incorporated.

The majority of wood received from trackway 150 was uncut, with the remaining samples 

demonstrating the typical ratio of single and variant chisel ends (Table 7.15.). The larger 

Fraxinus stem had been pencil pointed, although degradation was too severe to facilitate facet 

recording. The angles of cut and facet dimensions are comparable to those from other contexts 

suggesting use of a similar tool (Figure 7.16. to Figure 7.19.).

10.1.10. Brushwood feature 140.

This context is poorly represented which inevitably limits the degree of interpretation possible. 

Despite the low sample numbers Fraxinus is present amongst an otherwise Alnus dominated 

assemblage. The brushwood demonstrates a tight diameter and age grouping between 12.5 mm 

and 18 mm in diameter, and 3 to 5 years of age which appears to represent natural growth 

(Figure 7.14.). The stakes were selected for their larger diameters and exhibit markedly different 

growth rates.
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The three stakes comprised Alnus, Fraxinus and Taxus baccata, with the Fraxinus exhibiting 

very slow growth reaching 37.5 mm diameter in 43 years indicative of growth in unfavourable 

conditions. The presence of Taxus baccata is interesting given its occurrence as a naturally 

fallen tree earlier in the site history (Seel, 1996a). This stem was 57.5 mm in diameter, although 

preservation was too poor to facilitate ring counts, and it had been trimmed of side branches and 

cut to a pencil point. The presence of Taxus may indicate its survival on the floodplain upstream 

of Erith into the middle Bronze Age, or the reuse of bog timber at Beckton. Alternatively, it is 

possible that its occurrence as an isolated stake of unknown function indicates an earlier date of 

activity at the site.

The majority of wood with suitable preservation had been felled during the winter, although the 

Fraxinus stake was cut in summer (Table 7.14.). Single faceted chisel ends typified the working 

although preservation precluded further recording. The Fraxinus stake end was characterised 

by a deeper cutting angle of 41 degrees, with a facet length of 54.8 mm and width of 35.8 mm 

leaving a dished facet (Figure 7.16 to Figure 7.19). This stake demonstrates the only other 

evidence for a dished facet at Beckton and the medium angle of cut may represent a less 

efficient, thicker tool. This woodworking evidence possibly substantiates the suggestion that 

these stakes predate the middle Bronze Age activity at the site.

10.1.11. Context 73: unstratified cut ends.

The unstratified cut ends demonstrate a scattered and wide distribution of diameters and ages 

(Figure 7.15. i-iii) characteristic of arbitrary collection from various areas of woodland. The 

absence of a clear growth pattern indicates that this context provides a control on the structural 

integrity of trackway and fence assemblages. For example, the wide scatter from the unstratified 

assemblage suggests that the tighter distributions and age clusters from other features represent 

distinct collection episodes from specific areas of woodland. Both the felling seasons and
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woodworking evidence provide similar characteristics to those identified from other contexts 

(Table 7.14, Table 7.15., Figure 7.16. to Figure 7.19).

10,1.12. The woodchips.

The woodchips (see Plate 10.2.) from Beckton Nursery are represented by four species (Table

7.16.) and indicate woodworking of stems and trunks which were not identified within the 

Beckton assemblages. The majority are tangentially orientated and 61 % retained bark on one 

side suggesting chips produced from the initial working of trunks. The chips were 

characteristically rectangular in shape and the range of dimensions of each species is illustrated 

in Figure 7.21 to Figure 7.24, The thickness of the Fraxinus woodchips was marginally greater 

than the other species which probably indicates the ease of tangentially splitting out wood along 

the annual rings. Quercus was represented as radial chips with generally lesser lengths, widths 

and thickness than the other species. Quercus is commonly split along its rays and the 

woodchips at Beckton indicate the working of converted trunks which facilitated access to the 

radial plane.

The chips were typically cut at angles of 45 degrees at the top and bottom and the cuts were 

angled both parallel and in the opposite orientation to each other. The parallel cut samples 

suggest woodworking activities such as the edge preparation of planks. Those woodchips cut 

oppositely at the top and bottom suggest woodworking activities such as tree felling and mortice 

creation in large Fraxinus and Quercus timbers. No large timbers were recovered from the site 

and the woodchips represent preparation of timbers which were subsequently moved to another 

location. The implications of the woodchips are discussed in more detail in the wider 

discussion.
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10.2.The Erith trackway.

The wood assemblage from the Erith trackway is small in comparison to the Beckton complex, 

however, some comparative data may be obtained. The number of samples from each context is 

generally small, and the discussion focuses on the assemblage as a whole.

10.2.1. Species composition, stem size and srowth rates.

The Erith trackway was predominantly constructed of Alnus glutinosa, with some Salicaceae, 

Prunus avium and Acer campestre (Table 7.17.). It therefore demonstrates similar species 

dominance to the Beckton Nursery assemblages. The diameter range of the assemblage falls 

between 15 mm and 40 mm, with the main cluster beneath 30 mm (Figure 7.28. to Figure 7.30.). 

Consequently, the diameters indicate the characteristic selection of suitably sized stems for 

construction. The age range is relatively small with the majority of stems under 8 years and a 

cluster of stems aged between 4 and 5 years.

The wood was generally straight stemmed with little branching, although 25 % of each context 

demonstrated an off-centre pith (Table 7.20.). No evidence for management was recorded from 

the first ring analysis, although the cluster of 4 and 5 year old wood may represent selection 

from a previously cut area of woodland. The majority of wood was felled during the winter 

although the 4 year old stems were summer cut which may further substantiate a managed 

source. Growth was regular throughout the assemblage and there was no evidence for a 

suppression year as evidenced at Beckton Nursery. The growth rates generally resemble natural 

woodland, although the larger 4 and 5 year old stems demonstrate faster growth in favourable 

conditions. Unfortunately preservation was too poor to facilitate ring counts from the Acer or 

Prunus stems.

The Erith trackway was constructed using various elements from the surrounding woodland 

including branch wood and possibly some stems collected from woodland which had been cut 4 

to 5 years previously. It is perhaps significant that the age cluster around 4 years is closely
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comparable to the typical age peaks at Beckton. The trend towards winter felling suggests that 

the trackway was constructed during this season, although stockpiling of wood cannot be 

discounted.

The woodworking evidence (see Plate 10.3.) is broadly comparable to that from Beckton, with 

chisel ends characterising the majority of worked wood (Table 7.21., Figure 7.31 to Figure 

7.34.). No variant chisel points were identified, and the wedge end was created on a 

characteristically larger diameter stem of 50 mm. The facet width of this sample was 41 mm and 

no side features were preserved suggesting an axe width of at least this size. Cutting angles were 

generally shallow with two samples demonstrating a very shallow cut indicative of an efficient, 

sharp metal axe. These cuts were shallower than any samples from Beckton and may indicate 

the use of a thinner axe blade which was manufactured later in the Bronze Age, or in the early 

Iron Age.

10.2.2. The woodchips.

All the woodchips at Erith were Quercus sp. which was not recovered from the trackway itself. 

Four chips were cut bark, whilst the remaining samples retained no bark on their surfaces. The 

chips were rectangular in shape and reached maximum lengths of 84 mm, widths of 48 mm and 

thickness up to 18 mm (Table 7.22.). These dimensions suggest the use of a sharp, efficient 

blade capable of removing large flakes from an oak trunk. The chips were orientated radially, 

tangentially and near tangentially suggesting the working of trunks and/or planks in all planes. 

All of the woodchips were cut at opposing angles at the top and bottom. The smaller chips may 

have been produced from mortice creation as suggested at Beckton or from tree-felling, 

however, the very large chips are likely to relate to some other woodworking activity.

10.3. Discussion of Neolithic wood use in east London.

The trends recognised from Beckton Nursery and Erith suggest various patterns of wood use 

and activities related to Bronze Age trackway construction. These patterns may further be
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substantiated through comparison with the wider archaeological context. Furthermore, 

comparison of the wood assemblages from the cultural sites, and the species identified from the 

middle Bronze Age woodlands at Erith, facilitates more concrete suggestions of the nature of 

wood use. However, it is noticeable that trackways of Neolithic date are rare in London and the 

comparative nature of this research requires some discussion of the absence of Neolithic cultural 

material which could be compared to the early Erith woodlands.

10.3.1. The scarcity o f  Neolithic trackways.

The Erith submerged forest site comprises woodlands of Late Neolithic date, which are amongst 

the best preserved remains on the foreshore. They consequently provide excellent data for 

comparison with archaeological assemblages representing Neolithic wood use. However, there 

is a virtual absence of Neolithic wooden structures on the Thames floodplain with the exception 

of the Fort Street trackway, and possibly the earlier structure at Bramcote Green in Bermondsey. 

Despite the scarcity, both the morphology and orientation of the above structures, combined 

with the interpreted Neolithic landscape at Erith, provide some possible explanations for the 

general absence of trackways, and the function of those revealed.

A major factor which probably determined the scarcity of Neolithic trackways was the apparent 

dryness of the floodplain during this period. For example, the Fort Street track appears to have 

been constructed whilst conditions were becoming drier in the landscape (Wessex Archaeology, 

2000). In contrast, the later Bronze Age tracks are widely interpreted as indicative o f attempts to 

maintain routes within an increasingly wet landscape. Consequently, increased waterlogging 

and consequent trackway constructions is an inappropriate model for the Neolithic in London, 

and there is a correlative absence of trackway structures.

However, a purely deterministic explanation for trackway scarcity fails to account for the few 

structures which have been found. The Fort Street trackway was constructed in a different 

manner and orientation to that demonstrated by the later Bronze Age constructions. Built from
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Plate 10.3. Chisel and wedge cut ends from the Erith trackway
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longitudinally laid planks, it ran along the edge of a sand and gravel ridge, possibly to similar 

sand and gravel islands to the southeast (Wessex Archaeology, 2000). This connection between 

trackway and eyots is also demonstrated by the early structure at Bramcote Green, which 

apparently linked the terrace with Bermondsey Eyot (Thomas & Rackham, 1996). Bramcote 

Green was similarly constructed using the longitudinal method by laying whole trunks across 

the marsh. The construction of these routes represents a more substantial effort than the later 

Bronze Age trackways suggesting that a) the Neolithic communities were less aware of the 

future rapidity of peat growth on the floodplain, and the long-term futility of building 

substantial access routes, and/or b) the Neolithic trackways functioned differently than their 

later counterparts.

10.3.2. Neolithic trackway function.

Sites such as Hopton Street (see section 4.7.1.) suggest that Neolithic settlement favoured the 

high ground of the floodplain eyots, in addition to the dryland terraces. The orientation of the 

trackways between these landforms strongly indicates communication routes between 

settlements on the floodplain and terrace. This differs markedly from the orientation of later 

brushwood tracks which run from the terrace into the floodplain, or towards one of the Thames 

tributaries. The construction of transport routes between settlements is well evidenced in the 

Somerset Levels by the Meare Heath and Abbots Way tracks (Coles & Orme, 1978; 1976).

However, the drier nature of the interleaving low ground during the Neolithic suggests that 

trackway construction was influenced more by socio-economic factors, rather than 

environmental necessity. Socio-economic factors may only be guessed at but some possibilities 

may be outlined. For example, the assertion and substantiation of inter-settlement links may 

have been important, and the involvement of two communities in a joint track building venture 

may have enforced inter-settlement affiliations. Consequently, it may be significant that there is 

some suggestion of two early tracks at Bramcote which appeared to converge at the southern 

end of the site (Thomas & Rackham, 1996). Similarly, the interaction between settlements may
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have been substantial with agricultural and pastoral trading, and the construction of more 

permanent routes between trading settlements was supportable.

10.3.3. Neolithic woodland use.

The evidence for wood use is correlatively scarse due to the low numbers of archaeological 

finds. It has been suggested that a change to a more woodland based pastoral economy occurred 

during the Later Neolithic (Whittle, 1978; Scaife, 1988), although this may have been less likely 

within the dense Taxus woodlands of the floodplain. Both Bramcote Green and Fort Street 

evidence the use of Alnus and Fraxinus for the trackway constructions. It is noticeable that 

Taxus was not used, almost certainly because of its high density and consequent difficulty to 

work. The evidence from Erith suggests woodland mixtures either of Alnus and Fraxinus or 

Alnus and Taxus which may point to the deliberate exploitation of areas of the floodplain where 

Taxus did not grow. These woodlands may have been viewed as of poor quality due to the 

predominance of a species which required substantial effort to fell and convert. Consequently, 

the softer woods were exploited, either used in the whole, or split tangentially as at Fort Street 

(Wessex Archaeology, 2000) which reflects the plane of weakness in both Alnus and Fraxinus.

In summary, the archaeological scarcity of Neolithic wood structures limits the degree of 

information which may be obtained regarding woodland use. It has been suggested that the 

Neolithic examples of trackways fulfilled a different role than later examples, connected to the 

establishment and accentuation of communication routes between settlements. However, the 

Erith reconstructions provide a woodland model within which Neolithic woodland use may be 

interpreted if, and when. Neolithic wooden structures are uncovered on the floodplain.

10.4, Bronze Age wood use; the exploitation o ï A lnus  on the floodplain.

The Bronze Age witnesses a marked increase in the archaeological evidence for trackway 

building and floodplain use in London. The Erith submerged forest continues to provide a 

spatially extrapolative landscape model, against which the Beckton and Erith cultural
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assemblages may be compared. Such comparison elucidates the nature of woodland use and 

trackway function on the floodplain.

The Beckton and Erith assemblages demonstrate the ubiquitous use of Alnus glutinosa for 

construction of trackways and fences/walls. The woodlands at Erith, and palynological (Scaife, 

1997a) and macrofossil (Seel, 1996a) evidence from Beckton, attest to the dominance of this 

species on the floodplain. It seems relatively clear, therefore, that the wood felled for trackway 

construction was collected from the nearest available resource which was the alder carr.

Many of the trackways indicate relatively rough methods of construction, sometimes merely 

breaking up branches and laying down armfuls of wood to provide a rudimentary walking 

surface. In these cases the expectations of the durability of each trackway were likely to be low, 

and consequently any species may have served as an appropriate source of timber. It is, 

therefore, probable that Alnus was ubiquitously used because of its widespread availability in 

the areas where trackways were to be built. Both the Erith and Beckton assemblages contained 

small quantities of other species, specifically Betula, Fraxinus and Taxus at Beckton, and Acer, 

Prunus and Salicaceae at Erith. With the exception of Taxus, these species are evidenced as 

growing on the Bronze Age floodplain at Erith and were likely to have been collected from the 

occasional trees which grew within the alder carr.

The trackways represent minimal effort constructions although an element of size selection 

occurred. Stakes were selected from marginally larger stems to provide greater stability, often 

with the side branches trimmed to facilitate easy driving into the peat. The brushwood walking 

surfaces were constructed with stems and branches under 40 mm diameter. The underlying 

reason for Bronze Age trackway building almost certainly relates to increased flooding on the 

wetlands which hindered access to specific areas. The predominance of winter fells at Beckton 

and Erith suggest construction during the wettest months of the year, which correlates well with 

the environmental reasons for trackway building.
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The branching stems indicate the use of natural woodland resources from the carr. Indeed, 

individual trees may have been felled and the branches lopped off to provide wood for the 

trackway constructions. Large trunks are conspicuously absent from Beckton, although the 

Alnus woodchips represent the working of larger individuals for use elsewhere. Consequently, 

the woodworking evidence suggests the felling of whole trees and the use of the less valuable 

parts for brushwood construction, whilst the trunks were retained for more substantial 

structures.

10.4.1. Woodland management on the floodplain.

A considerable number of young straight-stemmed shoots were mixed within the natural 

material at Beckton. Growth rates were generally regular although some fast grown elements 

were used, and distinct age clusters were evidenced in many of the constructions. These types of 

age peaks, combined with the general stem morphology, are commonly attributed to the 

exploitation of previously cut woodland, possibly a coppiced source.

10.4.1.1. Coppicins and pollardins.

The evidence for coppicing at Beckton is flawed by the absence of coppiced heels in an 

assemblage from which over 500 samples were examined. However, the absence of this feature 

does not necessary eliminate a managed origin from the assemblage. For example, the 

woodworkers may have chopped these ends away leaving the characteristic chisel ends 

identified, or could have felled the stems above the point where a heel would occur. 

Furthermore, a form of pollarding could have characterised management on the floodplain.

There was little evidence for a characteristically large first ring indicative of rapid regrowth 

after cutting. However, problems arise in the fact that little morphological research has been 

undertaken on the response of Alnus to cutting (see section 8.3.3.2.). Rapid regrowth and a 

subsequent decline is recognised in coppiced Corylus {c.f. Rackham, 1977) although .4/wms may
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respond differently. Alnus often demonstrates uniform wide rings indicating constant rapid 

growth, and such a characteristic may replace the more classic rapid first year pattern followed 

by a decline demonstrated by Corylus. Consequently, the absence of this feature does not 

necessarily negate a source within managed woodland, particularly if stems were cut above the 

basal shoot where the record of the first year growth is found.

Possibly more reliable as management indicators are the overall growth rate o f stems, and their 

general morphology. Leaving the branch wood aside, the stems from both Erith and Beckton 

demonstrated relative straightness for at least one metre lengths. Branching was generally 

confined to small, twiggy protrusions which are not inconsistent with the upper portions of 

coppiced stems (see Plate 10.4.). A high degree of central piths (Table 7.14.) also attests to an 

origin in non-branching pieces, although areas of naturally disturbed woodland in the stand 

initiation stage would provide saplings with a similar morphology.

Similarly to the first ring evidence, little is known of the modem day growth rates o i Alnus. 

Rackham (1977) states that a basal diameter of 26 mm for a Corylus stem aged six would be 

consistent with coppiced growth rates. A faster growth may be expected from Alnus, although 

the exact delimitation of rapid growth is, at present, a subjective process. In this research, a 

cautious approach has been adopted using age clustering as a more powerful indicator of 

possible management.

Rapid growth has been identified at Beckton from stems aged between 2 and 6 years, with a 

cluster at 4 years. These stems attained diameters over 30 mm and demonstrated even growth 

rates. They were recovered in small quantities from Contexts 231,4, 106, and 153, and a larger 

proportion was identified from the staked trackway (4). The stakes from fence/wall 231 were 

collected from extremely fast grown stems between 3 and 4 years old, whilst fast grown 4 year 

old stems from other contexts were evenly distributed through the assemblages. In general, all 

the scatter diagrams from Beckton illustrate maximum diameters at 6 to 7 years, after which age
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Plate 10.4. Corylus coppice demonstrating branching morphology of 
upper stem s.
Heriot’s Wood, Middlesex.

Plate 10.5. Corylus coppiced regrowth from felled stump with stored 
Fagus sylvatica coppice beyond.
Heriot’s Wood, Middlesex.
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may increase but diameter remains the same, and occasionally decreases (Figure 7.6, (iii)). This 

trend indicates that younger stems were faster grown than stems older than 7 years.

Although growth rates were generally even and regular from Beckton, the majority of the 

structures demonstrated strong age clusters within the overall age ranges utilised (see 10.1.1. to

10.1.10.). Age peaks predominantly occurred between 3 and 6 years with a cluster around 4 

years in all assemblages but Contexts 138, 34, 90 and 89. Less commonly peaks were identified 

between 7 and 8 years in structures 105 and to a lesser degree 34 and 90. Frequently, the peaks 

were not represented by significantly fast grown elements, however they do suggest exploitation 

o f even-aged stands within the surrounding woodland.

There are various ways in which to interpret the age clusters. The Erith woodlands demonstrate 

that the majority of trees were far more mature than three to seven years old. Certainly, these 

elements may have derived from natural branches, but their straight stems and central piths 

opposes this view. It is possible that young even-aged areas in the surrounding woodland were 

created by gap regeneration as a result of natural disturbance forces such as wind or beaver 

activity. Therefore, young stands of saplings would grow up in specific areas and provide an 

ideal source of wood. This is precisely the age and size class that is underrepresented in the 

Erith woodlands where older even-aged stands of Alnus occur. However, the quantity of young 

stems at Beckton suggests that an unnaturally high degree of disturbance would be required to 

produce enough small saplings. Furthermore, it is significant that the Beckton area as a whole 

is characterised by high levels of Bronze Age activity which suggests that human actions may 

have provided the main source of landscape disturbance.

Any felling of the alder can* around Beckton would have generated regrowth from the remaining 

stumps (see Plate 10.5.). It would merely be a matter of the height at which the original trees 

were felled which would determine whether coppiced or pollarded regrowth occurred. The 

absence of coppice heels at Beckton may suggest the production of regrowth from a low boiling
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rather than a groundlevel stool. It is also likely that the various structures at Beckton Nursery 

represent constructions separated by a number of years, each of which would require a source of 

wood. Consequently, naturally grown trees and areas of regrowth would typify the surrounding 

woodland. The differences in fast grown elements and age clusters between the Beckton 

structures may indicate the exploitation of regrowth in the area over a period of years.

For example, structures such as trackway 34 demonstrate little evidence for age clustering and 

may have been built first at the site using elements of the natural woodland which provided 

suitable diameter stems. Trackway 90, possibly a continuation of 34, could have been 

constructed two years later thereby comprising some fast grown 2 year old stems from the 

regrowth. Between three and four years later, additional structures such as the fence 231 and 

trackway 4 may have been built using subsequent regrowth of fast grown elements between 

three and four years of age. Further structures such as 106, 150 and 140 were built sometime 

later, either using regrowth from the original fells resulting in 4 to 5 year old elements, or 

exploiting regrowth from the more recent constructions. This cyclical exploitation of regrowth 

is, of course, the coppice cycle although it would have been generated accidentally as a useful 

by-product of constructions made over a series of years in the same area.

A similar process was suggested by Morgan (1988) after analysis of the Tinney’s ground tracks 

in Somerset. This trackway complex represents the closest parallel to the northeast London sites 

and demonstrated similar age clusters to Beckton Nursery, although the Somerset material was 

generally slower grown. Morgan (1988) interpreted age peaks at different years as indicative of 

trackway constructions at intervals thereby allowing shoots to regrow for subsequent 

constructions or repairs. It appears that a similar picture may be evidenced at Beckton, and it is 

suggested that the structures were constructed using both natural and previously cut woodland 

which created various age peaks in different constructions.
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The central question regarding the even-aged elements at Beckton is whether pre-cutting of the 

woodland indicates a deliberate management plan, or the incidental production of coppiced or 

pollarded regrowth. It has been suggested that a multi-phased exploitation of the carr around 

Beckton would produce a coppice cycle adventitiously.

Coppicing is traditionally undertaken during the winter (October to March) when working is 

easier without the presence of foliage and there is a full season’s growth for the new shoots 

(Evans, 1984). However, there are no overriding silvicultural reasons why coppicing may not be 

undertaken during other seasons except in late summer when the shoots may fail to harden off 

before winter {ibid.) The majority of Beckton wood was felled in winter and it may be 

significant that the fastest grown four year stems were similarly cropped during this season. 

Nevertheless, elements of summer cut wood occur in most assemblages and it is also likely that 

trackways were constructed during the winter months when waterlogging would impede access 

to the floodplain. Consequently, the winter fells at Beckton are not necessarily indicative of 

coppicing regimes.

It seems likely that any deliberate management of the floodplain carr would produce higher 

quality stems than those required for roughly laid brushwood tracks. For example, the 

archaeological record for prehistoric hurdling in London is remarkably scarse at present {c.f. 

Erith Spine Road) although it certainly characterised a form of woodworking during the Bronze 

Age {eg. Blackwater estuary structures (Wilkinson & Murphy, 1995) and the Eclipse Track, 

Somerset (Coles et al, 1982)). The specific demands for straight thin poles in hurdle work (Plate 

10.6. & Plate 10.7.) would outweigh the needs of a brushwood track. Consequently, stems from 

a managed resource may have been conserved for high quality constructions with a smaller 

quantity, possibly of imperfect stems, being used to supplement the otherwise naturally sourced 

brushwood structures. The use of natural woodland for brushwood trackways within coppiced 

landscapes exploited for wattlework structures is well evidenced from the Somerset Levels 

(Morgan, 1988; Rackham, 1977).
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The age peak evidence from Erith demonstrated similar growth rates to Beckton and, 

interestingly, the fastest grown elements aged between two and six years, with a major cluster 

between four and five. Furthermore, ring analysis from a trackway and revetment at Barking 

Tescos similarly demonstrated quantities of rapid grown stems between three and five years of 

age (Seel, 1996b). Both sites demonstrated maximum diameters at around six years, with older 

stems attaining smaller sizes. Similar to Beckton, these even-aged stems represent a small 

proportion of the overall assemblages, which were more commonly characterised by naturally 

sourced branchwood.

The age clusters at Erith and Barking could indicate the adventitious use of previously cut local 

woodland to supplement natural elements, however, it is striking that the age peaks are identical 

to Beckton. Furthermore, a coppiced origin has been suggested for the Erith Spine Road wattle 

trackway which was constructed using six year old stems (Bennell, 1998). These sites in 

combination provide the slightest hint that a wider management regime was operated on the 

Bronze Age floodplain with a rotation of four to six years. The absence of more substantial 

evidence may be a result of the vagaries of archaeological discovery, given the general absence 

of Bronze Age wattlework in London. Certainly, the wider implication o f floodplain 

management requires testing against various assemblages of better crafted Bronze Age 

woodwork if/when they are discovered. The present evidence for use of even-aged stems within 

the carr indicates the generation of either coppiced or pollarded regrowth on the floodplain.

10.4.1.2. Evidence for toppins.

In addition to the use of even-aged woodland elements at Beckton, a topping practice appears to 

be evidenced at the site. The possibility of topping at Beckton was first raised by the 

identification of a topped stem from context 105 (Figure 10.1a.). The width of the rotted stem 

was approximately 15 mm which suggests an age between 2 and 5 years old on the basis of the
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Plate 10.6 Modern hurdling used as bank revetments along the River Thames. The 
hurdle is constructed from Salix (c.f. fragilis) which is pollarded along the banks to 
produce osiers for wickerwork. The Salix is regrowing from the cut stem s.
Syon Reach, River Thames.

Plate 10.7. Pollarded Salix (c.f. fragilis) to provide osiers for wickerwork. These pollards 
have been cut quite high above groundlevel. Other pollards along the River Brent are cut 
at approximately 1 metre which characterises the technique suggested  from the felling of 
Alnus on the Bronze Age floodplain.
River Brent, Hanwell
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overall ring evidence. Damage to the leading shoot may be caused by browsing or by deliberate 

cutting. Browsing damage to young coppice is a recognised problem 

(eg Ratcliffe, 1992), however it is less severe after the first year because of the rapid rates of 

regrowth (Evans, 1984). It is unlikely that browsing by cattle or deer could be responsible for 

severing the woody 15 mm leading shoot identified from Beckton (eg. Rackham, 1977, p. 71).

A major supporting feature for humanly induced topping practice at Beckton was the frequency 

of a suppressed year in the growth of the wood. In total, 18 % of stems demonstrated a single 

year of suppression, a number which was felt too high to be coincidental. Of these stems, 4 % 

were dismissed as probably naturally induced variation because the suppression covered several 

years, rather than one or two widely spaced episodes. Reduced growth would only occur if the 

stem was damaged or browsed during the spring or summer, unless a narrow annual increment 

represents unfavourable ecological conditions (eg. drought, disease) specific to one year. 

However, the consistency of the trend, combined with the regularity of suppression year ages, 

suggests that a deliberate topping practice may have occurred at Beckton Nursery.

Suppression years consistently occurred between the second and seventh year, somewhere 

between the mid-point and penultimate year of each stems growth. More rarely, a second 

suppression year occurred three to four years later at around nine years. The predominance of 

four and five year suppressions suggests that the leading shoots would have reached a height 

above which the worst browsing damage could be inflicted. Consequently, it is suggested that 

deliberate cutting was responsible for this characteristic.

Stems which demonstrated an annual suppression were cut in both winter and summer. 

However, amongst the predominantly winter cut assemblages at Beckton, 27.7 % of stems were 

felled in summer. These summer cut stems generally demonstrated no evidence for suppression 

(81.9 %) and illustrated a mean diameter of 14.6 mm, which correlates to the measured shoot
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from the topped stem. Consequently, at least some of the summer cut wood at Beckton could 

have been produced by a topping practice.

Although the general age range of topping years is tight, summer cut stems appear to have been 

selected for diameter rather than even-aged qualities. This trend suggests an element of draw- 

felling in the practice, where stems of suitable diameter were cut out producing widely aged 

elements. Once the leading shoot had been severed the remaining lower stem was allowed to 

grow on for a number of years before a second felling. Topping may have occurred on natural 

stems and branches, and on the proposed pre-cut elements of the woodland. However, it is 

noticeable that stems which demonstrated suppression generally derived from non-branching 

pieces. Furthermore, a topping practice in pre-cut woodland would explain the absence of large 

first rings at least amongst the summer felled Alnus, since the upper stem does not contain the 

characteristic first year growth.

Obviously the summer cut elements within one episode of construction at Beckton are unlikely 

to relate to suppressed stems within the same assemblage. Consequently, the presence of both 

elements in a structure suggests a surrounding woodland where both topping and felling of 

previously topped stems was occuring simultaneously. The proportion of suppressed stems 

varied between structures, for example, trackway 34 was constructed using 17 % suppressed 

stems whilst trackway 90 contained 4%. However, all assemblages comprised some summer cut 

wood which suggests use of topped stems and the felling of previously topped stems from 

within the woodland.

The practice of topping was recognised from stem morphology by Rackham (1977) in the 

Somerset Levels. Subsequently, Morgan (1988) suggested other incidences of topping from the 

ring patterns in assemblages such as the Honeybee track. Rackham suggests that summer 

topping would have provided leafy fodder for cattle and deer, and a subsequent yield of wood 

for constructional purposes. The harvesting of leafy fodder is recognised from Norway (Austad,
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1988) and the pollarding of elm for cattle fodder has been posited as an explanation for the elm 

decline in Denmark (Smith, 1981). Consequently, topping could have been undertaken on the 

Bronze Age floodplain in connection with a pastoral society.

Marshlands are well-recognised for their role as grazing pasture during Medieval times, and the 

evidence for cattle on the Bronze Age floodplain is relatively good. For example, a cow skull 

was recovered at Barking Tescos (Chew, 1993) and the causeway at Dagenham has been 

interpreted as an animal causeway (Divers, 1994a). At the Bridge Road site in Rainham, a small 

rectangular woven enclosure probably related to animal husbandry due to the presence of the 

dung beetle Platystethus (Meddens & Beasley, 1993, Grattan, 1991).

It is significant that the Beckton complex comprised fences and walled structures which could 

represent enclosures connected with animal husbandry. Consequently, the evidence for topping 

correlates with the suggested use of supplementary leafy fodder during animal husbandry in the 

Bronze Age. Stems may have been topped in the summer and hung to dry whilst cattle could 

graze the abundant marshland pasturage. The dried leaves could have been used to feed animals 

during the winter thereby releasing the wood for use during the main trackway building season, 

supplemented by greater quantities of winter felled wood. This process suggests that although 

the Beckton complex was predominantly constructed in the winter, it was probably also used 

during the summer in connection with animal husbandry. It is noticeable that no evidence for 

suppression years was recognised from the Erith trackway or Barking Tescos (Seel, 1996b) 

which may attenuate the suggestions of animal husbandry in the Beckton area.

It is unlikely that topping was practiced in areas of carefully worked coppice since the overall 

result is to reduce the vigour of the stand. Pollarding and shredding are the classic management 

practices producing leafy fodder, and the trees which were initially felled at Beckton may have 

been cut some height above ground level. Coppicing may be undertaken on high-cut stools 

above the ground {eg. Swanton Movers Great Wood, Norfolk (Peterken, 1993) although
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pollarding is generally used to define stools which are cut over 2 m from the ground (see section

2.1,). It is suggested that some intermediate exploitation between the two may have 

characterised Bronze Age practices on the Thames floodplain. Bronze Age coppice/pollard 

would provide the main trunk and branches for various constructional purposes, and the 

regrowth for topping.

It is significant that a small bolling/high coppice stool appears to be represented by the sample 

from trackway/fence 138 (see Figure 10.1b.), Stems with suppression from Beckton were 

generally too small to represent true coppicing and these shoots were probably cut once for the 

provision of leafy fodder rather than as a long-term management practice. However, cutting of 

the leading shoot and low pollarding of trees may further account for the general absence of 

coppiced heels from the even-aged elements at Beckton, Consequently, the evidence for 

management from Beckton is more aligned with a low pollarding/high-cut coppicing regime 

produced from the felling of Alnus for various purposes at a height above groundlevel, thereby 

producing largely even-aged regrowth for use in later constructions.

10.5. The exploitation of other species, particularly Quercus, on the floodplain.

Assuming compatibility between the Erith woodland and the east London landscape, it is 

noticeable that other species were available for exploitation on the floodplain. Primarily 

Fraxinus excelsior remained abundant, accompanied by more occasional Betula, Ulmus, Acer, 

Quercus and Prunus. The arbitrary model of natural woodland exploitation at Beckton and Erith 

makes the absence of these species relatively surprising. For example, the collection of branches 

and stems from  throughout the woodland would be expected to have produced an assemblage 

with marginally higher quantities of other species, particularly of Fraxinus.

The relative absence of these local species suggests that a degree of species selection 

characterised Bronze Age wood use. This would be best explained by an appreciation of the 

various qualities of each species, and the subsequent retainment of larger timber trees for
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alternative purposes to trackway construction. Species selection of this type is well 

demonstrated in the Sweet Track from the Somerset Levels where all species were used for the 

substructure apart from Quercus which was retained for the walkway itself (see section 4,2.5.).

Species selection on the Bronze Age floodplain is evidenced by the frequent finds of woodchips 

derived from species other than Alnus at trackway sites. For example, at Beckton Nursery 

woodchips of Alnus were identified, but also Fraxinus, Quercus and Prunus which were 

generally absent from the roundwood assemblages. At the Erith trackway site a woodworking 

area to the northeast of the trackway yielded Quercus woodchips. Woodchips of Quercus have 

also been identified from Barking Tescos (Chew, 1993) and Rainham Bridge Road (Meddens & 

Beasley, 1990), neither of which contained structures made of Quercus within the same 

stratigraphie layer. The absence of Quercus in the associated trackways suggests that this 

species was felled and worked at the trackway sites for use elsewhere.

The Erith woodland provides an indication of the size and abundance of Quercus on the 

floodplain. Quercus trees at Erith grew to maximum sizes of 50 cm DBH, and grew in localised 

patches where two to three trees established. It was not, therefore, an abundant tree within the 

alder carr. The woodworking properties of Quercus are well recognised, particularly in its use 

for planking during prehistory due to its relative ease of splitting. It seems reasonable to assume 

that it was widely valued by Bronze Age communities in London, and its relative scarcity 

secured its retention for alternative, more substantial uses than brushwood track construction.

The use of larger Quercus has been recognised at Bramcote Green where it comprised a log 

trackway (Rackham & Thomas, 1996), and as planks from a platform at Barking Tescos (Chew, 

1993). The different form and species use at Bramcote Green may indicate a trackway of higher 

prestige than those from northeast London, marking the route between two settlements which 

was regularly used and consequently more substantial. Similarly, the platform from Barking 

represented a substantial structure built within a watercourse to form a revetment. It is

460



Chapter Ten________________________________________________________________________________ Bronze Aee wood use

significant that although the Bramcote trackway was constructed of oak, only Alnus woodchips 

were recovered from this site thereby substantiating the pattern of oak extraction and working at 

alternative locations to its use. On the whole, the Bronze Age Quercus structures which are 

suggested by the presence of woodchips at various sites remain to be discovered.

10.5.1. Trackway function and the use o f Quercus.

The presence of woodchips from many of the trackway sites suggests that woodworking may 

have been a primary function of some of these constructions. Atlas Wharf has been interpreted 

as a woodworking activity site (Lakin, 1998), where timber was processed and then removed for 

use elsewhere. Similarly, the distinct woodworking area to the end of the Erith trackway 

suggests a primary function of timber processing. It may not be entirely coincidental that a 

localised patch of oak stumps grew to the northeast of the Erith trackway in a direct line with 

the feature’s orientation, and just beyond the oak woodworking area.

The suggestion that woodworking characterised a primary function of the London trackways 

differs from the widely held interpretation of wetland exploitation {eg. Meddens, 1996). 

However, the evidence for alternative types of floodplain exploitation is noticeably scarse. For 

example, trackways are rarely found in conjunction with artefactual evidence such as ceramics 

or flints which may represent hunting, fishing and food preparation activities. More importantly, 

discoveries of faunal remains from fish, wild fowl or shellfish are entirely absent from these 

sites, despite the suggestion that the exploitation of these resources characterised floodplain 

activity (eg. Devoy, 1980; Meddens, 1996). This absence could be attributable to preservational 

biasing, or the low archaeological visibility of small fish and fowl bones. However, fish bones 

have been specifically searched for at sites such as Runnymede Bridge and have similarly failed 

to appear. It appears inconceivable that Bronze Age communities stopped utilising the riverine 

resources, and certainly some of the trackways may have been used for this purpose. However, 

the evidence that does exist from many trackway sites is that of tree felling and woodworking.
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It is suggested that timber extraction from the carr could have provided a primary reason for 

trackway building during the Bronze Age in London. This focused on the less abundant large 

timber trees, primarily Quercus but also Fraxinus and Prunus which were growing on the 

floodplain, whilst the ubiquitously abundant Alnus was used unsparingly for the access tracks. 

Accepting this hypothesis clearly raises questions as to why oaks from the alder carr were 

accessed, rather than the arguably more accessible resources from the valley sides. Two types of 

explanation may be deduced; a) that the floodplain provided favoured oaks which were not 

growing elsewhere, and/or b) that the oaks were used for specific purposes on the floodplain.

10.5.1.1. The quality o f floodplain oaks.

In terms of the former argument, one explanation could suggest that much of the mature 

Quercus had already been felled from the immediate vicinity around the floodplain to clear 

areas for agricultural landuse. Palynological evidence tracks the continuing decrease of arboreal 

flora during the Bronze Age {eg. Sidell et al, 2000), and the floodplain woodlands may have 

represented the last wildwoods in the area. Nevertheless, it is difficult to conceive that all the 

oaks had been cleared from the valley sides, and the energy expended in felling and transporting 

floodplain timber for use in structures on the dryland may have been insupportable.

Consequently, the quality of floodplain oaks may have exceeded those of the dryland, thereby 

rendering fen carr exploitation desirable. As stated above, the size of floodplain oaks may have 

provided one reason. However, another suggestion is the existence of oak shake in the dryland 

oaks which made the controlled cleaving and splitting of trunks problematic. Shake is the 

primary reason for the absence of large-scale oak forestry in Britain. Shake occurs as 

longitudinal fissuring either radiating from the pith (star shake) or as a cleavage along an annual 

ring (ring shake) (Evans, 1984) and seriously reduces the conversion potential of a log since the 

timber splits or separates along the line of the shake {ibid.). Shake was recognised as a serious 

problem of oak conversion since at least the time of John Evelyn (1664) (Savill & Mather, 

1990) and it may have been an equally problematic character of prehistoric oak conversion.
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Trees are genetically predisposed to shake (Savill, 1986) although it is generally accepted that 

water stress ‘triggers’ the condition (Evans, 1984; Savill & Mather, 1990; Henman & Denne, 

1093). Consequently, shake is less likely to occur on moister soils such as clay loams and clays 

which characterise the London clay of the upper terraces of the Thames, and the moist peat 

substrates of the floodplain. Sands and sandy loams prone to drought characterise the type of 

soils where shake is most common (Evans, 1984). It is significant that sandy soils characterise 

the topography of east London on the gravels of the Lynch Hill, Taplow and Kempton Park 

terraces (Museum of London, 2000).

The soils of the Newham, Barking and Dagenham areas constitute some of the highest risk 

shake-prone land in southeastern England and it is possible that shake occurred amongst the 

prehistoric oaks of the area and consequently posed a problem for prehistoric woodworkers. It 

would be impossible to assert whether Bronze Age communities recognised the relationship 

between poor oak quality and substrate differences, although the assumption is not 

inconceivable where the floodplain presented an obviously wetter environment. As a 

consequence, the use of oaks from the floodplain may indicate the targeting of trees which were 

recognised to be less prone to uncontrolled splitting during conversion practices.

10.5.1.2. The use o f Quercus for floodvlain/ri\erine purposes.

In addition to the putative quality of floodplain oaks, the extraction of this species from the carr 

suggests use for specific wetland purposes. This is clearly evidenced from the platform at 

Barking Tescos and the log trackway at Bramcote Green. However, the common orientation of 

trackways towards the River Thames or its tributaries (see section 4.6.) suggests a connection 

with riverine activities. For example, the oak platform at Barking Tescos was interpreted as a 

landing stage within a watercourse (Chew, 1993). By implication this interpretation suggests the 

use of watercourses for transport.
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The oak woodchips may represent timber felling for specific maritime purposes such as boat 

building. The evidence for Bronze Age boats is scarse in London, although discoveries such as 

the sewn-plank Dover Boat in Kent (Parfitt, 1995) and the Canewdon paddle in Essex 

(Wilkinson & Murphy, 1995) attest to boat use in the wider area. Both were constructed of oak 

and it seems reasonable to suggest a maritime connection with the oak chippings from trackway 

sites. In terms of the types of boats used, logboats represent a simple construction. However, the 

oaks at Erith are smaller than any recorded size of logboats in England, where a one metre 

diameter for the parent log is the minimum (McGrail, 1978), although expanding or pairing of 

logboats would increase the potential of the floodplain oaks for use.

Alternatively, oaks may have been split into planks for boat construction, or smaller specimens 

could have been used whole, half or quarter split for raft construction. The oak woodchips from 

Beckton and Erith resemble those created during tree felling and mortice work such as cutting 

notches against the grain and splitting out the wood. However, such splitting is also consistent 

with the edge preparation of logboat trunks and the radial woodchips from Erith could have 

been produced during plank conversion. Furthermore, mortices are a common attribute of 

Bronze Age sewn-plank boats and have been recognised at Dover (Parfitt, 1993), North Ferriby 

and Brigg (Wright, 1990; McGrail, 1981) and Caldicot and Goldcliff in the Severn (Parry & 

McGrail, 1991; McGrail, 1997; 2000). The suggested woodchip origin from mortice work is 

consistent with the working of timbers during boat building.

Certainly the connection between trackways and tributaries in London suggests riverine access 

and the use of boats is probable. Arguably, transport along the tributaries would have been 

easier than constructing extensive trackway routes through the carr. Consequently, the 

brushwood trackways may have provided access to areas on the floodplain where oak grew in 

proximity to rivers. The oaks were consequently felled and converted in the carr and then hauled 

to the nearby river for secondary finishing and use. The seasonal indications from the trackways 

largely suggest that woodworking activity was undertaken during the winter months. An
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explanation of boat building would also account for the general absence of oak structures 

recovered from the floodplain, despite the clear woodchip evidence for large oak timber usage.

In summary, the presence of large quantities of oak woodchips from many of the trackway sites 

suggests that timber extraction and working provided a primary function of some of these 

structures. Comparison with the Erith woodland has allowed the character of the floodplain oaks 

to be established. The reasons for oak exploitation on the floodplain can only be surmised, 

although a scarcity on the dryland, or the better quality of the wetland trees, may provide an 

explanation. Alternatively, ritual connections carmot be discounted with the floodplain 

woodlands being perceived as liminal places where the oaks were of some special status {eg. 

Seahenge, Norfolk). However, the connection between trackways and rivers strongly indicates 

riverine use during the Bronze Age and it is probable that the tributaries were used as transport 

arteries through the floodplain. Consequently, the exploitation of oaks at trackway sites may be 

related to the construction of boats near the tributaries, thereby reducing the distance required to 

transport the finished products to the water.

10.6. Tree felling and woodworking tools.

The evidence for Bronze Age woodworking is restricted by the size of stems which were used 

in trackway construction, and by the rough constructional methods employed. Nevertheless, 

some suggestions on the character of wood use may be made.

10.6.1. Fellini techniques.

The simple chisel ends preserved on the majority of cut ends probably reflect the felling 

technique of the stem rather than a deliberate sharpening of the points. It has been suggested 

that a keen, thin blade was used on the majority of the stems. The majority of chisel cut stems 

were relatively small in diameter ranging from 8 mm to 39.5 mm, with a mean diameter of IS 

mm. Stems of this size could be cut through with one stroke with a well angled sharp blade 

thereby creating a chisel end. There was no variation in the range of diameter stems on which
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chisel variant points were produced. These points may reflect a poorly angled cut which 

required a further blow in order to severe the wood. Alternatively, the variants may represent 

different workmanship, or the production of a point for specific purposes. It has been outlined 

above that variants were used to secure the sails during hurdle making in the Somerset Levels. 

Variants were recognised from the vertical structures at Beckton, but also in the lateral 

trackways where inclusion may be coincidental.

Wedge cut points represent the felling technique used on slightly larger diameter stems which 

could not be cut through from a single one-sided blow. Consequently, wedge ends at Beckton 

were recognised on stems from 15.5 mm to 65 mm diameters, with a mean of 30.5 mm. These 

dimensions represent larger stems and indicate a felling technique where the stem was cut from 

both sides. The single wedge end at Erith was produced on a stem 50 mm in diameter which 

was the largest sample recorded and similarly represents the felling technique of larger stems.

Pencil ends were rare in the samples received from Beckton, although they appeared to 

characterise some of the stake ends from trackway 4 and the fence/wall 232. The stakes from 

trackway 4 are recorded as being both single and double faceted (Divers, 1994b), which 

represents chisel and wedge ends, with some pencil ends with more than 3 cuts. The diameters 

were generally larger than the normal chisel ends, ranging from 20 mm to 70 mm (Divers, 

1994b). Those from the fence/wall 232 are recorded as being between 20 mm and 50 mm in 

diameter, with up to at least three cuts (Divers, 1994b).

The pencil ends received for analysis were poorly preserved, although they comprised Alnus, 

Taxus and Fraxinus. The pencil ended Taxus was an isolated stake with a diameter of 57 mm 

which had its side shoots trimmed. Preservation was too poor to facilitate facet characterisation 

although the dense wood of Taxus probably required several cuts in order to provide a 

sharpened point. The Fraxinus pencil end was an isolated sample from the brushwood of 

context 150, and its function remains ambiguous. Diameter was 75 mm and from the basis of
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Other Fraxinus samples it may have been slow grown thereby requiring several cuts to provide a 

point. Its inclusion in this context may be accidental or represent reuse of a timber which had 

been cut for some other function.

The Alnm  pencil ends were better preserved and ranged in diameter from 24 mm to 30 mm. The 

stake from the fence/wall had been trimmed of its side shoots and cut around all sides with four 

visible facets. The facet junctions were sharp indicating a keen blade and the low diameter 

suggests that the pencil points were produced to create a sharp point for driving into the peat, 

rather than as a product of felling difficulty. The remaining pencil end lay amongst the damage 

to trackway 4, and probably represents a dislodged stake from the cradle. Similarly, the 

requirement for a sharper point probably influenced this woodworking, rather than the stem 

diameter.

10.6.2. Axe characterisation.

Jam curves and side features were rare from the Beckton assemblage due to the small diameter 

wood which was cut. Consequently, only minimum widths of blades may be suggested for the 

majority o f the wood. The jam curves provide the most reliable axe dimensions, although the 

right and left side features were located on different stems from trackway 90 (Figure 7.20.). 

Nevertheless, the curvature of the most complete axe edge resembles the right side feature of the 

other curve, and the proximity of the samples makes it possible that the same type of axe was 

used. The reconstruction demonstrates a small axe of 40 mm width although this may represent 

a slight underestimation. The angles of cut were shallow to very shallow which produced a 

slightly dished facet.

The jam curve indicates a small, light but sharp metal tool which was capable of biting into the 

wood at shallow angles and removing long slivers. The trackway dates indicate that a small, 

lightly hafted palstave or socketed axe is probable. Palstaves with widely-splayed blades are 

characteristic of Early Bronze Age tools and the middle and late periods witness the
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introduction of progressively narrower blades (Langmaid, 1976) (Figure 10.2. & Figure 10.3.). 

The Later Bronze Age also sees the introduction of the very slender socketed axe of the 

Wilburton phase. The narrowness of the Beckton reconstruction conforms to the middle to late 

Bronze Age metalwork from London. Furthermore, the axe edge was relatively straight which 

indicates a correlation with the later Bronze Age palstaves and socketed axes from the 

southeast.

The maximum facet width from Beckton was 54.3 mm which was cut at a shallow angle and 

produced a flat facet with no side features. This suggests the use of a different axe to that in 

Figure 7.20. since this facet was 15 mm wider and showed no evidence of the blade sides. It is 

difficult to reconstruct the derivative tool because of the open character of the facet. This stem 

may have been cut with a slightly larger Late Bronze Age palstave, or the more traditional wider 

edged forms of the middle Bronze Age. Certainly, this facet demonstrates that at least two axes 

were used during the Beckton complex construction.

The Erith cut ends demonstrate the same range of facet sizes and shapes to Beckton, although 

no dished facets were found. However, without jam curves or side features little more may be 

interpreted. The narrow blade widths of the Late Bronze Age axes would have been particularly 

suitable for cutting closely grown small stems. The majority of wood from Beckton and Erith 

was o f small diameter and it appears that the narrow axes were particularly well suited. It may 

be significant that the jam curve was preserved on one of the stems characterised as of possible 

coppiced origin. Draw-felling practices in particular would favour a small, narrow blade in 

order to access suitable stems within a crop. Experimental work in the Somerset Levels has 

demonstrated the difficulty of draw-felling where the closely grown stems of coppice impede 

swings of the axe (Coles & Darrah, 1977). Logically, a smaller lighter tool would make this task 

easier and the Late Bronze Age palstaves may have been the central tool used in coppicing, 

drawing and topping work.
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Figure 10.2. Early and Middle Bronze Age axes (from Langmaid, 1976).

Early Bronze Age axes: (a) bronze flat axe, Hardingham, 
Norfolk (Norwich); (b) bronze flat axe with slight stop ridge, 
from Castle Acre, Norfolk (Norwich); (c) flanged axe with 
cable decoration from Norfolk (Norwich); (d) flanged axe with 
punched decoration, from Oswestry, Salop (Nat. Mus. Wales).

cms

Palstaves from the middle Bronze Age. (a) looped palstave
with trident decoration, from W est Dereham, Norfolk (Norwich); 
(b) large palstave with stem decoration and crinoline outlined 
blade, Blackrock Hoard (Brighton); (c) haftwinged axe, from Long 
Newton, Wilts (Ashmolean).
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Figure 10.3. Late Bronze Age palstaves and socketed axes (from Langmaid, 1976).

cms

Pennard phase (hafts and bindings reconstructed), 
(a) transitional palstave, Downham Market hoard, 
Norfolk (Cambridge); (b) slender socketed axe from 
the Pennard hoard, W. Glamorgan (Nat. Mus.

cms

The Wilburton Industry (axe hafts restored); (a) plain

\ A / o l o o \

socketed axe, from Wilburton Hoard, Cambs. 
(Cambridge); (b) indented socketed axe from Norwich 
(Norwich); (c) transitional palstave, from Guilsfield hoard 
(Nat. Mus. Wales).
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10.7. Summary.

This chapter has provided information on various aspects of Bronze Age woodland use and 

woodworking. The absence of Neolithic wooden structures has limited discussion of woodland 

interaction during this period, although some suggestions regarding trackway function have 

been made. The Erith woodland has provided a landscape model which enables 

contextualisation of the Bronze Age trackways and the comparison has consequently provided 

some illuminating trends. These may be summarised as:

i) The use of both natural branch wood and even-aged young stems in trackway and 

fence construction indicating exploitation of different types of woodland.

ii) The exploitation of areas of carr which had been previously cut, possibly as a result 

of deliberate management practices such as coppicing or pollarding.

iii) Similarities between age groups used across the lower floodplain providing the 

slightest hint of a wider managed landscape.

iv) Evidence for a summer topping practice specific to Beckton Nursery, probably to 

provide leafy fodder in connection with animal husbandry.

v) The suggestion that the primary function of at least five trackway complexes in 

London was to access and work large timber trees growing in the alder carr.

vi) This timber extraction focused on Quercus because of the quality of floodplain 

individuals and/or the use of oak in riverine related activities, notably boat building 

during the winter months.

vii) The characterisation of axe blades which correlates to the Late Bronze Age 

palstaves from the London area, and the suggestion that these tools were 

particularly suited to draw-felling, topping and coppicing practices.
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Chapter Eleven

MODELLING WOODLANDS AND WOOD USE IN PREHISTORY.

This concluding chapter aims to bring together the underlying themes from the non-cultural and 

cultural wood assemblages in order to model woodlands and wood use both in London, and the 

wider context. Firstly, the importance of woodlands as landscape and their impact on cultural 

perceptions will be emphasised. This is followed by a more qualitative interpretation of the 

prehistoric wooded landscape and its contemporary appreciation in east London. Lastly, the 

research aims and methods will be extended to the wider context providing both a practical and 

theoretical model which may be applied nationally.

11.1. Woodlands as Landscape.

During the Neolithic and Bronze Age woodlands remained a dominant feature within an 

increasingly cultural landscape, particularly on the floodplains of Britain. However, ancient 

woodland is still commonly interpreted as a blank space to be cleared for agricultural purposes 

or as a source to be felled for timber (O’Sullivan, 1996). Detailed reconstructions of woodlands 

can provide information on the wider cultural aspects of landscape than the mere economic, 

including the social and symbolic aspects of people’s perceptions of their contemporary 

landscape (O’Sullivan, 1996).

Ethnographically, woodlands play a greater role within the cultural fabric than a mere resource 

base. For example, they influence the organisation of territorial boundaries, routeways, 

settlements and ritual landscapes. Modem perception of woodlands as dark and dangerous 

places originates from a Medieval scholarly construct which created ‘landscapes of fear’ in 

which ‘the encroachment of woodland onto former settlement spoke of decay, abandonment and 

loss’ (O’Sullivan, 1996, p. 15). Much of this perception is rooted in the philosophies of 

industrialised and sedentary societies. For example, the Mbuti hunter-gatherers of the Ituri 

rainforest in Zaire emphasize the role of woodland as a provider, spiritual entity and mystical
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force (Turnbull, 1961, 1965, 1983). In contrast, the neighbouring Bantu farmers fear and loathe 

the forest, peopling it with evil spirits and perceiving it as an encroaching entity which demands 

a constant struggle to maintain hardwom clearings (Tilley, 1994).

Woodlands are also traditionally perceived as symbolic spaces, within which cultural identity is 

paralleled and ritualistic activity may be enacted. For example, the horticultural Huron of 

northeast America perceived woodlands as a male domain whilst the more bountiful settled 

space was female (O’Sullivan, 1996). Alternatively, the nomadic Nenets of Northern Russia 

characterised sanctuaries as pathways through birch and fir copses, marked by deposits and 

offerings {ibid.). This evidence finds archaeological resonance in the schematic wooden figures 

found associated with trackways in Lower Saxony (Hayen, 1987). In essence, ethnographic and 

early historical records clearly indicate the importance of woodlands, and their impact upon 

prehistoric cultural perceptions and activities requires appreciation.

Importantly, the three-dimensional reconstruction of prehistoric woodlands allows 

archaeologists to surmise the possible role of these landscapes in cultural activity. Woodlands 

are tangible spaces which impact, possibly more than most landscapes, upon every human 

sense. Arguably, the architecture of a woodland, its density, tree size and light levels, comprise 

the characteristics which primarily impress upon a visitor. Secondly, the composition and 

distribution of tree species within the space becomes important, except in rare cases where the 

overall character and the tree species are integrally related {eg. yew). However, it is the tangible 

and structural characteristics which may comprise the more important aspects of woodland 

modelling in archaeology.

11.2. Neolithic woodlands.

The Later Neolithic woodlands of Erith were characterised by a mature and high-storey Alnus 

canopy with a second tier of Alnus and Fraxinus regenerating under shady conditions. Beneath 

this grew a locally dense Taxus understorey, the lower lateral branches of which would have
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impeded intervisibility through the woodland. The heavily shaded ground beneath the Taxus 

understorey would be typically bare, although mosses and bryophytes were probably common 

(Kelly, 1981; Sidell et al, 1996). Furthermore, a tangle of dead Crataegus, Rhamnus and 

Clematis may have lain on the woodland floor under the Taxus cover.

Certain areas were characterised by a failure of Taxus to establish and probably comprised the 

seedling regeneration of the dominant canopy trees, and areas of dense scrub comprising 

Crataegus and Frangula, tangled with Rubus fruticosus agg.. Solarium dulcamara and Clematis 

vitalba. These areas probably supported a richer field layer characterised by the typical 

herbaceous flora of dry fen woodlands. Consequently, tussocks of Carex paniculata may be 

envisaged intermixed with plants such as Filipendula ulmaria, Urtica dioica, Lysimachia 

vulgaris, Eupatorium cannabinum and Thelypteris palustris (see Table 9.1.). The maturity of 

the woodland suggests that the ground may have been thick with dead and rotting wood would 

have provided habitats for saproxylic funghi such as Pleurotus ostreatus (oyster mushroom).

Localised areas of mixed deciduous woodland would have presented a lighter woodland scene 

rich in resources. Here a high canopy of Fraxinus, Ulmus, Alnus and occasional Acer 

overtopped a diverse understorey of Quercus, Fraxinus, Ilex, Acer, Salix/PoptAJu% Betula and 

Alnus. The understorey may have been mixed with Crataegus and Corylus, tangled with Rubus 

and Rosaceae species. The fenland sedges were probably reduced in abundance and the field 

layer may have been characterised by Mercurialis perennis. Anemone nemorosa, Deschampsia 

cespitosa, Glechoma hederacea and various Poaceae (see Table 9.2.).

11.2.1. Cultural perceptions o f the wooded landscape.

It is suggested that the floodplain substrate was relatively dry during the Later Neolithic (see 

section 3.2.2.1.). Theoretically, therefore, the woodlands were an accessible source of timber, 

herbs, sedges, tubers, funghi and medicinal plants. In particular, the mixed deciduous 

woodlands offered a valuable reserve, although some impenetrability is inherent with thick field
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layers of bramble. However, large tracts of the floodplain supported yew woodlands during the 

Later Neolithic. At Erith, the occurrence of yew in the understorey has been suggested although 

elsewhere pure stands may have established {eg. Wennington Marsh). It is the influence of 

these yew woodlands on the visual aesthetic of the floodplain landscape which perhaps 

impacted most on cultural perceptions. For example, these woodlands would have presented a 

year-round dark and gloomy landscape. Furthermore, the taxol present in the needles, seeds and 

bark of yew is fatal when ingested, particularly amongst cattle and horses. These properties led 

to a medieval fear of yew woodlands typified by extreme beliefs such as the invocation of death 

even to sleep beneath yew (Hartzell, 1994). It is debatable whether such fears may be 

extrapolated into prehistory although the visual and physical character of the yew woodlands 

must have been equally recognised.

Consequently, the scarcity of Later Neolithic activity on the Thames floodplain may be more 

than a by-product of taphonomic factors. At the risk of rationalist superimposition of modem 

prejudice upon prehistoric woodland perceptions, the yew woodlands would have presented a 

landscape which could have been perceived as intimidating and threatening. The conceptual 

deterrents would have been underpinned by the real additional threat of large wild mammals 

such as boar and auroch. These reasons alone may partly provide an explanation for the 

apparent scarcity of Later Neolithic activity on the floodplain (see section 4.7.1.).

A relatively dry substrate during the Later Neolithic would reduce the need for trackway routes 

through the floodplain, and consequently explains the archaeological scarcity of these 

structures. However, an environmentally deterministic explanation fails to account for the 

constructions at Fort Street or Bramcote Green. Extrapolating the suggested character of the 

surrounding woodland provides alternative explanations for these stmctures. The apparent and 

real threats of the wooded landscape may have encouraged the building of established, clearly 

delimited routes between settlements. In doing so, communities were creating a sense of place 

and security through an otherwise threatening, but not inaccessible, landscape. The longitudinal

475



Chapter Eleven__________________________________________________________________ Modelline woodland and wood use

form of the Neolithic structures would have provided straight and slightly raised paths thereby 

increasing the field of vision through the woodland and reducing the oppressive atmosphere.

Interestingly, neither o f these structures contained yew wood despite the apparent abundance of 

this species in the landscape. The Erith site indicates that woodland either comprised alder and 

ash, or alder and yew. The Fort Street trackway was constructed of alder and ash which suggests 

a deliberate avoidance of the yew woodlands. Certainly yew is difficult to fell and convert, 

particularly with stone tools, and this may explain its absence in larger structures. Consequently, 

the yew woodlands may have been perceived as a low quality resource for large timber in which 

extraction required unnecessary expenditure.

The overall effect of the floodplain landscape during the Later Neolithic was likely to have had 

wider reaching implications than the mere economic use of the woodland resource. Although 

further evidence for Later Neolithic activity awaits discovery, the overall consensus suggests 

occupation and activity on the Thames terraces, eyots and tributaries rather than the floodplain 

itself (see section 4.7.1.). This phenomenom has been linked to rising sea-levels and the 

accumulation of fen peat. However, it appears that much of the Later Neolithic floodplain 

remained seasonally dry and could have supported short-lived summer encampments.

The character of the reconstructed woodland may suggest movement off the floodplain as a 

result of the establishment of yew woodlands. Firstly, this created the dark and intimidating 

landscape which few may have wished to enter. Secondly, and perhaps more importantly, the 

suggested shift to a woodland-based pastoral economy during this period (Whittle, 1978; Scaife, 

1988) is incompatible with the lowland woodlands. Obviously, the use of the floodplain for 

cattle browsing is untenable within a woodland dominated (at browsing level) by a poisonous 

species to livestock.
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It is not suggested that a total absence of activity characterised the Later Neolithic floodplain 

(see section 4.5.1.)- For example, the discovery of three polished axes from the Purfleet 

submerged forest attest to a presence within the landscape. Nevertheless, the character of the 

woodlands may have deterred intense levels of economic activity. It has been suggested that 

stone axes, often of foreign origin, were ritually deposited in the Thames (Bradley, 1990), 

however, it is not inconceivable that these objects were actually deposited within the riparian 

woodlands {eg. O’Sullivan, 1996). The Purfleet assemblage included an axe from Cornwall 

(Wilkinson & Murphy, 1995), and the polished nature of these objects may confer special 

status. Furthermore, the Dagenham Idol dated to 3800 +/- 70 BP was found in the Rainham 

Marshes, concurrent with the yew woodlands of the area. It is possible that the yew woodlands 

performed a symbolic function within Later Neolithic culture, and that archaeological finds 

represent ritualistic, rather than economic activity in the landscape.

11.3. Early Bronze Age woodlands.

Erith indicates a markedly different woodland composition and architecture to the Later 

Neolithic landscape. Notably, the Taxus woodlands disappear to be replaced with wetland 

pioneers. The effect of the death of Taxus was likely to have been considerable. Upon its 

demise, woodlands developed which were characterised by an open, lighter architecture creating 

a completely different aesthetic landscape. Perceived threats of the gloomy former woodlands 

would disappear, although they may have been replaced by new difficulties such as standing 

water across the floodplain.

The early Bronze Age woodlands were characterised by a mixed and poorly stratified canopy of 

Alnus, Betula and Salix/Poplar. The woodland consisted of localised even-aged stands with a 

relatively open canopy which would have allowed light to filter through to the understorey and 

initiated an abundant field layer. As the woodland stretched towards the River Thames it 

became increasingly scrubby dominated by young trees of Salix and Betula. The low basal area
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and density values suggest a woodland intermixed with large areas of herbaceous fen and 

standing water.

The woodland understorey was comprised of mixtures o f the canopy dominants, with some 

Fraxinus and very rare Taxus. Abundant areas of scrub may have characterised the non-wooded 

areas dominated by thickets of Rhamnus, Frangula, Cornus and Crataegus. Tangled through 

this scrub and the wider woodland were Hedera and Clematis, and probably Rubus and 

Solanum. The field layer was probably characterised by a greater abundance of Carex sp. and 

Phragmites australis indicative of the encroaching riverine zone, mixed with the typical fen 

woodland components (see Table 9.5.).

In contrast, the mixed deciduous woodland presented a grander stand structure with high canopy 

Fraxinus and Ulmus, occasionally accompanied by mature Quercus. A shorter understorey was 

comprised of Acer, Betula, Alnus, Ilex and Fraxinus, and large stems of Hedera are evidenced 

which trailed up these trees. These woodlands established on substrate variations and possibly 

ran along channels which threaded through the floodplain.

10.3.1. Cultural perceptions o f  the wooded landscape.

The death of the Taxus woodlands occurred relatively synchronously and rapidly within the east 

London area (see Table 9.6.). This massive aesthetic shift in the landscape must have 

profoundly affected communities living near the floodplain. For example, the familiar albeit 

possibly avoided dark wooded landscape, became rapidly replaced by an open immature 

woodland on a markedly wetter substrate. It is possible that simultaneous to this shift, a strong 

marine encroachment was initiated creating fully tidal conditions along the lower Thames and 

its tributaries (see section 3.3.). Consequently, associated with the yew death was a progressive 

‘poisoning’ of the main freshwater sources in east London.
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The cultural and economic impact on the contemporary population must have been 

considerable, and it may not be coincidental that evidence for Early Bronze Age activity and 

wood use on the floodplain is largely lacking (see section 4.8.1.)- Settlement and agriculture 

occurred on the eyots of Southwark, although the environmental changes of the lower Thames 

would have impacted later at sites upstream. Little evidence for early Bronze Age activity or 

settlement has been found on the lower Thames floodplain and it may be significant that 

funerary evidence such as beaker burials typify the record {ie. see section 4.8.2.). Burial was 

undertaken within a landscape where a long-lived and familiar woodland vista, possibly steeped 

in ancestral meaning, was rapidly dying.

The longevity of yew has denoted it with a mythological symbolism in which life and 

immortality are the central themes. It is not inconceivable that similar folkloric attachments 

were applied during prehistory. For example, yew trees which stood for some 500 years would 

have provided recognised landmarks for generations, the timelessness of which possibly secured 

their place within social or territorial boundaries, and cultural folklore. The Thames floodplain, 

which was witnessing the widespread death of this species, must have been viewed with 

suspicion, particularly if a simultaneous transformation of the water quality occurred. Indeed, it 

may have taken several generations to adapt to the new floodplain environment and dispel 

cultural fears and superstitions.

11.4. Middle and Late Bronze Age woodlands.

The middle and late Bronze Age woodlands at Erith established within an increasingly dynamic 

system in terms of river/hydrology, but a more stable landscape in terms of woodland 

architecture. For example, the short-lived Betula and Salix phase disappears and a long-lived, 

although intermittently flooded, Alnus carr landscape develops. At this level, the woodland 

resource becomes stable although the hydrological regime was increasingly dynamic.
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Essentially, the woodlands of the middle and late Bronze Age are similar, although Alnus 

becomes increasingly important and the mixed deciduous woodland shrinks in size. The most 

important factor is the increased flooding of the riparian zone, and the progressive exclusion of 

more diverse woodland communities. The alder carr was dominated by even-aged stands of 

Alnus, mixed with occasional Fraxinus. In appearance the woodland was open and light, 

probably interleaved with large and numerous areas of herbaceous fen and standing water. 

These areas would have supported fen plants such as Phragmites australis, Typha angustifolia, 

Scirpus sp. and Sparganium sp.

Trees established on hummocks of Carex paniculata, and over the fallen dead wood of earlier 

woodlands, both of which provided raised areas of drier ground. Consequently, the topography 

was characterised by drier hummocks and depressions in which brackish water must have 

collected. Macrofossil evidence suggests a field layer of scrub comprising Crataegus and 

Rubus, probably intermixed with Galium palustre and Lonicera periclymenum. Sedges mixed 

with Urtica, Filipendula, Eupatorium, Cirsium palustre, Valeriana officinalis and Iris 

pseudacorus, may have dominated the field layer. As the woodlands became progressively 

wetter, Thelypteris palustris decreased in abundance, becoming replaced by large clumps of 

Osmunda regalis and Dryopteris dilatata.

The mixed deciduous woodland continued to establish along areas of drier substrate nearest the 

dryland, spreading northwards along channels. These woodlands created a noticeably different 

landscape to the homogenous carr with Fraxinus, Acer, Quercus and Prunus in the canopy, 

under which Ilex, Ulmus, Fraxinus and Alnus grew, supporting climbers such as Hedera and 

Lonicera. The field layer presumably witnessed a lesser dominance of sedges and supported 

damp woodland species such as Anemone nemorosa and Mercurialis perennis.
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11.4.1. Cultural perceptions and use o f the wooded landscape.

The Middle Bronze Age provides the largest quantity o f wood assemblages for comparison 

with the wooded landscape. The increasing wetness of the floodplain accounts for widespread 

trackway construction which, it is presumed, were constructed to facilitate continued access to 

increasingly inaccessible resources.

11.4.1.1. The natural woodland resource.

The trackways were ubiquitously constructed from Alnus which constituted the most abundant 

species in the landscape. The precise function and destination of the trackways remains 

ambiguous, however, the woodworking evidence has been collated here to suggest tree felling 

and conversion at several of these sites (see section 10.5,). Furthermore, the species of 

woodchips correlates closely with the localised mixed deciduous woodlands recognised at Erith, 

and these areas may comprise the archaeologically ephemeral destination of many pathways.

The targeting of woodland zones within the landscape raises several social and economic 

questions for the Middle Bronze Age. For example, it is difficult to assess whether these zones 

were also exploited in the earlier periods, but a drier substrate eased accessibility and, 

consequently, archaeologically visible trackways were not constructed. Alternatively, the 

widespread use of trackways may indicate a real intensification of floodplain exploitation during 

the Bronze Age, which suggests some factor had changed within the woodland resource or its 

use.

For example, it is possible that timber resources on the dryland were waning in quantity and/or 

quality thereby necessitating exploitation of the floodplain woodlands (see section 10.5.1.1.). 

Several suggestions have been made including the progressive clearance of the uplands, and the 

possibility of oak shake amongst the east London dryland resource. Alternatively, the floodplain 

woodlands may have become increasingly exploited because of an expansion in riverine 

transport, thereby necessitating the felling of trees near to watersheds (see section 4.8.2. and
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10.5.1.2.). Increasing riverine trade is evidenced by the large quantities of middle Bronze Age 

exotic metalwork which have been dredged from the Thames. The east London trackways may 

provide the link between dryland settlement and maritime transport, trade and communication.

Certainly, the present archaeological record suggests a real intensification of floodplain use by 

the Middle Bronze Age. Examining this phenomenom from its woodland perspective provides 

some explanation for a proposed intensification. For example, despite increasing flooding the 

alder carr woodlands on the wider floodplain remained stable throughout much of the Bronze 

Age. Furthermore, estuarine conditions became fully established thereby creating a repeating 

cycle of tidal exposure. As a landscape the floodplain resource base as a whole had become 

more predictable, and the woodland resources were well established in contrast to the dramatic 

arboreal changes of earlier periods. This predictability, and presumably a greater ecological 

understanding, may have encouraged the exploitation of the floodplain zone.

Settlement must have concentrated on the higher, drier ground of the terraces by the middle and 

late Bronze Age. At Erith, the upland outcrops to within 2 km of the present foreshore (see 

Figure 3.1.) and thus any settlement in this area was within easy reach of the Erith woodlands. 

At Erith Spine Road, no evidence for settlement was found although the trackway was 

associated with sheep bone and some flintwork (Bennell, 1998). Similar trends are recognised in 

northeast London where settlement presumably ran along the first terrace. Apart from the 

exploitation of timber, the trackway sites must have been used for accessing the wetland 

resources. The estuarine/fresh water zone would have provided a diverse resource base and must 

have attracted hunting, fishing and wild plant gathering. Consequently, surface finds of 

palstaves and barbed-and-tanged arrowheads are relatively common across the floodplain and 

probably attest to the use of the timber and wild resources, possibly on a seasonal basis.

By the Late Bronze Age many sites on the floodplain became buried under alluvium. However, 

at Erith there is continued evidence for woodland exploitation as demonstrated by the trackway.
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The local environment was wet and muddy by this period and the trackway probably enabled 

access to the swamp from the drier ground to the south. The trackway ran towards a renmant 

area of mixed deciduous woodland to the northeast, although the contemporainity between the 

woodland and archaeology requires radiocarbon substantiation. However, coring of this area 

provided good evidence for a palaeochannel and the woodchip evidence strongly suggests the 

continued use of floodplain timber next to watersheds. Consequently, riverine transport remains 

the most obvious function of the Late Bronze Age trackway, presumably to target the estuarine 

resources, and to maintain communication and trade along the river. Interestingly, the Erith 

Spine Road structure has equally been linked to boat use within a small creek (Bennell, 1998).

11.4.1.2. The managed landscape and its seasonal use.

Tantalising evidence for a cultural landscape, in terms of managed woodland and pastoral 

floodplain use, become visible by the middle and later Bronze Age (see section 10.4.1.2.). The 

evidence from Beckton Nursery suggests a topping practice on the floodplain, which was likely 

to have been linked to pastoral use of the fen. Marshland grazing has been indicated during the 

Iron Age at <^^'M.J(|^(Bell, Caseldine & Neumann, 2000), the Bronze Age in the Essex estuaries 

(Wilkinson & Murphy, 1995) and the Iron Age on the upper Thames floodplain (Lambrick & 

Robinson, 1988).

It is possible that grazing use of the lower Thames floodplain intensified during the middle and 

late Bronze Age. Primarily, any remnants of yew woodland across the east London floodplain 

had died away by the Middle Bronze Age. This arboreal change created a ‘safe’ landscape for 

livestock grazing and browsing, and an intensification of cattle and sheep herding may have 

been integrally related to the disappearance of this species. Furthermore, the increasing 

openness of the alder carr woodlands consequent upon progressive waterlogging would have 

created a rich and abundant herb flora, thereby providing diverse pasturage.
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The use of the alder carr for trackway and fence/enclosure building also appears to have altered 

the structural character of the landscape (see section 10.4.1.1.)- Evidence for the use of 

previously cut woodland was relatively strong at Beckton, and the indicated age and size of the 

derivative woodland fails to correlate with the trees at Erith. However, further research is 

required to establish whether a wider management regime operated on the floodplain. The levels 

of woodland activity, certainly in northeast London, suggest that numerous areas of alder carr 

must have been cut at least once in order to build the contemporary structures. This felling 

would have significantly altered the appearance of the woodlands, increasing light levels to the 

ground and promoting the growth of a field layer. Indeed, such a process may have worked in 

tandem with the use of the floodplain for pasturage since the grazing potential would be 

considerably enhanced.

The trackway evidence from Beckton and Erith suggest winter constructions, thereby indicating 

activity on the floodplain during the wetter parts of the year. Nevertheless, a proportion of 

summer cut wood was identified from most assemblages indicating stockpiling of some wood 

from the summer. The suggested topping activity at Beckton provides a model for the seasonal 

use of the floodplain and its woodlands.

The alder carr was topped during the summer as a harvesting procedure for winter fodder. The 

bundles may have been hung out to dry whilst cattle grazed the abundant summer pasturage on 

the floodplain. In the winter months, the dried browse was fed to the animals thereby freeing the 

wood for trackway constructions on the floodplain. This stockpile was supplemented by wood 

which was both naturally sourced and from previously cut areas of the carr in order to build 

trackways over the wetter floodplain areas. Several of these trackways aided access to localised 

timber resources. Tree felling and woodworking comprised the winter activities within the 

floodplain woodlands. It is possible that this activity focused on the primary preparation of 

trunks for boat building, which were then moved nearer the tributaries to be finished ready for 

summer use.
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11.5. Modelling woodlands and wood use.

The value of examining cultural wood assemblages is now widely recognised (eg. Morgan, 

1988; Bell, Caseldine & Neumann, 2000) and calls for increased research are largely 

unnecessary. However, the importance of the non-cultural woodland evidence remains 

neglected in wetland research in comparison to the quality of information which may be gained. 

Within coastal and riverine zones, archaeologists appreciate the importance of sea-level rise 

upon contemporary settlement and landuse (eg. Sidell et al, 2000). However, the importance of 

woodland as landscape remains underestimated despite the likelihood that woodland 

composition and architecture had significant economic and cultural ramifications.

The limitations of landscape reconstruction using cultural assemblages of environmental 

material are well recognised. Hodder (1999) uses the example of wood charcoal to illustrate this 

point. He states that the use of charcoal to reconstruct the palaeoenvironment and to understand 

cultural practices and preferences are interdependent. For example, the study of woodland 

change from charcoal assemblages is undermined by the contextual variation of cultural 

deposits. Equally, interpretations of cultural selection from charcoal assemblages are largely 

irrelevant unless there is an understanding of the availability of wood sources in the local 

environment. In summary, ‘in order to understand the environment one needs to understand 

cultural variation, and in order to understand cultural patterning one needs to know the 

environment.’ (Hodder, 1999, p.l 14).

The analysis of both cultural and non-cultural wood assemblages in this research has provided 

information on both the wooded landscape and its prehistoric use. The cross-comparative 

approach recognises the interdependency between reconstructing the past resource and its 

ancient use, thereby uniting the different types of evidence to provide a more holistic 

interpretation.
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Non-cultural wood interpretations frequently discuss the composition and abundance of species 

within woodlands, thereby concentrating on the economic and ecological characterisation of the 

landscape. However, reconstructing wooded landscapes must involve the architecture of the 

contemporary space in order to better place communities within. Tilley (1994) discusses the 

limitations o f landscape reconstructions when attempting a phenomenological approach to past 

societies. For example, he asserts that environmental techniques such as molluscan and 

palynological analyses can only provide a relatively coarse assessment of woodlands, providing 

statistics and counts of various species, which do little to inform us of what the forests actually 

looked like. Tilley states, ‘The skin of the land has gone for good, and can only be partially 

recovered through the most diligent of scientific analyses; but not its shape.’ (1994, p. 73).

However, submerged forest analyses and their interpretation using both ecological and structural 

models can provide three-dimensional reconstructions of the character of former landscapes. 

Submerged forest exposures are available for study in most coastal and riverine zones (see 

Figure 2.1.). Comprehensive mapping, sampling and recording can provide the spatial and 

vertical structure of ancient wooded landscapes. The typicality of the Erith reconstructions 

within the lower Thames floodplain has been emphasised, and it is suggested that an 

understanding of this woodland provides a landscape model for use in the wider region. If 

similar comparability is demonstrated in other intertidal zones, then a strong case exists for the 

detailed examination of sub-regional submerged forest exposures around Britain. This would 

provide a nationwide audit o f the prehistoric woodlands, against which cultural wood 

assemblages and the wider archaeology may be examined.

A national database of submerged forest exposures would provide a skeletal model of regional 

woodlands. The quality and quantity of woodland information from these exposures is 

unrivalled within the wetland zone. However, each reconstruction would require testing against 

as many assemblages of non-cultural material as possible. Crucially, trunk measurements and 

species identifications should be undertaken of non-cultural wood assemblages whenever they
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are uncovered in evaluation/excavation trenches from the wider floodplain. This would facilitate 

the identification of local variability and the degree of extrapolation between the well- 

researched model exposures and the fragmentary evidence from the wider landscape. Overall, a 

three dimensional woodland model which recognised local variability could be continually 

updated and expanded thereby providing a woodland database which could be consulted as new 

archaeological sites are revealed.

Such an approach would go some way to illuminating the tangible character of the wooded 

landscapes of the past. The analysis of cultural wood assemblages may then be undertaken 

within the modelled woodland resource. It is critical that interpretations of trackway and other 

cultural assemblages consider the context of the contemporary wooded landscape. Following 

this precedent, aspects such as the species composition of the cultural assemblage may be 

compared to the composition of the contemporary woodland, thereby providing insights into 

wood use, feature function and the accessibility of the woodland resource. Such an approach 

was employed during research of the Iron Age buildings and submerged forests at Goldcliff 

(Bell, Caseldine & Neumann, 2000). Cross-comparison of the species in both assemblages 

enabled the nature of woodland exploitation to be revealed.

The underlying aim of a cross-comparative approach is to better characterise the wooded 

landscapes which are indicated by methods such as palynology, and to consequently place 

contemporary populations within that landscape. Beyond the economic value, a greater contact 

with the prehistoric woodlands facilitates discussion of the various cultural perceptions of 

ancient landscapes. Such approaches are almost phenomenological in essence and demonstrate 

some remove from the positivist scientific approach usually advocated. However, criticisms of 

subjectivity in theoretical approaches may potentially be mediated by the attempt of the 

archaeologist to enter the wooded landscape and experience it as reality. By doing so, wider 

suggestions may be made regarding woodland activity, but also settlement foci, cultural patterns 

and ritual perception. This research, although scientific in approach, advocates the use of such
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techniques and provides a modelled resource for theoretical archaeologists to utilise as, and 

how, they wish.

11.6. Proposals for future research and the wider application.

The conclusions of this research are not intended to provide a definitive statement on the 

woodlands and prehistoric wood use of east London, nor a conclusive methodology for 

intertidal work elsewhere. The stochastic processes effecting site exposure have been 

emphasised in the Severn Estuary where it is suggested that interpretations should be viewed as 

an ongoing dialogue with the evidence (Bell, Caseldine & Neumann, 2000; Ashbee et al, 1989). 

This research aimed, and succeeded, in providing new information on the later prehistoric 

woodlands and their use on the Lower Thames floodplain. However, the intertidal zone itself, 

combined with research timescales and funding limitations, necessitated selection of the 

research areas which could be realistically undertaken. Certain aspects of the prehistoric 

woodlands are better understood than others, and it is hoped that future research is undertaken, 

particularly at the Erith site, in order to expand the overall understanding.

Hodder (1999) has advocated a ‘self-reflexive’ approach to archaeological evidence and its 

interpretation, which is highly applicable to intertidal archaeology (eg. Bell, Caseldine & 

Neumann, 2000). Modem intertidal research is still in its infancy and methodologies are devised 

within an ongoing learning process. Consequently, with increasing experience the research aims 

and methods are refined, shortfalls in the early fieldwork are realised, and research priorities 

may shift (sometimes too late) in emphasis. It is important to outline the areas of this work 

which remain poorly understood and require future research, thereby providing a balanced view 

of the achievements of the project. Furthermore, this section highlights the priorities for 

woodland research which are applicable within London archaeology and further afield.
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11.6.1. The Erith submersed forest.

i) A high-resolution radiocarbon framework would have greatly aided the temporal 

and spatial interpretation of the woodlands. Furthermore, increased confidence in 

the site phasing and suggested models of woodland establishment may have been 

achieved.

ii) Tree ring analysis could have provided a floating chronology for the woodlands at 

Erith. This would have aided the temporal resolution of the site phasing and 

illuminated the general age and health of the trees as environmental conditions 

changed. Future potential of the site lies particularly with tree ring work on the yew 

trees from which a dendrochronological curve for this species may be established in 

London.

iii) A high resolution coring strategy across the site would have helped establish lateral 

correlations across the exposure, and tested the various hydrological regimes and 

substrate variations which have been suggested from the woodland evidence and 

limited coring. Furthermore, a sequence of cores from the site would facilitate 

further testing of the Devoy model of sea-level change in the lower Thames area.

iv) A plant macrofossil sampling strategy would have greatly enhanced the 

reconstructions of the field and ground layer, and aided the ecological 

characterisation of the woodlands. Furthermore, information on the general 

substrate conditions could have been gained, thereby establishing the overall 

hydrology of the floodplain and the presence of herbaceous fen and/or standing 

water.

v) A palynological sampling programme across the woodlands and through the entire 

sequence would have provided excellent data for cross comparative research on the 

correlation between macrofossil and palynological reconstructions. This would have 

provided a fuller picture of the overall vegetation of the Erith area, whilst 

generating regionally valuable information on the correlation between the two 

approaches.

489



Chapter Eleven__________________________________________________________________ Modelline woodland and wood use

vi) A full multidisciplinaiy research programme at the site is highly desirable in order

to reconstruct in detail the overall ecology of the wooded landscape. This could 

include geoarchaeology, coleopteran, diatom and molluscan analysis combined with 

extensive field walking across the site to identify archaeological activity.

11.6.2. Cultural wood assemblages.

i) The Erith trackway requires further research including cleaning and planning, 

monitoring and a radiocarbon date. As present it is the only corduroy trackway, and 

possibly the only Early Iron Age wooden structure in London and therefore has 

regionally important implications.

ii) A greater number of cultural wood assemblages in London require full species and 

ring analysis in order to explore the trends suggested at Beckton Nursery. Obtaining 

at least one other assemblage during this research would have been highly desirable 

for a more balanced comparative approach. However, the themes of a pastoral 

based topping practice and a wider managed landscape constitute future research 

priorities.

iii) London’s trackways are ubiquitously constructed from alder, the ecology of which 

requires a comprehensive research programme. The natural growth variations, 

effects of suppression and release, and the microscopic and morphological changes 

consequent upon various management practices need to be established. Ecological 

information on alder, and other species which occur archaeologically elsewhere, is 

required to provide a database against which archaeological assemblages may be 

compared and understood.

iv) Woodworking debris proved to be one of the most illuminating areas of cross

comparative research in this project, although interpretation was limited by a lack of 

comparative data. An experimental research programme examining the different 

types of woodworking debris produced during various activities with different tools 

is required. The collection and characterisation of woodworking debris is required
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in order to create reference collections against which prehistoric woodworking sites

may be compared and interpreted.

On a final note, it is desirable to emphasise the value of floodplain woodland research to 

agencies outside of archaeology and palaeoecology. In recent years interest has grown in the 

restoration of floodplain ecosystems, particularly the development of a more natural approach to 

river and floodplain management (Zinke & Gutzweiler, 1990; Boon et al, 1992; Peterken & 

Hughes, 1995). The increased flooding of lowland areas and the incurring costs of agricultural 

and urban utilisation of these zones has intensified this movement. Woodlands form the central 

focus of floodplain regeneration but the ecological models for afforestation are necessarily 

derived from fragmentary, often managed, riparian woodland in Britain {eg. Beaulieu River and 

Highland Water, New Forest (Tubbs, 1986; Gregory, 1992)), and continental floodplain forests 

such as those on the Upper Rhone (Pautou, 1984) and the Luznice in the Czech Republic (Prach 

etal, 1990).

Sites such as Erith provide the basic compositional and structural character of the original 

floodplain woodlands of lowland Britain. Consequently, modelling the primary woodlands 

using submerged forests provides an ecological basis for replanting schemes which aim to 

recreate the natural riparian landscape. The benefits of such an approach are multifarious 

including the reduction of agricultural surplus, production of timber, the creation of animal and 

plant habitats, the river control benefits and various recreational and educational aspects. 

Furthermore, the determination of traditional woodland management regimes using 

archaeological material provides models which may be applied within newly created riparian 

woodlands. Consequently, in addition to providing archaeologists with landscape 

reconstructions, the analysis of ancient woodlands may be used to address wider conservation 

and environmental concerns, which carry increasing poignancy within a changing global 

climate.
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Appendix 1: Location of num bered grid plans which are provided in large sca le  and may be cross-referenced with the principle data tables.
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APPENDIX I; Site map, grid 1.
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APPENDIX 1: Site map; grid 4.
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APPENDIX I: Site map; grid 5.

N

1 o O
O

o  o  oo
o

o

/
Q.,/"

/ "
.

o
.  2/29a . S78

04M.„ * “• '
■ o

O _ o  =

O" O'

o O

1  O'.
^  63s " 88s

O '

o«»

c r
pV.,701r

U225S W  ^,^3,

'  Q.
2,s. \  0 V  

O  0«3̂ / c
o A I O'"

4/2271 V , o
sO

4/56tr O

o
o

o
O O

o
o
o

o
o

o
o o o

79. O o
o o

o o o

o o o

10 20 30 40 50 Meters

541



f  170 ' 4,167 '^ 1'= i  /-"X  U  4.557. U  Q  U  l  - /  1 4 2 2 9 1  W  4557.0'“ "'" /«,%.«.» O”
\  ... ... vm / \ y

o -  ^  °  °  O. 261 \ 2/66 O ^  _ V O _ O
. \4153 \ - 0  ^  O -  \ _  Q  O  O

4159 02,89 4216,  ̂ 4198, ,  4291

, 0 ” • Q . .  -O
Q ,6 7 n  I  0 ! A A \  4/97s O  Q

\ 4 4 3  ^  G ' " "  431 • 4 33 Q  ^

f  W  4/107

J)'" O O
O I O 4 1 0 7  ^  o  - 472 \  O

O O  47, /

Q ( ^  o  0 °  - y

o

Appendix 1; Site map; grid 6

—  /*'"
\ ,  4149

4126 !  \

S

16 24 32 40 Meters

542



APPENDIX I. Principle data from the Erith subm erged forest.

Wood
Number

Wood
Type Bark Branching

Orient.
in

degrees

Wood
CD
(m)

Peat
OD
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBM
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

01T trunk no no 160 -2.167 -2.257 2 0.35 9.0 8 Taxus baccata
3 trunk yes no 40 -1.988 -2.168 3 1.67 18.0 18 Taxus baccata
13 trunk/branch yes yes 290 -2.300 -2.370 3 0.52 7.0 7 Salicaceae
161 trunk yes no 330 -2.212 -2.302 3 0.65 9.0 8 Alnus glutinosa
171 trunk yes no 170 -2.186 -2.386 3 0.33 20.0 16 Fraxinus excelsior
18T trunk no no 350 -2.078 -2.278 3 0.43 20.0 16 Alnus glutinosa
221 trunk yes no 330 -2.204 -2.364 3 0.57 16.0 13 Alnus glutinosa
23S trunk no no 80 -2.368 -2.543 3 0.44 17.5 14 0.64 Fraxinus excelsior
24T rt. syst. + stump yes no 0 -1.965 -2.255 3 0.29 42.0 31 1.50 1.50 Fraxinus excelsior
25R trunk/branch no no 70 -1.930 -2.210 3 1.05 28.0 28 Salicaceae
26T trunk no no -1.942 -1.942 3 Taxus baccata
27 trunk/branch yes no -1.942 -1.942 3 Betula sp.
29S root system yes no -2.278 -2.368 4 0.19 0.98 0.09 Fraxinus excelsior
30S rt. syst. + stump yes no 0 -2.152 -2.472 3 0.32 22.0 17 1.25 1.18 Betula sp.
31 root system yes no -2.100 -2.220 4 1.17 1.12 0.12 Alnus glutinosa
33S root system yes no -2.133 -2.463 4 1.53 1.48 0.33 Alnus glutinosa
36R root system yes no -2.171 -2.391 4 1.19 1.24 0.22 Alnus glutinosa
37 trunk no no Alnus glutinosa
38 trunk/branch no no Salicaceae
39S trunk yes no 70 -2.118 -2.238 3 0.28 12.0 10 Alnus glutinosa
40T trunk yes no 310 -2.199 -2.449 3 0.84 25.0 25 Betula sp.
41R root no no 170 -2.174 -2.334 4 1.04 16.0 0 Salicaceae
421 trunk yes no 160 -2.084 -2.284 2 0.34 20.0 20 Salicaceae
46T trunk yes no 40 -2.482 -2.592 3 2.13 11.0 11 Alnus glutinosa
471 trunk yes no 170 -2.499 -2.699 3 3.00 20.0 20 Alnus glutinosa
49 root system yes no Alnus glutinosa
50R root system yes no -2.036 -2.036 4 0.71 0.50 0.11 Alnus glutinosa
51S rt.syst. + stump yes no 0 -1.744 -2.264 3 0.52 35.0 26 1.39 1.25 Alnus glutinosa
54 trunk/branch no no Salicaceae
55S root system yes no -1.963 -1.963 4 2.10 0.99 0.14 Alnus glutinosa

Orient. = Trunk orientation; Diam. = Diameter; Root w > e = root diameter west to east; Root n > s = root systems diameter north to south; rt. syst. = root system.
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APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching

Orient.
in

degrees

Wood Peat 
O.D. O.D.
(m) (m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBM
(cm)

Root 
w  > e

(m)

Root 
n > s

(m)

Root
Height

(m)

Species
Identified

56T trunk yes no 50 -1.934 -2.124 3 0.19 19.0 19 Alnus glutinosa
59 trunk yes no 180 Alnus glutinosa
60 root system yes no Alnus glutinosa
62T trunk no no 240 -1.842 -2.062 3 0.34 22.0 17 Fraxinus excelsior
63S stump no no 40 -1.730 -2.030 3 0.30 34.0 25 Betula sp.
64R root system yes no -1.623 -1.643 5 2.32 2.34 0.02 Alnus glutinosa
66 trunk yes no 60 -1.650 -1.820 3 0.63 17.0 14 Ilex aquifolium
67 root system yes no Alnus glutinosa
68S stump no no 0 -1.665 -1.805 3 0.43 14.0 11 Fraxinus excelsior
70 trunk yes no 10 Alnus glutinosa
71T trunk yes no 240 -1.803 -2.003 2 1.07 20.0 20 Fraxinus excelsior
72 root system yes no Alnus glutinosa
73 trunk no no Fraxinus excelsior
75S root system yes no -1.514 -1.864 4 2.00 2.45 0.35 Alnus glutinosa
76S root system yes no -1.354 -1.704 4 1.10 1.19 0.36 Alnus glutinosa
77R root system yes no -1.419 -1.419 5 1.78 1.47 0.23 Alnus glutinosa
78R rt. syst. + stump yes no -1.378 -1.378 4 0.38 70.0 51 1.76 1.58 Alnus glutinosa
79R stump yes no 350 -0.804 -0.994 5 0.19 17.0 14 Alnus glutinosa
82T trunk yes no 350 -2.117 -2.287 3 0.49 17.0 14 Rhamnus cathartica
83S stump yes no 0 -2.163 -2.383 3 0.22 54.0 39 Alnus glutinosa
84S root system yes no -1.986 -2.296 4 0.45 0.50 0.31 Alnus glutinosa
86S stump yes no 0 -2.033 -2.193 3 0.16 24.0 18 Alnus glutinosa
87S stump yes no 250 -2.098 -2.268 3 0.23 17.0 14 Salicaceae
88S stump yes no 0 -2.101 -2.381 3 0.28 31.0 23 Alnus glutinosa
90 trunk/branch yes no 200 -2.280 -2.440 3 0.77 16.0 16 Alnus glutinosa
91S stump yes no 0 -2.339 -2.489 3 0.15 32.0 24 Salicaceae
92R root system yes no -2.281 -2.421 4 0.79 0.53 0.14 Alnus glutinosa
93R stump yes no 0 -2.134 -2.324 3 0.19 36.0 27 Alnus glutinosa
95T trunk no no 160 -2.295 -2.535 3 0.66 24.0 24 Fraxinus excelsior
96 rt. syst. + stump yes no 0 -2.300 -2.740 3 0.23 44.0 32 2.16 1.85 Alnus glutinosa
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APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching

Orient
in

degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height
(m)

Stump
Diam.
(cm)

DBM
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)
Species

97S trunk no no 160 -2.185 -2.185 3 Salicaceae
98 rt. syst. + stump yes no 0 -2.100 -2.350 3 0.25 2.00 1.40 Alnus glutinosa
101T trunk yes no 210 -2.488 -2.598 2 0.68 11.0 11 Salicaceae
102T trunk yes 6 70 -2.355 -2.545 3 4.18 19.0 19 Betula sp.
103S stump no no 0 -2.351 -2.641 3 0.29 29.0 22 Betula sp.
105T trunk yes no 330 -2.270 -2.419 2 0.85 14.9 15 Salicaceae
106B branch no no 10 -2.362 -2.457 3 1.27 9.5 10 Betula sp.
108S rt. syst. + stump no no 240 -2.215 -2.515 3 0.30 28.5 22 Betula sp.
109 root system yes no -2.250 -2.560 4 1.21 1.11 0.31 Alnus glutinosa
111S stump no no 0 -2.248 -2.288 3 0.04 26.0 20 Alnus glutinosa
114R root system yes no -1.823 -2.013 4 1.75 1.82 0.19 Alnus glutinosa
117S stump no no 0 -1.713 -2.033 3 0.32 27.5 21 Alnus glutinosa
118R root system yes no -1.789 -1.889 4 1.25 1.53 0.10 Alnus glutinosa
120T trunk yes no 160 -2.187 -2.527 3 1.73 34.0 34 Acer campestre
124 trunk yes no 170 -2.000 -2.000 3 Ulmus sp.
125 root system yes no -2.000 -2.000 4 Alnus glutinosa
126 trunk yes no 170 -2.000 -2.000 3 Ulmus sp.
127R root system no no -1.426 -1.626 5 1.32 1.90 0.20 Alnus glutinosa
129 rt. syst. + stump no no -2.000 -2.200 3 0.20 21.0 16 0.80 0.70 Unidentified
130 trunk yes no 290 -1.950 -2.040 3 .93 9.0 9 Hedera helix
131 root system yes no -1.950 -2.530 4 2.61 2.43 0.58 Betula sp.
132 root system yes no -1.950 -2.095 4 1.03 1.89 0.19 Alnus glutinosa
134 root system yes no -1.950 -2.070 4 0.80 0.68 0.12 Alnus glutinosa
139 root system yes no -1.950 -2.240 4 1.12 1.23 0.29 Alnus glutinosa
140 trunk yes no 350 -1.950 -2.370 3 1.56 42.0 42 Quercus sp.
146T trunk yes no 60 -2.339 -2.479 3 1.41 14.0 14 Salicaceae
147R trunk no no 160 -2.192 -2.322 3 0.49 13.0 11 Fraxinus excelsior
149 trunk no no 160 -1.910 -2.150 3 2.06 25.0 25 Alnus glutinosa
161 trunk no no 170 -1.950 -2.210 3 2.57 26.0 26 Alnus glutinosa
163 trunk no yes 60 -1.950 -2.160 3 1.37 21.0 21 Acer campestre
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APPENDIX 1: continued.

Wood
Number

Wood
Type Bark Branching

Orient
in

degrees

Wood Peat 
O.D. O.D. 
(m) (m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

168S rt. syst. + stump yes no 0 -2.049 -2.049 3 0.15 44.0 32 2.03 2.07 Alnus glutinosa
170 trunk yes no 190 -2.129 -2.429 3 2.02 30.0 30 Alnus glutinosa
181 trunk yes no 80 -2.379 -2.559 3 2.22 18.0 18 Betula sp.
183 trunk yes no 90 -2.372 -2.472 3 2.23 10.0 10 Betula sp.
184 trunk yes no 170 -2.401 -2.501 3 2.79 10.0 10 Alnus glutinosa
186 trunk yes no 160 -2.295 -2.425 3 1.01 13.0 13 Betula sp.
189 trunk yes 3 260 -2.365 -2.485 3 2.08 12.0 12 Alnus glutinosa
190 stump yes no 0 -2.367 -2.627 3 0.26 33.0 25 Betula sp.
193 trunk yes no 330 -2.405 -2.545 3 0.71 14.0 14 Betula sp.
194 trunk/brancti yes no 20 -2.365 -2.465 3 1.13 10.0 10 Alnus glutinosa
196 rt. syst. + stump yes no 0 -2.368 -2.648 3 0.28 28.0 21 1.30 1.27 Alnus glutinosa
197 trunk -2.494 -2.494 3 unlocated
198 trunk yes 1 130 -2.407 -2.567 3 2.16 16.0 16 Comus sanguinea
200 stump yes no 160 -2.520 -2.670 3 0.37 15.0 12 Betula sp.
201 trunk yes no 310 -2.547 -2.717 3 0.53 17.0 14 Alnus glutinosa
202 trunk no no 190 -2.574 -2.814 3 0.96 24.0 24 Salicaceae
203 stump no no 350 -2.555 -2.795 3 .12 24.0 18 Salicaceae
204 trunk yes no 240 -2.468 -2.618 3 1.14 15.0 12 Betula sp.
206 trunk no no 80 -2.477 -2.667 3 1.83 19.0 19 Alnus glutinosa
207 trunk/brancli yes no 350 -2.505 -2.655 3 1.44 15.0 15 Alnus glutinosa
208 trunk no no 90 -2.458 -2.578 3 1.25 12.0 10 Salicaceae
209 trunk/branch yes no 80 -2.623 -2.773 3 0.64 15.0 15 Betula sp.
210 trunk no no 30 -2.485 -2.615 3 1.52 13.0 13 Salicaceae
211 trunk yes 1 50 -2.485 -2.625 3 1.76 14.0 14 Alnus glutinosa
212 stump no no 0 -2.485 -2.910 3 0.20 42.5 31 Alnus glutinosa
219 trunk yes no 240 -2.522 -2.742 3 1.53 22.0 22 Betula sp.
220 trunk no no 250 -2.543 -2.713 3 1.38 17.0 17 Salicaceae
222 stump no no 0 -2.499 -2.719 3 0.22 18.0 14 Fraxinus excelsior
223 trunk yes no 100 -2.435 -2.585 3 0.72 15.0 15 Alnus glutinosa
224 trunk no no 350 -2.459 -2.659 3 4.28 20.0 20 Alnus glutinosa
225B trunk no no 350 -2.488 -2.598 3 0.84 11.0 11 Alnus glutinosa
226R root system yes no -2.499 -2.679 4 0.62 0.81 0.18 Alnus glutinosa
229 root system no no -2.499 -2.499 4 0.75 0.59 0.12 Alnus glutinosa
231 trunk 3 Alnus glutinosa
233T trunk no no 80 -2.423 -2.623 3 4.30 20.0 20 Alnus glutinosa
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APPENDIX 1; continued.

Wood
Number

Wood
Type Bark Branching Orient

Degrees
Wood Peat 
O.D. O.D. 
(m) (m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)
Species
Identified

234R rt. syst. + stump yes no 0 -2.505 -2.805 3 0.30 50.0 37 Alnus glutinosa
235T trunk yes 1 210 -2.566 -2.726 3 3.86 16.0 16 Betula sp.
237T trunk no no 180 -2.510 -2.610 3 3.45 10.0 10 Alnus glutinosa
239T trunk yes no 330 -2.564 -2.754 3 3.24 19.0 19 Clematis vitalba
240 stump no no 0 -2.367 -2.577 3 0.21 18.0 14 Betula sp.
241 trunk yes no 270 -2.461 -2.701 3 0.43 24.0 18 Betula sp.
242 trunk yes 1 300 -2.426 -2.556 3 1.42 13.0 13 Salicaceae
243S stump no no 0 -2.392 -2.542 3 0.15 12.5 10 Alnus glutinosa
245T trunk yes no 350 -2.430 -2.630 3 0.53 20.0 16 Alnus glutinosa
246S trunk yes 1 100 -2.395 -2.625 3 0.88 23.0 23 Alnus glutinosa
247T trunk yes no 250 -2.445 -2.645 3 0.54 20.0 16 Salicaceae
248R rt. syst. + stump yes no 0 -2.040 -2.370 3 0.33 47.0 35 2.77 2.96 Alnus glutinosa
249 root system yes no -2.336 -2.426 4 2.05 2.22 0.09 Alnus glutinosa
250 root system yes no -2.283 -2.583 4 3.43 2.78 0.30 Alnus glutinosa
251T trunk no 1 250 -2.325 -2.515 3 0.98 19.0 19 Ilex aquifolium
252 stump no no 0 -2.159 -2.539 3 0.38 24.0 18 Fraxinus excelsior
253R root system yes no -2.332 -2.332 4 1.22 1.86 0.10 Alnus glutinosa
254T trunk yes no 170 -2.226 -2.396 3 0.71 17.0 17 Fraxinus excelsior
255T trunk yes no 80 -2.247 -2.527 3 1.53 28.0 28 Alnus glutinosa
256T trunk -2.354 -2.354 3 Unidentified
258T trunk yes no 160 -2.331 -2.441 3 1.44 11.0 11 Alnus glutinosa
259T trunk yes 2 80 -2.284 -2.464 3 0.85 18.0 18 Ulmus sp.
260 root system yes no -2.386 -2.536 4 2.83 3.95 0.15 Alnus glutinosa
261 stump no no 0 -2.006 -2.146 3 0.14 22.0 17 Ilex aquifolium
264 trunk yes no 320 -1.925 -2.075 3 0.78 15.0 15 Fraxinus excelsior
267 root system yes no -1.261 -1.401 4 0.95 0.84 0.14 Alnus glutinosa
270 rt. syst. + stump yes no 0 -2.175 -2.655 3 0.48 32.0 24 2.30 2.11 Alnus glutinosa
275 root system yes no -1.942 -2.182 4 1.51 1.27 0.24 Alnus glutinosa
280R root system yes no -2.477 -2.577 4 1.42 1.71 0.10 Alnus glutinosa
281 root system yes no -2.197 -2.507 4 1.59 1.82 0.31 Alnus glutinosa
282 root system yes no -2.200 -2.110 4 1.27 1.30 0.11 Alnus glutinosa
283 trunk/branch yes no 200 -2.394 -2.564 3 0.84 17.0 17 Salicaceae
285 trunk yes no 60 -2.517 -2.787 3 3.92 27.0 27 Alnus glutinosa
286 trunk yes no 310 -2.536 -2.766 3 0.64 23.0 23 Alnus glutinosa
287 trunk yes 1 240 -2.522 -2.692 3 1.27 17.0 17 Salicaceae
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APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching

Orient
in

degrees

Wood Peat 
OD OD
(m) (m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

289 trunk yes 2 60 -2.532 -2.672 3 1.56 14.0 14 Alnus glutinosa
290 trunk/branch yes no 330 -2.538 -2.668 3 1.94 13.0 13 Alnus glutinosa
291 trunk/branch yes no 40 -2.423 -2.613 3 1.26 19.0 19 Alnus glutinosa
292 trunk yes 1 60 -2.456 -2.596 3 3.42 14.0 14 Alnus glutinosa
293 trunk yes no 30 -2.428 -2.588 3 1.53 16.0 16 Betula sp.
297 trunk yes no 40 -2.386 -2.596 2 0.72 21.0 21 Alnus glutinosa
298 trunk yes no 200 -2.386 -2.556 3 0.53 17.0 17 Alnus glutinosa
300R root system yes no -2.322 -2.422 4 1.86 2.33 0.10 Alnus glutinosa
301S trunk no no 350 -2.237 -2.617 3 0.37 38.0 28 2.30 Fraxinus excelsior
302T trunk yes no 160 -2.327 -2.677 3 1.61 35.0 35 Fraxinus excelsior
303R root system yes no -2.310 -2.430 4 1.93 2.35 0.12 Alnus glutinosa
304 rt. system + stump yes no 70 -2.270 -2.450 3 0.63 31.0 23 2.19 1.66 0.18 Alnus glutinosa
306 stump no no 350 -2.201 -2.361 3 0.29 16.0 13 Ilex aquifolium
307S rt. system + stump yes no 0 -2.226 -2.466 3 0.24 18.0 14 0.76 1.32 Fraxinus excelsior
310 trunk no no 330 -2.368 -2.368 3 Alnus glutinosa
311L trunk yes 3 320 -2.403 -2.553 3 3.23 15.0 15 Alnus glutinosa
312S rt. system + stump yes no 0 -2.285 -2.645 3 0.36 35.0 26 2.61 2.46 Alnus glutinosa
314B trunk/branch no no 60 -2.452 -2.532 3 2.12 8.0 8 Rhamnus cathartica
317T trunk no no 160 -2.371 -2.461 3 3.72 9.0 9 Alnus glutinosa
321T trunk yes no 110 -2.166 -2.516 3 1.26 35.0 35 Fraxinus excelsior
322T trunk no 2 50 -2.431 -2.581 3 1.64 15.0 15 Betula sp.
323S rt. system + stump no no 0 -2.424 -2.734 3 0.31 16.0 13 1.02 0.97 Comus sanguinea
325b trunk no no 160 -2.216 -2.446 2 0.62 23.0 23 Salicaceae
325S stump no no 80 -2.216 -2.656 3 0.44 22.0 17 Salicaceae
326R root system yes no -2.414 -2.674 4 1.98 1.92 0.26 Alnus glutinosa
327 root system yes no -2.425 -2.494 4 0.90 0.76 0.07 Alnus glutinosa
328T trunk yes no 180 -2.279 -2.479 3 1.90 20.0 20 Fraxinus excelsior
330 trunk no no 60 -2.648 -2.968 3 0.44 32.0 24 Fraxinus excelsior
331 trunk yes no 320 -2.648 -2.818 3 0.61 17.0 14 Ulmus sp.
332T trunk no no 50 -2.754 -2.954 3 5.73 20.0 20 Ulmus sp.
333 stump no no 50 -2.633 -3.103 3 0.47 27.0 21 Fraxinus excelsior
334 stump yes no 40 -2.613 -3.403 3 0.79 32.0 24 Alnus glutinosa
335 trunk -2.625 -2.625 3 Unlocated
336 trunk/branch no no 350 -2.648 -2.728 3 1.19 8.0 8 Alnus glutinosa
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APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching

Orient
in

degrees

Wood Peat 
O.D. O.D. 
(m) (m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

337T trunk yes no 320 -2.654 -2.854 3 1.54 20.0 20 Alnus glutinosa
340 trunk no 2 350 -2.500 -2.630 3 5.34 13.0 13 Ulmus sp.
341 trunk yes 2 220 -2.590 -2.840 3 2.37 25.0 25 Ulmus sp.
343S stump no no 0 -2.747 -3.007 3 0.39 26.0 20 Fraxinus excelsior
344T trunk yes 1 190 -2.537 -2.727 3 7.61 19.0 19 Alnus glutinosa
345T trunk yes no 240 -2.607 -2.892 3 1.14 28.5 22 Alnus glutinosa
347 trunk yes no 70 -2.648 -2.868 3 1.94 22.0 22 Betula sp.
348T trunk yes no 280 -2.440 -2.660 3 0.76 22.0 17 Betula sp.
349 trunk no no 360 -2.155 -2.505 3 1.18 35.0 35 Alnus glutinosa
350 trunk no no 70 -2.590 -2.850 3 1.27 26.0 26 Fraxinus excelsior
351T trunk yes 1 160 -2.545 -2.705 3 2.21 16.0 16 Betula sp.
354T trunk no no 40 -2.636 -2.936 3 1.52 30.0 30 Fraxinus excelsior
355 trunk no no 160 -2.590 -2.710 3 1.32 12.0 12 Alnus glutinosa
356 trunk yes no 160 -2.590 -2.790 2 0.88 20.0 20 Ulmus sp.
358T trunk no no 20 -2.591 -2.816 3 1.67 22.5 23 Fraxinus excelsior
363T trunk yes no 330 -2.310 -2.520 2 1.15 21.0 21 Ulmus sp.
364T trunk no no 260 -2.459 -2.579 3 1.37 12.0 12 Ulmus sp.
365T trunk yes no 350 -2.287 -2.482 3 1.28 19.5 20 Fraxinus excelsior
369T trunk no no 50 -2.496 -2.676 3 1.10 18.0 14 Ulmus sp.
370S trunk no no 150 -2.404 -2.994 3 0.76 59.0 43 Fraxinus excelsior
372T trunk yes no 80 -2.315 -2.975 3 4.10 66.0 66 Alnus glutinosa
373T trunk yes 3 10 -2.484 -2.729 3 8.60 24.5 25 Fraxinus excelsior
374T trunk -2.552 -2.682 3 Fraxinus excelsior
375T trunk yes no 350 -2.398 -2.553 3 2.24 15.5 16 Alnus glutinosa
376T trunk no no 80 -2.331 -2.561 3 1.33 23.0 23 Fraxinus excelsior
377S stump no no 50 -2.429 -2.969 3 0.54 28.0 21 Fraxinus excelsior
379 trunk no no 230 -2.310 -2.500 3 0.56 19.0 19 Alnus glutinosa
382T trunk yes no 320 -1.861 -2.381 3 1.74 52.0 52 Quercus sp.
383S rt. system + stump yes no 0 -2.242 -2.622 3 0.38 53.0 39 0.89 1.02 Betula sp.
386T trunk no no 70 -1.756 -1.756 3 Unidentified
389T trunk yes no 130 -2.377 -2.907 3 3.55 53.0 53 Alnus glutinosa
392R root system no no -2.417 -2.577 4 1.02 0.90 0.16 Fraxinus excelsior
396T trunk yes no 90 -2.302 -2.487 3 1.05 18.5 15 Fraxinus excelsior
399T trunk yes no 0 -1.809 -1.969 2 0.32 16.0 16 Ulmus sp.
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APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching Orient in 

degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

401T trunk no no 80 -1.819 -2.029 2 1.26 21.0 21 Fraxinus excelsior
402T trunk yes no 240 -1.769 -2.039 3 1.38 27.0 27 Ulmus sp.
412S root system no no -2.279 -2.389 4 0.95 1.17 0.11 Alnus glutinosa
413 trunk no yes 210 -2.517 -2.587 3 1.28 7.0 7 Salicaceae
417T trunk yes 2 220 -2.236 -2.386 3 1.93 15.0 15 Alnus glutinosa
418S stump no no 250 -2.170 -2.380 3 0.21 25.0 19 Betula sp.
419 trunk yes no 220 -2.517 -2.747 3 1.82 23.0 23 Alnus glutinosa
424 trunk yes no 350 -2.300 -2.460 3 0.52 16.0 16 Alnus glutinosa
426 trunk no no 160 -2.300 -2.570 3 2.08 27.0 27 Alnus glutinosa
427 trunk yes yes 60 -2.300 -2.500 3 2.44 20.0 20 Alnus glutinosa
429 trunk no no 160 -2.300 -2.530 3 3.02 23.0 23 Alnus glutinosa
431R root system no no -2.168 -2.348 4 1.76 1.91 0.18 Alnus glutinosa
432T trunk yes no 350 -2.265 -2.535 3 5.15 27.0 27 Alnus glutinosa
433 trunk yes no 80 -2.313 -2.503 3 0.54 19.0 19 Alnus glutinosa
434T trunk no no 330 -2.403 -2.603 2 0.40 20.0 20 Alnus glutinosa
436S trunk yes no 350 -2.180 -2.370 2 0.69 19.0 19 Alnus glutinosa
437B trunk no no 150 -2.360 -2.520 3 0.81 16.5 17 Alnus glutinosa
440 trunk/branch no no 90 -2.376 -2.606 3 7.75 23.0 23 Betula sp.
442 trunk no no 200 -2.314 -2.514 3 2.02 20.0 20 Alnus glutinosa
443 trunk no no 330 -2.315 -2.555 3 4.07 24.0 24 Alnus glutinosa
444T trunk no no 340 -2.266 -2.506 3
445 stump no no 0 -2.340 -2.550 3 0.21 17.0 14 Salicaceae
446T trunk no no 80 -2.278 -2.508 3 2.71 23.0 23 Alnus glutinosa
447S root system no no -2.348 -2.728 4 0.59 0.53 0.38 Alnus glutinosa
451R root system yes no -2.275 -2.445 4 1.42 1.45 0.17 Alnus glutinosa
455T trunk yes no 330 -2.239 -2.459 3 2.47 22.0 22 Alnus glutinosa
456T trunk yes no 40 -2.349 -2.519 3 2.22 17.0 17 Alnus glutinosa
457S trunk yes no 80 -2.184 -2.384 2 0.56 20.0 20 Salicaceae
458 root system no no -2.351 -2.471 4 1.92 2.05 0.12 Betula sp.
459T trunk no no 160 -2.424 -2.594 3 1.15 17.0 17 Alnus glutinosa
460 trunk no no 40 -2.275 -2.505 3 2.64 23.0 23 Alnus glutinosa
461 trunk no no 70 -2.324 -2.484 3 1.68 16.0 16 Alnus glutinosa
462S stump no no 240 -2.210 -2.450 3 0.94 24.0 24 Alnus glutinosa
463 rt. system + stump no no 0 -2.351 -2.571 3 0.22 48.0 35 0.94 1.32 Rhamnus cathartica
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Wood
Number

Wood
Type

Orient Wood Peat Trunk Trunk Stump Stump DBH
(cm)

Root Root Root Species
identified

Bark Branching in O.D. O.D. Phase Length Diam. Height Diam. w > e n > s Height
degrees (m) (m) (m) (cm) (m) (cm) (m) (m) (m)

465 trunk yes no 50 -2.275 -2.435 3 2.13 16.0 16 Alnus glutinosa
469 trunk no no 80 -2.324 -2.434 3 2.53 11.0 11 Alnus glutinosa
470 trunk yes yes 300 -2.192 -2.292 3 0.78 10.0 10 Taxus baccata
471T trunk yes no 70 -2.345 -2.575 3 1.77 23.0 23 Taxus baccata
472T trunk no no 330 -2.221 -2.431 3 4.18 21.0 21 Alnus glutinosa
473T trunk -2.453 -2.453 3 Alnus glutinosa
474 trunk no no 200 -2.192 -2.372 3 3.70 18.0 18 Alnus glutinosa
475 trunk yes no 170 -2.192 -2.362 3 0.58 17.0 14 Alnus glutinosa
476 trunk no no 330 -2.275 -2.525 3 0.94 25.0 25 Alnus glutinosa
477 trunk yes no 170 -2.192 -2.402 3 1.68 21.0 21 Alnus glutinosa
478S stump no no 0 -2.134 -2.434 3 0.30 32.5 24 Alnus glutinosa
479S trunk no yes 90 -2.380 -2.450 3 1.13 7.0 7 Betula sp.
481T trunk yes no 310 -2.216 -2.456 3 4.17 24.0 24 Betula sp.
482B trunk/branch no no 90 -2.274 -2.424 3 1.03 15.0 15 Alnus glutinosa
483B trunk/branch no no 350 -2.343 -2.493 2 0.54 15.0 15 Alnus glutinosa
484T trunk yes 3 110 -2.102 -2.222 3 2.81 12.0 12 Betula sp.
485 trunk no no 180 -2.299 -2.479 3 3.73 18.0 18 Alnus glutinosa
486T trunk no no 330 -2.383 -2.613 3 1.37 23.0 23 Alnus glutinosa
487T trunk no no 80 -2.393 -2.663 3 2.70 27.0 27 Alnus glutinosa
489 stump no no 0 -2.302 -2.532 3 0.23 32.0 24 Alnus glutinosa
494S stump no no 160 -2.187 -2.417 3 0.23 25.0 19 Betula sp.
495 rt system + stump no no 0 -2.302 -2.572 3 0.27 28.0 21 1.29 1.23 Alnus glutinosa
496 trunk no no 250 -2.302 -2.472 3 1.47 17.0 17 Alnus glutinosa
498 root system yes no -2.299 -2.469 4 1.25 1.28 0.17 Alnus glutinosa
499T trunk -2.375 -2.375 3 unlocated
500T trunk yes 1 40 -2.355 -2.565 3 1.41 21.0 21 Alnus glutinosa
503T trunk yes no 110 -2.340 -2.510 3 1.67 17.0 17 Salicaceae
504T trunk no no 70 -2.311 -2.541 3 1.03 23.0 23 Salicaceae
505T trunk no yes 290 -2.395 -2.625 3 2.63 23.0 23 Alnus glutinosa
506T trunk yes no 190 -2.320 -2.470 3
507T trunk yes yes 90 -2.333 -2.583 3 1.39 25.0 25 Unidentified
509S trunk yes no 350 -2.255 -2.395 3 0.38 14.0 14 Alnus glutinosa
51OT trunk yes no 80 -2.376 -2.556 3 0.99 18.0 18 Alnus glutinosa
512T trunk yes no 330 -2.286 -2.686 3 2.62 40.0 40 Alnus glutinosa
517S rt. system + stump no no 0 -2.205 -2.415 3 0.21 31.0 23 1.53 1.81 Alnus glutinosa

551



APPENDIX I: continued .

Wood
Number

Wood
Type Bark Branching

Orient
in

degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

521 trunk no no 30 -2.282 -2.602 3 2.43 32.0 32 Alnus glutinosa
522T trunk yes no 190 -2.278 -2.538 3 5.92 26.0 26 Alnus glutinosa
528T trunk yes no 50 -2.264 -2.414 3 1.32 15.0 15 Alnus glutinosa
532$ stump no no 0 -2.085 -2.275 3 0.19 54.0 39 Alnus glutinosa
535T trunk no no 290 -2.124 -2.544 3 1.48 42.0 42 Alnus glutinosa
5366 trunk yes no 100 -2.107 -2.367 3 1.70 26.0 26 Alnus glutinosa
537 trunk yes no 60 -2.053 -2.273 2 0.35 22.0 22 Fraxinus excelsior
539T trunk no no 50 -2.048 -2.408 3 0.93 36.0 36 Alnus glutinosa
543B trunk yes 1 330 -2.226 -2.506 3 3.32 28.0 28 Alnus glutinosa
545 trunk no no 0 -2.053 -2.203 3 0.29 15.0 15 Alnus glutinosa
548T trunk no no 200 -2.227 -2.397 3 1.64 17.0 17 Salicaceae
549 trunk no no 350 -0.889 -1.079 4 1.65 19.0 19 Alnus glutinosa
550T trunk no 2 30 -2.318 -2.518 3 1.52 20.0 20 Alnus glutinosa
5568 rt.syst. + stump no no 0 -2.211 -2.441 3 0.23 23.0 18 0.92 0.73 Alnus glutinosa
559T trunk yes no 30 -2.352 -2.482 3 0.88 13.0 13 Alnus glutinosa
562 trunk yes no 330 -2.289 -2.519 3 0.78 23.0 23 Alnus glutinosa
563 trunk yes no 350 -2.367 -2.547 3 1.43 18.0 18 Betula sp.
565 root system no no -2.329 -2.469 4 1.21 1.42 0.14 Alnus glutinosa
567 rt .syst. + stump yes no 0 -2.329 -2.689 3 0.36 24.0 18 Alnus glutinosa
568 stump yes no 0 -2.367 -2.577 3 0.21 55.0 40 Alnus glutinosa
569 trunk yes no 220 -2.329 -2.589 3 1.19 26.0 20 Betula sp.
570T trunk yes no 330 -2.511 -2.741 3 1.86 23.0 23 Alnus glutinosa
571S stump no no 0 -2.286 -2.526 3 0.24 32.0 24 Alnus glutinosa
572T trunk no no 160 -2.399 -2.679 3 1.15 28.0 21 Alnus glutinosa
573 trunk yes no 300 -2.455 -2.685 3 1.89 23.0 23 Alnus glutinosa
577 trunk no no 80 -2.299 -2.489 3 2.01 19.0 19 Alnus glutinosa
579 trunk no no 320 -2.455 -2.805 2 0.68 35.0 35 Alnus glutinosa
5848 trunk no no 350 -2.485 -2.755 3 0.49 27.0 27 Alnus glutinosa
585 trunk no no 180 -2.275 -2.535 3 0.91 26.0 26 Alnus glutinosa
585 trunk yes no 350 -2.187 -2.307 3 1.74 12.0 12 Alnus glutinosa
590B root system no no -2.187 -2.397 4 1.02 1.23 0.21 Alnus glutinosa
596R root system yes no -2.290 -2.730 4 1.27 1.39 0.23 Alnus glutinosa
597T trunk yes 1 110 -1.589 -1.749 3 3.27 44.0 44 Alnus glutinosa
601T trunk yes no 160 -2.153 -2.153 3 1.74 16.0 16 Alnus glutinosa
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607 root system yes no -2.147 -2.357 4 2.35 2.42 0.21 Alnus glutinosa
608T trunk yes no 330 -2.169 -2.379 3 1.83 19.0 19 Alnus glutinosa
61 OS trunk no no 160 -1.366 -1.766 3 1.22 40.0 40 Alnus glutinosa
6118 trunk yes no 160 -2.274 -3.054 3 2.72 78.0 78 Alnus glutinosa
614 trunk yes no 60 -2.517 -2.667 3 1.18 15.0 15 Alnus glutinosa
617 trunk yes no 330 -2.423 -2.813 3 2.03 39.0 39 Betula sp.
619T root system no no -2.274 -2.494 4 1.84 1.73 0.22 Alnus glutinosa
621R trunk yes no 160 -2.003 -2.123 3 1.20 12.0 12 Alnus glutinosa
622B rt.syst. + stump yes no 0 -2.164 -2.404 3 0.24 19.0 15 0.93 1.24 Betula sp.
6238 trunk yes no 320 -2.005 -2.165 3 0.80 16.0 16 Alnus glutinosa
624T trunk no 1 330 -2.108 -2.258 3 2.70 15.0 15 Alnus glutinosa
626T trunk yes no 330 -2.073 -2.233 3 0.87 16.0 16 Betula sp.
635 stump no no 320 -2.517 -2.847 3 0.33 27.0 21 Alnus glutinosa
636 trunk yes no 350 -2.228 -2.398 3 2.89 17.0 17 Betula sp.
637 trunk yes no 90 -2.228 -2.368 3 2.18 14.0 14 Alnus glutinosa
639 trunk yes no 200 -2.228 -2.388 3 1.62 16.0 16 Alnus glutinosa
640 root system no no -2.517 -2.647 4 2.35 2.24 0.13 Betula sp.
643 trunk yes no 10 -2.423 -2.562 3 2.98 14.0 14 Alnus glutinosa
649 stump no no 0 -1.814 -2.034 3 0.22 18.0 14 Fraxinus excelsior
6558 trunk/branch no no -1.378 -1.438 4 0.41 6.0 6 Ulmus sp.
658T root system no no -1.346 -1.536 5 0.59 1.05 0.19 Alnus glutinosa
660 trunk yes no 360 -2.188 -2.308 3 0.55 12.0 12 Alnus glutinosa
666T trunk no no 250 -2.188 -2.398 3 1.15 21.0 21 Ulmus sp.
669T trunk no no 70 -2.033 -2.163 3 1.59 13.0 13 Fraxinus excelsior
673T trunk no no 40 -1.994 -2.144 3 0.74 15.0 15 Ulmus sp.
677T trunk no no 340 -2.005 -2.175 2 0.61 17.0 17 Salicaceae
681 stump no no 0 -1.898 -2.088 3 0.19 13.0 11 Alnus glutinosa
6848 stump no no 220 -1.898 -2.298 3 0.64 59.0 43 Alnus glutinosa
686 rt.syst. + stump no no 0 -1.814 -2.344 3 0.53 45.0 33 1.53 1.68 Alnus glutinosa
690 stump yes no 0 -2.000 -2.330 3 0.33 16.5 13 Betula sp.
6938 stump no no 0 -1.993 -2.973 3 0.98 24.0 18 Fraxinus excelsior
695 trunk no yes 310 -2.000 -2.110 3 2.55 11.0 11 Alnus glutinosa
696 trunk no no 350 -2.073 -2.303 3 0.82 23.0 18 Betula sp.
698 stump no no 0 -2.228 -2.518 3 0.29 29.0 22 Alnus glutinosa
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699T trunk yes 2 90 -2.109 -2.289 3 1.47 18.0 18 Salicaceae
5 505 trunk yes no 70 -2.517 -2.717 3 1.18 20.0 20 Alnus glutinosa
5 511 trunk yes no 10 -2.677 -2.867 3 1.53 19.0 19 Betula sp.
5 570 trunk yes no 0 -2.677 -2.977 3 2.04 30.0 30 Ulmus sp.
2 01 trunk yes no 300 -2.167 -2.242 3 0.98 7.5 8 Alnus glutinosa
2 02 trunk yes no 180 -2.300 -2.640 3 0.36 34.0 25 Betula sp.
2 03 rt.syst. + stump yes no 0 Fraxinus excelsior
2 04T trunk/branch no no 160 -2.181 -2.301 3 0.33 12.0 10 Fraxinus excelsior
2 05 rt. yst. + stump no no 0 -2.300 -2.440 3 0.29 14.0 11 Alnus glutinosa
2 06R rt.syst. + stump no no 0 -2.455 -2.705 3 0.25 89.0 64 Alnus glutinosa
2 07S root system yes no -2.317 -2.747 4 1.40 1.40 0.42 Alnus glutinosa
2 08S rt.syst. + stump no no 0 -2.241 -2.501 3 0.26 31.5 24 0.78 0.71 Fraxinus excelsior
2 09S rt.syst. + stump no no 0 -2.205 -2.535 3 0.33 55.0 40 1.20 0.80 Alnus glutinosa
2 10T trunk/branch yes no 0 -2.097 -2.197 3 0.21 10.0 10 Alnus glutinosa
2 11R root system yes no -1.718 -1.718 4 1.20 1.25 0.07 Alnus glutinosa
2 12T trunk no no 340 -1.742 -1.872 3 2.55 13.0 13 Alnus glutinosa
2 13 trunk yes no 310 Alnus glutinosa
2 14R root system yes no -1.404 -1.604 5 1.40 1.50 0.20 Alnus glutinosa
2 15T trunk yes no 320 -1.725 -2.015 3 1.15 29.0 29 Alnus glutinosa
2 16S stump no no 0 -0.893 -1.133 4 0.24 26.5 20 Fraxinus excelsior
2 17R root system yes no -1.731 -1.881 4 1.20 1.37 0.15 Alnus glutinosa
2 18R trunk yes no -1.756 -1.756 3 Alnus glutinosa
2-19 root system yes no -1.620 -1.690 4 1.05 0.98 0.07 Alnus glutinosa
2 20R root system yes no -1.591 -1.591 5 1.56 1.27 0.13 Alnus glutinosa
2-21 rt.syst. + stump yes no 0 -1.891 -2.081 3 0.19 22.0 17 Alnus glutinosa
2 22 trunk no no 210 -1.700 -2.240 3 2.20 59.0 43 Alnus glutinosa
2 23 stump yes no 0 -1.900 -2.240 3 0.11 34.0 25 Fraxinus excelsior
2 24T trunk no no 0 -1.727 -1.977 3 0.30 25.0 25 Alnus glutinosa
2-25 root system yes no -2.098 -2.118 4 0.78 0.65 0.02 Alnus glutinosa
2 26T trunk yes 1 270 -1.993 -2.053 2 2.90 6.0 6 Fraxinus excelsior
2-27 root system yes no -2.006 -2.106 4 1.12 1.15 0.10 Alnus glutinosa
2 29S trunk no no 200 -2.083 -2.213 3 0.77 13.0 13 Salicaceae
2-30 rt.syst. + stump yes no 0 -2.153 -2.473 3 0.32 18.0 14 0.95 0.87 Alnus glutinosa
2-31 root system yes no -2.043 -2.093 4 0.66 0.63 Unidentified
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2 32 root system yes no -2.100 -2.100 4 Alnus glutinosa
2 33 root system yes no -2.100 -2.100 4 Alnus glutinosa
2 34R root no no 360 -1.682 -1.792 3 1.49 11.0 0 Fraxinus excelsior
2 35 stump no no 60 -1.350 -1.530 4 0.52 18.0 14 Fraxinus excelsior
2 36 root system yes no -2.100 -2.100 4 Alnus glutinosa
2 37 root system yes no -1.400 -1.420 5 0.50 0.63 0.02 Alnus glutinosa
2 38 trunk yes no 10 Ulmus sp.
2 39 trunk yes no Fraxinus excelsior
2 40 rt.syst. + stump yes no 0 -1.073 -1.383 4 0.31 27.0 21 0.60 0.94 Alnus glutinosa
2_41 root system yes no -2.100 -2.100 4 Alnus glutinosa
2 42 root system yes no -2.100 -2.100 4 Alnus glutinosa
2 43 trunk yes no -2.100 -2.100 3 Alnus glutinosa
2 44T trunk no no 180 -1.044 -1.199 4 1.42 15.5 16 Fraxinus excelsior
2 45 stump no no 80 -0.367 -0.667 5 0.30 27.0 21 Fraxinus excelsior
2 46 root system yes no -0.996 -0.996 6 0.25 1.17 0.07 Alnus glutinosa
2 47 rt.syst. + stump no no 0 -0.607 -0.837 5 0.23 57.0 42 Fraxinus excelsior
2 48 trunk no no 220 -1.042 -1.732 3 1.14 69.0 50 0.25 Alnus glutinosa
2 49 trunk no no 180 -1.381 -1.541 4 1.59 16.0 16 Alnus glutinosa
2 50T trunk yes yes 160 -1.949 -2.079 3 1.52 13.0 13 Alnus glutinosa
2 51T trunk no no 240 -2.007 -2.007 2 Alnus glutinosa
2 52T trunk yes no 100 -1.989 -2.169 3 0.83 18.0 18 Alnus glutinosa
2 53R trunk no no 310 -2.183 -2.283 3 1.13 10.0 10 Fraxinus excelsior
2 54T trunk no no 10 -2.144 -2.334 3 1.41 19.0 19 Alnus glutinosa
2 55 trunk no no 70 -2.250 -2.390 3 1.14 14.0 14 Alnus glutinosa
2 56 root system yes no 3 Alnus glutinosa
2_57 trunk yes no 0 -2.150 -2.300 2 0.50 15.0 15 Fraxinus excelsior
2 58R trunk yes no 180 -2.171 -2.311 3 0.81 14.0 14 Alnus glutinosa
2 59 trunk yes no -1.910 -1.910 3 Ilex aquifolium
2 60 trunk yes no 160 -1.950 -2.200 3 1.28 25.0 19 Fraxinus excelsior
2 61L trunk no no 330 -2.404 -2.544 3 0.82 14.0 14 Alnus glutinosa
2 62 trunk yes yes 200 -1.950 -2.260 3 3.63 31.0 31 Ulmus sp.
2 63 trunk yes no 70 -1.950 -2.120 3 0.65 17.0 17 Quercus sp.
2 64 stump yes no 50 -1.950 -2.190 3 0.45 24.0 18 Fraxinus excelsior
2 65 root system yes no -1.950 -2.270 4 2.34 2.13 0.32 Alnus glutinosa
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2 66 trunk yes no 190 -1.250 -1.280 4 1.08 3.0 3 Alnus glutinosa
2 67 stump yes no 0 -1.250 -1.720 3 0.28 47.0 35 Alnus glutinosa
2 68 trunk yes no 160 -1.696 -1.696 3 0.67 12.0 10 Hedera helix
2 69 trunk yes no -1.330 -1.330 4 Pmnus sp.
2 70 root system yes no -1.110 -1.330 5 0.86 1.03 0.22 Alnus glutinosa
2 71 root system yes no -0.894 -1.164 5 1.20 0.69 0.27 Alnus glutinosa
2 73 trunk yes no 4 Fraxinus excelsior
2 74T trunk yes no 90 -1.328 -1.548 4 2.83 22.0 17 Ulmus sp.
2 75R trunk yes no 50 -1.526 -1.756 3 2.23 23.0 23 Alnus glutinosa
2 76T trunk yes 1 180 -1.672 -1.962 3 0.94 29.0 22 Alnus glutinosa
2 77T trunk yes no 250 -1.347 -1.517 4 1.19 17.0 14 Unidentified
2 78R root system yes no -1.498 -1.818 4 1.10 0.87 0.32 Alnus glutinosa
2 79 root system yes no -2.000 -2.120 4 1.11 1.27 0.12 Alnus glutinosa
2 80T trunk yes no 160 -1.926 -2.166 3 1.22 24.0 18 Alnus glutinosa
2 81T trunk yes no 80 -2.090 -2.570 3 1.22 48.0 48 Fraxinus excelsior
8 04 trunk yes no 70 -2.677 -3.157 2 0.54 19.5 20 Salicaceae
2 82T trunk yes no 30 -2.540 -2.760 3 6.67 22.0 22 Quercus sp.
2 83T trunk yes 1 200 -2.469 -2.619 3 2.75 15.0 15 Alnus glutinosa
2 84 trunk no no 80 -2.379 -2.559 3 1.59 18.0 18 Alnus glutinosa
2 85S stump no no 0 -1.950 -2.230 3 0.28 32.5 24 Fraxinus excelsior
2 86 trunk no 1 80 -1.988 -2.173 3 0.60 18.5 19 Ulmus sp.
2 87 trunk yes no 320 -2.000 -2.270 3 4.44 27.0 27 Acer campestre
2 88 trunk no no 70 -2.034 -2.404 3 1.30 37.0 37 Alnus glutinosa
2 88a root system yes no -2.034 -2.314 4 1.85 1.48 0.28 Alnus glutinosa
2 89 root system yes no -1.838 -1.988 4 1.15 0.98 0.15 Alnus glutinosa
2 90T trunk no no 340 -2.081 -2.211 3 0.87 13.0 13 Betula sp.
2 93S stump yes no 0 -1.891 -2.081 3 0.19 16.0 13 Betula sp.
2 94T trunk yes 3 190 -1.914 -2.104 3 2.37 19.0 19 Salicaceae
2 96 trunk yes yes 10 -2.200 -2.400 3 2.77 20.0 20 Alnus glutinosa
2 100 trunk no no 70 -2.329 -2.559 3 1.89 23.0 23 Alnus glutinosa
2 102T trunk no no 340 -2.266 -2.506 3 2.11 24.0 24 Alnus glutinosa
2 104T trunk no no 240 -2.192 -2.542 3 3.73 35.0 35 Alnus glutinosa
2 107T trunk yes no 330 -2.479 -2.679 3 1.17 20.0 20 Alnus glutinosa
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2 108T trunk yes no 120 -2.363 -2.553 3 3.47 19.0 19 Alnus glutinosa
6 01 trunk no 1 10 -1.814 -2.044 3 1.25 23.0 23 Ulmus sp.
6 02 stump no no 180 -1.274 -1.434 4 0.64 16.0 13 Ulmus sp.
6 03 root system no no -1.814 -2.014 4 0.83 0.74 0.20 Fraxinus excelsior
6 04 root system no no -2.182 -2.582 4 1.78 1.54 0.40 Fraxinus excelsior
6 05 trunk no 7 340 -2.182 -2.267 3 1.24 8.5 9 Taxus baccata
6 06 trunk no 6 340 -2.182 -2.292 3 1.43 11.0 11 Alnus glutinosa
6 07 trunk yes no 330 -2.455 -2.655 3 1.91 20.0 20 Alnus glutinosa
6 08 trunk no no 350 -2.455 -2.645 3 3.36 19.0 19 Alnus glutinosa
6 09 trunk no no 120 -2.286 -2.526 3 2.64 24.0 24 Alnus glutinosa
6 10 stump no no 0 -2.286 -3.256 3 0.97 56.0 41 Alnus glutinosa
6 11 root system no no -2.286 -2.526 4 1.22 0.89 0.24 Alnus glutinosa
6 12 trunk yes no 60 -1.935 -2.115 2 2.38 18.0 18 Alnus glutinosa
6 13 stump no no 0 -2.228 -2.448 3 0.22 21.0 16 Salicaceae
6 14 trunk yes 1 300 -2.228 -2.478 3 2.37 25.0 25 Alnus glutinosa
6 16 trunk no no 130 -1.716 -2.086 3 1.91 37.0 37 Fraxinus excelsior
6 17 trunk yes no 250 -2.517 -2.967 3 2.37 45.0 45 Alnus glutinosa
6 18 stump no no 0 -2.677 -3.097 3 0.42 29.0 22 Alnus glutinosa
6 19 stump no no 0 -2.677 -2.887 3 0.21 32.0 24 Alnus glutinosa
6 20 root system no no -1.999 -2.199 4 2.04 1.48 0.20 Alnus glutinosa
6 21 trunk no no 80 -0.800 -1.180 4 3.19 38.0 38 Salicaceae
6 22 stump no no 0 -1.172 -1.392 4 0.26 22.0 17 Fraxinus excelsior
6 23 root system yes no -2.286 -2.466 4 2.16 2.09 0.18 Alnus glutinosa
6-24 trunk yes 1 340 -1.269 -1.629 4 1.26 36.0 36 Alnus glutinosa
8 01 trunk no no 150 -2.056 -2.276 2 0.90 22.0 22 Ulmus sp.
8 02 stump no no 0 -1.910 -1.470 4 0.30 43.0 32 Fraxinus excelsior
8 03 stump no no 0 -1.950 -2.200 3 0.25 14.0 11 Rhamnus cathartica
4 01T trunk no no 330 -2.258 -2.478 2 0.37 22.0 22 Alnus glutinosa
4 02T trunk yes no 330 -.848 -1.268 4 0.50 42.0 42 Fraxinus excelsior
4 03T trunk yes no 300 -2.094 -2.754 3 2.63 66.0 66 Alnus glutinosa
4 04T trunk no 1 80 -1.999 -2.319 3 2.81 32.0 32 Alnus glutinosa
4 05S stump no no 0 -2.409 -2.809 3 0.40 24.0 18 Alnus glutinosa
4 06T trunk yes 2 350 -1.171 -1.361 4 1.36 19.0 19 Alnus glutinosa
4 07R root system no no -1.659 -1.929 4 1.34 1.54 0.27 Alnus glutinosa

557



APPENDIX I: continued .

Wood
Number

Wood
Type Bark Branching

Orient
in

Degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
identified

4 09S stump no no 0 -0.846 -0.916 5 0.07 12.5 10 Fraxinus excelsior
4 10R root system yes no -1.026 -1.126 5 0.90 0.73 0.10 Alnus glutinosa
4 11T trunk yes no 30 -2.098 -2.248 3 1.08 15.0 15 Alnus glutinosa
4 12S stump no no 0 -0.244 -0.544 5 0.30 18.0 14 Alnus glutinosa
4 13S rt.syst. + stump no no 0 -2.227 -2.607 3 0.38 24.0 18 1.95 1.22 Alnus glutinosa
4 14T trunk no no 30 -2.056 -2.296 3 3.04 24.0 24 Ulmus sp.
4 1ST trunk yes no 70 -2.162 -2.562 3 1.55 40.0 30 Alnus glutinosa
4 16B trunk/branch -1.779 -1.779 3 Unidentified
4 17R root system no no -1.422 -1.632 5 1.71 1.57 0.21 Alnus glutinosa
4 18S stump yes no 0 -1.762 -2.132 3 0.37 25.0 19 Alnus glutinosa
4 19 stump no no 0 -0.897 -1.157 4 0.26 23.0 18 Alnus glutinosa
4 20S stump no no 0 -0.538 -0.778 5 0.24 32.0 24 Fraxinus excelsior
4 21S rt.syst. + stump yes no 0 -0.512 -0.892 5 0.38 34.0 25 1.50 0.82 Betula sp.
4 22T trunk/branch yes no 0 -0.286 -0.386 5 0.14 10.0 10 Alnus glutinosa
4 23T stump yes no 0 -0.804 -0.914 5 0.11 15.0 12 Alnus glutinosa
4 24S stump no no 0 -0.934 -1.074 4 0.14 14.5 12 Fraxinus excelsior
4 25R root system yes no -1.754 -1.934 4 2.50 2.60 0.18 Alnus glutinosa
4 26R root system yes no -1.039 -1.139 5 1.14 1.12 0.10 Alnus glutinosa
4 27S stump no no 0 -0.588 -0.748 5 0.16 21.0 16 Fraxinus excelsior
4 28 rt.syst. + stump yes no 0 -1.226 -1.686 4 0.46 30.0 23 1.35 1.39 Alnus glutinosa
4 29T trunk yes no 240 -1.199 -1.329 3 0.41 13.0 13 Alnus glutinosa
4 30T trunk yes no 180 -0.787 -1.197 3 1.02 41.0 30 Alnus glutinosa
4 31 trunk yes 1 220 -0.949 -1.129 3 0.95 18.0 18 Quercus sp.
4 32S trunk yes no 350 -1.365 -1.715 3 0.32 35.0 26 Fraxinus excelsior
4 33 trunk no 1 80 -0.895 -1.135 4 1.40 24.0 24 Alnus glutinosa
4 35 stump no no 0 -1.737 -2.137 3 0.40 17.0 14 Alnus glutinosa
4 36T trunk yes no 0 -1.182 -1.342 4 0.16 12.5 13 Alnus glutinosa
4 37T trunk no no 150 -1.520 -1.680 3 0.42 16.0 16 Betula sp.
4 38S stump no no 0 -1.527 -1.757 3 0.23 31.0 23 Alnus glutinosa
4 39 trunk no no 150 -2.313 -2.563 3 1.14 25.0 19 Acer campestre
4 40 trunk yes 1 260 -1.068 -1.378 4 2.37 31.0 31 Alnus glutinosa
4 41 root system yes no -0.394 -0.804 6 1.29 1.83 0.41 Alnus glutinosa
4 42R root system yes no -0.946 -0.996 6 1.30 1.21 0.05 Alnus glutinosa
4 43 trunk yes no 330 -2.324 -2.444 3 0.96 12.0 12 Fraxinus excelsior
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4 44S trunk yes no 350 -1.548 -1.848 2 0.30 14.5 15 Alnus glutinosa
4 45T trunk yes no 70 -1.402 -2.022 3 2.17 62.0 62 Alnus glutinosa
4 46T trunk no no 330 -1.504 -1.594 4 0.77 9.0 9 Fraxinus excelsior
4 47 rt.syst. + stump yes no 0 0.161 -0.291 6 0.13 26.5 20 1.19 1.02 Alnus glutinosa
4 48T trunk yes no 90 -2.361 -2.491 3 1.89 13.0 13 Alnus glutinosa
4 49T trunk no no 70 -2.013 -2.273 2 0.94 26.0 26 Fraxinus excelsior
4 51 trunk yes no 80 -0.873 -1.013 4 0.23 14.0 14 Betula sp.
4 52 trunk yes 1 80 -2.552 -2.802 3 5.50 25.0 25 Fraxinus excelsior
4 53S stump no no 0 -1.012 -1.282 4 0.27 43.0 32 Fraxinus excelsior
4 54T trunk yes 1 220 -2.018 -2.318 3 2.14 30.0 30 Alnus glutinosa
4 55T trunk yes 1 130 -1.950 -2.180 3 3.00 23.0 23 Alnus glutinosa
4 56S stump no no 0 -0.568 -0.738 5 0.17 14.5 11 Fraxinus excelsior
4 58 trunk yes no 10 -0.958 -1.178 4 1.02 22.0 22 Quercus sp.
4 59 trunk no no 10 -0.890 -0.985 5 0.88 9.5 10 Fraxinus excelsior
4 60T trunk no 2 70 -1.274 -1.704 3 2.17 43.0 43 Alnus glutinosa
4 61S stump yes no 0 -0.581 -0.711 5 0.13 30.0 23 Fraxinus excelsior
4 62T trunk no no 350 -0.712 -1.012 4 0.68 30.0 23 Fraxinus excelsior
4 63T trunk yes no 70 -1.364 -1.564 4 1.78 20.0 20 Alnus glutinosa
4 64R stump no no 0 -1.525 -2.065 3 0.54 45.5 33 Alnus glutinosa
4 66T trunk -0.637 -0.637 5 Unidentified
4 67T trunk no no 350 -1.925 -2.385 3 0.48 46.0 34 Fraxinus excelsior
4 68T trunk -2.296 -2.296 3 unlocated
4 69T trunk yes no 100 -1.721 -1.851 2 1.28 13.0 11 Fraxinus excelsior
4 70S rt.syst. + stump no no 0 -1.556 -1.896 3 0.34 34.0 25 1.28 1.17 Alnus glutinosa
4_71 trunk yes no 330 0.071 -0.079 5 0.97 15.0 15 Alnus glutinosa
4 72 stump no no 0 -0.940 -1.170 4 0.23 26.0 20 Ilex aquifolium
4 73T trunk no yes 80 -2.071 -2.631 3 1.53 56.0 56 Alnus glutinosa
4 74 stump no no 0 -1.175 -1.465 4 0.29 24.5 19 Alnus glutinosa
4 75T trunk yes 2 70 -0.476 -0.856 5 1.67 38.0 38 Fraxinus excelsior
4 76 stump no no 0 -0.653 -0.903 5 0.25 19.0 15 Acer campestre
4 77T stump no no 0 -1.676 -2.606 3 0.93 42.0 31 Alnus glutinosa
4 78T Trunk no no 340 -1.279 -1.549 4 1.43 27.0 27 Alnus glutinosa
4 798 stump no no 0 -0.618 -0.748 5 0.13 22.0 17 Alnus glutinosa
4 81R root system yes no -1.178 -1.608 5 2.57 2.46 0.43 Salicaceae
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4 82S stump yes no 0 -2.316 -2.576 3 0.26 20.5 16 A/nus glutinosa
4 83S stump no no 0 -1.148 -1.518 4 0.37 32.0 24 Alnus glutinosa
4 84S stump no no 0 -2.203 -2.673 3 0.47 20.5 16 Alnus glutinosa
4 85S stump no no 0 -0.772 -1.032 4 0.26 17.0 14 Fraxinus excelsior
4 87T trunk yes no 140 -2.118 -2.198 2 0.49 8.0 8 Alnus glutinosa
4 88 trunk yes no 340 -0.420 -0.800 4 0.19 38.0 28 Alnus glutinosa
4 89S stump no no 0 -2.285 -2.545 3 0.26 71.0 51 Alnus glutinosa
4 GOT trunk yes no 70 -1.439 -1.679 4 1.36 24.0 24 Ulmus sp.
4 91T trunk no no 0 -0.892 -1.182 4 0.56 29.0 29 Alnus glutinosa
4 92 trunk yes 1 50 -2.452 -2.592 3 1.43 14.0 14 Alnus glutinosa
4 93 trunk yes no 80 0.326 -0.481 5 1.27 15.5 16 Alnus glutinosa
4 94T trunk no no 190 -1.805 -2.075 3 1.79 27.0 27 Alnus glutinosa
4 95 trunk yes no 240 -2.446 -2.616 3 1.15 17.0 14 Betula sp.
4 96 root system yes no -1.039 -1.229 5 0.85 0.88 0.19 Alnus glutinosa
4 97S trunk no no 60 -1.045 -1.425 4 1.61 38.0 38 Alnus glutinosa
4 98S stump no no 0 -1.957 -2.127 3 0.17 20.0 16 Betula sp.
4 100 trunk yes no 90 -2.208 -2.348 2 0.28 14.0 14 Ulmus sp.
4 101T trunk yes no 20 -1.521 -1.811 3 1.18 29.0 29 Hedera helix
4 102R root system yes no -2.185 -2.305 2 3.26 2.71 0.12 Alnus glutinosa
4 103 trunk yes no 180 -2.200 -2.850 3 1.15 55.0 55 Fraxinus excelsior
4 104 trunk no 1 240 -0.661 -0.941 5 0.92 28.0 28 Alnus glutinosa
4 105T trunk no no 80 -1.338 -1.478 4 0.79 14.0 14 Betula sp.
4 106 stump no no 0 -2.047 -2.367 3 0.32 28.0 21 Acer campestre
4 107 trunk -1.208 -1.208 4 Unidentified
4 108 trunk yes no 190 -0.305 -0.645 5 1.39 34.0 34 Alnus glutinosa
4 109T trunk no no 310 -0.978 -1.328 4 2.38 35.0 35 Alnus glutinosa
4 110R root system yes no -1.348 -1.538 5 1.70 1.45 0.19 Alnus glutinosa
4 111 trunk no no 100 -2.115 -2.215 3 1.16 10.0 10 Ulmus sp.
4 112 trunk yes no 350 0.76 17.0 17 Fraxinus excelsior
4 113S stump no no 0 -2.093 -2.383 3 0.29 28.0 21 Alnus glutinosa
4 114T trunk yes no 80 -1.203 -1.463 4 0.87 26.0 26 Alnus glutinosa
4 115 trunk yes 1 190 -0.183 -0.393 6 2.54 21.0 21 Alnus glutinosa
4 116T trunk yes no 70 -1.766 -2.286 3 3.42 52.0 52 Alnus glutinosa
4 117 trunk yes no 80 -2.494 -2.734 3 0.83 24.0 18 Alnus glutinosa
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Wood Wood Orient Wood Peat Trunk Trunk Stump Stump DBH
(cm)

Root Root Root Species
IdentifiedNumber Type Bark Branching in O.D. O.D. Phase Length Diam. Height Diam. w > e n > s Height

degrees (m) (m) (m) (cm) (m) (cm) (m) (m) (m)
4 119T trunk yes no 60 -2.338 -2.748 3 2.33 41.0 41 Alnus glutinosa
4 120 stump yes no 0 -2.396 -2.586 3 0.19 24.0 18 Alnus glutinosa
4 121 trunk Alnus glutinosa
4 123 trunk yes no 110 -0.888 -1.078 4 0.58 19.0 15 Alnus glutinosa
4 124T trunk no 1 180 -1.759 -1.929 3 1.17 17.0 17 Acer campestre
4 125 stump no no 0 -1.729 -1.879 3 0.15 18.0 14 Betula sp.
4 126 trunk no 1 80 -0.061 -0.431 6 2.73 37.0 37 Alnus glutinosa
4 127 stump no no 0 -2.493 -2.793 3 0.30 16.0 13 Betula sp.
4 128 stump yes no 250 0.001 -0.191 6 0.19 23.0 18 Fraxinus excelsior
4 130R root system yes no -1.435 -1.705 4 1.67 1.03 0.27 Alnus glutinosa
4 131R trunk no no 10 -1.149 -1.309 4 1.03 16.0 16 Ulmus sp.
4 132 trunk no no 50 -2.354 -2.574 3 0.64 22.0 22 Alnus glutinosa
4 133T trunk no no 320 -1.807 -2.127 3 0.94 32.0 24 Fraxinus excelsior
4 135R root system yes no -2.333 -2.543 4 2.52 2.36 0.21 Alnus glutinosa
4 136R root system yes no -0.555 -0.815 6 2.63 2.32 0.26 Alnus glutinosa
4 138R root system no no -1.180 -1.180 5 Alnus glutinosa
4 139 trunk -2.495 -2.495 3 Unidentified
4 141S stump no no 0 -1.986 -2.376 3 0.39 29.5 22 Alnus glutinosa
4 142 stump yes no 0 -1.304 -1.704 3 0.40 24.0 18 Alnus glutinosa
4 143 root system yes no -2.039 -2.159 4 1.90 1.72 0.12 Alnus glutinosa
4 144 trunk/branch no no 320 -1.133 -1.258 4 0.59 12.5 13 Fraxinus excelsior
4 145 trunk no no 30 -0.274 -0.434 6 1.18 16.0 16 Fraxinus excelsior
4 146S trunk no no 60 -1.303 -1.603 4 1.11 30.0 30 Alnus glutinosa
4 147 trunk yes no 250 -0.183 -0.523 5 0.87 34.0 25 Alnus glutinosa
4 148 trunk no 2 330 0.029 -0.151 6 1.70 18.0 18 Fraxinus excelsior
4 149 trunk yes no 20 0.007 -0.123 5 0.65 13.0 13 Alnus glutinosa
4 151T stump no no 0 -2.182 -2.392 3 0.21 21.0 16 Betula sp.
4 152 trunk yes no 360 -2.596 -2.736 2 0.63 14.0 14 Alnus glutinosa
4 153 trunk yes no 340 -2.035 -2.205 3 2.09 17.0 17 Alnus glutinosa
4 154 branch no no 320 -0.402 -0.502 5 1.39 10.0 0 Alnus glutinosa
4 156T trunk no no 90 -1.757 -1.987 3 0.94 23.0 18 Ulmus sp.
4 157 trunk yes no 270 0.291 0.161 6 0.92 13.0 13 Alnus glutinosa
4 158 root system yes no -2.402 -2.882 4 1.64 1.89 0.48 Alnus glutinosa
4 159 stump yes no 0 -1.837 -2.257 3 0.42 21.0 16 Ulmus sp.
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4 161 trunk yes no 60 -2.554 -2.764 3 5.64 21.0 21 Betula sp.
4 162 trunk yes no 180 0.346 0.126 6 1.58 22.0 22 Alnus glutinosa
4 163 root system yes no -2.652 -2.942 4 0.93 1.19 0.29 Alnus glutinosa
4 164 stump no no 0 -1.044 -1.234 4 0.19 17.0 14 Betula sp.
4 166S stump no no 0 -1.174 -1.514 4 0.34 14.0 10 Alnus glutinosa
4 167 trunk no no 40 -2.154 -2.334 3 0.98 18.0 14 Ulmus sp.
4 168 S stump no no 280 -0.207 -0.517 5 0.31 18.0 14 Fraxinus excelsior
4 169T trunk no no 280 -1.935 -2.635 3 2.83 70.0 70 Alnus glutinosa
4 170 stump no no 0 -1.325 -1.635 4 0.31 44.0 32 Alnus glutinosa
4 171T trunk no no 80 -1.242 -1.512 4 2.81 27.0 27 Ilex aquifolium
4 172R root system no no -1.223 -1.603 5 3.12 2.48 0.38 Alnus glutinosa
4 173T trunk yes no 70 -2.265 -2.470 3 0.79 20.5 21 Ulmus sp.
4 174R root system yes no -2.005 -2.205 4 0.74 0.78 0.20 Alnus glutinosa
4 175R trunk yes no 140 -1.359 -1.679 4 2.90 32.0 32 Fraxinus excelsior
4 176S trunk yes no 160 -1.601 -1.691 3 0.69 9.0 9 Alnus glutinosa
4 177 trunk yes 5 10 4.51 37.0 37 Salicaceae
4 178T trunk yes no 160 -2.286 -2.526 2 0.73 24.0 24 Alnus glutinosa
4 181R root system yes no -2.219 -2.459 4 0.71 0.70 0.24 Alnus glutinosa
4 182R root system yes no -1.537 -1.817 3 1.06 1.21 0.28 Alnus glutinosa
4 184T trunk no no 150 -2.016 -2.246 3 3.54 23.0 23 Salicaceae
4 185S stump yes no 0 -1.515 -1.855 3 0.34 52.0 11 Alnus glutinosa
4 186R root system yes no -1.933 -1.933 4 1.75 1.96 0.00 Alnus glutinosa
4 187R root system yes no -1.438 -1.508 5 0.67 0.53 0.07 Alnus glutinosa
4 190T trunk no no 340 -1.685 -1.815 3 1.10 13.0 13 Acer campestre
4 192R rt.syst. + stump yes no 0 -1.828 -2.248 3 0.42 40.0 30 1.59 1.93 Alnus glutinosa
4 195S stump no no 0 -2.324 -2.494 3 0.17 18.0 14 Betula sp.
4 196S stump yes no 0 -2.266 -2.536 3 0.27 27.0 21 Betula sp.
4 198R root system yes no -1.302 -1.422 5 2.40 2.15 0.12 Alnus glutinosa
4 201R root system yes no -2.065 -2.095 4 1.50 1.72 0.03 Alnus glutinosa
4 202T trunk no no 180 -1.669 -1.849 3 0.98 18.0 18 Alnus glutinosa
4 203S root system yes no -2.049 -2.229 4 0.94 1.10 0.18 Betula sp.
4 204S stump yes no 0 -2.103 -2.433 3 0.33 17.0 14 Betula sp.
4 205S stump no no 350 -1.416 -1.746 3 0.33 19.0 15 Betula sp.
4 206T trunk no 1 50 -1.823 -2.003 3 1.37 18.0 18 Fraxinus excelsior
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4 207 root system yes no 0.55 0.50 0.30 Alnus glutinosa
4 208S stump no no 0 -1.411 -1.651 4 0.24 51.0 37 Alnus glutinosa
4 209S stump yes no 0 -1.978 -2.318 3 0.34 33.0 25 Alnus glutinosa
4 210R root system yes no -1.556 -1.736 4 1.06 1.60 0.18 Alnus glutinosa
4 211R rt.syst.+ stump yes no 0 -1.718 -2.028 3 0.31 56.5 41 1.71 1.69 Alnus glutinosa
4 212R rt.syst. + stump no no 0 -1.498 -1.738 3 0.24 32.0 24 2.24 2.21 Alnus glutinosa
4 213R root system yes no -1.835 -2.265 4 2.48 2.31 0.43 Fraxinus excelsior
4 214T trunk yes no 220 -1.570 -2.030 3 1.28 46.0 46 Alnus glutinosa
4 215R root system yes no -1.532 -1.682 5 4.70 3.90 0.15 Betula sp.
4 216R root system yes no -1.312 -1.532 5 2.75 1.58 0.22 Alnus glutinosa
4 217S root system no no -1.445 -1.735 4 2.90 0.76 0.29 Betula sp.
4 218R stump yes no 0 -2.339 -2.499 3 0.16 15.5 12 Alnus glutinosa
4 220T trunk yes no 0 -2.502 -2.702 2 0.38 20.0 20 Alnus glutinosa
4 221S stump yes no 0 -2.260 -2.620 3 0.36 35.0 26 Betula sp.
4 223S root system yes no -1.145 -1.375 5 0.80 0.53 0.23 Alnus glutinosa
4 224S stump no no 290 -0.998 -1.138 4 0.14 23.0 18 Fraxinus excelsior
4 225S stump no no 0 -2.001 -2.291 3 0.29 37.0 28 Alnus glutinosa
4 227T trunk no no 330 -1.787 -1.917 3 0.85 13.0 13 Alnus glutinosa
4 228R root system yes no -1.564 -1.904 4 3.26 2.51 0.34 Alnus glutinosa
4 229T trunk yes no 350 -1.839 -2.019 3 1.74 18.0 18 Fraxinus excelsior
4 330R root system yes no -2.035 -2.275 4 1.50 1.40 0.24 Alnus glutinosa
4 331S stump no no 0 -1.479 -1.929 3 0.45 71.0 51 Alnus glutinosa
4 332S stump yes no 300 -1.093 -1.443 4 0.35 17.0 14 Alnus glutinosa
4 333R root system yes no -1.641 -1.691 4 0.93 1.02 0.05 Alnus glutinosa
4 334S stump yes no 0 -2.307 -2.517 3 0.21 15.0 12 Fraxinus excelsior
4 335R rt.syst. + stump yes no 0 -1.962 -2.292 3 0.25 21.0 16 1.40 0.74 Alnus glutinosa
4 338R root system yes no -2.338 -2.498 4 0.83 1.02 0.16 Alnus glutinosa
4 339S rt.syst. + stump yes no 0 -1.611 -1.951 3 0.34 23.5 18 1.02 .87 Unidentified
4 440S root system yes no -2.015 -2.015 4 0.92 0.50 0.00 Alnus glutinosa
4 442T trunk no no 10 -1.627 -1.827 3 2.23 20.0 20 Ulmus sp.
4_443R stump no no 0 -2.049 -2.219 3 0.17 48.0 35 Betula sp.
4 444R root system yes no -1.656 -1.676 5 1.08 1.44 0.02 Alnus glutinosa
4 445S root system yes no -2.050 -2.310 4 1.79 1.76 0.26 Alnus glutinosa
4 446T trunk no no 350 -1.779 -1.779 3 Alnus glutinosa
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4_448 root system no no 2.36 2.18 0.26 Alnus glutinosa
4 449T trunk yes no 80 -1.665 -1.895 2 0.22 23.0 23 Alnus glutinosa
4 451 stump yes no 0 -2.424 -2.684 3 0.26 29.0 22 Betula sp.
4 550R root system yes no -1.494 -1.644 5
4 551S stump yes no 0 -2.424 -2.624 3 0.20 25.0 19 Salicaceae
4 552S trunk yes no 50 -1.514 -1.694 3 0.22 18.0 14 Hedera helix
4_554S rt.syst. + stump yes no 0 -1.398 -1.668 4 0.27 30.0 23 1.40 1.87 Alnus glutinosa
4 555 trunk yes 1 210 2.26 13.0 13 Acer campestre
4 556R root system yes no -2.230 -2.460 4 2.17 2.50 0.23 Fraxinus excelsior
4 557S root system yes no -1.427 -1.717 4 0.78 0.90 0.29 Alnus glutinosa
4 558R root system yes no -1.956 -2.226 4 2.33 1.96 0.27 Alnus glutinosa
4 559T trunk no no 90 -2.349 -2.469 3 3.18 12.0 12 Alnus glutinosa
4 561R root system yes no -1.250 -1.270 5 2.15 1.93 0.02 Alnus glutinosa
4 562R root system yes no -1.464 -1.694 4 1.60 1.98 0.23 Alnus glutinosa
4 564 trunk no no 110 -2.000 -2.230 3 1.55 23.0 23 Acer campestre
4 565T trunk yes no 180 -2.307 -2.447 2 0.54 14.0 14 Alnus glutinosa
4 566S stump no no 0 -2.138 -2.358 3 0.22 23.5 18 Alnus glutinosa
4 567R root system yes no -1.423 -1.973 4 3.71 3.54 0.55 Alnus glutinosa
4 568T trunk yes no 350 -2.408 -2.608 3 4.51 20.0 20 Salicaceae
4 570R stump no no 0 -1.289 -1.589 4 0.30 19.0 15 Alnus glutinosa
4 571R stump no no 0 -1.466 -1.656 4 0.19 23.0 18 Alnus glutinosa
5-500 trunk yes no 240 -2.677 -3.057 3 2.07 38.0 38 Alnus glutinosa
5-513 trunk yes no 100 -2.517 -2.647 3 2.26 13.0 13 Alnus glutinosa
5-514 trunk yes no 300 -2.228 -2.388 3 3.06 16.0 16 Betula sp.
5-516 trunk yes no 20 -2.517 -2.707 3 2.49 19.0 19 Alnus glutinosa
5-517 stump yes no 0 -.845 -1.125 4 0.28 29.0 22 Acer campestre
5-528 trunk yes no 300 -2.677 -2.907 3 1.17 23.0 18 Betula sp.
5-530 stump yes no 300 -2.677 -2.907 3 0.25 17.5 14 Alnus glutinosa
5-536 stump no no 0 -1.664 -2.004 3 0.34 27.0 21 Fraxinus excelsior
5-538 stump yes no 0 -2.677 -2.897 3 0.22 20.5 16 Betula sp.
5-539 stump yes no 0 -0.845 -1.005 4 0.16 27.5 21 Acer campestre
5-542 trunk yes no 10 -2.517 -2.957 2 0.68 19.0 19 Betula sp.
5-551 stump yes no 0 -2.228 -2.488 3 0.26 15.0 11 Betula sp.
5-553 trunk yes no 320 -1.957 -2.147 3 1.11 19.0 19 Alnus glutinosa
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5-556 stump yes no 0 -2.550 -2.820 3 0.27 23.5 18 Alnus glutinosa
5-557 trunk yes 2 300 -2.000 -2.110 3 2.13 11.0 11 Salicaceae
5-558 stump no no 300 -0.845 -1.005 4 0.40 16.0 13 Fraxinus excelsior
5-561 trunk yes 1 190 -0.889 -1.049 4 1.20 16.0 16 Ilex aquifolium
5-563 trunk yes 2 120 -2.517 -2.647 3 2.62 13.0 13 Salicaceae
5-568 root system yes no -2.677 -2.877 4 1.90 2.10 0.20 Alnus glutinosa
5-569 stump yes no 0 -0.534 -0.754 5 0.22 25.0 19 Alnus glutinosa
5-575 trunk yes no 110 -2.677 -2.917 3 1.84 24.0 24 Betula sp.
5-581 stump yes no 0 -0.845 -1.195 4 0.35 11.5 10 Fraxinus excelsior
5-583 trunk yes no 40 -0.845 -0.995 5 1.34 15.0 15 Ulmus sp.
5-584 trunk yes 1 220 -0.534 -0.744 5 1.14 21.0 21 Alnus glutinosa
5-587 stump yes no 0 -2.677 -2.907 3 0.23 35.5 26 Alnus glutinosa
5-588 stump yes no 0 -2.228 -2.558 3 0.33 31.0 23 Betula sp.
5-591 stump yes no 0 -1.812 -2.012 3 0.20 37.5 28 Betula sp.
5-593 trunk yes no 310 -2.000 -2.120 3 2.19 12.0 12 Unidentified
5-595 stump no no 0 -0.845 -0.995 5 0.15 12.0 10 Fraxinus excelsior
7_01 stump no no 0 -0.889 -1.259 4 0.37 15.0 11 Fraxinus excelsior
7 02 trunk no no 50 -0.889 -1.049 4 1.57 16.0 16 Fraxinus excelsior
7 03 trunk no no 90 -0.889 -1.079 4 0.88 19.0 15 Fraxinus excelsior
7 04 stump yes no 0 -2.145 -2.325 3 0.18 31.0 23 Alnus glutinosa
7 05 stump yes no 0 -2.145 -2.405 3 0.26 32.0 24 Alnus glutinosa
7 06 trunk yes no 210 -2.271 -2.591 3 1.27 32.0 32 Acer campestre
7_07 trunk yes no 220 -2.271 -2.471 3 0.67 20.0 16 Betula sp.
7 08 trunk no no 280 -2.271 -2.421 3 0.97 15.0 15 Fraxinus excelsior
7 09 root system yes no -2.271 -2.391 4 1.35 1.20 0.12 Alnus glutinosa
7_10 trunk yes no 60 -2.271 -2.431 2 1.23 16.5 17 Fraxinus excelsior
7_11 trunk yes 1 30 -2.271 -2.401 3 0.74 13.0 13 Alnus glutinosa
7_12 trunk yes no 80 -2.271 -2.481 3 0.58 21.0 21 Alnus glutinosa
7_13 trunk yes no 210 -2.271 -2.441 3 0.68 17.0 14 Salicaceae
SI trunk no yes 50 -1.806 -1.976 3 2.83 17.0 17 Taxus baccata
82 trunk no no -2.068 -2.068 3 Taxus baccata
S3 trunk no no 80 -1.988 -2.078 3 2.08 9.0 9 Taxus baccata
2 111 trunk no no 250 -2.000 -2.170 2 4.06 17.0 17 Fraxinus excelsior
2 124 trunk yes no 70 -2.000 -2.210 2 0.53 21.0 21 Ulmus sp.
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2-125 stump yes no 0 -1.495 -1.845 2 0.35 19.5 15 Ilex aquifolium
2 128 trunk yes no 40 -2.000 -2.430 2 3.18 43.0 43 Alnus glutinosa
2 129 trunk/branch yes no 40 -2.000 -2.130 2 1.56 13.0 13 Ulmus sp.
2 133 trunk yes no 170 -2.000 -2.300 2 4.13 35.0 35 Alnus glutinosa
2 144 trunk no no 70 -2.000 -2.300 1 1.20 29.0 29 Fraxinus excelsior
2 148 trunk yes no 260 -1.480 -1.710 2 2.01 23.0 23 Alnus glutinosa
2-158T trunk no no -2.030 -2.030 2 unlocated
2 164 trunk yes no 270 -2.000 -2.240 2 1.14 24.0 24 Alnus glutinosa
2 176 trunk yes no 200 -2.000 -2.200 2 2.05 21.0 21 Alnus glutinosa
2 177 stump yes no 0 -1.030 -1.360 3 0.33 42.5 31 Fraxinus excelsior
2 180 trunk no no 50 -2.000 -2.100 2 0.68 12.0 10 Fraxinus excelsior
2 186 trunk yes no 210 -2.000 -2.300 2 1.39 31.0 31 Alnus glutinosa
3-21R rt.syst. + stump yes no 0 -1.706 -2.006 2 0.30 79.5 57 2.00 1.76 Alnus glutinosa
3-23T trunk yes no 80 -1.849 -2.059 2 1.49 21.0 21 Alnus glutinosa
3-26T trunk yes no 160 -1.829 -2.149 2 2.18 32.0 32 Alnus glutinosa
3-27S stump yes no 0 -1.777 -2.067 2 0.29 23.5 18 Alnus glutinosa
3-29 trunk yes no 30 1 0.38 15.0 15 Alnus glutinosa
3-33R root system yes no -1.984 -2.354 3 1.80 1.53 0.37 Alnus glutinosa
3-39T trunk no no 310 -1.921 -2.091 1 0.76 17.0 17 Alnus glutinosa
3-40T trunk yes no 330 -1.932 -2.072 2 0.38 14.0 14 Alnus glutinosa
3-43T trunk no no 250 -1.687 -1.937 2 1.15 25.0 19 Fraxinus excelsior
5-01T trunk yes no 170 -2.238 -2.568 2 2.04 33.0 33 Alnus glutinosa
5-02S stump no no 0 -2.157 -2.547 2 0.39 31.0 23 Alnus glutinosa
5-03T trunk yes 3 220 -2.251 -2.491 2 2.71 24.0 24 Alnus glutinosa
5-04T trunk/branch yes no 80 -1.515 -1.660 3 1.16 14.5 15 Alnus glutinosa
5-05T trunk no no 330 -2.084 -2.294 2 0.64 21.0 21 Alnus glutinosa
5-06T trunk yes no 10 -2.680 -2.900 2 4.78 22.0 22 Alnus glutinosa
5-07T trunk no no 60 -2.193 -2.473 2 0.79 28.0 21 Alnus glutinosa
5-08T trunk yes no 330 -2.175 -2.595 2 1.19 42.0 42 Alnus glutinosa
5-09T trunk no no 70 -2.219 -2.429 2 1.35 21.0 21 Alnus glutinosa
5-1 OT trunk no 1 250 -1.891 -2.251 2 2.66 36.0 36 Alnus glutinosa
5-1 IT trunk yes no 330 -2.578 -2.738 2 1.40 16.0 16 Alnus glutinosa
5-12T trunk no no 330 -2.389 -2.659 2 3.04 27.0 27 Alnus glutinosa
5-13S stump yes no 0 -1.960 -2.100 2 0.14 19.5 15 Fraxinus excelsior
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5-14T trunk yes no 80 -2.142 -2.302 1 0.42 16.0 13 Alnus glutinosa
5-15T trunk no no 330 -2.289 -2.479 2 1.01 19.0 19 Fraxinus excelsior
5-16S root system yes no -2.482 -2.632 3 1.11 0.78 0.15 Alnus glutinosa
5-17T trunk no no 250 -2.129 -2.419 2 1.46 29.0 22 Alnus glutinosa
5-18R root system yes no -2.132 -2.352 3 1.87 1.76 0.22 Alnus glutinosa
5-19T trunk no 2 130 -2.279 -2.509 2 2.44 23.0 23 Fraxinus excelsior
5-20T trunk yes no 10 -1.988 -2.238 2 1.86 25.0 25 Alnus glutinosa
5-21T stump no no 0 -2.010 -2.280 2 0.27 40.5 30 Alnus glutinosa
5-22R root system yes no -1.866 -1.976 3 2.51 2.63 0.11 Alnus glutinosa
5-23T trunk yes no 90 -2.220 -2.420 2 5.93 20.0 20 Fraxinus excelsior
5-24T trunk no no 70 -1.667 -1.917 2 1.32 25.0 25 Clematis vitalba
5-25T trunk no 3 150 -2.297 -2.427 2 1.17 13.0 13 Frangula alnus
5-26T trunk no no 320 -1.404 -1.624 3 1.15 22.0 22 Alnus glutinosa
5-27R root system yes no -2.424 -2.764 3 1.13 1.26 0.34 Alnus glutinosa
5-28T trunk no 1 150 -2.101 -2.246 2 1.59 14.5 15 Fraxinus excelsior
5-29T trunk/branch no no 70 -2.594 -2.704 2 2.39 11.0 11 Salicaceae
5-30R root system yes no -2.053 -2.143 3 2.43 1.85 0.09 Alnus glutinosa
5-31T trunk yes 2 80 -2.042 -2.182 2 0.91 14.0 14 Alnus glutinosa
5-32T trunk yes no 330 -2.103 -2.263 2 0.76 16.0 16 Alnus glutinosa
5-33T trunk yes no 70 -2.562 -2.792 2 1.54 23.0 23 Alnus glutinosa
5-34T trunk yes no 330 -2.376 -2.756 2 2.09 38.0 38 Alnus glutinosa
5-35T trunk yes no 310 -2.701 -2.921 2 1.85 22.0 22 Alnus glutinosa
5-36S trunk no no 120 -1.878 -2.178 2 2.17 30.0 23 Alnus glutinosa
5-37S trunk yes no 100 -2.204 -2.344 1 0.44 14.0 14 Alnus glutinosa
5-38T trunk yes no 180 -2.130 -2.670 2 1.24 54.0 39 Alnus glutinosa
5-39T trunk yes 1 100 -2.094 -2.404 2 2.38 31.0 31 Alnus glutinosa
5-40S trunk no no 320 -2.216 -2.426 2 1.71 21.0 16 Alnus glutinosa
5-41T trunk yes no 330 -2.532 -2.702 2 3.78 17.0 17 Alnus glutinosa
5-42T trunk no no 80 -2.258 -2.358 2 3.05 10.0 10 Fraxinus excelsior
5-43T trunk yes no 240 -2.073 -2.383 2 1.20 31.0 23 Alnus glutinosa
5-44T trunk no no 150 -2.219 -2.349 2 0.76 13.0 13 Fraxinus excelsior
5-45T trunk no no 250 -2.589 -2.889 2 1.89 30.0 30 Fraxinus excelsior
5-46T trunk no no 90 -2.291 -2.431 2 1.01 14.0 14 Clematis vitalba
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5-48T trunk yes 2 80 -1.797 -1.947 1 0.92 15.0 15 Ulmus sp.
5-49R root system yes no -2.021 -2.161 3 1.22 1.15 0.14 Alnus glutinosa
5-50T trunk yes no 80 -2.427 -2.727 2 4.20 30.0 30 Alnus glutinosa
5-51T trunk yes no 80 -2.078 -2.238 1 0.31 16.0 16 Alnus glutinosa
5-52T trunk no no 30 -2.195 -2.435 2 0.83 24.0 24 Fraxinus excelsior
5-53T trunk yes 1 150 -2.548 -2.668 2 1.47 12.0 12 Alnus glutinosa
5-54T stump yes no 160 -2.104 -2.324 2 0.52 22.0 17 Fraxinus excelsior
5-55T trunk no 1 260 -1.384 -2.194 2 1.86 81.0 58 Alnus glutinosa
5-56T trunk no no 330 -1.320 -1.540 3 0.48 22.0 22 Fraxinus excelsior
5-57T trunk yes no 180 -2.534 -2.894 2 1.76 36.0 36 Alnus glutinosa
5-58T trunk yes 1 70 -1.974 -2.174 2 0.89 20.0 20 Alnus glutinosa
5-59T trunk yes no 50 -1.872 -2.062 2 0.56 19.0 15 Fraxinus excelsior
5-60T trunk yes no 10 -1.450 -1.790 2 2.17 34.0 34 Alnus glutinosa
5-61R root system yes no -2.204 -2.374 3 2.13 2.08 0.17 Alnus glutinosa
5-62T trunk yes no 90 -2.096 -2.356 2 6.02 26.0 26 Alnus glutinosa
5-63T trunk yes 1 320 -2.138 -2.488 2 2.04 35.0 35 Alnus glutinosa
5-64T trunk yes no 360 -2.460 -2.540 2 3.54 8.0 8 Alnus glutinosa
5-65T trunk yes no 330 -2.238 -2.528 2 2.17 29.0 29 Alnus glutinosa
5-66T trunk yes no 250 -2.482 -2.642 1 0.37 16.0 16 Fraxinus excelsior
5-67T trunk yes no 100 -2.262 -2.442 2 1.25 18.0 18 Alnus glutinosa
5-68T trunk yes no 20 -2.067 -2.397 2 1.79 33.0 33 Alnus glutinosa
5-69S trunk no no 350 -2.125 -2.275 2 0.93 15.0 12 Alnus glutinosa
5-70T trunk no 1 350 -2.019 -2.199 2 1.12 18.0 18 Alnus glutinosa
5-71T trunk yes 1 310 -2.000 -2.190 2 1.13 19.0 19 Alnus glutinosa
5-72T trunk no no 50 -1.956 -2.086 2 1.21 13.0 13 Alnus glutinosa
5-73T trunk no no 310 -2.127 -2.367 2 2.13 24.0 24 Alnus glutinosa
5-74T trunk no no 190 -2.168 -2.418 2 1.34 25.0 25 Acer campestre
5-75T trunk yes no 200 -2.287 -2.457 2 1.68 17.0 17 Alnus glutinosa
5-76R trunk no no 80 -2.093 -2.253 2 0.78 16.0 16 Alnus glutinosa
5-77T trunk yes no 330 -1.834 -2.124 2 1.92 29.0 29 Alnus glutinosa
5-78T trunk yes no 360 -2.095 -2.505 2 1.96 41.0 41 Alnus glutinosa
5-79T trunk no no 80 -2.313 -2.523 1 0.62 21.0 21 Acer campestre
5-80T trunk no 1 170 -1.841 -2.161 2 3.08 32.0 32 Fraxinus excelsior
5-81T trunk no no 300 -2.428 -2.538 2 2.06 11.0 11 Fraxinus excelsior
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5-82T trunk yes no 350 -1.975 -2.335 2 0.87 36.0 27 Alnus glutinosa
5-83T trunk no 1 40 -1.716 -1.946 2 1.52 23.0 18 Fraxinus excelsior
5-84T trunk yes 1 310 -2.229 -2.389 2 1.27 16.0 16 Alnus glutinosa
5-85T trunk yes no 300 -2.505 -2.855 1 1.07 35.0 35 Alnus glutinosa
5-86T trunk no no 40 -2.132 -2.372 2 1.25 24.0 24 Alnus glutinosa
5-87T trunk no no 50 -2.171 -2.451 2 3.15 28.0 28 Alnus glutinosa
5-88T trunk yes no 10 -2.276 -2.566 2 1.19 29.0 29 Fraxinus excelsior
5-89T trunk yes no 200 -1.841 -2.551 2 3.46 71.0 71 Alnus glutinosa
5-90T trunk no no 210 -2.450 -2.660 2 2.17 21.0 21 Alnus glutinosa
5-91T trunk yes no 360 -2.242 -2.522 2 3.23 28.0 28 Alnus glutinosa
5-92T trunk yes no 160 -2.341 -2.641 2 5.28 30.0 30 Alnus glutinosa
5-93T trunk no no 120 -2.205 -2.455 2 1.93 25.0 25 Fraxinus excelsior
5-94T trunk yes 1 310 -1.877 -2.057 2 1.49 18.0 18 Fraxinus excelsior
5-95S trunk no 2 270 -2.212 -2.502 2 1.15 29.0 29 Alnus glutinosa
5-96T trunk no no 120 -2.172 -2.442 2 1.56 27.0 27 Alnus glutinosa
5-97T trunk no no 140 -1.911 -2.251 2 0.98 34.0 25 Fraxinus excelsior
5-98T trunk yes no 10 -2.317 -2.517 2 1.57 20.0 20 Fraxinus excelsior
5-99T trunk no no 90 -2.226 -2.556 2 0.47 33.0 33 Fraxinus excelsior
5-1OOS stump yes no 0 -1.241 -1.821 2 0.58 51.5 38 Alnus glutinosa
5-101T trunk yes no 330 -1.208 -1.388 3 1.52 18.0 18 Fraxinus excelsior
5-102R root system yes no -1.967 -2.247 3 1.62 1.63 0.28 Alnus glutinosa
5-103T trunk yes yes 50 -1.854 -2.204 2 2.09 35.0 35 Alnus glutinosa
5-104T trunk no no 170 -1.574 -1.714 2 0.94 14.0 14 Fraxinus excelsior
5-105T trunk yes no 140 -1.579 -1.999 2 1.72 42.0 42 Alnus glutinosa
5-107T trunk no no 40 -1.266 -1.426 2 0.63 16.0 16 Fraxinus excelsior
5-108R root system yes no -1.779 -2.199 3 2.12 2.27 0.42 Fraxinus excelsior
5-109T trunk yes no 90 -1.546 -1.726 1 0.79 18.0 18 Fraxinus excelsior
5-110T trunk yes no 360 -1.576 -2.036 2 2.07 46.0 46 Alnus glutinosa
5-11 IT trunk yes no 70 -1.194 -1.334 2 0.59 14.0 14 Alnus glutinosa
5-1121 trunk no 1 190 -1.870 -2.040 2 1.90 17.0 17 Fraxinus excelsior
5-1131 trunk yes no 140 -1.556 -1.816 2 2.29 26.0 26 Fraxinus excelsior
5-1141 trunk no no 120 -1.620 -1.730 2 1.71 11.0 11 Fraxinus excelsior
5-1151 trunk yes no 30 -1.886 -2.186 2 0.82 30.0 30 Alnus glutinosa
5-116S stump no no 180 -1.314 -1.644 3 0.33 25.0 19 Alnus glutinosa
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5-117T trunk yes no 190 -1.708 -1.968 2 1.24 26.0 26 Alnus glutinosa
5-118T trunk yes no 220 -1.092 -1.222 2 0.44 13.0 13 Alnus glutinosa
5-119S stump no no 0 -1.565 -1.695 2 0.13 30.5 23 Frangula alnus
5-120T trunk no no 70 -0.656 -0.776 4 2.26 12.0 12 Ilex aquifolium
5-121T trunk no no 130 -1.805 -2.015 1 0.45 21.0 21 Alnus glutinosa
5-122T trunk no no 70 -1.398 -1.598 3 2.18 20.0 20 Ulmus sp.
5-123T trunk no no 240 -1.333 -1.743 2 0.83 41.0 30 Fraxinus excelsior
5-124T trunk yes no 130 -1.639 -2.079 2 4.24 44.0 44 Alnus glutinosa
5-125T trunk yes no 320 -1.660 -2.100 2 2.03 44.0 44 Alnus glutinosa
5-126T trunk yes 1 70 -1.687 -1.937 2 2.35 25.0 25 Fraxinus excelsior
5-128T trunk yes no 70 -0.939 -1.439 3 1.82 50.0 37 Alnus glutinosa
5-129R root system yes no -1.724 -1.934 3 0.83 0.96 0.21 Alnus glutinosa
5-130T trunk no no 360 -1.902 -2.152 1 0.23 25.0 25 Alnus glutinosa
5-131S stump no no 0 -2.129 -2.509 2 0.38 46.5 34 Alnus glutinosa
5-132T trunk no no 360 -1.970 -2.130 2 0.64 16.0 13 Ilex aquifolium
5-133T trunk yes yes 80 -1.180 -1.500 3 1.83 32.0 32 Alnus glutinosa
5-134T trunk yes no 10 -2.031 -2.271 2 2.30 24.0 24 Alnus glutinosa
5-135T trunk yes no 70 -2.332 -2.522 2 2.10 19.0 19 Alnus glutinosa
5-136T trunk/branch yes no 30 -2.228 -2.308 2 2.61 8.0 8 Fraxinus excelsior
5-137R root system yes no -2.263 -2.423 3 0.35 0.52 0.16 Alnus glutinosa
5-138T trunk yes no 30 -1.761 -1.931 1 1.59 17.0 17 Fraxinus excelsior
5-139T trunk no no 100 -1.825 -1.955 2 0.96 13.0 13 Fraxinus excelsior
5-140 trunk yes no 190 1.88 32.0 32 Alnus glutinosa
5-141T trunk yes no 60 -1.716 -1.896 2 2.07 18.0 18 Alnus glutinosa
5-142S stump no no 0 -1.829 -2.019 2 0.19 31.5 24 Fraxinus excelsior
5-143T trunk yes no 60 -1.937 -2.257 2 1.52 32.0 32 Alnus glutinosa
5-144T trunk no no 40 -2.193 -2.463 2 1.62 27.0 27 Alnus glutinosa
5-145T trunk yes no 330 -2.144 -2.334 2 2.16 19.0 19 Alnus glutinosa
5-146S stump yes no 0 -1.871 -2.221 2 0.35 29.5 22 Alnus glutinosa
5-147T trunk yes 1 350 -2.075 -2.295 2 4.72 22.0 22 Fraxinus excelsior
5-148T trunk yes no 120 -2.469 -2.619 2 1.26 15.0 12 Alnus glutinosa
5-149T trunk no no 80 -2.500 -2.640 2 1.08 14.0 14 Alnus glutinosa
5-15GT trunk no 2 220 -1.783 -2.003 2 1.16 22.0 22 Fraxinus excelsior
5-151T trunk no no 40 -2.333 -3.193 2 1.26 86.0 62 Alnus glutinosa
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5-152T trunk yes no 150 -1.592 -1.872 2 1.86 28.0 28 Ulmus sp.
5-153T trunk yes no 60 -2.227 -2.477 2 1.71 25.0 25 Alnus glutinosa
5-154T trunk no no 360 -2.142 -2.372 2 2.09 23.0 23 Alnus glutinosa
5-155T trunk yes no 200 -1.897 -2.147 2 1.14 25.0 24 Alnus glutinosa
5-156T trunk no no 70 -2.097 -2.277 2 0.38 18.0 18 Fraxinus excelsior
5-157T trunk no no 330 -1.917 -2.087 2 .53 17.0 17 Fraxinus excelsior
5-158R root system yes no -1.912 -2.212 3 1.49 1.73 0.30 Alnus glutinosa
5-159T trunk yes no 90 -2.142 -2.282 1 0.83 14.0 14 Alnus glutinosa
5-160T trunk yes no 300 -2.404 -2.674 2 5.24 27.0 27 Alnus glutinosa
5-161T trunk no no 330 -2.392 -2.772 2 0.84 38.0 38 Fraxinus excelsior
5-162T trunk yes no 110 -1.513 -1.673 3 1.07 16.0 16 Fraxinus excelsior
5-163T trunk yes no 130 -2.370 -2.710 2 1.61 34.0 34 Alnus glutinosa
5-164T trunk yes 1 120 -2.183 -2.473 2 1.87 29.0 29 Alnus glutinosa
5-165T trunk yes no 250 -2.229 -2.509 2 1.03 28.0 28 Alnus glutinosa
5-166T trunk yes 1 80 -1.993 -2.123 2 1.17 13.0 13 Alnus glutinosa
5-167R root system yes no -1.771 -1.901 3 2.00 2.00 0.13 Alnus glutinosa
5-168T trunk yes yes 110 -2.428 -2.558 2 1.91 13.0 13 Alnus glutinosa
5-169T trunk yes 1 130 -1.639 -1.799 2 1.14 16.0 16 Alnus glutinosa
5-170T trunk yes no 140 -2.345 -2.645 2 1.56 30.0 30 Alnus glutinosa
5-171T trunk yes 1 60 -1.958 -2.168 2 2.78 21.0 21 Alnus glutinosa
5-172R root system yes no -1.757 -1.837 3 2.30 2.37 0.08 Alnus glutinosa
5-173T trunk yes no 330 -2.130 -2.470 1 0.56 34.0 34 Alnus glutinosa
5-174T trunk no no 330 -2.489 -2.649 2 3.58 16.0 16 Fraxinus excelsior
5-175T trunk yes no 70 -2.130 -2.470 2 3.12 34.0 34 Alnus glutinosa
5-176T trunk yes no 180 -2.248 -2.618 2 1.76 37.0 37 Alnus glutinosa
5-177T trunk yes no 310 -2.177 -2.487 2 2.72 31.0 31 Alnus glutinosa
5-178T trunk yes no 60 -1.975 -2.235 1 0.56 26.0 26 Alnus glutinosa
5-179T trunk no no 20 -2.182 -2.292 2 1.93 11.0 11 Alnus glutinosa
5-180T trunk yes no 10 -2.099 -2.589 2 1.50 49.0 49 Alnus glutinosa
5-181T trunk yes no 190 -2.438 -2.548 2 0.90 11.0 11 Fraxinus excelsior
5-182T trunk yes no 320 -2.065 -2.295 2 3.84 23.0 23 Fraxinus excelsior
5-183T trunk no no 190 -1.791 -2.051 2 2.98 26.0 26 Fraxinus excelsior
5-184T trunk no no 310 -2.437 -2.837 2 1.08 40.0 30 Fraxinus excelsior
5-186T trunk yes no 310 -1.991 -2.291 2 2.33 30.0 30 Alnus glutinosa
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5-187T trunk yes no 340 -2.112 -2.342 2 1.64 23.0 23 Fraxinus excelsior
5-188 stump yes no 0 -2.200 -2.660 2 0.46 36.0 27 Alnus glutinosa
5-189T trunk no yes 160 -2.231 -2.381 2 2.57 15.0 15 Taxus baccata
5-190R root system yes no -1.732 -1.972 3 2.57 2.93 0.24 Alnus glutinosa
5-191T trunk yes no 40 -2.437 -2.637 2 1.89 20.0 20 Alnus glutinosa
5-192T branch yes no 330 -1.923 -2.173 2 1.13 25.0 25 Clematis vitalba
5-193S stump yes no 0 -1.359 -1.759 2 0.40 36.5 27 Alnus glutinosa
5-194T trunk yes no 30 -2.193 -2.503 2 2.89 31.0 31 Alnus glutinosa
5-195T trunk no 1 300 -1.538 -1.908 2 1.62 37.0 37 Alnus glutinosa
5-196T trunk no no 30 -1.771 -1.911 2 0.85 14.0 14 Fraxinus excelsior
5-197R stump yes no 0 -1.817 -2.027 2 18.00 20.0 16 1.15 1.11 Alnus glutinosa
5-198T trunk yes no 100 -1.911 -2.121 2 0.83 21.0 21 Alnus glutinosa
5-199T trunk yes no 180 -2.358 -2.718 2 0.98 36.0 27 Alnus glutinosa
5-200T trunk yes no 180 -1.825 -2.065 1 1.12 24.0 24 Alnus glutinosa
5-201S rt.syst. + stump yes no 0 -1.935 -2.045 2 0.11 13.0 11 1.42 1.57 Alnus glutinosa
5-202R root system yes no -1.568 -1.688 4 2.65 2.46 0.12 Alnus glutinosa
5-203T trunk yes no 320 -1.960 -2.150 2 1.74 19.0 19 Alnus glutinosa
5-204T trunk yes 2 70 -2.023 -2.253 2 1.37 23.0 23 Alnus glutinosa
5-205T trunk 10 -2.024 -2.024 2 unlocated
5-206S trunk yes no 20 -1.088 -1.328 3 3.78 24.0 24 Alnus glutinosa
5-207T trunk yes no 80 -2.280 -2.510 2 1.29 23.0 23 Alnus glutinosa
5-208T trunk yes no 310 -2.089 -2.249 2 2.04 16.0 16 Fraxinus excelsior
5-209R stump yes no 0 -1.940 -2.320 2 0.38 22.0 17 Alnus glutinosa
5-21 OT trunk yes no 50 -2.007 -2.477 2 1.76 47.0 47 Alnus glutinosa
2-211R rt.syst. + stump yes no 0 -1.153 -1.543 3 0.39 39.0 29 2.15 1.83 Alnus glutinosa
2-2121 trunk no no 70 -0.806 -1.086 3 2.36 28.0 28 Alnus glutinosa
5-213T trunk yes no 140 -2.604 -2.754 2 2.11 15.0 15 Betula sp.
5-2141 trunk no 2 160 -1.130 -1.280 3 1.43 15.0 15 Fraxinus excelsior
5-215T trunk yes no 30 -2.470 -2.840 2 1.62 37.0 37 Alnus glutinosa
5-216R root system yes no -0.765 -0.965 5 1.97 1.42 0.20 Alnus glutinosa
5-2171 trunk no no 150 -2.075 -2.275 2 2.19 20.0 20 Alnus glutinosa
5-2181 trunk no no 320 -2.090 -2.300 2 2.76 21.0 21 Fraxinus excelsior
5-2191 trunk yes no 330 -1.046 -1.376 3 1.62 33.0 33 Alnus glutinosa
5-220R root system yes no -0.636 -0.866 5 2.00 2.00 0.23 Alnus glutinosa
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5-221R root system yes no -0.708 -0.878 5 2.00 2.00 0.17 Alnus glutinosa
5-222T trunk yes no 90 -2.310 -2.460 2 1.91 15.0 15 Alnus glutinosa
5-223RB stump yes no 0 -1.879 -2.089 2 0.21 35.0 26 Alnus glutinosa
5-223R root system yes no -1.217 -1.317 4 2.11 2.30 0.10 Alnus glutinosa
5-224T trunk yes no 330 -2.554 -2.704 2 1.96 15.0 15 Alnus glutinosa
5-225T trunk no no 90 -2.500 -2.620 2 1.02 12.0 12 Alnus glutinosa
5-226T trunk no no 10 -1.326 -1.426 2 0.63 10.0 10 Ulmus sp.
5-227T trunk yes no 80 -2.070 -2.290 2 0.95 22.0 22 Alnus glutinosa
5-228T trunk no no 10 -2.261 -2.551 2 0.72 29.0 22 Alnus glutinosa
5-229T trunk yes no 50 -1.970 -2.200 2 2.09 23.0 23 Alnus glutinosa
5-230T trunk yes 3 180 -2.039 -2.289 2 3.41 25.0 25 Alnus glutinosa
5-23 IS stump yes no 0 -1.291 -1.411 3 0.12 43.5 32 Fraxinus excelsior
5-232R root system yes no -0.878 -1.048 4 2.23 1.71 0.17 Alnus glutinosa
5-233T trunk yes no 10 -2.301 -2.561 2 3.54 26.0 26 Alnus glutinosa
5-234T trunk yes no 20 -1.790 -1.960 2 1.79 17.0 17 Alnus glutinosa
5-235T trunk yes no 30 -2.154 -2.254 2 2.04 10.0 10 Fraxinus excelsior
5-236R rt.syst. + stump yes no 0 -1.315 -1.475 3 0.16 17.5 14 2.00 2.00 Fraxinus excelsior
5-237T trunk yes no 70 -2.487 -2.677 1 1.14 19.0 19 Fraxinus excelsior
5-238R root system yes no -1.710 -2.100 3 1.78 1.57 0.39 Alnus glutinosa
5-239T trunk yes no 50 -2.124 -2.264 2 1.32 14.0 14 Alnus glutinosa
5-2408 stump yes no 0 -1.842 -2.152 2 0.31 40.5 30 Alnus glutinosa
5-241T trunk yes no 330 -0.646 -0.816 1 0.38 17.0 17 Alnus glutinosa
5-242T trunk yes no 10 -1.925 -2.155 2 2.84 23.0 23 Alnus glutinosa
5-243T trunk yes no 160 -2.089 -2.279 2 0.85 19.0 15 Alnus glutinosa
5-244R root system yes no -1.676 -2.006 3 1.42 1.71 0.33 Alnus glutinosa
5-2458 stump no no 0 -1.004 -1.234 2 0.23 25.5 19 Acer campestre
5-2468 stump yes no 0 -1.707 -1.877 2 0.17 16.0 13 Alnus glutinosa
5-247T trunk no no 350 -1.048 -1.308 3 0.64 26.0 20 Fraxinus excelsior
5-248T trunk no 2 190 -2.519 -2.649 2 1.76 13.0 13 Alnus glutinosa
5-249T trunk yes no 330 -2.519 -2.809 2 2.33 29.0 29 Alnus glutinosa
5-2508 stump no no 0 -1.361 -1.591 3 0.23 16.0 13 Fraxinus excelsior
5-251T trunk yes no 240 -1.877 -2.127 2 3.29 25.0 25 Alnus glutinosa
5-252T trunk yes no 190 -2.252 -2.602 2 0.86 35.0 35 Alnus glutinosa
5-253T trunk yes no 330 -1.991 -2.231 1 0.62 24.0 24 Alnus glutinosa
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5-254T trunk yes no 320 -1.918 -2.238 2 1.24 32.0 24 Alnus glutinosa
5-255T trunk no no 130 -1.480 -1.800 2 1.68 32.0 32 Fraxinus excelsior
5-256T trunk no no 120 -2.153 -2.423 2 0.98 27.0 27 Alnus glutinosa
5-257T trunk yes 1 180 -2.075 -2.225 2 1.87 15.0 15 Alnus glutinosa
5-258T trunk yes no 160 -0.780 -0.980 4 1.04 20.0 20 Ulmus sp.
5-259R root system yes no -1.050 -1.730 3 2.32 2.04 0.68 Alnus glutinosa
5-260R root system yes no -1.112 -1.222 4 2.00 2.00 0.11 Alnus glutinosa
5-261T trunk yes no 180 -2.249 -2.979 2 4.65 73.0 73 Alnus glutinosa
5-262T trunk yes no 160 -2.415 -2.625 2 2.83 21.0 21 Alnus glutinosa
5-263T trunk no no 330 -2.614 -2.784 1 0.38 17.0 17 Acer campestre
5-264T trunk yes no 40 -2.597 -2.737 2 0.97 14.0 14 Alnus glutinosa
5-265 trunk yes no 150 1.09 10.5 9 Alnus glutinosa
5-267T trunk yes no 110 -1.238 -1.388 3 1.05 15.0 12 Acer campestre
5-268T trunk yes no 180 -2.416 -2.556 2 0.97 14.0 14 Fraxinus excelsior
5-269T trunk no 2 80 -0.578 -0.948 4 5.65 37.0 37 Quercus sp.
5-270T trunk yes no 80 -1.957 -2.277 2 1.38 32.0 32 Alnus glutinosa
5-271T trunk yes no 360 -2.563 -2.813 2 0.86 25.0 25 Alnus glutinosa
5-272T trunk yes no 250 -1.964 -2.154 2 5.76 19.0 19 Fraxinus excelsior
5-273T trunk yes 1 300 -1.975 -2.165 2 9.93 19.0 19 Alnus glutinosa
5-274T trunk yes no 300 -2.475 -2.775 2 0.89 30.0 23 Alnus glutinosa
5-275T trunk yes no 340 -2.067 -2.507 2 1.05 44.0 44 Alnus glutinosa
5-276R rt.syst. + stump yes no 0 -1.032 -1.372 3 0.34 45.0 33 1.18 1.15 Alnus glutinosa
5-277T trunk yes no 110 -0.791 -0.941 4 1.15 15.0 12 Alnus glutinosa
5-278T trunk yes 2 240 -2.009 -2.189 2 2.88 18.0 18 Fraxinus excelsior
5-279T trunk yes no 330 -2.116 -2.266 2 0.96 15.0 15 Alnus glutinosa
5-280S stump yes no 0 -2.296 -2.556 2 0.26 20.0 16 Alnus glutinosa
5-28 IT trunk yes no 120 -2.419 -2.729 2 1.77 31.0 31 Alnus glutinosa
5-282T trunk yes no 310 -2.392 -2.752 1 0.59 36.0 36 Alnus glutinosa
5-283T trunk yes no 140 -1.919 -2.199 2 4.45 28.0 28 Alnus glutinosa
5-284T trunk no no 320 -1.470 -1.690 2 1.42 22.0 22 Acer campestre
5-285T trunk yes no 60 -0.783 -1.153 3 1.87 37.0 37 Alnus glutinosa
5-286T trunk yes no 340 -0.765 -1.365 3 1.50 60.0 60 Alnus glutinosa
5-287R root system yes no -0.970 -1.140 4 2.33 2.29 0.17 Fraxinus excelsior
5-288T trunk yes no 190 -2.396 -2.646 2 1.67 25.0 25 Alnus glutinosa
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5-289T trunk yes no 70 -2.076 -2.296 2 2.23 22.0 22 Alnus glutinosa
5-290T trunk yes no 40 -2.630 -2.980 2 1.03 35.0 26 Alnus glutinosa
5-291R root system yes no -1.935 -2.095 3 1.38 1.92 0.16 Alnus glutinosa
5-292T trunk no no 330 -2.647 -2.767 2 0.49 12.0 12 Fraxinus excelsior
5-293S stump yes no 0 -1.118 -1.248 3 0.13 18.0 14 Hedera helix
5-294T trunk yes no 240 -2.301 -2.681 2 2.48 38.0 38 Ilex aquifolium
5-295T trunk yes no 150 -1.059 -1.299 3 1.04 24.0 18 Quercus sp.
5-296T trunk no no 150 -1.221 -1.361 3 0.57 14.0 14 Fraxinus excelsior
5-297T trunk yes no 10 -2.013 -2.313 2 1.32 30.0 30 Alnus glutinosa
5-298T trunk no no 220 -2.564 -2.829 2 1.19 26.5 27 Betula sp.
5-299R root system yes no -1.378 -1.848 3 2.23 1.97 0.47 Alnus glutinosa
5-300T trunk yes no 120 -2.097 -2.297 2 0.59 20.0 16 Quercus sp.
5-301T trunk yes no 320 -2.106 -2.346 2 3.67 24.0 24 Alnus glutinosa
5-302T trunk yes no 70 -2.193 -2.473 2 1.55 28.0 28 Alnus glutinosa
5-303T trunk yes 1 190 -2.163 -2.453 2 9.53 29.0 29 Alnus glutinosa
5-305T trunk no no 70 -2.359 -2.709 2 1.68 35.0 35 Alnus glutinosa
5-306T trunk yes no 180 -2.109 -2.289 2 1.19 18.0 14 Alnus glutinosa
5-307T trunk no no 70 -2.036 -2.326 2 1.43 29.0 29 Quercus sp.
5-308T trunk/branch yes no 80 -2.498 -2.598 2 1.03 10.0 10 Alnus glutinosa
5-309 trunk yes no 80 1.40 17.0 17 Alnus glutinosa
5-31 OS stump yes no 250 -1.969 -2.399 2 0.43 23.5 18 Alnus glutinosa
5-31 IT trunk yes 1 10 -2.030 -2.180 2 1.87 15.0 15 Alnus glutinosa
5-3121 trunk yes no 80 -2.087 -2.387 2 0.75 30.0 23 Alnus glutinosa
5-3137 trunk yes no 180 -2.301 -2.581 2 0.40 28.0 21 Alnus glutinosa
5-314T trunk yes no 70 -2.206 -2.386 2 2.91 18.0 18 Fraxinus excelsior
5-3157 trunk yes no 10 -2.121 -2.321 2 4.55 20.0 20 Alnus glutinosa
5-3167 trunk yes no 330 -2.023 -2.333 2 0.68 31.0 23 Alnus glutinosa
5-3177 trunk yes no 320 -2.307 -2.487 2 0.64 18.0 18 Alnus glutinosa
5-3187 trunk/branch yes no 260 -2.303 -2.423 2 0.76 12.0 12 Quercus sp.
5-3198 stump yes no 0 -1.927 -2.307 2 0.38 43.0 32 Alnus glutinosa
5-3207 trunk no no 350 -1.730 -2.010 2 1.02 28.0 28 Ulmus sp.
5-3217 trunk yes no 330 -2.143 -2.443 2 2.14 30.0 30 Alnus glutinosa
5-3227 trunk no no 140 -1.858 -2.238 2 0.74 38.0 28 Alnus glutinosa
5-3237 trunk yes no 80 -1.896 -2.086 2 1.74 19.0 19 Fraxinus excelsior
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5-324T trunk/branch no no 190 -1.925 -2.025 2 1.30 10.0 10 Fraxinus excelsior
5-325T trunk yes 3 170 -2.128 -2.348 2 3.71 22.0 22 Ilex aquifolium
5-326T stump no no 70 -1.915 -2.185 2 0.27 17.5 14 Betula sp.
5-327T trunk no 1 250 -2.064 -2.284 2 1.79 22.0 22 Alnus glutinosa
5-328T trunk yes 1 70 -2.059 -2.249 2 1.81 19.0 19 Alnus glutinosa
5-329T trunk yes no 190 -2.176 -2.516 2 2.27 34.0 34 Alnus glutinosa
5-330T trunk yes no 330 -1.989 -2.079 2 0.83 9.0 9 Sallcaceae
5-331T trunk no no 360 -1.890 -2.130 2 2.32 24.0 24 Ulmus sp.
5-332T trunk yes no 250 -2.475 -2.655 2 1.55 27.0 27 Alnus glutinosa
5-333T trunk yes no 120 -1.837 -1.997 2 0.56 16.0 13 Ulmus sp.
5-334T trunk yes no 80 -2.075 -2.275 2 1.08 20.0 20 Fraxinus excelsior
5-335T trunk yes no 80 -2.259 -2.439 1 1.30 18.0 18 Alnus glutinosa
5-336T trunk yes 1 330 -2.430 -2.610 1 0.77 18.0 18 Alnus glutinosa
5-337T trunk yes no 310 -2.021 -2.361 2 1.37 34.0 25 Ulmus sp.
5-338T trunk yes no 320 -2.341 -2.651 2 2.23 31.0 31 Alnus glutinosa
5-3398 trunk yes no 330 -2.376 -2.546 1 0.49 17.0 17 Alnus glutinosa
5-340T trunk yes no 330 -2.255 -2.775 2 1.78 52.0 52 Alnus glutinosa
5-341T trunk no 1 70 -2.117 -2.317 2 0.68 20.0 20 Alnus glutinosa
5-342T trunk/branch yes no 350 -2.043 -2.173 2 0.78 13.0 13 Alnus glutinosa
5-343T trunk yes no 190 -2.115 -2.495 2 1.72 38.0 38 Alnus glutinosa
5-344T trunk yes 4 180 -2.061 -2.191 2 2.66 13.0 13 Alnus glutinosa
5-345T trunk no 1 80 -1.818 -2.188 2 1.93 37.0 37 Fraxinus excelsior
5-346T trunk yes no 70 -2.143 -2.433 2 1.88 29.0 29 Alnus glutinosa
5-347T trunk yes no 80 -2.164 -2.404 2 2.37 24.0 24 Alnus glutinosa
5-348T trunk/branch yes no 70 -1.923 -2.063 2 1.28 14.0 14 Taxus baccata
5-349T trunk yes no 50 -1.978 -2.338 2 2.15 36.0 36 Ilex aquifolium
5-350T trunk yes no 330 -2.224 -2.614 1 1.42 39.0 39 Acer campestre
5-351T trunk yes no 180 -2.317 -2.537 2 1.76 22.0 22 Alnus glutinosa
5-352T trunk yes no 340 -2.060 -2.220 2 2.03 16.0 16 Fraxinus excelsior
5-353T trunk no no 110 -2.293 -2.463 2 1.27 17.0 17 Alnus glutinosa
5-354T trunk yes no 70 -2.112 -2.322 2 0.92 21.0 21 Alnus glutinosa
5-3558 stump yes no 0 -2.031 -2.181 2 0.15 18.0 14 Alnus glutinosa
5-356T trunk yes no 320 -2.410 -2.700 1 1.17 29.0 29 Fraxinus excelsior
5-357T trunk yes no 310 -1.774 -2.044 1 0.60 27.0 27 Alnus glutinosa
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5-358T trunk yes no 320 -1.947 -2.117 2 1.06 17.0 17 Alnus glutinosa
5-359T trunk no no 60 -1.732 -2.062 2 1.19 33.0 25 Fraxinus excelsior
5-360T trunk/branch no no 320 -2.182 -2.302 2 1.24 12.0 12 Fraxinus excelsior
5-361T trunk yes 1 130 -1.971 -2.191 2 0.91 22.0 22 Alnus glutinosa
5-362T trunk no no 70 -2.402 -2.752 2 1.24 35.0 35 Fraxinus excelsior
5-363T trunk yes no 150 -2.312 -2.602 2 1.76 29.0 29 Alnus glutinosa
5-364T trunk no no 330 -2.260 -2.470 2 0.93 21.0 21 Alnus glutinosa
5-365T trunk yes 1 150 -2.058 -2.198 2 3.51 14.0 14 Fraxinus excelsior
5-366T trunk no 1 240 -2.065 -2.245 2 1.81 18.0 18 Quercus sp.
5-367T trunk yes no 320 -1.841 -2.121 2 1.18 28.0 28 Alnus glutinosa
5-368T trunk yes no 120 -1.717 -2.287 2 1.27 57.0 42 Alnus glutinosa
5-369T trunk yes no 60 -2.071 -2.251 2 2.35 18.0 18 Alnus glutinosa
5-370S stump no no 0 -1.930 -2.100 2 0.17 15.0 12 Ilex aquifolium
5-371T trunk no no 80 -2.199 -2.329 2 0.54 13.0 11 Sallcaceae
5-372R root system yes no -2.023 -2.163 3 2.00 2.00 O M Fraxinus excelsior
5-373T trunk/branch no no 10 -2.221 -2.311 2 2.16 9.0 9 Fraxinus excelsior
5-374T trunk no 1 320 -2.432 -2.562 2 1.23 13.0 13 Alnus glutinosa
5-375T trunk yes 2 300 -1.481 -1.691 2 1.71 21.0 21 Ulmus sp.
5-376S stump no no 0 -1.787 -2.067 2 0.28 11.0 9 Alnus glutinosa
5-377R root system yes no -2.170 -2.260 3 2.00 2.00 0.09 Alnus glutinosa
5-378T trunk yes no 330 -1.981 -2.171 1 0.45 19.0 19 Alnus glutinosa
5-379T trunk no no 60 -2.170 -2.390 2 1.49 22.0 22 Ulmus sp.
5-380T trunk no no 80 -1.979 -2.259 2 1.74 28.0 28 Ilex aquifolium
5-381T trunk no no 320 -2.358 -2.658 2 1.32 30.0 30 Fraxinus excelsior
5-382S stump yes no 0 -1.999 -2.449 2 0.45 32.0 24 Alnus glutinosa
5-383T trunk no no 80 -1.877 -2.007 2 3.08 13.0 13 Fraxinus excelsior
5-384T trunk yes no 90 -2.446 -2.656 1 1.18 21.0 21 Alnus glutinosa
5-385T trunk yes no -1.970 -1.970 2 unlocated
5-386R root system yes no -1.793 -1.933 3 2.00 2.00 0.14 Alnus glutinosa
5-387T trunk no no 160 -1.910 -2.200 2 0.58 29.0 22 Ilex aquifolium
5-388R root system yes no -2.252 -2.452 3 2.00 2.00 0.20 Alnus glutinosa
5-389S stump no no 0 -1.866 -1.986 2 0.12 10.0 9 Alnus glutinosa
5-390T trunk no no 70 -1.991 -2.331 2 0.78 34.0 34 Alnus glutinosa
5-391T trunk yes no 40 -2.013 -2.333 2 4.15 32.0 32 Alnus glutinosa
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5-392T trunk no no 10 -1.865 -1.975 1 0.66 11.0 11 Ulmus sp.
5-393T trunk yes no 180 -2.175 -2.605 2 2.22 43.0 43 Alnus glutinosa
5-394T branch yes yes 90 -1.926 -1.996 2 1.12 7.0 0 Fraxinus excelsior
5-395T trunk yes no 10 -1.659 -2.039 2 1.57 38.0 38 Alnus glutinosa
5-396T trunk no no 310 -1.670 -1.840 2 0.99 17.0 17 Fraxinus excelsior
5-397T trunk yes no 120 -1.691 -1.941 2 0.89 25.0 19 Alnus glutinosa
5-398T trunk/branch no no 70 -1.972 -2.072 2 0.99 10.0 10 Alnus glutinosa
5-399T trunk yes no 330 -1.933 -2.173 2 1.56 24.0 24 Alnus glutinosa
5-400 trunk yes 3 250 -2.063 -2.373 2 1.63 31.0 31 Ulmus sp.
5-401 trunk yes no 250 -1.923 -2.423 2 2.07 54.0 54 Alnus glutinosa
5-402 trunk yes 2 50 -2.200 -2.500 2 4.78 35.0 35 Alnus glutinosa
5-403 trunk yes no 330 -2.200 -2.350 2 1.72 31.0 31 Alnus glutinosa
5-404 stump no no 0 -2.200 -2.560 2 0.36 23.5 18 Fraxinus excelsior
5-405 trunk no no 330 -2.200 -2.350 2 1.13 18.0 18 Fraxinus excelsior
5-406 trunk no no 340 -2.200 -2.710 2 2.23 51.0 37 Alnus glutinosa
5-407 trunk yes no 180 -2.200 -2.490 2 1.19 29.0 29 Fraxinus excelsior
5-408 stump yes no 0 -2.200 -2.240 2 0.24 13.0 11 Alnus glutinosa
5-409 trunk yes no 60 -2.200 -2.440 2 0.97 24.0 24 Alnus glutinosa
5-410 trunk yes no 10 -2.000 -2.120 2 2.00 12.0 12 Alnus glutinosa
5-411 stump yes no 0 -2.200 -2.490 2 0.49 21.0 16 Fraxinus excelsior
5-412 trunk no no 10 -2.104 -2.244 2 2.29 14.0 14 Alnus glutinosa
5-413 trunk yes no 160 -2.000 -2.440 2 1.45 44.0 32 Alnus glutinosa
5-414 trunk yes no 0 -2.200 -2.430 2 0.42 23.0 23 Sallcaceae
5-415 trunk yes no 10 -2.000 -2.340 2 1.58 34.0 34 Alnus glutinosa
5-416 trunk no no 330 -2.200 -2.400 2 2.89 20.0 20 Alnus glutinosa
5-417 trunk yes no 200 -2.219 -2.539 2 2.64 32.0 32 Alnus glutinosa
5-418 root system yes no -2.000 -2.240 3 1.43 1.58 0.24 Alnus glutinosa
5-419 trunk yes yes 20 -2.200 -2.360 2 7.04 16.0 16 Alnus glutinosa
5-420 trunk yes 1 340 -2.200 -2.300 2 1.26 10.0 10 Alnus glutinosa
5-421 trunk yes no 330 -2.200 -2.510 1 1.31 31.0 31 Alnus glutinosa
5-422 trunk yes no 160 -2.000 -2.160 2 0.61 16.5 17 Fraxinus excelsior
5-423 trunk no no 250 -1.679 -1.779 2 1.78 11.5 12 Fraxinus excelsior
5-424 trunk yes no 300 -2.000 -2.180 2 1.07 18.0 14 Ulmus sp.
5-425 trunk yes no 80 -2.000 -2.180 2 1.81 18.0 18 Alnus glutinosa

578



APPENDIX I: continued .

Wood
Number

Wood
Type Bark Branching

Orient
In

degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase
Trunk
Length

(m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s
(m)

Root
Height

(m)

Species
Identified

5-426 trunk no no 350 -2.000 -2.320 2 2.42 32.0 32 Ulmus sp.
5-427 trunk yes no 330 -2.200 -2.430 2 5.92 23.0 23 Alnus glutinosa
5-428 trunk yes no 340 -2.200 -2.440 2 1.87 24.0 24 Alnus glutinosa
5-429 trunk no no 160 -2.000 -2.230 2 2.93 23.0 23 Fraxinus excelsior
5-430 root system yes no -2.000 -2.270 3 2.06 2.17 0.27 Alnus glutinosa
5-431 trunk no no 70 -2.000 -2.540 2 0.75 34.0 25 Fraxinus excelsior
5-432 trunk yes no 300 -2.000 -2.220 2 1.88 22.0 22 Alnus glutinosa
5-433 stump yes no 0 -1.418 -1.628 3 0.21 18.0 14 Alnus glutinosa
5-434 stump no no 150 -2.000 -2.120 2 1.15 21.0 21 Alnus glutinosa
5-435 trunk yes 1 260 -2.000 -2.170 1 0.86 17.0 17 Alnus glutinosa
5-436 root system yes no -2.000 -2.170 3 1.72 1.45 0.17 Alnus glutinosa
5-437S trunk no no 210 -1.537 -1.667 3 1.57 13.0 13 Fraxinus excelsior
5-438 trunk yes no 280 -2.000 -2.180 2 1.53 18.0 18 Alnus glutinosa
5-439 trunk no no 330 -2.000 -2.150 2 1.53 15.0 15 Alnus glutinosa
5-440 trunk yes no 50 -2.000 -2.200 2 1.18 20.0 20 Alnus glutinosa
5-441T trunk yes 1 80 -2.000 -2.210 2 2.87 21.0 21 Alnus glutinosa
5-442T trunk yes no 40 -1.961 -2.111 2 1.18 18.0 18 Alnus glutinosa
5-443T trunk no no 80 -1.217 -1.457 2 0.88 24.0 24 Fraxinus excelsior
5-444T trunk yes 1 340 -1.384 -1.614 3 1.75 23.0 23 Ulmus sp.
5-445 trunk yes no 160 -2.104 -2.324 2 1.43 22.0 17 Alnus glutinosa
5-446T trunk yes yes 40 -2.045 -2.415 2 3.96 37.0 37 Ulmus sp.
5-447 trunk no 2 40 -2.000 -2.250 2 6.07 25.0 25 Ilex aquifolium
5-448T trunk yes 3 340 -1.883 -2.143 2 1.93 26.0 26 Quercus sp.
5-449 trunk yes no 330 -2.154 -2.334 2 6.94 18.0 18 Fraxinus excelsior
5-450T trunk no no 200 -2.016 -2.216 2 1.03 20.0 16 Alnus glutinosa
5-451 trunk no no 160 -2.000 -2.300 2 1.91 12.0 12 Quercus sp.
5-452T trunk yes 1 80 -1.620 -1.840 2 1.04 22.0 22 Ulmus sp.
5-453S stump no no 0 -1.956 -2.186 2 0.23 40.0 30 Alnus glutinosa
5-454 trunk yes 1 20 -2.000 -2.190 2 1.28 19.0 19 Ulmus sp.
5-455S trunk no no 300 -2.069 -2.389 2 0.86 32.0 23 Fraxinus excelsior
5-456T trunk yes 1 130 -1.638 -1.868 1 0.50 23.0 23 Alnus glutinosa
5-457S stump yes no 0 -2.122 -2.322 2 0.20 17.5 14 Alnus glutinosa
5-458T trunk yes no 150 -1.916 -2.386 2 1.88 47.0 47 Alnus glutinosa
5-459T trunk no no 40 -1.804 -1.984 2 1.37 18.0 18 Ilex aquifolium
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5-460T trunk yes no 180 -1.813 -2.023 2 5.17 21.0 21 Alnus glutinosa
5-461 trunk yes no 330 -2.000 -2.400 2 1.47 41.0 41 Alnus glutinosa
5-462 trunk no no 160 -2.000 -2.240 2 0.14 24.0 24 Fraxinus excelsior
5-463 trunk yes 1 50 -2.000 -2.140 2 2.28 14.0 14 Alnus glutinosa
5-464S stump no no 0 -1.818 -2.038 2 0.22 22.0 17 Fraxinus excelsior
5-465 trunk yes no 350 -2.000 -2.100 2 2.92 13.5 14 Fraxinus excelsior
5-466 trunk yes 1 40 -2.000 -2.150 2 4.45 16.5 17 Quercus sp.
5-467 stump yes no 0 -1.552 -2.012 2 0.46 34.0 25 Alnus glutinosa
5-468 root system yes no -2.000 -2.180 3 1.70 1.68 0.15 Alnus glutinosa
5-469 trunk yes no 330 -1.552 -1.772 2 2.75 18.0 18 Alnus glutinosa
5-470 trunk yes no 80 -2.000 -2.220 2 2.87 22.0 22 Alnus glutinosa
5-471 trunk no 1 80 -2.000 -2.210 2 2.33 21.0 21 Fraxinus excelsior
5-472 stump no no 0 -2.000 -2.320 2 0.32 39.5 29 Alnus glutinosa
5-473T trunk no no 340 -1.610 -1.880 2 3.38 27.0 27 Fraxinus excelsior
5-474 trunk yes 1 70 -2.000 -2.210 2 3.67 21.0 21 Alnus glutinosa
5-475 trunk no no 120 -2.000 -2.130 2 1.04 14.0 11 Fraxinus excelsior
5-476R rt.syst. + stump yes no 0 -1.787 -1.867 2 0.08 21.5 17 2.00 2.00 Alnus glutinosa
5-478T trunk yes no 60 -1.811 -2.131 2 0.43 32.0 32 Alnus glutinosa
5-479 trunk yes no 10 -2.000 -2.200 2 0.86 23.0 18 Acer campestre
5-480 trunk no no 240 -2.000 -2.350 2 2.31 38.0 38 Alnus glutinosa
5-48 IT trunk no no 310 -1.747 -2.157 2 1.12 41.0 41 Fraxinus excelsior
5-482 trunk yes no 40 -2.000 -2.240 2 1.57 24.0 24 Alnus glutinosa
5-483 trunk yes no 50 -1.923 -2.038 2 1.96 11.5 12 Alnus glutinosa
5-484T trunk no 1 70 -1.721 -1.861 1 0.92 14.0 14 Fraxinus excelsior
5-485 stump yes no 0 -2.000 -2.160 2 0.16 22.5 17 Ulmus sp.
5-487 stump yes no 0 -2.000 -2.140 2 0.14 33.5 25 Alnus glutinosa
5-488 root system yes no -2.000 -2.190 3 2.27 2.18 0.19 Alnus glutinosa
5-489 stump no no 150 -2.219 -2.489 2 0.86 27.0 21 Alnus glutinosa
5-490 trunk yes 1 50 -2.000 -2.170 2 0.93 17.0 17 Alnus glutinosa
5-491 trunk yes no 70 -2.000 -2.210 2 0.86 21.0 21 Acer campestre
5-492 trunk yes no 100 -2.000 -2.250 2 4.06 27.0 27 Alnus glutinosa
5-493 trunk no no 340 -2.000 -2.240 2 1.86 24.0 24 Fraxinus excelsior
5-494 trunk yes no 80 -2.000 -2.120 1 0.91 13.0 13 Ulmus sp.
5-495 trunk yes no 40 -2.000 -2.120 2 0.72 12.0 12 Alnus glutinosa
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5-496T trunk no no 50 -2.000 -2.150 2 3.03 18.0 18 Fraxinus excelsior
5-497R trunk yes no -1.389 -1.779 2 2.25 39.0 39 Alnus glutinosa
5-498T trunk yes no 70 -1.472 -1.912 2 1.47 44.0 44 Fraxinus excelsior
5-499R root system yes no -1.571 -1.641 4 2.06 1.33 0.07 Alnus glutinosa
5-500 trunk yes no 170 -2.000 -2.210 2 5.62 21.0 21 Alnus glutinosa
5-501 stump yes no 0 -2.000 -2.090 2 0.09 53.0 39 Alnus glutinosa
5-502 trunk/branch yes 1 80 -2.000 -2.140 2 2.23 14.0 14 Alnus glutinosa
5-503 trunk yes no 60 -2.000 -2.320 2 1.22 32.0 32 Alnus glutinosa
5-504 rt.syst. + stump yes no 0 -2.000 -2.100 2 0.10 30.0 23 1.30 1.25 Alnus glutinosa
5-506 trunk yes no 10 -2.104 -2.264 2 3.31 16.0 16 Alnus glutinosa
5-507 trunk yes no 100 -2.000 -2.300 2 3.24 36.0 36 Alnus glutinosa
5-508 trunk yes no 150 -2.000 -2.220 2 1.74 22.0 22 Alnus glutinosa
5-510 trunk yes 1 30 -2.000 -2.150 2 1.44 15.0 15 Alnus glutinosa
5-512 trunk yes no 40 -2.000 -2.300 2 1.28 36.0 36 Alnus glutinosa
5-515 trunk yes no 180 -2.000 -2.320 2 1.04 36.0 27 Alnus glutinosa
5-518 trunk yes no 10 -2.000 -2.100 1 0.10 22.5 23 Betula sp.
5-520 trunk no no 20 -2.000 -2.200 2 1.18 28.0 28 Fraxinus excelsior
5-521 trunk yes no 10 -2.000 -2.190 2 0.50 19.0 19 Alnus glutinosa
5-522 trunk yes no 10 -2.000 -2.160 2 1.95 18.5 19 Alnus glutinosa
5-523 rt.syst. + stump yes no 0 -2.000 -2.190 2 0.19 35.0 26 1.90 1.97 Alnus glutinosa
5-524 trunk yes 4 310 -2.000 -2.320 2 2.41 32.0 32 Alnus glutinosa
5-526 trunk yes 3 100 -2.000 -2.120 2 2.32 14.0 14 Alnus glutinosa
5-527 trunk yes no 10 -2.000 -2.220 2 1.22 28.0 28 Ulmus sp.
5-529 trunk yes no 110 -2.000 -2.420 2 1.78 42.0 42 Alnus glutinosa
5-532 trunk yes no 340 -2.000 -2.350 2 0.85 35.0 35 Fraxinus excelsior
5-534 trunk no no 130 -2.000 -2.130 2 0.66 13.0 11 Sallcaceae
5-535 trunk yes no 330 -2.000 -2.150 2 3.03 15.0 15 Alnus glutinosa
5-537 trunk yes no 240 -2.000 -2.340 2 1.19 34.0 25 Alnus glutinosa
5-540 trunk yes no 70 -2.000 -2.160 2 2.84 16.0 16 Alnus glutinosa
5-541 trunk/branch no 5 350 -2.000 -2.120 2 0.85 12.0 12 Fraxinus excelsior
5-543 trunk no no 130 -2.000 -2.310 2 1.62 31.0 31 Ulmus sp.
5-544 trunk yes 1 190 -2.000 -2.120 1 0.76 12.0 12 Sallcaceae
5-545 trunk no no 50 -2.000 -2.250 2 3.03 18.0 18 Fraxinus excelsior
5-546 trunk yes no -2.000 -2.200 2 2.25 39.0 39 Alnus glutinosa
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5-547 trunk yes no 10 -2.000 -2.330 2 1.48 33.0 33 Ulmus sp.
5-548 trunk yes no 290 -2.000 -2.150 2 0.90 15.5 12 Fraxinus excelsior
5-549 trunk no no 120 -2.000 -2.330 2 1.47 33.0 33 Fraxinus excelsior
5-550 trunk yes 2 180 -2.000 -2.250 2 2.52 27.0 27 Alnus glutinosa
5-552 stump yes no 0 -2.000 -2.230 2 0.23 28.0 21 Alnus glutinosa
5-553 stump yes no 0 -2.000 -2.210 2 0.21 45.5 33 Alnus glutinosa
5-554 stump no no 320 -2.000 -2.200 2 0.43 25.0 25 Alnus glutinosa
5-555 trunk yes 1 300 -2.000 -2.400 2 4.74 40.0 40 Quercus sp.
5-559 trunk no 1 80 -2.000 -2.240 2 2.38 25.0 25 Fraxinus excelsior
5-560 stump yes no 190 -2.000 -2.200 2 0.38 23.0 23 Betula sp.
5-562 trunk yes no 80 -2.000 -2.250 2 1.69 25.0 25 Ulmus sp.
5-564 trunk yes no 0 -2.000 -2.120 1 0.12 19.0 19 Sallcaceae
5-564 b trunk yes no 0 -2.000 -2.120 1 0.12 17.0 17 Sallcaceae
5-564 0 trunk yes no 0 -2.000 -2.150 1 0.15 14.0 14 Sallcaceae
5-567 stump no no 0 -2.000 -2.120 2 0.12 26.5 20 Fraxinus excelsior
5-572 trunk yes no 0 -2.000 -2.530 2 0.53 19.0 19 Alnus glutinosa
5-574 trunk yes no 150 -2.000 -2.300 2 0.82 31.0 23 Alnus glutinosa
5-576 trunk yes no 290 -2.000 -2.230 2 1.43 23.0 23 Alnus glutinosa
5-577 trunk yes no 60 -2.000 -2.180 2 1.18 18.0 18 Alnus glutinosa
5-578 trunk yes no 60 -2.000 -2.170 1 0.45 15.0 15 Alnus glutinosa
5-579 trunk yes no 40 -2.000 -2.220 2 0.76 22.0 22 Alnus glutinosa
5-580 trunk no no 120 -2.000 -2.220 2 0.73 26.0 20 Fraxinus excelsior
5-585 trunk yes no 200 -2.000 -2.340 2 1.29 32.0 32 Fraxinus excelsior
5-586 trunk no no 130 -2.000 -2.240 2 2.59 24.0 24 Alnus glutinosa
5-589 trunk yes no 140 -2.000 -2.500 2 2.36 50.0 50 Alnus glutinosa
5-594 trunk no no 160 -2.000 -2.120 2 1.09 12.0 12 Ulmus sp.
5-597 stump yes no 0 -2.000 -2.370 2 0.37 30.0 23 Fraxinus excelsior
STUMP stump 0 -2.127 -2.127 2 unlocated
s 1 stump yes no 80 -2.000 -2.200 2 0.64 20.0 16 Taxus baccata
s 2 trunk yes 12 190 -2.000 -2.140 2 6.87 14.0 14 Taxus baccata
s 3 trunk no no 90 -2.000 -2.100 2 2.39 10.0 10 Taxus baccata
s 4 trunk no no 50 -2.000 -2.150 2 2.02 19.0 19 Taxus baccata
s 5 trunk no yes 140 -2.000 -2.200 2 3.91 20.0 20 Taxus baccata
s 6 trunk yes no 150 -2.000 -2.150 2 1.10 15.0 12 Taxus baccata
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s 7 trunk yes no 150 -2.000 -2.120 2 2.73 12.0 12 Taxus baccata
s 8 trunk yes 2 50 -2.000 -2.040 2 3.05 10.0 10 Taxus baccata
s 9 trunk yes 2 310 -2.000 -2.070 2 1.35 8.0 8 Taxus baccata
s 10 trunk yes yes 40 -2.000 -2.100 2 1.41 13.0 13 Taxus baccata
s 11 trunk yes 3 350 -2.000 -2.100 2 1.48 13.0 13 Taxus baccata
s 12 trunk no 1 190 -2.000 -2.100 2 1.99 12.0 12 Taxus baccata
s 13 trunk no yes 180 -2.000 -2.080 2 1.87 8.0 8 Taxus baccata
Y1 trunk no no 320 -2.207 -2.297 2 1.21 9.0 9 Taxus baccata
Y2 trunk no yes 190 -2.049 -2.179 2 1.82 13.0 13 Taxus baccata
Y3 trunk no yes 330 -2.251 -2.306 2 4.34 5.5 6 Taxus baccata
Y4 trunk no yes 150 -2.238 -2.368 2 2.15 13.0 13 Taxus baccata
Y5 trunk yes no 200 -2.171 -2.281 2 0.34 11.0 11 Taxus baccata
Y6 trunk yes no 320 -2.181 -2.341 2 1.85 16.0 16 Taxus baccata
Y7 trunk no no 10 -1.777 -1.908 2 3.14 16.0 16 Taxus baccata
Y8 trunk yes no 150 -1.716 -1.846 2 0.73 13.0 11 Taxus baccata
Y9S trunk yes no 240 -2.200 -2.340 2 0.54 14.0 11 Taxus baccata
Y10 trunk yes 6 80 -1.903 -2.003 2 1.56 10.0 10 Taxus baccata
Y11 trunk yes 10 150 -2.170 -2.330 2 4.07 18.0 18 Taxus baccata
Y12 trunk yes yes 320 -2.062 -2.442 2 9.23 48.0 48 Taxus baccata
Y13 trunk no yes 360 -2.168 -2.168 2 Taxus baccata
Y14 trunk no 1 280 -2.325 -2.555 2 1.86 23.0 23 Taxus baccata
Y15 trunk yes yes 190 -2.075 -2.215 2 1.33 14.0 14 Taxus baccata
Y16 trunk yes no 310 -2.051 -2.131 2 0.79 8.0 8 Taxus baccata
Y17 trunk yes no 240 -2.071 -2.231 2 3.26 16.0 16 Taxus baccata
Y18 trunk no 1 60 -2.089 -2.209 2 1.64 12.0 12 Taxus baccata
Y19 trunk no no 90 -2.208 -2.518 2 1.96 31.0 23 Taxus baccata
Y20 trunk yes yes 180 -2.318 -2.598 2 10.70 28.0 28 Taxus baccata
Y21 trunk yes 3 80 -2.394 -2.564 2 3.11 17.0 17 Taxus baccata
Y22 trunk no yes 230 -2.573 -2.763 2 3.07 19.0 19 Taxus baccata
Y23 trunk yes yes 360 -2.346 -2.446 2 4.27 10.0 10 Taxus baccata
Y24 trunk yes 2 280 -2.245 -2.365 2 3.44 12.0 12 Taxus baccata
Y25 trunk yes yes 190 -2.227 -2.347 2 1.41 12.0 12 Taxus baccata
Y26 trunk yes 3 140 -2.544 -2.639 2 2.49 9.5 10 Taxus baccata
Y27 trunk yes yes 80 -2.626 -2.816 2 5.66 19.0 19 Taxus baccata
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Wood
Number

Wood
Type

Orient Wood Peat Trunk Trunk Stump Stump DBH
(cm)

Root Root Root Species
IdentifiedBark Branching in O.D. O.D. Phase Length Diam. Height Diam. w > e n > s Height

degrees (m) (m) (m) (cm) (m) (cm) (m) (m) (m)
Y28 trunk yes yes 180 -2.101 -2.161 2 3.06 6.0 6 Taxus baccata
Y29 trunk yes 4 10 -2.113 -2.425 2 12.70 31.0 31 Taxus baccata
Y30S stump yes no 190 -2.202 -2.382 2 0.43 18.0 14 Taxus baccata
Y31 trunk no no 30 -2.267 -2.267 2 Taxus baccata
Y32S trunk yes yes 90 -2.005 -2.095 2 2.27 9.0 9 Taxus baccata
Y33S rt. syst. + stump no no 0 -1.986 -1.996 2 0.10 Taxus baccata
Y34S stump yes no 140 -2.090 -2.620 2 0.53 26.0 20 Alnus glutinosa
Y35S stump yes no 140 -2.287 -2.717 2 0.43 10.0 9 Taxus baccata
Y36 trunk yes yes 100 -2.742 -2.892 2 5.15 15.0 15 Taxus baccata
Y37 trunk yes yes 350 -2.443 -2.543 2 3.68 11.0 11 Taxus baccata
Y38S stump yes no 0 -2.111 -2.391 2 0.28 23.0 18 Taxus baccata
Y39 trunk no 7 120 -2.082 -2.192 2 5.37 11.0 11 Taxus baccata
Y40T trunk yes no 130 -2.133 -2.323 2 1.54 19.0 19 Taxus baccata
Y41T trunk yes no 260 -1.931 -2.061 2 0.58 13.0 13 Taxus baccata
Y42 trunk yes no 10 -2.079 -2.229 2 7.97 15.0 15 Taxus baccata
Y43 trunk yes 1 10 -2.201 -2.701 2 2.19 50.0 50 Taxus baccata
Y44 trunk yes no 30 -2.430 -2.510 2 1.09 8.0 8 Taxus baccata
Y45 trunk yes no 50 -2.489 -2.619 2 1.32 13.0 13 Taxus baccata
Y46 trunk yes no 180 -2.356 -2.586 2 3.76 23.0 23 Taxus baccata
Y48 trunk yes yes 100 -2.313 -2.493 2 9.04 18.0 18 Taxus baccata
Y49 trunk yes no 150 -2.000 -2.180 2 1.26 18.0 14 Taxus baccata
Y50 trunk yes yes 170 -2.057 -2.187 2 9.23 13.0 13 Taxus baccata
Y51 trunk yes yes 300 -2.247 -2.307 2 1.38 6.0 6 Taxus baccata
Y52 trunk yes no 30 -2.058 -2.208 2 2.27 15.0 15 Taxus baccata
Y53 trunk yes yes 80 -2.120 -2.340 2 6.01 22.0 22 Taxus baccata
Y54 trunk yes no 90 -2.064 -2.204 2 2.97 14.0 14 Taxus baccata
Y55 trunk yes yes 140 -2.063 -2.203 2 3.25 14.0 14 Taxus baccata
Y56 trunk no yes 160 -2.064 -2.184 2 5.13 12.0 12 Taxus baccata
Y57 trunk -2.066 -2.066 2 Taxus baccata
Y58 trunk no no 150 -1.923 -2.373 2 3.04 45.0 45 Taxus baccata
Y59S stump yes no 0 -1.740 -2.370 2 0.63 28.5 19 Taxus baccata
Y60 trunk yes no 10 -2.025 -2.325 2 1.40 30.0 23 Taxus baccata
Y61 trunk yes yes 30 -1.893 -1.973 2 3.76 8.0 8 Taxus baccata
Y62 trunk yes 3 180 -2.000 -2.120 2 1.88 12.0 12 Taxus baccata
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Wood
Number

Wood
Type

Orient Wood Peat Trunk Trunk Stump Stump DBH
(cm)

Root Root Root Species
IdentifiedBark Branching in O.D. O.D. Phase Length Diam. Height Diam. w > e n > s Height

degrees (m) (m) (m) (cm) (m) (cm) (m) (m) (m)
Y63 trunk no 3 10 -2.000 -2.120 2 4.72 12.0 12 Taxus baccata
Y64 trunk -1.815 -1.815 2 Taxus baccata
Y65 trunk no no 10 -1.799 -1.899 2 0.53 10.0 9 Taxus baccata
Y66 trunk yes yes 330 -1.914 -1.984 2 3.49 7.0 7 Fraxinus excelsior
Y67 trunk no yes 50 -1.876 -2.001 2 4.72 12.5 13 Taxus baccata
Y68 trunk yes no 230 -1.972 -2.062 2 2.83 9.0 9 Taxus baccata
Y69 trunk -1.855 -1.855 2 Taxus baccata
Y70 trunk yes yes 120 -2.140 -2.240 2 3.84 10.0 10 Taxus baccata
Y71 trunk yes yes 320 -1.994 -2.154 2 10.42 16.0 16 Taxus baccata
Y72 trunk no no 90 -2.116 -2.216 2 3.33 10.0 10 Taxus baccata
Y73 trunk no no 130 -2.057 -2.317 2 4.85 26.0 26 Taxus baccata
Y74 trunk yes no 240 -2.034 -2.204 2 2.11 17.0 17 Taxus baccata
Y75 trunk no no 180 -2.052 -2.222 2 3.42 17.0 17 Taxus baccata
Y76 trunk no no 280 -1.974 -2.214 2 1.73 24.0 24 Taxus baccata
Y77 trunk no no 150 -1.976 -2.136 2 2.35 16.0 16 Taxus baccata
Y78 trunk yes no 40 -2.073 -2.193 2 Taxus baccata
Y79 trunk yes 2 40 -2.024 -2.134 2 Taxus baccata
Y80 trunk yes no 80 -2.088 -2.268 2 1.16 18.0 14 Taxus baccata
Y81 trunk/branch yes no 20 -2.385 -2.445 2 1.28 6.0 6 Taxus baccata
Y82 trunk yes 1 250 -2.383 -2.473 2 2.79 9.0 9 Taxus baccata
Y83 trunk/branch yes no 250 -2.374 -2.434 2 0.42 10.0 10 Taxus baccata
Y84 trunk/branch yes 1 10 -2.534 -2.604 2 1.81 7.0 7 Taxus baccata
Y85 trunk yes yes 180 -2.472 -2.627 2 1.52 15.5 16 Taxus baccata
Y86 trunk yes no 160 -2.399 -2.739 2 4.57 34.0 34 Taxus baccata
Y87 trunk/branch no no 220 -2.549 -2.604 1 0.82 5.5 6 Taxus baccata
Y88 trunk yes 1 20 -2.488 -2.658 2 2.78 17.0 17 Taxus baccata
Y89 trunk yes yes 140 -2.428 -2.568 2 2.18 14.0 14 Taxus baccata
Y90 trunk yes no 40 -2.173 -2.423 2 1.17 25.0 21 Taxus baccata
Y91 trunk yes 2 190 -2.354 -2.454 2 2.23 10.0 10 Taxus baccata
Y92 trunk yes yes 150 -1.938 -2.008 2 3.07 7.0 7 Taxus baccata
Y93 trunk/branch yes yes 30 -1.836 -1.906 2 1.25 7.0 7 Taxus baccata
Y94 trunk/branch yes yes 70 -1.831 -1.891 22 1.07 6.0 6 Taxus baccata
Y95 trunk/branch no yes 260 -1.786 -1.836 2 1.30 5.0 5 Taxus baccata
Y96 trunk/branch no no 320 -1.674 -1.704 2 0.83 3.0 3 Taxus baccata
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Y97 trunk yes yes 280 -2.187 -2.297 2 5.12 11.0 11 Taxus baccata
Y98 trunk yes no 20 -2.060 -2.260 2 2.35 20.0 20 Taxus baccata
Y99 trunk no no 180 -2.144 -2.344 2 1.11 20.0 16 Taxus baccata
Y100 trunk yes no 90 -1.934 -2.044 2 0.81 11.0 9 Taxus baccata
Y101 trunk yes 1 350 -1.801 -1.911 2 1.25 11.0 11 Taxus baccata
Y102 trunk/branch no yes 180 -2.100 -2.140 2 2.07 4.0 4 Taxus baccata
Y103 trunk yes no 160 -2.020 -2.150 2 2.76 13.0 13 Taxus baccata
Y104 trunk yes no 190 -2.237 -2.237 2 Taxus baccata
Y105 trunk no 5 200 -2.282 -2.532 2 6.83 25.0 25 Taxus baccata
Y106 trunk yes 1 210 -2.288 -2.578 2 2.91 29.0 29 Taxus baccata
Y107 trunk no no 160 -2.237 -2.407 2 1.08 17.0 17 Quercus sp.
Y108 trunk yes yes 280 -2.297 -2.477 2 3.00 18.0 18 Taxus baccata
Y109 trunk yes yes 100 -2.377 -2.467 2 0.67 9.0 9 Taxus baccata
Y110 trunk yes no 260 -2.136 -2.496 2 1.55 36.0 36 Taxus baccata
Y111 trunk yes no 100 -2.082 -2.182 2 2.33 10.0 10 Taxus baccata
Y112 trunk yes no 210 -2.080 -2.180 2 2.17 10.0 10 Taxus baccata
Y113 trunk no no 200 -2.129 -2.199 2 4.75 7.0 7 Taxus baccata
Y114 trunk yes no 180 -2.116 -2.306 2 1.17 19.0 15 Taxus baccata
Y115 stump yes no 270 -2.072 -2.282 2 0.33 21.0 16 Taxus baccata
Y116 trunk yes 2 60 -2.011 -2.131 2 5.34 12.0 12 Taxus baccata
Y117 trunk yes no 50 -2.077 -2.187 2 3.14 11.0 11 Taxus baccata
Y118 trunk yes no 240 -2.093 -2.173 2 2.39 8.0 8 Taxus baccata
Y119 trunk yes no 90 -2.010 -2.130 1 0.84 12.0 10 Taxus baccata
Y120 trunk no yes 310 -2.129 -2.219 2 4.52 9.0 9 Taxus baccata
Y121 trunk no 2 200 -2.076 -2.186 2 3.24 11.0 11 Taxus baccata
Y122 trunk no -2.082 -2.082 2 Taxus baccata
Y123 trunk no no 200 -2.091 -2.151 2 4.75 6.0 6 Taxus baccata
Y124 trunk yes 2 70 -2.230 -2.390 2 6.76 16.0 16 Taxus baccata
Y125 trunk yes yes 90 -2.047 -2.227 2 3.21 18.0 18 Taxus baccata
Y126 trunk yes 12 210 -2.021 -2.141 2 7.29 12.0 12 Taxus baccata
Y127 trunk yes 2 270 -2.175 -2.305 1 0.67 13.0 13 Taxus baccata
Y128 trunk yes no 90 -1.830 -1.920 2 1.59 9.0 9 Taxus baccata
Y129 trunk yes yes 80 -1.936 -2.256 2 5.12 11.0 11 Taxus baccata
Y130 trunk yes no 290 -2.005 -2.065 2 2.35 20.0 20 Taxus baccata

586



APPENDIX I: continued.

Wood
Number

Wood
Type Bark Branching Orient in 

degrees

Wood
O.D.
(m)

Peat
O.D.
(m)

Phase Trunk 
Length (m)

Trunk
Diam.
(cm)

Stump
Height

(m)

Stump
Diam.
(cm)

DBH
(cm)

Root 
w > e

(m)

Root 
n > s  
(m)

Root
Height

(m)

Species
Identified

Y131 trunk yes no 320 -1.971 -2.031 2 2.56 6.0 6 Taxus baccata
Y132 trunk no yes 20 -1.794 -1.889 2 5.54 9.5 10 Taxus baccata
Y133 trunk no no 50 -1.869 -1.979 2 3.39 11.0 11 Taxus baccata
Y134 trunk yes no 360 -1.567 -1.667 2 0.54 10.0 10 Taxus baccata
Y135 stump no no 0 -2.096 -2.526 2 0.43 24.0 18 Taxus baccata
Y136 trunk no 3 240 -1.923 -2.033 2 2.15 11.0 11 Taxus baccata
Y137 trunk yes 3 170 -2.063 -2.253 2 4.87 19.0 19 Taxus baccata
Y138 trunk yes 2 360 -2.063 -2.223 2 1.86 16.0 16 Taxus baccata
Y139 trunk yes 6 280 -2.063 -2.193 2 3.20 13.0 13 Taxus baccata
Y140 trunk yes yes 110 -2.000 -2.170 2 5.37 17.0 17 Taxus baccata
Y141 trunk yes no 140 -1.418 -1.548 3 1.12 13.5 14 Taxus baccata
Y142 trunk yes no 240 -2.104 -2.224 2 1.24 12.0 12 Taxus baccata
Y143 stump yes no 0 -2.000 -2.280 2 0.28 23.5 18 Taxus baccata
Y144 trunk yes yes 50 -2.000 -2.200 1 1.95 20.0 20 Taxus baccata
Y145 stump yes no 0 -2.000 -2.360 2 0.36 11.5 10 Taxus baccata
Y188S stump yes no 0 -1.820 -2.240 2 0.42 32.0 24 Alnus glutinosa
Y146 trunk no yes 220 -2.049 -2.169 2 1.07 12.0 10 Taxus baccata
Y147 trunk yes no 320 -2.049 -2.279 2 0.82 23.0 23 Taxus baccata
Y148 trunk no no 350 -2.341 -2.741 2 1.14 29.0 22 Taxus baccata
Y149 trunk no 1 50 -2.000 -2.170 2 2.98 17.0 17 Taxus baccata
Y150 trunk yes no 330 -2.140 -2.640 2 1.33 51.0 37 Taxus baccata
Y151 trunk no 1 350 -2.140 -2.320 2 2.03 18.0 18 Taxus baccata
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Pith 1“* ring D.width Felled Suppres. Species

4 471 unlocated from trackway (4) no no 14.60 22.50 12 central natural yes no data no Alnus glutinosa
4 471 un located from trackway (4) yes no 12.50 20.00 3 central natural no summer no Alnus glutinosa
4 471 un located from trackway (4) yes no 11.50 13.00 11 central natural no winter no Alnus glutinosa
11 409 yes yes 14.40 17.50 8 off-centre natural yes winter no Alnus glutinosa
33 2 yes degraded 5.00 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
34 72 unlocated from trackway (34) yes no 14.00 18.00 6 central natural no winter yes Alnus glutinosa
36 33 woodchip, broken yes degraded 0.00 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
50 10 brushwood filling hollow yes yes 50.50 35.00 10 central natural no summer no Alnus glutinosa
50 12 brushwood fill yes no 25.30 14.50 4 central natural no summer no Alnus glutinosa
50 13 brushwood fill yes yes 50.40 25.50 14 central natural no winter no Alnus glutinosa
50 14 brushwood fill yes forked 24.00 15.00 14 off-centre natural no winter yes Alnus glutinosa
50 17 brushwood fill yes trimmed 44.00 28.00 8 central natural no winter no Alnus glutinosa
50 18 brushwood fill yes trimmed 16.00 17.00 6 central enlarged no summer yes Alnus glutinosa
50 22 brushwood fill yes no 14.00 17.00 3 central natural no winter no Alnus glutinosa
50 23 brushwood fill yes no 21.70 13.50 3 central enlarged no summer no Alnus glutinosa
50 24 brushwood fill yes no 41.00 15.50 5 off-centre natural no summer yes Alnus glutinosa
50 25 brushwood fill yes no 25.00 30.10 11 central natural yes winter no Alnus glutinosa
50 19 brushwood fill no no 6.50 6.00 0 unknown unknown unknown no data unknown Unidentified
50 20 brushwood fill no degraded 5.30 9.00 0 unknown unknown unknown no data unknown Unidentified
50 27 brushwood fill no degraded 0.00 0.00 0 unknown unknown unknown no data unknown Unidentified
65 yes no 9.00 25.50 5 central natural no summer no Alnus glutinosa
65 yes no 25.50 38.50 8 central natural no winter no Alnus glutinosa
65 yes trimmed 15.50 32.00 8 central natural no winter yes Alnus glutinosa
65 yes trimmed 13.50 15.50 10 central natural no winter yes Alnus glutinosa
65 yes no 8.50 18.00 11 central natural no winter yes Alnus glutinosa
65 287 no trimmed 16.20 15.50 0 unknown unknown unknown no data unknown Alnus glutinosa
65 yes no 6.50 24.00 9 central natural no winter no Alnus glutinosa
68 47 collective for all woodchips yes degraded 0.00 0.00 0 unknown unknown unknown no data unknown Unidentified
68 208 collective for all woodchips yes degraded 4.00 0.00 0 unknown unknown unknown no data unknown Unidentified
68 205 roundwood yes trimmed 13.80 15.00 6 central natural no winter no Alnus glutinosa
68 7 woodchip, tangential, 0.5cm thick no degraded 6.90 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 15 woodchip, tangential, 1.2 cm thick no degraded 5.00 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsioi
68 30 woodchip, 2.6cm thick no degraded 11.50 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 31 woodchip, tangential, 0.6cm thick yes degraded 3.80 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsioi
68 46 woodchip, tangential, 1.3cm thick no degraded 8.00 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsioi
68 48 woodchip, bark, 0.5cm thick yes degraded 2.80 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsioi
68 49 woodchip, 2.1cm thick no degraded 9.30 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
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68 50 woodchip, tangential, 2.5cm thick yes degraded 6.80 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 57 woodchip, tangential,0.8cm thick yes degraded 7.40 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 58 woodchip, 0.9cm thick no degraded 6.20 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 59 woodchip, tangential,1.7cm thick yes degraded 6.20 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 85 collective for all woodchips no degraded 0.00 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 86 woodchip, 0.5cm thick no degraded 3.40 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 90 woodchip, tangential,0.8cm thick yes degraded 6.30 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 206 woodchip, tangential,0.8cm thick yes degraded 5.10 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 207 woodchip, tangential,1 7cm thick yes degraded 6.20 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
68 220 woodchip, tangential, 0.6cm thick no degraded 5.00 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 227 woodchip, 0.4cm thick no degraded 4.30 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 229 woodchip, 0.6cm thick no degraded 2.30 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 230 woodchip, tangential, 0.95cm thick no degraded 3.50 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
68 231 woodchip, tangential, 1cm thick yes degraded 4.60 0.00 0 unknown unknown unknown no data unknown Fraxinus excelsior
69 69 - yes degraded 28.70 0.00 0 unknown unknown unknown no data unknown Alnus glutinosa
73 9 dislodged from structures yes no 12.80 31.00 14 off-centre natural yes summer no Alnus glutinosa
73 16 dislodged from structures yes no 9.70 25.50 10 central natural yes winter no Alnus glutinosa
73 29 dislodged from structures yes no 10.60 10.00 2 central natural no winter no Alnus glutinosa
73 43 dislodged from structures yes no 14.40 24.00 6 central natural no winter no Alnus glutinosa
73 44 dislodged from structures yes no 5.50 23.00 4 central natural no winter no Alnus glutinosa
73 45 dislodged from structures yes no 12.20 24.50 11 central natural no summer yes Alnus glutinosa
73 55 dislodged from structures yes no 5.00 11.00 0 unknown natural no winter no Alnus glutinosa
73 73 dislodged from structures yes no 18.70 13.50 11 off-centre natural yes winter no Alnus glutinosa
73 68 dislodged from structures yes no 10.50 20.00 7 central natural no winter natural Alnus glutinosa
73 222 dislodged from structures yes no 14.50 18.50 6 central natural no winter yes Alnus glutinosa
73 228 dislodged from structures yes no 4.70 8.00 5 central natural no summer yes Alnus glutinosa
73 243 dislodged from structures yes no 11.00 22.50 14 central natural yes winter no Alnus glutinosa
73 262 dislodged from structures yes no 18.40 24.00 6 central natural no winter yes Alnus glutinosa
73 303 dislodged from structures yes no 9.40 13.00 4 central natural no winter no Alnus glutinosa
73 54 dislodged from structures no degraded 3.80 6.50 0 unknown unknown unknown no data unknown Alnus glutinosa
73 302 dislodged from structures no no 12.30 21.50 0 off-centre unknown unknown no data unknown Alnus glutinosa
89 272 N-S brushwood- collapsed fence? yes no 51.00 23.50 6 central natural no winter yes Alnus glutinosa
89 273 N-S brushwood- collapsed fence? yes no 21.70 12.00 4 central natural no winter no Alnus glutinosa
89 274 N-S brushwood- collapsed fence? yes no 49.20 20.00 14 central natural no winter natural Alnus glutinosa
89 279 N-S brushwood- collapsed fence? yes no 12.70 13.00 3 central natural no winter no Alnus glutinosa
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89 275 N/S brushwood- collapsed fence? yes yes .00 12.00 6 central natural no no data unknown Alnus glutinosa
89 280 N/S brushwood- collapsed fence? yes degraded 8.50 .00 0 unknown unknown unknown no data unknown Fraxinus excelsior
89 281 As above, entwined with (90) yes degraded 7.50 .00 0 unknown unknown unknown winter no Alnus glutinosa
90 623 ENEAA/SW-trackway (34)? yes no 24.50 38.50 18 central natural no winter yes Alnus glutinosa
90 623 E N EA/VSW-trackway (34)? yes degraded 9.30 28.00 6 central natural no winter no Alnus glutinosa
90 623 ENEAA/SW-trackway (34)? yes no 11.50 23.50 2 central enlarged no summer no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes yes 18.20 23.50 17 central natural no summer no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes no 10.80 25.50 8 central natural no summer no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes no 13.50 24.50 5 central natural no winter no Alnus glutinosa
90 623 ENE/WS W-trackway (34)? yes no 13.00 25.00 8 central enlarged no summer no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes no 7.20 23.00 4 central natural no winter no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes no 15.70 17.00 9 central natural no winter no Alnus glutinosa
90 623 ENE/WSW-trackway (34)? yes no 12.80 16.00 12 central natural no summer no Alnus glutinosa
91 622 brushwood bundle comprising (90) yes no 7.00 14.00 11 central natural yes summer no Alnus glutinosa
91 622 brushwood bundle comprising (90) yes no 8.30 14.00 8 central natural yes winter no Alnus glutinosa
98 75 dislodged from (106) below yes yes 26.20 24.00 5 central natural no winter no Alnus glutinosa
98 75 dislodged from (106) below yes yes 22.50 27.00 5 central natural no winter no Alnus glutinosa
98 75 dislodged from (106) below yes yes 33.20 20.00 6 central natural no winter yes Alnus glutinosa
98 75 dislodged from (106) below yes yes 25.20 20.00 6 central natural no winter no Alnus glutinosa
98 76 dislodged from (106) below yes yes 25.30 19.00 5 off-centre natural no no data unknown Alnus glutinosa
99 213 dislodged from (106) below yes degraded 14.50 26.00 0 unknown unknown unknown winter no Alnus glutinosa
101 202 group of 5 horizontal poles yes no 10.50 26.00 8 central natural no no data no Alnus glutinosa
105 269 brushwood, possibly fence or wall yes no 6.20 11.00 0 off-centre natural no no data no Alnus glutinosa
105 269 brushwood, possibly fence or wall yes no 13.00 19.50 0 off-centre natural no no data no Alnus glutinosa
105 269 brushwood, possibly fence or wall no no .00 10.50 0 unknown natural no no data unknown Alnus glutinosa
105 269 brushwood, possibly fence or wall no no .00 6.50 0 central unknown unknown winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 6.00 7.50 8 central natural yes summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 5.30 9.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 32.40 18.50 2 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 4.40 8.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 6.20 15.00 10 central natural no winter yes Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 6.30 12.00 6 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 5.80 15.50 3 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 4.70 13.50 9 central natural no summer yes Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 8.80 10.50 5 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 2.50 10.00 9 central natural no no data unknown Alnus glutinosa
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105 268 brushwood, possibly fence or wall yes yes 7.20 9.00 3 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 67.40 26.00 7 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 15.20 16.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 23.20 10.50 11 central natural no summer yes Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 3.80 13.00 2 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 103.00 17.50 11 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 32.50 19.00 11 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 31.30 18.00 5 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 22.00 19.00 10 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 15.00 10.50 7 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 9.80 11.50 9 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 19.10 12.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 46.30 16.50 9 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 10.20 9.50 7 off-centre natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 10.40 14.50 9 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 11.40 12.50 8 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 17.10 26.50 5 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 11.50 8.00 5 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 21.20 12.00 11 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 5.00 13.50 2 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 7.70 9.50 3 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 8.30 13.50 6 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 8.30 15.00 4 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 4.00 8.50 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 14.50 6.50 6 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 6.90 9.00 5 central natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 6.50 13.50 5 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 4.20 7.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 28.40 15.50 10 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 37.70 14.00 4 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 31.30 10.00 2 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 12.60 13.00 1 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 9.70 17.00 7 off-centre natural no summer no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 4.20 9.50 3 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 6.40 12.00 6 central natural no winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 18.20 12.00 8 central natural no winter no Alnus glutinosa
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105 268 brushwood, possibly fence or wall yes no 8.50 12.00 2 central natural no winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes no 4.20 10.00 5 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 4.30 5.00 4 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 8.70 9.50 3 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 4.70 9.00 3 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 26.80 20.50 7 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 21.70 13.00 7 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 15.20 13.50 5 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 51.30 23.00 12 central natural no winter natural Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 43.40 15.00 10 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 24.60 24.00 11 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 17.20 18.50 11 central natural yes winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 8.00 14.00 8 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 13.50 13.50 8 central natural yes winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes yes 20.70 20.00 4 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 8.40 15.00 8 off-centre natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 48.50 13.50 7 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 17.00 19.00 0 central natural no no data no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 12.20 17.00 5 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 7.50 18.50 2 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 4.00 18.50 18 central natural yes summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall no no 3.20 6.00 2 central natural no no data no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 6.20 8.50 9 central natural no sum m er no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 4.30 16.00 13 central natural yes winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 8.40 7.50 6 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 11.00 5.20 2 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 15.10 12.00 7 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 9.50 10.00 5 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 9.00 5.50 5 central natural no winter yes Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 5.00 6.50 4 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 18.30 5.00 2 central natural no summer no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 8.20 11.50 4 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes no 13.20 15.50 6 central natural no winter yes Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 13.00 15.50 10 central natural no winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 8.40 15.00 4 central natural yes winter no Alnus glutinosa
105 270 brushwood. possibly fence or wall yes yes 10.90 8.00 4 central natural no winter no Alnus glutinosa
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105 270 brushwood, possibly fence or wall yes no 14.80 6.50 3 central natural no winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes no 25.60 15.50 6 central natural no winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes yes 25.20 19.00 9 central natural no winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes yes 31.00 11.50 7 central natural yes winter no Alnus glutinosa
105 270 brushwood, possibly fence or wall yes forked 9.20 11.00 7 central natural no winter yes Alnus glutinosa
105 270 brushwood, possibly fence or wall yes yes 41.30 8.50 4 central natural yes winter no Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 4.40 39.00 0 unknown unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 21.10 22.50 0 central unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 12.00 15.50 0 unknown unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes no 12.50 19.00 0 unknown unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 5.50 17.00 0 unknown unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 18.40 22.50 0 central unknown unknown no data unknown Alnus glutinosa
105 270 brushwood, possibly fence or wall no no 6.50 3.50 0 central unknown unknown no data unknown Alnus glutinosa
105 270 brushwood, possibly fence or wall yes no 3.20 12.00 0 central unknown unknown no data unknown Alnus glutinosa
105 270 brushwood, possibly fence or wall yes no 5.30 17.00 0 central unknown unknown no data unknown Alnus glutinosa
105 268 brushwood, possibly fence or wall yes yes 7.60 16.50 0 unknown unknown unknown no data unknown Alnus glutinosa
106 96 brushwood, follows (138) below yes yes 27.50 20.50 5 central natural no winter no Alnus glutinosa
106 203 brushwood, follows (138) below yes no 16.00 27.00 4 central natural no winter no Alnus glutinosa
106 238 brushwood, follows (138) below yes no 18.60 20.00 10 off-centre natural no winter no Alnus glutinosa
106 241 brushwood, follows (138) below yes no 7.20 14.00 3 central natural no winter no Alnus glutinosa
106 239 brushwood, follows (138) below yes no 7.80 16.50 0 unknown unknown unknown no data unknown Unidentified
109 267 damage to (105) no degraded 3.90 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to (105) yes no 6.20 21.00 6 central natural no winter yes Corylus avellana
109 267 damage to (105) yes degraded 3.70 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to (105) no degraded 2.40 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to 005) no degraded 1.70 .00 0 unknown unknown unknown no data unknown Prunus sp.
109 267 damage to (105) no degraded 2.40 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to (105) yes degraded 2.40 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to (105) no degraded 6.30 .00 0 unknown unknown unknown no data unknown Quercus sp.
109 267 damage to (105) yes degraded 2.30 .00 0 unknown unknown unknown no data unknown Quercus sp.
112 200 part of group (101) no no 15.50 40.50 0 off-centre unknown unknown no data unknown Fraxinus excelsior
113 82 redeposited material from (89) yes no 7.00 6.50 1 central natural no winter no Alnus glutinosa
113 83 redeposited material from (89) yes no 7.00 12.50 2 central natural no winter no Alnus glutinosa
114 88 brushwood bundle E-W of (34) yes no 16.60 15.00 7 off-centre natural no winter no Alnus glutinosa
114 88 brushwood bundle E-W of (34) yes yes 23.80 16.00 10 central natural no winter no Alnus glutinosa
114 88 brushwood bundle E-W of (34) yes no 23.20 19.50 8 central natural no summer no Alnus glutinosa
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114 88 brushwood bundle EA/V (34) yes yes 25.60 23.00 5 central natural no summer no Alnus glutinosa
114 88 brushwood bundle EAA/ (34) yes yes 23.10 18.00 9 central natural no summer natural Alnus glutinosa
114 88 brushwood bundle EA/V (34) yes yes 20.30 18.50 9 central natural no winter no Alnus glutinosa
114 88 brushwood bundle EAA/ (34) yes yes 20.40 15.00 8 central natural no summer yes Alnus glutinosa
114 88 brushwood bundle E/W (34) yes yes 20.30 16.00 11 central natural no winter no Alnus glutinosa
114 88 brushwood bundle E/W (34) yes no 19.50 21.50 8 central natural no summer no Alnus glutinosa
114 88 brushwood bundle E/W (34) yes yes 18.00 19.50 9 central natural no summer yes Alnus glutinosa
114 88 brushwood bundle E/W (34) yes yes 29.30 15.00 13 central natural no winter natural Alnus glutinosa
114 88 brushwood bundle E/W (34) yes yes 19.00 24.50 8 central natural no winter no Alnus glutinosa
114 88 brushwood bundle E/W (34) no yes 14.40 15.00 0 off-centre unknown unknown no data unknown Alnus glutinosa
115 89 brushwood bundle N/S (34) yes forked 19.50 14.50 11 central natural no winter natural Alnus glutinosa
115 89 brushwood bundle N/S (34) yes no 48.30 18.50 12 central natural no summer natural Alnus glutinosa
115 89 brushwood bundle N/S (34) yes no 14.70 15.00 6 off-centre natural no summer yes Alnus glutinosa
115 89 brushwood bundle N/S (34) yes no 23.80 22.50 13 central natural no summer natural Alnus glutinosa
115 89 brushwood bundle N/S (34) yes no 19.00 20.00 14 off-centre natural no winter yes Alnus glutinosa
115 89 brushwood bundle N/S (34) yes no 15.60 13.00 9 off-centre natural no winter no Alnus glutinosa
115 89 brushwood bundle N/S (34) yes yes 26.20 17.50 8 central natural no winter no Alnus glutinosa
116 91 brushwood bundle E/W (34) yes yes 30.30 16.00 9 central natural no winter no Alnus glutinosa
118 98 brushwood bundle E/W (34) yes no 17.30 18.00 8 central natural no winter no Alnus glutinosa
118 98 brushwood bundle E/W (34) yes yes 22.00 14.50 7 central natural no winter no Alnus glutinosa
120 204 brushwood bundle E/W (34) yes no 8.30 16.00 7 central natural no summer yes Alnus glutinosa
120 204 brushwood bundle E/W (34) yes yes 28.40 13.00 8 central enlarged no winter no Alnus glutinosa
120 204 brushwood bundle E/W (34) yes no 19.30 9.50 3 central natural no winter no Alnus glutinosa
120 204 brushwood bundle E/W (34) yes no 9.70 12.00 5 central natural no winter no Alnus glutinosa
120 204 brushwood bundle EAA/ (34) yes no 6.50 16.50 6 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 13.00 18.50 4 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 18.00 12.00 5 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 32.40 17.50 7 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 21.40 12.00 4 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes no 10.70 20.00 6 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 35.80 14.00 10 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes no 23.40 27.00 14 central natural yes summer no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 18.50 14.50 9 central natural no winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes yes 18.70 12.50 8 central natural yes winter no Alnus glutinosa
123 210 brushwood bundle E/W (34) yes no 24.50 18.00 7 central natural no winter no Alnus glutinosa
123 210 brushwood bundle EAA/ (34) yes yes 25.30 22.50 9 central natural no winter no Alnus glutinosa
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123 210 Brushwood bundle EA/V (34) yes yes 19.40 23.00 14 central natural no summer yes Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes no 13.30 14.00 6 central natural no winter no Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes yes 31.60 17.50 7 central natural no winter no Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes yes 32.50 21.00 10 central natural no winter no Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes no 18.30 21.00 7 central natural no winter no Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes yes 23.10 15.50 0 central unknown unknown no data unknown Alnus glutinosa
123 210 Brushwood bundle E/W (34) yes yes 11.20 21.50 0 central unknown unknown no data unknown Alnus glutinosa
123 209 Brushwood bundle E/W (34) yes no 26.20 25.00 11 central natural no winter natural Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes no 13.50 18.50 4 central enlarged no winter no Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes no 15.30 18.00 8 off-centre natural no winter yes Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes yes 15.40 18.00 7 central natural no summer yes Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes no 21.30 14.00 2 off-centre natural no winter no Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes yes 6.90 15.00 6 central natural yes winter no Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes yes 16.30 16.50 3 off-centre natural no winter no Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes no 10.40 9.00 1 off-centre natural no winter no Alnus glutinosa
125 212 brushwood bundle N/S under (123) yes yes 24.70 12.50 8 off-centre natural no winter no Alnus glutinosa
136 215 redeposited brushwood from (90) yes no 10.90 21.50 5 off-centre natural no summer no Alnus glutinosa
136 216 redeposited brushwood from (90) yes no 7.70 13.00 12 off-centre natural yes summer no Alnus glutinosa
136 217 redeposited brushwood from (90) yes no 10.70 19.00 11 central natural yes summer no Alnus glutinosa
136 219 redeposited brushwood from (90) yes no 4.90 10.00 2 central natural no winter no Alnus glutinosa
136 248 redeposited brushwood from (90) yes no 13.40 14.50 7 central natural no winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes 5 branches 20.20 17.50 12 central natural yes winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes 7 branches 18.70 20.00 2 central natural no winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes yes 13.20 15.50 10 off-centre natural yes summer no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes no 32.20 14.50 8 central natural no winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes forked 29.50 17.50 2 central natural no winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes yes 20.40 15.00 6 central natural no winter no Alnus glutinosa
137 224 brushwood, possibly repair to (90) yes forked 19.00 15.00 4 off-centre natural no winter no Alnus glutinosa
137 225 brushwood, possibly repair to (90) yes yes 51.30 14.00 8 central natural yes summer no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 9.00 24.50 14 off-centre natural no summer no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes yes 22.60 22.00 9 central natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes yes 10.90 23.50 13 off-centre natural no winter natural Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 9.80 29.00 27 central natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes yes 8.00 17.50 11 central natural yes winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 15.30 17.00 10 central natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 9.70 19.00 10 off-centre natural no winter no Alnus glutinosa
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138 373 brushwood N/S, trackway/fence yes yes 13.20 19.50 13 off-centre natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes yes 6.40 20.00 5 off-centre natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes yes 11.40 19.50 5 central natural no summer no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 10.40 12.50 4 central natural no winter no Alnus glutinosa
138 373 brushwood N/S, trackway/fence yes no 6.50 11.50 6 central natural no winter no Alnus glutinosa
138 323 brushwood N/S, trackway/fence yes no 13.60 14.00 10 central natural yes winter no Alnus glutinosa
138 324 brushwood N/S, trackway/fence yes no 11.40 14.00 6 central natural no winter yes Alnus glutinosa
138 325 brushwood N/S, trackway/fence yes no 10.90 21.50 11 central natural yes winter no Alnus glutinosa
138 326 brushwood N/S, trackway/fence yes no 12.00 15.00 6 central natural no winter no Alnus glutinosa
138 327 brushwood N/S, trackway/fence yes no 12.20 12.50 5 central natural no winter no Alnus glutinosa
138 328 brushwood N/S, trackway/fence yes no 6.20 9.50 9 central natural no winter no Alnus glutinosa
138 329 brushwood N/S, trackway/fence yes no 7.80 9.00 5 central natural no winter no Alnus glutinosa
138 330 brushwood N/S, trackway/fence yes no 8.70 11.50 6 central natural no winter no Alnus glutinosa
138 331 brushwood N/S, trackway/fence yes no 12.50 14.00 13 central natural no winter no Alnus glutinosa
138 332 brushwood N/S, trackway/fence yes no 12.70 13.50 14 central natural no winter no Alnus glutinosa
138 333 brushwood N/S, trackway/fence yes no 23.30 20.00 8 central natural yes summer no Alnus glutinosa
138 334 brushwood N/S, trackway/fence yes no 10.00 14.00 6 central natural no summer no Alnus glutinosa
138 335 brushwood N/S, trackway/fence yes no 8.40 12.50 15 central natural no winter no Alnus glutinosa
138 336 brushwood N/S, trackway/fence yes no 10.60 11.00 6 central natural no winter no Alnus glutinosa
138 337 brushwood N/S, trackway/fence yes yes 13.30 17.00 7 off-centre natural no winter no Alnus glutinosa
138 338 brushwood N/S, trackway/fence no no 10.70 9.00 0 central natural no no data no Alnus glutinosa
138 339 brushwood N/S, trackway/fence yes no 14.10 8.50 5 central natural no summer no Alnus glutinosa
138 340 brushwood N/S, trackway/fence yes no 5.00 10.00 5 central natural no summer yes Alnus glutinosa
138 341 brushwood N/S, trackway/fence yes no 11.30 9.00 6 off-centre natural no summer no Alnus glutinosa
138 342 brushwood N/S, trackway/fence yes no 8.30 9.50 8 central natural no summer yes Alnus glutinosa
138 343 brushwood N/S, trackway/fence yes no 8.30 8.50 4 off-centre natural no winter no Alnus glutinosa
138 344 brushwood N/S, trackway/fence yes no 14.60 12.50 10 central natural no summer no Alnus glutinosa
138 345 brushwood N/S, trackway/fence yes yes 23.20 19.00 13 off-centre natural no summer natural Alnus glutinosa
138 346 brushwood N/S, trackway/fence yes no 10.50 10.50 7 off-centre natural no summer no Alnus glutinosa
138 347 brushwood N/S, trackway/fence yes no 8.60 8.00 4 central natural no summer no Alnus glutinosa
138 348 brushwood N/S, trackway/fence yes no 10.70 13.50 4 central natural no summer no Alnus glutinosa
138 349 brushwood N/S, trackway/fence yes no 9.60 11.00 4 central natural no summer no Alnus glutinosa
138 350 brushwood N/S, trackway/fence yes no 7.00 15.50 11 central natural yes summer no Alnus glutinosa
138 351 brushwood N/S, trackway/fence yes no 12.00 22.00 6 central natural no winter no Alnus glutinosa
138 352 brushwood N/S, trackway/fence yes no 6.70 13.50 4 central natural no winter no Alnus glutinosa
138 353 brushwood N/S, trackway/fence yes no 9.50 8.50 3 central natural no summer no Alnus glutinosa
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138 354 brushwood N/S, trackway/fence yes no 5.70 14.50 3 central natural no summer no Alnus glutinosa
138 355 brushwood N/S, trackway/fence yes no 10.20 11.50 7 central natural no winter no Alnus glutinosa
138 356 brushwood N/S, trackway/fence yes no 12.00 12.50 10 central natural no summer yes Alnus glutinosa
138 357 brushwood N/S, trackway/fence yes yes 13.50 18.50 5 central natural no summer no Alnus glutinosa
138 371 brushwood N/S, trackway/fence yes no 13.80 15.50 7 central natural no winter no Alnus glutinosa
138 325 brushwood N/S, trackway/fence yes no 10.90 21.50 11 central natural yes winter no Alnus glutinosa
138 322 brushwood N/S, trackway/fence no no 8.60 14.00 0 unknown unknown unknown no data unknown Unidentified
138 358 brushwood N/S, trackway/fence no no 10.50 16.50 0 off-centre unknown unknown no data unknown Alnus glutinosa
138 359 brushwood N/S, trackway/fence no no 13.30 12.50 0 unknown unknown unknown no data unknown Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 6.70 8.00 5 central natural no winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 8.90 8.50 4 off-centre natural yes summer no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 4.00 11.00 4 off-centre natural no winter yes Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 9.20 13.50 14 off-centre natural yes summer no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 10.30 16.00 6 off-centre natural no winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 10.20 8.50 11 central natural no summer no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 13.00 14.00 9 central natural no winter natural Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 13.70 9.00 5 central natural no winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 8.30 8.50 9 central natural yes winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 5.70 8.50 9 central natural no summer no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 5.50 10.00 9 central natural no winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 12.50 16.50 8 off-centre natural no winter no Alnus glutinosa
138 369 brushwood N/S, trackway/fence yes no 9.20 14.00 6 off-centre natural no winter no Alnus glutinosa
138 370 brushwood N/S, trackway/fence yes no 8.00 9.50 3 central natural no summer no Alnus glutinosa
138 370 brushwood N/S, trackway/fence yes no 11.40 15.50 9 central natural yes winter no Alnus glutinosa
138 370 brushwood N/S, trackway/fence yes no 12.00 23.50 4 central natural no winter no Alnus glutinosa
138 370 brushwood N/S, trackway/fence yes no 7.20 11.00 6 central natural no summer no Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes no 12.40 20.00 10 off-centre natural no summer no Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes yes 13.60 19.60 6 central natural no summer no Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes yes 14.20 24.50 13 off-centre natural no summer yes Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes no 8.70 20.50 4 central natural no winter no Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes no 8.20 10.50 5 central natural no summer no Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes no 14.30 16.00 10 central natural no summer natural Alnus glutinosa
138 374 brushwood N/S, trackway/fence yes no 10.20 13.00 8 central natural no winter no Alnus glutinosa
138 374 brushwood N/S, trackway/fence no no 7.30 13.50 0 central unknown unknown no data unknown Alnus glutinosa
138 brushwood N/S, trackway/fence yes yes 20.00 65.00 0 unknown unknown unknown no data unknown Alnus glutinosa
140 251 linear brushwood feature yes yes 19.80 12.50 3 central natural no winter no Alnus glutinosa
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140 252 linear brushwood feature yes no 12.30 13.50 5 central natural no winter no Alnus glutinosa
140 253 linear brushwood feature yes no 14.30 18.00 3 central natural no summer no Alnus glutinosa
140 237 linear brushwood feature no degraded 4.20 .00 0 unknown unknown unknown no data unknown Fraxinus excelsior
140 237 linear brushwood feature yes degraded 6.20 .00 0 unknown unknown unknown no data unknown Alnus glutinosa
141 246 stake possibly with (140) no trimmed 33.50 57.50 0 unknown unknown unknown no data unknown Taxus baccata
143 278 brushwood N/S following (138) yes no 11.20 23.50 6 central natural no winter yes Alnus glutinosa
143 278 brushwood N/S following (138) yes yes 15.00 15.00 4 central natural no winter no Alnus glutinosa
143 278 brushwood N/S following (138) yes no 11.40 20.50 6 central natural no winter no Alnus glutinosa
143 278 brushwood N/S following (138) yes yes 8.70 10.00 4 central natural no winter no Alnus glutinosa
143 278 brushwood N/S following (138) yes yes 7.60 15.50 3 central natural no winter no Alnus glutinosa
143 276 brushwood N/S following (138) yes no 30.30 14.00 3 central natural no winter no Alnus glutinosa
145 259 stake near (147) and (141) yes no 30.50 34.00 5 central natural no winter no Alnus glutinosa
145 260 stake near (147) and (141) no yes 30.70 37.50 43 central natural no summer no Fraxinus excelsior
150 249 brushwood N/S, alternating bundles yes no 35.80 19.00 4 central natural no winter yes Alnus glutinosa
150 380 brushwood N/S, alternating bundles yes yes .00 23.00 5 central natural yes summer no Alnus glutinosa
150 380 brushwood N/S, alternating bundles yes yes .00 15.00 8 central natural no summer yes Alnus glutinosa
150 380 brushwood N/S, alternating bundles yes yes .00 19.00 4 off-centre natural no summer no Alnus glutinosa
150 290 brushwood N/S, alternating bundles yes no 26.00 75.00 0 central unknown unknown no data unknown Fraxinus excelsior
150 379 brushwood N/S, alternating bundles yes no 10.40 12.00 4 central natural no summer no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 8.80 10.00 7 central natural no no data no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 12.70 13.00 10 central natural no no data no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 9.90 14.00 4 central natural no summer no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 12.70 15.50 5 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 15.20 12.50 6 central natural no summer no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes no 13.30 13.00 5 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes no 11.10 18.00 9 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 20.30 20.00 5 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 21.50 20.50 6 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 10.50 8.50 5 central natural no summer no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes no 11.60 14.00 5 central natural no winter no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 7.30 8.50 6 central natural no summer no Alnus glutinosa
150 379 brushwood N/S, alternating bundles yes yes 10.00 8.50 4 central natural no winter no Alnus glutinosa
150 381 brushwood N/S, alternating bundles yes yes 16.40 18.50 11 central natural yes winter no Alnus glutinosa
150 381 brushwood N/S, alternating bundles yes yes 9.30 15.50 9 off-centre natural yes winter no Alnus glutinosa
150 381 brushwood N/S, alternating bundles yes no 20.00 10.50 3 central natural no winter no Alnus glutinosa
150 381 brushwood N/S, alternating bundles yes yes 16.30 22.00 7 central enlarged yes summer no Alnus glutinosa
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150 381 brushwood N/S alternating bundles yes no 11.70 15.50 4 off-centre natural no winter no Alnus glutinosa
150 381 brushwood N/S alternating bundles yes no 15.20 19.00 6 central natural no winter yes Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 12.70 15.50 5 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 17.30 17.00 6 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 14.50 16.00 2 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 11.60 13.50 3 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 12.80 13.50 9 central natural yes winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 14.40 15.00 5 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 21.00 15.50 6 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 15.80 13.00 4 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 13.70 14.50 6 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 10.30 12.50 10 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 8.70 9.00 6 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 17.90 20.50 5 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 10.80 15.00 5 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 11.30 12.50 6 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 12.40 17.00 12 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 14.20 12.00 4 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 12.50 9.50 4 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 6.00 10.00 4 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 13.30 10.50 5 off-centre natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 21.70 19.50 6 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 14.00 20.50 5 off-centre natural no winter yes Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 20.50 15.50 4 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 11.60 15.00 5 off-centre natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 6.50 13.50 7 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 15.80 14.00 4 off-centre natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 11.00 1.50 4 central natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 13.60 9.00 7 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes no 11.40 12.00 7 central natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles yes yes 8.70 8.00 5 off-centre natural no summer no Alnus glutinosa
150 378 brushwood N/S alternating bundles no yes 9.80 6.50 6 off-centre natural no winter no Alnus glutinosa
150 378 brushwood N/S alternating bundles no no 3.60 12.50 0 unknown unknown unknown no data unknown Alnus glutinosa
150 378 brushwood N/S alternating bundles no no 11.50 11.50 0 central unknown unknown no data unknown Alnus glutinosa
150 265 brushwood N/S alternating bundles yes yes 58.00 36.00 10 central natural no winter yes Alnus glutinosa
150 291 brushwood N/S alternating bundles yes no 18.00 17.50 4 central natural no summer no Alnus glutinosa

5 9 9



APPENDIX II: Principle s p e c ie s  and m a n a g em en t data from B eckton Nursery. (D. width = d ecrea sin g  ring width: S u p p ress . = su p p ress io n  year)

Context Sample Description Bark Branching Length
(cm)

Diam.
(mm)

Age
(y)

Pith ring □.width Felled Suppres. Species

150 292 brushwood N/S, alternating bundle yes yes 56.00 21.00 7 central natural yes winter no Alnus glutinosa
150 293 brushwood N/S, alternating bundle no no 9.70 10.00 3 central natural yes no data no Alnus glutinosa
150 294 brushwood N/S, alternating bundle yes no 15.00 18.00 5 central natural no winter no Alnus glutinosa
150 295 brushwood N/S, alternating bundle yes no 39.40 24.50 6 central natural no winter no Alnus glutinosa
150 297 brushwood N/S, alternating bundle yes no 12.70 12.00 4 central natural yes winter no Alnus glutinosa
150 298 brushwood N/S, alternating bundle yes no 14.30 13.00 6 off-centre natural no summer no Alnus glutinosa
150 306 brushwood N/S, alternating bundle yes no 6.70 13.50 6 central natural no summer yes Alnus glutinosa
150 307 brushwood N/S, alternating bundle yes no 14.30 15.00 8 central natural yes winter no Alnus glutinosa
150 308 brushwood N/S, alternating bundle yes no 23.30 23.00 5 central natural no winter no Alnus glutinosa
150 309 brushwood N/S, alternating bundle yes no 11.90 9.50 3 central natural no summer yes Alnus glutinosa
150 311 brushwood N/S, alternating bundle yes no 10.40 11.50 6 central natural yes summer no Alnus glutinosa
150 313 brushwood N/S, alternating bundle yes no 15.30 18.50 5 central natural no summer no Alnus glutinosa
150 314 brushwood N/S, alternating bundle yes forked 64.00 27.50 11 central natural no winter no Alnus glutinosa
150 315 brushwood N/S, alternating bundle yes no 9.20 9.00 5 central natural no winter yes Alnus glutinosa
150 316 brushwood N/S, alternating bundle yes no 11.70 18.50 12 central natural yes winter no Alnus glutinosa
150 317 brushwood N/S, alternating bundle yes no 11.20 16.00 9 central natural yes no data no Alnus glutinosa
150 318 brushwood N/S, alternating bundle yes no 14.00 19.00 5 central natural no no data no Alnus glutinosa
150 319 brushwood N/S, alternating bundle yes no 14.20 19.50 6 central natural yes winter no Alnus glutinosa
150 310 brushwood N/S, alternating bundle yes no 10.20 14.50 0 central unknown unknown no data unknown Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes degraded 5.30 27.50 0 unknown unknown unknown no data unknown Unidentified
153 385 brushwood NE/SW north of (150) yes degraded 7.70 19.50 0 unknown unknown unknown no data unknown Unidentified
153 385 brushwood NE/SW north of (150) yes degraded 9.00 30.00 0 unknown unknown unknown no data unknown Unidentified
153 385 brushwood NE/SW north of (150) yes degraded 6.30 23.00 0 unknown unknown unknown no data unknown Unidentified
153 385 brushwood NE/SW north of (150) yes degraded 9.60 18.00 0 unknown unknown unknown no data unknown Unidentified
153 385 brushwood NE/SW north of (150) yes yes 36.30 27.50 4 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 39.50 20.50 3 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes no 21.10 19.00 8 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 26.30 19.50 3 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 21.60 11.00 7 central natural no summer no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 2.50 23.50 25 central natural yes no data no Fraxinus excelsior
153 385 brushwood NE/SW north of (150) yes no 18.50 14.00 6 central natural yes winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 6.40 17.00 5 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 5.90 10.50 7 central natural no winter natural Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes no 17.30 18.00 5 central natural no winter no Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes no 7.20 24.50 0 central unknown unknown no data unknown Alnus glutinosa
153 385 brushwood NE/SW north of (150) yes yes 29.50 15.00 10 central natural no summer no Alnus glutinosa
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153 385 brushwood NE/SW north of (150) yes yes 8.80 11.50 6 central natural no summer no Alnus glutinosa
158 288 disturbed brushwood above (138) yes no 30.00 12.50 3 off-centre natural no winter no Alnus glutinosa
158 288 disturbed brushwood above (138) yes no 14.70 12.50 9 central natural no winter no Alnus glutinosa
158 288 disturbed brushwood above (138) yes no 7.70 22.50 0 central unknown unknown no data unknown Alnus glutinosa
158 228 disturbed brushwood above (138) yes no 10.20 22.00 4 central natural no no data no Alnus glutinosa
158 228 disturbed brushwood above (138) yes no 13.20 11.50 4 central natural no winter no Alnus glutinosa
158 228 disturbed brushwood above (138) yes no 9.60 13.00 4 central natural no winter no Alnus glutinosa
172 263 timbers beneath (106), over (138) yes trimmed 69.30 28.50 12 central natural no summer no Alnus glutinosa
172 264 timbers beneath (106), over (138) yes no 41.00 37.50 10 central natural yes winter no Alnus glutinosa
219 393 damage or repair on SE side of (4) yes yes 16.00 17.50 11 central natural no winter natural Alnus glutinosa
219 387 damage or repair on SE side of (4) yes no 18.70 21.00 3 central natural no winter no Alnus glutinosa
219 388 damage or repair on SE side of (4) yes no 11.20 12.50 4 off-centre enlarged no winter no Alnus glutinosa
219 391 damage or repair on SE side of (4) yes no 11.70 16.50 4 central natural no winter no Alnus glutinosa
219 404 damage or repair on SE side of (4) yes no 12.90 18.50 7 off-centre natural yes summer no Alnus glutinosa
219 386 damage or repair on SE side of (4) yes no 5.90 36.50 0 unknown unknown unknown no data unknown Unidentified
219 390 damage or repair on SE side of (4) no no 40.40 17.00 0 central unknown unknown no data unknown Alnus glutinosa
219 392 damage or repair on SE side of (4) no no 15.50 16.50 0 off-centre unknown unknown no data unknown Alnus glutinosa
220 420 brushwood of (4), NW side yes no 17.10 25.50 4 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 9.30 18.50 9 off-centre natural yes winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 8.00 16.00 11 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 7.60 13.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 6.50 13.00 8 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 9.80 10.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes yes 6.20 16.00 8 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 8.50 19.50 7 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4), NW side yes no 7.60 11.00 5 central natural no summer yes Alnus glutinosa
220 420 brushwood of (4), NW side yes no 12.90 23.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes yes 12.80 13.50 2 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 9.50 11.50 1 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes forked 9.10 10.50 5 central enlarged no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 9.20 17.50 4 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes yes 7.50 12.00 10 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4), NW side yes no 8.00 18.00 10 central natural no winter natural Alnus glutinosa
220 420 brushwood of (4), NW side yes no 10.00 12.50 3 central natural no summer no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 9.80 19.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4), NW side yes no 10.30 15.50 7 central natural no winter yes Alnus glutinosa
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220 420 brushwood of (4) NW side yes no 6.50 11.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 14.30 16.50 7 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4) NW side yes no 12.50 13.00 10 central natural no winter natural Alnus glutinosa
220 420 brushwood of (4) NW side yes no 10.10 23.00 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 10.60 17.00 8 central natural no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes yes 7.70 15.50 2 central enlarged no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 12.70 19.50 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 14.60 15.00 9 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4) NW side yes no 12.80 16.00 ■8 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4) NW side yes yes 13.50 18.50 4 central natural no summer no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 8.70 15.00 10 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4) NW side yes no 8.30 13.50 3 central natural no winter no Alnus glutinosa
220 420 brushwood of (4) NW side no trimmed 8.80 8.00 0 central natural no no data no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 13.30 17.00 4 central natural no summer no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 9.20 18.00 2 central enlarged no winter no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 9.10 13.50 8 central natural no winter natural Alnus glutinosa
220 420 brushwood of (4) NW side yes no 11.20 16.00 7 central natural no summer no Alnus glutinosa
220 420 brushwood of (4) NW side yes no 11.50 15.00 12 central natural no winter yes Alnus glutinosa
220 420 brushwood of (4) NW side yes no 7.60 10.00 0 off-centre unknown unknown winter unknown Alnus glutinosa
220 420 brushwood of (4) NW side yes no 9.40 11.50 0 central unknown unknown no data unknown Alnus glutinosa
220 420 brushwood of (4) NW side yes no 11.00 16.50 0 central unknown unknown no data unknown Alnus glutinosa
220 420 brushwood of (4) NW side yes yes 9.20 .00 0 unknown unknown unknown no data unknown Alnus glutinosa
220 339 brushwood of (4) NW side yes no 13.20 16.50 4 central natural no winter no Alnus glutinosa
220 394 brushwood of (4) NW side yes no 10.30 30.50 4 central enlarged no winter no Alnus glutinosa
220 396 brushwood of (4) NW side yes no 14.20 17.50 4 central natural no winter no Alnus glutinosa
220 397 brushwood of (4) NW side yes no 11.80 16.50 9 central natural no no data no Betula sp.
220 400 brushwood of (4) NW side yes no 11.80 14.00 10 off-centre natural yes winter no Alnus glutinosa
220 401 brushwood of (4) NW side yes no 12.30 13.50 3 central natural no winter no Alnus glutinosa
220 395 brushwood of (4) NW side no no 8.70 22.50 0 central unknown unknown no data unknown Alnus glutinosa
220 398 brushwood of (4) NW side no no 4.30 3.70 0 unknown unknown unknown no data unknown Alnus glutinosa
220 402 brushwood of (4) NW side yes no 7.70 5.00 0 unknown unknown unknown no data unknown Unidentified
220 468 brushwood of (4) NW side yes no 16.70 24.00 7 central natural no winter yes Alnus glutinosa
220 468 brushwood of (4) NW side yes no 14.00 23.00 3 central natural no winter no Alnus glutinosa
220 468 brushwood of (4) NW side yes no 20.00 22.00 10 central natural no winter no Alnus glutinosa
220 468 brushwood of (4) NW side yes no 14.70 21.50 3 central natural no winter natural Alnus glutinosa
220 ^ 6 8 brushwood of (4) NW side yes no 9.50 19.00 7 central natural no summer no Alnus glutinosa
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221 73 brash in (220) yes no 7.50 17.50 5 central natural no winter yes Alnus glutinosa
222 405 main brushwood of 4) yes no 12.20 15.50 4 central natural no winter no Alnus glutinosa
222 405 main brushwood of 4) yes no 5.80 13.50 4 central natural no winter no Alnus glutinosa
222 405 main brushwood of 4) yes no 9.10 12.50 6 central natural no summer yes Alnus glutinosa
222 405 main brushwood of 4) yes no 12.40 15.50 7 central natural no winter yes Alnus glutinosa
222 405 main brushwood of 4) yes no 10.30 10.00 8 central natural yes winter no Alnus glutinosa
222 406 main brushwood of 4) yes yes 10.90 14.50 6 central natural no winter no Alnus glutinosa
222 406 main brushwood of 4) no no 9.70 22.00 10 central natural no winter no Alnus glutinosa
222 407 main brushwood of 4) yes no 22.80 22.50 4 central natural no summer no Alnus glutinosa
222 411 main brushwood of 4) yes yes 7.80 16.00 4 central natural no summer no Alnus glutinosa
222 423 main brushwood of 4) yes no 16.70 17.00 3 central natural no summer no Alnus glutinosa
222 423 main brushwood of 4) no no 11.50 18.00 6 central natural no no data yes Alnus glutinosa
222 423 main brushwood of 4) yes no 14.00 16.50 4 off-centre natural no winter no Alnus glutinosa
222 423 main brushwood of 4) yes no 10.00 17.50 9 central natural no winter no Alnus glutinosa
222 423 main brushwood of 4) yes no 14.20 18.50 3 off-centre natural no winter no Alnus glutinosa
222 423 main brushwood of 4) yes no 14.50 12.50 9 central natural no winter no Alnus glutinosa
222 480 main brushwood of 4) yes no 9.70 34.00 6 central natural no winter no Alnus glutinosa
222 480 main brushwood of 4) yes no 11.30 36.50 10 central natural no winter yes Alnus glutinosa
222 480 main brushwood of 4) yes no 10.90 23.00 10 central natural no summer no Alnus glutinosa
222 480 main brushwood of 4) yes no 11.80 22.50 18 central natural no winter no Alnus glutinosa
222 480 main brushwood of 4) yes no 11.50 24.50 12 central natural no winter yes Alnus glutinosa
222 480 main brushwood of 4) yes no 8.10 19.50 9 off-centre natural no winter no Alnus glutinosa
222 480 main brushwood of 4) yes no 4.70 18.50 7 central natural no winter yes Alnus glutinosa
222 480 main brushwood of 4) yes no 8.20 18.50 5 central natural no summer no Alnus glutinosa
222 408 main brushwood of 4) yes no 9.30 14.50 0 off-centre unknown unknown no data unknown Alnus glutinosa
222 469 main brushwood of 4) yes no 17.00 24.50 7 central natural no winter no Alnus glutinosa
222 469 main brushwood of 4) yes no 14.80 24.00 18 central natural yes summer no Alnus glutinosa
222 469 main brushwood of 4) yes no 16.70 23.50 6 central natural no winter no Alnus glutinosa
222 469 main brushwood of 4) yes no 9.80 12.50 2 central natural no winter no Alnus glutinosa
222 469 main brushwood of 4) yes no 10.70 14.50 12 central natural no summer no Alnus glutinosa
222 469 main brushwood of 4) yes no 13.20 14.00 2 central natural no winter no Alnus glutinosa
222 469 main brushwood of 4) no no 8.60 17.50 10 central natural yes no data no Alnus glutinosa
224 413 damage or repair on SB of (4) yes no 30.80 26.50 4 central natural no winter no Alnus glutinosa
224 414 damage or repair on SB of (4) yes no 29.50 22.00 10 central natural no summer yes Alnus glutinosa
224 415 damage or repair on SB of (4) yes no 11.90 14.00 4 off-centre natural no winter no Alnus glutinosa
224 417 damage or repair on SB of (4) yes no 6.50 15.50 3 central natural no winter no Alnus glutinosa
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APPENDIX II:

Context Sample Description Bark Branching Length
(cm)

Diam.
(mm)

Age
(yr)

Pith 1®* ring D.width Felled Suppres. Species

224 418 damage or repa r SE of 4) yes no 19.70 21.50 7 off-centre natural no summer yes Alnus glutinosa
224 419 damage or repa r SE of 4) yes no 28.80 29.50 4 central natural no winter no Alnus glutinosa
225 455 damage or repa r SE of 4) yes no 8.80 11.50 3 central natural no winter no Alnus glutinosa
225 466 damage or repa r SE of 4) yes no 7.00 14.50 8 central natural no summer yes Alnus glutinosa
225 467 damage or repa r SE of 4) yes yes 7.70 18.50 3 central natural no winter no Alnus glutinosa
225 467 damage or repa r SE of 4) yes yes 9.50 10.50 6 off-centre natural no winter no Alnus glutinosa
225 467 damage or repa rSE of 4) yes yes 12.60 10.50 11 off-centre natural no winter no Alnus glutinosa
225 467 damage or repa r SE of 4) yes no 8.70 31.50 6 central natural no summer no Alnus glutinosa
225 467 damage or repa r SE of 4) yes no 14.50 18.00 5 central natural no summer no Alnus glutinosa
225 467 damage or repa rSE of 4) yes no 11.20 19.50 5 central natural no summer no Alnus glutinosa
225 467 damage or repa r SE of 4) yes yes 10.90 13.50 9 central natural no winter no Alnus glutinosa
225 467 damage or repa r SE of 4) yes no 8.60 13.50 3 central natural no winter no Alnus glutinosa
225 467 damage or repa rSE of 4) yes no 20.00 27.00 4 central natural no winter no Alnus glutinosa
225 467 damage or repa rSE of 4) yes no 8.10 22.50 5 off-centre natural no winter no Alnus glutinosa
225 467 damage or repa r SE of 4) yes no 26.30 16.50 7 central natural no winter no Alnus glutinosa
225 467 damage or repa rSE of 4) yes no 14.40 28.00 4 central natural no winter no Alnus glutinosa
225 467 damage or repa r SE of 4) no no 9.50 12.00 0 unknown unknown unknown no data unknown Alnus glutinosa
225 470 damage or repa r SE of 4) yes no 25.60 37.00 12 central natural no summer yes Alnus glutinosa
225 470 damage or repa rSE of 4) yes no 11.60 18.00 6 central natural no summer no Alnus glutinosa
225 470 damage or repa r SE of 4) no no 21.90 23.00 3 central natural no no data no Alnus glutinosa
225 470 damage or repa r SE of 4) yes yes 15.00 16.50 7 central natural no summer no Alnus glutinosa
225 470 damage or repa r SE of 4) yes no 22.00 14.50 4 central natural no winter no Alnus glutinosa
225 470 damage or repa r SE of 4) yes no 13.00 18.00 16 central natural no summer natural Alnus glutinosa
225 470 damage or repa rSE of 4) yes no 15.00 26.50 4 off-centre natural no winter yes Alnus glutinosa
225 470 damage or repa r SE of 4) yes no 13.50 18.00 5 off-centre natural no winter yes Alnus glutinosa
225 470 damage or repa r SE of 4) yes no 14.00 20.50 12 central natural no summer no Alnus glutinosa
225 470 damage or repa rSE of 4) yes no 19.50 15.00 5 central natural no winter no Alnus glutinosa
228 425 NE/SW substructure (?) under (4) yes no 14.50 20.50 10 central natural yes winter no Alnus glutinosa
228 426 NE/SW substructure (?) under (4) yes no 11.30 16.50 9 off-centre natural yes summer no Alnus glutinosa
228 427 NE/SW substructure (?) under (4) yes no 12.70 18.50 3 central natural no summer no Alnus glutinosa
228 428 NE/SW substructure (?) under (4) yes no 21.70 20.00 4 central natural no winter no Alnus glutinosa
228 430 NE/SW substructure (?) under (4) yes no 7.20 14.50 3 central natural no winter no Alnus glutinosa
228 431 NE/SW substructure (?) under (4) yes no 17.00 24.00 9 off-centre natural no winter yes Alnus glutinosa
228 432 NE/SW substructure (?) under (4) yes yes 13.00 17.00 7 central natural no winter yes Alnus glutinosa
228 433 NE/SW substructure (?) under (4) yes no 21.00 21.50 3 central natural no winter no Alnus glutinosa
228 435 NE/SW substructure (?) under (4) yes no 8.30 17.00 4 central natural no winter no Alnus glutinosa
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APPENDIX II;
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Diam.
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Pith 1®* ring D.width Felled Suppres. Species

228 436 NE/SW substructure (? under 4) yes no 12.00 11.50 3 central natural no winter no Alnus glutinosa
228 437 NE/SW substructure (? under 4) yes no 3.40 18.00 4 central natural no winter no Alnus glutinosa
228 440 NE/SW substructure (? under 4) yes no 15.30 21.50 8 off-centre natural no winter yes Alnus glutinosa
228 451 NE/SW substructure (? under 4) yes no 10.20 15.50 4 off-centre natural no winter no Alnus glutinosa
228 452 NE/SW substructure (? under 4) yes no 9.70 17.00 2 central enlarged no winter no Alnus glutinosa
228 453 NE/SW substructure (? under 4) yes no 10.80 14.50 9 central natural no winter yes Alnus glutinosa
228 454 NE/SW substructure (? under 4) yes no 7.70 20.50 6 off-centre natural no summer no Alnus glutinosa
228 456 NE/SW substructure (? under 4) yes no 16.00 22.50 6 central natural no winter yes Alnus glutinosa
228 458 NE/SW substructure (? under 4) yes yes 7.70 12.50 6 central natural no winter no Alnus glutinosa
228 461 NE/SW substructure (? under 4) yes no 8.20 18.50 5 central natural no winter no Alnus glutinosa
228 462 NE/SW substructure (? under 4) yes yes 11.10 16.00 3 central natural no winter no Alnus glutinosa
228 463 NE/SW substructure (? under 4) yes yes 19.70 37.00 8 central natural no winter yes Alnus glutinosa
228 438 NE/SW substructure (? under 4) yes yes 7.70 27.00 0 unknown unknown unknown no data unknown Alnus glutinosa
228 450 NE/SW substructure (? under 4) no no 12.00 16.00 0 unknown unknown unknown no data unknown Alnus glutinosa
228 457 NE/SW substructure (? under 4) yes no 8.00 13.00 0 central unknown unknown no data unknown Alnus glutinosa
228 464 NE/SW substructure (? under 4) yes no 11.00 22.50 4 central natural no winter no Alnus glutinosa
228 464 NE/SW substructure (? under 4) no no 18.40 22.00 0 central natural no no data no Alnus glutinosa
228 464 NE/SW substructure (? under 4) yes no 12.60 16.00 9 central natural no summer natural Alnus glutinosa
228 NE/SW substructure (? under 4) no no 16.70 21.00 0 central unknown unknown no data unknown Alnus glutinosa
232 476 N-S feature with stakes yes no 12.50 17.00 4 central natural no summer no Alnus glutinosa
232 472 N-S feature with stakes yes no 20.30 19.50 5 off-centre natural no winter no Alnus glutinosa
232 473 N-S feature with stakes yes no 18.00 16.50 4 central natural no summer yes Alnus glutinosa
232 474 N-S feature with stakes yes no 13.80 17.00 3 central natural no no data no Alnus glutinosa
232 475 N-S feature with stakes yes no 17.80 15.50 9 central natural no winter no Alnus glutinosa
232 478 N-S feature with stakes yes no 15.30 18.00 16 central natural yes summer no Alnus glutinosa
235 488 stake of (232) yes no 11.00 28.00 5 central natural no winter no Alnus glutinosa
237 493 stake of (232) yes no 19.80 36.00 0 unknown unknown unknown no data unknown Alnus glutinosa
238 483 stake of (232) yes trimmed 17.00 34.00 3 central natural no winter no Alnus glutinosa
239 489 stake of (232) yes yes 16.30 39.50 4 central natural no winter no Alnus glutinosa
239 494 stake of (232) yes no 19.50 42.50 4 central natural no winter no Alnus glutinosa
240 487 stake of (232) yes trimmed 18.10 32.00 4 central natural no winter no Alnus glutinosa
241 486 cradle stake of (4) yes trimmed 16.80 19.00 8 central natural no winter yes Alnus glutinosa
242 484 stake of (232) yes trimmed 23.20 24.00 5 central natural no winter no Alnus glutinosa
246 482 stake of (232) yes trimmed 22.30 28.00 3 central natural no winter no Alnus glutinosa
247 485 stake of (232) yes yes 8.30 .00 0 unknown unknown unknown no data unknown Alnus glutinosa
249 600 cradle stake of (4) yes no 10.60 32.50 9 central natural no winter no Alnus glutinosa

6 0 5
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Context Sample Description Bark Branching Length
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Diam.
(mm)

Age
(yr)

Pith 1®‘ ring D.width Felled Suppres. Species

250 616 cradle stake of (4) yes no 17.00 37.00 10 central natural no winter no Alnus glutinosa
253 615 cradle stake of (4) yes no 27.70 23.00 7 central natural no winter no Alnus glutinosa
256 490 cradle stake of (4) yes no 69.50 33.50 7 central natural no winter no Alnus glutinosa
257 495 cradle stake of (4) yes no 57.00 28.00 8 central natural no winter natural Alnus glutinosa
267 494 cradle stake of (4) yes no 41.50 28.00 8 central natural no summer yes Alnus glutinosa
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APPENDIX III; TOOLMARK R E SU L T S FROM BECKTON NURSERY.

Context Sample Toolmark Type
Number

of
Facets

Facet
Length
(mm)

Facet
Width
(mm)

Facet
shape

Angle 
of 

Cut (0°)
4 471 yes chisel 1 53.70 29.50 flat 19
4 471 yes chisel 1 55.60 23.20 flat 14
4 471 yes chisel 1 0.00 0.00 no data 0
11 409 unknown degraded 0 0.00 0.00 no data 0
33 2 yes none 1 0.00 0.00 flat 0
34 72 yes chisel 1 50.00 18.00 flat 24
36 33 yes degraded 0 0.00 0.00 no data 0
50 10 yes chisel 1 50.00 33.40 flat 33
50 12 yes chisel 1 28.30 7.90 flat 26
50 13 yes chisel 4 57.20 19.10 si. dished 18
50 14 no none 0 0.00 0.00 no facet 0
50 17 yes chisel 1 40.00 21.20 flat 34
50 18 yes chisel 1 52.00 16.00 flat 19
50 22 yes chisel 1 52.70 15.50 flat 27
50 23 yes chisel 1 56.30 17.80 jagged 13
50 24 yes wedge 2 56.00 18.00 flat 23
50 25 yes chisel 4 55.40 30.00 flat 40
50 19 no none 0 0.00 0.00 no facet 0
50 20 no none 0 0.00 0.00 no facet 0
50 27 unknown degraded 0 0.00 0.00 no data 0
65 yes chisel 1 57.00 28.00 flat 29
65 yes chisel 1 69.30 29.50 flat 42
65 yes chisel 1 94.80 33.00 si. dished 21
65 yes chisel 1 44.90 13.80 flat 24
65 yes chisel 1 48.00 24.40 flat 18
65 287 no none 0 0.00 0.00 no facet 0
65 yes chisel 1 44.70 31.00 si. dished 0
68 47 yes none 0 0.00 0.00 no facet 0
68 208 yes none 0 0.00 0.00 no facet 0
68 205 yes none 0 0.00 0.00 no facet 0
68 7 yes none 0 0.00 0.00 no facet 0
68 15 yes none 0 0.00 0.00 no facet 0
68 30 yes none 0 0.00 0.00 no facet 0
68 31 yes none 0 0.00 0.00 no facet 0
68 46 yes none 0 0.00 0.00 no facet 0
68 48 yes none 0 0.00 0.00 no facet 0
68 49 yes none 0 0.00 0.00 no facet 0
68 50 yes none 0 0.00 0.00 no facet 0
68 57 yes none 0 0.00 0.00 no facet 0
68 58 yes none 0 0.00 0.00 no facet 0
68 59 yes none 0 0.00 0.00 no facet 0
68 85 yes none 0 0.00 0.00 no facet 0
68 86 yes none 0 0.00 0.00 no facet 0
68 90 yes none 0 0.00 0.00 no facet 0
68 206 yes none 0 0.00 0.00 no facet 0
68 207 yes none 0 0.00 0.00 no facet 0
68 220 yes none 0 0.00 0.00 no facet 0
68 227 yes none 0 0.00 0.00 no facet 0
68 229 yes none 0 0.00 0.00 no facet 0
68 230 yes none 0 0.00 0.00 no facet 0
68 231 yes none 0 0.00 0.00 no facet 0
69 69 yes chisel 1 70.00 45.00 flat 46
73 9 yes chisel 1 48.70 29.10 flat 36
73 16 yes chisel 1 30.50 20.90 flat 38
73 29 yes chisel 1 23.50 9.40 si. dished 21
73 43 yes chisel 1 58.70 26.20 si. dished 40
73 44 yes chisel 2 26.30 16.00 flat 26
73 45 yes chisel 1 40.60 22.30 flat 21
73 55 yes chisel 2 0.00 6.10 flat 0
73 73 yes chisel 1 46.20 16.00 flat 16
73 68 yes chisel 1 32.00 14.00 flat 31
73 222 yes chisel 1 56.50 20.10 flat 24
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73 228 yes chisel 1 27.00 10.00 flat 15
73 243 yes chisel 1 24.00 20.00 si. dished 36
73 262 yes chisel 1 73.90 0.00 no data 15
73 303 yes chisel 1 49.90 13.00 flat 22
73 54 no none 0 0.00 0.00 no facet 0
73 302 unknown degraded 0 0.00 0.00 no data 0
89 272 unknown degraded 0 0.00 0.00 flat 0
89 273 yes chisel 1 0.00 0.00 no data 0
89 274 yes chisel 1 0.00 0.00 no data 0
89 279 yes chisel 1 26.00 8.50 flat 21
89 275 unknown degraded 0 0.00 0.00 no data 0
89 280 unknown degraded 0 0.00 0.00 no data 0
89 281 unknown degraded 0 0.00 0.00 no data 0
90 623 yes chisel 1 28.20 42.60 si. dished 28
90 623 yes chisel 1 40.50 30.80 flat 26
90 623 yes chisel 2 58.20 18.90 si. dished 14
90 623 yes chisel 1 62.40 13.80 si. dished 20
90 623 yes chisel 1 69.30 31.80 si. dished 17
90 623 yes chisel 1 53.90 17.80 flat 23
90 623 yes chisel 1 46.20 25.20 si. dished 14
90 623 yes chisel 1 56.10 26.00 flat 15
90 623 yes chisel 1 0.00 12.70 flat 0
90 623 yes chisel 1 0.00 0.00 no data 0
91 622 yes chisel 1 64.00 18.00 flat 0
91 622 yes chisel 1 0.00 0.00 no data 0
98 75 no none 0 0.00 0.00 no facet 0
98 75 no none 0 0.00 0.00 no facet 0
98 75 no none 0 0.00 0.00 no facet 0
98 75 no none 0 0.00 0.00 no facet 0
98 76 yes chisel 1 68.00 25.50 flat 17
99 213 no none 0 0.00 0.00 no facet 0
101 202 yes chisel 1 48.40 20.00 flat 37
105 269 no none 0 0.00 0.00 no facet 0
105 269 no none 0 0.00 0.00 no facet 0
105 269 no none 0 0.00 0.00 no facet 0
105 269 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 yes chisel 1 86.50 20.00 si. dished 21
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 unknown degraded 0 0.00 0.00 no data 0
105 268 unknown degraded 0 0.00 0.00 no data 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 yes chisel 1 34.40 18.90 flat 27
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 yes chisel 1 26.70 15.40 flat 37
105 268 no none 0 0.00 0.00 no facet 0
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105 268 no none 0 0.00 0.00 no facet 0
105 268 yes chisel 1 22.00 9.20 flat 15
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 yes chisel 1 0.00 0.00 no data 21
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 268 no none 0 0.00 0.00 no facet 0
105 270 yes chisel 1 0.00 6.70 si. dished 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 yes chisel 1 0.00 0.00 no data 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 yes chisel 2 74.20 12.50 flat 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 yes chisel 1 46.30 22.80 flat 24
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 yes chisel (deg) 1 0.00 0.00 no data 0
105 270 yes chisel 1 45.00 13.50 no data 17
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 yes chisel 1 0.00 16.00 si. dished 36
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
105 270 no none 0 0.00 0.00 no facet 0
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105 268 no none 0 .00 .00 no facet 0
105 268 no none 0 .00 .00 no facet 0
105 268 no none 0 .00 .00 no facet 0
105 268 no none 0 .00 .00 no facet 0
105 268 no none 0 .00 .00 no facet 0
105 268 no none 0 .00 .00 no facet 0
105 270 no none 0 .00 .00 no facet 0
105 270 no none 0 .00 .00 no facet 0
105 270 yes chisel 1 26.90 6.00 dished 19
105 268 no none 0 .00 .00 no facet 0
106 96 yes chisel 1 63.70 31.50 flat 16
106 203 yes chisel 1 55.00 27.00 flat 24
106 238 yes chisel 1 34.00 26.00 flat 24
106 241 no none 0 .00 .00 no facet 0
106 239 no none 0 .00 .00 no facet 0
109 267 no none 0 .00 .00 no facet 0
109 267 yes chisel 1 .00 17.90 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
109 267 yes woodchip 0 .00 .00 flat 0
112 200 yes wedge 2 55.80 46.50 flat 28
113 82 unknown degraded 0 .00 .00 no data 0
113 83 yes chisel 1 32.60 11.20 flat 25
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 yes chisel 1 .00 .00 no data 16
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
114 88 no none 0 .00 .00 no facet 0
115 89 no none 0 .00 .00 no facet 0
115 89 no none 0 .00 .00 no facet 0
115 89 no none 0 .00 .00 no facet 0
115 89 no none 0 80.00 19.00 rough 0
115 89 yes chisel 1 .00 16.00 flat 29
115 89 no none 0 .00 .00 no facet 0
115 89 no none 0 .00 .00 no facet 0
116 91 no none 0 .00 .00 no facet 0
118 98 no none 0 .00 .00 no facet 0
118 98 no none 0 .00 .00 no facet 0
120 204 no none 0 .00 .00 no facet 0
120 204 no none 0 .00 .00 no facet 0
120 204 no none 0 .00 .00 no facet 0
120 204 no none 0 .00 .00 no facet 0
120 204 yes chisel 1 44.20 14.90 si. dished 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
123 210 no none 0 .00 .00 no facet 0
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123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 210 no none 0 0.00 0.00 no facet 0
123 209 yes chisel 1 71.60 27.40 flat 18
125 212 yes chisel 1 49.10 18.50 si. dished 27
125 212 yes chisel 1 50.30 16.90 si. dished 28
125 212 yes chisel 1 39.70 17.00 flat 19
125 212 yes chisel 1 0.00 0.00 no data 0
125 212 yes chisel 1 39.40 14.50 flat 32
125 212 yes chisel 1 0.00 0.00 no data 0
125 212 no none 0 0.00 0.00 no facet 0
125 212 no none 0 0.00 0.00 no facet 0
136 215 yes chisel 1 63.20 24.00 flat 14
136 216 yes chisel 1 35.50 16.30 flat 20
136 217 yes chisel 1 38.20 20.00 flat 38
136 219 yes chisel 1 49.00 12.00 flat 0
136 248 yes chisel 1 87.80 14.80 flat 17
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 224 no none 0 0.00 0.00 no facet 0
137 225 yes chisel 1 50.70 19.80 flat 25
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 373 no none 0 0.00 0.00 no facet 0
138 323 yes chisel 1 36.50 15.20 flat 23
138 324 yes chisel 1 0.00 0.00 no data 16
138 325 yes chisel 1 0.00 0.00 no data 30
138 326 yes chisel 1 36.40 12.00 flat 27
138 327 yes chisel 1 0.00 0.00 no data 0
138 328 yes chisel 1 28.90 6.10 flat 25
138 329 yes chisel 1 16.40 8.80 flat 34
138 330 yes chisel 1 0.00 0.00 no data 0
138 331 yes chisel 1 26.80 19.50 flat 26
138 332 yes chisel 1 0.00 0.00 no data 0
138 333 yes chisel 1 68.00 23.00 si. dished 16
138 334 yes chisel 1 26.80 8.80 flat 36
138 335 yes chisel 1 18.50 9.20 flat 26
138 336 yes chisel 1 31.20 13.80 flat 19
138 337 yes chisel 1 36.00 17.10 flat 20
138 338 unknown degraded 0 0.00 0.00 no data 0
138 339 unknown degraded 0 0.00 0.00 no data 0
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138 340 yes chisel 2 21.10 12.90 flat 24
138 341 yes chisel 1 25.00 6.60 flat 28
138 342 yes chisel 1 0.00 0.00 no data 0
138 343 yes chisel 1 0.00 9.00 flat 0
138 344 yes chisel 1 62.30 7.80 flat 16
138 345 yes chisel 1 0.00 0.00 no data 0
138 346 yes chisel 1 0.00 0.00 no data 20
138 347 yes chisel 1 36.90 11.80 flat 15
138 348 yes chisel 1 43.80 16.00 flat 21
138 349 yes chisel 1 0.00 0.00 no data 34
138 350 yes chisel 1 60.00 14.60 flat 19
138 351 yes chisel 1 0.00 0.00 no data 0
138 352 yes chisel (deg) 1 0.00 0.00 no data 0
138 353 yes chisel 1 24.00 8.40 flat 20
138 354 yes chisel (deg) 1 0.00 0.00 no data 0
138 355 yes chisel 1 0.00 0.00 no data 15
138 356 yes chisel 1 38.20 14.00 flat 21
138 357 yes chisel 1 0.00 0.00 no data 0
138 371 yes chisel (deg) 1 0.00 0.00 no data 0
138 325 yes chisel 1 0.00 0.00 no data 30
138 322 no none 0.00 0.00 no facet 0
138 358 yes chisel (deg) 1 0.00 0.00 no data 0
138 359 unknown degraded 0.00 0.00 no data 0
138 369 yes chisel 1 24.90 7.60 flat 37
138 369 yes chisel 1 25.00 5.00 si. dished 16
138 369 yes chisel 1 0.00 0.00 flat 0
138 369 yes chisel 1 0.00 0.00 no data 0
138 369 yes chisel 1 0.00 0.00 no data 0
138 369 yes chisel 1 0.00 0.00 no data 0
138 369 yes chisel 1 0.00 0.00 flat 27
138 369 yes chisel 1 52.00 12.00 flat 15
138 369 yes chisel 1 24.50 13.60 flat 20
138 369 unknown degraded 0.00 0.00 no data 0
138 369 unknown degraded 0.00 0.00 no data 0
138 369 yes chisel 1 46.90 20.40 flat 16
138 369 yes chisel 1 0.00 0.00 no data 24
138 370 yes chisel (deg) 1 0.00 0.00 no data 0
138 370 yes chisel (deg) 1 0.00 0.00 no data 0
138 370 yes chisel (deg) 1 0.00 0.00 no data 0
138 370 yes chisel (deg) 1 0.00 0.00 no data 0
138 374 yes chisel 1 60.80 21.90 flat 18
138 374 yes chisel 1 0.00 0.00 flat 23
138 374 yes chisel 1 0.00 0.00 no data 16
138 374 yes chisel 1 0.00 0.00 no data 19
138 374 yes chisel 1 33.60 7.90 flat 15
138 374 yes chisel 1 85.60 11.80 flat 17
138 374 yes chisel 1 43.30 10.60 flat 21
138 374 yes chisel (deg) 1 0.00 0.00 no data 0
138 yes wedge 0.00 54.30 flat 24
140 251 no none 0.00 0.00 no facet 0
140 252 yes chisel (deg) 1 0.00 0.00 no data 0
140 253 yes chisel (deg) 1 0.00 0.00 no data 0
140 237 yes woodchip 0 0.00 0.00 flat 0
140 237 yes woodchip 0 0.00 0.00 flat 0
141 246 yes pencil (deg) 0 0.00 0.00 no data 0
143 278 no none 0 0.00 0.00 no facet 0
143 278 no none 0 0.00 0.00 no facet 0
143 278 no none 0 0.00 0.00 no facet 0
143 278 no none 0 0.00 0.00 no facet 0
143 278 no none 0 0.00 0.00 no facet 0
143 276 yes chisel (deg) 1 0.00 0.00 no data 0
145 259 no none 0 0.00 0.00 no facet 0
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145 260 yes chisel 1 54.80 35.80 dished 41
150 249 yes chisel 1 82.00 15.00 flat 16
150 380 no none 0 0.00 0.00 no facet 0
150 380 no none 0 0.00 0.00 no facet 0
150 380 no none 0 0.00 0.00 no facet 0
150 290 yes pencil (deg) 0 0.00 0.00 no data 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 379 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 381 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 no none 0 0.00 0.00 no facet 0
150 378 unknown degraded 0 0.00 0.00 no data 0
150 378 no none 0 0.00 0.00 no facet 0
150 265 yes chisel 1 70.00 27.00 flat 18
150 291 yes chisel 1 0.00 0.00 flat 16
150 292 yes chisel 1 72.50 26.10 si. dished 28
150 293 yes chisel 1 18.00 7.80 flat 18
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150 294 yes chisel 1 44.50 23.00 flat 15
150 295 yes chisel 1 105.00 25.60 si. dished 18
150 297 yes chisel 1 48.70 7.00 flat 17
150 298 yes chisel 1 35.50 17.10 flat 17
150 306 yes chisel 1 22.30 10.70 si. dished 36
150 307 yes chisel 1 47.10 17.00 si. dished 24
150 308 yes chisel 1 79.50 22.90 flat 14
150 309 yes chisel 39.00 7.00 si. dished 14
150 311 yes chisel 1 36.20 13.30 si. dished 17
150 313 yes chisel 1 81.00 23.70 si. dished 17
150 314 yes chisel 1 0.00 29.00 flat 24
150 315 yes chisel 1 27.30 10.70 flat 18
150 316 yes chisel 1 0.00 29.20 flat 22
150 317 yes chisel 1 0.00 0.00 no data 17
150 318 yes chisel 77.00 12.20 flat 20
150 319 yes chisel 1 49.80 23.60 flat 21
150 310 yes chisel 1 0.00 0.00 no data 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
153 385 no none 0 0.00 0.00 no facet 0
158 288 yes chisel 1 0.00 0.00 no data 0
158 288 yes chisel 1 31.30 15.00 flat 22
158 288 yes chisel 1 0.00 0.00 no data 0
158 228 unknown degraded 0 0.00 0.00 no data 0
158 228 yes chisel 1 0.00 0.00 no data 27
158 228 yes degraded 0 0.00 0.00 no data 0
172 263 yes chisel 1 81.00 32.50 flat 18
172 264 no none 0 0.00 0.00 no facet 0
219 393 yes chisel (deg) 1 0.00 0.00 no data 0
219 387 yes chisel 1 53.00 27.40 flat 0
219 388 yes chisel 1 43.10 8.60 flat 24
219 391 yes chisel 1 43.80 19.60 si. dished 15
219 404 yes chisel 1 39.40 21.10 si. dished 0
219 386 no none 0 0.00 0.00 no facet 0
219 390 yes chisel (deg) 1 0.00 0.00 no data 0
219 392 unknown degraded 0 0.00 0.00 no data 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
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220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 420 no none 0 0.00 0.00 no facet 0
220 339 unknown degraded 0 0.00 0.00 no data 0
220 394 unknown degraded 0 0.00 0.00 no data 0
220 396 yes chisel 1 0.00 0.00 no data 0
220 397 unknown degraded 0 0.00 0.00 no data 0
220 400 yes chisel 1 0.00 9.50 si. dished 17
220 401 yes chisel 1 0.00 0.00 no data 18
220 395 unknown degraded 0 0.00 0.00 no data 0
220 398 no none 0 0.00 0.00 no facet 0
220 402 unknown degraded 0 0.00 0.00 no data 0
220 468 yes wedge 2 69.20 22.80 flat 16
220 468 unknown degraded 0 0.00 0.00 no data 0
220 468 unknown degraded 0 0.00 0.00 no data 0
220 468 unknown degraded 0 0.00 0.00 no data 0
220 468 unknown degraded 0 0.00 0.00 no data 0
221 73 yes chisel 2 0.00 11.70 si. dished 14
222 405 yes chisel 1 44.80 26.60 flat 0
222 405 yes chisel 1 0.00 17.90 flat 0
222 405 yes chisel (deg) 1 0.00 0.00 no data 0
222 405 yes chisel 1 62.20 17.80 flat 18
222 405 yes chisel 1 27.20 10.60 flat 17
222 406 yes chisel (deg) 1 0.00 0.00 no data 0
222 406 yes chisel (deg) 1 0.00 0.00 no data 0
222 407 yes wedge 37.30 16.30 flat 25
222 411 unknown degraded 0.00 0.00 no data 0
222 423 yes chisel 1 49.80 14.70 flat 23
222 423 yes chisel (deg) 1 0.00 0.00 no data 0
222 423 yes chisel (deg) 1 0.00 0.00 no data 0
222 423 yes chisel (deg) 1 0.00 0.00 no data 0
222 423 yes chisel (deg) 1 0.00 0.00 no data 0
222 423 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel 1 48.00 36.80 si. dished 21
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
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222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 480 yes chisel (deg) 1 0.00 0.00 no data 0
222 408 unknown degraded 0 0.00 0.00 no data 0
222 469 yes chisel 1 60.50 28.20 flat 22
222 469 yes wedge 2 67.10 29.50 flat 0
222 469 yes chisel 1 0.00 0.00 no data 0
222 469 yes chisel 1 46.80 14.20 flat 25
222 469 yes chisel 1 0.00 0.00 no data 24
222 469 yes chisel (deg) 1 0.00 0.00 no data 0
222 469 yes chisel (deg) 1 0.00 0.00 no data 0
224 413 yes chisel 1 65.00 30.00 flat 16
224 414 yes wedge 2 0.00 0.00 no data 0
224 415 yes chisel 1 63.20 8.60 si. dished 10
224 417 yes chisel 1 38.70 7.90 flat 39
224 418 unknown degraded 0 0.00 0.00 no data 0
224 419 yes pencil 3 64.20 17.50 si. dished 17
225 455 no degraded 0 0.00 0.00 no data 0
225 466 yes chisel 1 31.90 11.40 flat 24
225 467 no none 0 0.00 0.00 no facet 0
225 467 no none 0 0.00 0.00 no facet 0
225 467 no none 0 0.00 0.00 no facet 0
225 467 yes chisel 1 0.00 27.80 flat 34
225 467 yes chisel (deg) 1 0.00 0.00 no data 0
225 467 yes chisel (deg) 1 0.00 0.00 no data 0
225 467 yes chisel 1 0.00 16.50 flat 0
225 467 yes chisel (deg) 1 0.00 0.00 no data 0
225 467 yes chisel 1 71.70 30.00 flat 16
225 467 yes chisel (deg) 1 0.00 0.00 no data 0
225 467 yes chisel 1 59.80 19.10 flat 15
225 467 yes chisel 1 84.10 30.80 si. dished 17
225 467 unknown degraded 0 0.00 0.00 no data 0
225 470 unknown degraded 0 0.00 0.00 no data 0
225 470 yes chisel 1 51.00 12.00 flat 28
225 470 no degraded 0 0.00 0.00 no data 0
225 470 yes chisel (deg) 1 0.00 0.00 no data 0
225 470 yes chisel 1 26.00 16.90 flat 24
225 470 yes chisel 1 71.00 11.50 flat 15
225 470 yes chisel 2 90.00 24.70 flat 0
225 470 yes chisel 2 37.50 14.00 flat 7
225 470 yes chisel 1 48.00 23.00 flat 33
225 470 yes chisel 1 52.00 15.00 flat 22
228 425 yes chisel 2 51.40 19.50 flat 15
228 426 unknown degraded 0 0.00 0.00 no data 0
228 427 unknown degraded 0 0.00 0.00 no data 0
228 428 yes chisel 1 0.00 0.00 si. dished 11
228 430 unknown degraded 0 0.00 0.00 no data 0
228 431 yes chisel 1 55.00 18.00 flat 31
228 432 yes chisel 1 35.20 5.60 si. dished 24
228 433 yes chisel 1 0.00 12.00 flat 21
228 435 unknown degraded 0 0.00 0.00 no data 0
228 436 yes chisel 1 0.00 0.00 no data 33
228 437 yes chisel 1 0.00 0.00 no data 16
228 440 yes chisel (deg) 1 0.00 0.00 no data 0
228 451 unknown degraded 0 0.00 0.00 no data 0
228 452 unknown degraded 0 0.00 0.00 no data 0
228 453 yes chisel 1 24.90 19.00 si. dished 28
228 454 yes chisel (deg) 1 0.00 0.00 no data 0
228 456 no none 0 0.00 0.00 no facet 0
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228 458 yes chisel 1 44.50 13.50 flat 22
228 461 unknown degraded 0 .00 0.00 no data 0
228 462 yes chisel 1 38.00 19.60 flat 21
228 463 yes chisel 1 0.00 0.00 no data 37
228 438 unknown none 0 0.00 0.00 no data 0
228 450 unknown none 0 0.00 0.00 no data 0
228 457 yes chisel 1 29.70 8.50 flat 0
228 464 yes chisel 1 34.60 28.00 flat 29
228 464 yes chisel (deg) 1 0.00 0.00 no data 0
228 464 unknown degraded 0 0.00 0.00 no data 0
228 yes chisel 2 81.20 15.20 flat 20
232 476 yes chisel 1 0.00 19.00 flat 31
232 472 yes chisel (deg) 1 0.00 0.00 no data 0
232 473 yes chisel 2 44.00 11.20 si. dished 15
232 474 unknown degraded 0 0.00 0.00 no data 0
232 475 yes chisel (deg) 1 0.00 0.00 no data 0
232 478 yes chisel (deg) 1 0.00 0.00 no data 0
235 488 no none 0 0.00 0.00 no facet 0
237 493 unknown degraded 0 0.00 0.00 no data 0
238 483 yes chisel 1 52.80 24.50 flat 0
239 489 yes chisel 2 0.00 27.50 flat 17
239 494 no none 0 0.00 0.00 no facet 0
240 487 yes chisel 1 56.20 29.80 si. dished 14
241 486 yes chisel 1 81.00 20.00 flat 15
242 484 yes pencil 4 71.50 29.40 flat 16
246 482 yes chisel 1 0.00 27.60 si. dished 37
247 485 unknown degraded 0 0.00 0.00 no data 0
249 600 no none 0 0.00 0.00 no facet 0
250 616 unknown degraded 0 0.00 0.00 no data 0
253 615 yes chisel 1 32.10 16.20 flat 16
256 490 no none 0 0.00 0.00 no facet 0
257 495 no none 0 0.00 0.00 no facet 0
267 494 no none 0 0.00 0.00 no facet 0
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APPENDIX IV: S p e c ie s  and m a n a g em en t data from th e  Erith trackway.

Context Sample Description Bark Branching Length
(cm)

Diameter
(cm)

Age
(yr) Pith f  Ring Decreasing

Width
Felling
Season Species

1 1 roundwood no no 14.20 50.00 central unknown unknown unknown Alnus glutinosa
1 2 roundwood no no 3.90 35.00 7 central normal no winter Alnus glutinosa
1 3 roundwood yes no 4.30 20.00 5 central normal no winter Alnus glutinosa
1 4 roundwood yes no 4.20 26.00 central unknown unknown unknown Alnus glutinosa
1 5 roundwood yes no 2.80 39.50 central unknown unknown unknown Alnus glutinosa
2 6 roundwood yes yes 5.20 26.50 5 central normal no winter Alnus glutinosa
2 7 roundwood yes no 3.90 24.50 4 off-centre normal no winter Alnus glutinosa
2 8 roundwood yes no 9.90 30.50 8 central normal no winter Alnus glutinosa
2 9 roundwood no no 2.80 29.50 central unknown unknown unknown Alnus glutinosa
3 10 roundwood yes no 5.40 29.00 7 central normal no summer Alnus glutinosa
3 11 roundwood yes no 6.90 28.00 11 central normal no winter Alnus glutinosa
3 12 roundwood yes no 3.30 35.00 8 off-centre normal no winter Alnus glutinosa
3 13 roundwood yes yes 6.60 32.50 10 central normal no winter Alnus glutinosa
4 14 roundwood no yes 3.90 19.50 off-centre normal no unknown Acer campestre
4 15 roundwood yes yes 9.30 33.50 unknown unknown unknown winter Prunus sp.
4 16 roundwood yes no 5.30 17.00 8 off-centre normal no winter Alnus glutinosa
4 17 roundwood yes no 6.20 21.50 4 central normal no summer Alnus glutinosa
4 18 roundwood yes no 4.00 40.00 12 central normal yes winter Alnus glutinosa
4 19 roundwood yes no 4.90 17.50 4 central normal no summer Alnus glutinosa
4 20 roundwood yes no 4.10 25.50 6 central normal no summer Alnus glutinosa
4 21 roundwood yes no 3.00 37.50 7 central normal no winter Alnus glutinosa
4 22 roundwood yes no 3.80 29.00 4 central normal no winter Alnus glutinosa
4 23 roundwood yes no 5.30 27.50 5 central normal no winter Alnus glutinosa
4 24 roundwood no yes 8.80 31.00 unknown unknown unknown unknown Alnus glutinosa
4 25 roundwood yes yes 4.50 18.50 3 central normal no summer Alnus glutinosa
4 26 roundwood no no 6.40 31.50 off-centre unknown unknown unknown Alnus glutinosa
4 27 roundwood yes no 3.70 23.00 4 central normal no summer Alnus glutinosa
4 28 roundwood yes no 7.60 32.50 5 central normal no winter Alnus glutinosa
4 29 roundwood yes yes 7.20 38.50 6 central normal no winter Alnus glutinosa
4 roundwood yes no 5.50 19.00 11 central normal yes summer Alnus glutinosa
4 roundwood yes no 4.90 19.50 8 central normal no winter Alnus glutinosa
4 roundwood yes yes 5.80 16.50 4 off-centre normal no winter Alnus glutinosa
4 roundwood yes no 6.50 15.00 4 central normal no summer Alnus glutinosa
4 roundwood yes no 4.50 18.00 7 central normal no winter Alnus glutinosa
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APPENDIX IV: C ontinued.

Context Sample Description Bark Branching Length
(cm)

Diameter
(cm)

Age
(yr)

Pith f  Ring Decreasing
width

Felling
Season Species

4 roundwood yes yes 7.20 13.50 6 central normal no winter Alnus glutinosa
4 roundwood no no 4.60 26.00 unknown unknown unknown unknown Alnus glutinosa
4 roundwood yes no 4.70 17.00 central unknown unknown winter Alnus glutinosa
4 roundwood yes no 6.50 15.00 4 off-centre normal no winter Alnus glutinosa
4 roundwood yes yes 5.80 20.50 5 central normal no summer Alnus glutinosa
4 roundwood yes yes 5.30 17.00 5 central normal no winter Alnus glutinosa
4 roundwood yes no 5.50 19.00 11 central normal yes summer Alnus glutinosa
4 roundwood yes no 4.90 19.50 8 central normal no winter Alnus glutinosa
4 roundwood yes yes 5.80 16.50 4 off-centre normal no winter Alnus glutinosa
4 roundwood yes no 6.50 15.00 4 central normal no summer Alnus glutinosa
4 roundwood yes no 4.50 18.00 7 central normal no winter Alnus glutinosa
4 roundwood yes yes 7.20 13.50 6 central normal no winter Alnus glutinosa
4 roundwood yes no 6.20 16.00 8 central normal no winter Alnus glutinosa
4 roundwood yes no 3.90 14.00 5 central normal no summer Salicaceae
4 roundwood yes yes 4.20 17.00 5 central normal no summer Alnus glutinosa
5 roundwood no yes 8.30 15.00 central unknown unknown unknown Alnus glutinosa
5 roundwood yes yes 11.40 17.50 2 central normal no winter Alnus glutinosa
5 roundwood no no 5.20 18.00 central unknown unknown unknown Alnus glutinosa
6 roundwood no no 9.50 30.00 central unknown unknown unknown Alnus glutinosa
6 woodchip no no 4.30 Quercus sp.
6 woodchip no no 3.20 Quercus sp.
6 woodchip yes no 2.30 bark
6 woodchip no no 2.80 Quercus sp.
6 woodchip yes no 5.00 bark
6 woodchip no no 4.20 Quercus sp.
6 woodchip no no 6.60 Quercus sp.
6 woodchip yes no 4.70 bark
6 woodchip no no 7.00 Quercus sp.
6 woodchip no no 6.30 Quercus sp.
6 woodchip no no 8.40 Quercus sp.
6 woodchip no no 5.00 Quercus sp.
6 woodchip yes no 4.20 bark
6 woodchip no no 4.90 Quercus sp.
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APPENDIX V: Toolm ark resu lts from the Erith trackway.

Number Facet Facet Facet
shape

Angle of
Context Sample Toolmark Type of length width cut

Facets (mm) (mm) (0°)
1 1 yes wedge 2 59.50 41.00 flat 29
1 2 no
1 3 no

1 4 yes tangential
split 1 flat

1 5 no
2 6 no
2 7 no

2 8 yes chisel 1 70.20 26.80 slightly 31concave
2 9 no
3 10 no
3 11 yes chisel .00 28.80 unknown 0
3 12 no
3 13 no
4 14 no
4 15 no
4 16 no
4 17 no
4 18 no
4 19 no
4 20 no
4 21 no
4 22 no
4 23 no
4 24 no
4 25 no
4 26 no
4 27 no
4 28 no
4 29 no

4 yes chisel 1 60.50 20.20 slightly 27concave
4 yes chisel 1 .00 36.20 flat 0
4 no
4 no
4 no
4 yes chisel 19.90 14.20 flat 45
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
4 no
5 no
5 yes chisel 1 69.20 14.20 flat 7
5 no
6 yes chisel 1 55.80 25.70 flat 13
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