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With the exception of a few researchers, the study of the historic period to the present day has
largely been neglected by palacoecologists and existing studies often lack multiple methods
of reconstruction, sufficient chronologies or detailed correlation with the documentary

record. Consequently, this research seeks to investigate what effect human activity has had
on the environment over the recent past by using a multi-proxy approach, trying to establish

more rigorous chronological control over profiles and comparing sequences with local
historical evidence.

A number of analytical techniques have been applied to four peat profiles from three
ombrotrophic mires: Abbeyknockmoy (Co. Galway, Ireland), Shaw Moss (southwest
Cumbria) and Tregaron (Southeast and West Bogs, Ceredigion, Wales); and three profiles
from two lake deposits: Lake Gormire (Yorkshire) and Talkin Tarn (north Cumbria). Pollen
analysis 1s used as the principal method of vegetation reconstruction at all sites, while Silicon
and Titanium analyses were also undertaken at Abbeyknockmoy, Shaw Moss and Tregaron
Southeast Bog. These geochemical profiles provide additional proxy records for the intensity
and timing of anthropogenic activity. The chronology of each site is based on Pinus pollen
data and AMS radiocarbon dates, with the exception of Lake Gormire where *'°Pb dating is
used. The presence of an historic tephra isochrone at Abbeyknockmoy allows direct

comparison with the documentary record and can be used to constrain the radiocarbon
chronology of this profile.

The oniginal aim of the project was to reconstruct the land use history around each of the
study sites for the last 1,000 years, with special reference to monastic influences. The results
indicate, however, that some profiles date from either the prehistoric or Roman periods.

While this was originally beyond the scope of this research, such profiles offer insights into

the debates concerning the extent of Iron Age activity prior to the Roman invasion and the
fate of agricultural activity after Roman withdrawal in c. 400 AD.

The results indicate varying degrees of Iron Age farming activity at Tregaron Southeast
Bog, Shaw Moss and Talkin Tarn. Agriculture increased around the Southeast Bog during
the period of Roman occupation, although the centuries immediately following Roman
withdrawal are characterised by a phase of woodland regeneration and declining activity at
the Southeast and West Bogs. Evidence from Talkin Tarn, however, suggests the

continuation of farming after the end of Roman rule. The records from Abbeyknockmoy and
the Southeast and West Bogs indicate that the establishment of local Cistercian monasteries
in the 12" century AD had a significant impact on the landscape, while evidence from
Abbeyknockmoy and Lake Gormire suggest that the Dissolution of the monasteries in the
16" century AD did not result in widespread land abandonment and woodland regeneration.

The geochemical profiles correlate well with the pollen record for human impact and both
proxies demonstrate a close relationship with the documentary evidence.
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Chapter 1 — Introduction

1.0 Background and rationale

It is widely accepted that human activity has been the dominant force behind landscape
change during the historic period (Behre, 1986). The majority of previous research into
anthropogenic impact on the environment has tended to focus on the prehistoric period,

whilst the study of rural landscapes in the historic period to the present day has largely

been neglected by palaeoecologists and environmental archaeologists. Existing studies,

however, often lack multiple methods of reconstruction, sufficient chronologies or detailed
correlation with the documentary record. Consequently, this research seeks to investigate

landscape and land use change in the historic period by using a multi-proxy approach,
establishing tighter chronological controls over profiles by having more than one or two
radiocarbon determinations from the recent past and comparing sequences with local

historical and archaeological evidence. The aims of the project are to reconstruct land use
histories for selected parts of the areas surrounding the sampling sites and thus to elucidate

what effect human activity has had on the environment over the recent past. The intensity
and nature of human impact is also examined. (The original time frame for this research
was to be the last 1,000 years, however as is explained later in the text, some profiles

actually date from the prehistoric period and first millennium AD.)

To do this, a number of analytical techniques have been applied to several ombrotrophic
peat bogs and lakes 1n different areas of the British Isles and Ireland, therefore allowing
regional comparisons of variations in landscape history to be made. The principal
technique of vegetation reconstruction over time used in this study is pollen analysis.
“Pollen grains from lake and mire deposits provide a continuous record of the surrounding
vegetation, reflecting periods of change in land use through fluctuations in inputs of pollen
of trees and herbaceous plants, including the pollen of crops” (Bell and Dark, 1998 p181).
Many previous pollen diagrams from the historic period have sampling intervals of
approximately 100 years (Bell and Dark, 1998) which mean that short-term episodes of
human activity are unlikely to be detected. As a result, high-resolution pollen analysis

with sampling intervals of between 0.5 - 4 cm have been employed in this research. This

1s supplemented by geochemical (silicon and titanium) analyses, which provide additional



proxy records relating to the intensity and timing of anthropogenic activity (Holzer and

Holzer, 19938).

The establishment of sufficiently detailed and reliable chronologies for profiles dating
from the last 1,000 years has been identified by Oldfield et al. (1997) and Edwards (1998)

as an area requiring further work. For example many early studies lack any form of
independent dating and instead rely on inferred palynological/historical correlations (e.g.
Mitchell, 1965; Moore, 1968; Moore and Chater, 1969; Oldfield, 1969) and even those

profiles with radiocarbon chronologies often only have one or two dates spanning the last

1,000 years (e.g. Roberts ef al., 1973; Tinsley, 1976; Jelicic and O’Connell, 1992). Indeed

Edwards (1999) quotes a survey carried out by Lowe and Tipping (1994) in Scotland
where more than 328 pollen diagrams span the post-5,000 BP period, but only one third

have dates, and many of these sites have only a single '*C date in the last five millennia.
Similarly, results from a survey undertaken by Moffat (1986) indicate that at this time
there were 217 sites covering the last 2,500 years in Great Britain, but only 15 profiles had

radiocarbon determinations for the historical period.

AMS radiocarbon chronologies have been obtained for the peat and one lake site, while
limestone in the catchment of the other lake under investigation meant that 2!°Pb dating
was used in this instance. Where applicable, tephrochronologies have been used to

constrain the radiometric determinations.

A major advantage of studying the historic period is that independent sources, such as

historical documentation and cartographic data, can be used to calibrate and validate the

palacoenvironmental evidence (Astill, 1998). The difficulties of comparing the

environmental record based on radiocarbon chronologies with historical evidence recorded

in calendar years are recognised and discussed later in the text.

One problem that has become evident from this project is the fact that there are far fewer
intact deposits covering the last millennium than there are sites recording environmental
change during prehistory. Furthermore, suitable sites are becoming increasingly rare as

peatlands are drained, cut and burned and lakes are drained and dredged. Radiocarbon
chronologies for three profiles from two different mires and one lake indicate that the
palacoecological record pre-dates the original time frame under investigation by

approximately 1,000 to 2,000 years. Since the results are very interesting, they are

2



discussed 1n this thesis, although the Iron Age/Roman period was beyond the original

scope of the project.

Two hypotheses have been established for this research:

1. The establishment of Cistercian monasteries in the 12" century AD in Britain and
Ireland began a major phase of land use and landscape change in the local area.

2. The Roman invasion of Britain in the first century AD resulted in considerable

land use and landscape change in the local area.

The 1ssue of “continuity and change” (Bell and Dark, 1998) is discussed with relation to
both the establishment and Dissolution of the monasteries in the 16™ century AD and the

Roman invasion in the 1* century AD and their subsequent withdrawal in the 5 century

AD. Regional comparisons between the sites for the same historical contexts are

examined. A series of questions, adapted from those of Astill (1998), are considered:

1. How sensitive is pollen analysis to relatively short phases of land use?
2. Can the deficiencies of the pollen sequences be offset by a multi-proxy approach?
3. Can the results be compared with, or refined by, documentary evidence?

1.1 Thesis structure

The literature review in Chapter 2 provides the context for this research and is divided into
three sections. The first deals with the current understanding of, and recent advances in,
pollen analytical theory, while the second part discusses interpretation of human impact
from pollen data, and the third section reviews previous palynological investigations into
human impact on the environment and land use change over the last 1,000 years. The
review concentrates on England, Wales and Ireland. Scotland has been omitted because

the present study has no sampling sites in this region, but surveys of both the historic and

prehistoric periods can be found by a number of authors including Walker (1 984), Tipping
(1994) and Lowe and Tipping (1994). As mentioned earlier, the unexpected radiocarbon

results mean that specific reviews of the relevant regional prehistoric and Roman

palynological literature are made for the appropriate sites in Chapter 7.

Chapter 3 introduces the sites selected for investigation and details the field and laboratory
methods employed in this research. The chronology of each site is examined in Chapter 4

and this covers the three techniques of AMS radiocarbon dating, tephrochronology and



21%pb. The pollen analytical results are summarised in Chapter 5 and Chapter 6 details the
geochemical findings for the three principal peat sites and the charcoal results from the

lake deposits. Chapter 7 consists of the interpretation of results for both proxies of human
impact and integrates them with the documentary record. This is followed by the
discussion which features observations on intra- and inter-site comparisons, pollen
diagram replicability, the comparison of the pollen analytical record with the geochemical
signal and the degree of correlation between these two proxies for reconstructing past
human activity with historical documentation. The final chapter details the conclusions
reached from this study and indicates directions for future research. The appendices

contain full pollen diagrams and additional plates.



Chapter 2 - Literature Review

2.0 Introduction

The first section of this chapter deals with the concept of pollen analysis. The aim is to
introduce developments in palynological theory over time and to present the current
understanding of palynological processes and models for fossil pollen reconstructions

from lakes and bogs. The second section reviews the ways in which fossil pollen evidence
for human impact on the environment and land use change have been interpreted from

pollen diagrams, while the final section provides a synthesis of previous research into past
anthropogenic activity and land use change in England, Wales and Ireland over the last
millennium. Specific reviews of the relevant regional prehistoric and Roman
palynological literature are presented in Chapter 7 for those sites with radiocarbon

chronologies pre-dating the last 1,000 years.

2.1 Pollen analysis

Pollen analysis from stratified sequences of sediment is a well-established technique for
reconstructing anthropogenic impact on the vegetation over time (West, 1971; Moore and
Webb, 1978; Behre, 1981, 1986; Prentice, 1988). The theory of pollen analysis, however,
requires an understanding of the modermn processes involved in pollen production,
dispersal, deposition and preservation in order to delimit contemporary pollen source areas
and thus assess the degree of representativity of the modern pollen spectra at a particular
site (Birks and Birks, 1980). Only then can pollen analysis be used as a tool for
reconstructing past vegetation changes from fossil pollen assemblages (Gaillard, Hicks
and Ritchie, 1994). Furthermore, the size and nature of deposits, be they lakes, mires,
forest hollows etc., must be considered since the transportation, recruitment, movement
and preservation of pollen grains and spores varies according to the nature of the site
(Moore, Webb and Collinson, 1991). Despite the advances made in the knowledge of
these processes, which will be reviewed in this chapter, precise quantification of pollen
data in order to reconstruct absolute areas covered by different vegetation and land use

types continues to remain elusive (Gaillard and Berglund, 1998). As a result, research is

currently being undertaken using a range of techniques in an attempt to solve this problem.



2.1.1 Pollen production

Andersen (1970) defines absolute pollen productivity of trees as the number of pollen
grains produced per unit crown area per time unit. Pollen production varies between
species and 1s related to the mode of pollination and ecological conditions (West, 1971;
Birks and Birks, 1980; Faegr and Iversen, 1989). Generally, wind-pollinated taxa such as

the major tree species, produce more pollen than insect-pollinated taxa (Prentice, 1988).

The productivity of individual species was originally estimated by Pohl (1937) and Rempe
(1937) (in Andersen, 1970), although later work by Andersen (1967, 1970, 1973) using

the modern pollen content from moss polsters suggests different figures for a forested

region. Andersen’s (1973) results from Denmark indicate a high relative pollen
productivity for Quercus, Betula, Pinus and Alnus; intermediate for Carpinus and Ulmus;

and low values for Tilia and Fraxinus, using Fagus sylvatica as a reference species.

Berglund’s (1973) research adapts the figures slightly for southeastern Sweden, whilst

Bradshaw (1981) found a similar pattern from moss polsters in woods in southern

England, although he noted much lower pollen productivity values for Quercus. Tinsley

and Smith (1974) also recorded a moderate level of pollen production for this species in
Yorkshire.

Variations in pollen production within species may result from a number of environmental
factors, including changes in temperature and rainfall (Bonny, 1980), the density of forest
stands, changes in the amount of light reaching understorey shrubs and herbs, different
soil types etc. (Feegri and Iversen, 1989). As a result, “pollen productivity of a particular

species in relation to the vegetation as a whole is extremely complex and difficult to
analyse” (West, 1971 pl)5).

2.1.1.1 Correction factors

These variations in productivity, which also affect transportation and deposition and thus
representation in the pollen record, have long been recognised as a problem by pollen
analysts. Consequently, attempts have been made to try and compensate for the over- and

under-representation of certain species in pollen diagrams in comparison with their

distribution in the vegetation.



Fagri and Iversen (1964) discuss a number of studies by researchers who tried to establish

a ratio between a species represented in the vegetation and in a pollen diagram.

Correction factors were then put forward as a means of quantifying over- or under-
representation. Iversen (1947) (in Fagri and Iversen 1964,1989) suggested dividing the
pollen types of northern Europe into three groups dependent upon their pollen
productivity. The percentage representation of the highest producers were divided by a
factor of 4, while the lowest producers were multiplied by a factor of 4. The final group
includes pollen types so scarce that their inclusion or exclusion makes no difference to the
pollen sum, although their presence or absence is important as an indicator species (see

Figure 2.1). Criticisms of this method have been that the figures are only applicable to

forest trees in Denmark and the categorisation of species into groups should also take into

account “the etfectivity of dispersal of pollen (i.e. Tilia, Abies), the periodicity of

flowering, the ratio between male and female flowers etc.” (Fegri and Iversen, 1989
pl126).

Andersen (1967, 1970, 1973) established another set of correction factors based on his

pollen productivity results from within forested areas. These factors are similar to those of

Iversen’s, although he suggested that Quercus production is higher and therefore should

also be divided by a factor of 4, while Fraxinus is a lower producer resulting in a
multiplication by a factor of 2. Corrected pollen diagrams give greater importance to the
low pollen producing species, such as Tilia (see for example Eldrup Forest; Andersen,
1973 and Epping Forest; Baker, Moxey and Oxford, 1978). Oldfield (1970) and Moore,
Webb and Collinson (1991) have criticised this approach for only being applicable to sites
with a similar situation, i.e. a moss polster under a forest canopy with a known, small

pollen source radius of approximately 20 — 30m.

2.1.1.2 Pollen production and representation models

Attempts to quantify correction factors more precisely lead to the R-value model of Davis
(1963) which was derived from the ratio of pollen in a surface assemblage to the

abundance of that taxon in the surrounding vegetation:

R = Percentage of pollen of taxon in surface sample

Percentage of taxon in surrounding vegetation



Figure 2.1 Comparison between selected correction factors and R rel-values (adapted from West, 1971)

Pohl’s relative pollen | Andersen’s pollen productivity | Bradshaw’s relative
production figures (Fagus | sequence (1967;1970) pollen representation
: 1) (1937) (1981)
Alnus 17.7 Pinus, Betula, Quercus, Alnus 1:4 Betula
Pinus sylvestris 15.8 Carpinus 1-3 Pinus
Tilia cordata 13.7 Ulmus, Picea 1.9 Taxus
Corylus 13.7 Fagus, Abies 1:1 Alnus
Betula 13.6 Tilia, Fraxinus, Acer 1%2 Quercus
Carpinus 1.7 Fagus
Quercus 1.6 Salix
Fagus 1.0 Decreasing Fraxinus
Productivity
Decreasing
Productivity

Iversen’s pollen production

groups (1947)
A. High: Pinus
Betula divide
Alnus by 4
Corylus
B. Moderate: Picea
Quercus
Fagus
B2. Low: Tilia multiply
Hedera by 4
C. Scarce: e.g. Ilex
Viscum

Vitis

R rel-values

(Andersen, 1970)
Quercus 4.6
Betula 4.8
Alnus 3.6
Carpinus 2.5
Ulmus 1.7
Fagus 1.0
Tilia 0.6

Fraxinus 0.4



High R-values are obtained when the taxon is over-represented in the pollen spectra.

Davis demonstrated with a hypothetical model that although the R-value for individual
species is not constant, due to variations in species combination, it should produce the

same ratios of abundance for those species (called R,-values). Davis also used these R-
values to calculate fossil ratios and pollen diagrams can be corrected by multiplying the
pollen curves by their R-values. This approach does, however, suffer from some
limitations. The correction is based on the present day relationship between pollen rain
and frequency of the species in question in the surrounding vegetation and therefore
“assumes that the observed R-values can be extrapolated back in time even though the
frequency and distribution of the genera concerned may have changed very substantially”
(West, 1971 pl12). The R-value obtained depends upon the pollen catchment area and is

thus really only applicable to studies using moss polsters and small hollows within tree
canopies with catchments of around 20m in radius. The R-values will also depend upon
the vegetation structure and local topography which influence pollen release and transport

and are therefore not comparable from site to site (Moore, Webb and Collinson, 1991).

This method also fails to take account of the long distance component of pollen

assemblages (Prentice, 1986).

Andersen (1970, 1973) also attempted to model productivity and representation by

introducing P-values; a more comprehensive approach that used absolute pollen influx

data from pollen traps and incorporated the background pollen into the estimates. This

approach proposed that pollen deposition in forested areas (p) was mainly derived from
trees within 20-30m of the sa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>