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The pollen spectra from four lakes and two peat bogs in lowland
north Shropshire show that in the Neolithic and earlier Bronze
Age periods human impact on the woodlands of the area was local-
ised and mainly slight. Impact increased in the later BRronze
Lge and during the Iron Age wide areas were denuded of woodland.
Land abandonment led to woodland regeneratlion over much of the
area at the end of the Iron Age although some clearings remained
in use; woodland clearance was renewed in the mid Roman period.
Evidence for Anglo-Saxon farming 1s seen and wider areas of
pasture appear Lo have been created in later historic times.

Inter- and intra-site compariscns of the pollen specira are

made. Inter-site contrasts in the pollen spectra suggest that
the dominant pcllen source areas at the wer
restricted. There are alsc indications ocal
pollen sources were important at the Larger SLtes_ Numerical
zonation of the pollen spectra shows that the most significant
change in the pollen content of the lake sediments occurred in
the later Bronze Age; mineral magnetic analyses point tc intens-
ified soil erosion during the later Bronze Age and early Iron Age.
Thecretical models relating basin size to pollen source area are

reviewed in the light of the results of this study: mul 1
coring is confirmed as a productive strategy in palaececology.



i

CONTENTS

CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

1.1 Aims
1.2 Approach
1.2.1 Site selection

Division of the Pcllen spectra

"
[ASEEE AR
N

(a3

Field and Laboratory methods

Field sampling and sample storage

fo—
N
)
N

et

N e

Laboratory methods

.
N

Numerical methods

o
b
. «
I I P {8

1.2.4.1 Zonation of the pollen specira
1.2.4.2 Comparison of the pollen spectra
1.3 Literature Review
1.3.1 Pollen production
1.3.2 Pollen dispersal
1.3.3 Pollen source areas
L.32.4 Intra-site variability
3.5 Inter-site
1.3.6 Sampling transects
1.3.7 Summary
CHAPTER TWO: THE STUDY ARE!
2.1 General background
2.1.1 Geographical background

2.1.2 Sclid geology

2.1.3 Drift

2.1.4 Climate

2.1.5 Soils

2.1.6 Archaeoclogical background

2.1.7 Regional palaecoenvironmental context

2.2 The study sites: description and stratigraphy
2.2.1 The Baschurch Pools

2.2.2 Boreatton Moss and New Pool

2.2.3 Peat deposits between Marton Pool and Fenemere

(A
O

N
X

[N



ii
CHAPTER THREE: THE NEOLITHIC AND EARLIER BRONZE AGE
PERIODS

3.1 Phases B1 and BZ: The Necolithic periocd at

Boreatton Moss, New Pool and Berth Pool 99
3.1.1 Phase Bl: A Neolithic Ulmus decline at

Boreatton Moss 99
3.1.2 Phase BZ: The late Neolithic period 103
3.1.3 Inter-site contrasts in phase BZ 105
3.1.4 Sediment loss on ignition: Berth Pool 109
3.1.5 Archaeclogical evidence 109
3.1.6 Summary: Phases Bl and BZ 110
3.2 Phase B3: Small scale clearances <.2000 bc. 11z
3.2.1 Yegetational changes in phase B3 113
3.2.2 Phase B3: Inter-site comparisons:

Boreatton Moss and New Pool 113
3.2.3 Inter-site comparisons: Boreatton Moss,

New Pool and Berth Pool 118
3.2.4 116

2.5 i1¢

e
3.3
123
5.3.1
124
3.3.2 Archaecliogical evidence 127
3.3.3 Summary: phase B4 127
3.4 Phase B5: An early Bronze 1e 129
3400 Inter-site variability 13
3.4.7 Boreatton Moss (centre)
arable agriculture: 137
3.4.3 Intra-site variability:
of Boreatton Moss, phase ES 134
3.4.3.1 Arable activity? 134
3.4.3.2 The BS Tilia decline at Boreation Moss 142
3.4.4 Boreatton Moss and New Pool: Inter-site
contrasts in phase BS 143
3.4.5 Hydrological changes at Boreatton Moss in

phase B5 147



3.4.6
3.4.7
3.4.8

CHAPTER FOUR:

Inter-site comparison:

iii

phase B5

Archaeological evidence

Summary:

phase B5

THE TRANSITION FROM THE EARLIER TO THE

& o
b e
W

.
(]

N
3
y
.l

B
A
(0

PO
")

i
[N
o~

T N
N «

NN
TN

I~
na
U

N

no

98]

LATER BRONZE AGE

Phase B6.

at the end of the earlier

Low intensity clearance activity

c. 1500-1600 be to ©. 1200 be

Inter-site variability in

Magnetic measurements

Berth Pool

Fenemere

Sediment loss on ignition

Berth Pool

renemere

Archaeclogical evidence

Summary:

Phase B7.

clearances:

phase B6

Later Bronze Age

1240 bo

regeneration cycle

The second

clearance

the Baschurch Pocls

Boreatton Moss

The first later Bronze Age clear

at the Basd

The centre of the Moss

Boreatton Moss:

Magnetic measurements

Berth Pool

Fenemere

edge and centre

Sediment loss on ignition and erosion

indication

Berth Pool

Fenemere

Bronze Age:

Indeterminate/Unidentified pollen as an

erosion

indicator

Archaeoclogical evidence

Summary:

phase B7Y

150
153
154

s N
oy Oy U W
Ne NI ¢ e

s
-2
W]

-
[S)

N
]
(W

>
-~
8]

[BS] "
O
Lo

O

o
s
oy

N AW
— —
— .

-
Ny



iv

CHAPTER FIVE: LATER BRONZE AGE AND IRON AGE

A

(O8]
-

(OS2 I O G A I 1
oo
(a2

NN
W
N

51
o}
no
-

Ul
Ul
w o

(%2}
LN
s

5.5.5

VEGETATION CLEARANCES

Introduction

Phase B8: Clearance expansion ¢. 800 bc to
c. 600 bc at the Baschurch Pools

Inter- and intra-site variations: The
Baschurch Pools in phase B8

The regional signifiicance of phase BB

Magnetic measurements

Fenemere

Berth Pool

Sediment loss on ignition

Phase BY; Post 600 bc reductions in

wn

clearance actlivity at the Baschurch Pool
Inter- and intra-site variations: The

Baschurch Pools in phase B9

]

Magnetic measurement:
Fenemere
Berth Pool

3

Sediment loss on

Phase BY: Regional correlations between
the Baschurch area., Crose Mere and Whixall
Moss

Phase B10: Renewed clearance activity
Cc. 400 be to ¢. 5G bc at the Baschurch
Pools

Inter— and intra-site variations at the
Baschurch Pools in phase Bi0

Post 800 bc clearance expansion at
Boreatton Moss

Main characteristics (Moss centre)

Main characteristics (Moss margin)

Phases B8-B10: Intra-site contrasts at
Boreatton Moss

Phases B8-B10: Inter-site comparisons
between Boreatton Moss and the Baschurch
Pools

Magnetic measurements.

3
—
o

N
(ot

PN
244

A
(o
O

N
[oN
N®)

N
=
©

N
-3
3

N
@
o8]



(S22 G G 2 B

oW
. .
~ ™

[OAR L O 2 N )

Fenemere

Berth Pool

Sediment loss on ignition

The regional significance of phase B10

Archaeological evidence c¢. 800 bc to
c. 50 bc

Phases B8 and BY9: <. 800 bc to
c. 400 bc

Phase B10: «c¢. 400 bc tc c. 50 bce

Summary: phases B8 to B10

CHAPTER SIX: WOODLAND REGENERATION IN THE LATE

IRON AGE ARD EARLY ROMAN PERIOD

A

“

6.1 Introduction

5.2 Phase B11: Woodland regrowth in the
Baschurch area <. 50 bc to ¢. 150 ad

5.3 Inter- and intra-site variations in phass
B11

6.4 Sediment loss on ignition

60401 Berth Pool

5.4, 2 Fenemere

6.5 Archaeological and historical evidence

6.6 Regional correlations

6.7 Summary: phase Bl1

CHAPTEE SEVEN: CLEARANCE AND FARMING IN THE

ROMANO-BRITISH, ANGLO-SAXON AND
LATER HISTORICAL PERIODS

7.1 Introduction

7.2 Phase B12: Romano-British farming,
c. 150 ad to c. 400 ad

7.2.1 Inter- and intra-site contrasts, phase Bi72

7.2.2 Sediment loss on ignition

71.2.3 Archaeological and historical evidence

7.2.4 The regional vegetation pattern in the later
Roman period

7.2.5 Summary: phase B12

283
284
284
285

288

no
O
AN

326



(98]

-1 o~ -
[&8]
fod

W
™Y

-3
(%)

[0V
o

(%]
(o3

{a

-~ ~3 ~J
~ O

)

~ =

(@8]
00}

O8]
el

-

[o%]
-

)

N

ot

vi

The post-Roman period

The Anglo-Saxon period: phase B13

The Anglo-Saxon period at Berth Pool

Magnetic measurements: Berth Pool

Sediment loss on ignition: Berth Pool

Historical evidence

Regional correlations

Summary: phase B13

Phase Bl4: The later Historic period at
Berth Pool

Phase Bl4: Vegetation and land use

Sediment loss on ignition

Historical evidence

Regional correlations

Summary: phase Bl4

EIGHT: CONCLUSIONS

)

b

re

Marton Pool and Fenems

(1

Pollen profile replicabil
conclusions
Inter-site variability

Berth Pool and Birchgrove Pool

>

5

o

Birchgrove Pool

ny

jarton Pool, Fenemere

Berth Pool

[oN
ey

Marton Pool, Fenemere an

9]

The Baschurch Pools and Boreatton Moss
Marton Pool, Fenemere and Boreatton Moss
Berth Pool, Birchgrove Pool and Boreatton
Moss
New Pool and the Baschurch area
Phase B3, c¢. 2000 - 2100 bc
Phase B5: an early Bronze Age Tilia
decline
Inter-site variability: general conclusions
Numerical zonation
Pollen source area and environmental

archaeology

()
L W
N

Lad
(]

(%]
[9%]
Nl

>

C

O8]
E R OS]
Ne)

()

[N
I

Lad
n
N

|VORE OV
(Sai
(ad

(ot
woon
U

356



vii
Appendix 1 Radiocarbon dating 361
Bibliography 364



viii

LIST OF FIGURES

1 Regional Map 4
2. The Study Area 5
3. The Baschurch Area 6
4 New Pool 7
5. Soils 55
6. Glacial Drift 56
7. Solid Geology 57
8. Berth Pool I1l: Age/Depth Profile 78
9. Fenemere: Age/Depth Profile (radiocarbon dates) 79
10. Fenemere: Calibrated Dates 80
11. Marton Pool: Age/Depth Profile 81
12. Birchgrove Pool: Age/Depth Profile 87
13. Loss on ignition 83
14. Deposits at the Margin of Boreatton Moss 88
15. Peat Deposits between Marton Pool and Fenemere:

Pollen Analysis 9¢
16. Phase Summary o
17. Boreatton Moss (centre).

Arable:Pastoral Index and Cereal in

Phase BS 135
18. Boreatton Moss (margin}.

Lrable:Pastoral Index and Cereal Pollen in

Phase B5 140
19. Regional Phase Correlation s

184

20. B7: Grass and Cereal Pollen at

21. Berth Pocl II. Magnetic Measurements

22. Fenemere. Magnetic Measurements

23. X versus SIRM z0z
24. SIRM versus 'S' Ratio 204
5. Bg?th Pool II. Coercivity Profiles 205
26. Fenemere. Coercivity Profiles 206
27. B8: Selected Pollen Types 222
28. B9: Selected Pollen Types 243
29. B10: Selected Pollen Types 262
30. The Baschurch Pools: Arable:Pastoral Indexes in

Phase B10 264

31. Boreatton Moss: Arable:Pastoral Indexes in Phases

B8 to B10 275



32.
33.
34.
35.

36.

ix
B11: Selected Pollen Types
Herb:Tree Ratios in Phases B8 to B11
Cleared Areas in B10 and B11
Berth Pool: Average Pollen Frequencies in
Phases B8 to B12

Site Size and Pollen Source Area

307
308
313

346
359



LIST OF PLATES

1. The Baschurch Pools, vertical air
photograph

2. Berth Pool, Birchgrove Fool and Boreatton
Moss, vertical ailr photograph

3. New Pool, vertical air photograph

4. New Pool, Core site

5. Birchgrove Pool

6

. Berth Pool with the Berth Hillfort in the

background

7. Fenemere

8. Marton Pool

9. Boreatton Moss, central core site

10. Boreatton Moss, marginal core site

11. Slope Breaks near Eyton Farm

12. Marton Pool showing flooding of the pool
margin

13. The Berth Hillfort and Berth Pool, Oblique

163}
ot
<
[N
-
i
T

drier ground

Plates 1 -~ 3 used with the permission of Cartographic
Services Ltd., Southampton. Plate 13 used with the
permission of the Curator in Aerizl Photography.

University of Cambridge.



x1i

Acknowledgements

I am indebted to my supervisor Dr Keith Barber for his advice and

encouragement throughout the course of my studentship.

I am also grateful to Gary Moys, Bill Mansfield, Chris Haslam,

Barry Pyke and David Anderson and to Adrian Bayley and the staff of
Preston Montford Field Centre for their invaluable co-operation and
assistance during fieldwork; Chris also carried out identifications

of plant macrofossils.

Gratitude is also due to the landowners for allowing frequent

access to the study sites and for their local knowledge.

I am grateful to Professor F. Oldfield, Department of Geography,

University of Liverpool for arranging for mineral magnetic measure-
ments to be made on sediment samples and to Gill Yztes for prepara-
tion and analysis of the samples. T wish te thank Dr. J.P. Smith,
Wolverhampton Polytechnic, for permission to refer directly to his

unpublished Ph.D. thesis.

Thanks are owed to N.E.R.C.

and to Dr. D.D. Harkness, N.
prompt analysis of peat and sediment samples. Photographic
material was prepared and printed by Mr. A.C. Polley, Cartographic

Unit, Department of Geography, University of Southampton. Typing

of the thesis was carried out by Mrs. 3. M. Shaw.



1
CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

1.1 Aims

When the palaeocecology of a lake, or peat moss is to be investigated
it is usual for a single core-sample to be taken, typically from

the central zone of the site under study. In the case of pollen
analysis, if a number of cores are avallable from several sites in

a given area, regional or sub-regional pollen zonation - schemes

can be proposed (Birks & Berglund, 1979). For a forested area,
Berglund (1986} suggests that a site of 25 - 100 ha in area will
represent a pollen source area of <. 10 - 30km radius; for deforested
landscapes, a number of smaller basins would be needed (Berglund
1986). As basin size 1s reduced, however, the pollen source

area becomes more restricted (Tauber 1965, 1967a, 1967b; Berglund
1973; Jacobson and Bradshaw 1987; Prentice 1985}, Thus, as
vegetational patterns diversify following forest clearance, an
increasingly large number of small basins must necessarily be
analysed before the vegetation of an area can be satisfactorily
reconstructed. To a certain extent, the pollen scurce area o! &z
site can expand if

{(Tauber 1965, 33

(%)
R

more representative
made to relate vegetational changes inferred from z given pollen
profile to developments in fhe local archaeciogical record, the
actual area represented by the pollen profilie must be accurately

estimated (cf Jacobson and Bradshaw 198717, The zim of this

study 1is to examine the palynological rec

the same area, at a time when the vegetation was being cleared by

ot

man, and to attempt to relate the palynological record Lo known

the study sites, one lake

A

archaeological developments. At two

4

and one moss, two cores have been taken for ar

2

to examine

0
W

IR
LYyoLlo,

the degree of intra-site pollen profile replicability. Detailed
inter-site comparisions involving all six sites were planned at
the start of the project with the intention of examining the
extent to which inter-site similarifies or dii'ferences could be
detected. Theoretically, the extent of the dominant pollen
source areas at the sites should vary, since the sites themselves
vary in size. Observed similarities or differences in the pollen

spectra will be discussed in relation to expected similarities or



2
differences (cf Tauber 1965, 1977; Jacobson and Bradshaw 1981;
Prentice 1985), in this way it is intended that the project will
act as a palaeocecological test of the validity of theoretical

models relating basin size to pollen source area (1.3.3)



1.2 Approach

1.2.1 Site selection

The great number of lakes and mosses present on the Shropshire-
Cheshire Plain of north west England provide an excellent opportunity
tc examine guestions of peollen profile replicability and represent-
ativity. An ecological background to these sites is provided by
Sinker (1962) and Reynolds (1979); the contemporary vegetation of

the County of Shropshire is fully described by Sinker et al (1985]).

t is possible to carry out a multiple-~core palynological study in
this area which involves several sites, of varying size and
character, which could, theoretically, have some pollen source areas

in common {Tauber 1965, Berglund 19732, Prentice 1985).

oroxi

both Bert

f'rom

d because of their proximity to one anotper

tive proximity of the four lakes and Boreatton Moss to

o
I
i
o
o}
"3
o)
<
[
e

late 6) a small hiilock of fluvioglacial sand
which has Iron Age fortifications (Gelling and Stanford

3} suggests that potentially Inter- and

rasts in pollen spectra could occur beitWeen these

This site selection represents an opportunity to cri

the accuracy of models of pollen dispersal and source a
Actual inter- and intra-site similarities and contrasts can be
discussed with reference to expected similarities or contrasts,
Multi-site studies have previously been undertaken in several

areas. In a recent study in North America Bradshaw and Webb (1985)
examined over 300 surface pollen samples from lake sediments, wetland
basinz and moss polsters; tree inventory data were collected and the

use of pollen frequency correction coefficients was reviewed in
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Fig 2 The Study Area
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Plate 1. The Baschurch Pools, vertical air photograph
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Plate 2. Berth Pool, Birchgrove Pool and Boreatton Moss,

vertical air photograph



Plate 3. New Pool, vertical air photograph
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Plate 4. New Pool, Core site
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Plate 5. Birchgrove Pool
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Plate 6. Berth Pool with the Berth Hillfort in the background
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Fenemere

Plate 7.

Marton Pool

Plate 8.



12

Boreatton Moss, central core site

Plate 9.

Boreatton Moss, marginal core site

Plate 10.
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detail (1.3.1). Davis et al (1971) examined pollen frequencies
across the surface sediments of seven lakes in southern Michigan;
intra-site variability in tree pollen percentages was found to be
relatively slight but considerable variations were observed in respect
of certain herb taxa. Forty surface mud samples from lakes in
central Sweden were examined by Prentice (1983a) and substantial
variations observed in terms of forest composition and the effects
of man on the vegetation. The pollen spectra from a lake and bog
in southern Finland were examined by Donner et al (1978). Pollen
concentrations fluctuated to a grealter extent within the peat column
and locally derived pollen had a stronger influence in the peat

samples. The peat bog examined by Dornner et al was 500m x 800m in

extent butl supported pine trees, a factor which could act to reduce
its effective pollen scurce ares (cf Jacobson and Bradshaw 1981)
Two of the sites in this study, Boreatton Moss and Marton Pool, are

similar in size but regional pollen appears to be more influentizl

in the lake (Chapter 5.

In northern Britain Turner xamined pollen data
from the Boreal period at Variations 11
sition were at few
ough site size variations r discussed in detalil

Previously published research

Y'"h

icient

At thi= point it is suff

w
}wJ
o+
4]
4]
<

jo3
H
(D

s have been designe

variations there is a clear need for more multi-site studies tc be

produced which concentrate on palaececological data

VYariations between pollen profiles have been shown to occur a

of & few km {Turner and Hodgson 1981, Bennett 1986) and a few tens of
metres {(Price and Moore 19847, Thus study has therefore been

designed to complement modern pollen studies which have 1
suiltes of sites by comparing and contrasting palaeoecological data.
The site selection has been made specifically for this purpcse and
exploits a group of sites in a given area which vary in terms

size, morphology and depositional type.

1.2.2 Division of the Pollen spectra

The use of obgectlvely defined pollen assemblage zones has been
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advocated by Cushing (1967) and Birks (1986a). Other workers have
preferred to identify 'episodes' within the pollen spectra (eg,
Oldfield 1963), 'zonules' (eg, Edwards 1979}, 'sections' (eg, Turner
1964a) or 'phases' {eg, Hirons and Edwards 1986). In these cases,
the criterion for division of the pollen spectra is more subjective
and is based on the inferred impact of man on the pollen spectra,
Intra-regional correlations of phases of palynological change can be

made with reference to chronological and/or bicstratigraphic

correlation between spectra (Beales 1980, Waton 1982, Beales and

Birks 1973)

In this study, phases of vegetational change have been defined in
relation to the inferred impact of man on the pollen spectra. The
raw pollen data have, however, been subjected to numerical zonation

}, the objective of which was to examine the extent

B

procedures (1.2.
to which phase boundaries, which were in the [irst instance subject-
vely defined are idenitifed as significant boundaries by numerical

The one exception in this procedure involves

Berth Pool, B13 and Bl4.

was made with direct

diagrams (Birks and

refere k"
- . N Cer 1 N 3 . 4 i Y
LOaor piets| ion does not torm

hich the zone splits

they can be compared

=
Lo the positions of The subjective phase boundaries.

been identified. The
to the Baschurch area.

this chronology is based

s from Boreatton Moss, New Pool and

DR The spectra from the sites where no radio-

carbon dates are avallable, Berth Pocl, Birchgrove Pool and Marton

Pool, have been correlated bicstratigraphically to the spectra at
the dated sites. Where the precise division between phases cannot

_A

be satisfactorily fixed at a particular site, the span of the
combined phases is indicated. In most cases, biostratigraphic
correlation is used to mark the phase boundaries, At the
Baschurch Pools correlation has been assisted by reference to
correlated age/depth profiles at Berth Pool, Marton Pool and

Birchgrove Pool. Correlation of the upper and lower radiocarbon
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dated horizons at Fenemere to the three other pools proved to be
straightforward, except in the case of the upper radiocarbon date
from Fenemere and the pollen spectra from Berth Pool. A significant
arboreal pollen decline dated by extrapolation at Fenemere to 800 bc
{(Chapter 5) could be identified at all four pools. At Berth Pocl this
date for the arboreal decline together with a correlated date of
1240 be for the second Iil;E_decline was used to construct an age/
depth profile and to show which horizons at Berth correlated chrono-
logically to those radiocarbon dated to 1890bp/60ad (SRR 2920) at
Fenemere.

ated age/depth profiles for the Baschurch Pools show that

fot

The corre

o
Y

sediment accumulation rates were more rapid in the prehistoric

period at Marton and Fenemere. Accumulation rates at each individual
site are not thought to have varied markedly over the tLime period

of primary interest in this project, spanning phases BZ to B11. The
four meres today are fed and drained by ditches and field drains
which have been cut in the historic period; their terrestrial
catchments are shown in Figure 2. Flat peat deposits surround each
te; the variations in reliel across the catchments are limited
{(Figure 2} ., in tne zbsence of inflow streams and with the low

have existed around the

nd farmed land and the

n
meres themselves, prehistoric clearance activity in the area would not

necessarily lead to significant increases in sedimentation in the
meres. For the above reasons, the use of linear age/depth profiles
is thought to be realistic, at least for the meres in the prehistoric

period; there is evidence for enhanced sedimentation in the meres in

the historic period (2.2.11. Correlated age/depth profiles at the

ot
}.J

igraphic correlation

b support the inference of biostral
T oy 3~ Yot ~ oy o e
els which have no actu

v a
phase BO at the Baschurch Pools (Chapter 5.

The following accumulation rates have been calculated for the Baschurch

Pools:
Fenemere and Marton Pool 8.9 C14 yrs/cm
Birchgrove Pool 17.3 Ci4 yrs/com
Berth Pool (Core 11} 22.0 Cl4 yra/cm

These rates refer to the sediment horizons from which the pollen

diagrams have been derived and do not take into account changes in
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accumulation rate which might have occurred in the early Holocene
or in the later historic period. Stratigraphic details of the sites
are given in section 2.2. Fenemere and Marton are not thought to
have had inflow streams in the prehistoric period and nor are their
terrestrial catchments thought to have been extensive at that time
(££ Figure 2} . The comparatively high accumulation rates at these
two sites, in comparision to Berth and Birchgrove and to Crose Mere
(Beales 1980), are thought to be indicative of high autochthonous

primary productivity (cf Reynolds 1979).

The division of the pollen spectra into phases has been done primarily
to faciiitate inter-site comparisions for relatively short time

periods. The presence of a phase boundary is not intended, in the

ety

irst instance, to imply any break in the continuity of human culture

or economy in the Baschurch area.

1.2.3 Field and Laboratory methods
1.2.3.1 Field sampling and sample storage
“eal and sediment cores for pollen analysls were collected using a

of lake sediments, a 1.2m Mackereth corer (Mackereth 1969 was used to

core the mud-water interface. Only the Mackereth core from Berth
Pool {Berth M1) was used for pollen analysis. Samples for radio-

carbon dating were collected using a large 30cm x 10cm diameter
Russian corer {Barber 1984). Cl14 cores were correlated tc the main
cores by pollen analysis. Details of the radiocarbon dates and of
the Cl4 to main core correlations are given in Appendix 1. Lakes
were cored from a platform consisting of two infliatable dinghies tied

lake floor. This

O
oo

alongside one another and securely anchored to Th
arrangement 1s, however, only advisable when weather conditions are
calm and wind speeds negligible. Peat and sediment cores were
transferred in the fleld into sections of plastic drain pipe of semi-
circular creoss section, wrapped in aluminium foil and sealed in
polythene bags, samples were then kept refrigerated. Mackereth
cores were extruded vertically in the laboratory and cut into Zcm
slices and transferred to taped petri-dishes for refrigeration. A
number of core sections, including a trial core from Berth Pool,

Berth I, taken at the start of the project,were frozen for storage
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purposes. When these cores, including peat and sediment core sections
were thawed some water loss was evident in the peat but excessive
water loss occurred from the lake sediment and some disruption of the
sediment was observed. The peat cores were transferred to a
refrigerator but the lake sediment sections were discarded. The
'reezing of fresh lake sediment samples appears to be inadvisable,
unless they are to be sub-sampled whilst frozen, or following freeze
drying. All the lake sediment samples used to construct the diagrams
in this project were refrigerated, not frozen. Two trial borings of
the consolidated peat deposits in between Marton and Fenemere {(2.2.3)

were made using a soll auger.

1.2.3.2 Laboratory methods

Stratigraphic description
g p

the symbol for Argil

is described on the basis of [

residues during pollen preparation and the selective microscopic

{

examination of samples representative of individual stratigraphic
urniits. Full stratigrapnic descriptions are given in 2.2. Only the
section of stratigraphy used in pollen diagram construction iz shown

orn the pollen diagrams

pH measurements

pH measurements were made to complement the general descriplticns of the
study sites (section 2.2). The changing water conditions at the

sites are not of primary interest in this particular study. However
the present alkaline algal-rich status of the majority of the
Shropshire-Cheshire meres is thnought to reflect a long history of

anthropogenic impact on the sites (Reynolds 1979).
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Boreatton Moss

pH measurements were made using a hand-held pH meter at several
locations across the surface of Boreatton Moss, including the moss
proper, open water at the northern end of the moss and in the

'channel' surrounding the moss. Measurements are shown in 2.2.2.

New Pcol

The peat surface at this site is almost certainly a truncated
deposit. A sample of peat from the top of the main pollen core
was mixed with distilled water and a pH measurement made in the
laboratory.

'he Baschurch Pools

e

pH measurements at the Baschurch Pools were, for the purpose of
standardisation, carried out on the same day, Z3rd September, 1986.
Weathner conditions were warm and dry and had been so

preceding week, the water in

products

maximum of 8cm to a minimum of

was determined by the depth of deposit spanned by the time period of
primary interest and by the time svailable for data collection.
Samples were taken by using a scalpel or small spatula to extract

c. 0.5cm’ of peat or sediment from 2 - 3mm elther side of the exact

depth to be sampled, thus, where

a lcm sampling interval ig used,
each sample 1s separated {rom those above and below 1t by z narrow

band of unsampled deposit. Sediment surfaces were carefully cleaned
in the laboratory prior to sampling, care was taken to remove fresh
plant remains from the surface of the peat cores, in particular from

the lower end of fthe core sections where modern material dragged
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down by the corer can be incorporated in the sample when the core
chamber is rotated. Lake sediment from the upper and lower ends
of core sections was not sampled. To avoid the possibility of
sampling sediment contaminated by mud or water seepage at the top
and bottom of the fin, sediment was sampled 2c¢m above or below the
ends of core sections, to preserve a minimum 4cm interval. Peat at
the ends of core sections was, however, sampled since fresh plant
material could be seen and removed in the {ield and in the laboratory.
An 8cm sampling interval was only used in the upper horizons at
Berth Pool, where inter-site comparisions with other cores were not
made. Where tempcral overlaps between cores occur at the Baschurch
Pools, a 4cm sampling interval is used; a lcm to Z2cm sampling

interval was used at Boreatton Moss and New Pool.

Pollen preparation and counting

Samples for pollen analysis were prepared following Barber (1976),

mounted in silicone oil and counted at x 400 magnification on a

Nikon Optiphot Microscope; x 1000 magnification, with oill immersion,
and phase ication of certain

pollen reference tc the
keys in bh (1978) and with

ollen freguency

3

reflerence
variations i ) f cllen counts (Crabtree 1975, cf Brooke

and Thomas e {Barber 1976, 60)

requencies do not vary significantly once a

has shown tha

th
f

sum of 200 te 250 grains has been reached, although some workers
advocate the use o ollern sums, of up to 1000 grains (Berglund
1968, Vuorela 1977). For this project, the decision was made to
count a minimum of 250 land pollen grains per sample, excluding
Coryloid anag Cyperaceae at Ericaceae at the two mosses.

ilen sum, on which the

1
This minimum of 250 constituted the main

relative frequencies of types within that sum were based.
Indeterminable and unidentified pollen is shown as a percentage of
total pollen, including Indet./Unident. Indeterminable pollen
consists of palynomorphs which were determined to be pollen grains
but which could not be confidently assigned to any taxon since they
had undergone too great a degree of corrosion and degradation of the

grain wall. Occasionally, grains were encountered which were
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relatively well preserved but despite reference to keys and type
slides could not be confidently identified, such grains were rarely
encountered, and never exceeded 0.9% of total pollen, The exclusion
of certain pollen types iz a departure from the recommendations of
Wright and Patten (1963}, The intention in this project was to

make inter-site comparisions in respect of the pollen freqguencies of
the main terrestrial tree, shrub and herb taxa. Cyperaceae pollen
could be derived from taxa at the water's edge at the pools, and on
the moss surfaces, and Ericaceae pollen from the moss surfaces;

these two types were therefore eliminated from the main pollen sunm.
Coryloid pellien was not included in the main sum since it was thought
that it could be derived in part from bog myrtle, Myrica gale (cf
Edwards 1981). Myrica gale was formerly widespread in north west
Shropshire (3inker et al 1985} and favoured lowland peat bogs and

wet heath on molst to damp peat. It is also a characteristic species

of the transition zone beiween acid railsed bog crowns and surrounding
more pase-rich fen. It was thought possible that areas around, or on

Boreatton Moss and New Pool could have supported Myrica, although none

cats around the
ryloid pollen

a land pollen sum,

uncertain at least

of the grains {Edwards 1981), could have led to the

more irregular recording of certain relatively rare herb treec or
shrub pollen s when time constraints demanded the adopliion of ¢

5

Relatlive percentage pollen fregquencies have been calculated throughout.

A satisfactory study of pollen influx variations would have demanded
the analysis of 2 larger number ol cores and the provision of a large
number of radiccarbon dates, which could in any case be unreliable
during clearance phases (Pepnlngton et al 1976, Besales 1980). The
facus of sedimentation in a lake basin {(Lehman 1975} can change
location over time {Dearing 1983), this could seriously undermine
reconstructions of vegetation change based on pollen influx data
(Edwards 1983, 601). Where pollen concentrations are high, influx
data and percentage pollen data often show similar patterns {(Huntley

and Birks 1983, Beales 1980).

Relative pollen (requences from a single core are generally
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representative of the basin as a whole (Webb et al 1978) but the
total pollen influx can vary throughout the lake basin (Davis et al

1973, Davis et al 1984).

Pollen diagram organisation

Trees
Arboreal pollen types are shown as percentages of total determinable

land pollen, excluding Coryloid and Cyperaceae at the pools, and also

excluding Ericaceae at the mosses.

Shrubs

Corylus/Myrica is shown as a percentage of total determinable land

pollen, other shrub types are shown as percentages of total determinable

O
yperaceae atl Che pools, and also

(@

land pollen, excluding Coryloid and

Ericaceae al the mosses.

3, Lolal bricaceae pos.ien

shown as a percent-

At the Baschurch

age of the main sum,

and Cyperaceze.

At Boreatton Moss and New Pool, total Ericaceae pollen is shown as a

percentage of total determinable land polien.

o
"3
0

Gramineae and cultivs

Pollen types which could represent cultivated taxa are grouped with
total Gramineae pollen (cf Waton 1982}, types are shown as percentages
of the main sum: total determinable land pcllen excluding Coryloid and

Cyperaceae at the pools, and also excluding Ericaceae at the mosses.

Open habitat indicators

Amongst the herb pollen types a separate category is reserved for
pollen types most commonly referred to as open habitat or anthropogenic

indicators (Turner 1964a, Behre 1981, Vuorela 1977). Types are shown
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as percentages of the main pollen sum. Rumex acetosa/acetosella

are not differentiated, nor are Plantago media/major.

Other herbs

The remaining herb pollen types are included after the open habitat
indicator group; taxa from a variely of habltats contribute tce this
group. Cyperaceae 1s shown as a percentage of total determinable
land pollen, other herb types are shown as percentages of the mailn

Sum.

Aguatics

Pollen from aguatic and emergent taxa is shown after the herb pollen

groups, types are shown as percentages of total determinable pollen.

teridophyte spores are shown as perce

Ty ~T Y -1 ~ ~ - K S P S
tand pollern plus total pteridophyta,
on the pollen diagrams.

Sphagrum

Sphagnum spores are shown as a percentage of total determinable pollen

and spores and Indeterminable/Unidentified as z percentage of total
pollen. Summary curves are shown for total tree, shrub and herb and
heath polien, calculated as percentages of total determinable land
pollen. The positions of numerical zone splits, {1.2.4) together
Wwith the order in which thev occurred, are shown where they can be

compared Wl

boundaries.

ig also shown on the
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Sediment loss on ignition

-

Wet sediment samples of c¢. 10-15g were taken from selected levels in
the cores [rom Berth Pool and Fenemere. The stratigraphic positions

of" the L.0.1. samples were selected with reference to the positions
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of the samples taken for magnetic measurements. L.O.I. samples for
Berth Pool were taken from the main core, Berth II (2.2.2). Samples
from Fenemere were taken from the Cl4 core and their equivalent
position on the main core was determined with reference to the
skeleton pollen diagram constructed for the Cl4 core. The Cl4 core
was used at Fenemere for L.O.I. measurements since it enabled
measurements to be made on sediment known fo be adjacent to the actual
material submitted for radiocarbon dating. The intention was to show

if any substantial reduction in organic content was directly associated
Y

with any of the radiocarbon samples.

Sample size for L.0O.I measurement was determined with reference to
Clark (in prep.l): c. 10-15g samples of wet sediment were oven dried
for 12 hours at 95°C, the dried samples were then disaggregated using

a pestle and mortar and then oven dried for z further 12 hours at 95°2C.

Samplies were then welghed and transferred into pre-weighed platinum
- ~ 5 L+ -
crucibles and placed in a muffle furnace for 4 hours at 550 - 50°C,

a
loss on ignition was then calculated as z measure

Percentage weil

of organic content {Allen 1974).

Sediment samples for magnetic measurements were selected from the
cores from Berth Fool (II) and Fenemere sirice these sites contrast in
size and in fterms of their pollen spectra [(Z.2.1 and following).
Magnetics samples were selected after the pollen diagrams had been
constructed and were taken from levels in the stratigraphy of the
sites where the pollen evidence polinted to progressively increasing

degrees of human impact and where chronologi
the sites were thought to occur. 10ccs  orf

of" the selected sampling levels was sent for

4,

ment at the Dept. of Geography, Universit

A

were analysed and the raw data returned (G. Yates, Pers. Comm.).

Sediment samples were dried for 4 davs at =40°C in a drying cabinet
then wrapped in cling film without sample disaggregation and secured
in 10cc pots. The principles of mineral magnetic analysis and
details of measurements and equipment are described in Molyneux (1071},
Oldfield et al (1978}, Thompson et al (1975), 0Oldfield et al (1985a)

and Thompson and Oldfield (1986). Magnetic measurements of sediment
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samples allow linkages to be proposed between sediment and source

(O1dfield et al 1988a, Bradshaw and Thompson 1985, Hirons and

Thompson 1986,
et al 1979).
enabling many c
allowing rates
Coard et al 198
be linked to ca
Dearing and Flo
core to core co
accumulation wi
Sediment-source
Cheshire Plain

Fy
8}

Smith (19857},

ull

T}

detalls

iven in the

o

and

given,

Bj¥rck et al 1982, Thompson and Morton 1979, 0ldfield
Magnetic measurements can be carried out rapidly,

ores from a lake basin tc be correlated to one another,

imated (Foster et al 1986,

eat

Lot

of sedimentation to be

3) and allowing variations in lake sedimentation to

tchment erosional processes (Dearing et al 1982,

wer 1982, Dearing et al 1981). Rapid and accurate

rrelation can show how the pattern of sediment

thin & lake basin can vary over time (Dearing 1983).
linkages have beenproposed or lakes on the Shropshire-
by Smith {1985) and, on the basis of data presented in

f {1985a1.

field et al
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for example at a [ strength of 850mT can be

Initially, the magnetisation

<

)

4

mpie 1in the laboratory.

increase but eventua Turther magnetisation will

hen the sample 1is magnetically saturated 1t is removed
the magnetisation of the sample declines on

SIRM can be in
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magnetic mineral concentrations and magnetic grain sizes. The ratio
of SIRM/X is independent of concentration and can be used to determine
the mineralogy of a sample. For example, haematite tends to have a
high ratio of SIRM/X and a magnetite a lower ratioc (0Oldfield et al
1985a). Downcore changes in the ratio SIRM/X can indicate changes

in the magnetic mineral assemblage or in magnetic grain sizes.

Reverse field ratios

Once a sample has been magnetically saturated, or at least been
subjected to an applied magnetic field, 1t can be subjected to a
series of weaker fields running in the opposite direction. At each
successive reverse field strength the new remanent magnetisation {(IRM)

can be measured as a proportion of the original SIRM:

IRM ~ 20mT IRM - 40 mT IRM - 100mT

STRM SIRM SIRM
etc. The minus signs denote the reverse {ield. In this way, the
demagnetisation of the sample can curve
can be calculated. The coercivity the
reverse fleld needed to reduce SIRM to zero. In this way the
strength or hardness of the magnetic noa be
assessed. Magnetile can be described as z '"soi't' mineral with &

lower Bo(CR) than the 'harder' haematite. Min

ft

sof'tness is typically measured using the 'S’ ratic {¢f. 0ldfield

al 1979), this is the ratic of IRM - 100mT (the reverse field at

100mT) to SIRM {in the applied forward fielid). For
eg, magnetite 'S' will tend to approach -1.0 since most of the
initial forward field will have been 1lcst at a reverse tield of
-100mT. For hard minerals such as haematite

+1.0. Downcore changes in 'S°' can thus point

mineralogy; sediment source ldentification

(0ldfield et al 1979).

Anhysteritic Remanent Magnetisation: ARM

In the laboratory ARM is imparted infc & sample using a strong
alternating forward field in the presence of & small steady field.
In a so0il profile (Thompson and 0ldfield 1986, 78) ARM was found to

decline down the profile as the relative importance of magnetite, in
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this case the fine form of magnetite typical in topsoils, decreased.
Changes in the ratio of SIRM/ARM can indicate changes in magnetic

grain size (cf Thompson and Oldfield 1986).

X versus SIRM and SIRM/ X versus 'St

Samples can be plotted on x and y axes dependent upon their values

for the above parameters (cf Hirons and Thompson 1986). The samples
will group on the scatter diagrams in accordance with their mineralogy;
discrete groups of samples could characterise different levels in a
given sediment core and could relate to down core changes in iron

mineralogy.

A complex series of variables can affect the above parameters (cf

Oldfield et al 1985a,Thompson and 0ldfield 1986 . In association
however they can provide a guide to the iron mineralogy of a given
sediment core and in combination with studies of catchment mineralogy

(Ef_Smith 1985, Oldfield et al 1985a) can allow sediment - source

linkages to be suggested and provide detailed information

to environmental change within a lzke catchment (cof

1983b).

1.2.4 Numerical Methods

The pollen spectra in this study have been divided into phases on

subjective, rather than objective criteria (1.2.27}. Numerical
methods have, however, beer used to divide the pollen spectra object-
ively, and also used in an attempt to compare profiles. The spectra
were zoned numerically in order Lo assess the extent to which
subjectively defined boundaries would be marked by ZONATION boundaries
and also to examine the extent to which the pattern of ZONATION
boundaries varied from site to site; 1if the pollen spectra from two
adjacent sites were identical, then the pattern of zones splits at

one site, in terms of order and position, should be repeated at the
other site, if important site to site contrasts occur, the pattern

of zone splits would be expected to vary.

1.2.4.1 Zonation of the pollen spectra

Pollen data from each profile were encoded for computation in the
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format given by Birks (1986a). The computer programs ZONATION
and SLOTSEQ were then used to analyse the data files; details of the
numerical procedures are given by Gordon and Birks (1972, 1974) Birks
and Gordon (1985) and Birks (1986a). The FORTRAN program ZONATION
(Birks and Gordon 1985, adapted for the Southampton computing system
by 1.C. Prentice) contains three separate numerical procedures, each
designed to objectively divide the pollen spectra into a series of
internally homogenous zones. The results of two of these procedures,
SPLITINF and SPLITLSQ, are shown on the pollen diagrams: The
program permits the number of zone splits to be selected in advance.
A maximum of 20 zones splits can be placed. The smaller number of
12 was however chosen as a standard for all & pollen diagrams to
facilitate clearer site to site comparisons in respect of the
positions of the main zone splits. A third numerical procedure,
CONSLINK, is not considered here; problems can arise in the inter-
pretation of CONSLINK where more than 50 counted levels are analysed
(Birks and Gordon 1985]). The spectra from Boreatton Moss {centre],

Berth Pool {(core II} Fenemere and Marton Pool all contain more than

—

50 counted levels. To provide a standard comparison for all &
diagrams only SPLITINF and SPLITLSO are illustrated orn the pollen
diagrams. The results of ZONATION are intended fto represent =

measure of the importance, in purely numerical Terms, of

horizons in the pollen spectra where changes in pollen content occur.
A standard group of pollen taxa was chosen for numerical zonation
procedures. The most consistently abundant tree and herb Lypes were
selected, although Cyperaceae and Ericaceae were not inciuded since

it was thought they could be locally over-represented at the two moss

sites. Fluctuations in these types could represent highly localised
variations in species abundance on the mosses Lhemselves. The

objective was to compare the sites in terms of temporai variations

in the freguencies of the main terrestrial pcollen types. Coryl:
Myrica was included in the standard set since there was an observed
tendency for this type to fluctuate in frequency in a way which

suggested that Corylus avellana was predominant. The Coryloid curve

tends to decline at all sites where major reductions in arboreal pollien

totals occur. The taxa used in ZONATION are as follows -

Betula, Pinus, Ulmus, Tilia, Quercus, Alnus, Fraxinus, Coryloid,

Gramineae, Liguliflorae, Plantago lanceolata, Rumex acet and Pteridium.

1

Samples at 140cm and l44cm  at Boreatton Moss Margin were not included
in ZONATION analysis. These were only included on the pollen diagram

after statistical analysis had been carried out.
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1.2.4.2 Comparison of the pollen spectra

Several combinations of site files were paired and analysed using

the FORTRAN program SLOTSEQ (Birks and Gordon 1985, modified for the
Southampton computing system by I.C. Prentice). SLOTSEQ is designed
to discover the optimal slotting fit between pollen spectra; if a
series of sites are subjected to numerical zonation and comparision,
standardised regional pollen assemblage zones can be established
(Birks and Berglund 1979, Birks 1986a]). One important problem with
the procedure incorporated in SLOTSEQ is the tendency for 'blocking?
to occur (Birks and Gordon 1985, Birks 1986a). Blocking occurs if
two sequences incorporate a series of levels with little within -
sequence variability. There is a tendency for a whole series of
levels from one sequence to be grouped together without any levels
from the other seguence being slotted in, even if genuine site fo site
correlations occur in these levels. In this study, blocking did
occur when several paired profiles, particularly those from Marton
and Fenemere, were compared. Furthermore, Prentice {(unpublished

e

information sheet, Geography Department, Southampton University)

states that when two sequences are compared using SLOTSEG,
should be carried out 'hoth ways round' that is t

A as seqguence 1 and B as 2 and then profile B as sequence 1 and £ as
Z. If the slotting fit produced is clearly different when profile

r
orders are reserved the fit produced by SLOTSEC should not necessarily

LA

y
be trusted. Several combinations of profiles were compared [ollowing
the above procedure and the slotting fit varied when the profile
order was reversed. The results of SLOTSEC have thus not been used
in this study as they are thought to be potentially unreliable.
Conceivably, beneficial modifications could be made to the numerical
procedures incorporated in SLOTSEC [I.C. Prentice, pers. comm. ).
Selected inter- and intra-site pollen freguency comparisions are made
with reference to the mean frequencies across a series of levels; the

standard deviations of the means are shown.
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1.3 Literature Review

1.3.1 Pollen production

The nature of the relationship between pollen frequencies and
vegetation communities is a subject of great importance, and some
controversy (Faegri 1966). The amount of pollen produced by a

given species is rarely proportional to the abuwdance of that species
in the vegetation community. Davis (1963) discussed the concept of
the R value, the ratio of the percentage of a pollen taxon to its
percentage cover in the vegetation; this general approach is still
considered productive (Bradshaw and Webb 1985). Empirical work has
shown that, in order to make more accurate deductions about vegetation
composition pollen frequencies should be corrected (cf Andersen 1973).
There are problems with the use of the K value approach {(Faegri 1966),
some species are insect pollinated, and so their pollen frequencies
should not be viewed in exactly the same light as wind pollinated
Species. Also, some pollen types are far more susceptible to decay
than others, which can alter their representation in the fossil pollen
record (Hall 1981, Havinga 1967, 1984). Components of the pollen
input at a site can be derived from much older deposits {(West 1973)
and, at worst, this derived input could make diagram zonation and
vegetational inference meaningless. Faegri (1966) cites the case of
Larix pollen, which can be extremely difficult to recognise and count.
Taxus and possibly Juniperus could be included in this category.
Andersen (1970, 1973), however, studied the relative pollen product-
ivity of forest trees in detail, and the following Tcorrected factors'

were proposed:

Quercus, Betula, Alnus, Pinus, Corylus, Taxus T 4
Carpinus 1= 3
Ulmus, Picea 1T 22
Fagus, Abies, Populus T x 1
Tilia, Fraxinus, Acer T x 2

This study was carried out in a closed forest, Draved, in Denmark.

The efficacy of R values, or correction factors produced at a specific
location at one point in time, must be questioned. The problem

of the transference of R values from one location to another has

been raised by Faegri (1966) Oldfield (1970}, and Faegri and Iversen
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(1975). An individual pollen frequency for a single species can be
derived from a complex variety of sources, in terms of source strength
and distance from the collection point (0Oldfield 1970). Applying R
values to pollen curves where the pollien has been derived from a
variety of sources is therefore clearly problematic. As an extension
of the R value model, and in order to eliminate the problems inherent
in the interdependance of pollen frequencies in percentage calculations
(Faegri and Iversen 1975) the use of pollen influx values was developed
(Davis and Deevy 1964). It was believed that pollen influx values
could be directly related, via the R value model, to actual composition
change in vegetation communities. However, studies on intra-site
variability in sediment accumulation rates {Lehman 1975; Bonny 1976,
1978; Dearing 1983; Davis et al 1984) have cast doubt on the
representativity of pollen influx values, since the zone of sediment

focussing can change over time.

The pollen concentration in a sediment layer can be uniform, but
intra~-site variability in sediment accumulation rates will lead to
intra~site differences in annual rates of pollen deposition {(Bonny
1978}, which are a function of sedimentation processes and not
vegetational change. Under these circumstances, attempting to
convert from absolute pollen influx rates, to vegetational composition,
is fraught with difficulty (Pennington 1973, Edwards 1983). Despite
problems of interpretation, particularly when pollen production
variability is complicated by variable despersal efficiency (1.3.3},
work on the calibration of pollen frequencies in relation to vegetation
composition has continued (Webb 1974, Webb et al 1978, Bradshaw 1981a,
1981b; Delcourt et al 1983, Parsons et al 1984). If the influence

of trunk-space pollen transfer is held to be minimal (Faegri and
Iversen 1975} as the results of Andersen (1970, 1974a, 1974b) suggest,
then a certain level of accuracy in the calibration of pollen spectra
to tree cover, in a closed forest, is probably attainable. It must
be assumed that the locally produced pollen is not unduly affected

by a substantial component derived from elsewhere. However, once

a bog or lake margin is encountered, and it is in these localities
that the best palaecenvironmental record is preserved, highly localised
sub~canopy pollen representation is then subjected to more complex
processes of mixing and addition in the air, and processes of transfer
and integration in the peat or water and sediment column. In very

general terms, where trees dominate the vegetation around a
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relatively small site (Jaccobson and Bradshaw 1981) it could be expected
that Andersen's correction values will be a useful guide to the over- or
under-representation of arboreal taxa. Surface sample studies within
closed forests may well contine to bear out the observations of
Andersen, although Bradshaw and Webb (1985) and Prentice (1985) draw
attention to the variability in R values consequent upon changing

basin size. Once deposited, the variable resistance to decay,

amongst pollen types (Cushing 1967) could lead to further problems of
representativity not directly related to pollen productivity, it is
therefore always advisable to record the proportion of deteriorated

and indeterminable pollen grains as an indication of the general

degree of pollen destruction in a deposit.

It should also be remembered that, at the margin of a lake or bog
there is an obvious break in the vegetation, which, if trees or
shrubs 1in particular are well represented, can lead to more vigorous
flowering and pollen production with greater insclation to lower

levels in the vegetation.

In conclusion, the location of a speciez in the vegetalion community,

its pollen production per anther, its season of flowering and the

[

dispersal efliciency of its pollen combine, particularly in an open
vegetation community, to make the precise interpretation of

pollen freguencies very difficult, and it is necessary for all possible
variables to be constantly borne in mind. The vegetation pattern
around a given site can be reconstructed in general terms, allowing
for the over- or under-representation of particular pollen
the polien record. For an accurate reconstruction of local spatial
variations in species abundance, however, a multi-site study is
necessary {Jacobson and Bradshaw 1981, 83). A further advantage
this type of multi-site approach is that inter-site contrasts can
give an indication of the likely extent of the dominant pollien

source area at a given site (cf Bennett 1986).

[

.3.2 Pollen dispersal

Theoretical and empirical work on the processes of pollen transfer by
Tauber (1965, 1967a, 1967b, 1977) showed that the true 'pollen rain'
that which was removed vertically from the atmosphere by rainfall,

could amount to only 10 - 20% of the pollen arriving at a basin.
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Assuming exclusive aerial transport of pollen to a site, Tauber (1977)
suggested that at a basin site of several hundred metres diameter, up
to 80% of the pollen was transported via the trunk-space of a forest,
Faegri and Iversen (1975) do not hold with this proposed importance of
the trunk-space. The fact that work by Andersen showed a very close
correlation between canopy composition and forest floor pollen
deposition is cited by Faegri and Iversen {1975, 55) as evidence
that trunk-space transfer is minimal, since it had not excessively
perturbed local pollen deposition. Perhaps of more interpretative
value was Tauber's assertion that in a small basin, the above canopy
pollen component could overshoot, and thus the smaller the basin,
then the more under-represented would be long-distance pollen transport
{Tauber 1965). Tauber {1977) proposed models which held the pollen
composition of each component in his pollen transfer scheme to be
variable from component to component; site factors could alter the
relative representation of these compconents; this mechanism could
influence the relative pollen proportions deposited at a series of

sites in the same vicinity.

ern
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Andersen {1974z, 1974b} has further studied seasonal and annual pol
deposition related to wind conditions in a mixed deciduous forest.
Andersen considers that a major part of tree pollen drops to the
ground in rain drops or large aggregates. Krzywinski (1977) drew
attention to pollen deposition due to litter~fall after the season of
flowering. In part, these studies agree with Tauber's emphasis on
pollen filtering, although at present the true nature of trunk-space
transport and filtering is still open to further research. Much of
this work has been carried out within forests, in a non-forested
upland Price and Moore (1984) have suggested that air-streams moving
up valleys either side of an interfluve can have different pollen
loads, and that a transect across the summit will reflect the changing
predominance of these separate pollen bearing air-streams. It
appears clear that the 'pollen rain’' cannot be seen as a single
homogencus scurce of pollen (Tauber 1965}, but rather as a complex

and variable source, subjected to a range of external influences.

The pollen input to a site will, at least in part, be a function of
these factors, which adds a further complication when attempting to
associate pollen frequency changes with vegetational changes. Faegri
and Iversen (1975) consider that the rate of fall of pollen grains in

still air is not a significant factor in dispersal, since average
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windspeeds in turbulent/are more than an order of magnitude greater
than pollen settling velocities.  Prentice (1985) however, considers
that the differential rates of deposition from the atmosphere, amongst
pollen types, are significant. Prentice {1985) presents simulated
pollen source areas for taxa with different settling velocities, with
the more bucyant taxa originating over a much larger area. This
'dispersal bias' (Prentice 1985) can have an important influence on
pollen representation, particularly when the pollen of a given
species 1s both poorly produced and poorly dispersed:! alternatively,
a high pollen producer can enjoy excellent dispersal as well. Pollen
representation is therefore a result of the combination of production
variables and dispersal variables. The work by Andersen (1970, 1973)
has made an important contribution to the subject to pollen production.
Since much of Andersen's work was carried out in a closed forest, it
necessary to consider the variations in pollen dispersal and site
size, which, together with pollen production, add up to produce
pollen representation (Prentice 1985). Tauber (1977) showed how
pollen could be dispersed within a number of different dispersal
modes: Canopy transfer, trunk-space transfer, waterborne transfer,
and rainout. Site diameter was considered to be important not only
in its effects upon the proportions of these components contributing
to the total pollen input but, as a direct consequence of its effect
upon these proportions, alsc in its effects upon the pollen source
area. Potentiglly, the variability in site size which occurs
between the six sites under examination in this study could affect
the deposition of pollen at the individual sites; the relative

importance of pollen dispersed below, within or above the canopy
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could vary according to the size of the site (c¢f Tauber 1977).

1.3.3 Pollen source areas

Janssen (1966) carried out a detailed study of pollen source areas
based on transects across forest formations in Minnesota. Surface
samples were taken from bogs in an area with a mosaic of vegetation
types in an attempt to identify the regional component in the pollen
rain. This component was taken to be derived from upland areas
beyond the immediate slopes of the basins in the transect. A
characteristic of the regicnal pollen rain is a high degree of mixing
of its pollen content, resultant from the distance it has travelled

and therefore the time it has remained airborne. The results
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(Janssen 1966) allowed the identification of a regional pollen rain,

a local component, dominated by plants growing on or at basin sites,
and an extralocal component derived from vegetation in areas

adjacent to basin margins. Janssen {1966} considers the extralocal
component to derive from trunk-space transfer (Tauber 1965). In

later work Janssen (1973} proposed that an extralocal pollen trajectory
would only be important over a few hundred metres from a pollen source.
The idealised relationship between pollen rain and distance from the
source, given by Janssen {(1966) showed a rapid fall-off in the amount
of local pollen present as distance from this local source increased.
Oldfield (1970) noted that pollen socurce strength could be variable,
based in part on the number of individuals contributing to the pollen
rain, and their distance from the collecting point. In this way,

n identical pollen percentage at a site could be derived from a
combination of different pollen source strengths and source distances.
This will complicate any inferences about pollen percentage decay
from a polnt source, since in practice the exact nature of that source
cannct be identified from fossil pollen spectra. A synthesis of
theoretical and empirical work on pollen source areas was presented
ny Jacobson and Bradshaw (1681}, This synthesis combined Janssen's

idealised relationship between the polien proportions at a site and
R ot by

The areas of origin of that pollen, w ber's model describing
2 3

the effect of site diameter upon the representation of the components

4

of tLhe pollen rain. It might appear be a2 statement of the

obvious that some pollen arrives at a site from a2 short distance,

some from a middle distance and some from long distance. However,

once it is established that not only does each of these distance
components have its own characteristics, but that their proportions

can vary according to the size of the site, then the identification

of regional extralocal and local sources becomes of great interpretative
value., Within each distance component (Janssen 1966}, Tauber (1965,
1977) identified different modes of dispersal; a canopy component (CC},
a trunk-space component (Ct), & rainocut component (Cp} and a waterborne
component (Cw). To allow for Janssen's source with its maximum local
effect, Jacobson and Bradshaw (1981) defined a gravity component (Cg}
which represents vertical dry deposition of pollen by anthers over-
hanging a sampling site. Basin size, incorporating Tauber's ideas,
is then related to the source areas as defined by Janssen (10966).

The effect of this combination is to propose a relationship between

site - size, with no inflowing streams, and the relative proportions
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of pollen originating from the different areas arcund the site.
Hence, with a small site diameter, local pollen producers are well
represented; with increasing site diameter, the extra local and regional
sources have an increasing effect. An important assertion made in
this model (Jacobson and Bradshaw 1981) is that the extralocal pollen
could constitute 50-~70% of the pollen falling on a basin of 1-200m
diameter. The concept embodied by Tauber's (1977} ideas concerning
the overshoot of regional pollen in small basins is accommodated by
Jacobson and Bradshaw (1981} who show that the regional or far-

travelled component of the pollen input at a site will not begin to

U

predominate in the polien spectra until site size exceeds c¢. 5ha;
local pollen 1is defined as that originating within Z20m of the basin
margin at a closed basin, extralocal pollen originates in the
vegetation between 20m and several hundred km of the basin edge and
regional pollen is derived from greater distances. The cutting of
inflow streams into a formerly closed lake basin could effectively
increase the pollen source arez of that basin (Pennington 1979}, also
pollen source area can increase when woodland is cleared from around
a site {(Tauber 1965, 1967b). The Baschurch meres zlmost certainly

d not have inflowing streams during the prehistoric period, the
Citches linking the meres today having been cut

This synthesls of source areas and basin sizes

interpreting fossil pollen spectra since it allows

which is paid to the immediate surrounds of a site
ref'erence to carefully controlled experimental work, Prentice (198%)
has alsc sought to draw together theoretical and empirical work on
pollen representativity, scurce area and basin size. Prentice (198%)
def'ines pollen representation as a combination of production bias,

the result of differential poilen production by trees, and dispersal

1

bias, due to differential pollen dispersion amongst taxa. Dispersal

bias is the variable affected in part by basin size. Prentice [1985)
bases a theoretical model of pollen dispersal in part on the use of

equations developed by Suttorn (1947, 19

"3

behavicur of particles released at or above ground. The zero-heignt

o be the best {or this theoretical

e

form of Sutton's equations is held
approach (Prentice 19857, Faegri and lversen (14975} alsc consider
pollen generated at the canopy to be effectively at zero altitude,
since it is immediately susceptible to filtering by the vegetation.
Prentice emphasises the effect of individual deposition velocities

amongst pollen taxa. Lighter pcllen grains are shown to originate
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within a greater average distance of the basin than heavier pollen
taxa. The theoretical formulations of Prentice (1985) agree with
empirical evidence. Local pollen deposition is predominant at within-
forest sites (Bradshaw 1981a). Extralocal and regional polien
predominates in moderately sized basins {Webb 1974). If anything,
Jacobson and Bradshaw (1981} allow extralocal pollen a greater
predominance, particularly in the range of basin sizes considered in
Shropshire in this study. Jacobson and Bradshaw (1981) allow the
trunk-space component to contribute to this extralocal effect. Ir
trunk-space transfer is considered with the scepticism advanced by
Faegri and Iversen (1975) it could be that there is an important pollen
input at basin margins from the immediate down~draughting of pollen

as above-canopy air 1s dragged down by slacker circulations above

the sheltered basin surface (Bonny and Allen 1984, Caborn 1957).
Naturally this is less likely to occur where a site margin is completely

operr, but at many lowland lake margins a fringing Alnus and Salix belt

often persists which may perpetuate down-draughting at the lake-shore;
the fringing tree belt thus acts as a partially penetrable shelterbelt
{Caborn 1957). The basin diameters of the sites in this study range
from ca.100m for Birchgrove Pool and New Pocol, to ca.300m for Fenemere,
it is possible that the dominant pollen source area with a closed

f'orest will be 'extralocal' at New Pool,

1

Pool but a wider ‘regionszl’ pollen source ares

o)

arfect to pollen input at Fenemere, and theoret
{cf. Jacobson and Bradshaw 1987]. Once woodland clearance begins

however, and the woodland cpens up, the pollen source area of a site

can effectively increase {Tauber 1965, 33; 1967k, 139). In this
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study, the pollen spectra examined span clearar
vegetation and the dominant pollen source areas for each individual
site could vary in extent over time, although in the ({irst instance
Berth Pocl, Birchgrove Pool and New Pool would be expected to have
more restricted pollen scurce areas than Marton Pool, Boreatton Moss
and Fenemere (cf'. Tauber 1977, Berglund 1973, Jacobson and Bradshaw

1981, Bradshaw and Webb 1985, Prentice 1985),

1.3.4 Intra-site variability

Research into the variability of pollen frequencies at the same site

has been carried out over a long period, and over a wide variety of

basin types and geographical areas. At first sight, the areal
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nature of pollen output and transfer does not appear to lend itself
to elucidation by relatively random point-based sampling. Davis
{1968) working on Frains Lake, Michigan, observed a smoothing of
pollen freguencies within the lake which was due to the resuspension
and redeposition of pollen grains. She found that up to 80% of
pollen grains deposited in water column traps were resuspended, and
only 20% new input. Davis (1968, 798) notes the 'uniformity and
consistency! of pollen content caused by redeposition. In this way,
pollen frequencies preserved in the sediment are 'mean frequencies’,
representative of the total polien deposited in the lake, and not of
localised input variations at the time of primary deposition. In
later work, Davis (1973a} stressed the importance of the absence of
thermal stratification as a pre-requisite for extensive sediment
mixing and redeposition. Davis and Brubaker (1973) sounded a note of
caution in respect of the differential settling velocities of polien
grains, particularly if horizontal currents transport lighter pollen
grains which do not penetrate the thermocline in a stratified lake,
Davis et al {1971) showed that inter-site variability in deepwater
Ragweed: Oak pollen ratics could occur when no shallow water variation
existed from time fo time. R.E. Davis et 2l {(1969) indicated that
variation in pollen spectra could occur within lakes. Seven lakes
were examined, six 1In north-east Wisconsin, in all cases, variatior
was found between deep and shallow water spectra, although deep
water core groups were more homogenous between themselves. Ne
pattern was apparent for individual taxa (cf Davis et al 1971),
R.B. Davis et al (1969, concluded that, if possible, more than one
core should be taken from a lake to assess the possible effect of
intra-site heterogeneity, and that cores should be concentrated in

3

the deepest portions of basins. The results of R.B. Davis et al
{1969) were based on surface samples. Davis et al (1984) examined
cores from Mirror Lake, New Hampshire. These cores obviously
included fossil spectra and the pollen percentage diagrams derived
from them were almost identical despite their varying positions within

the lake basin.

Edwards and Thompson {(1984) and Hirons and Edwards (1986}, showed in
a study from Lough Catharine, Ulster, that palynological patterns
were reproducible between marginal and central cores. This general
similarity held for the types and percentage representation of pollen

and spore taXa. Tolonen (1984} compared 4 cores from within a
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Finnish kettle-hole lake. Slightly higher herb pollen frequencies
were found in the middle of the lake, although Tolonen concluded that
there were no major differences in pollen percentage assemblages in
different profiles. Interestingly, Tolonen {1984) found slightly
higher Secale frequencies in deep water; Edwards and Thompson (1984)
located cereal pollen earlier in their central Lough Catharine core,
compared to the lake marginal core. Clearly, if Secale, Rye pollen
were used as an indicator of cereal cultivation, then a central core

would set this cultivation earlier than the marginal core.

Berglund {1973} working with pollen traps in a Swedish lake found
that redeposition of pollen grains was responsible for 'astonishingly
similar percentage values' in sediment traps, and confirmed the
conclusion of Davis (1968) that redeposition of pollen grains within
lakes created a uniformity and consistency in pollen content. Bonny
& Allen (1984), in a study based on Crose Mere, a small lake in
Shropshire very close to the Baschurch meres, found evidence for za
uniform input of pollen from non-local tree taxa. Crose Mere 1is

Ccg ibha in area, moving into the size range where a regional pollen

[N

nput becomes discernible (Beales 1980). In 1ine with the findings
of Davis (1968}, Berglund (1973) and Tauber (71977, 53}, Bonny and
Allen (1984} observed considerable circulation and resuspension of
pollen in the water column. Bonny & Allen suggest that in lakes
high primary productivity, pollen may form aggregates with other
mineral, algal, fungal and insect fragments and in this way enhance
pollen sedimentation, since these floccules will be sedimented more
rapildly than individual pollen grains. Bonny & Alien (1984) do find

some variations in surface pollen freguencies; the exposure of oider
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sediment by 1ittoral erosion is mentioned as 2 possil

level lowering by artificial drainage could be responsible, exposing

littoral sediments which were deposited at a time of greater water

depth with less potential for wind stress in these shallower zones.

Also, Bonny & Allen detect a tendency for pollen from local plants
at the lake shore to be deposited within 30m of the shore. Once
deposited, however, they will be subject to resuspension and
redeposition. Bonny & Allen conclude that air-currents flowing
over rather than through a canopy are more important than initial
theories suggested (Tauber 1965, 1977). In the light of the
findings of Caseldine (1981) that N.4.P. was very rapidly filtered
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out on entering a forest, and that a high proportion of N.A.P. was
transported over the canopy, it appears that the 'trunk-space’
transport component should be more critically examined. As far as
the moderately-sized lakes considered in this study are concerned,
therefore, a2 pattern has emerged over a wide geographical area of a
repeated tendency for pollen stratigraphies tc be preserved which
are satisfactorily reproducible within the lake. Pollen freguencies

in lake sediments, therefore, represent averaged values, averaged

ot

both over the area of the lake and over several years as grains are
subjected to repeated resuspension and redeposition. Separate
cores obtained in this study from Berth Pool show pollen freqguency
Changes which are closely similar in magnitude and form at a time of
substantial vegetation alteration. Despite the cautions advanced
by Davis and Brubaker (1973) in respect of variability in the

frequencies of certain buoyant pollen taxa su as ragweed or pine, and

‘

Ch
the observations by R.B. Davis et al (1969}, the consensus in the
literature is that limnic sediment preserves a pollen record which
is representative of the pollen input fto the whole site, A slight and
apparently random tendency for individual taxa to over— or under-

represent in certain places for a variety

has not, however, undermined confidence in

ativity of poilen curves.

recruited to the sediments of several Lake District Lakes. Local
pollen deposition from the lakeshore vegetation was found to decrease
with distance away from the source. In the littoral region of Blelham
Tarn, processes of resuspension and redistribution of sediment were
not apparently sufficient to smooth variations in pollen percentages
caused by strong localised pollen emitters. However, the poilen
percentage composition and pollen concentration were found to be
uniform within the 8m depth contour. This recalls the concliusions
of R.B. Davis et al (196G). Bonny (1976

should be taken of the proportions of shallow water 1ittoral sediment

) suggested that account

present in a lake basin, since these areas are a strong source of

r

O

pollen derived from resuspensiorn. Within the Baschurch group

i

Leeply

i

meres, Marton Pool and Fenemere are, today, shallower and less
shelving at their margins, in comparison to Berth Pool and Birchgrove

Pool.
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The intra-site variation in pollen frequencies at peat bogs was
examined by Turner (1964b, 1970, 1975). This work is also considered
in section 1.3.6. The pollen spectra from multiple profiles from a
large raised bog were examined by Barber (1981) and a high degree of
correspondence was observed between the profiles. There is,

however, an apparent need for the degree of pollen frequency variation
across peat surfaces to be examined in more detail, particularly with
reference to cores taken in very close proximity to the edges of peat
mosses (EE Edwards 1982, 1983). In this study, two cores have been
taken for analysis from the deep-water zone of Berth Pool (2.2.1) and
two cores taken from Boreatton Moss, one at the centre of the moss and

one 22m from the edge.

1.3.5 Inter-site variability

Whilst some work on inter-site variability has revolved around

parallel studies of intra-site variability (R.B. Davis et al 1969},
other researchers have tended to accept single core representativity
and use 1t as Che basis for comparative inter-site studies. Penningtor
{1973) considered absolute and relative polien freguencies from lakes

of different morphometry. Pollen depos

decline, 5000

P, was found to decrease with
3
7

ariation in pollen

B.
(Pennington 1973
ested {(Pennin

o]
it
o)
]
.
)
=3
I

lakes was sugg

Pennington (1970} compared a pollen diagram from Burnmoor Tarn in the
S.W. Fells of the Cumbrian Lake District with pollen diagrams from
two other lakes in the same area, Devoke Walter and Seathwalte

Interestingly, for this study, a very similar horizon is correlated

from site to site at which Oak declines and herbs and

This is dated to 1080 * 40 b.c. at Seathwaite Tarn.
identifies the episode as a Bronze-fAge vegetation clearance. The
correlation of diagrams also enables Pennington (1970) to show that

the Betula revertence, an expansion of Birch pollen,was non-synchronous
and therefore not a stratigraphic marker for the onset of the sub-
atlantic period. A more detailed inter-site pollen diagram comparison
by Pennington {1979) considered the effect of the presence or absence
of an inflowing stream on the pollen spectra of a lake. Pecik (1973}
had observed high pollen proportions of certain taxa, eg, Ericaceae, in

inflowing streams. Tauber (1977) had suggested that in an open lake
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basin with inflows, up to 50% of the pollen reaching the sediment
could have been waterborne. The study by Pennington (1979) therefore
compared two lakes, one with an inflow, Blelham Tarn, and one without,
Whinfell Tarn. Prior to substantial vegetation clearance, the open
lake, Blelham Tarn received 50% of its pollen input from pollen rain
transported from the catchment. After clearance this amount rose

to 83%. The high proportion of catchment - derived pollen would
therefore extend the regional pollen representation in comparison to
a closed lake of the same size. The erosion of catchment soils
would supply older pollen to a stream-load with contemporary pollen
(West 1973). Tauber(1977 found that streamborne pollen at a closely
monitored lake greatly distorted the relationship between pollen
reaching the sediment and the vegetation in the immediate vicinity of
the site. The implication of these comparative studies is that to
avoid unwanted complication in respect of the ilikely regional pollen
source area at a site, closed basins are preferable for study. This
is particularly true 1if an attempt 1s made tc examine the effects

site diameter and spatial heterogeneity in vegetation clearance at

o}
oy

sites in close proximity. Sims {1973} produced pollen diagrams

e

ity

or two meres 10km apart in East Angliaz, Hockham Mere and Seamere.
£

Sims concentrated his interpretation on kham Mere, without

15. An interesting

feature of the analysis by Sims (1973) was an attempt to suggest
The population levels needed to cause the observed tree pollen
reductions at a time of vegetation clearance. This was complicated
by the fact that the location of the inferred clearance could not be
precisely frixed. When it is not known where the c<learance has
occurred, 1t cannot be known whether it was z localised clearance

by a few settl , or a more distant and more extensive clearance by

a larger group. Clearly the location of The PBerth Hillifort at

Berth Pool, and its established occupation during the Iron Age could
be useful in making more precise assessments of human impact on the
Baschurch area. The caution of Turner (1964a) should be recalled,
however; it was suggested that a single coherent clearance interval at
Whixall Moss could reflect, in fact, a composite of several separate
clearances not recorded as such in the pollen profile. Vuorela (19
examined pollen profiles contained in contrasting deposits in very
close proximity. A Sphagnhum bog and mineral soll profile were examined
on an island in a large lake, and a lake sediment profile was also

taken. The sites were 0.5 to 1km apart, equidistant from the location
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of cultivation on the island. At a time of increasing agricultural
indicators in the pollen counts, the peat and soil profiles showed a
decline in deciduous tree species, but the lake sediment diagram did
not show this. However, the total present of agricultural indicators
was practically the same in the lake and peat profiles. Vuorela
{1977) recommends that non-arboreal pollen groups should be considered
as percentages of the total non-arboreal types at sites of contrasting

sediment matrix.

On a wider scale, Turner and Hodgson (1979} considered the variation in
pre-elm decline woodland composition in the Pennines. In this study,
the potential influence of site size on pollen representation was

held constant; variation in Flandrian forest composition was explained
by reference to, in part, edaphic and altitudinal factors. Prentice
{1978, 1983a) used surface mud samples from 40 moderately sized

lakes in south and central Sweden to map variations in forest
composition. The modern pollen spectra are used to sense gradients
and patterns of regional vegetation (Prentice 1983a), in this way
synoptic pollien maps are developed. Prentice (1983b) reports on

the potential for the synoptic pollen mapping of simultaneous species

i)

migration and retreat, but at time intervals of 500-1000 years. AT
this level of tfemporal resolution, at a continental and sub-continental
scale, there is a great potential for synoptic pollen mapping. Over
a shorter time scale, and a smaller area, however, complex factors of
basin size, localised pollen dispersal and representation, vegetation
community pattern, edaphic contrasts and areal and locational changes

in clearance activity must be considered.

Bradshaw and Webb (1985) compared pollen frequencies with tree inventory
data using regression equations. A variety of basins were studiled
in Wisconsin and Michigan and a relationship was found between basin
size and the pollen~tree relationship. Bradshaw and Webb stress the
need to derive correction factors from basins where conditions

match those at a site where fossil spectra are examined, reiterating
the point that a concern for basin size is necessary when using
regression parameters as correlation coefficients for fossil data.
Bradshaw and Webb (1985) repeat the recommendations of Jacobson and
Bradshaw (1981). Research on modern pollen dispersal, transfer and
deposition has shown that sites vary in their ability tc 'sense’

vegetational patterns through their pollen spectra (Webb et al 1978).
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Site selection should be matched carefully with the analyst's

requirement for spatial precision (Bradshaw and Webb 1985)

Limnic sediment has therefore been shown, at a wide variety of
spatial scales and geographical locations, to preserve a palynological
record which is representative of the total pollen input tc the site
and which is amenable to inter-site correlation and comparison in a
way which allows both site factors (Pennington 1973, 1979; Bradshaw and
Webk 1985} and vegetaticnal contrasts (Prentice 1978, 1983a) to

be identified. A study with similarities to that carried out by
Vuorela {(1977) was presented by Donner et al (1978). A raised bog
profile from Varrasuo, Finland, has been compared with a profile

from the adjacent Lake TyBtilrvi. The profiles were both radio-
carbon dated. Greater arboreal pollen fluctuations were observed in
the peat profile, possibly due to the effects of Lrees growing on the

bog surface.

Fluctuations in the growth rates of peat will cause significant

ot

changes in pollen concentra
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between contemporanecous lev
Davan, Aberdeenshire, and z peat moss 250m from the loch. Pinus and
Quercus freguencies were comparatively higher at the moss. This was
taken to indicate the local dominance of pine and ocak at the southern
end of the loch. Cilearly, examination of just one site would not
have permitted detailed inferences about the spatlal hetercgeneity of

the vegetation patlern to be made. Turner and Hodgsorn (19871)

>

observed significant variations in the pollenspectra from sites

few km apart in the northern Pennines.

Multiple site studies also enabled Turner and Hodgson (1979, 1983) to
examine spatial variations in the composition of Flandrian woodlands.
Bennett (1986) examined the pollen spectra from two sites c. 3km apart
in East Anglia and concluded, on the basis of several observed
contrasts between the pollen spectra, that the pollen source areas of
sites could be more restricted than theoretical models would suggest.
The Baschurch Pools vary in size and are in closer proximity to one
another than the sites examined by Turner and Hodgson {(1981) and

Bennett (1986) and potentially, pollen frequency contrasts between
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the sites could allow the theoretical models of pollen source area
versus basin size, produced by Jacobson and Bradshaw (1981) and
Prentice (1985), to be critically examined. A degree of inter-site
variation in the timing of interference and regeneration phases in the
vegetation was observed by Edwards (1979, 260) at two Scottish Lochs,
C. 3km apart. This finding, in association with those of Turner and
Hodgson (1981) and Bennett (1986) shows the clear potential for
relatively localised variations in vegetation pattern, and calls into
guestion the extent to which any one site is adequately representative
of the vegetation of even a relatively small area. A series of

len sites on the Isle of Mull, Scotland have been examined by
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Walker and Lowe (1985} and Lowe and Walker (1986). Variations in

the pollen frequencies of three relatively small sites, c¢. 1.25ha or
less in extent, suggested that local pollen inputs were important at
the smaller two sites (Lowe and Walker 1986, 4371). Pollen freguency
contrasts between six sites on Mull showed that species abundance

amongst woodland taxa varied across the island during the Flandrian

pericd. For example, juniper cculd be shown to have avoided the more
oC ile

alities (Lowe and Walker 1986). Multiple-profile

studies permit detailed inferences fo be made in respect of vegetation

studies to be carried outbt Tor the specified purpose of examining
o o P2l EaR A (1A 24 k] 3y e e ~
pollen profile replicability {Edwards 1983}, although, to date,
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similarities can be expected (Edwards 1983, 562). This study was

intended, at the outset, Lo provide palaececclogical data which would

allow inter-site variability and profile replicability to be ¢riticall
N

Turner {(1964b, 1965, 1970, 1975} made a pioneering attempt to
exploit intra-site pollen frequency variation at a peat moss. In a
study from Bloak Moss, Ayrshire, Turner attempted to identify the
location of vegetation clearance at the site margin by the use of

'3~ dimensional pollen diagrams' (Turner 1970, 1975). To the aspects
of' age and pollen frequency a third was added; area. A transect

Wwas taken across the moss, peat corings were made at intervals on

this transect, and the pollen frequencies at matched depths from
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each core were compared to observe any changes in pollen frequency
which could be due to a distance-decay effect away from the bog
margin. Turner hypothesised that if a discrete clearance occurred in
the vegetation at one side of the moss, the characteristic pollen
assemblage from this clearance would decline in its representation
away from the source, the static moss surface having preserved this
pattern in a way one would not expect at a lake-site (Davis 1968).
Variations in pollen freguency wereencountered across Bloak Moss
{Turner 1970, 1975), however, Edwards (1983) suggests that Turner's
nearest samples to the margin, were, at 100m from the woodland edge,
too distant fto record highly localised influences in the 20-50m range
(cf  Andersen 1973, 1974a, Jacobson & Bradshaw 1981, Prentice 1985).
Edwards (1983) believes that Turner (1975} picked up s strong regional
pollen input at the centre of Bloak Moss, following a basin size bias

as defined by Jacobson & Bradshaw (1981) and Prentice (1985).

carried out surface pollen counts across a

-

Tinsley and Smith (1974
woodland-heath transition. They found that Quercus pollen, as a %
of total pollen, declined from over 40% at an oak woodland edge to
ca 15% at 100m. Edwards [1982) suggests that, realistically,

tion levelled off to its lowest level within

30m of the woodland edge. The likelihood of this sort of variability
v on whether a lake or bog constitutes
the receiving surface. Edwards {1982) notes that a woodland-girded
cog margin could substantizally filter pollen from relatively local
clearances, for this reason, not only woodland edge recession should
be considered whern defining pollen inputs, but also the likelihood
of & dense thicket of carr woodland remaining at a site margin.
Further to this point, Caseldine {(1981) in a study of a transect
across Bankhead Moss, Fife, found that woodlands were very efficient
barriers to non-arboreai pollen and drew attention to the possibility
that early clearances left low-lying damp woodland around lakes or
bogs untouched. This could tend to mar the registration of inter-
ference activity in guite close proximity to a site. Caseldine
{1981} observed that the pocllen of Plantago species and Rumex species
was very easlily dispersed. These plants, Plantains, Docks and
Sorrel, are often used as indicators of clearance activity (Behre 1981,
Maguire 1983). Edwards (1979) noted that Plantagoc should not be
used in an ungualified way to infer pastoralism, since 1t is a heavy

pollen producer with good dispersion. The findings of Caseldine
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(1981) appear to support this caution. Caseldine also observed in
the same study that up to 55% of Gramineae pollen could be transported

above the woodland canopy.

Caseldine {(1981) is not in complete agreement with Tinsley & Smith
{1974) on the value of Plantago peaks in the inference of interference
activity and is more cautious about the value of Plantago, believing
that more pollen could be transported above the canopy than Tauber
(1965) predicted. If anything, this suspicion regarding trunk-space
transport (cf Faegri & Iversen 1975) should lead to a wider potential
pollen source area being considered, particularly if a strong extra-
local pollen component 1s postulated at a site, with the frunk-space
afforded high representation (Janssen 1966, 1973, Jacobsen & Bradshaw
1981, Prentice 1985}. In the context of pollen diagram variability
in the Baschurch meres, surface pollen studies have helped to
elucidate processes of pollen dispersal, and to test the hypotheses

of Tauber (1965), in this way these studies will be an invaluable aid

in the interpretation of the data from the Baschurch area.

tain level of spatial variability in pollen freguencies over
peat surfaces has been shown {(Turner 1975}, although a high degree of
agreement was observed between pollen diagrams from seversl locations
across Bolton Fell Moss, Cumbria (Barber 1981). Price and Moore
{1984} however observed dissimilarities between pollen diagrams f{rom
sites only a few tens of metres apar

Wales and thus the possibility that sites in very close proximity to
each other could have different pollen scurce areas 1s one that must

alwavs be considered.

1.3.7 Summary

01dfield (1970) makes the point that however refined modern pollien
rain studies become, they only serve a real purpose when they assist

in the accurate interpretation of fossil spectra.

The influence of basin size upon pollen source area is relatively
well understood (Tauber 1965, 1977: Berglund 1973; Jacobsen and
Bradshaw 1981; Prentice 1985; Bradshaw and Webb 1985), there is
still, however, an apparent uncertainty surrounding the extent of an

extralocal pollen source area at a given site (Prentice 1985 cf.
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Jacobsen and Bradshaw 1981). This uncertainty is important where
relatively small sites are concerned, particularly if it is of
interest to know if a given archaeological site does or does not lie
within the dominant pollen source area of a site. A pollen analyst
can refer to the findings of modern pollen rain studies when inter-
preting fossil spectra; there is, however, an apparent need for the
collection of more fossil spectra where the specific, stated purpose
is to contrast these spectra as part of an assessment of pollen
profile replicability, representativify and pollensource area (Edwards
1983). Prentice (1985) refers to extralocal pollen as being
derived from the vegetation up to Zkm away from the margin of a site,
whereas Jacobsen and Bradshaw (1981) define extralocal pollen as that
derived from up to several hundred metres from the edge of a basin.
There is reasonable agreement aboutf the extent of the local pollen
source area at a small site. At a few, fo ca.20m in diameter, local
pollen will be derived from ca.20m to 30m from the basin edge
(Jacobson and Bradshaw 1981, 82; Prentice 1985, 811). Once & basin
exceeds 20-30m in diameter, however, pocllen source areas beyond this

range will become importa the guestion is: for sites in ¢
local g 11 bec i rtant, ti e n is r sit in the

size range where more than local but less than regional pollen source
areas are dominant, what 1s the precise extent of these areas for
basins which vary in size between c. 3 ¢, 300m in diameter?

This is an important question for the envirommental archaeclogist,
particularly where pollen spectra are tc be related to human activity.
For example, Birchgrove Pool {Plate 2] should, theoretically, have

a pollen source area which is more than local. However, is it
realistic to think of The Berth, a small Iron Age hillfort 500m

away from Birchgrove Pool (Plate 2, Figure 3} as being within or

cutside the dominant pollen source area of Birchgrove Pool?  The

results of many studies of the contemporary pollen spectra at a
variety of sites [(Tauber 1977, Berglund 1973, Andersen 1973, Bonny
and Allen 1984, Bradshaw and Webb 1985, Caseldine 1981, Cundill 1986,
Randall et al 1986} suggest that at least tc a certain extent more
local and more distant pollen sources can be identified, although
this is not always the case (cf 0Oldfield 1970, Bennett 1984). For
these studies to be of value in the interpretation of fossil spectra,
it must be possible to show, by the detailed inter-site comparisons
of fossil spectra, that the representation of pollen types taken to

have a more local origin should be consistently better at small sites
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and pollen taken to be more distant in origin should consistently

occur at higher frequencies at larger sites.
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CHAPTER TWO

THE STUDY AREA

2.1 General background

2.1.1 Geographical background

Shropshire, at 1346 square miles is the largest land-locked County
in Great Britain. It is bordered by the English Counties of
Cheshire, Staffordshire, West Midlands and Herefordshire, and by the
Welsh Counties of Clwyd and Powys. The County includes several
natural regions: The North-West Uplands, The Northern Plain, The
Coalfield, the Eastern Sandstone Plain, Southern Hills and Clun
Forest (Rowley 1972). The County alsc includes extensive tracts
of the Welsh Marches, the natural border area between the English
Midlands and the flanks of the Welsh Hills. The presence of the
8th Century Offa's Dyke running parallel tc the Shropshire border
in the West attests to the importance of the County's geographical
position in an area of long-standing political and cultural inter-
action and stress between England and Wales {Rowley 1972]). The
region of the County of interest in this study is the Northern Plain,
lying between the River Severn and the border with Cheshire (Figure
11, This Plain is, in reality, the southern extension of the much
larger Shropshire-Cheshire lowland Plain. This Plain, lying
predominantly below 100m 0.D. extends from the River Severn in the
Shrewsbury area, north to the natural border at the Mersey Basin

in the Manchester area. The Plain is enclosed to the east by the

Pennines and to the west by the Welsh Marches and the flanks of the

Welsh Hills. The Plain therefore forms a very well defined lowland
land unit some 1300 square miles in extent. It has a relatively
unifiorm solid geology with a diverse Pleistocene drift mantle. The

locality under examination here lies in the southern part of the
Plain in the vicinity of Baschurch, 10km north west of Shrewsbury
(Figure 1). Six basins in the glacial drift deposits of the area
have been selected for the recovery of peat and sediment cores for
the purpose of making inter- and intra-site correlations and
comparisons of the palaeocenvirommental record preserved in their

accumulated deposits, details of these sites are given in 2.2.
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2.1.2 Solid geology

The Shropshire-Cheshire lowland consists of a well defined depression
of carboniferous rocks which enclose a broad basin of younger Triassic
rocks. The carboniferous strata outcrop all round the periphery of
the Lowland basin (Reynolds 1979). Toghill and Chell (1984) and

Cannell and Harries (1981) discuss the most recent classification

of the Trias:

New terminology Former terminology:

Bridgnorth Sandstone Oldest Lower Mottled Sandstone

Kidderminster conglomerate Bunter Pebble Beds

Sherwood =y ok Mottled Sandstone

Wildmoor Sandstone Sandstone pp € a

Bromsgrove Sandstone Group Ruyton and Grinshill
Sandstones

Mercia Mudstone Group Youngest Keuper Marl and Keuper
Waterstone

Sandstones of the Sherwood Group were deposited by river systems
emerging from local upland. The rocks of the Mercia Mudstone Group
are the result of a Marine transgression. During the Trias the
depth of rock accumulated in the area varied from 600 to 2000 metres
{Toghill and Chell 1984). Post-Triassic and post-Jurassic faulting
occurred; the Wem fault is post-Jurassic and crosses the basin from
south-west to north-east (Toghill and Chell 1984). These Triassic
strata today underlie the mantle of Pleistocene drift with its till
deposits and fluvioglacial sand and gravel ridges (1.2.2). The
underlying strata in the study area are shown in figure 7. The
geological formations have a direct bearing upon many of the soil
series of the area {(Crompton and Osmond 1954). Triassic material
is also well represented in many of the glacial deposits of the area.
The Baschurch series brown earths, which can have a righ proportion
of Triassic sandstone in their parent material, constitute some of
the best arable soils in Shropshire {2.1.5). They are well drained
and easily cultivated and with their light texture would have been

favoured by prehistoric farmers (Limbrey 1987).

2.1.3 Drift. (Figure 6)

The solid geology of the area is overlain by a mantle of Pleistocene
glacial drift, up to 100m thick in places (Johnson 1971). Extensive

tracts of sand and gravel deposits are also present, having been
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deposited by fluvioglacial processes (Shaw 1972). The source areas
for this drift were the north west and the Welsh Mountains. The
north-west ice brought granites, fiints and marine shells from
Scotland, the Lake District and the Irish Sea Basin (Shaw 1972).
Triassic material from the Shropshire-Cheshire basin is incorporated
into this drift (Shaw 1972).  The other source area, the Welsh
mountains, brought both erratics and a matrix derived from Palaeozoic
formations, although in some cases Triassic detritus dominates the
Welsh ice matrix {(Shaw 1972). The maximum extent of the main Irish
Sea glaciation was marked by an ice-limit through Church Stretton and
Wolverhampton (Shaw 1972). West of Shrewsbury, Welsh ice deposits
overlie the deposits of the main Irish Sea glaciation; this is the

result of an event termed the 'Little Welsh Advance' (Wills 1950).

Reynolds (1979} and Worsley (19703, show the postulated limits of the
most important advances 1n the area. The area of confluence and

osscilation of the two ice masses (Crompton and Osmond 1954) was a
zone stretching south-east from Ellesmere via Cockshutt to Shrewsbury
(Reynolds 1979, Shaw 1972, Worsley 1979): A complex glacial dis-

integration topography has been developed in this area of ice-mass
confluence. The area is now characterised by z belt of distinctls

n glacial kKettle noles.

ot

hummocky country with meres and peal mosses

The drift is generally divisible into heavier clay-rich till with

coarser stonier belis of fluvioglacial sand and gravel often forming
distinct ridges in the topography. This characteristic topography
of the Shropshire-Cheshire Plain has had important effects upon, for
example, soil development and past and present land use. The brown
earth and brown sand soils, including those which have developed on

fluvioglacial sand and gravel ridges, were the most favoured sites
for early settlement and agriculture in Shropshire {Rowley 1972,
Sinker et al 1985}, Reynolds {(1979) considers several theories
regarding the origins of the meres and mosses of the Shropshire-
Cheshire Plain. Hollows in the drift surface of the Shropshire-
Cheshire Plain contain more than 60 open water meres and more than
200 peat filled mosses (Reynolds 1979). These basins are grouped,
rather than randomly distributed. Although ¢.70% of the Plain 1is
covered with till, 66.4% of the north Cheshire basins occur within
glacial sand and gravel belts (Tallis 1973). A similar percentage

of 48 sites examined by Reynolds (1973) occur next to sand and gravel
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deposits. Most of the mere and moss basins are thought to be either
kettle-holes or moraine dammed hollows. Reynolds (1979) notes that
almost all the mere and moss basins lie within the limits of the most
recent ice~-fronts (¢f Worsley 1970}. The Crose Mere complex of
sites, including Crose Mere itself, Whattal Moss and Sweat Mere,
south-east of Ellesmere, and also the Baschurch group of pools all
lie, approximately, at the maximum extent of the Little Welsh
Advance (Shaw 1972); the sand and gravel deposits left behind by the
melting ice masses in the country around Baschurch and Wem have been
examined in detail by Cannell and Harries (1981;). In some localities,
the melting of the ice led to the inundation cf intermediate hollows

by meltwater stireams, as these hollows are backfilled with outwash

(0

sands and gravels they became'isolated as shallow basins, perhaps
including kettle holes' [(Reynolds 1979, 107); glacial sand and gravel
ridges occur in close proximity to the EBaschurch Pools and to Boreatton
Moss and New Pool (Figure 6). Cannell and Harries (1981,6) note

that peat flats occur at former lateglacial lake sites and regard the

Baschurch Pools as remnants of a larger lake.

2.1.4 Climate
The Plain of north Shropshire is one of the drier areas of the British
Isles (Revnolds 1979, Crompton and Osmond 19547. The reason for this
is its position in the rain shadow of the Welsh Mountains. Reynolds
{1979} compares climatic data from Ringway, near Manchester, to
Shawbury near Shrewsbury.
Hingway Shawbury
[Manchester; {Shrewsbury)
Mean annual precipitation 802. 0mm 672 . 9mm
(31.6 J {26.5 ins)
Average annual wet days 192 177
Average annual days with 88 110
ground frost
Average annual sunshire hours 1201.5 1378.4

Source: Reynolds (1979, 104)
The figures indicate a weaker oceanic influence, moving south to
Shawbury and into the rain shadow. The Soil Survey Memolr for the
Wem District of Shropshire, north of Shrewsbury (Crompton and Osmond,

1954) compared rainfall changes north and west of Shrewsbury.
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Altitude Av. annual ppt
Whitchurch (North) 82.6m 687 . 8mm
Oswestry (West) 212.7m 857.6mm
cf Shrewsbury 58.2m 566 . 6mm

The rainfall figure for Shrewsbury is notably lower in Crompton and
Osmond's {1954} data. This could reflect the fact that their figures
were based on means covering a run of drier years in the earlier part
of the century. Their figures indicate, respectively, the increases
in the effects of departure from the rainshadow, and increasing
altitude. Given its north-westerly position, Shrewsbury, and its
immediate environs, experiences a drier and more variable climate

than would be expected if oceanic influences were completely
reponsible.

.

2.1.5 Seils. (Figure 5)
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{1954}, and, for the Midiands as 2 whole, Mackney

urnham (19647, The demarcation of scil types in this area is
very closely related to the boundaries of the various glaclial drift

4

types (2.1.3). Relevant details of the scil types in the study area

The presence of a water table dominates these scils, impeded drailnage
5

-

leading to strong gleying conditions. Till with a heavy texture

cils, the Crewe

S
n

has given risze tc an extensive area of heavy gley

west of Shrewsbury (Crompton and Osmond 1954).

o
o

series, to the nor
These are closely allied to, and associated with, gley soils of the
Cegin and Salop series, typified by their poor natural drainage.

These three gley soil types are of immediate interest to this study
since they occupy extensive tracts in the Baschurch-Myddle area where
the study sites are located. The peat-filled basin in which the four
Baschurch Pocls are located is bordered on the west by gley soils.
Their poor drainage is exemplified by the Crewe szseries which is

characterised by the tendancy for water to lie on the surface
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following heavy rains (Crompton and Osmond 1954). There is a
certain amount of variation in the structure of these soils, but
they are mostly clay loams and tend to favour grassland, although
with artificial drainage in favoured localities, arable farming

can be carried out (Crompton and Osmond 1954).

Organic soils

The Baschurch meres themselves are located within a basin in glacial
sands and gravels. This basin now contains a highly organic soil.
Crompton and Osmond (1954) consider that these organic soils origin-
ated on sites occupied by rivers or swamps subject to regular flooding.
A distinction should preferably be drawn between organic soils formed
in flat areas of river valleys, and those formed under fen or carr in
enclosed basins, as at the Berth (SJ 430 235) (Burnham and Mackney
19647 . In profile, organic soils are fairly uniform, usually with

a pH of less than 6.0. A sample of organic soil at the margin of
Marton Pool (SJ 449 234) had a pH of 5.9. A peaty loam at Ellerdine
had & surface pH of 5.8 and was underlain by a deposit of white sand.
L yellow sand deposit was found 40cm deep under the organic soil in
between Marton Pool and Fenemere (SJ 445 229). At the base of these
organic soils, or peats, lake-bottom deposits are found (Crompton and
Osmond 19541}. Tracts of shallow water remaining in the Shropshire-
Cheshire basin immediately after the ice melted at the end of the
Devensian would be extremely favourable sites for colonisation by

fen and swampy carr. Extensive drainage of these soils has continued
for centuries (Hey 1974) but today they are still only used for

pasture and not arable farming.

Brown earths

In contrast to the first two soil types considered, the soils of this
type have very free natural drainage down to at least 60cm (Crompton
and Osmond 1954). Generally there is very little translocation of
silica or sesquioxides in the profile. In the Baschurch-Myddle area,
two types of brown earth are found, the Newport and Baschurch series.
The parent material of these soils is glacial sand and gravel as
oppeosed to till. They consist of loamy sands, with varying propor-
tions, and are typically stony. Today, Baschurch series loamy sands

form some of the best arable soils in the area. The light texture
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and free drainage provide for easy cultivation at all seasons, and
tends to produce early growth (Crompton and Osmond 1954). Compared
to the heavy ill-drained gley soils and the marshy low-lying moss-
lands, the brown earths represent the most readily exploitable soils
of the area. They need minimal preparation by drainage and as such
would have been eminently attractive particularly to prehistoric
farmers. Baschurch series brown earths exist in very close
proximity to the Baschurch meres, they constitute the dominant soil
type lmmediately to the south-west of the meres, existing on distinct
ridges enclosing the low-lying organic soils. It is highly likely
that, 1f prehistoric c¢learance and farming occured in the Baschurch
area, these brown earths would be preferred, for their favourable
Characteristics, and their very close promimity to the study sites is

therefore important.

2.1.6 Archaeoclogical background

karly evidence of man's presence in the study area comes from the
crest of the Long Mynd in south-central Shropshire (Figure 1). There
is evidence that an ancient track, the Portway, was used from

Neolithic period onward, still recognised as a King's highway in the

Middle-Ages (Rowley 19721, Hill-crest or interiluve tracks were
thought to be important in the Bronze-Age (Chitty 1963, Rowley 1972)

The hillforts of the later Bronze Age and Iron Age provide the most
dramatic traces of prehistoric settlement in Shropshire. Stanford
(1972a) mapped the location of 54 Iron Age hillforts in the central
Welsh Marches and attempted to show how each fort could be allocated
a territory which was in porportion to the size of the enclosed area

at each site. Stanford (1972a) alsc attempted to estimate the

ol

population of the area on the basis of the number of dwellings likely
to be located within each fortified enclosure. This approach has
been strongly criticised. Fowler (1983) believes that the assumption
that the entire population lived only in the hillforts 1is unacceptable.
Taylor (1984) sees hillforts as a very variable settlement type, not
lending themselves to simplistic hypotheses of distribution patterns.
If the population of the central Marches was at least as high, if not
higher during the iron age, as Stanford suggests, then the area
supported a similar population density in the 5th century b.c. as it

did at the time of the Domesday returns. Fowler (1983} is still
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prepared to accept that Stanford's estimates could be of the right
order of magnitude, and proceeds to question the assumption that the
later prehistoric population of the country was necessarily less than

the 11th century ad Domesday estimate of ca. 1.5 million inhabitants.

Evidence from the Welsh Marches has helped to establish the case for
a later Bronze Age origin for the hillfort building tradition (Megaw
and Simpson 1979). A number of Bronze Age dates for artefacts and
construction features have been obtained at the Breiddin hillfort
(Musson 1976) which is within 25km of the Baschurch area. A late
Bronze Age socketed axe was excavated with part of a willow shaft
still in piace. This wood yielded a date of 75450 bc. An
occupation soil associated with pottery sherds gave a date of

868264 bc. Charcoal samples from the base of post-holes in the
earliest ramparts gave two dates: 828164 bec and 800%41 be. Musson
{1976) suggests that the whole of the 30 hectare hilltop at the
Breiddin could have been enclosed at this early stage. Rectangular
'floor areas' at the Breiddin have been dated to 15501100 be. This
date could represent evidence for early Bronze Age occupation in the
Shropshire and Welsh Marches area in the second quarter of the second
Millennium bc, A very similar date has been obtained by Stanford
{1982} from a prehistoric cemetery at Bromfield, near Ludlow in
southern Shropshire (Figure 1). Charcoal associated with early
pottery in a grave pit was dated to 1556178 be. Additional dates
on charcoal from the Bromfileld cemetery are 850271 bc and 762=75 be.
Stanford (1982) asserts that the central Marches were not a cultural
backwater. Stanford stresses the stability and continuity of the
society associated with the Bromfield cemetery, a soclety which
remained stable for over a millennium. The early Bronze Age dates
at the Breiddin and Bromfield show that, potentially, interference
in the vegetation associated with human occupation could be expected
in the area during the first half of the second millennium bc.
Palstaves (Bronze Age axes) were found at Whixall Moss and Wolverley,
near Wem (Chitty 1933, 1968]. The Whixall Moss palstave was dated,
on typological grounds to the middle Bronze Age (Hardy 1939). The
palstave was 1lying on the roots of a pine stump in the pine stump
layer at Whixall; the date of the palstave, on archaeoclogical grounds,
is ca. 1000 bc. On this basis, Hardy (1939) suggested that the
pine stump layer should be dated toc ca. 1000 bc. At Whittall Moss,

c. Tkm south of Whixall, a dugout cance was found in the peat. Hardy
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believed the canoe was of more recent age than the palstave from
Whixall, although it could still have a late Bronze Age date since
Hardy felt its stratigraphical position was possibly below a recurrence

surface corresponding to RY III.

The profusion of Iron Age hillforts in the central Marches has
already been noted. Iron Age occupation levels were excavated at
the Breiddin (Musson 1976), radiocarbon dates were obtained for a
burned roundhouse: 479i55 bc, and also from a four-posted building
in the hillfort interior which was dated to 238%7C bc. This
dating sequence went against the initial chronoclogical interpretation
of the excavators. Additional dates were obtained for the roundhouse
site: 460X100 bc, 375%63 be and 320%80 be. Additional dates
from the four-posted buildings confirmed the original chronology
suggested by the first radiocarbon dates: 294%40 bc, 240%80 be

and 238%70 bc. Many hillforts belonging to the Welch Marches

hilifort culture have been excavated {(Stanford 1972a, 1972b).

Classification of the material remains {Peacock 1968) has shown that
the stone tempering in much of the pottery from The hillforts
originated in the Malvern Hills. Malvernian pottery fabric group A,
probably distributed from ca 170 bc onwards (Stanford
up 44.6% by weight of the total Iron Age pottery recovered from the
Berth (Morris 1980]). Also recovered at the Berth was a ceramic type
designated Group D (Morris 1980}, This type had a mudstone fabric,
probably with a Worcestershire source and alsc belongs to the
Malvernian tradition. Another distinctive pottery type recovered at
the Berth was the Very Coarse Pottery or V.C.P. which Gelling and
Stanford {(1965) considered to represent fragments of Iron Age ovens.
Morris (1980) prefers to explain the Cheshire Stony-tempered V.C.FP.
found at the Berth as being fragments of salt drying containers although
Gelling and Stanford (1965) firmly rules out this explanation on the
grounds that the internal surface of the material was too rough and

would therefore have led to excessive waste if used as a salt container.

The Berth clearly represents the best surviving evidence for Iron Age
occupation in the vicinity of the Baschurch Pools (Plate 6). Two
possible Iron Age or Romano-British enclosures have been ildentified
on the drier brown earths ca. 500 metres south of Birchgrove Pool

and Fenemere (Sites and Monuments Records, C.R.O., Shrewsbury).
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Since the precise antiquity of these enclosures is unknown, they
cannot of course be directly related to any phase in the pollen
spectra from the Baschurch Pools. Further, specific references to
archaeological evidence are made as the phases of vegetational change

are discussed {Chapters 3 to 6).

2.1.7 Regional palaeocenvironmental context

Questions about pollen profile representativity apply to any site, at
any time (Faegri 1966]). In this study, the decision was made to
examine pollen profile representativity during a period of cultural
and economic change, when an increasing level of anthropogenic
activity affected the vegetation. Data from closely spaced sites,
obtained from such a period would have relevance not only to basic
guestions of profile representativity and repilicability, but alsc

to the true representativity of pollen profiles in the inference of

anthropogenic effects.

Previously published palaecenvironmental evidence from the region of
the Shropshire-Cheshire Plain has shown that signif

changes occurred during the Bronze Age/Iron hge

anges are characterised

o

1976, Megaw & Simpson 1979). The vegetation ¢
in the most general terms by significant reductions in woodland cover,
an expansion and diversification of open habitat communities, and

finally a degree of woodland regeneration.

Hardy (1939} presented pollen diagrams from Whattal Moss (SJ 433 310),
Whixall Moss {8J 4936} and Bettisfield (SJ 475 23355, Whattal Moss
lies Tkm north of Baschurch and is part of the Crose Mere complex

Y
o=

A8}

of sites which also includes Sweat Mere [Sinker 196

Phases of vegetational change inferred from the diagrams by Hardy were
ascribed to the zonation scheme developed by Godwin (1940]. Hardy,
however, drew attention to the difficulty in matching clear recurrence
surfaces in the peat at these sites to the classic sub-boreal - sub-
atlantic recurrence surface RY I1I {(Granlund 1932}, alsoc known as the
Grenzhorizont {(Weber 1900). Hardy (1939) suggests that climatically
induced vegetation change can be seen in a tendency toward 'revertence'.
This refers to a decline in Tiliaz frequencies, and in increase in

Betula pollen freguencies. At the nearby Wem Moss (Slater 1972)
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the pollen spectra havemany parallels to those produced by Hardy. At
Wem Moss, a level at 190cm is marked by the end of a continucus EEQEé
pollen curve, increasing discontinuity in Ulmus representation and a
decline in Quercus pollen freqguencies. The c¢lear implication in
Hardy's use of the word revertence is that a climatic deterioration
had occurred with cooler, wetter conditions favouring Birch rather
than the thermophilous Lime. Turner (1962) pointed to an anthropo-
genic cause for the Tiliz decline observed at many British sites,
Turner {1964a} re-examined in greater detail pcllen frequency changes
at Whixall Moss at the Tilia decline horizon. Phases of vegetational
Change at Whixall were identified as indicating several different
activities as human populations:-
i) Utilising forest products
ii) Controlliing natural vegetation

iii) Destroying existing vegetation {(Turner 1964a, 89),

The Tilia decline was dated to 3238%115 b.p. Following the Tilia
decline, the pollen frequencies of UGramineae, Plantago and spore

frequencies of Pteridium all increase whilst Betula and Fraxinus

pollen frequencies decrease. There are vegetational similarities

between these changes at Whixall and those above 190cm at Wem Moss
g

({

increases, 1is identified at Crose Mere by Beales (1980). Crose

later 1972). £ Tilia decline, and subseguent non-arborezl pollien

n

3 5 N A Do L e 4
Mere is only 7km from Baschurch. £ date of 37714~129 b.p. was

obtained by Beales from levels in between z decline in Tilia pollen

to <1%, and 2 subseqguent decrease in Uuercus pollen. Beales believes
5 o omrr s, P . N . +
that the date of 3714-129 b.p. is 1y too old, given that th

BV

vegetational changes at these levels are very similar to the Whixall

b

. R A : s P
levels which were dated to 3238-115 b.p. 01d carbon inwashing into

carance and soil disturbance,

the mere, as a direct result of forest

is suggested as a possible cause of reversal of the (14 date.

Vegetation clearances with parallels tc those seen at Crose Mere

and Whixall Moss are identified by Birks (1965a, 1965b) at Chatl Meoszs,
Holcrof't Moss and Lindow Moss. The three latter sites are within
25km of each other at the northern-most extent of the Shropshire-
Cheshire lowland (Figure 1). The arboreal pollen decreases, and
non-arboreal increases observed at these three sites by Birks
represent the first substantial interference in the post-Ulmus deciine

woodland; this is also the case with the two clearance levels reported
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above from Crose Mere and Whixall Moss. The clearances are believed

to date from the Bronze Age (Birks 1963-L-,1965 ).

An Iron Age forest regeneration phase is postulated by Birks, this
phase has vegetational similarities with a regeneration phase

inferred at Crose Mere and dated to 2310385 bp (Beales 1980).
Turner{1964a) also detects a forest regeneration at Whixall Moss

which develops after the main phase of postizgggg decline disturbances.
Above the regeneration at Crose Mere, further clearance activity is
indicated. Beales (1980) acknowledges the fact that the evidence

for a woodland regeneration contrasts with evidence for a country-
wide expansion of clearances in the Iron Age {(Turner 1981). The
Welsh Marches have a high concentration of fortified Iron Age sites
(Stanford 1972a, 1972b). Beales suggests that the hillforts, many

of which are on higher sandy ridges, only had a localised influence in
the Shropshire lowlands. Beales asserts that the more towards a
cooler, wetter climate after 2800 bp rendered soils in the vicinity
of the meres progessively more difficult to cultivate; the regeneration
phase at Crose Mere certainly suggests that cultivation receded back

from the land around the mere.

L peat infill from the old river bed alb Shrewsbury was examined by
Pannett and Morey (1976} but unfortunately the pollen content was
found fto be depleted in horizons where woodland reducticons were
indicated (C. Morey,pers. comm.) andprecise correlations with the
diagrams of Beales (1980} and Turner (1964a] cannot be clearly

discerned.

The evidence considered above suggests that substantial vegetational
Change, similar in character from a variety of sites, occurred at
approximately the same time over the whole region although biostrati-
graphic correlation is not, by itself, evidence for synchroneity.
Bronze Age clearance activity, earlier or later, was certainly the
cause of the clearance activity so far considered. Bronze Age
clearances have been identified at Upland sites in Wales, the Pennines
and Cumbria, the highland areas which, to a certain extent enclose
the Shropshire-Cheshire basin. Bronze Age vegetation changes at
Cefn Gwernffrwd, an upland basin peat in Mid-Wales, have certain
similarities with changes in the lowland. Cefn Gwern{frwd {(Chambers

1982) exhibits a phase of Bronze Age clearance commencing at 3335%80 bp.
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At this level, Gramineae, Plantago and Pteridium frequencies increase

in the pollen spectra. This change could reflect the establishment
of pastoralism and indeed a nearby prehistoric complex could have its
origins in the Bronze Age (Chambers 1982). Cefn Gwernffrwd is only
15km south of Tregaron bog where Turner (1964a) recorded a small,
temporary clearance dating to the later Bronze Age. This clearance
had vegetational similarities with the post—}jﬂigg decline clearance
phase at Whixall Moss {(Turner 1964a) although it occurred over a

much shorter period whereas Turner believes that the Whixall phase
represented a complex series of successive clearances occurring

over a much longer period (Turner 1965). To the north of the study
area, in the south-west Cumbrian Lake District, Pennington {1970} has
identified a phase cof Bronze Age land use beginning at 1090 be
(3040140 bp, NPL - 124} at Seathwaite Tarn. This phase has
vegetational similarities with the clearances reported from Tregaron
bog by Turner (1964a) and is charederised in particular by decreasing
Quercus pollen freguencies in parallel with increasing grass and herb
pollen freqguencies. East of the study area, in the central Pennines

Tinsley (1976) has identified Bronze Age interference

esta
suggested by Tinsley. Sustained increases 1n grass, plantain and
other weeds are seen in the Iron Age in thecentral Pennines [(Tinsley
19767 . In the Rhinog Mountains, directly to the west of the study
area (Figuret) , in north Wales, vegetation clearances are again
sustained from the Bronze Age into the Iron Age (Walker and Taylor
1976). The vegetation clearances dated to the Bronze Age in the
Pennines and the Welsh Mountains, the upland areas which ultimately
border the Shropshire-Cheshire Plain fto the east and west respectively
are similar in character, the evidence points to the maintenance and
intensification of clearances throughout the Bronze Age and continuing
intc the Iron Age. There is no simple dividing line between the

Cunliffe 1

/
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SO

Bronze Age and the Iron Age in Britain 787 . A pattern

of continental contacts, leading eventually to & full Iron Age, is

.

suggested for the early and mid first millennium ©Dc by Megaw and
Simpson (1979). The continuity of many clearances could reflect
the gradual, phased establishment of the Iron Age economy in Britaing
a clear change-over from Bronze Age to Iron Age is nol seen, a fact

exemplified by the proven establishment of the Iron Age tradition
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of hillfort building in the later Bronze Age (Megaw and Simpson 1979).
An alternative view of clearance longevity is provided by Buckland and
Edwards (1984); post occupation grazing by herbivores is suggested
as a possible cause in the maintenance of open land, with such grazing
continuing after the areas has been abandoned by human occupants.
Historical and present day evidence is used tc make the case. As far
as the Shropshire-Cheshire plain is concerned, clearance eposides have
been shown to last several centuries in the earlier and later Bronze
Lbge and in the Iron Age and to be succeeded by a woodland regencration

phase which is indicative of land abandonment by man (Beales 1980).

There are indications of later Roman clearances in Shropshire {Beales
1980) although land use intensity appears to have been reduced in
Anglo-Saxon times. In the later historic period <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>