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ABSTRACT

A study was made of the vegetational history of Widdybank Fell,
Upper Teesdale, using the techniques of macrofossil, stratigraphic and
pollen analysis. The study was designed to investigate (a)_the Post-
glaeial history of the vegetation; (b) the relationship of this history
with the survival of the present day Teesdale flora; (c) the age of the
blanket peat which now covefs a large area of the Féll.

Peat growth began in hollows at the end of zone III and con-
tinued throughout the Boreal period. Evidence from the pollen diegrams
shows that the Fell was covered by open woodland during zones VI and VIIa.
Throughout the Post-glacial period, herbaceous species, including many
cheracteristic of open grassland habitats,_ﬁaintain high values, equall-
ing the values for tree species.

The Atlantic period is characterised by very slow peat growth
with oak, elm énd alder as the dominant tree species. Radio-carbon dates
taken from Tinkler’s Sike suggest that peaf growth becéme more rapid and
widespread during the Sub~boreal period, abéut 1,40 BC., The major develop-
ment of blanket peat took place towards the end of zone VIIb and during
the following Sub-Atlantic period. The increase in herbaceous pollen
types began towards the end of zone VIIb with a major rise at sbout 620 BC,
Evidence from the pollen data suggests that the increase in open habitats
and deforz=station of the Fell was directly connected with an increase in
human utilization of the land.

The relict species of the Teesdale flora survived the Post-glacial
forest maximum in an open woodland condition and spread on to their present
grassland habitats from the end of zone VIIb onwards as human activity and

climatic deterioration created tracts of open grassland and peat ereas.
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CHAPTER 1

INTRODUCTION.

Towards the end of the ninetéenth century, a considerable
amount of work was carried out particularly in Scandinavian on the
climatic changes which had taken piace since the last gla ciation of
nor thern Europe. At about the same‘time, work was beginning in Britain
chiefly by C. Reid and later by E. M. Reid and Chandler, not only investi~
gating pleistocene deposits but also analysing tertiary deposits for plant
remgins.

In Scandinavia, Blytt (1893) and Sernander analysed the strati-
graphy of peat bogs and.postulated that differences in peat stratigraphy
were related to changes in climate. The Blytt-Sernander scheme recognised

five major climatic divisions of the post-glacial period:-

Sub-Atlentic Cold and wet. Oceanic
Sub-Boreal Warm and dry. Continental
Atlantic Warm and wet. Oceanic
Boreal Warmer than before and dry.
Pre-Boreal Sub-Arctic.

This was followed by work in other mrits of Europe particularly
central Burope and the Alps (Gams and Nordhagen 1923) which demonstrated
that throughout Burope changes similar to those found by Blytt and Sernander
in Scandinavian peat bogs could be traced.

In the early part of this century Lennart Von Post (192, 1946)
evolved the technique of pollen analysis and used it to reconstruct the
history of vegetation during the Post-glacial period in Sweden. le corre-

lated this work with the earlier climatic divisions of this period and
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proposed a three-fold division:-

1. A period of climatic amelioration characterised by the apoearance of
thermophilous tree species.

2. The climatic optimum period.

3+ A period of decreasing warmth during_which the tree species character- -
istic of the warm period declined and the present day forest constituents
returned.

This broad general classification of the post-glacial has been supported
by evidence from all parts of Northern Europe and indeed many other parts
of the world.

The theory of pollen snalysis depends basically on the following factors:-
(a) The pollen of most trees and many shrubs and herbs (i.e. chiefly those
which are wind pollinsted but also some which are zoogamous) is produced
in large quantities dispersed in the area.and distributed regulerly over a-
wide area.

(b) Pollen grains have an outer layer or exine which is not only complex
in structure but extremely resistent to decay. .Thus pollen deposited in

anaerobic conditions are preserved for an indefinite period of time.

(c¢) Pollen grains of different plant families, genera end in many cases

species are characteristic and may be identified from each other.

Following these three factors in the technique of pollen-analysis
much work has been carried out thraughout this century on the distribution
structure and identification of pollen and spores. Wodehouse (1935) and
Erdtmen (1943) and later Iversen together with Troels-Smith (1950) and
Faegri (1963) have carried out detailed investigations into the structure
and morphology of pollen grains allowing a very large number of grains to.

be identified as far as specific level. Many investigations on the
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dispersal and subsequent distribution of pollen grains have been carried
out (in particular by Erdtman (1937) and more recently by Tauber (1967)
These investigations into long distance transport of pollen, relative con-
tribution of different species to the pollen rain, the effect of wind,
aifference in flowering time, relative position of trees, shrubs and herbs
to others and many other factors have contributed greatly to modern pollen
analysis.

By 1940 sufficient work had been carried out in the British Isle_as.
to enable Godwin (1940) to draw up a post—glacial pollen zonation scheme
for England and Wales which i;ter was extended to Ireland (Jessen 1949).
Using evidence provided from a large number of sites both on the Buropean
mainland and in Britain, he divided the post-glacial epoch into five major
zones following on from the three-fold division of the period immediately

following the Full-glaéial period i.e. the late Glacial period, as follows:-

Zones. Climatic zone Vegetation
Late Glacial I Park-Tundra type of vegeta-

tion dominated by h=rbaceous
species including many erctic
species and some tree birches.

II . Milder Allergdperiod of open
vegetation dominated by Pine,
birch and willow with many
herbacesus species.

III Post Allenfd cold period of
open herbaceous vegetation.

Post-Glacial v Pre-Boreal Dominated by pine and birch
with rapidly diminishing values
for herbaceous, particularly,
arctic species.

v Boreal Hagzel ~ Birch - Pine period

Vi (a) Hazel - Pine period with
increasing Elm values.

3.




Zones Climatic zone Vegetation

(b) Increase in oak and elm
values.

(c) Decline of hazel and pine
and appearance of Lime and Alder.

VII Atlantic (2) Alder - mixed oak forest
period. Decline of pine and
birch,

Sub-Boreal (b) Decline of Elm, lime and
pine. Increase in hazel.
VIII Sub-Atlantic Alder - birch - oak (beech)

period. Increase in herba-
ceous species.

This zonation scheme although broadly applicable to the whole
British Isles, nevertheless shows regional variations. In the North and
West of England the frequency of bir ch was generally higher than in the
south and east and Pine shaved much higher values in Zone IV in the south -
eastern sites. Also during the Zone VI there is most Pine during the early
part of this period.in the south-cast whilst in the north and west the pine
maximum occurs rather later during the latter part -of the period-zone Vlc
~ (Pennington 1964; Oldfield 1965).

Pennington (1969) summarizes evidence for a period of damp
conditions in the north-west of England preceding the rise in dlder values
which characterizes the opening of the Atlantic period in 3ritain. Conway
(1954) in her work on the Southern Pennine blanket peats gives evidsnce for
damper conditions at the Boreal-Atlantic transition and suggests that on the
Southern Pennines Peaks, conditions deteriorated throughout not only the
succeeding Atlantic period when peat formation was relatively slow but also
the period following the elm decline when the accelerated growth of peat

suggests a wetter rather than a drier climate. During the Sub-Atlantic
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period too, species such zs Pagus and Carpinus were in the main restricted

to south-eastern localities.

With the advent of radio-éarbon dating techniques (Libby 1955)
a further aid to the investigétions of post-glacial vegetational history
became available. Dates were obtained from sites throughout Northern
Europe and Britain particularly across pollen zone and c¢limatic boundaries.
fhe climatic and vegetational changes in the post-glacial period were found
to be more or less synchronous and Godwin (1960) summarizes these dates as
Tollows:~ |

Zone Boundaries

VITo/VIII 500 BC
VIIa/VIIb 3000 BC
vVIi/NII 5300 BC
v/ 7500 BG

IIT/Iv 8,300 BC
II/III 8,800 BC

I/II 10,000 BC

Thus using this technique it is possible to investigate the
vegetational history of an area with greater érecision and compare one site
with another with much greater accuracy.

Contributing to this detailed picture of post-glacial vegeta-
tional h¥story are a vast number of investigations into both lowland and
upland sites’ in theinorth of England. In particular, the Southern Pennines
have been investigated by Conway (195:) and Tallis (1964;1965); The English
Lake District by Pennington;the lowlands of lancashire end Westmoreland by

Olarield (1960); Walker (1955); Smith (1958) and Birks (1964); The North
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York Hoors by Dimbleby (1952) and Clarke (195,); and the lowlands of
County Durham and the Northern Pennines by Blackburn (1951), Bellamy et al
(1966) and Jonnson and Dunham (1963).

In view of these numerous and detailed investigations of sites in
Northern England it is rather surprising that no detailed work has been
carried out in Upper Teesdale.

Upper Teesdale is an area of major botanical importance because
within this area grow an assemblage of plant species, most of which are
found at only a very few other stations in Britain and a few of which are
found only in Teesdale. This flora shows striking similarities to that of
the late glacial period and has been interpreted as a relict flora which
has survived the post-glacial forest maximum in a variety of habitats in the
area. Pigott (1956) sets out e detailed description of the communities in
the Upper Teesdale area in which these relict specieS(ﬁnur, among them the
sugar limestone grasslands and flushes occurring on Cronkley and Widdybank
Fells. The survival of these relict species in this area has been
attributed to the peculiar conditions of climate and geology which combined
with altitude have provided favourable habitats for the growtﬁ of Arctic
and Sub-Arctic species.

| Pigott and others have carried out detailed ecological and
taxonomic investigations of these species but although remains of a forest

layer had been discovered beneath the blanket peat on both Cronkley

(Blackburn unpublished) and Widdybank Fells (Pigott 1956) there has been no

previous investigation of the vegetational history of Upper Teesdale using
pollen-snalytical, macro-fossil and stratigraphic techniques.

During 1956 and 1967 the proposal by the Tees Valley and -
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Cloveland Water Board to build a reservoir immediately above Cauldron Snout
became known. This caused an unprecedented threat to many of the unique
Teesdale communities including the riverside habitats of Potentilla
fruticosa and the upland communities including such species as Minuartia

stricta, Plantago maritims., and Armeria maritims in the calcareous

flushes and Sesleria caerulia, Gentiana verna and Primula farinosa on the

limestone grasslands either by an alteration in the river-~level itself or
by a change in the local climate of the area by the presence of a large /”y
body of open water.

Thus the need for a2 thorough investigation into the vegetational
history of the area in addition to further detailed work on the ecological
and taxonomic aspects of the flora was clear.

On both Cronkley and Widdybank Fells and also in the Cow Green
reservoir basin to the West of Widdybank Fell, there are a large number of
peat deposits of varying depth, fer more than could be investigated in the
two years available. A choice had to be made, therefore, at the outset
between 2 detailed investigation on one of these areas e.g. Widdybank Fell,
and a more general investigation taking for example one deposit in each
of the three areas. The former method was chosen because it was thought
that it might be more fruitful in its bearing on the history of the =
Teesdale rareties and locel vegetation changes which were taking place
during the post-glacialperiod. At the same time, Mr. R. Squires was
interested in carrying out a comparative study of the peat deposits at
differing altitudes from 2000’ O D on Mickle Fell to about 1200° O D

at Dufton Moss on the valley floor. Within a year of beginning this work

on Widdybank Fell, the Cow Green reservoir scheme was adopted and work
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began in the summer of 1967. When, at about this time I.C.I. set up a
grants scheme making funds available for furtherresearch in the area, Dr. J.
Turner and others began a study of the peats in the reservoir basin itself.

The small area of Widdybank Fell seemed to offer an ideal situa-
tion for a detailed study. Witihin the area of the Fell itself many of the
mo st interesting Teesdale communities are present, in particular,
calcareous flushes, sugar limestone outcrops and grasslands and unaltered
limestone grasslands in addition to a complex of mire communities. Pigott
(1956) had discovered a layer of Birch wood below the peat on Widdybank
Fell and Hutchinson (1966) had discovered a new record of Betula nana and
found remains of it in the peat below, on this Fell also. Not least, the
Fell is covered by vast tracts of peat of two main types, a shallow blanket
peat covering léached acid soils or outcrops of Whin Sill, and areas of
Deeper SPhagnum peat filling hollows in the irregular topography, both of —
which offered the opportunity for an intensive study of the history of the
vegetation of the Fell.

The initial aims of choosing Widdybank Fell were :-
1. By taking a large number of sites within this small area to investigate
thoroughly the stratigraphic pollen analytical and macro-fossil evidence of
the vegetational history of the Fell.
2. By taking sites which varied (a) in depth and structure of peat (b)
in altitude and (c) in proximity to suger limestone outcrops to build up a
detailed picture of loqal vegetation and the changes which took place in it
throughout the post;glacial period.
5 By bﬁilding up a detailed pictufe of vegetational change throﬁgh the
post-glacial period on the Fell, to substantiate ecological evidence for

the origins and development of the Teesdale Flor%.
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CHAPTER 2

INTRODUCTION TO WIDDYBANK rELL,

Topography

Widdybank Fell is situated on the North side of the Tees Valley,
(Fig.1), on the Eastern watershed of the North Pennine ridge, at 5,° LO’N
Lat., about nine miles W.N.W. of Middleton-in-Teesdale, and two miles above
"~ Langdon Beck hamlet. The Tees takes it source from the drainage waters of
little Dun and Cross Fells and from Great Dun and Knock Fells, where the
tributary, Trout Beck, rises. The Tees flows down from the high ground of
the summit range between Backside Fell and Meldon Hill and then into the
wider valley of the Weel, before Cauldron Snout waterfall. Below this fall,
the Tees is joined by the Maize Beck, which originates in Great Rundale
Tarp, about 2000t on Dufton Fell. Below this confluence, the river runs
betweenlthe high dolerite cliffs of Falcon Clints on the North and Cronkley
Scar on the South sigde.

Widdybank Fell is a plateau of high land between 2 - 3 sqg.m. in
area, rising steeply above the river at Falcon Clints from 145070D to
150010D. Widdybank is of much lower altitude than many of the surrounding
Fells. Its highest point is 1717' OD whereas many of the f;ils comprising
the summit range of the Northern Pennines reach 2000’0D or more. Cronkleyv
Fell is also & relatively low plateau by combarison, reaching a height of
1793'0D although the land rises above 2000'0D towards Mickle Fell.

Widdybank ¥Fell is bounded on the south, east and west sides by a
loop in the river Tees and on the narth side by the road from Langdon Beck
to Cow Green mine, {(Fig.2). The area to the East side of the Fell,

' gradually sloping downhill from 1500° OD to 1250 OD is known as Widdybank
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Pastures and is fenced off from the higher ground to the VWest. Within
this area, near the south-eastern margin of the Fell lies Widdybank Farm.
On the westérn side a bridle path running nar th-south from East Cow Green
(Fig.1l) to Birkdale Farm, separates the valley now designated for the Cow
Green reservoir, from the main part of the Fell. The area which I have
taken to examine is the area enclosed by the road to the Northg Falcon
Clints to the South; Widdybank Pasture to the East and the reservoir road
to the West.

The plateau of the Fell is dissected by a number of streams or
sikes: Slapestone, Red, and Tinkler’s Sikes, together with three minor un-
named stréams flow westwards, draining into the Tees at the Weel, whilst the
other sikes drain eastwards: Wildscar, Fold and Holmwath Sikes flowing into
the Tees below Falcon Clints and Sand Sike into the Harwood Beck, which
joins: the Tees below Langdon Beck.

Geology

The Northern Pennine region as a whole consists basically of a
block tilted towards the east and faulted to the north, west and south.

The rocks of this block are chiefly of Carﬁoniferous age, although small
outcrops of rocks of older age occur. Below Cronkley Scar the Carboniferous
basement group lies unconformably over the Lower Paleozoic rocks, which

are but poorly exposed there. They consist of highly cleaved slates with
some fossils - the Skiddaw Slates, and lavas belonging to the Borrowdale
Volcanic Series. The Carbonif'erous basement group is exposed at Falcon
Clints and consists of conglomerates upon which lie bands of limestone,
shale and sandstone. The lower limestone group as exposed at Cow Green,

consists of the Melmerby Scar Limestone overlying the basement group
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and above this lie the Robinson, Peghorn and Lower Smiddy Limestones
interbedded with shales and sandsfones. Widd&bank Fell is chie fly composed
of the lower Carbonifercus limestone group whilst the Middle and Upper
limestone groups are exposed elsewhere in the region. The middle Limestone
groups shows cyciothemic depositions of limestones, sheles and sandstones

and is exposed over large areas of Upper Téesdale though not at Widdybank

Fell (2). The Upper Limestone group is not exposed over the region under

consideration, although it is exposed on the high fells to the narth, south
and west of the Tees valley (Joinson and Dunham 1963).

Into the Carboniferous limestone series was intruded the Great
Whin S5ill and its associated system of dykes, during post-carboniferous
time about 196 million years ago At Widdybank Fell the Whin Sill is
intruded into the Lower Limestone group, although eastwards it was intruded

into the Middle Limestone group. The whin consists of quartz dolerite,

which differs in texture according to its position relative to the country

rock and therefore the rate at which it cooled. The country rocks adjacent
to the Vhin Sill have been strongly metamorphosed by the heat of the
intrusion, producing rocks quite different from the original. Hence the
limestone in contact with it has been altered to a coarse-grained, easily
eroded rock, termed " sugar" limestone.

Within the Carboniferous rocks of the Northern Penmnines,
mineral deposits are found, and these have been mined since ancient times.
Mineral deposits occur in the Widdybank area and a number of mines have
been worked for long periods of time although all are now abandoned (1).
The Cow Green mines were formerly worked extensively, first for lead ore

and later for barytes from about 1895 until 1952 when the mine was closed.
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Barytes was obtained from the old lead workings which were opened along
veins in the Melmerby Scar limestone, in close proxiamity to the #¥hin Sill.
Veins were worked from Cow Green and East Cow Green mines in a nar th-

south direction and from the Rods (Fig.l) in a na th-east-south west
direction and also in parallel veins at Slapestone Sike. The barytes mined
at Cow Green and other adjacent mines was conveyed along tramways to Cow
Rake (Fig. 1) and then by aerial ropeway to Langden Beck. Thus dufing the
last century, mining concerns in the immediate area of Widdybank Fell were
a thriving and important part of the Teesdale economy and they cleairly had
a considerable bearing on the recent history of the Fell.

Superficial Geology

There is much evidence of glacial activity to be found in Upper
Teesdale. A series of drumlins occur on the floor of the Upper Tees valley
;nd there is a ridge of 1atera1go;aine below Cronkley Scar. Dwerryhouse
(1902) mentions the occurrence of eratic dolerite boulders on Widdybank and —
Cronkley Fells lying above the limestones. He also found striae on the
rocks which suggested that ice had pessed over the Tells. In the valley of
the Tees at the Weel, there is a hummock of morainic matefial across the
valley on both sides of the river. The boulder clay is stiff and blue-grey
in colour weathering to a greyish-brown. There is, therefore, ample
evidence for the glaciation of the Upper Tees valley. The actual number
of glaciations., their duration and extent is the subject of several con-
flicting hypotheses. In Britain as a whole there is evidence from till and
drift material to suggest at least three major glacial periods, corresgonding
with those of the Scendinavian periods. In Scandinavia there were at

least 3 major glacial periods, the Elster, Ssale, and Weichsel whilst there
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were four periods of glaciation in the Alps: the Gung, Mindel, Riss

and Wurm. The correlation between the Scandinavian and Alpine periods is
not proven but it is thought that the Elster corresponds with the Mindel
and with the Lowestoft glaciation in Britain; the Saale with the Riss
period (Gipping Glaciation in Britain) and the Weichsel with the Wurm. The
last glaciation in Britain seems to be most closely correlated with
Weichselien.

Trotter (1929) and Wells (1957) have provided evidence for at
least two major glaciations in East Edenside and Stainmore thus supporting
the evidence from other pafts of Britain for three major glacial periods.
Other workers consider the various deposits to have originated from a single
complex slaciation and have suggested that this single glacial period
corresponds with the Saale or Riss glaciation, which on the continent laid
dowvn a series of clays, sands and gravels (Raistrick 1951; Carrutherg 194,8).
Other work has suggested that although there were a number of glaciations,
the Northern Pennines or parts of them mey have been ice-free during the
last or Full-glaciel ferioa. (Raistrick and Blackburn 1932). Both these
hypotheses would mean that a considerable length of time has elapsed since
the ice covered the region.

There is much evidence on the summit range of the Northern Pennines
for glacial activity. Trotter (1929) showed that ice was present on the
Pennine escarpment at 2200' by the discovery of a Lake District erratic.
Raistrick (1931) suggested that the area above this height was an ice-free
zone or nunatak during the maximum glaciation as no erratics were found
above 2200’ or in the Tees valley. ilore recent evidence {Johnson and Dunham

1963) suggests that there may have been iglacial activity Tar above
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2200" on Knock Ridge and Cross Fell. Therefore it is gossihle that'at
the maximum period of glaciation, ice was present over the entire Pennine
ridge.

Johngon and Dunham (1963) set out an account of glacial evidence
from the Moorhouse Rezgerve and the areas adjacent to it, but indicate that
the evidence available is not sufficient to shed Jurther lizht on these
problems. They also describe widespread evidence for cryoturbation during
the Late-glacial and early Post-glacial periods on the Moorhouse Reserve.
Manley (1959) provides evidence for corrie glaciation during the post-
Allgfd recession period in the Lake District and suggests that small —
moraines in the Northern Pennines may also date from this period. Rowell
and Turner (1952) also describe similar moraines in the Mallerstang area of
LEdenside.

There is, therefore, much evidence for a very cold, periglacial
climate following fhe recession of the ice, during which solifluxion and
frost action were widespread and Joimson and Dunham (1963) suggest that
thislperiod persisted into Post-glacial times.

Climate

Glasspoole (1931) gives the average annual rainfall for the
Tees valley as 35  at Middleton-in-Teesdale, 50-60" at Widdybank Fell
and reaching 70 " over Cross and Mickle Fells. Manley (1936;19#2) records
from meteriological data at Moorhouse, that the climate is one of prolonged
vinter with persistent snow cover; a c¢old late spring and short summer
giving way to a stormy autumn.

Present Vegetation

In order to provide a complete picture of the Widdybank Fell aree,

it is essentiel that the present vegetation cover should be described
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in brief, together with the other background information already set out.
Much work is at present in.progress in Upper Teesdale and a considerable
amount of work has already been published both on the general ecology
(Piggott, 1956) and on specific species in the Teesdale flora (Blkington
1963; Valentine {1965).

Much of the Fell is covered by wet hire communities and these may
be divided into two categories - the acidophilous and the base-rich types.

The krger part of the area is covered by blanket bog, dominated

s

by Calluna Vulgaeris and Eriophorum vaginatum, some of which is still

growing although much is in various stages of degeneration. Locally the
bog surface is still.dominaded by Sphagnum species. Some transition

associations exist as wet heather e.g. Juncus squarrosus heath. In the —

springs and flushes, where the sugar limestone outcrops, bryophyte-sedge
communities occur.

Parts of the fell are not covered by the encroaching blanket peat
and these dry communities may also be divided intq several distinct types.
The dry suger limestone grassland, which supports a particularly rich
interesting and varied flora; Unaltered limestone grassland which supports ...
a rich flora on the brown earth soils derived from the limestone parent
material and a species - poor grassland where the soils have become dry and
acidic. On the deeper mature soils where drift is present a species - rich
heather moor occurs and this grades into_dry heathér moor, where the soils

. are padsolized and wholly dominated by Calluna vulgaris.

A list of communities is set >ut in Appendix 1.

Human Occupation

There is no evidence of pre-historic human occupation of
Widdybank Fell. However, there is some evidence from the surrounding ares.

1
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The earliest human occupation of the area is Mesolithic.
Microlithic flint and chert tools together with the horn-sheaths of ESE
have been:found in the peat at Moorhouse. (Johnson and Dunhem 1965)7
Trechman (1913) records that at Blackton Beck near Eggleston, arrowheads
of mesolithic age and pigmy implements of Mesolithic or Neolithic age have
" been found in the peat together with scrapers, flakes and flint saws of
Neolithic age. The flints almost certainly came from the Yorkshire Wolds.
Neolithic stone axes have also been found on Holwick Fell (Raistrick 1933).

The remains of Bronze age people are even more scarce than those
earlier cultures. A Beaker fragment of ﬁarly Bronze age was found on
Holwick Fell (Raistrick 1931) and south-east of Middleton a megalith though
now destroyed dates from late Bronze age time.

The Iron Age and the Romano-British periods are poorly represented
although a number of remains have been found in lowland regions of Edenside
and Dufham. The Denish and Viking periods had a considerable effeect upon .
the coastal regions but the?e is little evidence of their presence in
'Téesdale, although many of the place-names of Teesdale are derived from
Scandinavian roots (Hull 1920). Following the Norman conquest, the forest
of Teesdale was held by a succession of lords and for two periods in the
15th and 16th centuries by the crown. In the 18th century part of the

lands were leased for mining and much of the land enclosed (Raistrick 1938).
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CHAPTER 3.

Field and laboratory techniques.

"Investigations into the vegetational history of the fell were
carried out usiﬁg the following field and laboratory techniques.
1. Eield.

(2) Peat Blocks. Where extensive erosion into the peat has taken
place, it was possible to collect blocks of feat from the cleaned peat face.
The surface of the face was cleaned horizontslly with a sharp knife and
cuts made back into the face. Blocks about 1 ft. square were taken con-
currently from top to base. The collection of Peat blocks, rather than =
cores of peat collected in liners from a borer, allows a larger quantity of
uncontaminated peat to be removed thus allowing exactly corresponding
samples to be used for the recofding of stratigraphy, identification of
macroremains, pollen analysis and radio-carbon dating. THere is however
some disturbance and éontamination at the surface and base of each block
cut. This is eliminated from samples collected in liners by using two bore
holes, close to one another, alternately.

(b) Stratigraphy. At each of the major sites selected for investi-

gation an extensive survey of the stratigraphy of the bog was carried out.
Transects were laid out across the bog surface with stakes, 10, 20 or 40
metres apart, in two or more directions. Compass bearings were taken on
each transect. The surface of the bog along each transect was levelled,
using a Dumpy level and staff. At each stoke, cores were taken using a ~—
Hiller borer, and the stratigrephy of the peat recorded in the field.
Samples from each level were also taken to the laboratory for macro-fossil

analysis.

17.



(c)‘ Samples for pollen analysis. After recording the
stratigraphy, cores for pollen analysis were collected from one or more
points including the deepest point along the transects. As access to the
area was restricted in the main to the winter months of each year because
of the grouse breeding season during the late spring and early summer and
the shooting season in late summer it was not always possible to collect
in this way. Thus, in Slapestone Sike SLI was collected before the
stratigraphy was completed and a further basal sample was collected from
'the deepest point of the'bog to supplement this.

All samples for analysis were collected using a Hiller borer
with liners inserted. Each liner was removed from the borer in the field,
and wrapped in clean polythene before being transported back to the
lgboratory. One sample, TSl was collected in the form of peat blocks,
and these were wrapped in polythene before being taken back to the
laboratory.

2. Laboratory

(a) Macro-remain analysis. Samples for macro-remain analysis

were collected from each core to supplement stratigraphic data obtained in
the field.

Each sample was broken down by heating in a basin with 100/;3

potassium hydroxide for abcut 15 minutes. The sample was then placed on
a fine sieve, after any seeds which had floated to the surface had been
removed with a camel hair brush, and washed with 2 spray of water.

The remains were then transferred to a small dish and examined under a
binocular dissecting microscope for recognisasble plant or animal remains.

These were stored in tubes containing a mixture of glycerol, &lchohol: and

formaldehyde. Leaf fragments fond in the peat were mounted on slides

18.




in gum chloral. Wood fragments were embedded in wax and sections cut on
a microtome.

During the first winter of this work, two weeks were spent in
the Sub:zDepartment of Quaternary Ecology, Cambridge, identifying macro-
remains using the Cambridge seed collection. Further macro analysis was
subsequently carried out using the smaller Durham seed collection. Seeds
were identified as far as possible, down to specific level although in many
cases it was not possible to identify further than generic level.
Bryophytes were identified using the Durham type collection and wood frag-
ments were identified with the aid oi Clifford’s key to the wood anatonmy
of British trees and shrubs (Godwin 1956).

(b) Pollen analysis. In the laboratory, samples were taken from

the cores in the liners and placed in tubes. Care was taken to exclude

all the outer edges of the core, to avoid contamination. 1 cm 3 samples -
were taken at 2.5 or 5 ém intervals along the core. Where the peat was very
fibrous, it was necessary to take samples at 10 cm intervals. The tubed
samples were kept in a cold room until they were ready to be ahalysed.

Preparation of samples.

The technique used for the preparation of samples for analysis was based

on that of Faegri and Iversen (196L4), using KOH and acetolysis:

(a) 1 cm was placed in a boiling tube with 10 ml 10041K0H and heated in -

p a water bath until the peat had broken down.

‘(b) The sample was then passed through a sieve so that the macro-remains
were caught in the sisve. 'The residue was washed through with a little
water. This was then centrifuged and the supernatent poured away.

The residue was examined for silica. If none was present, then the

treatment proceeded without HF treatment.
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(c)

(a)

(£)

(&)

(n)

The remaining sediment was washed and centrifuged until the super-
natent was clear.

The sediment was then washed with a few mls of glacial acetic acid,
and troken up with a clean, dry rod, so that all water was removed.
This was centrifuged and the supernatent poured off.

10 als Acetic anhydride were added to the sediment and then stirring
with a clean glass rod, 1 ml conc. stoh was added slowly down the
side of the tube. This was then boiled in a water bath for exactly
1 minute, in 2 fume cupboard. Tnis was centrifuged and the super-
natent poured off carefully.

A few drops of glacial acetic acid were added to the sediment and
stirred, and the tube filled up with distilled weter and centrifuged.
Glecial acetic acid was found to bring down the sediment during
centrifuging if the acetic anhydride mixture had not done so
properly.

The sediment wes then washed with water and centrifuged. It was then

/

washed again in distilled water with a few drops of 1075 XOH and a
drop of detergent added to floculate any flating sediment. This was '
centrifuged and the last washings drained away. Xeeping the tube
turned upside down, the inside of the tube was dried with filter
paper and a mixture of hot glycerine jelly + saffranin equalling
twicg the volume of sediment added, stirred and mixed.

The glycerine jelly + sediment Qas heated in a water_bath and a drop
smeared on a slide. This was then carefully covered by a 50 x 22 mm

coverslip and warmed so that the jelly spread out evenly under the

whole coversli p. The slide was then labelled and counted.

20.



HF Technigues

If silica was found to be present, the sample was treated after boiling

in KOH but before acetolysis, as follows:

(a) A little water was added to the sample, which was then poured into
a Pt bucket, standing on a clay tripod in a fume cupboard. With
extreme care, HF was added until the Pt bucket was about 3 full and
was then heated to boiling, and allowed to boil for 3 mins.

(v) This mixture was poured into a besker containing 105 HCl. This was
then poured into a centrifuge tuﬁe and centrifuged, balanced against
water. The supernatent was poured carefully away into a sink of
running water. All utensils used with HF were put immediately into
a beaker of water to dilute.

(c) The sample was then heated with 1070 HC1 to dissolve the white
precipitate, and then centrifuged.

The whole process was repeated if silica was still found to be
present before continuing with acetolysis.

Counting.

Long cover sligs, 3 x 1 cm were used throughout and the ‘density
of pollen was teken into account before counting, so that representative
traverses could be taken. If the pollen was dense, some traverses were
made at the ends and some towards the centre of the slide. If the pollen
was more sparse then the traverses were equally spaced across the whole
slide. Traverses were made in one direction ®nly at right angles to the
long edge of the slide, and every grain counted, under x 400 magnification
on a Reichert microscope.

A total of 150 tree pollen grains were counted on each slide.
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At some levels where tree pollen grains were sparse in relation to
non-tree pollen grains, a count of only 100 total tree pollen was reached.

Identification.

Where grains were unidentifyable by reason of their poor
preservation, they were noted as destroyed pollen and not included in the
total count but used as a measure of pollen preservation.

All grains were identified using the Durham Botany Department
type collection and the pollen key of Faegri and Iversen (1964).

Special grains.

Identification of certain pollen types ?equired special
attention:
(a2) Betula nana
An attempt was made to separate B. nana from the tree Betula species.
All Betula grains were measured in terms of grain diameter and pore
depth, according to the ratio given by Walker (1955). Photographs
were taken of grains showing a high ratio and also showing low ratios
(Appendix II). Following Terasmae (1951) and Birks (1968) grains
showing a high ratio and very smali pore depth were classed as
B, nana . Grains with intermediate ratios which were not separable
morphologicaily from the tree birches, were not classed separately
from the tree birches, as it is known from type slide show considerabzs//
variations in the size of' the ratio. Therefore only grains showing al
high (11.5) ratio and the characteristic shallow pores were classed
as B. nana.
The ?o of B. nana may not, therefore, be truly representative

of the amoynt actually present in the pollen rain but it does indicate



when B. nane was a relatively important constituent of the wegetatisn.

(b) Cereals
Cereel grains were identified using a Zeiss phase-contrast microscope
with the aid of Faegri and Iyersen’s key (l96h) and modern reference
material. Some cereal grains were found to be so destroyed that
identification was impossible.
The precise measurements required if'or cereal grain identification
are based on standard measurements of Corylus grains. Thus from each
slide containing a cereal grain the diameters of between ten and rifty
Corylus grains were measured. Faegri and Iversen’s key is based on
material mounted in silicone o0il and the measurements given are
standard size: Corylus = 25 ﬁ.

Thus _C_ (average diameter of Corylus) = k.
25

Measurements of the cereal grains were therefore divided by the
factor k to obtain standard measurements for identification using the
key.

Presentation of Data

At each level the count for each pollen type is expressed as a
percentage of the total tree pollen count. Species included in the total

tree pollen count were Betula, Pinus, Ulmus, Quercus, Tilia, Alnus, Fagus

and Fraxinus. Also at each level the total counts for tree, shrub and

herb species were expressed as a percentage of the total pollen count.

Sghasgum was omitted from this total because of the fluctuations shown

in its curve.

The results of these analyses were expressed in the form of

pollen diagrams.
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CHAPTER L.

DESCRIPTION OF SITES

The first consideration in a study of the vegetational history
of an area must be the choice of sites suitable for such an investigation.

The major part of Widdybank Fell is overlain by blanket peat,
which varies in thickness from a few cms on the steeper slopes to a depth
of several metres in the cols or hollows. Where the sugar limestone is
exposed, especially on the west and southern parts of the Fell, the blanket
peat has not encroached and the rock is covered by thin soils. Extensive
erosion of the peat has taken place wherever streams drain the ¥Fell. The
soils which Support species-rich grassland (Appendix I) over unzltered
limestone are brown earth soils showing some mottling probebly due to
impeded drainage. Soils associated with species-poor Calluna grassland are
slightly podsﬁlized brown earths.

Several aspects of the history of the Widdybank Fell flora seemed
to be of particular interest. Firstly the period during which the earliest
peat began to form on the féll and the changes which have taken place from
this period to the present day, both regional and local. Secondly, the
time at which blanket peat began to develop and the factors which
influenced its spread. Thirdly the local differences and changes in the
flora associated with sugar lim=stone outcrops throﬁghsut the post glacial
_period.

In order to investigate these, sites for analysis were chosen
with the following factors in minds¢-

1. Proximity or distance from present day outcrops of suger limestone,

limestone grasslands or flushes.
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2. Areas where there has been extensive peat development over a long
period of time. For instance, over some areas of the Fell, where
conditions have been favourable for peat formation, there has been mire
growth since early post-glacial times. (Fig.3).

1. Red Sike / Pinkler’s Sike bog. (Diagrams 3,5)

Between Red Sike and Tinkler’s Sike there has been extensive
peat development and here the bog is still actively growing. The bog
surface is characterized by various species of Sphagnum, in particular

8. papillosum, S. cuspidatum, S. rubellum together with Calluna vulgaris

and Eriophorum vaginatum. Other species present include Erica tetralix,

Eriophorum angustifolium, Narthecium ossifragum, Drosera rotundifolia

and many species of Carex.
The western end of the bog is more eroded and dissected by water

channels and the surface is dominated by Calluna vulgaris and Eriophorum

vaginatum. East of Tinkler’s Sike, the bog surface is again drier and

dominated by Calluna and Eriophorum vaginatum together with some SEhaEEum

and lichens, particularly Cladonia spp. It is in this area that Betula
nana exists in association with the above species. This record was made
by Hutchinson (1965) and a preliminary investigation of macro-remains in
the peat had been carried out by him.

initially, a profile TSI was taken for analysis from a peat
face about 10 metes from the area where 7 plgnts of B. nana are growing.
Blocks of peat were taken from the cleaned peat face and subsequently used
for pollen and macro-analysis and alss for radio-carbon dating.

Three transects were laid across the surface of Red Sike bog.

Transects A and B being in a SW NE direction and transect C in an

25.



B-W direction. Trensect A was continued down the steep scarp slope
south Qf the bog to link up with BM 1512.5' a2t Cauldron Snout. (Plate 2)
Samples for analysis were also taken from RS1 and RS11 (Diagram 4).
The position of RSl was selected for two reasons:
1. This point was only 50 m distant from the extensive outcrop of sugar
limestone surrounding Red Sike.
2. At thisppint there wes a considerable depth of peat overlying a basal,
gravelly silt which showed a positive reaction with loﬂ HC1.
RS2 was selected for its depth of peat and for its position in the
centre of the mire but to the west of both KS1 and TS1.

Stratigraphy (Diagrams 5,7,8).

The depth of peeat veries from about 100 cms at the margin to a
maximum depth of 400 cms in the centre. At the nathern margin of transects
4 and B, there is a thin basal layer of grey silt containing pebbles and
gand, which overlies bed rock. This stratum never exceeds a thickness of
10 cms and does not continue into the central part of the basin. At two
points on Transect B the grey silt band grades into & stiff, blue clay of
5 - 10 cms depth above bed rock. Above this laeyer of silt and clay at the
northern edge of the mire, there is a thin layer of detritus mud, -5 - 10
cms deep. Patches of detritus mud overlie bed rock on the steep slope
south of the mire on Transect A, and at the eastern edge of transect C at
the side of an aertificial drainage channel.

Towards the na thern margin of the bog this layer of detritus mud
is overlain by a layer of moderately humified Sphagnum peat including
remains of sedges and Calluna, which forms the main thickness of peat.

Above this there is a transition into Eriophorum - Sphagnum - Calluna peat
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which becomes fresh towards the surface.

The stratigraphy of the central area of the bog shows a layer of
Ph?aggites - sedge peat directly overlying bed rock. This layer is readily
recognisable azs it is u§ually light brown in colour, stiff in texture and
conteining birch wood and bark, Menyanthes seeds, Carex seeds as well as
fresh Phragmites remains. Wood fragments were analysed in the laboratory
and proved to be birch in all cases. No pine wood remains were found.
Towards the edges of the bog this layer was represented by a well - humified
sedge peat containing few macro-remains. The depth of this layer varies
from a few cms at the margins to a maximum of 130 cms in the centre.

Above the Phragmites - sedge layer, Sphagnum peat containing remains of

Calluna and sedges grades into Eriophorum - Calluna - Sphagnum peat which

continues to the surface of the bog.
Transect C at the eastern edge links site IS1 with the Red
Sike bog. The stratigraphy here proved to be essentially similar to that
found in the central area of Red Sike bog:
0 - 12 cms Dark brown crumbly Calluna peat containing Eriophorum

remains; Juncus seeds; Selaginella selaginoides

macrospores and Carex seeds.

12 - 25 cms Lighter brown, wetter Calluna - Eriophorum peat containing

sedge remains and Selaginella macrospores.

25 -« LO cms Dark brown peat containing burnt Calluna wood.
40 - 112 cms - Dry, moderately humified, light brown Phragmites peat with

burnt Calluna, remains; Carex seeds; occasiodnal Menyanthes

seeds and Selaginella megaspores.
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112 - 135 cns

135 - 143 cms

Light brown Phragmites peat containing Betula twigs;
B. nana leaves and seeds; Menyanties seeds; Chara
oospores; Selaginella megaspores; Carex seeds and a

single seed of Lychnis flos = cuculi.

Phragmites peat with few Betula fragments, no leaves

or seeds; seeds of Carex, Carduus / Cirsium, Viola,

and Lychnis flos - cuculi,and Selaginella megaspores.

The detailed stratigraphy for R32 is as follows:

0 - 50 cms

50 - 190 cms
100 - 200 cms
200 - 270 cms
270 - 295 cms

295 - 350 cms

350 -~ 355 cms
355 - 395 cms

395 - 100 cms

Widdybank Moss.

Fresh, reddish brown Eriophorum - Sphagnum peat.

Well humified Eriophorum - Sphagnum peat -

Wet, well humified Calluna - Eriophorum - Sphagnum peat. —

Drier Calluna peat containing many roollets.
Dark brown sedge peat.

Light brown Phragmites peat containing sedge and

Betula wood remains.

Layer of Betula wood.
Light brown sedge peat containing Phragmites.

Greyish clay + pebbles to base rock.

This site was selected because it occupies a position close to

the centre of the Fell at the relatively high altitude of 1650¢ 0D. The

area is one of extensive peat erosion with deeply cut erosion channels

draining to the notth east and eventually draining into tributary channels

of Moss Sike.

To the South and north of the area the ground rises steeply
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about 30 - 40' above.the level of the Moss. To the west the surface
slopes gently away for about 200 metres before dropping away to Wildscar
Sike. This area is dissected by shallow, artifidal drainage cuttings.
At the sourthern margin of the Moss below a scarp slope, there are a
number of EREéﬁﬁEE filled shake holes and a pool partially filled with
actively growirg S. cuspidatunm.

Two trensécts were laid out across the iHoss surface at right
angles to each other, transect A in a NW-SE direction and transect B
running from SW-NE. (Diagram 9). A sample for analysis was taken from
WBMl. Since access to the area was necessarily restricted to the winter
months, the analysis core was collected before the stratigraphy of the
HMoss had been completed.

The surfacé vegetation of the Moss is largely of the blanket bog

type, dominated by Calluna vulgaris, Eriophorum vaginatum with local areas

of Trichophorum caespitosum. (Plate 4).

The depth of peat in this area varies from a maximum 350 cms at
WBM1 and 200 - 300 cms in the centre of the Moss to thinner peat 100 - 150 cms
at the edges.

Stratigraphy. (Diagrams 10 and 11.)

Rotten limestone or sandstone at the base is overlain by a thin
layer of blue - grey or light grey clay which contains angular stones and
sand lenses. In some places, this layer of clay is iron stained. This
.layer grades into a layer of detritus aud containing sedge remains. In
the central area of the Moss; this is overlain by a stratum of stiff

dryish Sphagnum peat with ﬁany sedge remains and occasional seeds of
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Chenopodium. Within this layer, thin bands of carbonised material occur
in places along transect B. Above this dryish Sphagnum peat érades into a

well humified Eriophorum- Sphagnum - Calluna peat. This becomes fresher

towards the surface and contains bands of Sphagnum. On peat hags, the
surface peat is a dry, crumbly Calluna peat.

The detailed stratigraphy for WBM 1 is:

0 - 20 cms Very dry, crumbly Calluna - Eriophorqm peat.

20 - 50 cms Well humified, dark brown, wet Eriophorum - Sphagnum
peat.

50 - 150 cms Hid brown, moderately humii'ied Sphagnum - Eriophorum

Calluna peat.

150 - 230 cms Dark brown, well humified Eriophorum - Calluna peat

containing fSQha@Eum and patches of carbonised material.

230 - 295 cms Stiff, dark brown peat with Sphagnum, Calluna and

sedge remains.
295 - 325 cms Very stiff detritus mud containing angular pebbles.

325 - 330 cms Orange - grey stoney clay with blue-grey and grey pebbles.

Slapestone Sike bog (Diagram 12).

This site lies on the watershed between Slapestone Sike and
Sand Sike in the northern part of Widdybark Fell.” To the North, Cocklake
Rigg rises steeply and to the south there is an escarpment of Peghorn
limestone at the base of which are mine workings linking up with the
Roids to the east (Diagram 1). The area at the head of Slapestone Sike
is one of extensive peat erosion with deep erosion channels draining into

a central eroded area which is water filled throughout the year.
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Drainage water dreins away to the east into Slapestone Sike. 4An
artificial peat b;nk prevents drainage of the water into Sand Sike. At
the head of Sand Sike there area a number of small spoil heaps and in the —
centre of the bog stands a boundary stone of the Teesdale Mining Companj.

Two transects were laid out.across the bog at right angles to
each other,.transect A running fromnorth to south across the area of open
water and transect B running from east to west immediately to the south
. of the open water (Plate 3). Sample SLl was collected during the first
winter of the work before the stratigraphy had been completed and basgal
sample SL2 was collected during tﬁe spring of 1968 .

The surface vegetation consists mainly of Calluna vulgaris

and.Erigphorum vaginatum with local areas of actively growing Sphagnum

pepillosum and S. rubellum with S. cuspidatum in the pools. Eriophorum

angustifolium grows in the erosion channels.

Stratigraphy. (Diagrems 13 and 1.).

Peat is deposited up to & maximum depth of 345 cms in the central
area, thinning out towards the margins north and south, where the basin abuts
onto limestone escarpments. The rock surface slopes very gradually down
from east to west. Investigation of the stratigraphy showed that there is
a basal deposit of blue-grey or greenish-grey clay containing angular
pebbles and sand lenses. This deposit is about 20 cms thick at the
margins of the bog and in the centre the borer penetrated into the clay to
depths of up to 50 cms. The deposit wes very stiff and sticky and at most
points it was not possible to push the borer down below this clay stratum.

At 97m:.on transect A 50 cms of blue-grey clay was found to overlie the

bed rock.
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The surface of the clay deposit was found to contain abundant Juncus

effusus and J. squarrosus seeds and Chara oospores. 4bove the basal

clay deposit is a2 layer of detritus mud between 10 - 30 cms thick.

Hylocomium splendens remains occur in the mud, together with root

fragments and qccassionally burnt wood.

In the central part of transect A and throughout transect B
the mud layer is overlain by light brown sedge peat. liocally Sphagnum
papillosum bands occur within this layer. Moss remains collected from the

sedge peat were Hylocomium splendenss Mnium punctatum; Aulocomium palustres

Rhytidiadelphus squarrosus and Drepanocladus sp. & number of seeds were

also found: Ranunculus flammula; Lychnis flos - cuculi; Empetrum nigrum;

Menyanthes trifoliatum; Betula sp; Violasp.; Iuzula sylvatics;

Carex sp. and Selaginella megaspores, Chara @ospores, Birch bark and
cone scales and fragmenté of Phragmites.
Above, the light brown sedge peat changes abruptly to a well

humified Sphagnum ~ Eriophorum - Calluna peat containing bands of fresh

S. papilliésum and S. cuspidatum. Other moss remains were

Hylocmium splendens; Rhytidiadelphus squarrosus and Rhacomitrium

lanuginosum. Burnt Calluna remeins were found through out the peat. At
the surface on peat hags, the peat became dry and crumbly, containing
Calluna remains, whilst in the hollows and erosion channels it became a

wet fresh Sphagnum ~ Eriophorum angustifolium peat.

From 0 - 80 metres on transect A at the northern margin of the
bog, no sedge peat layer was recorded. The detritus mud layer grades
immediately into a blanket peat containing occasionel birch fragments and

Sphagnum bands. Towards the surface the peat becomes & fresh, fibrous
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Eriophorum peat with Sphagnum imbricatum and burnt Calluna wood.

The detailed stratigraphy of SL1 is as follows:

0 - 50 cms
50 - 85 cms
85 ~ 150 cms

150 - 210 cms

210 « 2,0 cms
2,0 - 24,5 cms
245 - 255 cms

255 - 275 cms
275 - 300 cms

Dark brown, fibrous Eriophorum peat with Calluna and

Sphagnum remains.

Mid brown, well humified Sphagnum « Eriophorum

1

Calluna peat,

Light brown Sphagnum - Eriophorum peat, with birch

twigs at 150 cms and S. cuspidatum at 90 cms.

Highly humified, light brown fibrous Eriophorum -
Sphagnum peat containing birch fragments.

Well humified, Sphagnum - Eriophorum peat containing

Calluna wood, Hylocomium splendens, Rhacomitrium

lanuginosum, Sphagnum papillosum, and S. cuspidatum.

Peat / clay transition: detritus mud containing roots

Light grey clay with sand lenses and Juncus effusus

seeds at the surface
Blue grey clay with.sand lenses and pebbles.

Greenish grey clay with sand lenses and pebbles.

SL 2. Only the basal 60 cms of -this were used for analysis.

0 - 30 cas

30 - 90 cms

90 ~ 130 cms

130 - 150 cams

150 - 170 cms

Dark brown, fresh Calluna - Eriophorum peat.

Mid brown, well humified Sphagnum - Eriophoruam -

falluna peat, with charcoal fragments at 90 cms.

Light brown Sphagnum - sedge peat with red rootlets

at 125 cms
Stiff yellow brown sedge peat.

Light brown sedge peat with Betula fragments.
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At 170 cms there is 2 band of cf. Equisetum rhizomes.

170 « 200 cms Light brown sedge peat with Henyanthes seeds.

200 - 2,0 cms Stiff, light brown sedge peat with a silt band at
225 cmse.

20 - 2,5 cms Silty, sedge peat.

245 - 250 cms Greenish grey silty clay.

Basal Samples

In addition to the three main sites chosen for investigation on
Widdybank Fell, three basal samples were taken from the blanket peat on
the west side of the Fell to establish the period when the major spread of
peat over the Fell began.

‘Basal Sample 1 was collected from the western slope of the fell between

Slaepestone Sike and Ked Sike above the reservoir access road (Diagram 3),
Grid ref. 814303. A 50 cm sample for analysis was collected across the
peat / clay boundary, where there was Hanket peat to a depth of 90 cms
overlying 10 cms of greyish, stony cley.

Basal Sample 2 was collected from the lower slopes of the fell, below the

reservoir access road on the northern bank of Red Sike about 100 metres
before the sike joins the Tees. Here blanket peat -to a depth of 100 cas
overlies 10 cms of grey stony clay. A sample for analysis was collected
across the peat / clay boundary.

Basel Sample 3 . A block of peat was taken from the cuttings made during

the building of the reservoir site huts, immediately to the south - east
of -the Birkdale track where it crosses the access road (Diagram 3).

Here the depth of blanket peat is barely 50 cms in thickness overlying
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10 cms of boulder clay, which rests on limestone rock.

Pollen analytical data.

1. Red Sike / Tinkler’s Sike.

Two complete profiles were collected for pollen enalysis from
this site together with one basal sample.

TS1 Samples for analysis were cut from a series of peat blocks
at a distance of 5 cms. apart and 2 cms aspart pn the basal 10 cms. At
each level 150 tree pollen grains were counted and each pollen type
expressed as a percentage of total tree pollen. Particular attention was
given to the identification of Betula pollen grains end herbaceous pollen.
This date is presented as a pollen diagram - Tinkler’s Site I.

(Diagrams 15 and 16).

The Basal 8 cas of peat, which consist of Phragmites peat
containing scattered fragmnents of Birch Wood and B. nana leaves, show a
consistently high percentage of Pinug - between 60 - 90?0, the remainder
of the tree pollen being Betula spp. The counts for Tree Betulas and -
Betula nana are represcnted on the diagram as separate parts of the same
total percentage. The method for identification of the Betula is dealt
with in Appendix II. At the base of the diagram there is no Ulmus or
Quercus present and Corylus is represented by very low counts - 3 - 6?0
of total tree pollen. Salix is relatively high - lQ?o and Juniperus shows
exceptionally high values in this basal 8 cms. The AP/NAP ratio is very
low - 10J0 AP to 9070 NAP. |

The high non-tree pollen count consists chiefly of Cyperaceae
pollen, which the large number of sedge macro-remains in the peat supports,

with high values of Gramineae, Filicales spores and Selaginella Spores

———
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again borne out by the macro-spores found in the peat. The values for

\

Sphagnum are very low but present throughout. A large number of other

herbaceous species are also represented in the basal 8 cms. of peat

including peaks of Bauisetum. Ericales (including Empetrum)Artemisia,

Lycopodium spp. Sexifraga type hypnoides, Plantago lanceolata,

Compositae type liguliflorae, Filipendula, Potentilla.

A Radio-carbon date GAK 2031 from 135 cm.gives a date of 9900 + 190 ByP or
7950 + 190 B.C.

This information suggests that peat bégan to form towards the end
of late glacial times in a slight hollow in the limestone rock which
underlies the Red Sike / Tinkler’s Sike bog. The climate must have been
one of very cold Arctic or sub-arctic conditions during which tree growth
wes limited and an essentially open vegetation was predomiﬁant. Tree
pollen constitutes only 1Q7o of the pollen record and this is confined to

Pinus , Betula and Betula nana. Corylus values are very low, characteristic

of the end of the late glacial or pre-boreal time. Juniperus pollen values
are very high, disappearing abruptly at 130 cms This suggests & correla-
tion with the high Juniper period at the commencement o Zone IV. However
the high percentﬁges of Gramineae, Cyperaceae and other herb pollen remain
high until 130 cms i.e. the fall of herb pollen percentages coincides
exactly with the disappearance of Juniperus pollen. This suggests a late
zone II1I . type of'vegetation. The radio carbon date obtained from 135 cms
suggests a date corresponding approximately with the Scaleby Moss dates for
the III/IV boundary (Q151) (Godwin, Walker and Willis 1957). It is worth

noting that the geographic factors which combine to make Upper Teesdale
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what it is today must have existed throughout the post glacial period,
hénce the transition from Zone III to Zone IV type of vegetation and
climate may have taken place rather later than elsewhere in the British
Isles.

Above 135 cms is a sudden and abrupt change in the pollen spectrs.

Pinus and Betula percentages remain but Corylus reaches values of 100 -

20070 total tree pollen. Ulmus and Quercus botn eppear at 135 cams as
about lO?b of the total tree pollen. Salix declines and Juniperus

disappears completely and no further records were found. There is a

decline in Gramineae, Cyperaceae pollen and Selanginella spores,
from the high values of the previous 8 cms. énd generally lower wvalues for _.-
herbaceous pollen, although there are: peaks of Compositae Tubuliflorae and

Pteridium. Sphagnum expands from the very low values of the previous

gone. Other herbaceous species represented include Plantago spp, Rosaceae

Valerisna, Leguminoseae, Umbelliferae, Cruciferae and Menyanthes and a
single level of high Calluna at 130 cms.
The sudden changes in the pollen spectra at this level,

perticularly the abrupt disappearance of Juniper and rise of Ulmus, Quercus

and Corylus, suggests a gap in peat formation and therefore in the pollen
sequence followed by the onset of acid peat development- This is supported
by the Calluna peak at 130 cms and also by the rise in SEhaggum although
there is no evidence from the peat stratizraphy, except that on drying out
layers of non-calcareous sandy material appeared in the peat around this
level. During the period when this section of peat was-laid down condiﬁions
must have been rather less severe. There is evidence of the slow spread

of tree species through the region and the proportion of tree to non-tree
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species begins to rise slowly. Mixed oak forest species are beginning

'to reach the region, spreading no thwards from the south-ea;t. Cogzlus
reaches its post glacial maximum during this period. These factors suggest
a correlation with Zone VIa/VIb of‘the regional pollen zonation scheme,
during which time the climate was more continental although the pollen
spectra suggest a still predominantly open vegetation on Widdybank Fell
with Pine and Birch being the chief tree pollen contributors.

Witixin the following 15 cms of psat the changes in the pollen
spectra are rather less dramatic but nevertheless significant. Corylus
falls from the exceptionally high values of the preceding zone to bétween
40 - 6070 Total Tree pollen and this value is maintained throughout the
succeeding zones of the diagram. Scattered grains of égggé are found at
115 cm and 105 cm. There is a single grain of Tilia at 115 cms. The
tree pollen ratio continues to rise slowly. EEEEE shows consistently high
values and Betula remains sbhout 20?b Total Tree pollen including a small
but persistent percentage for B. nana.

Gramineae values decline steadily to 570 at 100 cms and
herbaceous pollen values generally show a slight decline although they are

still represented by filipendule Potentilla, Rosaceae, Ranunculaceae and —

Compositae. Sphagnum values are erratic but are always 30?6 Total Tree
pollen.

This zone coincides with a change in'stratigraphy when Phragmites
and wood fragments become scarce and Sphagnum becomes more common. &
radio-carbon date GaK 2030 taken at 120 cms. immediately below this zone

gives a date of 6300 BC+ 280 which fits in with other dates obtained for

Zone VI (Godwin 1957).
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The changes in Corylus percentages together with those for Quercus and
Ulmus suggest Zone VIb of the regional pollen zonation scheme.
Above 100 cms Alnus makes its first consistent appearance with values of

32 -5 70. Ulmus and Quercus maintain values of 10 - 2570 and there are

scattered occurences of Tilia. The Tree pollen ratio continues to increase
but doés not reach more than 40> Total pollen count. Pinus continues to
maeintain very high values although Betula declines during this period. The
non-tree pollen cougt is still represented by a wide variety of herbaceous
species including Caryophyllacéae, Aftemisia,Umbelliferae; Cruciferae,

Filipendula,Leguninoseae and Selaginella and Lycopodium spores making up

30 - LO?O of the total pollen rain.

The climate during this late Boreal period Vic is recognised as
being warm end dry throughout the British Isles although it is probable that
isolated areas of moderately high altifude sucﬂ as Widdybank Fell may have
‘remained cool and therefore retained a predominantly open vegetation through-
out the boreal period. The Boreal/Atlantic Transition takes place at 70 cms.
At and above this level Alnus rises steadily, replacing Pinus..which declines
steadily throughout the following 25 cms. Ulmus maintains values of 15 -
207o_throughout this period and Quercus expands to reach its maximum values
of %0 - LO?b. Tilia is present in small quantities in this zone and
‘Fraxinus appears for the first time. The Tree pollen ratio reaches its -
maximum at 65 cms of LQ?O Total pollen.

Gramineae pollen shows low values during the first part of this

zone but expands at 50 cms. At the same level Calluna Vulgaris expands —

sharply from very low values to values in excess of L07b.
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The Cyperaceae curve does not expand at this time. Early in the zone
Sphagnum shows a pronounced rise but this falls off towards the end of the
ZOone . Polzpodiuﬁ shows values betwéen 2 - 570 throughout' this zone and
there is a peak.of Selaginella at 55 cms. The herb flora is still rich

snd varies including Succisa, Potentilla,Filipendula, Rosaceae, Caryo-

phyllaceae, Chenopodium, Melampyrum, Leguminoseae and Umbelliferae.

The increasing oceanity of the climate during zone VIIa is seen
in the rise of Alnus and also to some extent by the increase in peat
forming species. There is no visible- change in peat stratigraphy during
this zone and there is no evidence to suggest more rapid peat growth
during this period. Thermophilous tree species reach their maximum during

this period as Quercus and Ulmus expand. Tilia 1is never represented by

more than 2 - 590. Despite this forest maximum, the AP/NAP ratio never
exceeds 4070 which strongly suggests that whilst Widdybank Fell may have
been able to support tree cover at this time, the cover was light enough
to maintein a rich herb flora.

The rise of Gramineae and Calluna curves before the end of
Zone VIiIa together with a decline in the tree pollen ratio suggests that
the Feli may have been returning to a more open vegetation type even before
' the onset of the climatic deterioration waich is marked by the beginning of
blanket peat development above the 4O cms level. A radio-carbon date GaK
2029 at 70 cms - the point at which Pinus values fall and.fgggé values rise
gives s date of 4,200 BC + 160. This is rather late for the Boreal/Atlantic
Transition, which is usually dated to around 5000 BC (Godwin 1957).
However it is interesting to note that Oldfield (1965) and Walker (1955)

both suggest that pine may have persisted into Zone VIIa in the N.W. i.e.
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that its decline commences rather later than over the remainder of the
country. If this is the case then the VI/VIIa boundary for this diagram
is not entirely synchronous with the accepted BAT. Thus the radio-carbon
date for this boundary will be rather younger than other dates for the B/A

v Transition. This problem is referred to in Godwin (1960) in connection with
Irish diagrams.

At 4,0 cms the stratigraphy of the peat makes an abrupt and

characteristic change from Sedgepeat to Blanket peat consisting of —_—

Eriophorum Vaginatum, Callunes vulgeris and Sphagnum spp. The onset of —

this widespread development of blanket peat seems to commence rather

later than in the Southern Pennines (Conway 195L) which takes place together
with the rise of Alnus at the beginning of Zone VIIa. The commencement of
blanket peat development at Tinkler’s Sike coincides with a rise in Betula

pollen at the expense of Pinus and the decline of Ulmus. Alnus continues

to expand reaching maximum values between 4O - 30 cms. Fraxinus is now
present consistently at values of 5 - 1079 Total Tree pollen. Eilig is
represented at 35 cms only. The tree pollen ratio declines very slightly
'during tnis period. Gramineae, Calluna and also Sphagnum pollen shows

peaks at 40 cms and the values then decline. Cyperaceae also shows a peak

slightly later at 30 cms. Potentilla Filipendula and other Rosaceae pollen

types all show small peaks at LO cms and Pteridium,Polypodium and Lycopodium,

together with Plantago lanceolata show small pezks above 35 cms.

The gbrupt change in peat stratigraphy at LO cms suggests a change
in conditions which lead to the widespread growth of blanket peat over the
Fell. Alnus was also favoured by this change in conditions as it continued

to expand. At the same time the decline of Ulmus and the rise of
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herbaceous species, especially Graminese, suggest that some utilization
of the land was being made by Neolithic Settlers. Neither Pinus nor Ulmus
recover after the decline in pollen values at LO cms although the values
fbr Cailuna and to a lesser extent Gramineae fall off and at the same time
Pteridium and other fern spores increase.

A further radio-carbon date GaK 2028 at 4 cms at the point at
which Pine declines completely and at which Ulmus also declines gives a
date of 1440 BC + 90. This date shows no correlation with other dates for
the Ulmus decline which is usually held to have occurred around 3000 BC.
This raises several problems which will be discussed in a later chapter.

The final phase in the diagram above 20 cms shows little change in the

relative tree pollen frequencies. Betula expands to its highest values

but declines towards the surface and small but consistent record; of

B, nana occur throughout. YHowever the Ap/-NAP ratio falls steeply at 20 cms
to about 207b Tree pollen. The NAP diagrams shows the major changes which
separate this phase from the preceding one. There is a second expansidn

of Gramineae and Calluna and Cyperaceae above 20 cms together with a

sudden rise in Plantago lanceolata and other Plahtago spp. Sphagnum
increases also during this last phase. Many other herbaceous species are

well represented including Compositae, Valeriana, Polygonum, Helianthenum,

Ranunculaceae, Filipendula, Potentilla, Artemisia, Urticae, Melampyyum:, —

Chenopodiim, Cruciferase. A radio-carbon date GaK 2027 teken at 1) cms
at the beginning of this rise in Herbaceous pollen types gives a date of ——
620 BC + 80. This date falls approximately in line with other dates

for the Sub-boreal - Sub-Atlantic Transition period (Godwin 1960}.
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The pollen spectra of the 15 cms of peat immediately below the surface

then suggest a return to'open Tree-less vegetation on the fell with the -—
more rapid’growth of blanket peat over the slopes of the Feil commencing
with the onsef bf the Sub-Boreal climatic deterioration. The nature of
fhese changes and their protable causes are discussed in Chapter 5.

The change in stratigrephy at 40 cms which suggests a deteriora-
tion in climate leading to blanket peat development and the apparently
synchonous fall of Ulmus at-this level together with the exceptionally —
young date of 1440 BC for this, raise several problems. First of all it
would be impossible to dismiss the possibility of contamination of the
sample by modern rootlets. However if there is contamination of this sample
and the 1l cms sample near to the surface then the date for the expansion
of herbaceous pollen would be altered considerably. If, however, the date
is accepted as reasonably accurate, then it must be considered whether the
elm decline is really related to climatic change or whether it is an
anthropogenic effect. If the decline of Ulmus is related to climate then

wes the onset of Sub-boreal conditions later or missing from this area of

Irish diagrams (Mitchell 1965). If the Ulmus decline is a fact linked with/

the activity of man, then was the settlement of these fells later than
elsewhere? A further possibility, which would provide an explanation for
the date 1440 BC is a further gep in peat formation from the end of the
Boreal Period or mid-Atlantic to 1440 BC + 90 when peat growth recommenced.
The sample for radio-carbon dating which gave this dzte was the first
sample containing low elm values and may therefore represent the middle of
gone VIIb rather than the beginning. Sandy layers similar to those at the

130 cm horizon add some support to this theory. Granlund’s recurrence
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surface RY IV at 1200 BC when peat growth was renewed at a large number
of sites in Britain end N. Europe could possibly correspond with this
renewal of ,ipeat growth.
Red Sike IT (Diagrams 17 and 18)

A&t the base of the diagram Pinus values are high, between
60 - 8095 and ?etula shows values between 20 and 4070 total tree pollen.

Corylus is already present in increasing amounts. Ulmus, Quercus and

Alnus are present but their values are rather erratic through the first
few levels. This may be due to a mixing of the pollen across the peat/
clay boundary. There is 107b Juniperus pdllen at the opening of the
diagram but this declines steadily and disaﬁpears after 6 cms.

Ilex is a2lso present at 410 cms but only as 2 - 3 grains and
it is not found again until the Sub-Atlantic period. However its presence
in the region does suggest that minimum winter temperatures cannot have been
far below freezing point (Iversen 194l4).

At the opening of the diagram, herb pollen represents 60 - 7076
total pollen count consisting of high values for Cyperaceae, Selaginella
end Filicales and there are also peaks of Compositae, Filipendula and

Ericales. Gramineae and Calluna pollen show low values and Artemisia,

Saxifraga stellaris, Valeriana, Ranunculaceae and Ezcopodium spp are also
represented. |

At this time then, the vegetation was open, tree species
contributing only 20?b to the totdl pollen rain. This area to the south
of Red Sike must have been sufficiently waterlogged for the growth of a
mire consisting chiefly of sedge species together with Phrasgites'and

Filipendula. The community may have been a transitional one supporting

tree birches and associated with this more stable community may
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have been marsh dwelling species of Compositae and Filicales.

Oak and Elm are both present in the area, therefore the climate
must have been ameliorating and becoming increasingly drier and warmer.
Hence, perhaps, the development of the drier Birch fen community. Juniper
is declining rapidly which suggests a correlation with its general decline
towards the end of the Pre-Boreal period - Zone IV/V.

During the following 80 cms. Ulmus and Quercus rise replacing

Betula and to a much lesser extent Pinusg. Corylus rises sharply at 380 cnms
to values exceeding lLO?b total tree pollen and declines to values of about
8070 total tree pollen above 350 cms. - Zone VIa and VIb respectively.
Quercus expands to values of up to 2070 during mid-Boreal time whereas,
in the diagrams for Tinkler’s Sike less than 300 metres to the East,\
Quercus is not fepresented by values greater than 1070 until the decline
of Pinus at the end of Boreal time. Also Pinus never exceeds values of
60J0 after the rise of Corylus, differing from the values of 70 - 8070
maintained throughout the Boreal period at Tinkler’s Sike.-

At the opening of Zone VI, Cyperaceae pollen is still very high

but declines rapidly to 30 - hO?o throughout the remainder of the Boreal

period. Gramineae remains low, although both Calluna and Sphagnum rise

briefly during VIb. ZFilicales values remain high throughout Zone VI
although Selaginella declines sharply at the end of Zone V.

The tree pollen ratio rises during Zone VI to 4U/0 total péllen
count at 310 cms but there is still a rich herb flora including such pollen

types as Ericales, Rumex, Compositae, Filipendula, Rosaceae, Potentilla,

Rubiaceae, Leguminoseae, Unbelliferae, Succisa, Helianthemum, Gentianella,

Menyanthés and Equisetum.
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Above 300 cms Pinus values decline sharply to about 1075.totgl
tfee pollen. At the same time, Quercus and Alnus expand considerably, and
- Tilia is present consistently and ﬁedera also occurs at 290 and 280 cms.
Graminese also rises briefly although rather fewer herbaceous species are
represented. Above 280 cms Pinus declines away to values of less than 570
and does not recover throughout the remainder of the post-glacial until
the present day. At the same lével Ulmus declines from values up to

2070 to about 5?0 total tree pollen. Both Quercus and Alnus continues to

expand and Fraxinus also rises.
The Atlantic period seems only to be represented in this diagram
by the two levels - 290 and.280 cms and that above this the pollen spectra
are of Sub-boreal age. The peat stratigraphy changes abruptly at 270 cms |

from a dryish sedge - Sphagnum peat to a much fresher Sghaggum peat which

grades into Sphagnum - Eriophorum - Calluna blanket peat mid-way through

Zone VIIb. Thus, as in TSI there is no marked change in peat development \
at the onset of Aflantic times, and it scems probable that much of Zone

VIIa is missing. Possibly the growth of peat was very slow during this |

period.
|
During the 120 cms of peat which represent VIIb, peat accumulation
. I
must have been much more rapid that hitherto :- Calluna expands at the —

beginning of the zone and Plantago lanceolata is also represented to values

up %o 1070 throughout the zone. Grass and Cyperaceae both rise before
the end of VIIb. Sphagnum, on the other hand, shows low values. Herbaceous
species are represented by Ericales, Artimisia, Cruciferae, Filipendula,

Potentilla and other Rosaceae, Ranunculaceae, Labiatae, Succisa, \

Helianthemum, Gentiana and many mire and heath species:-
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Rubus chamaemorus, Drosera, Narthecium,and Equisetun. The AP/NAP ratio

does not alter appreciably during this period although this range of
herbacesus species suggests a spread of blanket peat communities and also
an expansion of true grassland species.

At 14,0 cms the AP/NAP ratio falls to 10Jo totel pollen, Betula,

rises, Quercus and Alnus defline. Tilia which was present tﬁroughout

the early part of VIIb has disappeared from the pollen record. Fagus
reaches a peak at 120 cms and Fraxipus continues to expand.
There is a general rise in values of almost all herbaceous species,

particularly Calluna and Plantago lanceolata and to a lesser extenﬁ,

Gramineae, Cyperaceae, Pteridium and other ferns. 'Species associated with

an opening sut of the vegetation such as Plantago coronopus, Rumex and

Artemisia are also well represented.
There is a slight decline in herb pollen values between 100 - 50 cms
but a rapid and sustained rise from this level to the surface.

Comparison of RSII with TS I.

Bqth these diagrams show the sequence of changes in vegetation
both local and regional throughoﬁt the post-glacial period from early
Boreal times. There has been 2 much greater development of peat in the
central area of the bog than at Tinkler’s Sike where the peat has been
considerably eroded and the water drained into the stre;m. There may have
been a drying out of the peat here or there may have been very slow develop-
ment of peat throughout as a very long period of time is represented by
1.3 cms of peat. At RSII peat seems to have accumulated more rapidly
during the Sub-boreal and Sub-Atlantic periods than Guring the earlier

Atlantic period which is represented by only 20 cms of peat.
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Pine values at RSII during Zone VI are consistently lower than
at TSI : + 60?0 : o+ 80?0.

X:ﬂ2 2 x 2 contingency tests on these velues taken over the whole
of zone VI in both cases (Appendix 3) shows that the diff'erence in these
two values is significant i.e. that the probability of the difference
between the two samples being due only to sampling error or accident is

considersbly less than 570.

Ulmus and Quercus both rise much more rapidly during Zone VI

in RSII than TSI and Alnus too, rises rather earlier.

The first rise in Gramineae pollen values before the end of VIIag
in TSI is not so marked in RSII. There are, however, two distinct expansions
of Grass pollen in Zone VIII which are not shown in TS I. &
Red Sike I. This basal sample was taken between TS I and RS II but closer
to the sugar limestone outcrop at Hed Sike than the other two (Diagraﬁ 5).
Only the basal 150 cmswere counted to establish the early changes in peat
development and the pollen record and also to clarify the changes which
took place during the Boreal and Atlantic periods.

At the base of the diagram, Betula and Pinus values are high and

Ulmus and Quercus are already present. Alnus is present in small amounts

(Diagram 19).

The Boreal period, then, is already well established and mixed
oak forest trees had reached the area before peat development had spread
towards the edge of Red Sike. Tree pollen represents 2070 of the togtal
pollen count whilst Corylus reaches very high values at the opening of the
diagram but declines quickly to more constant values of 60 - 7070.

Pinus remains high during the following 50 cms although declining slightly
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as Quercus and Alnus rise. There is a brief peak of Calluna at 300 cms

which is not accompanied by rises in any other species.
At 280 cms Quercus rises at the expense of Pinus hich falls
to values of 10 - 20?0 and Tilia is also preseﬁt consistently for the
first time. There are no other major changes at this stage although there
is a rise in Grass pollen and to a lesser extent Calluna before the end —
of this period. Sphagnum also rises during the period to exceptionally

high values.

At 220 cms both Pinus and Ulmus decline to values of less than
596 and the percentage of tree pollen to values of about 3V/o.

Comparison of Red Sike I with Red Sike II and Tinkler’s Sike I.

All the major changes in each diagram have been taken as synchro-
nous with the corresponding changes in the other diazrams and therefore
each diagram has been zoned in the same way. Thus the problems involved in
the zonation and interpretation of TS I particularly between 70 - 20 cms
may be partially clarified by a comparison with RS I and RS II.

The chief differences between the three diagrams are :-

1. The statistically significant differences in each of the three

diagrams between Pinus values during Zone VI. (See Appendix IV).

2. The difference in time of the rise of Ulmus, Quercus and Alnus.
2. The time at which peat first began to develop at each of the three
points in the area.
Peat began to develop first at IS I, where the pollen record
suggests a late Zone III - early Zone IV time for the beginning of the
diagram. To the west peat seems to havg begun to develop at the beginning

of the Boreal period in the lowest parts of the Red Sike basin and to
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have spread rapidly dutwards during.the.Boreal period.

Pine values in the Red Sike area during Zone VI vary from
more than 7Q?o total Tree pollen et T.S.I to between 50 - 6070 at RS IT
with intermediate values at RSI. The difference in pine values et each
of these sites may be attributable to:-
(a) =a real difference in pine frequency from east to west i.e. that pine
was growing closer to site TSI than to the other two sites or
(b) this difference may be a function of the difference in osk and elm
curves i.e. the absolute pine frequency may have remained constant whilst
that of oak and elm altered.

Quercus and Ulmus both rise steadily during Zone VI at RSI and

RSITI whilst at TSI there is no corresponding rise until the end of this
zone. It is possible that Queraus and Ulmus may have penetrated up the
Tees valley to the western side of the Fell rather than over the plateau to
the east, thus accounting for the higher percentage of pine at TSI. Edaphic
factors must also have played an important part in the expansion of oak
and elm on to the fell and it is possible that the better drained soils
immediately to the north end west of the Ked Sike area may have provided
more suitable habitats during the early expansion of these species.

These important differences between three diagrams taken from
sites less than 400 metres apart suggest that these differences are
derived from the local pollen rain rather than from variations in the
regional pollen rain. Tauber (1965,1967) has carried out detailed investi-
gafions into local pollen dispersal throughout a full growing season in a
spall area in Scandinavia. He found that there is evidence for differences

in pollen dispersal inithe trunk space and above the tree canopy and also

50.



strong differences in the di;tances travelled by pollen. Thus, these
factors must be borne in mind when interpreting variations in the local
pollen rain.

From the pollen analytical evidence, therefore, it seems
probable that during the latter part of zone VI oak and elm were slowly
expanding on to the top of the Fell from the valley replecing, to some
extent, pine where.edaphic factors were most favourasble but not until the
end of the Boreal when the major climatic change took place together with
consequent changes in soil and available habitats did oak and elms really .~
succeed pine and birch as dominant tree species.

In all three diagrams Pinus declines in two stages:-

(a) a partial decline when it is replaced by expanding Quercus and Alnus -

the Boreal/Atlantic transition.
(b) a total decline corresponding with the Ulmus decline - zome VITb.

Zone VIIa is not clearly represented perhaps because peat was
being deposited very slowly or not at all during this period. iif“this is
50 then the levels attributed to zone VIIa and VIIb may present rather a
confused picture. This is supported by the anomolous radio-carbon date for
the elm decline at TSI (Discussion pageGQ)ahd the apparently slow growth
of the peat during this period. Zone VIIa is generally accepted as a
period of wet Atlantic conditions favourable to peat growth but the
evidence from these three diagrams points to the very slow or possibly
erratic peat development which could be accounted for by local climatic
fluctuations. (Conway 1948).

Changes in non-tree pollen correspond in each of the three

diagrams. Later changes during the Sub-Atlantic period are shown more
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clearly in RS II than in TS I, perhaps beczuse of more rapid and
extensive peat development at this site.

The initial rise in Grasses and other herbzceous species just- -
before the Elm decline at the end of 2zone VIIa is clear on all three dia- —
grams. Two explanations for this may be suggested:-

(2) Pisturbance or mixing of pollen at the-leveis representing VIIa/VIIb.

(b) Mesolithic activity in the area.

Slapestone Sike I and IT.
| At Slapestone Sike a hollow in the limestone rock covered to a

depth varying between O and 50+ cms of greyish stony clay began té £ill with
peat in the centre towerds the end of boreal time and the.development of
blanket peat spread over the whole area at the beginning of the sub-boreal
time.

A basal sample {Diagram 20- taken from the centre of the bog
to the south of an extensive area of blanket peét erosion shows a
Phragmites ~ sedge peat mixed with bands of clay.

At the b:ise of this diagram there are high values of Pinus

and Corylus but Ulmus, Quercus and Tilia are already present as is Alnus,

in quite large amounts.

By comparison with the diagram from Red Sike some distance to
the south of Slapestone Sike, it is probable that this peat was beginning
to form towards the end of Zone VI. Corylus declines from 809 to 6070
and at 220 cms Pinus values fall from 5070 to 30f0. Ulmus declines at a
single level only (220 cms) and then recovers. égggg does not rise

appreéiably.

There is a peak of Cyperaceae pollen at 220 cms accompanied by
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a rise in Gramineae pollen and peaks of Rubiaceaé, Cruciferae, Potentilla

and Menyanthes. Aiso represented are Compositae, Caltha and other

Ranunculaceae, Caryophyllaceae, Melampyrum,Rumex, Valeriana, Rhyinanthus, .~

Primula and Succisae.

The total °/5 Tree pollen declines around 220 cms at the time
when Cyperaceae and other herbaceous pollen temporarily expand. This very
temporary decline in tree pollen does not seem to correspond exactly.with
the first decline in Gramineae in RS I, II and TS I, but rather may be
attributable to the commencement of more extensive peat development over
the area and a relatively larger 7b herbaceous pollen. A full profile from
Slapestone Sike Bog was taken from the North side of the area of peat
erosion (Diagrams 21 and 22). 4O cms of basal clay yielded very low
pollen counts and much of this pollen was in a very poor state of preserva-

tion. The counts of the number of grains countéd are shown as a Table
below the diagram.

At 250 cms at the peat/clay boundary the pollen content increased

markedly and the preservation became good. At this level Pinus and Betula

are very low, values of Queraus, Alnus and Corylus high. Tilia is

present in the basal samples and Fraximus appears at 2,0 cms. Ulmus
values are 1_107b until 190 cms when the velues fall to less than,S?O-
Tree pollen constitutes 20 - 50?0 of the total.Betula rises at 230 cms
and maintains 15 - 20°/o.

Although Ulmus is still represented as 1076 totel tree pollen
at the opening of the diagram, Pinus has 2lready declined so it seems
likely that peat formation in this part of the bog did not begin until Zone

VIIb sub-boreal time.
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At the opening of the diagram, Gramineae and Cyperaceae together

with Polypodium, Pteridium and other fern sporesshow high values but
decline rapidly as Calluna expands. Thiks suggests a local change in the
herbaceous vegetation where a grass-sedge community was succeeded by one
dominated by Calluna and Sphagnum.

Throughout the diagrams herbaceous pollen types are always well
represented including Artemisia,Ranunculaceae, Unbelliferae, Filipendula,

Potentilla, Succisa. Gentianella, Caryophyllaceae, Chenopodiaceae,

Compositae, Plantago lanceolata is present in small quantities O - 1070

from 230 cms but does not expand until 110 cms.

There are no clear cut changes which signify the boundary between
Zone VIIb and VIII! rather there is a gradual change shown in the tree
pollen diagram by a slow rise in Betula values and in the non-free pollen

diagram by a rise in Calluna, a slow rise in P. lanceolata and et the same

level a rise in grass pollen. At this level too, more herbaceous species

are represented including types such as Drosers Sparganium and Equisetum, —

which are associated with mire communities and Helianthemum, Artemisis and

Plantago major type whicz are associated with open communities.

2 cerealia grains of the type Secale cereale were found at this level

(120 cms). The slow rise of Calluna, grasses and P. lanceolata together

with a general rise in herbaceous pollen values suggest a clearénce in ﬁhe
area brought about by a failure of tree species to regenerate under
increased grazing pressure. The presence of Cereal grains at this level
indizates that there must have been clearance associated with farming in
the region altﬁough this may have taken place in the valley rather than

on the Fell tops. This rise in herbacesus pollen at Slapestone Sike may
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correspond with a similar rise noted at ISI with a radio-carbon date of

620 BC + 80 and with a similar rise in RSII and in diagrams from below and -

on top of Cronkiey Fell (Squires, unpublished). |
At 60 cms following a slight dgcline, there is a further expansion

in grass, Cyperaceae and P. lanceolata pollen, suggesting a further period

of human settlement with which cereal grains of the Avena sativa type are

associated.
At the surface there is a rapid decline in total tree pollen and
an increase in herbaceous pollen types including Crucifers, Labiates,

Leguminoseas, Melampyrum, Viola, Spergula and Polygg@um viviparum. The

extensive erosion of the peat and drying out of parts of the bog surface

which is now covered by Calluna vulgaris, Eriophorum vaginatum, lichens of

v

various types, some Erica Tetralix and patches of Sphagnum spp. suggest that

peat formation may have come to a halt at some time in the more recent
history of the bog and therefore the profile may not be domplete at the
top.

Widdybank Moss.

This site is the highest in altitude of all the sites selected
on Widdybank Fell and also the most distent from either sugar limestone
exposures or species-rich limestone grassland. Its aspect is to the north
and east rather than to the west as the other sites, Red Sike, Tinkler’s
Sike and Slapestone Sike.

The peat profile consists of some 3 - 5 metres overlying a'thin

layer of greyish clay which rests on a bedrock of Limestone (Diagrams 23

and 2,).
At the base of the profile Betula shows values of 2076 although
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Pinus values are low - less than 2@70. Ulmus and Yuercus are both high

and Alnus expanding. Tilia is also present. -Corylus represents between
80 - 13070 total tree pollen.
At the opening of the diagram Grass and Sedge pollen are high

and there are very low values of Plantago lanceolata. Cereal type grains

are present at both 350 and 340 cms. although they were too badly destroyéd
to identify further.

The herb flora in this diagrem is rather poorer in species in
zones VIIb and VIII then in other diagrams although in zone VIIa the number
of species represented is comparable with other diagrams. Throgghout
zones VIIb and VIII the herdb pollen still constitutes at least h07o of the
total pollen count.

A comparison of the herb species present at Widdybank Hoss during
zones VIIb and VIII with those found in the same zones at RSII shows that
the following were not represented in W.B.M.I during VIIb/VIII but were

present at RSII:- Leguminoseae, Labiatae, Succisa, Plantego major/media,

Helianthemum, Chrysosplenium, Saxifraga spp.,‘§pgrgula, Linum, Lysimachia,

Selaginella, Botrychium.

Peat formation must have begun during Atlantic times after pine
had declined but before the decline of the elm, i.e. during zone Vila.

Above 330 cms. Ulmus falls from + 2070 to below 10Jo total tree
pollen. At the same level Alnus and Quercus rise although Corylus

declines. Both Tilia and Fraxinus are presént during this zone which

corresponds with Sub-boreal time - Zone VIIb.
At this level grass pollen declines to + 3070 and then steadily.
falls until at 220 cms only 57b grass pollen is present. Cyperaceae

pollen too, declines rapidly above 280 cms and at the same time Calluna
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pollen rises to very high values.

This early peak of grass and sedge pollen at the end of VlIa
and beginning of VIIb correspond with similar peaks in all other diagrams
from Widdybank Fell whicn are followed by a rise in Calluna pollen. It is
probable that these changes in herbaceous pollen values are attributeble to

a local succession from a grass-sedge community to a Sphagnum - Calluna

community.
At 1,0 cms there is a sudden rise in Gramineae, Cyperaceae,

Calluna and P. lanceolata pollen together with small peaks in Melampyrum,

Equisetum and Pieridium. Other herbaceous pollen represented during the
rise in‘herb pollen include Gentianella, Rubiaceae and Artemisia.

Between 100-50 cms, the peat was too filled with Eriophorum fibres
and modern roots of Calluna to sample satisfactorily.

Above 50 cms the herb flora increases being represented in

addition to these mentioned above by P. major/media, Compositae, Rosaceae

including Filipendula and Potentilla, Caryophyllaceae, Chenopodium,
Crucifers and Leguminoseae.

Meny of these species survive best in conditions of open vegeta-
tion. It is interesting to note that during Zone VIIa, species such as

Helianthemum, Gentiana, Lycopodium selago, Rumex, Artemisia and Plantago

were represented. Thus even on the top of the Fell habitats must have
existed during Atlantic times which were suitable for the growth of these
plants of open vegetation although the number of species present seems to
have declined during the fodlowing Sub-boxeal period.

It is also worth noting that Betula-nana whilst not noted either
on RSII or SII is present more or less continuously at very low values

through this diagram. Thus B. nena seems to have survived on the top of
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the Fell throughout the maximum period of forestation and respread to

the Tinkler’s sike area during the sub-boreal or Sub-Atlantic periods.

Basal Samples I, II and YII

On the wedt side of the Fell 3 basal samples were taken across
the peat/clay boundary and analysed for pollen.

Besal Sample I. (Diagram 25).

At the base of the sample Quercus and Alnus are high, Betula

and Pinus low. Fraxinus is already present and Ulmus is declining from

lQ?o to less than 570. Gramineae, Cyperaceae are high and FP.lanceolata

is present in small amounts. There is & rich herb flora including

Potentilla,

Ranunculaceae, Rubiaceze, Umbelliferae, Polypodium,Pteridium
and other fern spores.

At 75 cms Gramineese, Cyperaceae, Calluna and Plantago lanceolata

rise steeply together with many other herbaceous species including

Artemisia, Rumex, Succise and a cerealoid grain of the Avena sativa type
was found. -

Peat development here seems to have begum at the end of VIIb
and the rise in Calluna pollen at 75 cms probebly correlates with a similar
rise at Tinkler’s Sike, dated to 600 BC. Below the peat/clay boundary
some mixing of the pollen iias probably taken place but it was probably
deposited during zone VIIb.

Basal Sample II (Diagram 26)

The basal two levels taken from the clay were highly polleniferous.

Quercus and Alnus show high values and Tilia is present also 2070 Betula

but values of Ulmus and Pinus are only about 1070 total tree pollen.

The basal sample contains high Gramineae together with peaks of Ranunculaceae,

Potentilla, Filipendula and other herbs such as Cruciferae, Melampyrum,
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Succisa, Rubiaceae. At 105 cms Gramineae pollen declines and Cyperaceae

rises temporarily together with Polypodium, Pteridium and other fern

pollen.

The basal peat Evel shows a decline in Pinus and Ulmus values

together with a rise in_Quercusg and Alnus and an increase in the number
of herbaceous species represented including, besides high values of Potentilla

and Filipendula, Artemisia, Rumex, Plantago spp. Caryophyllaceae,

Umbelliferae, Succisa, Valeriena, Anemome, Helianthemum and Polemomium.

At 65 cms Gramineae, Cyperacecae, Calluna and P. lanceolata rise suddenly

and again there is a rise in meny herbaceous pollen types including
Gentiana and Linum. Cerealoid grains were found at 65 cms of the Triticum
mgnococcum type. A cerealoid grain found at 85 cms after deteiled examina-
#ion could not be classed as any Cereal type.

In this sample it is clear that peat formation did not begin until
after the Elm decline during Zone VIIb. The pollen record from the under-
lying clay may have been of the late Atlantic period or it may have been
early Sub-Boreal in time. It is probable that the pollen from these clay
samples has been mixed and is therefore not giving a clear picture. The

peak of Grasses and other herbs, especially P. lanceolata, at 65 cms

correlates with similar peaks in other diagrams from the Fell which has
been taken as a possible boundary between VIIb and VIII,

The high grasses at the beginning of the diagrams may correspond
with.the peeks in all other diagrams around the beginning of VIIb.

Basal Sample III (Diagram 27)

This sample consists of an entire profile of thin blanket peat
55 cms deep and underlying boulder clay.

At the base both Betula and Pinus show high values although Ulmus,
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Quercus, and Alnus show rather low values. Calluna pollen.and Filicales
ferns show extremely high values although Gramineae and Cyperaceae are low.””

This sequence does not correlate with any in other diagrams from
the Fell. It seems probable that the ﬁollen contained in the peat / clay
boundary is disturbed and mixed so that perhaps pollen from more than one
period is represented.

Above 50 cms Quercus and Alnus show high values and Fagus, Fraxinus

and Acer are also present. Pinus and Ulmus are both very low. &t 30 cms

Gramineae, Cyperaceae and Calluna together with P.lanceolata and many
other herbaceous speéies rise steeply. This corresponds witn the rise in
NAP teken as indicating the onset of Zone VIII.

Thus it seems that here as in all other sites blanket peat '
development began during Zone VIIb - Sub-boreal time. This is rather
different from the Southern Pennines and Moorhouse Neture Reserve where
blanket peat development began with the onset of Atlantic conditions.

At the same time the spread of blanket peat species seems to

correspond with a general increase in herbaceous species, including grass-

land types e.gs Helianthemum, Succisa, Polemonium, Thymus Onobrychis, and .~
other species of open or disturbed vegetatibn ineluding E’lantago Spp,

Epilobium, Artemisia, Rumex. ' There must therefore have been an increase

in aveilable habitats for the species during the Sub-Boreal and Sub-Atlantic
periods although some habitats of this type must have existed throughout
the post-glacial period as herbaceous pollen always equals or exceeds the

total pollen count.



CHAPTER §'.

Discussion of the pollen analytical data for Widdybank Fell.

There is no fossil evidence for the vegetational history of the
Fell before the very end of the Late-glacial period. During the Late-
glacial period, conditions must have been extremely severe. What pollen
there is in the clays below the peat deposits is too destroyed for identi-
fication. Some of these clays are boulder clays and others solifluxion
deposits which contain no pollen.

At the end of the Late-glacial and during the pre-boreal period,
the vegetation was essentially herbaceous with a thin cover of juniper,
willows, and tree birches. Pinus was rapidly becoming established in the
area and must have spread quickly into habitats which were less suitable
for birch colonization.

At the beginning of the Boreal when the peat was beginning to
develop in the waterlogged hollows on and around Widdybank Fell, hazel had
already spread into the area dnd was expanding rapidly. PFine and hazel
were also expanding at much the same time and they were followed rather

later by Ulmus and Quercus in that order.

Throughout the Boreal period, the vegetation on the Fell was
predominantly open with herbaceous species contributing up to 5076 of the
totsl pollen rain. Pine was the chief pollen contributor, although
during the early part of the Boreal period, hazel was clearly very important.
The vegetation must, therefore, have been one of open woodland rather than
one of rapidly closing forest by which the Boreal is chsracterised in the

lowlands. "0pen" here does not necessarily imply a parkland type of
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vegétation where tree species provide a regular but sparse cover, but
rather suggests an irregular pattern of tree growth which may have been
rather more closed on scme habitats than others, and totally absent from
some of the habitats existing on the fell at that time. This tree cover
cannot ever have been sufficiently dense to preclude the growth of a
rich ground flora and must have been either absent or very sparse in other

parts to allow the growth of such shade-intolerant species as Helianthemum.

The structure of these Boreal woodlands on Widdybank Fell seems
to have depended very largely on edaphic factors. Although from pollen
counts, Pinus was clearly the dominant tree species, it is Betula wood whigh
is found abundantly as a layer in the boreal peats in the upper Tees Valley.
immediately to the west of Widdybank Fell, and also as fragments in the
peat at Red Sike and Slapestone Sike on the Fell itself.

The cnrves for pine and to a lesser extent those for birch vary

somewhat over a very small distence. On Widdybank Fell at RSI and TSI the -
values for tree birches throughout the Boreal period are consistently low
constituting only 10-157b total tree pollen. At RSII birch shows values of
up to LO?o at the opening of 2zone VI but these decline rapidiy to between
10-1596 for the remainder of the Boreal period. At Foolmire Sike (Hibbert,
unpublished), however, values of 30-5070 were recorded during the Boreal
period and at Dead Crook less than a mile to the west values of 2070 are
recorded.

The variation in pine percentages during the Boreal period are

even more pronounced. They are represented in Table I.
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TABLE I.

Variastion in pine 9b during the Boreal period.

Site Mean Jo pine pollen in zone VI
Dead Crook ' 69.3670 T 11.28 Turner and Lowry
Weelfoot Moss | 77.6770 = 9.93
Poolnmire Sike 41.2670 = 9.8 Hibbert.
Red Sike II 50.2870 £ 6.8
Red Sike I 57.1 Jo = 15.7
Tinkler’s Sike I 70.3 70 2 1.6
_

" The pine values for RSI, RSII and TSI throughout the Boreal period
were tested statistically (Appendix IV) and the difference between them
found to be significant i.e. the chance of this difference being due to
sampling error was less than one in a hundred. The original figures for
Dead Crook, Foolmire Sike and Weelfoot Sike, from which the pine percentages
were derived were not available for statistical analysis as the statistical
tests were based on the original pollen counts rather than percentages.
gggﬁéez}lgtiv{laessen 011‘: i ggﬁgéb%:st%i%insﬁ?fce;‘nr fl eggsrle‘voeg,noats tgllf?e d?i'f gggggg%% in pine
between RSI, RSII and TSI was shown to be statistically significant, it
seems possible that the difference in the pine values between Dead Crook
and Weelfoot Moss and Foolmire Sike might also be significant and that
between Dead Crook and Tinkler’s Sike probably not significant i.e. probabliy
due to sampling error.

No clear pattern for the distribution of pine and birch on Widdy-

bank Fell and the adjacent valley during zone VI .emerges from this data.
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The mean pine values are cieaply lowest at Foolmire Sike in the valley
basin but the sites which show high pine i.e. Dead Crook, Weelfoot Moss
and Tinkler’s Sike apparently have few features in common. Dead Crook
and Weelfoot Moss are low lying areas of reed-swamp and rough grassland
with considerable @eposition of peat on the morainic material adjapent to
them. Tinkler’s Sike, on the other hand, is an area of blanket peat
overlying sedge peat some 250-300m from the sugar limestone outcrop at Red
Sike and some 100' higher than Dead Crook.

It seems probable, therefore, that bvirch was the commonest tree
on the wetter, lower-lying land around the river and waterlogged nollows on
the fell itself, thus giving high values at Foolmire Sike and Dead Crook
and pine was the dominant tree on the drier, better-drained areas on the
slopes of the Fell.

Pine pollen is known to travel much further than that of many
other tree species and therefore long distance pine may contribute a large
part of the tree pollen total when there are few trees growing locally.
Therefore whilst pine was clearly present on the fell, it is probeble that
it’s pollen counts are over-represented.

During the Boreal period, Ulmus and Quercus began to spread up
~ the Tees valley from the lowlands to the east and very low percentages of
both oak and elm are consistently present at Widdybank Fell from ‘the
beginning of zone VI. There is, however, some variation in the percentages
for these species during the Boreal period over the Widdybank area.

At Tinkler’s Sike both Ulmus and Quercus never contribute more than 10%/0

each to the tree pollen rain during zone VI. At Red Sike 11, however,
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less than 300 metres to the west, both Ulmus and Quercus are contributing

20% each to the total trée pollen count by the mid-boreal périod and at

Foolmire Sike thg Quercué and Ulmus curves rise rather earlier than at
Tinkler's Sike, showing values of  10-20% before the.major decline of
hazel iﬁ mid~- boreal times, At Dead croék, however, Quercus and HEEEE
contripute only very low percentéges - between 5-10% throughout the
Boreal. '

Here again, it seems likely that, whilst oak and elm spread into
the Upper Tees valley early in Boreal time, they did not expand uniformly
through the existing woodlands. They must have spread first into the
damp, though not water-logged birch woodlands in the valley before
spreading into similar habitats on the fell from the west. Dead Crook,
which was a low-lying area of reedswamp supportiﬁg some birch éround the
margins, may have been too water-logged for elm and 9ak to .colonize.

The pollen curves suggest that at Red Sike where Quercus and Jlmus
expanded during the mid-boreal period, they were replacing Pinus rather
than Betula. Qak and elm must, therefore, have begun to spread on to the
drier slopes of the fell before the.end of the Boreal period. At Tinkler's'

Sike, however, pine frequencies remain high and those of ogk and elm low,

suggesting that on higher ground, edaphic factors did not favour the

replacement of pine by oak and elm unfil the onset of the atlantic period.
It seems, therefore that the difference in the values of pine, -

birch, oak and elm results from the vastly varying topography of the

area and hence the large variation in ecological conditions. Whilst

thereris little evidence to suggest that ecological conditions at one

site were more favourable than those at another for the growth of a

particular tree species, it is clear that differences in topography and
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edapiiic conuitions must have played on importunt .art during both
the Boreal and Atlantic periods. The overall pattern of vegetational
during the Boreal period at Widdybank Fell fits in with the general

pattern for morthern England,..associated with the climatic amelioration.
Thérefore, it seems probable that the differences in the values for
these species are of an essentially local nature.

over the whole country the wetter ApAtlantic climate which
followed the drier Boreal period brbught about an important change in
forest composition at about 5000 BC (godwin 1966). During this period, -
thermophilous tree.species such as oak, elm and iime expanded considerably

and plnus glutinosa began to spread into damper habitats.,

- On Widdybank pell, Alnus which had been present during the latter
part of the Boreal period expanded rapidly to values often exceeding

304 total tree pollen. At the same time oak alSo expanded to values up to
40% total tree pollen. This rise in oak seems to have been largely at the

expense.of pine which decreases steadily through this Aptlantic period.
percentages for A&EEE vary very little from one site to another on the
fell and it seems probable that with the onset of wetter conditions,
Alnus expanded into the wetter habitats, forming a birch-alder
association rather than replacing birch in these habitats.

It is possible that the wetter climate also led to a change in
edaphic factors on tﬁe better-drained fell slopes which allowed ozk to

become more widespread and pine to decline. It is importént to note thet

even during this period most favourable to tree growth that herbaceous
species represent 30-40% of the total pollen count.

puring thernAtlantic period, therefore, the structure of the
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woodlands changed from predominantly pine to oak associated with alﬂe; and
elm. ILime is extremely low in all diagrams from this area so possibly it
did not spread into the upper reaches of the valley although it may have
been more common in the more extensive forests of the valley basin.

Despite the generally wetter conditions of the Atlantic period,
the stratigraphic and pollen analytical evidence, particulzsrly from TSI,
suggest a very slow rate of peat growth. Certainly the major development
of blanket peat over the fell did not commence until much ater, at the end-
of the Atlantic or beginning of the Sub-boreal period. Therefore, although
there must have been some considerable change in climatic conditions at
the Boreal/Atlantic Trensition when alder, ozk and elm became the dominant
tree species not only at Widdybank Fell but throughout the country, there
is no corresponding increase in peat growth during this period.

Towards the end of the Atlantic period there is a sudden
expansion of some herbaceous species, particularly grasses and heather.
About this time too, peat began to develop in other parts of the fell
wherever there were hollows in the topography. Total tree pollen percent-
ages are affected to a small extent by these changes which suggests that
there must have been at least some opening out of the vegetation. It is
interesting to note that a number of Mesolithic microliths have been found
on the Tees and Weardale Fells providing evidence that Mesolithic man was
active in the area at this time. It is possible that the increases in
grass pollen at the end of the Atliantic period may have been associated
with a thinning of the trees by man which led to the development of open

grassland or heath cbmmunities as the climate deteriorated and became less
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favourable for the growth of such trees as oak and elm although there is
another possible explanation (see pé9.).

The date of 4,200 BCI 160 (GaK 2029) for the Boreal/Atlantic
Transition, which was oObtained from Tinkler’s Sike is a good deal later
than those of 5000 BC which are usually obtained (Godwin 1960). This indi-
cates that the spread of oak and alder may heve been rather leter here
than elsewhere, although further dates from the area are needed to clarify
this. There is no stratigraphic evidence from TSI to suggest a gap in peat
development at this level and therefore no reason why the date should not
be accepted at its face value. It is interesting to note that Oldfield
(1965) when discussing the pine maximum in Lonsdale suggests that the pine
decline and consequently the main alder expansion may not have taken place
until 700-1500 years later than in southern and eastern England.

At the end of the Atlantic period, Ulmus pollen declines sharply.
This elm decline is consistent throughout the British Isles and marks the
beginning of the Neolithic period. At the same time there was a considerable
change in conditions which led to the widespread'development of blanket
peat over Widdybank Fell.

At this time both pine and elm pollen are present in very small
quantities although the total tree pollen count does not decline appreciably.

The main evidence for change at this time lies in the marked
change in peat stratigraphy. At Red Sike and Tinkler’s Sike the peat

changes suddenly from a sedge peat to the Sphagnum - Eriophorum - Calluna

peat characteristic of blanket bog. At Widdybank Moss the peat which began

to develop at the very end of the Atlantic time is of this blanket bog type
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and at Slapestone Sike peat which had only formed in the waterlogged area
around the sike during Boreal and Atlantic times, began to spread over the
whole basin after the decline of elm. On the steeper slopes of the Fell too,
a thin covering of blanket peat began to develop at some time following the
elm decline but before the major rise in herbaceous pollen dated at
Tinkler’s Sike to 620 BC - 80 (GaK 2027).

A radio~carbon date obtained from the first sample following the
eln decline gives 2 date of 1440 BC = 90 (GaK 2028).

This date is extremely late for the elm decline which took place
generally sbout 3000 BC (Godwin 1960). Without further radio-carbon
evidence to support this date, the possibility of contamination by modern
rootlets cannot be ruled out although this was not apparent in the samples
dated. However, if the date should prove to be correct, it requires some
explanation: The radio-carbon date is for the first sample with low elm
values. This does not necessarily mean that the sample of peat immediately
below this i.e. that with high elm values, would have given a similar
date. It is possible that there was a gap in peat formation. There is
some evidence to suggest that peat development during the Atlantic was
either very slow or had halted completely. This is suggested by the very
narrow band of peat at RSII which represents the whole of the Atlantic
period. It is gquite possible, therefore, that peat growth stopped or
slowed down sometime during zone VIXIa and did not begin again until the
middle of zone VIIb i.e. at 1,40 BC = 90.

If during this period some erosion of the peat surfece had taken

place, the pollen representing the latter part of zone VIIa and the
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beginning/middle of VEIb may have become mixed or disturbed. The rise in .
grass pollen just before the apparent elm decline may thus represent
Neolithiec rather than Mesolithic activity, as was suggested as a possible
explanation on p.68.

This period between the decline of the elm and the major change
msrked by a general rise in herb pollen and decrease in tree pollen on the
Fell, must have been one of slow but continual change during which the wood-
land diminished and gave way to open areas of blanket peat wherever the
ground was too waterlogged or the soil too poor to support true-grassland.
There seems to have been little increase in true grassland species at this
time, so it is possible that wherever the trees were thinned either by the
activitiss of man or by less favourable climatic conditions, leaching and
podsolization took place encouraging the growth of blanket peat. There is
little evidence from Widdybank Fell to suggest how active Neolithic man
was in the area during this period. There may have been some tree felling
and it is probable that this open woodland with a rich ground flora was
already suitable for grazing.

The development and extension of blanket peat over the Fell was
well advanced before the last important change in the didgrams for Widdy-
bank Fell took place. In all the diagrams for the ¥ell, there is a massive
increase in all herbaceous pollen sﬁecies, which was dated at Tinkler’s Sikq
to 620 BC I 80 years, corresponding with other dates for the Iron age
(Godwin 1960). At this stage, total tree pollen counts decline to values

of less than 20J0. Plantago lanceolata contributes more than 2070 total

tree pollen and other ruderals such as Rumex and Artemisia are also present

in increasing numbers. Over the fell there must have been a widespread
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decrease in all tree species and the presence of these species of disturbed
ground suggests that clearance of the trees by man was occurring.
At the same time there is an increase of species associated with

true gressland e.g. Thymus, Gentiana, Gentianella, Helienthemum, Potentilla,

Polemonium as well as an expansion of grass species, and species associated
with heathland or blanket bog also increased. The onset of the Sub-
tlantic climatic deterioration would encourage the growth of blanket peat
species on leached acidic soils and this more severe climate may have been
one of the factors which prevented the regeneration of trees.

At Slepestone Sike, numerous burnt fragments of Calluna wood
were found within the blanket peat.

Extensive erosion of the blanket peat has taken place and the more
exposed areas of the Eell are deeply dissected by erosion channels draining
into moorland streams. Exactly when this erosion began was not determined
at Widdybank Fell, although Johnson and Dunham (1961) correlated it with
‘the climatic deterioration at the beginning of the Sub-atlantic period at
Moorhouse.

There are several sites in the lower and mid Tees valley and
also on the northern pennine ridge itself, from which pollen diagrams have
been obtained and the evidence from these helps to place the data from
Widdybank Fell in context.

In the lowlands of County Durham at Neasham (Blackburn, 1952),
Burtree Lane (Bellamy et al, 1966) and Cranberry Moss (Turner and Kershaw,
in press) and also in the mid Tees valley et Homaldkirk (Bellamy et al,1966)
the Late-glacial and early Post-glacial periods were characterised by a

predominantly open, herbaceous vegetation with birch as the dominant tree
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species. Pine seems to have been present throughout the lowlands in

small quantities during the 1ate—glacia1.and to have spread at the end of
this period and during the early boreal, to become the dominant tree species
coentributing up to 5076 total tree pollen, until mid-boreal times when
mixed oak forest trees gnd alder began to spread through the area. At
Cranberry Moss in the lower Wear valley, pine never became the dominent
species although together with hazel, it spread through the open birch
woodland at the end of the Late-glacial period.

Thus in the lowlands, pine was an important species in the early
and mid-boreal woodlands although it d4id not ever become as important as
in the highlands.

On the northern pennine ridge at Moorhouse, peat deﬁosition did
not begin until theé end of zone V. The climate here at altitudes between
18007 and 2500'0D must have been much more severe during the Late and
éarly Post-glacial periods than in the lowlands and there is evidence
for cryoturbation and solif'luxion at Moorhouse during these periods
(Jomnson and Dunham, 1963). As in the lowlsnds birch and pine were already
established bef'ore the major expansion of hazel at the beginning of zons VI.
Pine values at bloorhouse seem to have been rather varizble: at Knock Fell
pine rises early and maintains values of 70—80?0 total tree pollen throﬁgh—
it the boreal period, whilst at Hard 3ill and Valley Bog pine éid not
expand until midpboreal'time and never shows the exceedingly high values of
Knock Fell. Johﬁson (1961) suggests that as tree pollen at this site was

very sparse and pollen counts low, much of the pine pollen may have been

oflong-distance rather than local origin.
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If this data then, is compared with that from Widdybank Fell,
the most striking variation is the rather higher pine values throughout
the Boreal at Widdybank Fell. Similar results have been obtained from
Dufton Moss on.the valley floor below Cronkley Fell, although on Cronkley
Fell iﬁself at 1750t 0D, pine does not expand until the mid-boreal period
as at Valley Bog at 1800" 6D. It seems, therefore, that pine wes present
in the lowlands well before the major rise in hazel, and spread rapidly up
the velley on to the uplands where it became an important tree species, on
the lower fells, although dbove 1700'0OD birch rather than pine was the
dominant tree species.

Oak and elm spread up the valley during the mid=boreal period,
although a slight variation in percentages for these species at both Widdy-
bank Fell and Moorhouse suggest that their spread was limited, particularly
in the uplands end must have depended considerably on edaphic factors.

At the beginning of the Atlantic period, osk and alder together
with elm began to expand at the expense of pine and birch. These changes
were taking place both in the lowlands and in the uplands of the Tees
valley, although in the lowlands extensive tracts of closed forest must
have existed, whereas on Widdybank Fell and pfobably also at Moorhouse, the
vegetation throughout the climatic optimum remained one of open woodlands
with a rich ground flora. At Moorhouse the onset of this wetter clim te
resulted in the widespread development of blanket peat and similar changes
were also taking place at altitudes greater than 1200' 0D in the southerﬁ
Pennines (Conway, 195.). At Widdybank Fell, however, blanket peat did not
bégin to'develop until the end of the Atlantic period when there is some

evidence of human activity in the area. On these lower fells, then, the
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increased rainfall d4id not apparently increase leaching and podsolization
or give rise to waterlogged areas which led to the development of blanket
peat on the higher fells.

Diagrams from lowland sites indicate the increasing effect of
numan settlement after the elm decline at about 3QD0BC ., At Cranberry
Moss, there is evidence for two clearance phases and on the fells too, man

was becoming increasingly active. Cereal grains of Avena, Triticum and

Secale types have been recorded from Widdybank Fell, at a time when the
tree species were rapdly declining and both grassland and blanket peat
communities increasing. This was dated at Tinkler’s Sike to 620 - 80 BC,
This increase in herbaceous species was also recorded at Moorhouse. The
rise in grass pollen is not so marked here as at Widdybank and is indicated

chiefly by the rise in Plantago lanceolata, Rumex and Artemisia and the

very high velues of ericaceous pollen. The more exposed position and lack
of base-rich sugar limestone and limestone at Moorhouse would have encouraged
the development of heathland rather than true grassland.

The pattern of vegetational change through the Post-glacial period
at Widdybank Fell, therefore, corresponds with the pattern of change for
the Tees valley as a whole, and with that generally accepted for northern
England. There are, however, one or two notable differences.

At Tinkler’s Sike pine rises earl& in zonelIV and maintains high
values throughout the succeeding Boreal period suffering a partial decline
at the onset of the Atlantic period and disappearing almost completely at
the beginning of zone VIIb., Oldfield (1965) refers to differences in the

increase of pine and its decline during the Post-glacial period in

Lonsdale from dia.grams from southern and eastern England. In this lowland
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area to the south-east of the Lake District, the increase in pine comes

af ter thé expansion of oak, elm and hazel whereas in southern diagrams

pine rises early before the expansion of oak and elm and usually at the
expense of birch. Pine does not begin to decline until the Boreal/Atlantic
transition in Lonsdale which is considerably later than its decline in the
south and east. 0ldfield, therefore, suggests that the pine maximum in
Lonsdale was entirely later than in south-eastern areas. Corresponding
with this late pine maximum is the delayed rise in elder which, although
present during zone VI, does not expand until pine declines at the beginning
of zone VIIa.

Whilst the rise of Pine during the early part of Zone IV seems to
fit in with the general pattern for southern and eastern England the later
pine maximum and decline correlates more closely with the pattern in
Lonsdale. It seems unlikely that pine succeeded such species as ocak and
elm on Widdybank Fell as Oldf'ield suggests mayﬁhave happened in Lonsdale
but his idea of a late 'moist’ pine maximum and the implied e&aphic changes
seems to correspond with datg from Tinkler’s Sike.

The other important difference from the general pattern of bost—
glacial history is the apparently slow development of peat during the
Atlantic period and the resumption of peat growth and beginning of Blanket
peat development during Zone VI1Ib. .

Mﬁch work has been carried out by Conway (195L) and Tallis
(1964, 1965) on the development of peat on the Southern Pennines. Tallis
concluded that the onset of peat formation in the Southern Pennines did

not take place uniformly at one particular date but rather it depended upon
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local topography and altitude. ?hus he states that peat development

begen first on plateaux at high altitudes around the beginning of Zone

VIIa and only later did it begin to form at lower altitudes and the valleys.
In exposed areas at lower altitudes peat did not begin to form until some-
time during Zone VIIb.

Earlier, Conway had described the development on the high Pennine
peaks and shown that at high altitudes this peét growth began at the Boreal/
Atlantic transition. However, she pointed ;ut that on the lower slopes
peat development was much slower than at high altitudes laréely because of
the greater rainfall at high altitudes. She also suggests that in this area
the climatic change which accompanied the Elm decline at the Atlantic/
Sub-Boreal Transition was not a change to drier conditions but rather to a
wetter, colder climate which is shown by the increased growth of peat at all
altitudes and a rise in alder values. She further suggested that the
relatively small amount of peat growth which represents zone VIIa in many
of the southern Pennine diagrams may have been caused by variations in the
generally accepted Atlantic climate of this period.

Thus the slow rate of peat development during VIIa and the
resumption of peat growth during VIIb on Widdybank Fell tie in with the
picture which emerges from the southern.Pennines i.e. that the onset of
peat development began at the beginning of zone ViIa at high altitudes e.g.
Moorhouse and the high peaks of the southern Pennines but d4id not begin

until much later at lower altitudes and on exposed f'ells e.g. Widdybank.
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_CHAPTER 6.

Discussion of the vegetational history of Widdybank Fell in relation to the

present day flora.

From the beginning of this work, it was hoped that the pollen
analytical and stratigraphic data from Widdybank Fell might be of value in
elucidating the origins of the " Peesdale flord . Pigott (see Chapter 1)
envisaged the present day flora as a relict of the Late-glacial peribd
which survived the Post-glacial forest maximum on the upland fells under an
open canopy of woodland. Clearly, as Pigott (1956) pointed out, evidence
for open conditions and the presence of relict species or species which are
ecologically associated with them, during the Post-glacial period on areas
such as Widdybank would be of great value.

From the pollen analytical data itself and from the discussion in
the previous chapter, it is clear that one of the most important features
in ail the diagrams from the fell, is the consistently high non-tree pollen
values. Non-tree pollen equals or exceeds tree pollen throughout all the
diagrams and the values for herbaceous species alone rarely fall below 3070
total tree pollen. Therefore, whilst tree species, namely pine'endlbirch .
and later oak, elm and alder grew on the fell, the vegetation was always
one of open woodland with a rich herbaceous ground flora. During the
period of maximum tree cover on the fell, many of the relict species mu;t
have been rather more restricted than during Late-glacial times i.e. the
Habitats available for their survival must have been confined to outcrops
of sugar limestone, gravel flushes and the ground flora of open woodland.

Herbaceous species intolerant of shade or close competition e.g.

77.



Helianthemum are recorded throughout the forest maximum on the fell, and

Betula nana, a plant of the arctic-alpine group of upland moors and wet,
montane grasslands and scrub has been recorded from the Late-glacial and
early Post-glacial at TSI and from zones VII and VIII at WBMI. Thus the
evidence from Widdybank Fell suggests that there were indeed habitats
available for the survival of relict species through the fost-glaciel forest
maximum.

Although the pollen grains of a large number of the species which
comprise the present day relict flora are not identifiable to specific
1éve1, there are a number which are and several of these have been recorded
from Widdybank Fell during the period when there must have been maximum tree

cover on the fell. Types such as Gentisna, Gentianella, Thymus, Minuartia

Succisa, Knautia, Viole, Linum, Helianthemum, Saxifragg stellaris are all

characteristic or common members of species-rich limestone grassland or
flush communities at the present day (see Appendix I). Much of the herba-
ceous pollen belongs to the grass and sedge groups, which have not been
identif'ied below family level. Their presence does, however, serve as an
indication of the type of communities which may have been present during
the forest maximum.

There is evidence from g1l the diagrams for an increase in
grassland habitats at about 620 BC - the trapsition from zone VIIb to
zone VIII. Amongst the species which are recorded are many which are
characteristic of the present day species-rich grassland and flush

communities. Another, Polemonium caerulium has been recorded in the area

in recent times but is now apparently extinct in the area. Bell (18&3)

records this species growing on limestone rock in a "wild and elevated
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position’ some five miles narth west of Cauldron Snout. Other species
which are characteristic of this expansion of herbaceous pollen are species
of open habitats usually associated with humen activity, e.g. Plantago

lanceslata, Rumex and Artemisia.

Thks rise in herbaceous pollen at the beginning of zone VIII and
the development of blenket peat communities during zones VIIb and VIIT has
already been discussed in Chapter 5. These two important events - the
spread of balnket peat and the extension of open grasslands was not simply
a function of deteriorating climate but was associated with increased
human activity, which probably took the form of grazing on the fells and
more intensive 1and use in the valley to the east.

Bellamy et 2l (1969) in a phytosociological study of the plent
communities on Widdybank Fell have shown that plants such as Plantago

maritima, Minuartia verna, end Equisetum variegatum are part of an unstable

boundary between Sesleria and Tofieldia - dominated gressland communities.

They poinf out that unstable boundary communities such as these are often
found where there has been human interference, and suggest that some of
these present day phytosociological units in Teesdale may have been produced
by recent land use.

Thus the evidence from the pollen diagrams shows that habitats
were available for the survival of the relict species through the Post-.
glacial forest maximum and some of these species have been recorded from
the fell, .and suggests that the expansion of the grassland éommunities has
only taken place as & consequence of human interference and climatic

deterioration since 620 BC.
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Summary of Conclusions.

1. Peat formation began locally in wet hollows at the end of zone III

when the vegetation was predominantly herbaceogs with juiper, willow and
pine. Peat development continued throughout zone VI when pine and to a
lesser extent birch were the dominant tree species in an open woodland
vegetation with a rich ground flora.

2. Oak, alder and elm spread locally on to the fell during zone VI and
expanded rapidly during zone VIIa forming an open woodland with a rich herdb
flora.

3. Active blanket peat development began during zone VIIb, encroaching
rapidly down the fell slopes.

4. Towsrds the end of zone VIIb, extensive tracts of opeﬁ grassland were
created lergely as a result of human activity and failure of tree regenera-
tion.

Be There must have existed, throughout the Post-glacial period, habitats
favourable for the survival of Late-glacial relict species and these
habitats have become more numerous and extensive since human use and

deforestation of the fell.
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APPENDIX I

Plant lists for Widdybank Fell communities

The following lists were assembled from various parts of Widdy-

bank Fell and indicate species growing in the major types of community

found on the fell. These lists are not intended as ecological data but

simply as a reference for comparison with species found in the pollen

diagrams from the fell. The ecological nzme describing each community

refers to the dominant species in each community.

1.
Dry sugar limestone turf

Sesleria caerulia

Festuca ovina

Kobresia simpliciuscula

Koeleria gracilis

Briza media

Carex capillaris

C. panicea

C. caryophyllea

C. flacca

C. pulicaris

C. lepidocarpa

Campanula rotundifolia

Euphrasia officinalis

Thymus drucei

Linum catharticum

Viola riviniaena

Helianthemum chamaecistus

81.

Seslerio-Festucetum

Achillea millefolium

Antennaria dioics

Bellis perennis

Cerastium arvense

Draba incana

Galium boreale

G. vernum
G. sterneri

Gentiana verma

Gentianella amarella

" Hieracium pilksella

Hypochaeris radicata

Lotus corniclatus

Minuartia verna

Polygola amara

Polygonum viviparum

Potentilla erecta




Vaccinium myrtillus

Calluna vulgaris

Agrostis canina

A. tenuis

Anthoxanthemun odoratunm

Helictotrichon pratense

Sieglingia decumbens

Luzula campestris

Trichophorum caespitosum

Tortella tortuosa

Cetraria aculeata

2.

Unaltered limestone grassland.

Agrostis tenuis

A. canina

A. stolonifera

Festuce ovina

Sesleria caerulia

Anthoxanthemum odoratum

Thymus drucei

Prunella vulgaris

Plantago lanceolata

Alchemilla vulgaris agg.

Cerastium wvulgaris

Lotus corniculatus

Prunella vulgaris

Plantago laneolata

Irifolium repens

Botrychium lunaria

Selaginella selaginoides

Ditrichum flexicaule

Ctenidjum molluscum

Rhacomitrium lanuginosum

Hypnum compressiforme

Cetraria islandica

Aprosto-Festucetun

Ranunculus acris

Saxifraga hirculis

Gentiana verna

Minuartia verna

Carex panicea

C. pulicaris

Viola riviniana

Botrychium lunaria

Hyolocomium splendens

Rhytidiadelphus squarrosus

Ctenidium molluscum

Seleginella selaginoides




3.

Species-rich heather moor

Includes these species:=

Calluna vulgaris

Festuca ovina

Seslaria caerulia

Empetrum nigrum

Gentiana verna

L.

‘Festuceto-Callunetun

Vaccinium myrtillus

Rhacomitrium lanuginosum

Cetraria islandica

Dry Calluna heath. Includes the following species:-

Calluna vulgearis

Deschampsia flexuossa

Vaccinium myrtillus

5.

Species-poor limestone grassland,

Agrosto-Festucetum

Agrostis canina

A. tenuis

Nardus stricta

Potentilla erecta

Viola riviniana

Galium hercynicum

varicus species of Carex

Luzuls campestris

83.

Hylocomium splendens

Hypnum cupressiforme

Pleurozium schreberi

Cladonia ssp.

where soils have become acidic.

Anthoxanthemum odoratum

Festuca ovina

Pleurozium schreberi

Hhytidiadelphus squarrosus

Hylocomium splendens

Thuidium tamarischinum

Cetrarig islandica




6.

Flush communities.

Selaginells selaginoides

Bguisetum palustis

Agrostis canina

A. tenuis
Briza media

Festuca ovina

Carex capillaris

C. dioica
C. echinata
C. flacca

C. lepidocarpa

C. hostiana
C. nigra
C. panicea

C. pulicaris

Eriophorun angustifolium

Juncus acutifolium

“J. bulbosus

Eleocharis palustria

Tofieldia pusilla

Triglochin palustris

Pedicularis palustris

Pinguicula vulgaris

Plantago maritima

Potentilla erecta

Pripula farinosa

Prunella wvulgaris

Ranunculus acris

Succisa pratensis

Hinuartia stricta

Gymno stometo-carecetum:- hummocks in gravel flushes.

Gymnostomium recurvirostrium

Carex lepidocarpa

Juncus articulatus

Kobresia simpiciuscula

7.
Acid peat communities

(a) Blanket peat

Calluna vulgaris

Eriophorum vaginatum

Minuartia stricta

M. verna

Saxifrags aizoides

Armeria maritima

Erica tetralix

Empetrum nigrum

Rubus chamaemorus




E. angustifolium S. imbricatum

Sphagnum papillosum . Cladonia spp.

S. cuspidatum

S. rubellum

Sphagneto-carecetum dominated by many species of'SEhaﬁgun and Carex and

including such species as:=-

Narthecium ossif'ragum Eriophorum vaginatum
Drosera rotundifolia E. angustifolium
Trichophorum caesipitosum Erica tetralix

8.

Dolerite cliffr vegetation at Falcon Clints.

Sorbus aucuparia

Juniperus communis Isolated shrubs on crags and ledges.

Betula pubescens

Rosa canina agg. Lotus corniculatus
Calluna vulgaris Oxlis acetosella
Vaccinium myrtillus Geranium robertianum
Festuca ovina Alchemilla spp.
Potentilla erecta Crepis sp.

Thymus drucei Saxifraga aizoides
Epilobium hirsutum Urtica dioica

Carex nigra ) - Galium boreale

-Pinguicula vulgaris
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APFENDIX 11
BETULA NANA

The status of Betula nana as an identifiable pollen type has
been discussed briefly in Chapter L. However, in view of the present day
record of the species on Widdybank Fell and it’s presence both as macro -
fossil remains and pollen grains throughout post - glacial time on the
fell, it seems relevant to discuss this in more detail.

Terasmae'" (1951) recognises several distinct differences between
the pollen grains of Betula nana and those of tree Betula species. The
most important of these are:- |
1. Apertures not so distinctly pouting as in other species.

2. Rather thinner exine than other species.
3. Arci less distinct than in other species.

Walker (1955) summarises the occurence of B. nana as a macro-
fossil and sets out a method of identifying B. nane pollen.

Macroscopic remains of B. nana have been recorded from a large
number of sites in the British Isles and Europe from zones I, II, III and

early IV. These British sites include:-

Seamer Zones I, II, III,IV. (Clarke, 195.)

Kentmere IT _

Neasham I1, 111 (Biackburn 1951)

Hockham Mere Late glacial. (Godwin and Tallentire,
1951).

Nazeing II1 | (Allison, Godwin ana

Warren, 1952).

Hawk’s Tor 11 (Connolly, Godwin and
Hegaw 19503.

Louth 11, III (Mitchell, 1951).
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At Tinkler”s Sike, Widdybenk Fell, macroscopic remains have been found in
the peat close to the present day record for B. nana (Hutchinson, 1966).
They were recorﬁed in the stratigraphy of the peat at TSI up to 112 cms
which represents Zone VIa - VIb transitioh, At this time the AP/NAP ratio
began to rise and low values of mixed oakkforest trees were recorded on
the poilen diagram.

Walker records results of measurements of grain diameter and pore
depth of B. nana grains from a number of different sites, both present day
type material and sub-fossil grains. He took measurements of a large
nunber of grains from each sample and records them as the mean of the ratio-
grain diameter: pore depth, showing that, in general B, nana grains show a
higher ratio (9.95 - 11.50) than tree birches (.6.7 - 7.8.). On the basis
of this ratio, tentative identifications of B. nana pollen were made at a
number of Late-glacial sites in Britain.

Birks (1968) summerises the three methods for identification of
B. nana pollen grains:- |
1. Morphological differences.i.e. the less grotuberent pores and thinner wall
of B. nana.

2. Grain diameter : Pore depth rati&. Birks showed that whilst there is

little overlap between B. nana and B. pubesceng, B. tortuoss shows ratios

intermediate between the two, overlapping with both species.

He suggests that in order to make a distinct identification of
B. nana from all other species of birch, the last two methods must be used
together.

At Widdybank Fell, B. nana pollen was identified by means of

the grein diameter: pore depth ratio and pollen morphology i.e. thinner wall,
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less protuberant pores and generally smaller size. Grains with a ratio
of gregﬁer.than 11.5 were classed as B. nana (Plate 3). Thus, as has
already been stated in Chapter 4, the curves for B. nana do not truly
represent the amount actually present in the pollen rain, but indicate when
it was an.important contributor to the pollen rain.

Pollen of the B. nana type has been identified in this way from
Widdybank Moss, Red Sike and Tinkler’s Sike throughout the post-glacial
from the end of zone III onwards. It seems probable therefore, that
Betula nana was present on the top of the fell during the late-glacial
period and persisted here under the sparse tree cover through the forest
maximum. At the present day only one site on the fell has been recorded

on dry Calluna blanket peat.
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APPENDIX IIT.

During macro-analysis of peat samples a number of Arthropod
fragments were found which were identified by Mr. K. Hoyston of the
Zoology Department, Durham, who supplied the following comments.

250 - 350 cms WB M I

l. Head and Two zbdominal Tergites of Ants.

Red ants are not uncommon on Blanket bog at moorhouse and are quite common
around old mine spoils.

2. Elytra, head, prothorax, sternum of meso - and meta Thorax and 1st(?)
abdominal stermite of Donacia sp (a Chrysomelid beetle). Not common at
Moorhouse: Herbivorous.

3. Elytron of a Staphylinid beetle - Olophrum (fuscun?).  Common almost
everywhere -~ carnivorous.

4. Cephalothorax of a small spider.

5. Head, thorax and part of abdomen of two Thysanurans.

6. Egg cases of Lepidopteran or Hemipteran.

7+ Lef't fore~wing of & Hemipteran which might be from a Psylid or even a
Jasside.

8. Head and meta sternum of a small Dytiscid probably Anaceena globulus -

a water beetle.

The presence of these Dytiscids suggest that the sample or part
of it may have been deposited in a small pond. If so, it would also account
fér the good preservation of the Thysanurans and the presence of Donacia sp.
If the Donacia died on land, it would have disintegrated fairly repidly.

Remains from the Blanket peat of TS I

1. Elytron of Lestera (sp. monticola?). A staphylinid beetle common on

blanket peat.
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2. Elytron of Olophorum (sp. fuscum ?) Another staphylinid beetle common
on blanket bog.
3. Remains of head and elytron of a small Curculionid (weevil). These
are not uncommon on blanket bog and are thought to feed on heather seedse.
L. Elytra of a small species of Carabid beetle perhaps Harpalinus sp.

It séems unlikely that these insect remains could reveal the
exact conditions in which they were living as they all may be found in
various types of vegetation; However, those identified could all be found

under conditions similar to those existing at Moorhouse today.
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APPENDIX IV.

Calculstion of X- for pine values in zone VI of RSI, RSII,
' and TSI.

The curves for pine in each of the three diagrams RSI, RSII
and TSI differ markedly during the boreal period. To establish whether
éhis difference was significent or simply due to sampling error or -
accident, it was necessary to make statistical tests.

As the count for each level is independent of those.for other
levels, a count for an individual level may not be directly compared with
any individual level from snother curve. Therefore, the total pine pollen
count for zone VI was taken in each of the three diagrams. The curves
for each diagram are based on a count of pollen grains at separate levels
and presented as a percentage of total tree pollen. For the purpose of
this statistical analysis, however, actual pollen counts were used rather
than percentages.

Method.

(a) The total number of pine pollen grains for all levels in zone VI

of one diagram were added together (total x).

(b) The total number of tree pollen grains for all levels in zone VI were
added together to .give the total tree pollen count for that zone.
Total x was subtracted from this to give total non-x tree pollen.

(c) Using a 2 x 2 contingency table, x aﬁd non-x pollen in one diagram

wére compered statistically with x and non-x pollen in another diagram.

The resulting X2 was then looked up in tables and the probebility of the

difference between two samples being due to sampling error or accident

read off.
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- Standerd formula for 2 x 2 contingency table :

I I
X a b a+b
non X o a c+ d 1 degree of freedom
a%c b+ d t

Distribution of X° for 1 degree of freedom

P: 0.5 0.3 002 0.1 0.05 0002 0.01 ooool

0-!]. 1-07 1062{. 2.71 3.81{- 5-2].1 6.6l|. 10.83-

Results

Zone VI Pine g?
RSI x RSII 7.7
RSII x TSI 133.,
RST x TSI 61l.4

Thus the probability of the differences in pine values during zone
VI being due solely to sampling error or accident are less than 0.01

i.e. less than one chance in every hundred.
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