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ABSTRACT

The thermal maximum of the Flandrian period was reached
between 7500 B.P. and 55C0 B.P. when the broad-leaved thermo-
philous forests reached the furthest northern limit of their

range in Britain. Tilia cordata is regarded as the most

thermophilous of the North Buropean deciduous trees. The
distribution of T.cordata at 5000 B.P. (3000 B.C.) has been
documented for North England although data has not been
available for parts of the Central Fennines in Yorkshire, north
of Settle. Pollen analysis of peat deposits in Swaledale and

Wensleydale at altitudes from 4380m to 590m O.D. shows that

T.cordata was present at a frequency of 1% in this area during

this period.

The Atlantic period forests were composed mainly of Ulmus,

Quercus and Alnus, with Betula, Pinus, Tilia and Fraxinus and

the shrubs Corylus and Salix. The relative abundance of these

genera varied at any one place and from place to place during
the 2000 years. Pollen diagrams have been prepared for nine
sites for the Atlantic periocd, pollen assemblage Zone.VIIa in
the terminology used by Godwin. The pollen diagrams include
tree and shrub pollen only. Fagus was represented by scattered

grains and has not been included.

tultivariate analysis of the tree and shrub pollen data has
been made. The variance between the nine sites is greater than
the variance within one site. The major source of the variation

does not appear to be linked with the lithology of the sites.
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INTRODUCTION

The winter-linden, Tilia cordata, more usually called

the small-leaved lime, is described in the Flora of the

British Isles (Clapham, Tutin, Warburg, 1962) as a plant

native to Britain, found in woods on a wide range of fertile
soils especially over limestone rocks and commonly found on
limestone cliffs. It is scattered throughout the east and
west northwards to the Lake District and Yorkshire, but
planted northwards to Perth. It is found on the continent

of Europe from North Spain, the North Balkans and South Russia
northwards to c. 630N in Norway, Sweden and Finland, and
eastwards across Russia to 750E in Siberia, the Crimea, and

the Caucasus. It is genersally regarded as the most therm-
ophilous both of native trees and of the main forest trees of
the Buropean deciéuous forest belt (Pennington, 1974). The
present northern continental distribution of T. cordata exceeds
the northern 1limit of the natural distribution in Britain, which
is 540 30'N in the Iake District. The factors controlling

the distribution of this tree at the northern limits of its
geographical range are being investigated (C.D.Pigott and

J.P.Huntley, 1978 et. seq.).

T.cordata spread into northern and western Europe during
the middle of the Flandrian stage of the Pleistocene epoch
(Godwin, 1975). The pollen appeargd in small quantities in
the late Boreal period (pollen zone VIc of Godwin's pollen-
zonation) and in large quantities in the Atlantic period (pollen

zone VIIa), when the frequency often exceeded 10% of the total

-1 -



arboreal pollen preserved in the peat in the English
1owiénas. FThié7ab£ﬁéé£cerof7f;iléﬁ oé f.éordatg léstedonefr
2000 years, declining after 3500 B.C. (5500 B.P.). The high
values for the frequency of Tilia pollen suggest that it was

a main constituent of the forests in England when they were at

their greatest extent during the Flandrian thermal maximum

(Iversen, 1966).

It has been noted that the area where high frequencies
of pollen of Tilia occur in the pollen-record of the Atlantic
period in Britain coincides almost exactly with the area of
the present apparent natural distribution of the tree (Pigott
and Huntley, 1978). The distribution and relative abundance
of T.cordata in northwest and northeast England at c. 3000 B.C.
is shown on the sketch map (Fig.71) which is based on a map

kindly provided by Professor C.D.Pigott.

The first purpose of this investigation was to assess,
by pollen analysis of peat-samples, the probable distribution
and frequency of T.cordata growing in part of the Central
Fennine Uplands during the Atlantic period, i.e. between
c. 5500 B.C. to 3000 B.C. (7500 B.P. to 5000 B.P.). The
region chosen was one from which no data were available, i.e.
around upper Swaledale and Wensleydale and approximately

575 Km2 in area. It is marked on the map in Fig. 1.

The evidence from pollen data of the composition of
the mixed forests in the Northern Pennines during the Boreal
Period (c. 8800-7000 B.P.) shows a considerable variation

existing in the relative abundance of pollen taxa from one






site to another. This geographical variation has been the
subject of recent critical study (Turner and Hodgson, 1979),

and both altitude and lithology are factors associated with

some of the variations.

The second purpose of the investigation was to see if
there is any variation associated with lithology. The analysis
by Turner and Hodgson was based on data from fifty-two sites.
As only a small number of sites could be investigated in this
study in the time available it was decided to keep the
altitude as constant as possible and to choose sites on different
rock types within the altitude range 480m to 590 m 0.D.,
Initially, it had been planned to investigate sites at different
altitudes but it proved impracticable to visit a sufficient

number of sites below 300m O.D.

Swaledale and Wensldydale run from west to east in the
Central Pennines and show the distinctive type of landscape of
the Yorkshire Dales. The flat-topped hills rise steeply from
the valley floor and prominent vertical outcrops of bare rock,
known as 'scars', edge the hillside and emphasise the stepped
appearance of the landform. These physical features are
caused by the solid geology of the region, the step-relief
being more marked as a result of glacial erosion of weathered
material on the hillsides (Kendall and YWroot, 1924; King,
1960)., The summits of the hills tend to reach a constant
height, generally between 500m and 600m in the west although
lower towards the east. This gives the impression of a
plateau gradually falling in height eastwards, cut by
deeply-incised valleys. Swaledale is a steep, narrow

valley; \Wensleydale is wider (Plates I and II).
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The geological formation of the area is Carboniferous
age strata resting horizontally on older rocks. At the
base of the Carboniferous succession is the Great Scar
Limestone and this is overlain by the Yoredale Limestone
series, which in turn is capped by the Millstone Grit. The
Great Scar Limestone along the floor of Wensleydale is not
overlain by the later strata, other than glacial drift and
moraine. The Millstone Grit is confined to the summits of

the hills (Fig.2).

The Yoredale Limestone series consists of almost horizontal
strata of a repeated sequence of a conspicuous limestone with
an overlying sandstone which may grade into a mudstone (shale)
of some kind, or coal. It is the alternation of these strata,
with differing characteristics of porosity and resistance,
which gives fise to the stepped nature of the sides of the
Dales and to different typés of vegetation cover, The
resistant limestones and some of the harder sandstones stand
out as scars, their upper surface forming a ledge above which
rises a steeper slope of shale before the next vertical scar.
Pleistocene deposits of glacial drift, boulder clay, alluvium
and hillpeat cover the main strata apart from the scars. The
alternation of permeable and impermeable strata makes the
drainage system of the area complex. Potholes are found in
the limestones and the upper edge of a limestone outcrop may
be outlined by a row of shake-holes (swallow-holes) indicating
where water disappears underground through porous rock (King,

1960) .

Three main zones of vegetation are recognizable along

the Dales, these being determined, broadly, by altitude and
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-solid geology. - - - - : : S

The mean annual temperature in the valleys is hnigher
than that of the surrounding hills whereas the annual precip-
itation increases with altitude. The rainfall exceeds 600mm

per annum on hills above 4COm 0.D.

So0ils derived from limestone rocks are a type of red-
brown rendzina. So0il derived from millstone grit which is
well-drained may be a brown earth but more usually a millstone

grit soil is a podsol tending to become a peaty gley.

Meadowland and permanent pasture occupy the valleys and
lower slopes. A zone of rough grassland is found on the
higher and steeper slopes. The species composition of the
plant communities of the rough grassland varies with the nature
of the soil, whibh may be highly calcareous over limestone
strata and less calcareous or podsolized over rocks of other
types. The hill summits are covered by moorland. Tree
growth is restricted to the lower zones, the hill-tops above
4OOm being too exposed. The present tree-line is generally
below 300m, areas of woodland often being found at the foot
of the steepest scars. Plantations of coniferous trees,
as on the southeast side of Cotterdale are present to an

altitude of 450m.

Extensive areas of the moorland zone are covered with
peat which varies in thickness from 1.5m to 6m. The drier
areas support a heath association of plants and are maintained

as grouse moors both north and south of Swaledale. Where






small quantity. Birch was present in the north and west

(Pennington, T974).

The Atlantic period is succeeded by the Sub-Boreal and
the horizon separating them is recognized by the steep fall
in the frequency of Ulmus pollen. This boundary is drawn by
Godwin between Zone VIIa and Zone VIIb (Godwin, 1975).  When
the periods were first defined by Blytt and Sernander in
Sweden, the evidence from a change in peat-type and the taxa
found in it suggested a climatic change in Scandinavia during
which the oceanic conditions of the Atlantic period gave way

to drier, more continental conditions.

In Britain there is no similar evidence to relate this
horizon directly to a marked change in climate although it may
have an indirect effect (Godwin, 1975). The elm-decline is
generally recognized as a result of the habit of primitive
man using leafy branches of elm as fodder for penned cattle
(Iversen, 1949, Troels-Smith, 1960). The elm-decline
horizon is more or less synchronous at 5000 B.P. p 100 years
across north Europe, on radio-carbon dating (Hibbert, Switsur
and West, 1971), and is associated with an increase in

pollen-types related to man's activities, e.g. Plantago

lanceolata and Urtica @ioica in Ireland (Mitchell, 1965)

and the English Lake District (0Oldfield, 1963).



METHOD

 Peat fdr'pblien analysis was colleéted }roﬁ éik siﬁes}
numbered 1 to 6. Data on the pollen assemblage for Pollen
Zone VITa, the Atlantic period, from three more sites, num-
bered 7 to 9, was made available from the work of M.Wilson
and D.Ridgeway. The location of each site is shown in

Fig. 2 and the details are listed in Table 1.

SELECTICN OF SITES

The sites were selected after searching the.Ordnance
Survey 1:50 000 First Series map, Sheets 92, 98 and 99 for
areas marked as marsh, within an altitude range of 500m to
600m, which were on level ground with little slope, where
deep peat might have accumulated and secondary deposition be
unlikely. The presence of hillpeat was confirmed from the
Geological Survey of Great Britain Drift map (scale 1 inch =
1 mile). The solid geology of each site was checked from
the Geological Survey Solid map (scale 1 inch = 1 mile),
Sheets 40 and 50, Three sites were chosen where the pollen-
catchment area of the peat would appear to be from vegetation
growing on soil above predominantly limestone strata and
three sites were chosen where the surrounding catchment arca

was above Millstone Grit.

All but one of the sites proved to have peat of sufficient
depth, i.e. more than 2m, and to be on a level hill suﬁmit
or gently sloping valley. The proposed site at Whershaw
Bottom was abandoned due to insufficient depth of peat, and
replaced by a site about 2Km distant, near Little Punchard

Head. Although situated between Millstone Grit hilltops,
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OF SITES SHOWN IN FIG. 2

TABLE 1. DETATLS

SITE

1. Fleet Moss
2. Cotter End Tarn
3. Shaking Moss

L, Wnite Beacon Hags
5. Fog Close
6. Little Punchard Head

7. Askrigg Common
8. Summer Lodge Tarn

9. Beldon Bottom

NATIONAL
GRID
REFERENCE
SE 862834
SE 816936

SE 79489k

w
=4

893951

NZ 870062

NZ 959028

SE 941935

SE 951948
SE 968945

GEOLOGY

Limestone

Limestone

Limestone

Millstone
Grit

Millstone
Grit

Millstone
Grit

Limestone

Limestone

Millstone
Grit

AL
(m

TITUDE
0.D.)

560
503
549
590

540

520

495
520

480

N.B. The geology is the solid geology immediately surrounding

the site
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this site is close to a large outcrop of Crow Chert and.. . .. .. B
some Crow Limestone on the western edge. It is therefore

somewhat similar to Sites 7 and 8, which have been classified

for convenient reference as limestone sites, but the solid

geology includes a considerable amount of Richmond Chert.

Sites 1 to 6 and 8 are within the altitude range of

500m to 600m, Sites 7 and 9 are a little below 500m.

COLLECTION OF SAMPLES

THe peat samples at Sites 1 to 5 were collected by
cutting into ; peat hag with a spade to expose a vertical
peat profile. Samples were taken directly from the profile
by pressing glass specimen tubes into the peat and withdrawing
a small quantity in the tube, working from the top of the
profile downwards. The peat surface was cleaned by making
a horizontal cut with a flat trowel edge before each tube
was pressed in. A metal tape measure was extended vertically
against the peat profile and samgks taken at 10cm intervals.
(Plates IIT and IV). Each specimen tube was closed immediately
upon withdrawal with a clean plastic stopper and labelled with
a waterproof ink pen. Samples were not taken from the top

0.5m of peat just below the present vegetation horizon.

At Site 3 it, was necessary to cut cores of peat below
the peat profile from 1.30m downwards, using a Russian-type
peat-sampler. At Site 6, where no suitable broken peat was
found, all samples were collected as 50cm cores. These
were kept in the labelled plastic liners, carefully wrapped

in plastic bags until small samples were cut from the cores
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in the laboratory. The- cores were transported and -stored -
in a horizontal position, to avoid disturbance of the

stratigraphy.

The peat-sampler was pressed into alternate bore-holes
about 20cm apart for each successive 50cm core, so that the
peat should not be disturbed by the head of the borer whilst
obtaining the previous sample. The blade and chamber of the
sampler were cleaned with water or a clean cloth between

taking each core.

PREPARATION OF SAMPLES

The peat was prepared for pollen analysis by treatment
with 10% sodium hydroxide solution followed by acetolysis
(Faegri and Iversen, 1966). OUnly one sample required
treatment before acetolysis with hot hydrogen fluoride followed
by 10% solution of hydrogen chloride, to remove silt. The
pollen was mounted in glycerine jelly containing safranin

stain.

Pollen counts were made from levels at 4Ocm intervals
to locate the boundaries of pollen assemblage Zone VIIa
(Atlantic period) within the peat and more levels were in-
terpolated at 10c¢cm and 20cm intervals. The transition from
Pollen Zone VIc to Zone VIIa was recognized by an increase
in the frequency of Alnus and a decline in that of Pinus.
The upper limit of Pollen Zone VIIa was characterized by
the marked decline in the frequency of Ulmus. After
establishing the upper and lower limits of Zone VIIa, further
samples were taken at intervening intervals between these

limits to define any changes in the vegetation which had

- 13 -



occurred during the period of Zone VIIla, from ¢.7500 to
5000 =Z.P. At each level, pollen counting stopped when at
least 150 tree ( aCboreal) pollen grains had been recognized,

excluding Corylus and Salix.

TREATMENT OF RESULTS

The pollen counts for the relevant levels at each site
are listed in Appendix A. The list includes figures for the
levels used to establish the lower and upper limits of Zone
VI1Ia in the peat. These were not used in the statistical
calculations. The results are presented in two ways in the
text.

1. Pollen diagrams for each site have been drawn in order

(i)  to establish the lower and upper limit of the
pollen assemblage Zone VIia;

(ii) to provide a graphic representation of any
variation in the frequency of pollen taxa during
this period.

The pollen diagrams have been drawn using the values

for the percentage of total arboreal pollen excluding

the shrubs, i.e. Corylus and Salix. Herbaceous pollen
counts, including the Bricaceae, have been listed.

2. The results have been analysed statistically as
follows:

(i) The application of the chi-squared test to the
sample counts at each site, to test for the
significance of within-site variation.

(ii) The application of the chi-squared test to the
site totals, to test for the significance of

between-site variation.

- Ak .



- - (4ii) - The application of the Montecarlo test to
determine whether or not the between-site
variation is separate from the within-site
variation and not a function of it. I am
grateful to Dr. T.Gleaves for the use of the
program, called Montechi, and for his guidance
with this test. The procedure is explained
later.

(iv) A principal components analysis of the mean
percentage pollen value at each site. This is
a form of multivariate analysis used to summarize
the observations and to describe the relationship
between the many variables in terms of a simplified
set of new independent variables. These are
called components and are linear functions of the
original observed variables (in this instance,
pollen counts). The first few principal com-
ponents will contain most the variance of the

original data.

Principal components analysis has been used frequently in
%élynology; in zonation studies by Birks (1974) and Pennington
(1975) and to study variation in the composition of Boreal
forests by Turner and Hodgson (1979). The application of this
technicue is described by Birks (1974) and Webb (1973). The

mathematics is described by Seal (1964) and Davis (1973).

I am very grateful to Dr. J.Turner for advice and assistance

over procedure for this analysis.

Pollen counts for Corylus and Salix were included in

all statistical calculations.
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DESCRIPTION OF SITES

1. FLEET MOSS

Fleet Moss is south of Wensleydale at an altitude of
560m 0.D,, in a shallow depression between the lower slopes
of Dodd Fell Hill to the west and Jeffery Fot hill to the
east, on the summit of which is Ileet Moss Tarn. Drainage
water from the Moss collects northwards into Bardale Beck,
thence to Wensleydale and sounthwards intc Oughtershaw Beck
and Wharfedale. The Moss is approximately 0.75 x 0.95Km
(O.7Km2) in area and the hillpeat is deep, rising nearly
3m above the base of the erosion gullies, where bedrock is
exposed. Flant remains are plentiful at the base of the
peat hags, twigs and large branches of trees heing exposed.

The peat hags support a vegetation cover of Calluna vulgaris,

Eriophorum vaginatum with Vaccinium myrtilis and occasional

Erica tetralix and Empetrum nigrum. The slopes of the

surrounding hills lie on Main Limestone of the Yoredale
Series and the Moss has developed on Underset Limestone
beneath which is a sandstone layer. A layer of light grey
clay is beneath the peat. The road from Hawes to Buckden

is on Main Limestone below Dodd Fell Hill and part of a

Roman road is close to it. The grassland on the Main
Limestone slopes is typical of a calcareous soil and provides

rich pasturage for sheep (Plate V).

2. COTTER END TARN

Cotter End Tarn lies in a depression to the south of
High Abbotside and Tarn Hill on a wide spur of hilltop

between Cotterdale and the head of VWensleydale at an

- 16 -









- —-altitude -of 5032m 0.D.(Plate.VI).. —. The whole summit is _ _

peat-covered, the peat to the west and northwest of the Tarn
being deep over an area of O.4 x 0.3Km (O.12Km2)° The
peat is cut by erosion channels and there is considerable
secondary deposition in the water-filled channels, the
bedrock being visible only occasionally. The peat hags
may be 3m high, the walls sloping at an angle of 500 to 60°
due to weathering and requiring a lot of digging to obtain
a vertical profile. Two profiles were cut, the profile
below 1.4m being displaced 0.5m laterally from the upper
profile. The hags were topped by a Callunetum-Eriophoretum
association. There has been considerable peat-cutting to
the south of the hill suméit.

Tarn Hill is formed of the base layer of the Millstone
Grit Series and rests upon Crow Limestone of the Yoredale
Series, which outcrops north and south of Cotter End Tarn
and the deep peat. Water has accumulated due to a thin
layer of .Sandstone lying on the Little Limestone below.

Around the Tarn are marshy plants and the tussock and
pool formation hog extends over the hilltop, the tussocks

formed of Calluna vulgaris and Eriophorum vaginatum with

Vaccinium myrtilis, Empetrum nigrum and Rubus chamaemorus,

the pools contained Sphagnum spp. In some parts,

Eriophorum is dominant with frequent Juncus squarrosus

and Nardus stricta.

3. SHAKING MOSS

Shaking Moss is on a small plateau at the foot of the

north side of Widdale Fell above Mossdale Moor which slopes

-17 o






gently northwards to Garsdale.

A number of old mine

pits are nearby and shake-holes (Plates VII and VIII). The
edge of the Moss approximates to the 549m contour of the
plateau and occupies an area of 0.3Km x 0.25Km (0.075Km2).
The peat hags are 3m above bedrock in parts of the Moss.

In places the peat hags had been eroded and large level areas
of peat up to 15m across were visible, some being littered
with the fossilized twigs and branches of trees which had
been preserved in the lowest peat-layers.(Plate IX).

Shaking Moss lies on mudstone above a thin sandstone
which overlays a small part of a large outcrop of Main
Limestone of some 2Km2.

The vegetation to the west of the Moss is rich grassland
of the calcareous, base-rich type. The moorland slopes of
Widdale Fell reflected a more acid soil bearing a Callunetum-
Friophoretum association. The deep peat was supporting

Calluna vulgaris, Eriophorum vaginatum, some Trichophorum

caespitosum and Empetrum nigrum.

L. WHITE BEACON HAGS

White Beacon Hags describes a large area of hillpeat
1Km x 0.5Km (O.5Km2) in extent about 1Km east of the hill
summit called Lovely Sealt: at an altitude of 590m 0.D. The
peat is on a flat shelf of land which is the water-shed for
streams running northward to Swaledale and southward to
Wensleydale. In the lowest part, west of the Beacon, the
peat hags are 3%.5m high with almost perpendicular sides
rising from bedrock above a layer of greyish silt 5cm thick.
Large tree branches protrude from the base of the peat.

The vegetation on the top of the hags is mainly

composed of Calluna vulgaris, Eriophorum vaginatum and

18






Vaccinium myrtilis. "Erica tetralix and Empetrum nigrum

are also abundant. A similar plant community covers the

hilltops, together with Trichophorum caespitosum, Nardus

stricta, Rubus chamaemorus and Molinia caerulea.

The peat has developed on Tan Hill Grit which is a
mudstone (shale) having a very thin limestone in it. The

peaks around are also of the Millstone Grit series.

5. FOG CLOSE

Fog Close is the most northerly of the sites and is in
a shallow depression on the plateau west of Tan Hill at an
altitude of 540m 0.D. The area is approximately 0.5Km x 0.25Km
(0.124Km2) situated at the water-shed of gills descending
north to join the river Greta at Boues and becks descending
southwards to join the river Swale. There are disused
mine workings to the north. Erosion gullies were found at
the southern end where the peat walls rise 3.2m above
exposed bedrock and a thin layer of yellowish-grey silt.

Calluna vulgaris and Eriophorum vaginatum are the dominant

plants on the peat, with Vaccinium myrtilis and occasional

plants of Erica tetralix.

The peat has developed on Tan Hill Grit, the most recent
of the Millstone Grit strata, and overlays a sandstone.
The Tan Hill Coal seam is extensive.

The grassland around is used for sheep grazing and the

species present include Festuca ovina, Molinia caerulea,

Trichophorum caespitosum, Rubus chamaemorus, Galium saxatile

and Potentilla spp. amongst the dominant Calluna vulgaris

and Eriophorum vaginatum. Vaccinium oxycoccus occurs as

well as V.myrtilis (Flates X, XI).
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6. LITTLE PUNCHARD HEAD

The Hiiiﬁéé£vis iﬁ é saddle,iélgping sou%ﬁwéfd between
Little Punéhard Head and Friarfold Moor on the west and
Great Pinseat on the east. It is 0.5 x 0.2Km (O.O1Km2)
in area, at an altitude of 520m O.D. Drainage flows south
to Hard Level Gill and the river Swale. Land drains have
been cut recently on the slopes of the hills and the surface
of the peat was very wet, Sphagnum-filled and open pools

lying between hummocks of C.vulgaris, E.vaginatum and V.

myrtilis.

.The peat was 5m deep in the middle of the valley, and
was very soft. The cores were very wet when brought to the
surface. Stratigraphic changes in the peat were clear.

The peat has probably accumulated in a mere or stream bed,
as pollen of Caltha, Ranunculaceae spp., Filipendula,
Leguminosae spp. and Succisa were found in abundance in
peat samples between 3.7m and 4.6m below the surface.

The peat is on a fine sandstone (Ten Fathom Grit)
between the Millstone Grit peaks of Great Punchard Head and
Great Pinseat. The lower slopes on the north side of Great
Pinseat and western slopes of the Little Punchard Head are
Crow Chert, a siliceous limestone, with a narrow band of
Crow Limestone outcropping beneath this at the edges of the
valley above the Ten Fathom Grit. The Bishop's Vein, of
barytes and fluorspar runs east-west at the north end of the
valley.

The vegetation of the hillslopes reflected some of the
underlying geology. Acid grassland association and
Callunetum-Eriophorietum associations extended from Great
Pinseat to the valley. On the middle north slopes of Great

Pinseat, the grassland species were those of a more basic
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soil, and included Thymus serpyllum, typical of calcareous

soils, and Viola lutea, a plant of basic soils.

7. ASKRIGG COMMON

The hill peat lies in a south facing valley at an
altitude of 495m 0.D. on Main Limestone, with slopes of
Richmond Chert around it. The area of Askrigg and Muker has

complex gealogical outcroppings and a number of fault lines.

8. SUMMER LOLUE TARN

The hill summit, at 520m 0.D. is composed of Richmond
Chert, a very siliceous limestone. To the north of the Tarn
and the hill peat is a concentration of mineral veins
(fluorspar and barytes) and a complex layering of sandstone

and limestone rocks.

9. BELDON BOTTOM

The moss fills a flat valley at an altitude of 480m 0.D.
and slopes down gently northwards tc Swaledale beneath the

steep hill of The Fleek, formed of Millstone Grit (Plate XIII).

The geology of each site was discussed with Dr. A.A.Yilson

at the Institute of Geological Sciences, Leeds.






RESULTS AND DISCUSSION

Results

The pollen diagrams for the sites are shown in Figs.
3, 4, 5 and 6. The pollen counts are listed in Table 1

and Table II in Appendix A.

The lower and upper limits of Zone Vila are shown on
the left hand side of each pollen diagram. There was some
difficulty in determining the elm-decline precisely at Fog
Close and Little Punchard Head (Fig. 5). The decline has
been drawn between the 200cm and 180cm level at Fog Close
where the frequency of Ulmus drops from 8% to 5%, although
there was an increase to 9% at the 160cm ievel and a subsequent

decline to 5% again at the 150cm level.

At Little Punchard Head the Ulmus decline has been drawn
between the levels 370cm and 360cm, where the frequency drops
from 13% to 9%. Although this is a higher percentage than
at other sites for the post-decline proportion, the levels
above 360cm showed a continued small decrease of 1% or 2%.
Therefore the upper -1imit of Zone VIIa has been drawn at the

level of most marked decline of the elm frequency.

Discussion

(a) The Presence of Tilia cordata

Pollen of this species was found at all sites. At
most of the sites its mean value was less than 1% of the total
tree pollen. At Site 9, Beldon Bottom,however, it was
higher, i.e. 1.20%. There is a slight increase in frequency

at all sites towards the latter part of the Atlantic period.

- 22 _















[

In assessing the real preseny of T.cordata as a
constituent tree of the forests during this period, note =~
must be taken of the constraints attendant upon the interpre-
tation of fossil pollen data both tQ reconstruct the nature of
the vegetation at a particular time, and to trace the history
of a species. It has been stated by Moore and Webb (1978)
that essential to the theory of pollen analysis is the concept
that the frequency of a pollen type within an assemblage is a
function of the abundance of that taxon in the surrounding

area.

This relationship will be affected not only by the pollen
productivity of the taxon concerned but also by the pollen
dispersal capabilities of the plants themselves, and by the

immediate environment.

An attempt to grapple with the variability of the relation-
ship between pollen input andthe abundance of a species in a
region is the use of the R ratio, proposed by Davis (1963)

where

R = Percentage pollen of species A

Percentage representation of species A in vegetation

and this ratio should be used to adjust the pollen percentage.
This would then give a more accurate representation of the true
proporticnal representation of the species in the vegetation
from which the pollen assemblage was derived. It has the
disadvantage however, that the R ratio itself for any particular
species may vary. This could happen if the distance from the
pollen source to the accumulation site or the local environment

of the pollen producing species varies. These variations
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cannot be judged from the fossil assemblage to which the

adjustment is being applied.

The pollen production of forest trees varies widely
between species (Faegri and Iversen, 1964), and the production
of pollen by Tilia is low compared with that of the forest
trees associated with it, other than Fraxinus (Ahdersen, 1967) .
Andersen collected samples of pollen from trees within a plot
of 30m radius and compared the composition of the pollen
spectrum with the relative area of the canopy occupied by each
species. Using Fagus (beech) as unity he calculated relative
production indices. These showed that Tilia and Fraxinus were
under-represented hy the pollen proportion in a ratio of
0.5 : 1, whereas Juercus and Betula were over-represented in a
ratio of 4 : 1. He suggested that these figures may be used
as correction indices when constructing pollen diagrams from
pollen deposited in a small catchment area within a forest
(Andersen, 1970, 1973). If the correction factors are applied,

then 1% Tilia pollen would represent 7% Tilia in the forest.

The pollen deposited in a small basin within a forest is
mainly derived from within and beneath the canopy from a small
area (about 1-2 ha) around the basin (Tauber 1965, 1967).

Where the catchment surface is large, the pollen will have been
derived from a much larger area of vegetation because pollen
liberated above the tree canopy will be mixed by air-currents

and may be carried a considerable distance.
Tilia is normally pollinated by inczects and the pollen

is not adapted to wind-dispersal. The grains are large and

tend to stick together when shed, more so than do the grains
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of other tree species. Also the grains may cluster in groups,

up to ﬁiheriﬁrnumber,VWhefeas the'a;érége size ofvé éiuster of
grains of Juercus and Betula is three (Rempe, 1937). Tilia
flowers in July or Bugust, when the leaf-canopy is dense, and,
therefore, when the wind-speed within the canopy is reduced and
the filtration of pollen by the leaves is greater (Geiger, 1965).
Both these characteristics limit the distance over which pollen
may be dispersed and the pollen settles mainly within a range

of a few hundred metres of its source (Andersen, 1970) .

Thus it would seem that Tilia tends to be under-represented
by frequency im -its pollen diagram and that the pollen is likely
to have been derived from trees within a few hundred metres of

the deposition site.

The pollen of Tilia is remarkably resistant to decay and
may be preserved in mineral soils, where other pollen types are
not (Godwin, 1975). However the good state of preservation
of all pollen at the sites investigated suggests that this will
not have affected the relative abundance of pollen types.
Godwin (1975) points out that grains of Tilia are easily
recognizable, as a whole or as fragments and are unlikely to

escape notice during counting.

There is evidence to suggest that the clearance of other
trees, Which allows more direct light to fall on the remaining
trees, may induce increased flowering in Tilia and therefore
increased pollen production. A marked increase in the abundance
of Tilia pollen has been shown in the Lake District immediately
following the elm-decline ani other parts of northern Sngland

Pigott and Hunviey, [9v0). This has been explained
g A J Xp



because the canopy of the woodland would be opened by the

clearance or coppicing of Ulmus, thus promoting flowering of
Tilia. However there is no evidence of anthropogenic forest

clearance during the Atlantic period before the elm decline

and it is unlikely that Tilia is over-represented for this

reason.

Recent work by Pigott and Huntley (1980 in press) has
shown the limited dispersal range of T. cordata growing in a
mixed woodland of some 12.6 ha in Grizedale, northwest England.
Pollen samples collected along radial transects from the base
of a single, profusely-flowering tree showed that the amount
of pollen deposited decreases along each radius and does not
contribtute significantly to pollen deposited on the forest

floor beyond a distance of some 60-100m.

This limited dispersal of Tilia pollen has been demonstrated
by Pigott and Huntley (1980) to provide a sensitive means
of determining the former distribution of the species by pollen
analysis where the pollen deposition occurs in a smaller
narrow basin in a forest. From the two sites studied, they
conclude that from deposition sites of small surface extent
which are, or were, surrcunded by forest, the presence of Tilia
pollen, in counts of 150-400 arboreal grains from most samples
in a vertical sequence, even at values as low as 1% would seem
to be evidence of trees growing near the site, within distances

of 100-500m.

In Swaledale and Wensleydale, no sites were nearer together
than 1Km and most were much further apart. Therefore, on the

basis of the considerations above, it may be inferred that the

i
o
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Iilia pollen found at cach site was deposited from trees = _
growing in the vicinity of the site. At White Beacon Hags
and Beldon Bottom, where the occurrence of the pollen is in
cortinuous vertical sequence, it would appear that Tilia was a
constituent part of the woodland within a half kilometre of
each place. This would be true also for Fog Close during the
latter part of the Atlantic period. These sites are on
Millstone Grit. There are gaps in the vertical sequence of

samples at the remaining sites. These sites are near to

or on limestone or chert rocks, except Little Punchard Head.

The presence of T.cordata on the Millstone Grit, where
the soil type may be an acid brown earth or brown podsol,
accords with the present distribution of the tree in eastern
England and in Burope, where it tends o occupy deep brown

and grey-brown forest soils (Pigott and Huntley, 1978).

It is not certain from the evidence that it was present
generally in the forest around the limestone and chert sites.
This is interesting in view of its present distribution because
there are large populations growing on Carboniferous Limestone
in the northwest of England and many are successful on steep
slopes, ravine edges, crags or scree. Pigott and Huntley
(1978) suggest that the distribution is dependent not on the
chemcal nature of the rock but its topography; it may be the

karstic morphology of the rocks which is critical.

The reason for its greater frequency or its restriction
to such situations in the northwest is not certain. It could
be competition, in which it has been excluded from the deeper

so0ils by Quercus petéea or it could be that it has survived
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. where growing. in places .inaccessible for forest clearance by.

man (0ldfield, 1963).

It is interestin; to compare the frequency of 1% Tilia
pollen at some sites in Swaledale, at altitudes of 500m
with the frequency of 10% in the Southern Pennines at altitudes
of 600m at the end of the Atlantic period (Conway, 1954),
when the species had reached its maximum éxtent northwards in

Britain (Pigott and Huntley, 1980).

(b) Variation in the species composition of the forest.

Each pollen diagram shows a variation in the proportional
representation of the arboreal pollen taxa throughout Zone

VIiIa,

At each site, the frequency of Quercus fluctuates.
Quercus reached its highest frequencies of about 45% at Fleet
Moss and Little Punchard Head, the most variable frequencies
being found at the latter site and ranging from 20% to LO%.

The frequency was most consistent at Shaking Moss, at close

to 30% throughout.

Alnus shows an increase at each site, with the highest
frequency of 44¥ at Cotter End Tarm. It fluctuated most

at Shaking Moss, however, varying from 20% to 40% in frequency.

Pinus shows a decrease throughout the period to a
frequency of 1% or less but is never absent altogether from
any site. It maintained higher proportions at White Beacon

Hags and Fleet Moss.
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_ The proportion of Betula fluctuates most at Little

Punchard Head with corresponding‘changes in Yuercus and Alnus.

The frequency of Ulmus at Cotter End Tarm, between 10% and 13%
is consistently lower than at other sites. Only three grains
of Fagus were found, and these have been omitted from the

results.

Pollen counts for the shrubs, Corylus and Salix, were

not included in the total sum for the percentage calculations
for the pollen diagrams, but the frequency is shown as a
percentage of the tree pollen sums. Corylus is very variable
in frequency at all sites, from between 45% to 55% at its
lowest frequency to 93% to 148% at its highest frequency.
Salix reached a maximum percentage frequency of 12.5% at

Little Punchard Head.

The pollen diagrams suggest graphically that variations
in the frequency of pollen taxa exist both at each site and
between one site and another. Therefore tests for significance

of this variation were applied.

The chi-squared test of the pollen count at each level
on a site showed that the variation within each site was
significant at all sites except Site 4, White Beacon Hags,

and Site 7, Askrigg Common, where P < 0.05 (see Table 2).

The chi-squared value for the variation between sites,
using the total pollen count for each taxon on each site is
L480.3542 with 64 degrees of freedom and is significant
(P < 0.001). However it is necessary to determine that the

significance of this variation is distinct from and not
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TABLE 2. THE VALUES OF CHI-SQUARED FCR: (i) WITHIN-SITE

VARIATION;  (ii) BETWEEN-SITE VARIATION;

(iii) THE MONTECARLC DISTRIRUTION

(i) WITHIN-SITE VARIATION

SITE CHI-SQUARED DEGREES OF VALUE OF
FREEDOM P

1 48.119 18 0.001

2 5k.758 15 0.001

3 101.831 20 0.001

b 26.737 2k .\Q:ggx/,;

5 70,164 2k 0.001

6 104 .64 2k 0.001

7 19,055 12 Lfif?if;>

8 103.915 2k 0.001

9 81.42 18 0,001

Total 610,639 “189

(ii) BETWEEN-SITE VARIATION

Chi-squared = 480.3§ with 64 degrees of freedom
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(iii) MONTECARLO DISTRIBUTION OF PROBABILITY BASED ON

999 RANDOM SAMPLES

Class

~N O U W

10

11

Chi-squared

0.00 -
48,03 -
96.07 -

1L 11 -
192,14 -
240,18 -
288.21 -
336.24 -
384,24 -
422,22 -
480.35 -

48,03
96,07
Uy, 11
192.14
240,18
288.21
336.24
384,28
Lz2,22
480.35
528,39

Number in

class

98
314
261
169
39

Montechi, i.e. highest chi-squared value on a
random number was 428.57.

It falls in class 9.

The chi-squared value for the real data fallsin class 11,

The probability is 1 in 1000, i.e. C.001.
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dependent upon the within-site variation, the latter

having been demonstrated already as significant at seven

sites. The form of the Montecarlo test used here has been
designed to establish the validity of the chi-squared value
for the between-site variation, notwithstanding the significant

within-site variation.

The program used for the test calculated 999 times a
chi-squared value, just as it did for the between-site variation,

o Vo . s
but with the(forty op% individual samples rearranged in a BE

random way into nine groups which corresponded in size with
those of the original sites. Then the 999 values for chi-
T,
squared were placed in size classes as shown in Fig.2 iii to
show the probability distribution in histogram form, the
chi-sguared value for the actual data heing included. It can
be seen that the highest chi-squared value based on random
numbers is 428,57 (Montechi) and this falls in class 9, with
a probability of nine in one thousand. ~The chi-squared
value for the actual data is 480.35 and this falls in class 11
atﬁhejﬁgil of the distribution, and has a probability of
occurring by chance of less than one in one thousand. Thus

the between-site variation apparent in the data is significant

being independent of the variation within any site.

Having thus established that there is a significant
variation between sites, its nature can be explored by means

of a principal components analysis.

The matrix for the analysis was constructed of the
correlation coefficients calculated for all pairs of pollen
types, using percentage mean pollen values (Hope, 1968,

Pernington, 1975). The principal components were extracted
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- -~ -from--the- matrix.— - -Bach-eigenvector- was normalized -so that- -

the sum of the squares is equal to one (standardization of
data) . The eigenvalues indicate the variance of each
principal component. The elements of the eigenvectors or
component loadings for the first three components are listed
in Table .3,. together with the eigenvalues and the percentage

variance accounted for by each component.

The component scores are listed in Table 4. These
were computed by multiplying the standardized pollen frequencies
by the corresponding component loadings of the appropriate

eigenvalue and summing the products (Davis,1973, Birks, 1974).

The axis of the first principal component has a high

positive loading for Pinus, Alnus and Fraxinus (+ 0.272,

0,219 and 0.271 respectively), and a high negative loading

for Tilia, Corylus and Ulmus (- 0,202, 0,199 and 0.136

respectively). This indicates that the major source of the
variation between sites is associated with high frequency

values for Pinus, Alnus and Iraxinus at sites where the

frequency values for Ulmus, Tilia and Corylus are low, and

vice wersa. Since altitude for all sites is similar, i.e.
within a range of 120m C.D. and the general climatic conditions
are similar, geological factors were examined as the source of
this variation. The component scores for individual sites
show no consistency, other than the Millstone Grit sites

having a negative score. A limestone site also has a negative
score. Therefore geological factors are not the major source

of the variation between sites.

The second principal component axis has high positive

loadings for Betula and Salix (+ 0,403 and 0.306 respectively)
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TABLE 3. PRINCIPAL CCMPONENTS ANALYSIS OF THEE POLLEN DATA:

THE COMPONENT LOADINGS OF THE NINE ARBOREAL TAXA

ON THE FIRST THREE COMPONENTS

TAXON COMPONENT
1 2 3
Betula -0.035 0.403 0.213
Pinus 0.272 -0.014 0.084
Ulmus -0.136 -0.138 0.237
Quercus -0.051 0.095 0.595
Tilia ~-0,202 0.192 -0.274
Alnus 0.219 -0.169 -0.086
Fraxinus 0.270 0.169 -0.103
Corylus -0.,199 -0,287 -0.092
Salix ~-0.077 0.306 -0.258
Variance 3,291 2.166 1.586
(eigen value)
Percentage of total 36.6 24 1 17.6
variance
Cumulative per- 26.6 60.6 78.3
cen?age of total
variance
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TABLE 4.  PRINCIPAL COMPONENTS ANALYSIS OF THE POLLEN DATA

COMPONENT SCORES FOR THE TFIRST THREE PRINCIPAL

COMFONENTS LISTED FOR BACH SITE

SITE COMPONENENT SCORE
1 2 3
Limestone 1 0.72 -1.063% -0,163
Limestone 2 0.138 -0.467 -0.603%
Limestone 3 -0.584 -0.730 -0.013
Millstone Grit 4 -0,3%06 -0.516 -0.362
Millstone Grit 5 ~0.723 -1.120 -0.025
Millstone Grit 6 -0.377 1.130 -0.53%1
Limestone 7 0.3%61 0.581 0.109
Limestone 8 -0.443 0.547 2.515
Millstone Grit 9 -0.778 1.638 -0.927



and a high negative loading for Corylus (-.0.287). - Thus .. ... . .

ot ? S tviiod

the second major source of variation is associated with a high

frequency of Betula and Salix and a low frequency of Corylus

and vice versa. Again, the component scores are variable

and do not appear to be linked with the lithology of the sites.

The axis of the third component carries a very high

positive loading for Fuercus (+ 0.595). The highest negative

loadings are for Tilia and Salix indicating that where Quercus

was abundant, Tilia and Salix were not and vice versa. The

component scores show no association of this source of variation

with geological facbors.

The first principal component has been plotted against the
second and this plot is shown in Fig. 7. Although Sites 1 to 5
are loosely grouped, Site 7 is aberrant. No clear grouping
of sites based on Limestone, Millstone Grit or with Chert

emerges.

tWhen the first is plotted against the third principal
component (Fig. 8) it can be seen that Sites 1 to 6 and 9
cluster together but that Sites 7 and 8 are distant but in
different directions on the positive axis. It is possible
that the complexity of the rock strata of these two sites,
especially 8ite 7, Askrigg Common, might be relevant; this
site is also distinct from the others in the plot of first
against second principal component. Both Askrigg Common and
Site 8, Summer Lodge Tarn, are situated near Richmond Chert
outcrops and important mineral veins. However, this does
not take account of the similarity of lithology with that

of Site 6, Little Punchard Head, which is clearly grouped









__ here_.with. the _remaining. sites,_and not_ Sites 7 or 8. . There _

appears little link between these latter sites on this graph.

When the second principal component is plotted against the
third, Sites 1 to 5 cluster together, and include three limestone
sites and two Millstone Grit sites. Of the remainder, the
proximity of Sites 6 and 7 might suggest a link between those
on Chert rocks, but Site 8 does not cluster with them. Beldon
Bottom, Site G, is on Millstone Grit and is closer to fite 6,
Little Punchard Head, than to the other Millstone Grit sites,
Sites 4 and 5. The nature of the rock strata therefore does

not appear to be the source of the observed variation (Fig. 9).

It has been pointed out that glacial drift influences
the soil type (Dr.I. Johnson, pers comm.). In the Dales,
the boulder clay on the hills contains a substantial amount
of calcareous rock fragments irrespective of the bedrock type.
Thus soil over a predominantly Millstone Grit stratum may be
more calcareous in nature than if it had been derived only
from the grit-stones beneath it. At the sites concerned,
however, this would be applicable to less than 40% of the
total area estimating this from the Geological Survey Drift

map.

In selecting sites for study, the altitude range was
limited, the lowest site being Beldon Bottom, at 480m 0.D.
and the highest White Beacon Hags at 590m 0.D. Nevertheless
it is possible that microclimate variations of significance
could occur within this altitude range of 110m. Given
that geology was not the source of the variation, the results
of the principal components analysis were scrutinized for a

connection between altitude and the major sources of variation.
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= - -No connection was establisheds:- - oo e e s o T Ty e T

(¢) Pollen of Ericales and Herbs

The abundance and type of each local pollen taxon varied
greatly from site to site which suggested changes in the local

vegetation &t the deposition surface (Janssen, 1973).

It is noteworthy that a pollen grain of Polemonium
caeruleum was found at Fleet Moss. This 1s a species used
as an indicator for a limestone substr%@m (Pennington, 1974,

Moore and Webb, 1978).
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The results of this investigation indicate that

Tilia cordata was distributed throughout the hill forests

of Bwaledale and Wensleydale from 5500 B.C. to 3000 B.C.

It appears that the tree increased in abundance slightly
during this period when the climate became more oceanic

and the thermal maximum obtained. It was growing on soils
derived from limestone ahd millstone grit rocks and seems to

have been more frequent on the latter.

The evidence from pollen analysis shows that the
vegetation of the present moorland areas of Swaledale and
Wensleydale during the Atlantic period was mixed deciduous
forest and that the species composition of the forest changed
in relative abundance during this period. Pinus continued
to grow in the area during the 2000 years but in small

quantity.

The composition of the woodland varied from one place
to another even within distances of 1.5Km to 10.5Km with
regard to the relative abundance of the species present.
There is no evidence from the sites investigated that these

variations were associated directly with geological factors.
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APPENDIX A

. TABLE I. _ _POLLEN SAMPLE CQUNTS: __

_TREES AND SHRUBS .

SITE

1. Fleet Moss

2. Cotter End Tarn

3. Shaking Moss

ﬁ 0] g /2]
« jo] o ja}

— & — 0 [} [¢] © [12] s — »
® O =3 =] = & o ot " > o
> +> o =] [0} — [} [\ [ —
o P o e | a1 Tal ~ ~ [e] ©
=] Mm o) o= (4 — <1 fry [ &} [9p]
230 10 49 27 45 0O 2% 0 4 o0
220 6 13 27 61 2 5% 0 151 7
210 5 & 25 52 0O 62 & 108 0O
200 0 L 25 o4 1T 5% 6 117 3
190 15 5 2% 63 0 L9 2 91 5
180 24 3 4L 58 L 8 0 146 4
200 L2 21 33 39 0O 23 3% 175 &k
190 35 13 23 L 2 535 2 239 O
180 37 3 25 56 0 58 6 223 3
160 22 2 17 53 o s7 6 87 1
140 16 1 14 49 L 71 2 12 5
120 18 1 0 43 1 75 8 180 &4
2% 39 26 3 45 1 18 0 176 7
220 45 11 26 50 0O 33 0 186 &4
200 23 7 37 sk 1 50 0O 204 3
180 28 7 32 5% 0O 68 1 221 1
160 25 4 28 54 3 55 2 132 2
ho 22 1 3 H s 86 7 150 2
120 18 1 21 52 2 65 2 107 7
110 29 2 %z 57 3 59 2 97 0



APPENDIX A TABLE I contd.

SITE

L, White Beacon
Hags

5. Fog Close

6. Little Pun-
¢hard Head

1
|
|
|
{
1
(
|

A g o 9 5 g

~ O — (] n 8 [\ 0 E( 3 b
)] =] =3 ] 5 o 3 4 > o
o 5 5 & a4 5 S 8 i
i M Ry ) & B < [ O w
280 27 23 18 59 0O 25 0 205 8
270 25 10 23 59 2 51 0 174 0
260 25 6 27 57 1 54 L 1ws 1
2ho 22 6 27 56 3 60 8 133 3
220 21 L 29 67 3 5% 1 151 7
200 20 7 20 54 % B4 % 1326 1
180 23 2 7 Lo 3 65 10 241 2
260 L6 26 22 4s o 24 1 180 b
250 26 22 28 50 O 48 L 265 L
240 33 9 21 5S4 0 L6 0 221 3
230 19 10 27 55 0 49 3 202 1
220 197 5 %0 68 3 57 0 155 1
210 7 2 31 55 L 53 L 147 0
200 24 3 12 55 2 75 3 102 0
ko 27 38 26 45 0 23 o 18 19
Lho B4 9 29 52 1 36 0 120 M
420 33 z 29 Ly 3 4o 7 192 6
Loo 39 L 18 54 1 b 0 131 3
380 7 5 21 70 0 U6 7 94 10
370 Lh 2 19 35 3 43 7 10 19
260 13 12 16 59 0 60 6 69 10
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SITE

7. Askrigg Common

8. Summer Lodge
Tarn

9, Beldon Bottom

APPENDIX A TABLE I contd.
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— s8] iy jam) > ] <% x4 (@] [¢7]
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229  Lg 9 29 96 1 81 8 147 3
325 6 8 5 19 0 13 2 21 0
320 26 10 g8 57 0 Uu8 6 78 3
265 51 0 1 23 0 61 7 29 1
210 30 3 6 53 2 51 12 157 1
260 43 7 33 69 1 26 0 72 2
250 29 0 20 L4 1 55 L 3L 2
240 49 L 22 43 0 34 z 73 0
230 28 9 18 46 1 45 4 117 5
220 27 5 23 46 2 sk 1 175 0
280 29 16 25 63 o 15 %125 5
215 24 19 21 74 1 24 1 91 3
210 26 L 21 68 1 30 L 9o 3
200 20 L 25 5% L1 4y 3 8 19
190 51 1 13 4 2 35 17 95 0
180 35 1 12 L4 6 52 L 13k 5
172 2% 0 3 L8 0 76 7 120 11
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A TABLE ITI

APPEND1

POLLEN SAMPLE COUNTS FOR ERICALES AND HERBS.
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* Data not available for Askrigg Common, Summer Lodge Tarn and Beldon Bottom



