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ABSTRACT.

‘The aim of this investigatién'was to test whether the patterns of
latituainal variation observed in the Atlantic forests of the North
Pennines were maintained in the Sub-Boreal. Nine Sites were selected
alongba north-south transect. Pollen analysés of the Sub-Boreal at
these sites wére éompared with analyses for the Atlantic. The results
show that Tilia and Fraxinus maintain significant clinal variations
during botﬁ periods, During the Atlantic elm was more abundant to
the south. This pattern was not observed in the Sub-Boreal. Alnus
showed distinct clinal variation in the Sub-Boreal but not the Atlantic.

No clinal variations were seen in Quercus, Betula, Corylus or Salix

in either period. Quercus, Betula, Alnus and Corylus contributed most

to within-site variation during the early Sub-Boreal. The results

indicate that during the Sub-Boreal Corylus, Betula, and Quercus were

“influenced by local conditions, Tilia and Fraxinus by regional

conditions and Alnus by some combination of both.



INTRODUCTION,

The work of Birks etal. (1975), concerning the arboreal flora after
the elm'decline, emphasized the comment that Godwin made in 1940 that the
Flandrian pollen record convincingly indicates the ancient and permanent

character of regional vegetational differentiation within the British

Isles. It showed that pine and birch predominated in the north and east

of Sdotland andyin westefn Ireland and that elm and hazel had their
highest frequencies in central and eastern Irelana. In England and in
lowland Waleé; alder and hazel were more abundant than any of ithe other
taxa., Oak had its greatest representatioﬁs in the north and west of
England, whiistflime was commonest in the soufh and east.

A more detaiied study by Turner and Hodgson (1981 unpublished data)
on the variations invthe composition of North Pennine forests .during the

Atlantic period came to the conclusion that the major source of varia-

tion in the data was associated with latitude, Betula, Pinus and Salix

frequencies wgrevhigher in the north whereas Tilia, Fraxinus and Corylus
were more abuﬁdant in the south.

. The‘presgnt project was undertaken to study whether this latitud-
inal variation was maintained in the subsequent Sub-Boreal period, after
the elm decline. |

To test this hypothesis sites were selected along a north-south
transect of the North Pennines. All nine sites selected were within
the confines éf the Turner-Hodgson area so that a comparison could be
made of the changes, if any, betyeen the Atlantic and Sub-Boreal tree

and shrub frequencies,
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METHODS
- Samples of ﬁeat for pollen analyses were collected from Harthope Moss

(site 4), Fleet Moss (9), Fog Close (7) and White Beacon Hags (8). Peat

‘previously collected by Dr. J. Turner from Low Stublick and Staple Mosses

(Sites 1 and 6) were sampled and prepared for slides. Data on the pollen

~assemblage for Pollen Zone VIIb, the Sub-Boreal period, from the three

remaining sites (Grahms, Quick .and Dufton Mosses), was made available
from the work of Dr. J. Turner and Dr. R.H.Squires. The location of

each site is shown in Fig. 1 and details of position, geology and alti-

'tude are listed in Table 1,

SELECTION OF SITES.,

The sités-were.selected after searching the Ordnance Survey 1:50,000
First Serieé map, Sheets 77, 84 and 90 for areas marked either as marsh,
bragkep heath or fouﬁh'grassland. The criteria for site se;ection were
primarily that it should be on the 77 km, north-south transect and
secoﬁdly that all sites should be at a similar altitude. The first
criterion was fulfilled in that all sites were enclosed within a strip
of land, 4 kms, Qide, between the Tyne valley in the north to Wensleydale
in thé south, However the second criterion was not attained. Although
the majority of sites were above 500 m, Low Stublick, Grahms and Dufton
Mosses were not. These three sites were ;ituated-at 292m, 39 m. and 364m
respectively, |

The presenée of hillpeat was confirmed from the Geological Survey
of Great Britain Drift map (scale 1 inch = 1 mile). The solid geology
of eéch site wasAchecked from the Geological Survey Solid map (scale
1 inch = 1 milé) Sheets 8, 13, 18, 19 and 25. Four of the sites were
chosen where the pollen catchment area of the peat would appear to be

from vegetation growing on soil derived from limestone strata. Four

‘sites were in Millstone Grit areas and the remaining one was surrounded

by Whin Sill.

-2a




All sites were visited and a general description of the site, its'
peat face and present vegetation were obtained. Samples were taken as

necessary,

- COLLECTION OF SAMPLES,

Samples for analysis were collected from sites 4,7,8 and 9 by cutting
steps intq the sloping peat hag to expose a vertical profile. As a pre-
caution agaihst contamination between levels, the peat profile was scraped
.élean by using a horizontal cut with a flat trowel edge. A tape meaéure
was then placed at the side of the profile to calibrate'tﬁe depth of the
-sémplés. Samplés were taken from below the Grenz-horizont, which is
usually at or apove the top of zone VII b, if it was observed. Other-
wise samples were removed direétly from the profile by Working from the
top surface of the peat downwards taking samples at either 5 or 10 cm
intervals (Site§;7,8,9 and 4 respectively). ‘Samﬁles were removed from
the profile by-p%essing glass specimen tubes into the peat and with-
drawing a smaIIZQuantity in the tube., To prevent contamination from
present day pollen the Specimen tubes wereée sealed by'a plastic stopper
immediately upon withdrawal., Labelling with site néme and sample

depth was done by using a waterproof ink pen,

PREPARATION OF SAMPLES,

As all thé:sémples were from ombrotrophic peats the matrix was
entirely organic; The digestion of the humic acids by boiling a
sample of_peatAin'dilute (10%) NaDH was followed by an acetolysis
to remove cellulose., The above method was originally devised by
Langerheim andllater adaﬁted by Von Post (Faegri and Iversen.196L:
67). This pfocess was used by Conway (1947) énd later workers on
Pennine blanket peat;. The digested samples were then mounted in
glycefol jelly -stained with safranin.

The prepared slides were counted using a Watson Microsystem 70

binocular micrdsc0pe fitted with a X10 eyepiece lens., Rapid scanning




‘'was done uéing é magnification of X100, Counting was done under high
power (X400) for easy identification of the polien grains. Difficult
grains were examined under the X100 oil immérsion lens. At each level
pollen counting stopped when at least 150 arboreal pollen grains, ex-
cluding Corylus andléiliz,ihad been recognized. When Sphagnum spores
swamped the slide, counting of such spores was halted at 50 arboreal
pollen grains and the total obtained was multiplied accordingly.
F-Initially the pollen counts were made from levels at 20-30 cm.
intervals to locate the lower boundary of pollen aésemblage zZone
VII b (Sub-Boreal). 'This boundary was easily recognized by the markea
decline in the frequency of Ulmus pollen. The eiﬁ decliné throughout
the north-south traﬁsect was at approximately the same depth for six
of the sifeS. At two of the low altitude sites, Grahms and Dufton
Mosses the Vila /VIIb. boﬁndary was at 300 and 51 cms. resPectively.
"If a double or triple elm decline was observed the VIIa/YIIb boundary
was drawn at the final.glfgi decrease, Once the elm decline was est;
ablished further éamples were taken from levels directly above it at
intervéls_of 5 or 10 éms.depending on the individual site. These
samples were takén as close to the elm decline as possiblé before any
major clearance by man had occured. To validate the comparison between
Sub-Boreal and Atlantic forest compositions, 5-7 post elm decline
sampleé_were:taken from éach site in ordgf to oﬁtain a sufficiently
statistically sound mean for each tree taxon, Of the 92 samples

counted, only-Svaere from the Sub-Boreal period and used in the sub-

sequent anaylses,

TREATMENT OF RESULTS.

The pollen counts for each site are listed in the Appendix
(tables 1 and 2); This also includes values for.the levels used to
determine the lower limit of Zone VII b, Subsequently these values

were discarded from each site5 data leaving only the results of post



elm decline levels. It was these results that were thén:used in the
statistical analyses. .  The results are presented in two ways, graph-
ically and statistically.

(a) Graphic Representation.

" Pollen diagrams were drawn for each site in order to establish
thé eim decline and to provide a graphic representation of any varia-
tion in the ffequency of pollen taxa within that fime span. The pollen
diagrams have been drawn using the valués for the percentage of total
arboreal pollen excluding the frequencies of Corylus and_éilif.}

(b) Statistical Analyses.

All statistical results were obtained by using the University

computer to analyse the raw data. The procedure was as follows:-

(i) Treé.Péilen data, including Coryius and Salix values, from all
the sites wae stored on a computer file named MONTEDATA.

(ii) A pr‘ég;"é.m called MONTECHI written by Dr. T. Gleaves was used
to analyse the data, stored in MONTEDATA., The progrém calculated chi-
squares. Tﬁis analysis tested for the significance of both within-
site and between-site variation in arboreal pollen taxa.

(iii) The MONTECHI program also applied the Montecarlo test to det-

ermine whether or not the between-site variation is separate from the
within-site vafiation rather than a function of it,

(iv) Using é program written for the purpose by Dr: Turner the means

for each tree taxon, including Corylus and Salix, were calculated for

each site from the rawdata in file MONTEDATA. This information was
checked against calculator derived means to validate the data. Once

this was doﬁe the information was stored in a computer file approp-

riately called MEANS,

(v) Using statistical package *MIDAS the data from file MEANS was fed

into the package at three different times and commanded as follows:-



(a) 1st. time - SCATTER.
(b) énd. time - REGRESSION,
(¢) 3rd. time - POLY,

(a) The SCATTER command produced a graphical representation éf
percehtage frequency éf pollen versus latitude for each tree ta;on.
Therefore nine graphs in all were obtained. Once these graphs were .
obtained, lines of closest fit were drawn through the points whgre-
felt apﬁrOpriate.

(b) - The REGRESSION command carried out bivariate linear analysis to
fit the best least-squares line, through the data points, and then
tested the significance of this line.

(c) It was felf(that‘curves could be drawn through some of the points
on thé‘graphs. To test this hypothesis the POLY (pdlynomial) command
~was given.. This.command fitted quadfactic curves to the data points
using a 1east-squéres criterion and then tested the significance of the

curves,




Fig1 | Sketch map of the Northern Pennines, showing_the
location of the nine pollen sifes mentioned n the fext.
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DETAILS OF SITES SHOWN IN FIG.1

TABLE 1

SITE
1.Low Stublick.

2.Grahms Moss,

3.Quick>Moés;
Q.HarthOpé Moss,
S.Dufton Mosé.
j6.Stap1e M5$S°

-7.,Fog Close,

8.White Beacon Hags.

9,Fleet MoSSgb

NATIONAL
GRID
REFERENCE

NY 865604

NY 860531

NY 876467

NY 868341

NY 871293

NY 853240v

NZ 870062

SE 893951 -

SE 862834

GBOLOGY

Millstone
Grit

Millstone
Grit

Limestone

Limestone

Whin Sill

Limestone

Millstone
Grit

Millstone
Grit

Limestone

ALTITUDE
(M.0.D.)

292
396
518
65k
364
609
540
590

560

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




DESCRIPTION OF SITES,

1. LOW STUBLICK MDSS.

Low Stublick is the most northerly of the sites and is in a shallow
dépression on the low lying ground of Stublick Moor. The bog is shel -
tered by a small hillock towards its' eastern end. Drainage water
from the bbg collects eastward towards the hillock whereupon it is
diQerted northwérds by man-made ditches., The bog is approximately
0.3 x 0.1 Km (0.03 sz) in area and the hillpeat is 4m at its' great;

" 8st depth, Unlike the majority of sites there are no signg of gully
erosion at Low Stublick, the general impression being of a typical
hummock-hoilow forming community with a margin of Juncus. The hummocks

supported a vegetation cover of Calluna vulgaris, Eriophorum vagina-

tum with occa?iéhal Erica tetralix and Empetrum nigrum. The lichen

Cladonia was abundant. Sphagnum spp were confined to the pool mar-

gins,
Stublick Moor is formed.upon Millstone Grit which overlies what
is described as the Upper Limestone Series, Directly north of the bog

the main Stublick fault bisects the Millstone Grit at 61°N.

2.  GRAHMS MDSS.

Grahms Moss is situated, at an altitude of ©D 396m, in a small
depression between the sandstone outcrops of Green Hill and Sinderhope
Carr to the north and south. The area of the bog is 0.01 sz with a
maximum peat depth of 4m., The Moss drained eastwards down through

Westburnhope goor onto Hexhamshire Common. Grahms Moss has a similar
vegetation to Low Stublick in that the bog waé encircled by marshy
ground d@miﬁated,by Juncus, The plant association was ofifhe Calluna -

Eriophoretum type on the high ground, with the wetter areas to the

south dominated by pools of Sphagnum.,
The soils on the hills sﬁrrounding the bog- were derived from

. ] 2
Millstone Grit which covers an expanse of approximately 90 Km



extending froﬁ Hexham in the north-east to Hexhamshire Commoh in the
south.
3. QUICK MDSS.

Quick Moss (Quickc1eugh Moss) describes the expanse of blanket
A peat 2Km, north;easi of Allenhéadé. This bog is a tragic example of
- Pennine blankét‘peat erosion. The whole site.was highly dissected by
- gullies that meaéured up to 18m across the top and over 3m in depth,
Ironically due to such erosion the stratigraphy of the mire was easily
observed, QgiCk Moss lies upon sandstone above limestone of the Uéper
Limestone Group. The peat was underlain by a layer of greyish-blue
boulder clay. lImmediately above this sediment wasAa recognisable tree
layer which.éonfained large ammounts of fossilized roots and bark of
birch. The Grenz-horizont was Qbservgd at about one metre down from
the bog éurface. The peat above tﬁe horizon was highly humified in
comparison to the Eriophorum peat below. The deep peat was supborting
heather, cottop grass, some deer sedge and crowberry. There were more
1ichensipresgnt at Quick Moss than any other site thch is probably an

indication of the high atlitude of 518m 0.D.

&. HARiHOPE MDSS,

The sifé at Harthope Moss is situated on the gradual sloping,
south west face of Chapelfell top. Drainage water from the Moss collects
south-westwafds into Harthope and West Beck, thence to Langdon Beck
that empties ihto the River Tees., The highly dissected peat supports a

vegetation type of Calluna-Eriophoretum association.

The Moss is immediately above an area of upper felltop limestone
a region of limestone in the Upper Limestone Group. Boglder clay over-
lays the limestone around Harthope and Langdon Becks and extends over
tﬁe wateréhed towards Burnhope resevoir,

5. DUFTON MOSS.

.Dufton Moss occupies a small depression some 100m south of the

-0~




B6277 Middletbn/AISton road, and is situated at the foot of the Whin
Sill exposure af Force Garth., The Moss is approximately 0.1 Km x 0.1 Km
(0.01 sz) in_éfea and the hillpeat is deep being 5m, at the centre of
‘the bog. The general appearance is of a .convex-surfaced heather -~
dominated area within a Juncus infested meadéw. The vegetation is

dominated.by Calluna vulgaris and Eripphorum vaginatum. Also present

were : Trichophorum cespitosum, Erica tetralix,Eriophorum angustifolium,

Narthecium ossifragum, Empetrum nigrum, Sphagnum spp. and Cladonia spp

Dufton MOS§ is situated upon Whin Sill formed in the Carboniforous
Permian periods (A.C. Dunham 1970). The Bedrock is overlain by a blue-
grey solifluxion haterial which supports.the-peat. The stratigraphy
of the peat isAdescribed by Dr. R.H. Squires (1970). He observed

that plant remains including Betula, Salix and Pinus were plentiful

at the base of the peat.

6. ° STAPLE MOSS.

Staple Moss lies oﬁ the gently sloping limesténev plateau of

- Lunedale, 3Km.due west of the triangulation point on Mickle Fell,

Like Quick Moss, Staple Moss was_highly dissected by erosion gullies
that ran from thé northwestlto the southeast draining into the Lunedale
valley., Although the erosion was extensive and cut.ihto the peat to a

depth of 2-3m, regeneration of the bog was apparent on the bottom and

sides of the gullies. The primary coloniser was Eriophorum angusti-

folium. At a later stage of bog regensration a definite zonation was

observed on a tussock. Calluna vulgaris occupied the upper-most zone

above E,vaginatum and E,angustifalium. The peat hags:iere covered by a

Calluna- Eriophoretum association. The pools that were present con-

tained Sphagnum spp.
7 FOG CLOSE,
Fog Close is situated in a shallow depression on the plateau

west of Tan Hill ‘at an altitude of 540 m 0.D. The area described is

~11-




approximately 0.5 Km.x 0.25 Km, (0,125 sz) situated at thé water-shed

" of giils descending north to join thé River Greta at Bowes and becks

| descendiﬁg southwards tb join the River Swale.- To the north are disused
mine workings. The southern part of the mire was déeply dissected by
erosion gullieé'which were at a depth of up to 3.2m, The peat was
underlain by a yello&ish-grey silt which was above exposed bedrock.

The dominant plants on the peat were Calluna vulgaris and Eriophorum

vaginatum. Vaccinium myrtillus and Erica tetralix occurred occasionally

on the peat surface.

The peat was developed on Tan Hill Grit, the most recent of the
~Millstone Grit strata, and overlays a sandstone.

8. WHITE BEACON HAGS.

White Beacén_Hags describes a large area of hillpeat 1Km Q'O.S Km
(0.5 Km") in extent situated 1.5 Km, -east of the hill summit called
Lovely Séat.l The peat is on a flat shelf of land which is the water-
shgd for Muker Cqmmop with streams running northward to Swaledale and
southward to Wéns;eydale. In the lowest part, west of the Beacon, the
peat hags are 3.5 mbhigh with almost perpendicular sides rising from ‘
'bedrock above é layer of greyish silt 5 cm.'thick. ALarge tree branches
of pine and birch protrude from the base of the peat.

The present=day vegetatioh on the top of the hags i; mainly com-

posed of Calluna vulgaris,Eriophorum vaginatum, Vaccinium myrtillus,

Erica tetralix and Empeirum nigrum. A similar plant community covered

the fell tops, together with Trichophorum cespitosum, Nardus stricta,

Molinia caerulea and the cloud-berry Rubus chamaemorus.

The peat has developed on Tan Hill Grit which is a shale having
a very thin limestone in it. The surroﬁnding peaks are also of the
Millistone Grit Series.
9. FLEET MOSS.

Fleet Moss is the most southerly of the sites at an altitude of

-12= o



560 4.9.D.The peat is situated in a shallow depression between the
lower slopes of’Dodd.Fell Hill to the west and Jeffrey Pot.Hill to-the
east, DrainégeHWater from fhe Moss collects northwards into Bardale
Beck, thence t§2Wensleyda1e and Wharfedale.v'The Moss is approximately
0.75 x 1.25 Km (0.94 sz) in area and the hillpeat is deep, rising
nearly 3m above the base of the erosion gullies, where bedrock is ex-
.posedr Plan£ remains are abuﬁdant at the base of the peat hags, twigs
and large braﬁdhés of birch and pine being exposed. The peat hags

. support a vegetation‘cover of Calluna vulgaris, Eriophorum vaginatum

with Vaccinium myrtillus and occasional Erica tetralix and Empetrum .

ﬁigrum.

The slqpes:of the surrounding hills lie on Main.Limestone of the
Yoredale Series.and the Moss has developed on Underset Limestone be-
neath which is a-§andeone layer, A layer of light grey clay lies
between the be@rdpk andlthelpeét. The grassland on the Main Limestone

is typical of a calcareous soil and provides a rich pasturage for

sheep..

-13-




RESULTS AND DISCUSSION

(a) WITHIN-SITE VARIA;I‘IONS IN THE TAXA RECORDED
_Refer to Tables 5 (i) and 3, pouén diagrams Figs. 2-10 and to tables
1 and 2 in the Appendix for the pollen counts.

At seven'sitgs the value of P. was 0,001 whereas at site 6; Staple
Moss, and site 9, Fleet Moss the values were 0.025 and 0.005 respectively.
Thus the chi-squared test of the pollén counts at each level of a site
showed th;t the within—site variation was significant at all nine sités.
To investigate further the cause of this variation a pollen diagram was
constructed fof:éachvsite. The upper limit of Zone VIIa is shown on the
right hand side of each pollen diagram. There was some difficulty in
detérmihing the e1m decline precisely at Quick and Duft&n Mosseé (Figs.h4
and 6 feSpec£ively). Quick Moss shows a triple elm decline with a dé—
crease in Ulmus at 189, 196 and 212 cms, The decline haé been drawn be-
tween 188 and 180 cms just after the final decline. Athufton Moss the
Ulmus decline has been-draWn bétween'the 55 and 51 cm level.

Pinus, Ulmus, Tilia, Fraxinus and Salix pollen frequencies changed

little after the elm decline, and it was obvious from the pollen diagrams

‘that variations in the values of Betula, Quercus, Alnus and Corylus
pollen were the cause of the great within-site variation. io explore
further the causes of this variation the mean and variance of the fre-
quencies of tﬁe above four taxa were calculated at eéch site and tab-
ulated along with'the maximum and minimum values (See Table 3). Using
the results from this analysis and tﬁe pollen diagrams a description was
written to underline the major changes, if any, that occurred in repreéent-
ation of afboreal taxa after the elm decline.

-Of all'the arboreal taxa, Corylus has much the highest variance
values in reiation to its meané and hence muét make the greatest contrib-

ution to the within-site variation. The pollen diagrams show that the



cause of £he large variance (62) values is great fluctuations in the
'Coriius pollen representation after the elm decline, This clearly results
from.a general trend atvfive of the nine sites in the Sub-Boreal. Whereas
at érahms, Dufto#, Low Stublick and Fleet Mpsseé it is due to the wide
rangé of.the Corfius frequencies,

Another apparent trend is that Corylus frequencies decrease immediately
after the elm decline. This occurred at six sites the rémaining‘three
showing an. increase in Corylus pollen representation,

Just after-the elm decline, unlike Corylus (see above), the pollen
freQuencies of_élﬂgi increase gréatly. This trend was observed at the
majority of sites but not at Low Stublick and Dufton Mosses which showed a
decline iniélggé,pollen frequencies.

.After this general trend of rise in alder pollen frequencies‘at the
VIIa/VIIb boundary three of the nine sites show a~decrease‘iﬁ_él§2§ pollen.
Despite this there is little overall trend thatlcan be récognized at all
the sites. Thié apparent lack 6f any considerable variation in Alnus
frequencies indicates that at the sites investigatea, aider representation
was effected by local rafher than regionai influences in‘the Sub-Boreal
- period.

At six sites Betula showed a decrease in pollen representation
immediately éfter_the'glmgf decline whereas at Fog Close, Low Stublick
and Quick Mosses an increase was recorded,

Three'sites investigated showed little variation of birch pollen
frequencies in early zone VIIb. Of the variation observed three sites
show an increasé in Betula representation. A fourth site shows an increase
in birch followed by a decline. In contrast the remaining two sites show
a decrease followed by an increase in the pollgn representation.

Betula is similar to_élggg in the sense that although trends can be
recognized at a few sites these are not sufficiently consistent to be

seen as overall trends occurring throughout the transect.
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For Quercus there is a‘recognizable overall trend dgmonstrated at five
6f thé sites investigéted. This is best seen as an increase in pollen
representatioh followed by a decline towards the upper samples, This
_is more pronbun¢ed at some sites compared to others,

. Four sites show an increase whilst three show a decrease in Quercus
pollen immediately folloﬁing the elm decline, Thé two remaining sites
show little variation in Queréus pollen frequencies.,

As aiready noted little within-site variation occurs in the represent-
ation of the ﬁinor woodland components. Despite this certain features
of these componeﬁfs are observed at the individual sites,

Eiggiyhas a very low representation in the Sub—Boreél at the sites
iﬁvéstigéfed. Quick Moss has the highest representation of pine, Two
sites, Grahms and Quick Mosses, show a greater decrease'in_giggf after
the elm déclipe; more so than the other Pennine sites, |

Tilia is absent from the Sub-Boreal samplés at Grahﬁs Moss and is
notable for i£§ ;lmOSt completé absence throughout at the other sites.

At four éifes Fraxinus reappears or increases in its representation
at the upper levels of the Sub-Boreal profile, At Qﬁick, Staple and
Fleet Mosses ash increases siightly after the elm decline,

At three‘sités-§ili§ declines or is lostvaltogether after thé elm
decline, At White Beacon Hags it shows a slight increase immediately

following the decline.

For the hine sites investigated the within-site variation caused

by the arboreal taxa can be summarized as follows:

Of the ten species investigated only Betula,Quercus, Alnus and
Corylus contribute significantly to the within-site variation.

‘Immediately following the elm decline Corylus and Betula show a

decrease in representation of pollen at six sites and an increase at
three sites. By contrast alder shows an increase in frequencies at seven

sites and a decrease at two. Quercus shows an increase in representation




. TABLE 2 THE. VALUES OF CHI-SQUARED FOR:

(i) WITHIN-SITE VARIATION
(ii) BETWEEN-SITE VARIATION.

(i) WITHIN-SITE VARIATION,

SITE CHI -SQUARED DEGREES OF

1 v97.608 | 48
2 | _ 118.834 : 48
._3 _-' 84,182 48
L . - 125,925 10
5 o | 100.156 | 40~
6 - 48377 32
7 i' 7 - . 83.;56 : A, )
8 5 87.655 | 10
9 . 71.532 W
Total | 817.886- ‘ i 37%

(ii) BETWEEN-SITE VARIATION,

Chi-squared = 1500.410 with 64 degrees of freedom

- =17-

VALUE OF

0.001
10.001
0.001
0.001
0.001
| 0.025
0.001
0.001

0.005
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TABLE 3.  MINIMUM, MAXIMUM, MEAN (X) AND VARTANCE (0°) VALUES OF BETULA, QUERCUS, ALNUS AND CORYLUS (EXPRESSED AS % A.P.

SITE

EXCLUDING CORYLUS AND SALIX FREQUENCIES) -

 MIN

16.6

49.7
17.3
10
15.9
12,6
11.3
11.3

6.6

BETULA

MAX X
355 22.7
67.5 57.3

26 21.5
k1.3 22.7

37 27.2
20.6  17.8
25.3 17.7
28,7 18.75.
18.0 13.3

.02

36.7.

47.6
12,9
110.3
54.8

9

22.1

33.9 -

14,4

MIN

2% .6

7.8
2L .6
21.3
21.6
17.3

25.3

20.6

15.3

"~ 'QUERCUS

MAX X
42 35.7
.22 14.1
43.3 . 3k.3
32.6 27.1
k4,5 29
30 2.2
34 32
32.6  26.7
37.3  28.2

31.4
18.5

] 42.3.

18.5
73.4
25.9
10.9
17.6

62.54

MIN -

25.2

17.7

. 26.6

25.3

35.

D bL.6

38
32
35.3

48
36.4
Ll o6

56.6

45.5

5k

5k

60.6

ALNUS

36.7
26 .9
33.k
41.8
39.4
48,9
139
15.3
51.6

73.9 55.3 78

| * CORYLUS
.02 MiN - MAX X o2 )
53.3 38.1  55.8  47.7  62.4
60.8  15.2 '38.6 24 82.8
43.6 46 88  6L.7 269.9
106.1 0 98.6 73.2  556.9
20.2  50.8 81.8 66.7 20L.5
19.4 - 64 104 82.8  3L42.3
17.6 58  101.3 70 359.9
57.8 30.6 83.3 57.4  388.1



Fig. 2 Low Stublick Moss -
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Fig. 3 Grahms Moss
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Fig. 4
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- Fig. 5 Harthope Moss
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Fig. 10 Fleet Moss
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at four sites, a decrease at three sites and little or no change at two
sites.,

Corylus and Quercus show overall trends in representation at five or

more sites after the elm decline. Corylué shows great fluctuations in the
pollen frequencies whilst Quercus shows a trend of increase followed by a
decrease in rgpresentafion after the elm decline. Although Alnus and
ﬁetula show tfends at two or- three sites, these variations do not rep-
resent an ovérall trend.

The ﬁinor arboreal components of the woodland show very little within-

~ site variation but. do show various features at one or more sites.

(b) BETWEEN-SITE VARIATIONS IN THE TAXA RECORDED ALONG THE NORTH-SOUTH

TRANSECT DURING THE SUB-BOREAL PERIOD.

Refer t6 Tables 2 (i) and (ii) and &

Therchi-équafed value for the variation betwegh the sites using: the
total pollen codnt f6r~ea§h taxon at each site is 1500.41 with 64 degrees
of freédom and is highl&'éigﬁificant. However, both the éhi;sqgareg
results and‘the.pollen diagrams demonstrate that there is significant
variation within.éach éf the nine sites. It is theréfore necessary to
deﬁonst}ate that the appafen£ between-site variation is distinct from and
nof resultant_from the within-site variation. This demonstration was made
~using a.form of Montecarlo test which has been desighed to establish the
validit& bf the éhi-squared value for the betwéen-site variation, not-
withstanding the significant within-site variation,

The program used for.the test calculated a chi;squared value for
the bétween;site variatiop 999 times, Before each calculafion the fifty-
six samples wgre>rearranged in a random manner into nine groups having
theAsame numbefs of samples as tﬁe nine sites, The 999 chi-squafed values
were theh placéd in»arbitrary, but equal-interval classes-as represented
in Table 4 to Shbw their probability distribution, - The highest chi-
squared Value,based on a random rearrangement is 598,11, and this falls

into class four, with a probability value of 0.05. The chi-squared value
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TABLE.L,  MONTECARLO DISTRIBUTION OF PROBABILITY BASED ON
" 999 RANDOM: SAMPLES,

CLASS CHI-SQUARED NUMBER IN
» ~VALUE ~CLASS
1 I 10,00 - 150.0% 5
2 ' | 150.04 - 300.08 479
3 300.08 - 450.12 - 465
o | 450,12 - 600.16 50
5 600.16 - 750.20 - 0
6 | 750.20 = 900.24 0
7 - 900.24 - 1050.28 0
8 - . 1050.28 --1200.32 | 0
| 9 3 o 1200.32 - 1350.36 o
10 o _' 1350.36 - 1500.41 o
- 1650.45 | 1

1 - 1500. 41

Montechi, ie. highest chi-squared value on a random number was

' 598,11, It falls in class 4., The probability value is 0.05.
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for the actual data is 1500.41 and this falls iﬁto class elevén with a
probability value of 0.001, Thus it can be concluded that the between-
site vafiation épparent in the data is significant and in&ependent of
the Variatioﬁ“wifhig each'site.A

Having established that there was a significént variation between
the sites, mean values were calculated for each taxon at every site
(Table 6). Thereafter the between-site variation of taxa:was further
explored’by means of scatter plots (Figs,11-19), regression and poly-
nomial analyses (Table 9) as described in the methods; .

COMPARISON  OF THE ATLANTIC TO THE SUB-BOREAL FOREST COMPOSITION.

. Refer to-Atléntic and Sub-Boreal scatter plots Figs,11-28 and fé

Tables 5-9 inclusive.

Mean Values? for each taxon at every site, from the immediately
‘preceding Atléﬁtic period were obtained from the wofk of Dr.J}Turner
(Tabie 5). These results underwent a scatter plot, regression and
poljﬁomialvanAIYSis before being combared with the Sub-Boreal data.,

| BETULA

The SuB-Bofeél, and more so the Atlantié, regression resdlts
'indieate an almost significant between-site variation with Betula
frequencies higher in the northern than the southern sites. However
this. is not the case. It is the exceptionally high Betula frequency at
Geahms Moss that is the cause of the great between-site variation observed
during both_bériﬁds. |

The resﬁlts that show the difference in Betuia representation
between the periods (Table 8) indicate an actualldecrease at three of
.the northern_sifés and an increase af three of the southern sites.
Therefore moving frbm the ‘Atlantic to the Sub-Boreal we observe a see-
.sawingAeffect whereupérnBetula, although showing little change in
representation,.has-déécreased in the norfh whilst-incréasing in the. -

south,




PINUS

Like Betula, Pinus appears to show a general trend of increase

“along the tranéect with lower values of pine in the south. This trend
is more,pronounéed‘in the Atlantic period than the following Sub-Boreal
period. Howevér~peither the regression nor the polynomial analyses
resﬁlts for_giggi were significant in either of the periods.

ULMUS

The regrgééion analysis for the Ulmus representation in the
fofest pridr.fo the elm decline gave very significant results (P=0.008)
Apbarentiy in tﬁé(Atlantic perioqLElEEE was more abundant in the south-
ern reaches shgwiﬁg a steady trend of decline ﬁoving.northwards along
the Peﬁnine franSect. This clinal Yariation observed in the Atlantic
isAtofallf lpéf éftef the elm decline as might be expected. This is
cleafly séen froh the Sub-Boreal scatter plot and regrgssion énalysis.
Here it is seen that Ulmus records the most insiénificant result of
all the taxa indicating virtually no between-site variation.

Theéé results show thaf not only was the Ulmus fepres;ntationfre-
duced to less than a'cbuple of ﬁerce;t after the_élm decline but this
décrease Qas Qreatést in the sguthern sites,

QUERCUS,

It is appérent from the scatter plot thét in the Atlantic périod_
Quercus freqﬁencies decreased moving from the southto the centre of |
the'fransect and increased thereafter. ‘To check this trend the poly-
nomial test Qas run to-see if a curve could fit this variation. How-
ever the results"ihdicated that the vafiatian was not sufficient for
such a curve to be fitted. This was undoubtedly due to the exceptional
low values fof éuércug at Grahms.Moss (see Betula paragraph).

In contrast the variations of Quercus between ‘the sites in the
Sub-Bofeal showed little ,if any ﬁrends. Here again-the regression

and polynomial ' analyses recorded insignificant results.
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What is clearly a feature of Quercus is that at six sites it inc-
reases in frequency when moving from the Atlantic to the Sub-Boreal.

TILIA

Although}all the mean values of Tilia frequencies were bglow.
0.8% the scattgr graﬁhs do indicate a clinal variation in both the
Atlantic and Su?-Boreal periods with higher values of lime in the
southern sites; A

This variation is confirmed forAboth periods with a highly sign-
ifigant regression analysis result. Whether this trend is vegetation-
ally'significapt with such a low representafion of lime will be dis-
cussed léter.

As Table 8 indicates Tilia decreased in frequency after the elm

decline., Like Ulmus this decrease was greatest in the southern sites

where Tilia was previously most abundant.

ALNUS.

ZThree»poiﬁts arise when compari#g the Atlantic representation of
ﬁlggi.to that during the.Sub-Bofeal,
thé is that_élggi'increased gréatly after the elm decline and‘
that thé increase was.the highest recorded of any of the tree taxa.
The secqﬂd point is that this increasé in freqﬁeﬂcy is greatest
in thé-éoutﬁ. |
. The final point is that whereas there is no clinal variation in
the.Atlantic there is in the Sub-Boreal. As was seen in_glggi frequ-
enqiés in the;Atlantic period and Tilia frequencies in both periods,
Alnus shows a.decline in representation moving northwards along the
transect.
This third pdint is a direct consequence of the second, the
clinal variation isAdue to increased values of Alnus in the south.

FRAXINUS

The variation between the sites was sufficient to pick up a clinal
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variation with- the greater frequencies of Fraxinus in the south.
This treﬁd was highl} significant and like;Iilif it was originally
present.in thé‘Atlantic and maintaihed ih the Sub-Boreal period.

. CORYLUS

Corylus pollen-ffequenéies were the highest recorded of all the
arboreal taxa in both periods. As seen previousl& Corylus decfeases
after the elm decline. It is now apparent that this decline was great-
eét in the'éoufﬁern sites,

In the Atlantic period a trend is observed whereby hazel is more
abundant in the southerﬁ than the northern sites., In the Sub-Boreal
it appears that Corylus increased towards the ceﬁtre of the transect
aﬁdAdecreased thereafter, The respective reéression and polynomial
results indicafédAthat the variation was not sufficient to satisfy

either of thesé_models.

SALIX

ii;Lig is a minor cémpbnent‘of the forest with ifs highest pro-
‘AﬁOrtion récorded in the Aflantié woodland. The regression and poly-
nomiai results are highl& insignificant in Both periods indicating a -
1ack of pat£ern in the between-site variations

It is clear from the results fhat>the trees that cause the great-
est amount‘ofAbetween-site variation, with a greater representation to
fhe southg-are H1EE§ (Atlantic only)yAlnus. (Sub-Boreal only), Tilia
and Fraxinus (6oth periods). For each of these four sbecies thi;

clinal variation will be discussed in a little more detail below.
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TABLE 5 ATLANTIC PERIOD MEAN VALUES OF EACH ARBOREAL TAXON(EXPRESSED AS % AP) RECORDED AT SITES 1-9 ALONG THE TRANSECT—_

SITE BETULA
1 18.39
2 . 5k.76
3 11,16
4 15.53
5 14.23
6 11.03
7 5.55
8 6.82
9 2.36

PINUS

C 2,76

8.37
4,90
2.80
0.98
2.20

2.61

ULMUS

4.16

2.98.

5.89
7.76
7.91
5.89
7.45

7.61

| 9.06 .

QUERCUS

20.41
. 5.87
19.68.

12.73

15.33
17.69

22.64

TILIA

0.12

-~ 0.10

0.12
0.24
0.37
0.23
0.38
0.72

0.27

ALNUS

22,02

4,33
12,51
13.98
17.83
17.01
13.76

17.03

19.66

FRAXINUS  CORYLUS

0.16 -
0.10
0.55
0.82
0.61
0.37

 0.60

0.97

1.45

31.79

20.98
Lh.51
38.77
45.06
49.86
53.53
L6 Ll

40.49

SALIX.

0.16
2.50
0.67
2.07
0.28
0.37
O0.47

0.72

\.



TABLE 6. SUB-BOREAL PERIOD MEAN VALUES OF EACH ARBOREAL TAXAN(EXPRESSED AS % AP) RECORDED AT SITES 1-9 ALONG THE TRANSECT

SITE BETULA PINUS  uMUS  QuERCUS TILIA  ALNUS  PRAXINUS CORYLUS SALIX

1 1w 1as 12 2k.12  0.13 24.7%6 - 0.26 32.29 . 0.13

2 45,70  0.58 . 0.58 11.30 0.0 , 21.28 ©0.15 19.24 1.17
3 . 13.04 2,47 1.26 20.85 0.11 20.22 2.30 39.06 ©0.69

" 13.12 0.58 147 15.69 0.1 24,14 ¢ 2,43 42,19 10.19

5 16.24 0.62 0.50 ° 17.07 0.12 = 23.55 1.20 39.33 1.37

| \\:?" 6 9.75 0.80 - 0.95 14,34 . 0.07 - 26.71  1.97 45,20 0.22
7 10. 4k - 0.33 1.63 18.85 0.26 25.83 1.37 41.16 0.13"

8 11.80 . 0.83 1.46 ' 16.79 0.49  28.38 2.91 36.22 1.11

9 ‘ 8.02 0.13 0.87 16.98 0.27  31.08 2.81  39.57 0.27



TABLE 7 THE OVERALL TRANSECT MEAN FOR EACH TAXON IN THE ATLANTIC AND SUB-BOREAL PERIODS

| ARBOREAL | ~ ’OV'ERALL MEAﬁ VALUES (% AP:)
| TAYON © ATLANTIC | SUB-BOREAL
BETULA | 15.5i | 15.95 |
PINUS 3.25 _ 0.83
uMUs | | 6.25 A_ 1.16
. QUERCUS 16.15 . 17.13
- TILIA . 0.28 ’ o.-4_18'
| ALNUS | | . 15.34 , 25,1
FRAXINUS ~0.62 1.7
CORYLUS ' © 4.3 ' | 3.7.14
saIx . 0.95 0.58

Where'overall transect mean' is the mean of the nine mean values

obtained-fof each taxon in both periods.



_TABLE 8 CHANGE IN THE FOREST COMPOSITION BETWEEN THE ATLANTIC AND
 SUB-BOREAL PERIODS (SUB-BOREAL MEAN - ATLANTIC MEAN POLLEN
FREQUENCIES)

ARBOREAL TAXA EXPRESSED AS % AP,
BETULA PINUS ULMUS QUERCUS TILIA ALNUS FRAXINUS CORYLUS SALIX
SITE. '

1 —2.95 -1.61 -2.1‘:4 3.71 0-01 2.74 0.1 0.5 -0.03
3 -9.06 -7.79 -2.4 5.43 0.1 16.95 0.05  -1.7h -1.33
3. 1.88 -2.43 -4.63 1.17 -0.01 7.71  1.75 -5.45  0.02

he  -2.41 -2.22 6.29 -2.3k -0.05 10.16 1.61  3.42 -1.88

5. 2,00 -0.36 -7.h1 4.3k -0.25 5.72 0.59 -5.7  1.09
6. -1..2A8 b -hOk 13 0.6 9.7 1.6 -h.66 0.15
7. 489 A_z'.ze -5.82 3.52 -0.12 12.07 0.77_:- 12,67 0.3k
8. 4.98 -1.16 6.15 -0.9 56.23 11.35  1.94 -10.22 0.39

9. 5.66 -2.59 -8.19 ~5.66 0 11.4k2 1.3 -0 .92 -1.09
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TABLE 9 COMPARISON OF THE REGRESSION AND POLYNOMIAL ANALYSES BETWEEN -
THE ATLANTIC AND SUB-BOREAL PERIODS,

DEGREE OF SIGNIFICANCE

ARBOREAL
| REGRESSION POLYNOMIAL
TAXA |
ATLANTIC SUB-BOREAL ATLANTIC SUB-BOREAL
BETULA . 0.06% 0.138 0.702  0.621
pINué |  of19o ©0.148 | 0.3 0.9%
ULMUS 0.008** 0.997 0358  0.788
CQERCUS 0.383 0.653 0.399 0,431
TILIA o 6;035* 0.019* -[_0;426 : 0.67%
ALNUS 0.412 © 0.004** 0.549 0.211
FRAXINUS 0.004+* _' 0.034* 0.473 0459
CORYLUS o.101 0.218 . 0.100 0.131
SALIX - Vi o; 817 - 0.853 - 0. 71-9 - 0.782

SIGNIFICANT PROBABILITIES,

0.05 to 0.01 *

0.01 to 0.001 **
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ULMUS

~ The polléﬁ couﬁted is thought to represent the native U glabra
Huds.,

The North Pennine work of Turner and Hodgson (1981 unpublished
data), in the Atlantic period, indicated correlations between alti-
tude, bedrock and.ElTEf distribution. They showed that the frequency
of Ulmus polién varied with different bedrocks, being lower on the
slow—weathefing,base-poor Millstone grits and higher on the shales,
sandstones ».andllimestones of the Carbonifergﬁs Limestone Series,
This edaéhic qo}relation accords well with elms presént day soil

preferences in that it is more abundant on calcareous soils., Thesé

workérs also demonstrated that Ulmus was more abundant at higher

altitudes, but pointed out that this may simply reflect the distribution
of the'major bedroéks. Such correlations were not so feadi;y app;rent
in the re-examined Turner-Hodgson Atlantic daté for the nine transect
sifeS. it was evident from.thesedgta that Ulmus was least represented
at low alfitude sites on Millstone Grit with greater values at Carbénif-“
erous Limestone sites at higher altitudes., . Despite this, high'frequen;
cies of_glgﬁi were pbserved on Milistone Grit éites to the south of the
transect, Unlike the northern Millstone Grit sites these two sifés
are howevér af”higher altitudes., These interrelations between altit-
ude, bedrock»and_Elggi'frequency are obviously complex, but.no such
correlgtions were observed in my own work from the Sub—Bbreal period.
Comparing the Atlantic with Sub-Boreal frequencies of Ulmus it is
clear that elm declined most in the south where it wés initially more

abundant.

ALNUS

Only 6ne15pecies of alder, Alnus glutinosa (L) Gaertn., is now

native in the British Isles, and it is probably safe to presume that

all sub~fossil remains of Alnus in the Flandrian period belong to this

zpecies..
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Godwin (1975) emphasising the great flexibility of response of
Alnus discussed factors which might have affected the spread and
distributioﬁ of this épecies during the Flandrian and urged caution in
intérbfeting "its history since several cliﬁatid and edaphic parametgrs
could be involved. In the North Pennines, Turner and Hodgson (19Bi un-
published data) foundvthat.élggi frequencies were significantly higher
to-fhe‘weSt. 'Tﬁgy tﬁen proceeded to correlate this with the present
day levels of’precipitation'acfoss the ﬁorth Pennines and concluded that
this wés.the'major féctbr affecting alders mid-Flandrién distribﬁtion.
Obviously a north to south transect would not pick this variation up.
Indeéd in‘bOth the Atlantic and Sub-Boreal periods the Alnus frequéncies
‘along the tfaﬁsect do not' apparently correlate eithef with éltitudinai
or edapﬁic factqrs._ |

What iéfapbarent is that alder increased immediately éfter the

| elm decline and maintained high valués into the Sub-Boreai period.  A1S9A’
that this increase was greatest in the south WhereAe}m dgcreaséd most of
all the woodland tfees and Betula showed an increase. 'This is comparéble
to Iverséné (1941) description of the forest composition immediately
aftef the elm decline.. In Iversen's words "at this lgvel the elements

of the high forest, Quercus, Tilia, Fraxinus and Ulmus undergo a distinct

but temporary deqline, while Betula reveals a transitory,_élggf a more
lasting incréase in pollen frequency, and at the-same time the Corylus
curve reaches a very pronbunced maximum". He takes these shifts to
express the local vegetational changes in an area where land tilling
péople had éccupied territory and had cleared the Aense primeval forest
be felling and burning. Nediithic man is known to have been present in
the North Penninés at this time (Smith, 1970) and evidénce of increase
in grasses, plantains and bracken obtained at all nine sites after the

elm decline indicates clearance of the forest and subsequent cultivation,
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FRAXINUS

The pollen is thought to represent the native Fraxinus excelsior(L.)

There is much in the detailed pollen analyses as well as in the
generalized pdllen.record to suggest thaf tHe expansion of the ash in
the later Flaﬁd;ian primarily reflects human clearaﬁce of the climax'
forest, and the aéh treds strong invasiveﬂreSponse. This is clearly.
- shown by Conway%' (South Pennines) and Godwins (Somerset) pollen
diagréms-in which Fraxinus was apparently favoured by prehistoric forest
.clearance. Pennington (1964) reaches a similar conclusion'concerning
upland tarns in the English Lake District in that she proposed that the

decline of tﬁe:elm provided an opportunity for ash to enter the upland
woods, and it is difficult to postulate a climatic'change'fhat would
account for-fhié, Such an increase in Fraxinus after the elm decline
_was recorded at all of the nine sites investigated. However:thislinf
crease was not as great as previous workers haye recorded.

The North Pennine work of Turner aﬁd hodgéon (1981 unpublished
data) in the Atlantic period has indicated that the higher values of
Fraﬁihus were in the south of the region. The transect results from
the Atlantic period confirm this variation. More significantly it is seenri
tﬁat this variatiqn'is contimred and maintained in thg sub-Boreal period.
Althéugh.the greatest representation of Fraxinus in the Sub-Boreal was
recorded at a Miilstone Grit site, the highest values of ash occurred
predominantly on the Carbonifergus Limestone. Moreover the greatest
increases in Fraxinus ; after the Elm decline, océurrédat these sites.,
It is suggested-therefore that after the elm decline Fraxinus benefited
most én the Carboniferous Limestone. This is in accord with PiggttSs
(1969) obServatiéns that ash has a combetitive advantage on Limestone

cliffs‘where forest has begn cleared.,
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TILIA

It is possible to distinguish the pollen of T.cordata Mill.,

T.Platyphyllos Scop. and T. X europea L., (Andrew 1971) but this was mnot

done in the routine counts. It is unlikely that the grains encountered
during this invéstigation were other than those of T. cordata.

Oﬁly at Fog Cloée in the Atlantic and Sub-Boreal periods is the
meaﬁ representation of Tilia above 0.5%. However these results are
mean‘values obtained at each site for both»perio&s and it can be seen
from the pollen diagrams that the'zilig frequéﬁcy ranges from 0.7%‘- 2%
of thé total arboreal pollen (excludinQ Corylusland;§gl£§ frequencies),
Work of Pigott and Huﬁtley (1980) concludes that for sites of small sur-
face‘éxtent which are or were surrounded by foreét the occurence of
-Eilig pollen ‘at Valuqs that rarely exceed 1% does seeﬁ to be evidence
that trees were growing within 100-500m of the site. Thus taking this
into account it can be cohéluded that the Tilia pollen recorded is an
indication that lime grew near some of the sites but not others.

Theée values for liﬁe are low when compared to'Conwayﬂs (1954)
JO%Iproportioné.obtained from Southern Pennine sités at equivalent
altitudes, Whatvthe.results do inaicate is a deéreaSe ih.Iilig after the
elm decline at the majority ofAsites. This is in total accord with Pigott
aﬁd Huntleyg (1978) conclusion that éfter 5500 B.P.Afhe frequency of
pollen of Tilia declined and,by'B,?OO:B.P., fell to less than 1/20th of its
maXimum valué|, which is‘evidencé that élearance’of forest resuited in
a disPréportiphate reduction of_zilig;.

It is appafént from the resuits obtained however that even in the
Atlantic, the so called climatic 0p£imum, 21;;g§, presence was little
felt on the No;th Pennine uplands., This is not surprising'as_zilig,
considered :the moét_thermophilous of our native trees, is unlikely to
inhabit énd compete successfully upon the Nortﬁ Pennine fell tops.

It is intereéting that with such a low representation of Tilia
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"recorded a clinal variation was nonetheless observed showing higher
frequencies of lime to the south. This was also observed by Turner and
Hodgson (1981 unpublished data) in the Atlantié and as the results
indicate this.&ariation was obtained in the Sub-Boreal. This again is
unAOubtedly_ dﬁe; to the - thermophilouys nature of lime with its most
northerly limit in Britain during the Atlantic period being 54° 47N,
Northeriy extension °f.EiliE in Briﬁain today is limited by its failﬁre
to produce viable seéd in all but exceptionally hot summérs (Pigott and
Huntley'l978j énd ité Atlantic and Sub-Boreal distribution may have been

similarly affected by summer temperatures,
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CONCLUSIONS.

The primary aim of this study was to test whether the clinal varia-
tions that Turner and Hodgson (1981 unpublished data) observed in Atlantic
pollen freqqencies of azboreal taxa in the North Pennines were continued
and maintained in the following Sub-Boreal period. Turner and Hodgson
fqund that the_méjor source of variation in the Atlantic period was assoc-

iated with Iééitude, with Betula, Pinus and Salix frequencies being higher

in the north and frequencies of other taxa higher to the south. For the

- nine site Ndrth~Pennine transect used in this investigation it was found

that Quercus,?etula, Pinus and Salix did not conform to these variations.
This was the ‘case in both the Atlantic and Sub-Boreal periods. Tilia
-and Fraxinus. did however copform, showing a significant.clinal~variation
with’higher.frequencies to the south of the regioﬁ duringithe_Atlantié
'period; ‘Mbre significantly, this observed c1ina1lyaria£ion was éontin;
ued into the eérly part of the Sub-Boreal periéd prior to any major forest
clearance bymn. It is suggested that the clinal variation obsefved in
the_ziiié frequenciesvis due to the thermophilous nature of 1imé limit-
ing'its northerly extension.

Fra#inus'not only has higher pollen‘frequencieé_tp the south of the
transect-in both éeriods, but these frequencies increase slightly after
the elm decline. ‘It is proposed that ash benefitted by thé decrease in
.Eiﬂﬂf proportiéns-aﬁd this was best seen at sites on Carboniferous Limes-
tone. ”

Ulmus freqdencies from the north-south transect during the Atlantic
period indicgfé that elm was more abundant to the'south. This clinal var-

jation was not observed in the Sub-Boreal period. Correlations between

Ulmus frequency, bedrock and altitude, during the Atlantic, were not so
readily apparent as seen in-the overall Turner-Hodgson data for this
period. Ulmus data from the Sub3Boreal period shows no such correlations.

Nonetheless the Sub-Boreal period results do indicate that elm declined

most in the south where it was initially more abundant.
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Alnus shows'a distinct clinal_variation iﬁ the Sub-Boreal, unlike the
preceding At}anfic pefiod, with higher poilen‘frequencies observed to the
south. No correlations were found between altitude, bedrock,climaté and
Alnus frequenciesvtoleXplain this observation. It is suggested that'ﬁhe
increase in_élégi frequencies immediately after the elm decline is due to
alder benefitting from this clearance.

The results of this project also indicate that, at the nine sites in-

vestigated, Betﬁla, Quercus, Alnus and Corylus contributed most to the
within-site variation in forest composition during the early Sub-Boreal
period. The-minor-fofest components contributed little to the within-
site variations observed.

" Combining the two sets of data obtained, it is apparent that in the

Sub-Boreal pefiod, Corylus, Betula and Quercus contribute greatly to
wifhin-site variation but show no significant trend between the sites.
This suggests. that these taxa are influenced by local rather than regional

'condifions. On the other hand Tilia and Fraxinus contribute little'tQ

within-site fariation but show a trend 6f increase fowards the south
6f the fraﬁseét; indicating that regional influepces determine the
abundance of these two épecies. Alnus shows great within-site and-
between~site fariations:thus it is apparent tﬁat although a}der is in-
fluenced by’iocal.cbnditions, some as yet undetermined regional influ-

ence is also acting.
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TABLE 1

SITE

1. Low Stublick

-2.3Grahms.Mbss-

POLLEN SAMPLE COUNTS:

APPENDIX,

TREES AND SHRUBS

Level in
cm,

[+2]
o

8 3

100
110
120
130
140

150

310

320

330

340

345
350
351

352

353

35k
355

Betula.

W\
w0

\e]
w

29

31

33
55
L7

33

28

91

78
108
102
89

75

81
113
107
122
121

106

Pinus.

12
15
18

22

-67-

Ulmus,

ey

10

15

14

£  Quercus.

59
45
Ll

Lk

51

35

24

12

19
19
13
16

11

13

© Tilia.

o

5k

39

61

57

28’

48
33
28

55

\]

© Fraxinus.

o

59
64

39
63

61
52
42
21

32

32

24

55

42
34

61

O Salix.
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APPENDIX TABLE 1 Contd.

SITE

3.QUICK MOSS

164
172

180

" 188

196
204

212

220

4 ,HARTHOPE MOSS.

5. DUFTON MDSS.

85

95
105
115
125
135
145
155
175

195

25

(WX) Do o W o W [ L]
I v ¢ B 3 B R Betula.

)
\]

15
19
12

33

39
62

33

2

27
15
24
27
27
31

89
68
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'~ ~ Pinus.

N

+ Ulmus,

Uy

16

17

= W,

10

11

14

g W Quercus.

57
55
58

62

L1

32

34

45
49
43
42

39

58
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36

52

60

o

oy

43
56

w2

64

39

62

53

65

38

- 63

85

72

46

Sk
65

89

117

w W Fraxinus

(o)

Lad COI'yluS.

7h
119

67

.97

132
77
106
88
110
112

124

114

60

142

75
148

120

100

152
109

75

122

136

© O Salix.




APPENDIX TABLE 1 Contd.

SITE,

5.DUFTON MDSS

6 .STAPLE MDSS,

7. FOG CLOSE. .

Level in
cm,

o

5

45 .

51
55

60

8 d

125

130
135
140

145

150 -

155
160
165
170

145
150
155

160

42

78

29
27
28
19
31
43
19
28
36

23

27

38

30

-69-

= Pinus.

Y

v Ulmus,.

=

Quercus.

e £ ~J el ~J
oo W Ut (o] =
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63

72
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45
L1
42
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&

57
48

Sk

51
38

51

Tilia.

-

Alnus,

109

82

93

110

176

104
91

101 .

67

69

81
43
61
60
59
62

57

61
66

‘v Fraxinus.

~J

12

18

169
169

194

143

1l

.95
156
130

96

190

187

176
131

99

99

87 .

91

Sal ix,.




APPENDIX TABLE 1 Contd.

SITE

7.FOG CLOSE,

8.WHITE BEACON HAGS,

9.FLEET MDSS.

Level in
cm,

165

175

180

305

210

100

115

120

125

130

135
140
160

165

125
130
135
140
145
150

160

W - N [,
® © 1 4 Betula.

&

30

Ll

29

24

31

25

17
19
23

67

27
19
10
19
21

24

~ Pinus,

O

- Ulmus.

N

15.

11

13

\8 Quercus, ‘

31

36

L2

Lk
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45

23

51
48
36
56
53

o Tilia.

(L]

Alnus.

68
53
61
7h

58

49

81

(&

65

66

73

o5

6L

45

91
8L

76
81

53

w Fraxinus.

n

11

10

Corylus,

152
126

110

99

111

85

99

125

.58

. 105

89
109
69
83

108
111

117

81

Salix.

o

(o]
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APPENDIX

TABLE 2

" POLLEN SAMPLE COUNTS FOR ERICALES AND HERBS.

mwwwowwmw
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Z%ﬂwoﬁr%wwca.
m:OOwww.
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wwm:&mmm HWSO..
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Compositae (Lig.)

Chenopodiaceae. -

Ericales,

Calluna.,
O%vm%wnmmmr

Gramineae.

Level in - -
o:—.

SITE:

36

228
49

27
16

92

21

12

7h 13 349

85

o 0
0 oom
3 2
3 .
: :
= P
3 E
. =
o =71~ -3

78

95

173

182 -

18

105

161

251

31

115

621

16

17 11 136

125

558

122

24

135

220

93

145

31

13 16 131

155

28

212

175

1012

13

195

NB. The counts for Grahms. and Quick Mosses (Sites 2 and 3 ) were not obtained.




Filicales;

Sphagnum,

Pteridium,
wopwwoawss.
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© Succisa.
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Rosaceae,
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Compositae (Lig.)

Chenopodiaceae,
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Cyperaceae, .

Cereal.

Gramineae.

Level in cm,

APPENDIX TABLE 2 contd.

SITE,

5. Dufton Moss
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