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~Time present and time past
Are both perhaps present in time future,

And time future contained in time past.

T.S.Eliot
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SUMMARY

Using ve¥y close sémpling‘énd éedera pollen as an indicator of
staﬁding dead trees this anaiysis of the elm decline at Ellerside
Moss‘provides no evidence for the involvement of disease in the
initial stages of the reduction in elm pollen. The diagram does
prbvide evidence of a period of leaf-fodder gathering involving
all the major fofest trees during the early stagés, and later of
elm oﬂly; It is érgued thaf this resulted in a near destruction
of the elm and thus initiated the partial clearance of the elm
'dOmingted regibns,and later the production of small temporary ?
clegrances throughéut the dfy areas of the forest. The possible
role of diseasevin_tbe depression of the élm curve immediately

before the first clearances and subsequent to it is discussed, '

-but no evidence for this interpretation is offered here.

An interpretation of the available palynological, palaeontological
and archaeologicél evidence, with particular reference to the
Southern Lake District, is offered in explanation of the cultural

and economic basis of the elm decline in the light of the present

findings.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

One'of the most important changes on the pollen diagrams of North
West Eﬁropg is thg decline of the Ulmus pollen frequency which
generally occurs'ét aﬁoutVBOOO B.C. and without'corresponding‘drops
‘in the curves of the other tree taxa. The consistency of this
feature is made more outstanding by the'synchroneity of its radio;
carbbntdates throughout Europe. Sims (1973) reports them as falling

between 3,800 B.C. - 2,500 B.C. and most between 3,400 B.C. - 2,800 B.C.

.Godwip (1948) gonsidered‘the drop in Ulmus frequency to be climafically
vinduced‘and'ﬁe used it to define the Atlantic/Sub-Boreal zone
“boundary, citing a drop in temperature as the cause. This view -

was supported by the work of Iversen (1941, 194k4) in Denmark.who

nbted a éignificant drop in Hedera pollen at the Ulmus decline, and
using the modern vegetation he showed that.ivy is sensitive to low
temperatures, 5eing unable to flower when the coldest monthly mean

is less than 1.5°C.. As the quantity and detail of the pollen
analyticallevidence has accrued, however, the wholly climatic

interpretétion of the event has become less tenable.

Smith (1961) hés shown that the vegetational changes associated
.Qith the decline of the elm vary significantly in different region;
of Europe, and neither the ivy fall noted by Iversen, nor the Tilia
pollen reduc£ioh noted by Godwin are consistgnt features of ﬁhe
horizon. In Ireland both these.curves rise at the fall of elm
(3essen, 1949;»Mitchell, 1956; Morrison, 1959). Anotggﬁkpggg}qa\
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encountefed‘with the climatic interpretation is that of the species
of elm concerned. Iverseh suggests that the southern distributed

Ulmus carpinifolia would be adversély affected by a fall in'winter

temperature, but in Britain the dominant épecies is more likely to

have been the more hardy Ulmus glabra. Willutzki (1962) suggests
that the fall in the elm pollen frequencies in the Oberharz (Germany)

canhot be explained by the suppression of one species only. -

Thg félé>of ﬁan in these gross vegetational changes‘Was inifially

not considered as it was felt that his technoiogy in 3000 B.C. would
have been inadequate to produce such dramatic changeé-in his envir-
'onment;‘~Very nany polien diagrams,.however, have distinct evidence
ofwcultﬁfalvactivity'just above the élm decline horizon with increasés

in Plantagb 5p., Gramineae, Pteridium spores and other ‘cultural’

pollen. After an initial suggestion by Faegri (1944) Troels-Smith
(1960)-made an impdrtant contribution to the debate by offering
convincing evidence that»semi-agricultgralists of the Ertebolle
;ulture in Denmark selectively used elm leaves and twigs as fodder
'for stalled animals. Both he and Heybroek (1963) have discovered
considerable‘hist%;ical evidence for the use of leaves as fodder.

In adaition”Heybfoek has found such fodder gathering still forming
an important part of the economy of the people of the Indian Himalayas,
Ulmus being a widely utilized genus. His observations provide a
convincing argument against;fhése who are upable to credit a techno-
logically primitive people with such a distinctive change in forest
ﬁoﬁposition. He observed largeAfrees being lopped and noted that
this made them suseptible to rof and crowding out by ofher trees.
As.a resulf'elm waé‘almost absent from the forest but, apparently
due to the quality of its fodder, it was often planted, sometimes
alongsidé apricot and peacnh, near the villages where it was lopped

systematically to provide a sustained yield.



I'he use of elm leaﬁes for fodder is not accepted by all workers

as a sufficient explanation for the elm decl&ne,nt all the sites
it occurs, ﬁor for the ha;ntenance.of low elm pollen values through-
- out North West Europe from 3600 B.C. Mitghell (1965) has suggested
the the eafiy farmers ring barked the pure stands of elm which were
,groﬁing on the best, base-rich soils.' The opening of the canopy
thus éffected encoufaged the growth of grass and other fodder

plants for cattle. Smith and Willis (1962) discovered that only

an increase in grass was synchronous with the elm decline at
Fallohbgy, This they interpreted as showing that elm was growing
in're;atiyely pure stands and Qas killed to allow pasture to develop.
In addition fhey suggest that the pfesence of pasture would rule out
the need for’the use of elm leaves as fodder. They feel that ring
barking (after‘Iversen 1960) was the mést likely method of tree

clearance for this purpose.

Despite the recognition of man's role in the elm decline climatic
factorsAcahnot.be ignored. = Iversen (1944) has used the frequencies
of Viscum.and Ilex pollen in addition to that of Hedera as indicators
of'a cooling of the climéte in the Sub-Boreal (ie. after the.eim
decline) in N.W.Europe. Van Zeist (1959) comes to the conclusion
that ".... although the Ulmus decline cannot be'credifed to a
climatolégical cause, it still marks a change'in climate.!" He

bases this view particularly on the decrease of ivy at the elm
decline in N.w.ﬁurope. Frenzel (1966) has identified Alpine climatic
-AScillations which resulted in a lower temperature phase at the time
| of the elm decline and he sites these as being a possible cause of
tﬁe elm decline in the central German mountains recorded by Steckham

(1961).and Willutzki (1952). Smith (1965) drew evidence from the

differential spread and retreat of Alnus and Pinus in Britain to
show that.forests have an 'inertia' which may have made it difficult

for eariy men to have changed them until forest stability was decreased

3



by climatic changé. In a later study however, (Smith and Pilcher 1973)

1 ' ‘
AC dates show that with the exception of

it is pointed out'that
elm and to a lesser extent pine, most species limits are diachronous
and thgt inertia is prbbably'less important to the decline éf a
'épecies thah its establishmént. Sims suggests that man and climatic
changeuCQuld have had a synergistic effect with the spread of an
incipient féfﬁing»culture (fodder-gathering) being_initiated by a
change in climate. .The resultant population increases would have

led to fhe primary elm decline and later 'landnam' clearances
:befofe_the exhaﬁstidn of the soiliforced a break up of the high
density pppulafions into smaller, nomadic groups. Although there.
Vis a‘laék qf trend}of élm decline 140 dates from a central point,
Sims beliéygs~fhat~£he Suess correction provides sufficient flex-
ibility,of.dating for the theory to hold.' If an anthropogenic
exp}anatidn of the elm decline is.accepted then there must have
Been_largé movements of people and/or cultural ideas at that time.
Godwin (1975) refers to the problem of understanding how small

human populations can prodpce such great. changes and Pilcher (1969)
quotes archaeological evidence from the Irish Neolithic at Newferry
aﬁd'Ballynagilly cqntempary with the first forest clearances which
suggest é lérge influx of people. There is, therefore, a possibility

that these migrétions_were associated with climatic change.

Contrary to this view, Pennington (1964) in her study of six upland
tarns in the Lake District found no evidence of climatic chahge

at the level of the elm decline which is very pronounced on some

-of her éites. She suggests that an anﬁhropogenic interpretation
_isvsqfficient with edaphic changes following clearance sufficient

"to prevent the elm recovery noted elsewhere in the region. She
regognizes that this éxplanation rgquires a large influx of people
but draws on archaeological evidence (thch will be refgred to later)

to suggest that this was the case.

oo ,



1.2 The Disease Theory

Anothér possible, and in many ways atﬁractive explanation of the

L elm decliﬁe at,},OOO:B.C. is that it was caused by a disease

1vwhi§h éelectivély attacked elm. This particular idea was first
hinted at by Alefsee (1959) and Troels-Smith (19605, and developed
bj Watts (1961) and Smith (1961). Watts, in a discussion of post
Atlantic pollen zones from the central plain of Ireland, suggests
that fhe énorﬁous forest destruction indicated by a drop in the

elm pollen frequency from 20% to 1% cannot convincingly be attributed
to human intérfefehce in the form of fodder gathering. If, however,
the elm had been destroyed by disease, small ﬁgmbers of farmers
could have moved into the area bringing pasture.weeds with them
andAthep have retreated té the coastal or upland areas when the elms
recovered. SmithAélso suggests that the possibility of disease
shogid‘not.bé ruled out. He points out that the éynchronous drop

in othef‘tree faxa at the same horiZOn could be the result of non;
épecific diseases such as 'die-back', a virus disease which affected
threé tree species in the forests of ELastern Canada; The récovery
of‘elm after the aecline on many diagrams, pafticularly those from
Ireland, hé suggests could be the result of both the recovery of
injured tfees and the spread éf resistant types. He also stresses
‘the importance of other factors in the spread of the disease such

as the movement of animals, particularly insects which may be the
vectors, as'beetles of Scolytus sp. are of Dutch Elm Disease (925332-

cystis ulmi) and the elm leaf hopper (eg. Scaphoidens luteolus)is

of the virus causing phloem necrosis. The increase and spread of
such insects could be the result of a succession of climatically
favourable years, the presence of large amounts of dead wood due

to felling, fire or storms, or a combination of these factors.

The very féct of the movement of people with their domestic animals




and cultural objects would pfdvide a route for tree diseases from
an area where resistance had been developed to one where it had
not. It is this last factor which is largely responsible for

the deveétating tree epidemics of this century, most partibularly

fhe virpienf strain of Ceratocystis ulmi‘whose arrival in this
couhtry can be traced to the international shipment of barked elm
logs'(Gibbs 1974, 1978b). The coﬁcept of man moving ”...fasfer

than nature" and»being a transporter of plant pathogens is mentioned
| in "A Textbook of Pollen Analysis" (Faegri and Iversen 1975, p148),
and it seems reasohéble to assume that this factor which is so
important-now was equally important during the first'rapid migrations

of people.

The suggestion that disease could have played a role in the elm
decline has been rejected by'Heybroek (1963). He suggests that

Ceratocystis ulmi is a disease of this century since there have been

no previous records of it and even very old elm trees have no resis-
‘tance to it. The elm disease Phloem Necrosis which has produced a

serious epidemic in Ulmus americana in Kentucky U.S. only affects

U. laevis among European elms and the vector is absent, so this is
also ruied out by Heybroek who can think of no other likely diseases.
He doesVéuggest, howevef, that several diseases and parasites such as
siimeflgx,_may assist in shortening the life of a lopped tree. Sims
accepts the argument of Heybroek to rule out the possibility of
disease és a factor'iﬁ the elm decline but there is now evidence

‘to suggest that Dutch elm disease, in particular, is older than

Heybroek calculated, and that elms do have resistance.

In his discussion of the history and ecology of Hayley Wood,
" Cambridgeshire, Oliver Rackham (1975) has used evidence from tree
ring streaking of fourteen felled elms to show that all of them'have

been infected at least three times by C. ulmi, five had been infected



ten or mdre times, and one sixteen times. This infers that wood-
land elms‘do possess resistance and that;thé disease, althougﬁ 6ffen
followeq:by4a Qamagé cycle of narrow rings, is rarely'fatal. The
earliést record of the disease in these fourteen trees is 1926 but
even‘fhe oldest tree bf the group was only sixteéen years old at
that_timé; Rackham suggests that if older tfegs had been felled

thg dise&ée would haye been found earlier and he quotes a case from
Buff WOod where tree ring stréaking éoes-back to 1876. This is

in sharp,diségreement with the 'officially' held view of the arrival

of Co ulmi in this country in about 1927 (Gibbs 1974, 1978a and b).

‘Gibbs (1978a). has shown'that@oodland elmé, particularly U. glabra'
whidh'is thought to have been the predominant Ulmus species in the
post»Qlacial.forests, do have a quantitatively evidenced degree of

~ resistance to the current elm disease epidemic. Thé factors which
make C. ulmi less lethal in woods than outside them may be ecological
or dependant upon fhe strain of C. ulmi involved. Nevertheless, these
observations appear to show this particular infection té be a
"....L.bhroﬁic and long-standing parasite of wdodland elms, invading
£rées extensiveiy'but doing relatively little damage," (Rackham).
Such an endemic condition would almost certainly have been overlooked

by the early writers which Heybroek consulted for his historical

evidence of the disease.

Another factar in favour of accepting disease as a possible factor

in the elm décline is the great difference in virulence of different -
.straiﬁs of the same disease as shown by C. ulmi. Trees which had
shown résistance to the 1920s epidemic succumbed to a later epidemic
l‘brought about by a more virulent strain of the same disease. This
_means that increases in the movement of people could be a major

- factor in the destruction of trees byIWell.established diseases. It

would appear, then, that the possibility of disease as a factor in




the elm qécline canﬁot,be ruled out, but is extremly difficult to
verify, a conclusion reached by Hove (1968). Accordiﬁg to Pennington
(1974) the disease hypothesis ,only becomes less tenable as evidence
;cohnecting‘the elm decline with-ﬁedlithic farming and changes in-

other species accumulates.

1.3 Aims of Study

- The principal aim of the present study is to determine whether or
.not the disease theory, as an explanation of the elm decline, is
supported with evidence from the pollen rain of the period. My

observations in'South_West Ingland following the recent destruction

of the English elm (Ulmus procera) population by C. ulmi leads.me

té beiiéve that this would be péssible if Hedera pollen iskused

as an indicatop of standing Aead trees. Mature trees, once killed
by thé disease, may remain standing for as long as twenty years
giving any ivy which may be growing on them an opportunity to expand
and flower more profusely. fhis results from the removal of the. elm
leaves and hence their competition for light with the leaves of

ivy. I‘have'observed this to be a very common feature of dead elms
in hedgerows (see Plate'1.1);but also of dead woodland elms in
Somerset’and'Dorset, on the few occasions I have observed them,

(see Plates‘1.2{ 1.3, 1.4). A smaller propOrt;on of these trees,

however, have a luxuriant ivy covering.

My obgervations also revealed that many living trees havé a heavy
covering of ivy (which may inhibit the develovment of the host tree),
and that many dead trees do not have ivy growing on them. Nevertheless,
it is assumed here that there would be an overall increase in ivy
biomass aﬁd flowering if a large number of standing dead trees were

to appéar in the forest. This increase should be detectable by a

small increase of ivy in the pollen rain. The theory gains support




PLATE 1.1 A very characteristic sight in the hedgerows of
South West England. 1Ivy growing abundantly on

large, dead elms. Somerset, January 1980.

PLATE 1.2 A copse of dead elms on the Polden Hills, Somerset
1980. 1Ivy is growing abundantly on these young trees
which have been standing dead for approximately eight

years.







PLATES 1.3 & 1.4

Dead elm trees on the Purbeck Coast,
Dorset, April 1980. These trees are in
the army artillary range and form a large
unfelled stand. Ivy is well established

in many areas of-it.






from the observation of Walkef (1966) that Hedera helix flowers
freely when not shaded (as would be the case when it was able to
reachvup'ffbm the fbrést floor and out of the canopy on dead trunks)
and the unpublishéd work of Sims quoted by Godwin (1975) where i&y
_inéreases were recofded during Mesolithic clearances as a result,

it is argued, of forest disturbance.

It is iﬁportant to note that an increase in the ivy can only be

used . as an'indéx of standing dead trees. The death of the trees

could have resulted from either disease or ringbarking as suggested
by’Mitchell and Iversen (ibid). Ringbarking, however, would probably
.aléo destroy the ivy stems and, since it would only be a useful
clearance technique if tﬁe elms were growing in pure stands, ring-
barking»would always be accompanied by an increase in grass and

other 'pasture’ pollen. It should therefore be possible to distinguish

between ringbarked and diseased standing dead trees from the poilen

rain.

TInitial &studies of published diégrams show sharply varying behaviour
of ivy at the elm decline. Iversen (1941) in his pollen diagrams
from Denmérk shows a drop in the iv& curve at the elm decline from
which it seldom recovers.- This is intervreted as a climatically
inducéd chaﬁge. In‘a diég;am from Schaffhauéen, Switzerland, Troels-
Smith (1960) shows a distinct drop in ivy pollen across the elm
decline followed by a recovery. This drop coincides with considerable
evidence from excavations for the use of ivy as a fodder plant by
the:Michelberger culture of this region. Walker, using data from
five siteé ih the Cumberland lowland, also found a significant drop
in the number of ivy grains at the level of the elm decline. He
makes a ”supérficial" suggestion that ivy was rarer during felling

clearing and maintenance than subsequent regeneration.

Other diagrams do show slight increases in ivy pollen at the elm



decline sﬁch as thoSe:from H;ckam énd Seémere, East Anglia (Sims,
'1973) and Helton Tafn, Southern Laké District (Smith 1958). In
‘his study of maﬁ;s}role in the ecological history df the S.E. Lake
WDistricthIdfiéld (ﬁ96;) found two phases in the elm decline, a
priﬁary’éim'decline iﬁ which the ivy remains steady, and a secondary
elm agcliné in.whiCh the ivy pollen dropped. The detailed diagram
from Thrang qus‘shows,an increase in ivy polleﬁ through the élm

‘decline-before it dréps.

1.4 Choice of Site

If the frequency of'Heaera pollen is to be used as an indicator of an
episode-which may have spannéd at most twenty years, and very probably
less, it is clear that'ﬁuch closer sampling of the peat would be
necessary than has been used hitherto, the closest sampling in the
diagrahs just mentioned being the Z2cm. intervals used by Troels-Smith,
Oldfield (at Thrang Moss) and Walker. Close sampling would also
,prévide_the opportunity for small, but possibly very significant
fluctuations in the_poilen representation of other ﬁaxa to appear on

the diagrams.

‘For very close sampling to have'the'possibility of representing
real vegetétional changes lake deposits would be unsuitable due to
:the resuspension and mixing of pollen which takes place in the
surface layers before sedimentation (Moore & Webb 1978). The

félloWihg'criteria were therefore used to enable the most suitable

site to be selected for the study:
1. A raised bog site.

2. A good representation of tree taxa to provide maximum

possible evidence of associated forest changes.

3, A distinctive drop in the elm curve at the elm decline.
4. The presence of a continuous ivy curve at that horizon.

10




5« A site where carbon dates héd been taken. This would
enéble‘an estimation of the rate of deposition to be made and hence

a timetable of everits to be constructed.

~The Choice of sité'was theréfore limited to those which already have'
been invesfigated and ha&e diagrams in the literature. On almost
-all thése five.points the South East Lake District appeared to be

the mpsf suitable. The area has been well studied (Smith 1959,
Oldfield 1966a+b; 1963; Oldfield & Statham 1963, Pennington 19705

and the diagrams éhow, in general, a good representation of ivy and

a distinct elm decline which 0ldfield divides into primary and
secondary by the appearance of'cultural' pollen at a time after the

initial fall in the elm frequencies.

The fwo most suitable raised bog sites were at [llerside Moss and
Thrang Moss; The former site was chosen because of its easier

access. ‘Uhfortunately, 1AC dates were not available for the site
but by‘matching radiocarbon dates from other sites in N.W.England
With'chéractefistic featurés on the published diagram of Ellerside

Moss (0ldfield & Statham) an approximate timescale has been established

(see section 4.8.)
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. CHAPTER 2

THE SITE

"2.1. Location and Geological and Geomorphological Backgrouhd

E;lérside'Moss‘(Natioﬁal Grid Ref. SD 33504800) is situated in
thelLonsdale drainage‘basin of the Southern Lake District, directly
to the wéSt of the Greenodd gstuary. It forms part of the Holker
mosses, a large raised bog system which runs dowﬁ the eastern side
.éf‘the peninsula formed between the Greenodd and Kent estuaries.

These drain into Morecambe Bay (see Figs. 2.1, 2.2, 2.3).

FIG. 2.1

The raised beaches of
Furness (after Gresswell

1958).

Munn Rankin (1910, 1911) made the first important study of the
_'Peat'Mooré of Lonsdale'. He describes them as lying between three
anciént uplifts and Morcambe Bay; To the north is the Cumbrian

ridge ('A' on Fig 2.2) built up from the various rocks of the
silufian and ordovician, to tne east the limestone Pennine ridge

(;B' on Fig. 2.2) and to the south the Bowland anticline ('C' on

Fig. 2.2) of ﬁpper carﬁoniferous grits and shales. The rock struc-
ture 6f the lowland region reflects this diversity in its surroundings

12

o L




AREA EXPANDED
BELOW

[o) 10 20
Ka. :
------— 300m (10001t)

contour

Morecambe
Bay

FIG. 2.2 iGeneral

/"'/ /
( ; Greenodd
\ k N
N ,’ :/ Estuar y
N /
\\\ . ./'/ ,‘ :/ &
- : . { . - by ]
N\ N - ge-sw 7 || Holker
Fish House """~ - ; l’ Tarn ‘y
P, N 205 | Mosses
‘ ‘./"\, A * -,
g N » Lt !
", De¢r Dik AN ™ g ¢ !
B ke .. . N [ i
~ Mosgs \\ ~er i
. " T d 1
""" AW L
U D \
' el . ‘ ‘::‘ 1/ j
A YT I Inas 7
g t i
5 Cpi Steibers b ' '
" Greenodd A U . {7
Sands . T TN, LN 4
i .~ Lo ‘ ) (\
L L L
L1 D
: L Y
. e, “ . Al s~
‘white " iU i ’
IMoss Ellgrside & 1 .*
: Moss & | /
BN ;
...... PR “
HET. et
. N -‘ \; J U’
' (-w./ ,~
........ \e/\, .
\ - -’/
\‘ -,
A !
¥ /
2 I 4
A 3 !‘ : ------ Tom. contour
- i
\ i
L [ - 152m, contour
Holken RO :
Cartmel Mosses R A Summit
A
A Sands "

FIG. 2.3 (Source: G.3. Sheet 97)

13




and is exténsively glaciated. Gresswell (5958) examined the nature
of this glaciation gnd the marineﬁtransgression which followed if;
He has identified a series of raised beaches (Fig. 2.1) forméd by
unconsolidated deposits ‘laid down as a result -of marine action on
-the open coast or,ip'estuaries. Godwin and Willis (1961) have
dated thefehﬂ of this marine transgression to about 3,800 B.C. and
froh.thét'time to the present pegt deposits, initially of reedswamp
and later pf ombrdtrophic raised bog, have formed resting.on the
tidal clay to a dgpth of about 5 metres. The surface of the Holker
Mosses now lies at’about.the 8 metre contour. One‘of the largest of

these mosses is Ellerside Moss.

2.2 Present Day Vegetation and Climate

There has beeﬁ very little peat cutting on Ellerside Moss but drain-
age ditches.have been dug at the edges and land reclaimed for

.farming at the southern extremity. Along the slightly raised

easfern edge of the bég the drier conditions have resulted in the-
deveiopmenf-of a mixed woodland of alder, pine and birch, but when
visited in May 1986 the flora of the bog surface had been almost
tqtally desfroyeé byAfire (see Pléte 2.1). It appeared to have

been Calluna dominated with some.wet pools of Sphagnum and Eriophorum.
To the eaét a steep 'barrow' covered in poor acidic pasture rises
from théAedge of the bog. The southern part of the barrow has been

_ planﬁed with, largely, deciduous trees which show at the right of

Plate 2.1.

' The area is well sheltered by its basin location and has an unusually
mild winter for the region with a relatively low rainfall (100cm/yr.),
fairly evenly distributed. Its present day climatic qonditions

appear to be ideal for the flowering of Hedera (see Plates 2.2 and
2.%) and the area's geographical location would always have ensured
it a milder climate than the highéf land surrounding it.

14
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PLATE 2.1

A general view of the burnt out, raised bog surface
at Ellerside Moss, 9th May 1980. The 'barrow' to
the right shows ifs sparce tree coverage and the
mixed plantation on the extreme right. The Pinus,

Alnus and Betula woodland on the drier areas of the

moss can be seen along the lower horizon.






PLATES 2.2 & 2.3 1Ivy flowering profusely in the present

day climate of Lowland Lonsdale.






CHAPTER 3

METHCDS

3;1 Coligdtiﬁg the Core

To take the peat cores the track across the Moss to High Frith

was faken and then a point chosen which appeared-to be the crown

Qf the bog, aboqt 150 metres south of the centre of the track.

A Russian borer wés used to obtain four cores of peat, all lying
between 200cm. to 500cm. depth, in order to cover the period
vsurrounding the elm decline. Two bore holes were used for each

core to avoid contamination by the head of the borer. The estuarine
clays were encountered at approximately 450cm. (see Plate 3.1).

The cores were then transported Back to the laborafory in plastic

‘liners and polythene bags,

3.2 Freezing and Sectioning

In the laboratory fhe corés and their liners weré puf into thick
polytene bags, to prevent adhesion of the polythene to the peat,

- and placed in the bottom of a 'deep freezer' at a temperature of
approximately -ZOOC. After at least 24 hours freezing, one of the
cores was transferred to a 1°C room where samples were removed with
a section cutting blade at 20cm. intervals. These were treated and
.counted in the manner described in section 3%.3. Further samples
were taken at closer infervals.until a 'skelefon' diagram had Been
produced and'thé_position of the elm decline could be judged with

some confidence. It was found to be about 300cm. below the peat

surface.

The close sampling was then carried out on another core selected

15




PLATE 3.1 The Russian borer and the core from the base of
the peat. The Phragmites peat from 425cm. has
changed to the marine clays of the raised beach

at about 470cm.






to ensuré £hatAthe 306cﬁ, point was in the middle of the S50cm.

lquth. It was transferred to the 1°C room and, starting at

270¢m., 5cm. lengths were cut off by means of a sharyp blow from

the sectioning blade. Each length was trimmed with cuts horizontal
to the axis of the core to avoid movement of material from one level
to the next. The triﬁmed core, with a diameter of about 2.5cm.

was then cut into two lengths of approximately 2.4cm. and 2.6cm.

ana thesé, in turn, were transferred to a sledge microtome (Fig. 3.1).
Throughout the period of cutting and trimming chalk marks were used

to label the orientation of the small lengths of core.

The rachet mechanism of the microtome had been marked in 0.2cm.
"intervals so that gffer levelling the surface of the peat s;mple

with the'tob of the microtome O.2cm could be pushed up above the

, éurface by screwing the piston up through one interval. This length
of peat was then s;iced of f in the usual manner with the section
cutting blade resting firmly on the surface of the micgotome. The
'removed O;Zcm. slice of.the peat sectﬁon was transferred to a
numbered‘bbttle; the blade and microtome surface were wiped free

of peat and the process rébeated. The last 0.5 to O.6cm. of each
2.4cm. section of cofe had to be sliced by insérting one and then
two five pence pieces under it since thg micrqtome piston did not
extend over these last:few mil}imetres. Provided that the core
stayed frozen it cut very cleanly, but difficulties were experienced
when a similar procedure was attempted in a 5°C room due to the
rapid éoftening of the peat. The samples did vary slightly in

thickness between -about 0.18cm. and 0.22cm. and this has been allowed

for in the construction of the diagrams.

3.3 Slide Preparation and Counting

A total of 227 samples were taken in. this manner so that the entire

cére between 270cu. and 315.2¢m. in depth had been sectioned into
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. SLEDGE MICROTOME ( x1)

FIiG., 3.7 'A81edge Microtome drawn actual size.

a. Sample chamber.
b. 0O.2c¢cm. interval markings on ratchet mechanism.

¢. Piston screw. -
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Samples of approximately 0.2cm. width. The samples were then
treatéd in-the labofatory by digestion in sodium hydroxide and
acetolysis,.and mounted in glycerol jelly stained with safranin,
'.(Faegri & Iversen p.1o9)1 The slides were counted with a Watéon
micfosystem 7QAbinOCular microscope using a magﬁification of
x100 for scanning and-x#OQ for identification. O0il immersion was

used for the examination of critical grains.

Initially it had been intended to count all the levels to 500 arboreal
pollen gréins (excluding Corylus) in order to bring out the Hedera
. curve with a gréater degree of confidence. 'To prevent unnecessary
§ounting at non-critical levels, how%er, it waé decided to count
all levels to 250 A.P. before counting the critical levels up to
590 A.,P. In the event so many levels were counted that it became
 both impractical aﬁd[unnecessary to increase the coﬁnt at any
particular le&el since close sampling was bringing out sufficient
"detail in the more scarce taxa of non-arboreal pollen (or so it
'appeared). This method of obtaining good resolution on a pollen .
‘ diégram by counting many levels rather than a very high number of

pollén'grains'ﬁs supported'by Walker (1966).

In thé‘final diagram, therefore, a c0nventi6na1 tree pollen sum of
betweén 250 and 290 A.P. was used which corresponds to a total
pollen sum of between 550 and 700. Between 3%00.2cm. and 310cm.
consecutive samples were counted, and from 294 . ben, to 300.2cm.,
and from 3%10cm. to 315cm. every second samplé was counted (where.
possible) giving a sample interval of approximately O.kcm. With
én estimated peat growth rate of lcm. in 8 years (see section 4.8)
each samplé represented a period of bethen 1 and 2 years. This
will enable the counfing of consecutive samples to reveal changes
in the pollen rain between seasons, assuming a minimal downward
movehent of pollen before'sedimentation. Thié degree of resolution

should be"ample for thé identification of the 10 to 20 year period
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of increaséd ivy representation which standing dead trees may have

produced.

" Samples at 270cm. and 28k.6cm. were also counted before the elm

~decline was firmly located at 370cm.
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CHAPTER &

RESULTS

4,1 Stratigraphy

Examination of the core from 29cm. to‘315cm. showed it to consist
of Qery well humified Eriophorum peat with some macro-remains of
Calluna gt.about 300cm. and from 310cm. down. No other macrofossils
were‘found apd_no changes in stratigraphy suggestive of climatic

c¢hange were noted.

" 4,2 The Diagrams

The pollen count for 81 levels between 29%4.4cm. and 315cm., expressed

as a percentage of the conventional tree pollen sum, is presented

in figures 4.1 and 4.2.

Figure 4.7 shows tree, shrub and selected herb pollen frequencies.

Coryloid frequencies are drawn to half scale and taxa represented

by relatively low pollen counts are drawn x5 (Hedera, Ilex and

Plantago) or x2 (Gramineae, Pteridium). 1In both cases the true

percentage frequency is shown as a thick line and the magnified

percentage as a thin line as shown below:

"pollen

frequency —

x1
. J

—

x2 (or x5 as indicated)

The remaining herb frequencies are presented in figure L,2 with

‘the poorly represented taxa drawn x2, (but with no difference in

line thickness.) .

Figure 4.3 shows the ratio of dry land trees, shrubs and herbs

"to the total of this group. "It is an attempt similar to that of
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FIGURE 4.1

Ellerside Moss Pollen Diagram.

Tree, Shrub and Selected Herb Pollen Frequencies.
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FIGURE 4.2 Ellerside Moss Pollen Diagram.

Remaining Pollen Frequencies.
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FIGURE 4.3 Tree/Shrub/Herb/Spore ratio.

(For full explanation see text.)
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Oldfield and Stathém to eliminate the~effect of the local contribu-
tion to the polien rain from communities on the poorly drained

mire margins, and so0 reveal the changes in the forests and the
effects of man more clearly. To this end Birch and Alder have been
excluded from the tree pollen sum as has Pine since its consisténtly
low representation is considered to be the result of long distance
pollenAtranSport. Salix has been excluded from the shrub count,
and Polypodium from the spore count since this is most likely to
have been an epiphyte of the alder carr growihg around the mire
margins; Pﬁefidium has been included in the spore count since, as
expiained‘by 0ldfield and Statham, its spread is a.good indicator
of forest élearanée; The taxa included in the four catagories-

.are therefore as follows:

~ 'DRY TREE?' Ulmus, Quercus, Tilia, Fraxinus.

'DRY SHRUB!

Corylus (Coryloid), Hedera, Ilex.

*DRY HERB' Gramineae, Compositae, Ranunculacae,

Chenopodiacae, Carophyllacae, Leguminosae,

Plantago, Urtica, Filipendula (this species

was inclﬁded as one which is both a fen and

a meadow plant).

*DRY SPORE! Pteridium, undifferentiated Filicales.

L,3 YZonation

As an aid to the discussion of the events taking place during the time
period represented it was decided to divide the diagram into
'episodes' representing distinctive differences in the constituents

of the pollen rain. Computer zonation as described by Gordon and
Birks (1972) using CONSLINX, SPLITINF and SPLITLSQ constrained
clustef analyses was applied to the pbllen data of the principal

taxa (the seven tree taxa, Coryloid, Plantago and Gramineae pollen

frequencies). The lack of agreement between the three methods,
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however, suggests that statistical differences between levels
are obscuring the minor changes that are taking place in the pollen

rain over the relatively short time represented.

Fou; episodes, labelled A,B,C and D have been identified by a
visuallanalysis of the diagrams, and with reference to the 95%
confiéénce limits calculated by assuming a multinomial distribution
in the manner described by Mosimann (1965) and reported by Moore
and Webb (1978). Although produced independently of the computer
geﬁerated zonations there is, nevertheless, a high degree of agree-
ment befween the numerically and the subjectively selected episode

boundaries.

The bdundary between A and B is drawn at wﬁat is considered to be
the start of the eim decline and this was not indicated by any of
the constrained éluster'analyses. The boundary between B and C

was Séiected as the first division in the data by both SPLITINF and
SPLITLSQ and the‘boundary between C and D is only one level above
the first split in the data recognized by CONSLINK. The distinctive

features of each episode are described below.

Episode A - This episode is characterised by g;gg§ pollen frequen-
cies which remain very steady at about 10% before increasing‘up to
15% at the end of the episode. The Tilia curve remains fairly
steady and the Quercus curve. increases slowly from a low of 25%

up to 32% at the ciose of the episode. The Coryloid freqﬁencies
drop sharély at the beginning of the episode and then partially
fecover. Gramineae and Salix percentages are relatively high,
£;3§ and Hedera curves are steady and Plantago pollen is almost
absent. The reduction of 'Ericales' frequencies is complemented

. by an increase in Sphagnum frequencies which suggest a replacement

of Calluna by Sphagnum. Since the former species requires a drier

bog surface than most Sphagnum species this could be taken as an
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FIGURE 4.4 Episode B: 95% confidence limits of

Principal Tree Taxa.
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indicatioﬁ of increasing wettness through the episode. It could
also be explained, however, by small scale local changes on the
mire surface at the point at which the peat core was takén. (1t

is assumed tﬁat the Alnus is ecologically independent of the ofher
treé taxa and changes in its curve result largely from it 'takiﬁg
up the slack' from the pollen representation of the remaining trees

in the pollen sum.)

EEisode:B (310-304.6cm.) Figures 4.1 and 4.3 show the most
significant characteristic of episode B as one of short term fluc-
tuations in the tree pollen, particularly that of elm, culminating
in the permanent drop in elm frequency and the recovery of oak.
Figure 4.4 gives an indication of the degree-of confidence with
which the dip in the Quercus curve between 310.8¢cm and 307.7cm.

can be taken as a reél change in the constituents of the pollen
rain. 2x2 cont;ngency tables give values of 12 which show the drop
in oak pollen from 310.8cm. to 308.5cm. to be significant (p=<0.05)
and the subsequent rise to a high at 306.5cm. to be very significant
(p=<0.001). Elm pollen proportions fluctuate steeply with propor-
tions as high as fh% dropping in the next level to proportions as

low as 7%. These fluctuations are also significant (p=<0.05).

fhe Tilia cﬁrve does not show a statistically verifiable drop

during episode B but there is a hint of decrease in polleﬁ production
in the first half of the episode compared to episodes A and C.

During the first half of episode B (310-307.3cm.) the average
proportion of Tilia pollenAis 4.7%, compared to 5.4% in episode A,
5.7% in the second half of episode B and 6.3% in episode C. Had

the pollen cOntribution of Tilia remained constant the drops in

both Ulmus and Quercus during the period would be expected to

produce an apparent increase in Tilia.

During this episode Hedera and Ilex reémain constant, the Gramineae
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- curve drops slightly and Plantago lanceolata pollen begins to

make more frequent appearances towards the end. Sphagnum frequencies
remain high throughout most of the episode but drop towards the end

with a corresponding increase in 'Ericales' frequencies,

' Episode C (304.#-299.4cm.) The single moétAimportant feature of
this episode is the large increase in the Coryloid frequencies
from about 80% to 120% of the A.P. at the start of the episode
with frequencies of about 100% being maintained for most of the
reét of it. It is almost certainly this feature which is picked
out by the SPLITINF and SPLITLSQ constrained cluster analyses.
This Coryloid increase shows clearly on figure 4.3 as a suppression
of the tree ratio but since there is no corresponding increase in
Alnus frequencies it is unlikely that this is an indicator of forest
clearance (unless the Alggg carr also contributed to the clearance).
Ericales and Sghasnum frequencies do not change dramatically at
this horizon but continue to fluctuate in complementary curves.
Cyperaceae are at their highest. This does not suggest that Myrica
gglg had invaded the mire surface at this time and it is therefore
assumed that the Coryloid curve represents an increase in Corylus
only. The fact that the bog species present are those of an
ombrotrophic mire, and M. gale tends to be a pl%nt of transitional
mires supports this view. (;7&}(J
Other important features of this episode are the continued decline
of elm to its lowest recorded frequency of 1.2% after which it
increases slightly, and an increase in the frequencies of Quercus
and Tilia which is maintained throughout the episode. Plantago
lancéolata pollen now forms a regular part of the pollen diagram
with an increase in Gramineae pollen to pre elm decline levels.
- The Hedera curve remains steady and the Ilex curve almost disappéars.
vThe drop in Sphagnum and increaée in Ericales pollen during episode
24




C may suggest a drier period than that during episode B.

. Episode D (299cm. - top) This episode is equivalent to the
'secondary elm decline' of bldfield (1963) and is characterised by

a éévérg drop in Tilia pollen, a decline in Quercus pollen to

almost half its level dufing episode C and the fluctuation of

Ulmus around an average of about 2% of the A.P. Both Alnus and
Coryloid frequencies increase dramatically towards the top of the
diagram. but, again, it is assumed that the Alnus increase is largely
a statistical feature resulting from this taxon 'taking up the slack!
in the pollen sum as the contribution from other taxa decreases.

Also of considerable significance during this episode is the increase

of Plantago lanceolata to up to 4% of the A.P.,the increase in

Gramineae and Pteridium representation, the appearance of such

cultural indicators as Urtica and Plantago major pollen and the

abrupt disappearance of the Hedera curve.

4.4 The Hedera Curve

The original aim of this study is the use of the Hedera curve as
an indicator of standing dead trees in the forest. To ensure that
slight changes are not overlooked, therefore, statistical tests

héve been applied to the pollen data from the diagran.

The occurance of Hedera pollen at any particular level conforms

well to a Poisson distribution with a X% value of 4.0 (d.f.=3)
suggesting that there is no significant deviation. Using a 4x2
contingency table of Hedera pollen and the remainder of the Total
Pollen Sum in the four episodes it is shown that the distribution

of ivy pollen does not conform to a Null Hypothesis of randonm
distribution, the probability of this being greater than 95%.

- Table 4.1 shows that the greatest deviation from expected frequencies

comes from the appearance of only one Hedera pollen grain in episode D.
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- Table 4.1 2x4 contingency table of Hedera pollen occurances in
episodes A,B,C and D.
EPISODE HEDERA OTHER POLLEN TOTAL
D 1 (944)* 9582 (9573.6) 9583
c 18(16.4)| 16830(16831.5) | 16848 *Numbers in
brackets are
B 20(16.8)| 17180(17183.2) | 17200 expected nos.
of pollen grains.
A 10(6.4) 6539 (6542.6) 6549
L9 . 50131 50180
£X? = 8.7 d.f. =3 p = <0.05
Table 4.2 2x3 contingency table of Hedera pollen occurances in
episqdes A,B and C.
E?ISODE HEDERA OTHER POLLEN TOTAL
¢ 18(19.9)| 16830(16828.1) 16848
B 20(20.3)| - 17180(17179.7)| 17200
A 10(7.7) 6539 (6541.3) | 6549
48 40549 40597
Sx% - 0.52 d.f. = 2 p = >0.1

Table 4.2 shows that if episode D is excluded from the table there

is no significant deviation from a random dispersal of pollen

between the remaining three episodes.

The statistical tests therefore confirm a visual interprétation

of the diagram that Hedera pollen occurs randomly throughout

episodes A,B. and C and then dissappears abruptly in episode D.

It is important to note that the amount of Hedera pollen encountered,

a total of 49 grains, may be insufficient to reflect increases in’

the pollen production of ivy of much less than 30%.
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4,5 Occurances of Fly Blown Charcoal

Slides from all 81'1evels‘were examined for fly blown charcoal. If
speéks of charcoal appeared in 2 out of 4 vertica1 traverses of

the slide then it was registered as'present'. If the occurances

were greater than this and the charcoal was then visible on the slide
to the nakéd eye it was registered as 'frequent'. Figure 4.5 shows

the distributipn of fly blown charcoal which appears to be concentrated
around two regions of the diagram, from 310-308.5¢m., but more
prominently from 301.5-303cm., some levels in this area having

abundant charcoal specks. present on the slide.

4,6 Fungal Spores

It had been intended to count fungal spores on tﬁe slides but
difficulties with identification and the probability of large

nﬁmbers originating from the bog surface flora made this both im-

- practical and of doubtful value. One particular spore, however, which
was sufficiently large to be mistaken for a pollen grain initially,
‘wés found in frequencies of up to 20% of the A.P. from 302cm.‘
uanrds, being particularly frequent at 297c¢i. Figure 4.6 is a
diagram of the spore.' It has been identified provisionally as a

'downy mildew' but the possibility of it being a spore of a fungal

FIG. 4.6

Unidentified spore.

tree disease has not been ruled out, and Phytophthora has been suggested.
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L,7 Buxus sempervirens

Despite careful checking no pollen of this species was found to
consolidate the finding of a single grain of Buxus at the elm

decline by Oldfield and Statham.

4.8 Dating the Diagram

As étated in the introduction, no radiocarbon dates are available
from Ellerside Moss, but using radiocarbon dates from the nearest
sites available_and matching them with Oldfield and Statham's full
diagram from the Moss, a very approximate growth rate for the peat

has been calculated as follows:

10 ‘
C DATE (B.P.) ELLERSIDE SOURCE
’ MOSS
2L72%50 x 60cm- Increase in Dickinson (1975)
A Pteridium, Rusland Moss,
Plantago, S. Lake Dist.
Grass, 'weeds'. (Mean of 3 sites
used).
8.4 <‘ 2528y 300cm
y/cm ‘
- -
5000+ vy 360cm-  Ulmus decline Godwin et al
100 (1957), Scaleby
" Moss (Cumber-
A land).
Hibbert et al
(1971), Red
Moss (Lancs.)
7.5 % 865y 1M5cm ' (approx. date
y/cm ' used) .
L\
5865+ . - 475¢m~ Alnus rise Godwin &
115 Pinus decline. willis (1961)
A Silverdale Moss,

S. Lake Dist.

From this data the time taken for the deposition of lcm. of peat

at Ellerside Moss has been taken as approximately 8 years (¥1 year).
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The section of core under study therefore formed over 168+20 years,
and each O.2cm. sample of peat represents between 1 and 2 years of
peat growth. This means that the cenfral part of the diagram
where_consecutive 0.2cm. samples were counted represents the changeé
in the pollen rain of 1 to 2 seasons. This high degree of resolution
is sufficient to pick up the changes that may have been associated
with disease and the resulting short term increase in ivy growth on
the standing dead trees. It will also enable the detailed analysis

of other changes in the vegetation across this horizon.
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CHAPTER 5

INTERPRETATION OF DIAGRAM

This detailed diagram of the elm decline at Ellerside Moss has
revealed a number of hitherto unexpected changes in forest composition
at this much discussed horizon, as well as confirming some long

held views.

The periOd represented by episode A in the diagram, and characterised
by a steady Ulmus curve above 10% is thought to be é period of dense
forest cover with, at the most, only minor interferences from man
with the use of fire. This view is supported by the relatively low
‘values of Coryloid pollen throughout most of the episode which

codid havé resulted from both the depression of the Coryloid curve
by high arboreal pollen levels and from the relative scarcity of
hazel shrub under a dense canopy. The Alnus frequencies are also
lower during this episode than elsewhere in the diagram tending

to confirm the view of the high contribution of the dry land trees
to the pollen rain. The high Coryloid frequencies at the start of
the episode could have represented the tail end of a period of

fire clearance and this could explain the slight increases in both
Ulmis and Quercus at the end of the episode. Specks of fly blown

charcoal were found on most of the slides from this episode.

Herb frequencies do not conform as closely to the view of episode
A being one of-dense, virgin forest as both grass and 'weed' frequen-
cies are higher than in episode B. This is shown most clearly in

figure 4.3. Plantago lanceolata frequencies are very low, however,

only two grains appéaring in a total of twelve levels, and this
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tendi to confirm the view of the forest at this time having a dense,
closed canopy. The slightly higher herb frequencies of episode A
are therefore most adequately e#plained as resulting from colonisa-
tion bfipafches of fire éleared land which, as will be argued

later, ﬁay have formed an important part of the Mesolithic economy.
The dip in the Quercus curve at 313.5cm is not statistically siéhifi-
cant and there is insufficient detail for it to be confidently

regarded as indicating & real change in the vegetation.

The first signs of forest interference occur in episode B with a
simulfanebus drop in elm and oak frequencies accompanied by an
increase in-alder-freéuencies as they assume a larger proportion
.0of the pollen sum, this not necessarily representing an actual
increase in alder. Desfite the evidence for a disturbance of twp
of the major forest taxa the difference in their subsequent behaviour
through episode B is striking. While the Ulmus curve fluctuates

| steeply before dropping more or'less permanently to lower levels

at 306.8cm., the Quetus curve dips sharply but has recovered by

the time the elm is permanently depressed. It may also be signifi-
cant that the fluétuations in oak and elm during the first Half of
episode B coincide closely, and that this episode occurs at a time

when the mean Tiiia pollen level is depressed as eiplained in

section 4.3.

These short term changes, spanning a period of about 30 years and
culminéting in total recovery of two of the three taxa involved,

can only.ﬁe explained satisfactorily as being the result of the
cdllection of leaves for fodder as described by previous workers
(ibid). Givén a sample time span of approximately two years the
fluctuations of the Ulmus pollen fregquency correspond to a timescale
.in the érder of that suggested by Van Zeist (1959) for the recovery

of elm from fodder-lopping. He suggested that after cutting seven
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or eight-yéars are required before the elm will produce new flower
budé. During the initial stages of fodder gathering it would
appear that- the semi-agriculturalists involved were not very selective
in their choice of trees and all three major dry land tree taxa
were exploited to some extent. This mirrors the finding by Guyan
(1955) of leafy shoots of elm, birch, oak énd lime on the floors

of huts of the Michelsberg people at Schaffhausen, Switzerland.

if it is assumed that small parties of mén gathered leaves from a
wide area this could explain the apparent fluctuations during this
éarly phase as areas of the forest were left untouched for several
yearsvbefore being 10ppeﬁ again. The haphazard nature of this
expioitatién shows no evidence of having opened up the forest

canopy -sufficiently to encourage shrubs or herbs with no significant
increa;ga in the pol;én of either the shrub species or herb types

on the diagram. durihg the first half of the episode. The drop in

érass polign could suggest the dis~ garding of fire clearance by the

inhabitants of the area.

Ffom 306.8§m. upwards it appears that elm is being selectively
10pped.in a much more regular and systematic way, and that this
change in forest exploitation has enabled the oak to completely
recover, with the lime also reaching proportions significantly
higher than it had achieved in episode A. The selective utilization

of elm appears to have opened up the canopy sufficiently for the

reguiar'appearance of Plantago lanceolata pollen for the first time.
This infers that the elm trees in the forest were growing in relat-

ively pure stands, a possibility which gains further support from

the events of episode C.

During episode C Quercus and Tilia expand to their greatest extent
within the period under study, doing this at the expense of Ulmus

which continues to decline to its lowest frequencies. Since the
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‘Aiggglcufve remains steady rather than expanding to take up the
slack in the tree pollen suﬁ as theselm declines it is likely

that there was a real increase in oak and lime pollen reaching

the bog at this time. But the taxon which benefits most from the
dpening of the canopy caused by the continuing demise of elm appears
to be Corzlus as indicated by a leap in the Coryloid curve of up

to 40%. Godwin (1975) suggeéts that Corylus flowers sparcely or

not at all under heavy tree canopy so its sudden incféase at the
start of this episode can only be interpreted as a considerable
opening of the forest canopy enabling under storéy hazel to flourish.
The increase of Corylus following cleafance has been recorded by
Smith and Wiilis at Failahogy (1962) and by Turner at Tregaron

(1964a). The increase in Plantago lanceolata and, to a lesser

. extent, Gramineae pollen during episode C also point to an opening

| up of the fOrest.'and the only curve on the diagram which can
explainAthis is that of elm. What, then, was the cause of the
c§ntinued decline in the elm at a time when other tree taxa were
thriving and which resulted in an 6pening of the forest as indicated

by éhrub and herb pollen increases?

In order to answer this question it may be useful to consider the
behaviour of the Hedera curve during this episode. Despite the
change in the forest composition indicated and the decline in Ilex,

Hedera pollen shows no significant change from its episode A and

B occurances. This lack of ivy increase may indicate that the decline
‘in elm is not resulting in a large number of standing dead trees
either as a result of ring-barking or disease. Had there been
standiﬁg dead trees, even for a period of only ten years for example,
the resolution of the diagram would have picked up any ivy iﬁcreases

produced. Had the increase in ivy production been less than about

30%, however, there is a strong likelihood that it ﬁould not have
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made a significant»difference to the ivy purve.. However, the lack
of an ivy increase does tentatively suggest that the elm decline
.in episode C was the result of the felling and clearance of elms
with no long period of stagding dead trees. The frequent appearance
of'charcoél specks on slides from this épisode infer that fire was
involvéd, but the controlled use of fire which did not affect the
remaining tree taxa. This still leaves the problem of deciding

why the elms were selectively cleared in this way.

"In his report of fodder lopping in the Himalayas Heybroek (1963)
has shown how very large trees have been cut back to little more

. than tall leafy trunks by men armed only with hand held axes and
'iknivee. It is therefore quite possible that the elms of Lowland
Lonsdale were devestated in a similar fashion once the particular
value of'their leaves for fodder had been recognized and the other
forest trees had been left to recover. As pointed out previously,
the open canopy species which are encouraged by the drop in elm
indicafe that the trees were growing in relatively pure stands,
.probaﬁly on the best, base-rich soils around the foot of the steep
slopes rising to the east of the moss, and along the river valleys

to the north. Such a habitat would be typical of Ulmus glabra,

the most likely speciés of these forests. At this elm clearance
stage thé Befﬁla curve also shows a statistically significant
depression a2nd since this taxon would have grown with the elms

on the poorly drained low-lieing areas it wogld have suffered during

felling but not necessarily during fodder gathering.

Ovef-exploitation of thevelms over a pefiod of about 50 years may
havé made further lopping unproductive, but regeneration of elm

| sapplings, and possibly those of other tree species, and the slight
increase in grass indicated by increasing Gramineae frequencies may

have encouraged true pastoral activity, animals being brought to
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eat rather than the fodder being taken to them; P. lanceolafa may
also havé been an importént pasture plant during this period

(Milton 1933). Arable farming is not indicated in the pollen
record'with no increase in the 'weed' pollen associated with arable
farming such as the'éhenopodiaceae and the Compositae (Turner 1965).
The one possible cereal pollen grain found is believed to have

been the result of contamination.

By 'accident' rather than desigp, then, it was these low-lieing,
base-ridh areas with their remaining severely damaged stands of
wych elm which were the first areas to be cleared by the stone axes
of Neolithic man in order to further encourage the growth of
pasture, and to impro&e access for animals. This view is similar
to that of Mitchell (1965), although he felt that elm regions were
sought out because of their location on the best soils. The
fluctuations in the Ulmus curve after the initial depression, and
its later recovery shown by 0ldfield and Statham suggest that some
elh.trees were left standing and used periodically for fodder. The
permanent depressiod of the elm pollen production after the elm
decline horizon can therefore be seen as a combination of the
sustainéd use of its leaves for fodder and the coincidence of its
preference for iow-lieing, base-rich soils with that of the early
farmers. in some areas, particularly on high ground, edaphic changes
as suggested by Pennington (1964) would hafe prevented regeneration

of felled elm regions of the forests.

It is befofe and during felling that disease, if it is to have

played a part, may have further damaged the lopped trees due to

the weakening of the trees themselves, the opening of the canopy
-allpwing free movement of insect vectors, the increased movement

of people and, possibly, the presence of felled dead wood. 1If disease

did have a role it was a secondary one, but the continuing depression
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of the elm.curve shown on most diagrams after the initial decline
may well have been linked to increased suseptibility to disease

resulting from continual disturbance of elms by man.

The increase'in oak and lime pollen during thisAepisode suggests
that there might have been some lopping of elms in mixed étands
which proﬁided openiqgs in the canopy to be exploited by the surr-
ounding trees. The yOrk of Tauber (1965), however, offers another
explanétidhf He,suggests that the trunk space is an important area
of pollen transport so, in this case, the removal of the elms in
tye lowland areas'between the bog and the higher land would increase

the amount of oak and lime pollen reaching the bog surface.

The explanation for the selective felling of elm during episode C

is dependent on the oak species involved being Quercus petrea which
is usually found on well drained acid soils on slopes and hilltops
and not onAfhe lower slopes and valley floors preferred by Quercus

robur and Ulmus glabra. Unfortunatély there is no general agreement

as to the distribution (or even presence) of particular oak species
in the post glacial forests (Gardiner 1974). The dominance of Q.
Eetrea in upland regions of the modern vegetation, however, particu-
- larly around the Peﬁéneé and Lake District, lends some support to
the view that this was the species in Lowland Lonsdale at the time
oflthe elm decline, and that it grew pred&minantly on the poorer

"acid soils of the higher slopes.

There is little doubt that the species of lime involved here is

Tilia cordata (Godwin 1975, Pigott & Huntley 1980) but despite
the value of its leaves for fodder it escapes sérious exploitation
until episoae D. Although its pollen rarely exceeds 5% of the
tree pollen sum it is certainly underepresented in the pollen

{ _ ) _
record, and using Andersen's correction factor (reported in Pigott
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& Huntley 1980) it would appear to be about equal in abundance to
Quercus and Ulmus. Pigott and Huntley show that it was at its
maximum in N.W.England at this time and that the milder climate
than today's probaﬁly enabled it to regenerate from seed, something
it_can norlonger do. Iversen (1960) suggests that in the forests

of Jutland it grew on the higher, well drained land and Pigott and
Hunt}ey (j9?8) have found it in the modern vegetation growing in

its greatest abundance on cliffs and other steep ground, and especially
on well developed-kérst. Théy suggest that this may represent its
origipal forest habitat.as a result of the competition from the
chef dee? s0il preferring species, or it may be the only tyée of
topography on which it has avoided human interference. If the first
suggestion is correct it is tempting to infer that lime trees were
less accéssible than those of the other two major forest species, but
the rapid decline in Tilia pollen during episode D, interpreted as
clearance, suggest that this cannot be the whole story. The fact
that ifs pollen reduction was only minimal during the hapazard
‘stage of fq@der gathering can therefore best be explained in part

as a statistical effect since minor changes in the pollen production
of low polleh producers do not show clearly in the pollen record.
The average 1%:dropxnoted during the first half of episode B
represénté a 20% drop in the rate of Tilia pollen production and
this approaches the reductionAin pollen production of elm and oak

at the éame point. If this observation is coupied with the possib-
ility éf the 1imé being less accessible than the other forest trees

then its avoidance at a time when leaf fodder was in abundance may

be explained, at least in part.

The disappearance of Ilex pollen during this phase is not the
result that would be expected since it was found to expand during
clearance phases at Shapwick Heath (Godwin 1948) and Plyn-limmon

(Moore 1968). Fire may have played a part since its thin bark makes
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it fery sensitive to this (Peterken & Lloyd 1967). Itsvvery low
representation however, (22'grains) and its absence from 0Oldfield
gnd Stgtham's diagram at the elm decline suggest that great signif-
icance should not be attached to the behaviour of the Ilex curve.
The possibility of its flowering being suppressed by low winter
temberatures. however, cannot be ruled out, and this would fit

with the later suppression of Hedera which is slightly more frost
tolerant (Iversen 1944). Some form of anthropogenic explanation

of the teﬁporary dissappearance of both species, however, seems

much more likely.

Episode D is well intq 0ldfield and Statham's 'Secondary Elm Decline'
which they compare cioaely with the 'Landnam' phases recorded by
Iversen (1941) in Denmark, and Smith (1958) in Ireland. No
SQppression of‘Oak is recorded by 0ldfield and Stathanm althougﬁ

this is clearly recorded during the latter part of episode D on

thé present diagram, the drop being a very significant one (p = €0.05).

The Bevere'drop in the Tilia and Betula curves, and the continued
suppression of Ulmus, coupled with very large increases in Alnus,

Coryloid, P. lanceolata pollen, and some increase in Gramineae

pollen and Pteridium spores clearly point to this as a period of

clearance for pastoral activity. The appearance of Urtica and Plantago
major pollen at the time of the deepeat suppression of the forest
taxa tends to confirm this. Greig-Smith (1948) describes Urtica

sp. as the "....universal follower of man" and Plantago major is a

vcommon épecies of trackways, where it withstands trampling, and

waste ground (Sagar & Harper 1964).

The clearance probably'took the form of small temporary clearances
over a wide area as described by Turner (1964, 1970) and, as

Oldfield and Stathams diagram shows, all three major tree taxa

recover temporarily to almost pre-elm decline levels at the end
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of this period of forest exploitation. The 150 - 200 years covered
by the diagram therefore takes us from the forest maximum of the
Aflantic period to clear signs of temporary forest clearance by

Neolithic pastoralists.
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CHAPTER 6
DISCUSSION

The events described in Chapter 5 have a timespan of, very approx-
imately, 100 years and therefore indicate a period of cultural
turmoil aﬁd population expéhsion unprecedented in previous records
of human prehistory. We are not involved here with a straight-
forward change from the hunter-gathering economy of Mesolithic man
to the pastor#l activities of Neolithic man, but the evidence from
the poilen'rain of the period appears to show the various steps

in the development of a new economy based on domesticated animals.
The short, initial phase of about 20 -30 years appears to have
involved haphazard leaf fodder gathering, probably for stalled
anigals. This is followed by a period of systematic lopping of
‘elm leaves only for a further 30 or so years. (This time scale
‘agrees with Pilcher's estimate of 1 - 50 years for the elm decline
at the Beaghmore Stone Circle site, 1969.) When elm leaf fodder
lopping is no longer ‘'ecomomic' clearance takes place, first of

the damaged elms on the low-lieing, base-rich soils and later

of the oak and lime on the higher ground. The opening of the
canopy affected encourages the growth of sapplings, grass and
shrubs for the cattle of these early pastoralists which were allowed
to graze freely in the clearances. When they had 'eaten the clearance

out' it may be assumed that they were lead to a new clearance which

had been prepared previously.

These events fit the pollen evidence from Ellerside Moss, but at
different sites events will have varied around this theme és is

shown by the different types of elm decline. A very steep drop,
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" as shown for example at Hawes water not far.away (0ldfield 1963),
may have been the result of an'immediate exploitation of elmrleaves
without the initial period of haphazard fodder gathering. The
period of relativeiy indiscriminate fodder leaf use can be considered
as_constitutihg the 'primary elm decline' of many sites, and és_
sooﬁ as the elm is exploited intensively pasture plants begin to
take‘advantage of the opening of the canopy so producing the
~'secoﬁdary elm decline'. The structure of the forest, whether it

is in_élea:ly defined pure stands, a mosaic as suggested by Morrison
(1959) of the Northern Ireland forests, or if it is well mixed will.
ha?e a considérablé4effect on the exact form of the elm decline

and the subsequent behaviour of the forest after the initial decline.

The.major difficultj'in accepting this picture of events is that

it requires nof only a complete change of cultural activity but
also a large increase in the local population. Waterbolk (1968)
hés established the presence of a Neolithic culture, identifiable
in the pollen recordlby the elm decline, which spreads aiong the
coasfal fegions of Europe from the Middle East, starting at about
épOO B.C. The fact that the pastoralists at Ellerside Moss do not
-immediately exploit elm as the preferred fodder leaf suggests that
this new form of forest exploitation arrived by cultural diffusion,
as preferred by Waterbolk, rather than by the arrival in the region
6f people of a éuite differenf culture who might be expected to
exploit the most nutritious fodder from the start. Pennington
(1§7Q)Asuggests that the lack of evidence for forest clearance

at upland West Cumberalnd sites points to the settlement on’ the
coast of seaborne immigrants followed by a more widespread settle-
ment. If this was the case the number of immigrants need only have
been small, it was the ideas they brought which would have been the

iﬁportant factor. As Waterbolk showed, it is the accessible coastal folk

who will be the first influenced by new ideas, even if they adopt

them incompletely at first, as the pollen record shows. The presence
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of Mesolithic people in the study area is shown by the C.B.A.
Research Report No. 20 (Wymer & Bonsall 1977) which lists three

sites within a 10 km. radius of Ellerside Moss.

Such a drastic change in cultural behaviour amongst a primitive
hﬁnter;gatherer‘people would have appeared unlikely umlikely until
reéently; There is now a growing school of thought which suggests
that the cultural activities and economy of Mesolithic people were
considerabl& more complex than has been considered hitherto. In
"Intfoduction to British Prehistory" Megaw and Simpson (1979) hint
at.the imminent uncovering of substantial evidence to support the
claims of such peoplé as Mellars (1976). 1In a scholarly treatice

he sﬁggeété that controlled burning of patches of forest would have

'advantaged Mesolithic hunter-gatherers by improving mobility, and

the economic potential of the environment. He calculates an increase

~of ten times in ungulate productivity and the improvement in a

number of important plant crops, the most obvious of which would be
hazel, Since the animals would be attracted to the fire cleared
areas hgunting would have been greatly facilitated and probably
resulted in the development of a far more complex man-animal relation-
ship than Mesolithic hunters are usually credited with, possibly
similar to thogé of 'herding' economies. Evidence in support of

this comes from Simmons and Dimbleby (1974) who suggest tﬁat very
large proporfiﬁns of Hedera pollen (over 50%) at two Mesolithic

sites in Britain can be interpreted as the collection of ivy for

' fodder or as .a hunting lure. This could also explain the unpublished

findiﬁgs of Sims (ibid) who found ivy increases at Mesolithic
clearances. Episode A in the present diagram tends to support the

view that fire was occuring in the pre elm decline forests as

explained in Chapter 5, but the overall effect of this on the arboreal

pollen. rain is minimal.
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If Mellar's treat%gé is accepted we have a suitéble cultural base
for the changes necessary for the elm decline to have been caused
by an economy based on the collection of leaves for fodder. This
"does hot éxplain. howevér, the considerable increase in population
that would have beeﬁ necessary to produce such great changes in
vvegetation} Here égain, Mellars provides a clue to fhe possible
mechanism by suggesting that the'relative‘ease of hunting large
mammals bj means of burning patches of the forest would have resulted
" in a reduction in their numbers at a rate faster than their ability
to recover. This could lead to cyclic periods of shortage as
described of present day hunter-gafherer folk - the !Kung of Dobe,
Botéwéna by Bichard Lee and others (Lee & DeVore 1976). The insecu-
fity inherent in fhe hunter-gatherer economy in even the most
pfoductive eniironmeﬁts is believed by many workers to have resulted
in very strict forms of population regulation. Anthropologists

have ;ecognized female infanticide in both the Canadian Eskimos
(Schrife & Steiger 1974) and the Australian aborigines (Birdsell
1977) and these are regarded as a means of population regulation

in response .to hardship. Since both these populations are subject
to extreme 'emergencies' resulting from dislocation by European
influence it is argued that the behaviour noted may be rare. But
there is little doubt that infanticide, abortion and abstention

play an important role in the regulation of hunter-gatherer popula-

tions, and it is probable that this was the case among the people

" of the post-glacial forests.

With the arrival of a new type of economy based on the feeding of
stalled animals, most probably domesticated cattle but just possiﬁly
red deer, such population regulation would no longer be necessary as

more handsimeant the greater exploitation of what was almost certainly

A regarded as an unlimited resource - the leaves of the forest at.

-its maximum. During a period of 200 to 200 years, about the spread

Il




of elm decllne dates of N.W.England, and assumlng a generation
time of 20 years, an exponential increase in populatlon size could
quite feasibley have occured in respomse to this 'unlimited®
resource. But, of course, like all our resources ultimately the
resoprée was limited., Yet in the almost vandalistic destruction

of the:foreéts there was the seeds of a new type of land use and
this finds its expression in the pollen rain by the 'small temporary
clearanceSf. Neverfheless, the collapse of the fodder resource
must have caused considerable upheaval wherever it occured and this
may have been the cause of the COnsidergble movements of people
during fhié period thch a number of workers have commented upon
(ibid), It is, perhaés, instructive to compare this exploitation
of a resource cqnsidéred to be unlimited by our own exploitation
of‘oil; now. finally recognized as iimited. We too have developed
a highly"sucdessful' economy based on this resource but have yet

to face the inevitable upheaval and dislocation which its exhaustion
" will bring.

The over-exploitation of resources by primitive people has been
studled by a number of workers (eg. P.S.Martin 1967) and these

are drawn on by V.L. Smlth (1975) He argues that Pleistocene
extinctions of large mammals was the result of 'overkill' and

" that this initiated the rise of agriculture in some areas and

the development of conservationist ethics and controls in more
recenf primitive cultures. These take the form of myths, eg. =
'"..,.take sparingly of the bounties of nature." or 'taboos' such
és'the.need to eat the whole of a hunted animal to stave off bad
luck. He ﬁses mathematical models to show how this may have occured

but points out that there is no evidence of conservationist practices

in Paleolithic cultures.

The archaeological evidence quoted by Pennington (1964) of a stone
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axe fagtory site at Pike of Stickle, Great ﬂangdale (Bunch & Fell
1949) and  the discovery by Cummins of axes from this source at

their greatest density around the Humber (Aﬁon 1977) .suggest that
the rich elm forests of the Lake' District provided the basis upon

which developed a centre of cultural activity in Neolithic Northern

England.
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CONCLUSION

The éim-of this study has-been the elucidation of the events in
the post glacial forests of the Southern Lake District which iead
to the dgcline of Ulmus at 3,000 B.C. By very close sampling,
relatively high pollen counts and an attempt to use Hedera as

an indicator of certain types of forest disturbance I believe thét

this has been achieved. |

The value of ivy as an indicator of standing dead trees has not

been estabiished coﬁclusively in this study due to its low repre-
sentation iﬁ the pollen rain and its possible use as fodder. It
does appear to respond very rapidly to forest clearance by disappearing

from the pollen record, a factor noted by Oldfield (1963) and

Walker (1966).

Despite the failure of the ivy curve to offer distinctive evidence

of certain forest changes the detailed diagram of the elm decline

at Eilerside Moss has shown,_first of all, the viability of very
‘close sampling in producing a high resolution diagram. The increased
detail of végetational change revealed can be judged from looking
only at every tenth level of figure 4.1 and noting the important
changes which this obscures. And yet this represents 2c¢cm. sample
-separation, usually considered as close sampling! Statistical
analyses show that pollen in consecutive O.2cm. samples does come
frém different populations (see séction 4.,3) and confidence can -
thérefofe be attached fo many of the changes shown. These may

Se interpreted'as seasonal changes since each sample represents

a period of peat growfh of about 1 to 2 years. This method therefore

offers the pollen analyst a very useful technique for studying, in
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particular, man's role in vegetational history in such little

understood periods as the Mesolithic.

In the present study this high resolution has provided the basis

for theAdetailed explanation offered of the events covered by

the diagram. Before this interpretation can gain general acceptance
as an explgnation of the elm decline, however, a similar pattern of
elm exploitation would have to be recognized from detailed analyses
of other sites. 1In pgrticular these should show the severe exploita-
tion of‘the elm which resulted in the need for a move to true
pastoral activity by making clearances. It would also need to

fepeat the éteep fluctuations of the elm frequencies indicating

fodder gathering and recovery.

With this reservation I believe that the éxplanation offered here
has the potential of explaining the elm decline throughout Europe
and the British Isles and overcomes the problem of quite different
exélanations being offered for the same pollen record event in
different regions. It draws our gttention once again to our arrog-
ance in believing that prehistoric men were not capable of taking
commahd of their surroundings in the way tﬁat even small groups

of men in recent times have, (eg. the clearance of the forests of
New Zealand by European settlers). It is also cautionary in that
it suégests that our present problems of over exploitation of
resources are far from new but have accompanied man probably from
the moment he began to make tools and hence start to take control
of his environment. It appears that our ingenuity has enabled us
‘té overcome the problems this has created many times in the past,
but alﬁosf.certainly not without great cost in human suffering.

As our population expands exponentially into the 218t century we
‘shouid‘all be aware th;t the problems of over exploitation created

maylovertax the ingenuity of even our advanced technological culture.

o0o
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APPENDIX

‘Access Map to Ellerside Moss

Source: 0.S. 1:25,000
S.D. 37
S.D. 38

x = Sampling Point
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