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SUMMARY 

Observations have been made on the stratigraphy of peat 

deposits at a number of sites varying in aspect and altitude on an 

area of upland moorland in the Nest Riding of Yorkshire. Pollen 

diagrams have been prepared from these sites and a sequence of local 

pollen zones established. These zones have been subdivided on the 

basis of changing frequencies in the pollen of species considered to 

be cultural indicators. 

An absolute chronology has been established for the pollen 

diagrams from a series of eight radiocarbon dates. Attempts have 

been made to relate the sequence of subzones to established archaeo

logical periods and, more recently, to documented historical events. 

i. 

A survey of surface pollen samples was carried out from the 

moorland and from wi thin the remaining woodland communities on its 

flanks. The results of this survey have been used in the ecological 

interpretation of the fossil pollen diagrams. The early forest histor.y 

of the area and the gradual decline of trees since 2,000 B.C. has been 

traced. It has been shown that both soil deterioration and human 

factors have been significant in the reduction of woodland and the 

establishment of heath. 
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SECTICN I mTRODUCTICN 



I.i. Aims and Objectives 

The uplands to the east of Nidderdale, in the West Riding of 

Yorkshire, are today valued as grouse moors; they are practically 

treeless, supporting heath vegetation with ocoasional patches of bog. 

In the thin peat which covers the moors tree stumps and buried timbers 

oocur, evide:ooe that in the past woodland was considerably more exten

sive. The aim of this study has been to establish the nature of this 

woodland and. to investigate the fluctuations in its limits through 

time. 

The method adopted has involved the examination of the pollen 

record at a I1llI1ber of sites, varying in aspect am altitude, within 

a limited area 6.5 lans square. A study of nuotuations in the woocIl.ard 

edge has ~cessitated detailed assessment of the ecological. signifi

oance of the pollen records at each site. A stud3r of the modern pollen 

rain has therefore been undertaken in an attempt to develop an objecti" 

approaoh to the interpretation of pollen percentages. 

Earlier studies have established the OOOl'S8 of vegetation histor,y 

on the southern Pennines (Conway, 1947, 1949; Tallis, 1964.; Hioks, 

19n) and on the northern Penninss (Johnson and Dunham, 1963; Tu~r, 

1970), but previous palynological studies in the Nidiierdale area are 

laoking. It was hoped that the current work lIOu1d provide in:fomation 

about the vegetation history of the gritstOni' of the central. Pennines 

and, in addition, enable an assessment of the relative roles of human 

am envirormenta1 faotors in the dec1iD!!l of 1iOocIl.and within the stucl1' 

area. 



I. ii. Tl:e Physical Bacfflround 

The moors to the east of Nidderdale form part of the margin of 

the central Pennines overlooking tm Vale of York. This study has 

been carried out on the interfluve between the tributaries of the 

Rivers Nidd and Laver, in an area approximately 6.5 lans square (Figs. 

I.1, I.2). In this thesis the study area wUl be referred to as the 

Nidd-Laver inter.fluve. 

I.ii.a. TopographY 

The Nida..-Laver internuve is an upland plateau ccmprising Pateley 

Moor, BishOp's Moor, Dallow Moor and Foontains Earth. Above the moor

lard limit at about 290 metres the lard rises gradual~ in a broad 

dome. Four isolated hUls, High Ruck1es, High Hill, Kettlestang Hill 

and Hambleton Hill project above tm surrounding plateau surface to 

over 366 metres alors the line of the watershed (Fig. I.2). 

On the western and sruthern edge of the plateau there is an 

abrupt break of slope and a steep descent to the valley of the Nidd. 

In the east the land desoerds more gradually to the Vale of York, 

whUe to the IX>rth the plateau stretches on to join the area of high

land which foms the watershed bet_en the River Nidd ard the Ri-ver 

Ure. The plateau is dissected by a rumber of streams wi. th deeply 

incised valleys. The principal drainage is to the south-east to_rds 

the Rivers SkBll and Laver via Sltell Gill and North GUl Beck. The 

valleys of both these streams are steep sided and oraggy in their 

middle Sltctions. On the west of the watershed three short streams 

flow into the Nidd. 
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FIG '.2 THE STUDY AREA 
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I. ii. b. Geology 

There is r.o current Geological Survey map for the Nic:3.derdale 

area. The southern part of the Nidd-Laver interfluve was included in 

an area mapped by Thompson (1957) and the northern part was descr:ihed 

in a survey by Wileon and Thompson (1965). Figure I.3 is therefore 

based on these two sources. 

The interfluve is fonned from rocks of carboniferous age; tl'e 

3. 

whole area lies within the main MUlstone Grit outcrop of the Aslcr1gg 

Block. The stratigraphic succession is simple; hard bands of gritstoDit 

alternate with softer shale beds and produce marked topographic 

features. These rocks were ~posited in Namurian t:imes, as part of a 

broad delta complex filling the synclinal depression of the Central 

Permine Basin. The sequeroe of sandstone and shale bands represents 

part of a regular cycle of sedlmentation duril'lg which sandstoDlts, shales 

and marine bands ."ere laid down. Tbs stratigraphic sequenCe is shown 

in Table 103. 

The First Brimham Grit is a massive, coarse-graiDltd, feldspathio 

sandstOIJaj where it is exposed at the surface it forms crags which are 

particularly 1'i8ll developed in the valleys of the Skell and North GUI 

Beck. Stratigraphically, the Brimham Shale separates the First and 

Second Brimham Grits; eXposures of these shales are limited, but "'p'pi~ 

associated with them has resulted in the developnent of peaty flushea 

in mallY valleys. The :second Brimham Grit resembles the first, but forma 

a less marked topographiC feature in this azeaj its outoropa form low 

sandstoIlS ridges on the plateau surface. Wilson and Thompson (1965) 

first recognised the Wan3ley Gill SandstoIl', which outorops arouDd 



Table 1.1 

THE NIDD-IA VER :rnTERFWVE: GEOIOGICAL SUCCESSICN 

Thickness in metres 

Laverton Sandsto~ 25 

Laverton Shale 15 - 22 

MILI.sTWE Wandley Gill Sandstone 5 - 12 

GRIT Wandley Gill ShaJ..e 3 

SERIES Second Brimham Grits 12 

Br:Unham Shales 9 - 28 

First Brlmham Grit s ll- 31 

(After Wilson and Thompson, 1965) 



Hambleton Hill, and differentiated this from the Second Brimham Grit 

because of its Cluartzitic nature. They also described the Laverton 

Shale, a formation containing Lingula bands and abundant black, 

micaceous material, which overlies the Wandley Gill Sandstone and 

separates it from the Laverton Sandstone. The latter is coarse and 

hard and forms the cap-rock of High Ruckles, High Hill, Kettlestang 

Hill and Hambleton Hill. 

These rocks have been tilted slightly ~ there is a regional 

dip of about 20 to the east. A 11lIIlber of faUl. ts with only small throws 

occur, trending approximately west-north-west to east-south-east. 

The Quaternary history of the uplands around Nid.derdale has 

arcused much interest. Kendall (1924), Raistrick (1926, 1934-) and 

Wilson (1957) have suggested that the higher parts weze unglaoiated in 

the last Ice Age. They postulated that the Nidd-Laver intertluve 

separated the Nidderdale valley glacier from the combined mass of the 

Wensleydale glacier and the main Vale of York ioe-sheet to the east. 

The drift free surface of the interfluve, the absence of erratios and 

the wi&lspread occurrence of channels, attributed to the action of 

meltwater, 'fteze cited as evidenoe for an upper ice margin around these 

moors. However, Johnson (1969) suggested that these oriteria were 

insufficient to establish that the intertluve was fzee trom ice duri~ 

the last glaoiation. He suggested that during an early phase even the 

highest ground in the area was glaciated; he attributed the OCIIIplex 

systems of channels and drainage features to the influenoa ot sub

glaoial meltwater. 

The superficial &!posits on the Nidd-Laver interf'luve are ot tllO 

types, the inorganio deposits and the peats. Shallow well humitied 



peat covers much o-r the plateau and in places dl3eper deposits o-r 

topogenous peat have developed. On Fountains Earth over -rour metres 

o-r peat have -rilled a channel which Johnson (1969) considered to have 

been -ronned by the action o-r sub-glacial meltwater. Rapidly accumu

lating flush peats occur in the bottoms o-r the river valleys. The 

sub-peat soils are developed mainly in sandy material resulting from 

in situ rotting o-r sandstones but in places grey or blue/grey olay 

overlies the bedrock and -rorms the soil parent material. In most 

cases the 0183" is only a surface smear between 10 and 20 ans deep, 

but at isolated sites much greater thi~sses oocur: over 82 ans at 

Iron Well Hill (SE 17006990) and over a metre on Foo.ntains Earth, in 

the upper valley o-r Byerbeck Gill (SE 151723). 

The origin o-r this cl~ is problematical. It seems possible that 

it may represent a dl3nuded remnant o-r a -ronner drift oover; however 

no erratios have been recovered fran it. Pemberton (1971) recorded a 

supedioial clay deposit on Brimham Moor 6.5 kilometres to the south 

5. 

o-r the Nidd-Laver inter-rluve. The examination of its meohanical oc:a

posi tion led him to believe that the olay was a product of the weatbl!triDg 

o-r shale. On disaggregation of his material in a solution of sodiwa 

hexametaphosphate milllte laths of easily broken, well weathi!tred shale 

could be distinguished. Structures within the clay suggested detormation 

by frost pressure and this, together with the presence of transported 

sediments between the olay and the bedrock, led Pemberton to suggest 

that the transport and eathering o-r the shale took place under periglaciaJ. 

oonditions. He assumed that the Brimham Shales were the source of this 

material, and that these beds ere totally removed from the SUlllDdt ot 

Brimham Moor during an early stage o-r tbe last glaoiation. 



6. 

In present laboratory studies, no cl~ laths could be distiIJgUished 

after aefloccu.lation of clay samples from Fountains Barth. However, 

the mechanical composition of the material from Fountains Earth and 

Brimham Moor is similar, and both clays are rich in muscovite. The 

stratigraphic relationship of the clay at Fountains Earth is different 

from that at Brimham Moor. At the former site the clay overlies the 

Second Brimham Grit and the Brimham Shale is buried far below the 

surface. However, the Laverton Shale, or the Wandley Gill Shale OOUl.d 

have provided a source of material for the developnent of the clay. 

The presence of rounded pebbles of gritstone up to 10 ans in diameter 

was noted beD3ath the clay at Iron Well Hill and could be equivalent to 

the frost heaved pebble bed observed by pemberton (1971) bez:eath clay 

on Brimham Moor. On the basis of existing field evidence, it is not 

possible to decide whather the clay on the Nidd-Laver interfluve has 

originated fran the weathering of a drift cover or a shale bed. 

Sandstone bOUlders are widely distributed on the surface of the 

plateau; in sane cases these are almost completely buried be~ath the 

peat cover. The boolders are gez:erally angular and formed of gritSr.>ne; 

on Dallow Moor Thompson (1957) recorded the preaewe of tabular ganister 

boulders, the remains of a now &muded horizon. In places these boulders 

are aggregated into blockfields. the origins of similar exposures of 

shattered bedrock in other parts of the countr.y have been attributed to 

pe rig]. acial conditions. 

I.ii.c. Soils 

The Nidd-Laver interfluve and the surrounding areas ha:" mt ,at 

been mapped by the Soil Survey of Great Britain al'ld therefore tbll 
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following account is based on profiles examin!'d in the field.. 

Typically the soils are acidic, developed on parent rock which is 

deficient in bases. Podzols, peaty-gley podzols and gleys are the 

daninant soil types. It has often proved d.i:fficult in the field to 

assign a profile to On!' of these categories, as ma11Y exhibit tran-

si tionaJ. feature s, and the degree to which t~ characteristic horizons 

are developed varies markedly from site to site. The following descrip

tions utilise the horizon nomenclature of the Soil Survey of Great 

Britain. 

Podzolic soils (Fig. J.4.) have developed on the gritston!'s, on 

sloping sites with free drainage where there is ro surface clay horizon. 

The L, F and H horizons are represented by Callum litter grading into 

compact, _11 humified, black peat, pH 3.5-4. This averages about 20 ems 

in dopth on the plateau surface but decreases in thicmss on the valley 

sides. Tb9 A horizon, characterised by humus staining, is usually very 

thin or absent, aId the transition to the bleached Ea horizon is sharp. 

The bleached layer is in most cases clearly distinguished in the :field 

a8 an ashy horizon about 10 ems thick. The developnent of the B horizon 

varies greatly. In sane cases it is merely represented by a ZOD' ot 

gradually intensifYing brown staining beneath tb9 bleached horizon; 

af'ter ignition in the laboratory this was interpreted as a dispersed 

eesquionde enriahed horiZOn. .A Bh horizon of humus accumulation can 

be differentiated in s~ profiles, consisting of a dark brown or black 

band of earthy sand 2-3 ans thick. An ignition profile prepared for a 

podzOl with a Bh horizon (Fig. I.7) revealed that the band of DlmuS 

aocumulation lay immediately above the zo:m of maximum reddenLDg due 

to aescpioxiCilt dltposition. Tb9 i:ndu.rated moor pan (Bte horizon) which 



8. 

has been widely supposed to underlie heather moors (Smith and Rankin, 

1903; Moss, 1904; Cheetham, 1924) appears to be an exceptional 

occurrence on this inter.f"luve. However, ona good example of a pan has 

been observed at a ~pth of 30 ans in a soil profile from Dallow Moor. 

In most cases the zone of sesquioxide enrichment grades into the rotted 

parent rock of the C horizon, the soil auger has penstrated as muoh as 

70 ans of this material in sQne places. 

At maZV sites gleying is characteristic of the lower horizons 

of the podzolio soils, particularly in those places where clay overlies 

the parent rock. Characteristic or~nge and grey mottling develops in 

the B and C horizons of these profiles (Fig. !J!.). At some sites on the 

gritstona gleying occurs in the absence of a clay C horizon; in these 

oases it may be related to the creation of an impervious layer, by the 

gradual leaching of clay-size particles from the upper horizons of the 

profile and their aocumulation at a lower level (Taylor and Emith, 1972). 

Ground water gleys oocur at some sites assooiated with the seepage 

of water at the surface along shale bands. The seepage water is 

fr8cpently rich in iron and, on reachil'lg the surface, deposits :ferric 

oxide which stains the surrouniillg peat a bright orange-red. The sqb

peat material at such water-logged sites is usually oJ.ay which is com

pletely gleyed to a blue/grey oolour. Pearsall (1950) commented that 

iron-rich flushes are frequent in upland areas and that they are usually 

indicated by the presenOlt of :ferric iron deposits on or in the surface 

layers of the peat. According to Johnson and IAlnbam (1963) iron-rioh 

flushes OOalr where soluble ferl'CAls iron compounds, fonned under anaerobio 

conditions in blanlcat bog, are brought to the surfaOlt and oxidiaed. 

Ho_ver, on the Nidd~aver inter£'luve there appears to be a marked 



association between iron-rich flushes ani outcrops of shale. Some 

vertical shale outcrops have been observed ooated with colloidal :ferric 

iron and water has been noted seeping from such exposUres. 

In the valleys thin podzols have developed on the slope s but in 

places flows of earth and mud have occurred along seepage Hrss and on 

this ma.terial deeper soils have developed. The valley floors are 

occupied by flush peat deposits alternating with banks .of coarse, sand.Y 

alluvium. On the steep slopes of the lower reaches of the valleys acid 

brown earths have developed beneath oakwoodland. A representative 

profile from tm Skell valley is illustrated in Figure 1;,4. and the ign::l.ted 

se cpence fran the same site is shown in Figure~. The L and 11 horizons 

consist of a mat of bracken and leaf mould 5 ems thick, overlying a 

shallow H horizon with a relatively high pH ot 5. The A/B horizon 

consists ot 25 ans ot finely divided black earth with a weak crumb 

structure and a pH ot 3.5; ignition revealed no marked bleaching in 

this horizon. It is sharply dit:ferentiated trcm the B:fe horizon whioh 

consists ot 2.5 ems of pale yellow sandy material; ignition revealed 

red&nli~ in this b:>rizon due to iron accumulation. The soil auger 

penetrated about 10 ems into the weathering gritstone ot the C horizon. 

Laborator"y tests suggested that the dark colour ot the A/B horizon was 

due to the presence of fimly divided charcoal in the soil profUe 

(vide infra Se ction II. ii. k. ) • 

.Apart from the absence ot an A horizon at some ot the sites 

examiDtd there is IX) obvious evidence within the prot'Ues for truncation 

ot the sub-peat soils on the internuve. Similarly at Brimham Moor, 

6 Jdlometres south east ot the Nidd-Laver interf'luve, Pemberton (1971) 

oculd find IX> evidDnce to suggest truncation ot the soUs by erosion. 



However, at a number of sites, both on the plateau and in the valley 

flushes, lenses of mineral material have been observed wi thin the 
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peat. The material consists of sub-angular, bleached quartz grains, 

essentially similar to the material in the Ea horizon of the sub-peat 

podzols. This suggests either a phase of soil erosion prior to peat 

formation on certain parts of the imerfluve" or the washing out of 

material fran the Ea horizon after peat formation. A phase of soil 

erosion prior to peat formation might have been induced by deforestation 

of the interfluve; however, as the valley flushes are mre recent in 

origin than the plateau peats, the washir...g out of sub-peat material is 

probably a more likely explanation for the presence of the sand. lenses. 

I.ii.d. Climate 

No meteorological statistics are avaUable for the Nield-Laver 

interfluve. Re:fereDJe has been made to data frcm the nearest station, 

R.A. F. ~emi~, on the River Swale in the Vale of York. The mean 

mOl)thly temperatures range from 500 in January to 1500 in July. On 

the moors average winter temperatures are undoubtedly lower than these 

figures indicate. Air frost is common and the incidence of bright surr

sh~ is loW, particularly in winter when hill mists frecpently occur. 

The extremes of rainfall experienced at high altitudes in the 

central pennines are modified on the eastern :flanks. The Nidd,-Laver 

interfluve bas an average anrnal precipitation of about 90 CDlS, with a 

mean annual snowfall of 30 CDlS. 

The prevaUing direction of the circulation is from the 1I8st or 

south-west, but at Dishforth, a:> Jane to the east, southerlies Q1aim a 



high proportion of the frequencies. The exact distribution of wirxls 

is probably much influenced by the orientation of the valleys and 

the pattern is probably somewhat canplex (Mr. B. Ingham, N.A. S. 

Meteorological Officer, personal communi cat ion). 

I.ii.e. Vegetation 

Smi th and Rankin (1903) classified the moorlands of Yorkshire 

into a rumber of types and they placed the Nidd-Laver inter:f'J.uve into 

the category of llpure heather moor ll • A current assessment must agree 

wi th this as the dcminant species throughout the whole area is CaJ.luna. 

vulgaris. This dominance, although apparently natural, has been 

encouraged by decades of careful mana.gement which has been aimed at 

the production of a pure Calluna sward, which will support large popu

lations of game. These moors fom part of a chain of highly prized 

grouse moors which flank the eastern edge of the central Pennin!s. 

Burning is practised on a ten-year rotation, to stimUlate n!W growth 

and reduce oanpetition. Calluna. vulgaris can tolerate a wide range of 

soil. depths and draina.ge condit ions and therefore oOlonises both 

podzolio and gleyed soils; it aJ. so extends on to the drier parts of 

the flush peat deposits. Callum ge~ra11y has few associates though 

on excessively drai~d sites, where gri tstone bedrook is close to the 

surface, Vaoo:LniWll m"yrtUlus is oo-dominant. Vaocinium is dominant on 

the orags which edge the valleys of the Sell and North Gill Beok, 

wbere it forms "bilberr,y edges" (Tansley, 1949). 

The ohiet competitor to Callum vulgaris is Pterldium awi1iwa. 

Ita range of' tolerance is restrioted to fairly deep, free draining 

11. 



soils, and theref'ore it is most abundant on the valley sides. 

However, with improved drainage techniques, Pteridium is exteming 

wi~ly on to the moors at the expense of' Callum and it is only 

partially controlled by annual mowing. 

The sheep walks across the moors are in some places edged with 
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a turf' of Fe stuca ovina or Agrosti s te ru~ s, and this provide s a hab ita t 

for a variety of herbs which ww1d otrerwise be excluded by the Calluna 

sward. Rumex acetosella, Potentilla erecta, Galium saxatile, PolYgala 

serpyl1ifolia, Taraxacum officinale and Bellis perennis are common in 

such areas. 

The vegetation of the moorland and valley f'lushes is dominated 

by species of SphagDlDl. Sphagnum papi110sum is the most common species, 

wi th S. cuspidatum in the vettest areas and S. rubellum on slightly 

drier ground. POlytricblm commun:t forms tussocks on the margins of 

the Sphagrum carpets. Juncus sguarrosus am Juncus ef'fusus are abund.a.n:t 

and a variety of' herbs tolerant of 1\et coniitions occur, including 

Nartheoium ossifragum, Erica. tetralix, Vaocinium o?sycoccos and Drosera 

rotundif'olia. In places, where the peaty flushes are enriched by iron, 

1401inia cae rule a forms promirent tussocks. 

The only natural woodland on the Nidd-Laver inter.fJ.uve is confimd 

to the steep sides of the gills (Fig. I2), a situation which is typical. 

of the gritstODlt PenniI'J!ts at the present day (Tansley, 1949). These 

lIOods are daninated by Quercus petraea; the trees lX)rmally grow to a 

moc)trate size but are stunted on the upper slopes where they are 

exposed to the wind. On the steepest slopes Betula plbescens and Sorbus 

auouparia are associated with the oaks and these t'flO species also oocur 
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as isolated trees in the upper parts of' the valleys beyond the woodland 

edge. Alms glutiwsa colonises the damp ground nearest the streams 

and occasional trees of Ilex aguif'olium are found on the slopes. The 

shrub layer is poorly represented apart f'rom occasional Salix bushes 

(S. atrocir.erea and S. caprea). The f'ield layer is Oominated by 

pteridium aguiJ,illlDl with Holcus mollis in the damper places. A variety 

of' herbs including Vaccinium DlYrtillus, Galium samtUe, Endymion non-

scriptus and 0xalis acetosella occur. 

Planting has taken place in the valley of the North Gill Beck 

below 230 metres, in the valley of' Carlesmoor Beck, and along the "Western 

margins of' the interf'luve overlooking NidderdaJ.e. Smith and Rankin (1903) 

recorded that in some of' the woods in this region oak was being system

atically replaced by pine and that pine and larch plantations had been 

established on the moorland edge above Nidderdale. Forestr,y in this 

area is now in the hands of' the Leeds Corporation Waterworks Department 

and a variety of oonifers have been planted since 1950 inoluding Larix 

~cicila, Larix leptolepia, Pice, abies, Picea s1tohensia, Pinus 

axlvestris, Pima radiata and Pseudotsuga taxif'olia. 

The margin of' improved land has fluctuated throughout historic 

time. At present it approximates to the 260 metre level and below this 

poor q)l8lity upland pasture grades into better cp&.li ty meadows at lower 

alti tudes. Though store walls form the usual field brundar:l.es, hedges 

of Ooulus avellapa and Crataegus momgyna. are common with isolated trees 

of Fraxinus excelsior and Ulmus glabra at intervals &.long them • 

. ( .... 
r 
t 
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I.iii. Previous Palaeoecological Studies in the pennines 

I.iii.a. Studies of MacroscOpic Remains 

C. B. Moss, writing in 1904, commented "there is a remarkable 

consensus of opinion that the peat moors of the pt'esent day occupy the 

sites of former forest." Throughout the Pennire moors the macroscopic 

remains of former woodland are widespread and nineteenth centur,y 

naturalists observed compressed birch bark and hazel ruts in peat and 

i~ntified a variety of type s of timber. The existence of this former 

forest has always been appreciated by the local population; peat cutting 

for :fuel has been practised throughout histOric time and tree stumps, 

uDltarthed during this process, 1Vere highly prized (Woodhead, 1929). 

The Kirkby Malzeard Court Papers for 1751 contain a ref'erellOO to "the 

digging of firewood" on the moors. 

WC&S (1872) published observations of tree remains in the peat on 

the Nidderdale moors. He recor~d the sites of buried timber of birch, 

oak and willow, and he also noted the occurrence of hazel ruts in the 

peat. wcas made a dDtaUed comparison of the altitudes attainltd by 

living trees and the altitudes at which remains of the same species _1'8 

buried. He used these observations to reconstruct the fomer forest ani 

he aiatircuisblc:l two ZOn!JS: a lo-wer om, up to about 1, roo :f"8et (366 

metres), where oaks predaninated, am a higher zone of birch trees which 

he describes in the fol1owing passage: 

"the birch must have fomed a thick and almost urd.versal forest 

by it_It, such as may be seen on the -west coast of No~ at the 

pre .. nt aq. The upper parts of the moorland gUls and much of what 



is now the moors, must formerly have made a beautiful appearance w.i.th 

its light gauze-like forest of birch and mountain-ash." (IAlcas, 1872) 

wcas made no mention of alder remains in the peat although they 

can be observed commonly on the Nidderdale moors at the present time. 

It is possible that the wood which he recognised by its red colour as 

"sealh" (i.e. willow) was alder. 
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Moss (1913) also referred to the distribution of buried bark and 

timber in the central Pennines and described a former upland birch zone. 

In an account of the vegetation of the Leeds-Halifax district, he 

observed that at high a1. titudes and in exposed situations the oak was 

often replaced by the birch, and that these fringing birch woods were 

once more extensive. 

In a vegetation survey of Yorkshire, Smith and Rankin (1903) 

referred to weas' s lIOrk on the Nidd.erdale moors, and a~d their own 

observations on buried tree remains in the area. They suggested that 

a contimous thicket of birch and its associates covered the present 

moorland edge ani much of the moors. They drew attention to the "gi1l

woods" in the upper valleys of certain of the Nidd's tributaries. These 

are characterised by birch scrub and mountain ash and Smith and Rankin 

suggested that they were remnants of the fonner woodland. Tte success 

ot pins plantatiOns on the moors led Smith and Rankin to speculate about 

the former existence of a ZOll' of natural pi~ forest above the a1. ti

tudinaJ. limit for oak and birch. HoW9ver, as ~ither they nor Lucas 

recorded buried pille t:imber in the peat they were forced to conclude 

that there _s no positive evidence that pill' was ever indigenoo.s to 

these moors. 
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Since these surveys IX> systematic observations of macroscOpic 

remains in the peat have been made in this area. NOn!! of the studies 

cited above disrussed the possible date at which tm upland woodlands 

disappeared. There is no evidence in documentary sources for any wide

spread uplani clearance on the Nidderdale moors in medieval times. Tm 

status of t~ upland vegetation during the Dark Ages is 1e ss certain 

and Dllst be inferred frQll place-names. 

I.iii.b. pollen Analytical Studies 

No detailed pollen analytical investigations have been carried 

out on the gri. tstone region of the east-central pennims. However, 

furtb3r south in Derbyshire the vegetation history of the MillstOn!! 

Gri t has aroused much interest. IAlring the Boreal period (7,800 B.O. 

to 5,500 B.O. approximately) the southern penniD's supported a pine

hazel forest (Hicks, 1971) and at high altitudes, where this thi~d 

out, a "late-glacial type" nora survived (Tallis, 1964). IAlring the 

Atlantic period (5,500 B.O. to 3,000 B.O. approximately) miDtd oak forest 

spread over tb9 upland replaCing t~ pill' and hazel, and at damp sites 

patches ot alder/birch carr developed (Oonway, 1947). There is evidence 

that the growth ot basin peats and blanket bog was im tiated at some 

sites on the south Pe:mti.~s during this period, depending on local oon

ditions ot relief and altitude (Tallis, 1964). At Rishworth Moor, on the 

western Penni~ nank, peat to:nJlation was also initiated during the 

Atlantic periOd, at about 3,500 B.O. (Bartley, 1964). 

The spread ot peat ard the d8c1ill' of upland forest in the southam 

PeJUJiDlt8 has been attrlbuted to c1imatic ci!teriorat ion which began about 

5,000 B.C. (Co~, 1947). Ho_ver, an inoreasir.ig body ot evidence 

points to the signitiO&l'108 of Ulan's role in deforestation from 3,000 B.O. 
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onwards (Hicks, 1971). It is clear that at mal':\Y south Penni:r.e sites 

the spread of shallow peat of less than half a IIl3tre in depth has taken 

place relatively recently following upland clearance during Roman ,times 

(Eyre, 1966). 

The vegetation history of sites on the 1imesto:r.e of the central 

Penni.:r.es has been studied at Ma1ham Tarn (Pigott and Pigott, 1959), 

and in the Ingleborough district (Gosden, 1965). The 1imesto~ has 

a1 ways supported a richer nora than the base deficient gritsto:r.es am 

therefore, despite the relative proximity of these sites to tm Nidd

Laver interfluve, direct parallels cannot be drawn between the vegetation 

history of the two regions. The general pattern of a gradual reduction 

of the upland forest from the Atlantic period onwards is, however, simUar 

to that seen in the south Penni:r.e diagrams. At Ma1ham Tarn, forest 

dec1i~ appears to have been initiated in the late Neolithic or ear13 

Bronze Age and can be closely correlated with successive population 

increases (Pigott and Pigott, 1959). At Ing1eborough, the decliIJ' of 

alder/hazel woodland and the associated spread of peat over the limestoIJ' 

pavement appears to have resulted from marked climatic deterioration 

during the Qlb...A.t1antic period (Gosden, 1965). The eastern gritsto:r:e 

region is at a lower altitude and also drier than the south PenniIJ's 

and the Carboniferous Limesto~ areas and consequently significant 

diff8renoes in the oourse of vegetation history might be expeoted. 

At Stump Cross :near Grassington, only 12 lans west of the Nidd-La-ver 

and at a ccmparable altitude (366 metres), Walker (1956) investigated 

sediments in which Mesolithic artifacts had been discovered.. Though 

this site is on limestone, the Millstore Grit outcrops onl3 90 metres 

to the mrth and 800 metres to the south-east, and therefore the pollen 
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al'l&1ytica.l results are of considerable interest in relation to the 

present study. During the Boreal period Betul~Corylus scrub surrounded 

the Stump Cross site; P:i.nls does not appear to have been as common as it 

was in the f'lora of the south Pennire s at this t jme. Quercus and Alms 

became increasingly well represented in the pollen record during the 

Atlantio, but at the eni of this period ris:ing values for Erioaceae 

pollen indioate that heath was developing over the leaohed upland soils. 

Walker's investigations were limited to a short sediment oore, his main 

interest being to establish a date for the miorolithic industries at 

Stump Cross and therefore he did not Speculate about the nature and 

causes of the spread of math. 

In the pollen analytioal studies whioh have been brief"ly surveyed 

both climatio and human influences have been oited as the primary oause 

of upland lIOodLand ~c1ire. The evidence fran other Pennire sites in 

favour of each of these explanatiOns has been considered in the inter

Fetation of results from the Nidd-Laver inter.tluve. 



I.iv. The Historical Background 

A consideration of the histozy of the moors east of Nidderdale 

provides an essential background for the interpretation of changes 

in vegetation and 1a.nd use. 

I.iv.a. prehisto;y 

There are no studies referring sp'cifica1ly to the prehistory 

of this area am therefore the infonnation must be derived from that 

re1atiI:¥J to the Penn~s as a whole. 

There is limited evidence for man' s pe~tration into the uplands 

of Britain prior to the post-glacial. period. Pa1aeolithio people 

inhabited the lo1i'J.ands in the interglacials but hunting forays _re 

probably ma~ into the highlam zone. StOD' and bOD' imp1emel'Jts have 

been found in caves at Cresswell Crags, Derbyshire J and in Yorkshire 

three bone implemonts of 14agdalenian type have been found at Viotoria 
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Ca" J Settle, in the Carboniferous Lime sto~ area of the central Penni.nes. 

In Ni~rOaleJ Collins (1930) identified a lUmber of UpPer Palaeolithio 

hand a21'S which were reoo-vered from morai!lic gravels, b,ut his identifi

oation _s mt generally aocepted (E1gee, 1933). 

Mesolithio (Fig. 1.6). The _:nning of climate which followed the end 

of the glaal.al period resulted in :floral and faum1 changes; gradually 

forest replaced t~ tundra and the herds of reind8er and other large 

__ als lI~d north. The Mesolithic peoples adapted to theae mw con.

ditions and their eoo~ was baaed on the hunting of' small animals, 

fishing, foWLiI8, and the gathering of ruts and berries (Clark and 

Piggott, 1965). Two distinct culture groups are represented in the 



British Mesolithic, the Maglemosians who occupied forested loWlands 

am whose settlements are often associated with lakes; and the Sauve

terrians who occupied sandy areas and upland regions above about 

.300 metres. Most of the Maglemosian fims in Yorkshire have been con-
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fintd to the east of the county, in Holdermss and the Vale of Pickering 

(Icngworth, 1965). However, these hunters must have penetrated the 

Pennines, as &.ms of lLaglemosian type have been found at Rishworth in 

Calderdale ani on Blubberhouses Moor, about 15 kilometres fran the 

Nidd-Laver inter£luve (Longworth, 1965). Microli thic assemblages frQll 

.Deepcar, l19ar Sheffield, and fran Marsden, l19ar Huddersfield, also 

canpare closely with those frClD Maglemosian sites farther south (Radley 

and Mellars, 1964.). Artifacts of Sauveterrian type are common in the 

Pennine Sj characteristic geometric flint microli ths are often found 

exposed by peat erosion lying on the san.d\f, sub-peat soil (Raistriok, 

1933). Isolated f'lints of Sauveterrian type have been found on the 

higher parts of the Nield-Laver interfluve (Ordmnoe Survey Imex, 1950) 

and assemblages of Sauveterrian flints have been identified on Blubber

houses Moor (Davies, 1963) ani at Stump Cross :tear Grassington, west 

of the Nidd-Laver inter:f'l.uve (Walkar, 1956). 

A DlJIlber of pollen analyses have been maa" of the basal layers of 

the ble.IllcDt bog peat overlying certain Sauveterrian sites in the Pennines. 

In most oases these have suggested that the peat began to form during 

the Atlantio period (Woodhead and Erdtman, 19a5; Davies, 1943) and it 

is therefore clear that Sauveterrian man occupied the Pe~s prior 

to 5,000 B.C. At the Stump Cross site the microliths are stati:f'ied into 

the sediments and can be definitely associated with the early Atlantic 

period (Wal.kI'r, 1956). Charooal. founi with the flints was dated to 

6,500 ± 310 B.P. (~,550 t 310 B.C.) (Godwin and Willis, 1959). 
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It has traditionally been supposed that prior to the adoption 

of agricultural technique s man exerted little influence on his environ

ment. However, there is an increasing body of evidence which suggests 

that Mesolithic man used fire to open up the forest for lnlnting p.lr

poses (Dimbleby, 1962; Smith, 1970). Simmons (1969) has pointed out 

that the effects of )(esolithic cleararoe would be most marI=d in 

marginal upland areas. Ho_ver, there is at present no evidence for 

forest clearance by Mesolithic man in the Pennines. 

Neolithic (Fig. I.6). The first major impact on the forested loWlands 

of the British Isles resulted from the introduction of agriculture by 

the early Neolithic peOple who arrived in this country during the fourth 

mUlenniwn B.C. They practised mixed farming, cultivating emmer 

(Triticum dicoccum) as a principal crop, and breeding cattle, sleep, 

goats and pigs (Clark and Piggott, 1965). They brought with them a 

laoWledge of pottery and. the polisled store or flint axe, an effective 

implement for forest Clearanoe (Piggott, 1964-). These first agri-

oul turalists settled mainly in areas where the soUs lIBre of high base 

status and avoided the infertUe uplands. Consecpently peOple practising 

a Mesolithic eoomDlY' were able to survive in these areas for long periods 

after the initial inf'lux of agriOll turaJ. techniques into Britain (Oole, 

1965) • 

The area of primary Neolithic settlement _s centred in Wessex 

and from there spread north. On the chalk lIOlds and limestone hills 

of east Yorkshire there are maI\Y traces of Neolithic occupation but 

there are :f'ew remains in the west of the oounty. Pottery of the Peter

borough type bas been fOUIld in cave s mar Settle and Thozpe (Longworth, 

1965) and megalithic chambered cairns have been ident ified on Bradley 
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Moor IJ'ar Slci.pton and in pen-y-ghent Gill in the upper catchment of 

the Wharfe (Bennet, 1937). The distribution of pol ished stom axes 

suggests that the Penni~ passes -were being used at this p'riod for 

trading contacts with the -we st coast of Bn. tain. Axe s of Langdale shale 

and Graig Lwyd rock are common in Yorkshire and an axe from the factory 

at Tievebulliagh in Ulster has been found on Blubberhouses Moor (Butler, 

1967a). Two axes of Borrowdale Volca.n:ics and o~ of Graig Lwyd have 

been found in Nidderdale (Harrogate Museum Collection) suggesting that 

some local woodland clearance must have taken place in this period. 

Neolithic flints have been reCX)rded from Kettlestang Hill on the Nidd

Laver interfluve (Ordnance Survey Index, 1950) and close by at the base 

of Yeadon Crag a Neolithic rock shelter and hearth have been identified. 

(Mr. C. E. Hartley, persoral oommunication). 

The scarcity of firxls relating to this period in the Ni~rd&le 

area and the lack of interment or settlement sites suggests a sparse 

pop1lation living a semi-nomadic life. A system of shifting cultivation 

may have been practised, areas being cleared for crops or grazing am 

then abandoned w~n soil fertUity declined (Clark!., 1945). Webely (1969) 

has suggested that in south Wales a semi-migratory Neolithic people may 

have utilised the land above 300 metres, fOllowing herds of sheep to 

their feeding areas in the open upland vegetation. It seems likely that 

hunting ma~ an important contribution to the diet in these marginal 

regions w~re Mesolithic practices may have persisted despite the spread 

of agricultural technicpes. 

Towards tie end of the Neolithic period, between 2,000 an:l 1,700 B.C., 

immigrants of a new oul ture group arrived in Britain. They are identified 

by the ciaoorated beakJtr-shaped pots which they produced. The Beaker 
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people were primarily herdsmen, but cultivated scme crops. They buried 

their dead under round barrows and these are common on the lowlands 

between the Ure am the Swale iIJll:OOdiately to the east of the Nidderdale 

moors. These lowlands appear to have held a ritual significance :for 

the Beakers as in addition to barrows they erected a series of circular 

henge moruments in this area. At Thornborough three lenge circles about 

184 metres in di.ameter are aligned along an axis :running north-west 

to sruth-east. An earlier sacred use is indicated by a cursus, or 

aveme, which underlies the central circle and which has been attributed 

to a pIt'!-Beaker phase of the Neolithic (Thomas, 1955). Two similar 

henges, row I13arly ploughed up, occur to the south at Canna and Hutton 

Moor; :further south, by the Ure at Borrughbridge, there are three 

alipd standing sto",s known as the ~vil' s Arrows ard these are also 

thought to belong to the same period. The concentration of barrows and 

religirus mODlIllents suggests a significant pOpllation on the Ure-Swal.e 

lowlands during the phase of Beaker activity and some eJC;ploitation of 

the adjacent uplands is likely to have taken place. 

The Bronze Age (Fig. r.6). The knowledge of bronze in the British 

Isles 1I&.S ac<pired through tra&e am a native bronze industry developed 

during the second millennium B.C. (Clark and Piggott, 1965). New forms 

of pot, the Food Vessel and the Collared Urn, developed as a result of 

the tusion of Beaker teohniques with those of the native Neolithic 

people. The Food Vessels show the greatest Beaker influence; they 

were aade in Yorkshire until about 1,300 B.C. Collared Urns probably 

..... loped alightly later and _re in use until about 1,000 B.C. (Long

worth, 1965). :Food Vessels have been found associated with the Pemxim 



trade routes, at West Tanfield on the Ure, on Baildon Moor rear the 

Wharf'e, at Ferry Fryston on the aire, and at Pule Hill rear Hud&:rs

field. Coffin burials from this period have been identified from 
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West Tanf'ield and Rylstore, on the Wharf'e (Elgee, 1933). Large rumbers 

of boulders carved with cup and ring markings occur widely on the grit

store moors and are assumed to date from this period (Butler, 196780), 

the greatest concentration of these occurring on the moors to t~ south 

of the Nidd and the Aire. Isolated flints associated with this period 

have been fruro on the Nidderdale moors (Harrogate Museum Colle ction) 

and early BroruJe Age maceheads have been recorded at Dallowgill and at 

Laverton (Ordnance Survey Iniex, 1959). 

Collared Urns are not widespread in the West Riding but a few have 

been found associated with the main trade routes through the Pennines: 

in the Calder valley at Tower Hill, Halifax, at Blackheath Cross, 

Todmo:rdf3n, rear the Aire on Baildon Moor, and on the Wharf'e at Tarri:>ury, 

~ar Grassington (Longworth, 1965). A number of cairns and stom circles 

occur on the pennim moors and are gererally associated with the Oollared 

Urn people (Butler, 1967a). Circles have been identified on Hebden Moor 

and at Farncarl near Greenhaw, only 8 kilometre s frcm the Nidd-Laver 

iDterfluve (Raistrick, 1968). 

Bronze Age sites associated with habitation and agriculture have 

been identified on Malham Moor, on the Oarboniferous Ljmestore (Raistrick, 

1931), and some enclosures on Rombalds Moor, on the Millstore Grit, may 

date from the same period (Butler, 1967a). 

The paucity of fims fran the Food Vessel and Collared Urn cuJ. tures 

make estimates of the relative popllation in the Nideerdale region 

during the early BroIWl' Age difficult. The large rumber of rock carvings 



on the moors to the sooth suggest that in the oentral Pennil"l's as a 

whole the population was expanding. Small upland enclosures dated to 

this pe riod suggest that sedentary agriCUl tura.l oommuni ties existed 

at this time. 

25. 

There is a lack of direct evidence relating to the size of the 

pOpulation in the pennine uplands during the late Bronze Age. It is 

clear, h01l8ver, that the 101t'lands to t~ east of Nidderdale 1I8re well 

p0p11ated at this time as a n.unber of hoards of late Bronze Age 

implements have been identified in the area between Ripon and Masbam 

(Longworth, 1965). A hoard of 36 socketed bronze aDS was discovered 

I]aar Laverton in 1887 (Anon., 1909) and two bronze pa.lstaves have been 

found on the moors near Pateley Bridge (Harrogate Museum Collection). 

Late Bronze Age ornaments made of gold have been recovered near Masham 

and at Ripon (Elgee, 1933). The nature of these finds suggests that 

the camaunities which oocupied the m&riins of the Nidd-Laver intertluve 

during this period enjo,ad considerable prosperity. 

The Iron Age (Fig. IJ). Iron was first introduced into southern 

Britain by Celtio traders and COlonists from continental Europe. The 

duration of the British Iron Age was estimated by Hawla!ts (J.959); be 

divided it into three periOds, m= 
Iron I 550 - 350 B.C. 

Iron II 350 - 150 B.C. 

Iron III 150 - RQD&n invasion A.D. It-3 

However, recent radio-carbon dates suggest that the opening of Iron I 

was cxmsiderably earlier. Within this ohron:llogical framellOrk Hawkes 

deviaed & scheme for the division of British Iron Age cultures. He 



recognised a ''!>ermine Province" in which almost all the Iron Age 

archaeological rema:ins could be ass~d to Iron A, the first Iron Age 

culture to be brcught to Britain. 
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The earliest evidence of this new culture in Yorkshire occurs in 

the east of the county at Castle Hill, Scarborough, where a large rumber 

of storage pits have been discovered and their contents assigned to the 

early Iron Age (Smith, 1928). A farmstead of First Iron A has been 

excavated at Staple H01lB on the northern slopes of the Yorkshire WOlds. 

It is probable that the change from a bronze-using to an iron

using society was very gradual in the Pemins region. At Grafton, on 

the Swale, a settlement site belonging to the First Pennine A has been 

identified am sporadic occupation of this site appears to have talo!tn 

place until Roman times (Butler, 1967&). On the limestone to the east 

of Niddlsrdale tb3re are abun:1ant traces of the Iron Age popllatiOllJ 

scattered groups of round huts and associated irregular fields are 

common in upper Whartedale and on Malham Moor. Iron implements are 

exceptional thcugh, and these people were probably relatively isolated 

from the new influences which had spread to the lowlanis (BAistriok, 

1962) • 

Hillt'orts are scmewhat rare in the Pennil1's but there are two good 

examples at A.lmoriJbury near Huddersfield and at Castle HU1, lIeltham 

(Varley, 1948). A recent radio-carbon date ot 555 B.C. : UO for the 

fourth rampart on the site at Almondbury (Dr. L. Butler, personal 00II

lIun:Lcat1on) has eatablishlSd the presence of an Iron Age ouJ. ture in the 

Pennil1'S by the sixth oentur.r B.C. The pranontory fort at Castleberg, 

Neafield, on the Wbarte, may have been buUt in the same pariod as 



.tlrnonLlOur-y ~lluLlcr, lS167a). Cast dill s on tne Laver and the promoy!tory 

fort at ...;criven or; the l\idd 1:1re probu.bly of similar a!!c (urruullce 

.Jurvey lLdex, 1963). 

'l'he ::"e uond pcnnine A contains c1 enent!3 of' both tile llullstadl uro. 

LO bri tu.in bel v.eer; 400 and 360 B. C. III east Yorkshire a nU1ll0C r of 

cemeteries u.ssociated with these 1JeoI)le have been iclenti1'ieJ and di~;-

rnantleJ. chariots are associated vri Ln some of' the intcnuent s \j~l!~ee, 

IS! 33). '£lle La 'l'~ne people v.cre skilled cr:.tf'tsmen L.nd p'oduccd 

ucuorative metalwork of hi::;h c!ualiLy, exu.mples of' wlliclt have been Counu 

in U]C lowland:.; around Lhe hidd-Lu.vcr intern uve. 1 rOll ~w.ords wi, th 

seubbards huve been cecorded at ilasby rear .,kiptOll, "d. ClotilcY'i101me 

y;ear Jlil)on, jr c;oLterdale and indensleydulc (l{ui:.;Lrick, 1<)6H). 

oron7..e mirror hcmdle found at Ingleton u.I,d a bru)j:;e collar from Embsu.v 

l.'~;ne irdluences can be seen :i.n curvir~~s sllch u~, tlJe .~wu:..;tiku ,tone on 

llkleJ :,;uor. Il.. bllrial <J.t 1100rncr GOllunoll .just 110rLh of' Lne Lilld-Lavcr 

L iJUCX, 1).~)21-). Various small enclo::.mre:..; on the i';r:i. t:ltOJ.C iIlUUt':; iluvc 

'i'he arcnaeologieul evidence from Ltle cent.rul PCrcn:jlf::~ :'llU~C:lt:.: 

l' i, 'otL 
"l) 

(1l)5b) claimed Lhut. c:uILivation IJlayed no p:J.rl in Llleil' eCOllorny; 110WUVl'l', 

poiI!t~; Lo ceceal IJroduct.ioll, UlOU,\rh J)os~;il.Jl.Y un u. 1 illliLcd uc;,d,c. I'he 
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Gill, Nidderda1e , close to the Nidd-Laver interf'luve (Ordnance Survey 

Index, 1953). From the evidence of: but circles associated with enclosures 

at Ma1ham and on I1k1.ey Moor, these Celtic peoples appear to have lived 

a settled and organised community lif:e. The f're quen::y of: f:ind:s which 

have been assigIl3d to this period suggests a considerable expansion in 

population since the Bronze Age. 

The Roman Period (Fig. I.7). The Romans f:irst invaded Britain in 

A.D. 43 and their attempts to control the north met with resista:ooe. 

During the latter part of' the Iron Age there emerged in northern B~and. 

a loose f'ederation of' tribes known as the Brigantes whose principal 

strength lay in the Pennine region. The main centre of' Brigantian 

defence was at Stanwick, near Richmond, to the north of: the Nidd-Laver 

interfluve. Massive earthwork f'ortif:ications ~re raised at this site 

which was the scene of' the f'ina1 d.ef:eat of' the Brigantes in A.D. 74-

(Wl:eeler, 1954-). 

It seems likely that the Roman occupation re suJ. ted in little 

change in civilian lif'e on the central Pennines. Hut clusters and 

fields on Malham Moor, similar to those of' Iron Age times, have been 

dated to the Romano-British period (Raistrick and Holmes, 1962). 

ED_ver, the occupation of' the Roman f'orces must have resuJ. ted in 

increasing movement and tradl:t in these areas. The Nidd-Laver interfiuve 

is adjacent to the Roman lead mines on Greenhow Hill. Altrough these 

miD'S were a state moropoly and theref'ore had only a marginal ef'fect 

on the local econany (Hartley, 1967), the inf'lux of' popllation into the 

area must have been considerable. The mines were probably workBd by 

slaves (Raistrlck and Jennings, 1965) and the food reqUirements for this 
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labour force must have been drawn from the surrounding area. It is 

also reasonable to suppose that the charcoal requirements for smel tins 

were supplied by loeal timber, causing scme destruction in the f'orests. 

There is evidence f'or the presence of the Romans in t~ Nid&:trdale 

area f'rom f'inds of coin hoards and pigs of lead. Grainge (1863) recorded 

that t'VlO pigs of' lead east in A.D. 81 -were dug up at Ha.yshaw Bank in 

1735, and one has been recorded from Monk lng, Dacre, dated A.D. 98 

(Speight, 1906). A hoard of 32 Roman silver pieces was discovered in 

a cave in Nidderdale in 1868 (weas, 1872). One of' the most startlillg 

discoveries relating to this period was made in 1850 wlen tle partially 

preserved body of' a man in Roman dress was dug out of a peat bed on 

Grewelthorpe Moor, part of' the Nidd-Laver inter:fluve (Grai., 1886; 

Elgee, 1933). 

Roman mili tar,y control depe nded ~avily on a good road system and 

a number of' the Pennine passes .ere used for east-'9Iest communication. 

Each road had a chain of' f'orts associated with it. No f'orts have been 

discovered in Nid.derdale but. the main road bet_en Ilkley (OliC&Jl&?) 

and Aldborough (laurium Brigantum) passed through the valley only a 

kilometre to the south of' the Nidd-Laver interfluve. 

On the lowlands to the east of the interf'luve the infiuenoe of' 

the Ranans on the civ:ilian life in the area is apparent. The site of a 

Ranan vUla has been excavated at Castle Dykes, North Stainley, to the 

north of' Ripon (Berry, 1953) and a bronze Roman statuette was f'oum at 

Gre.lthozpe, six and a half kilometres f'rom this latter site (Ordname 

Survey I:ndex, 1953). However, on the moors there is evidence for nothing 

more than a contilDlation of' -the agriOUl. tural practices of Iron Age times. 
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I. iv. b. Tb!3 Historic Period 

The Dark Ages. In the early 5th century the Ranan annies were 

withdrawn from Britain and the Celtic inhabitants were unable to defend 

themselves against invaders fran Europe. The Angles of DeiI9. pe~trated 

the ccuntry from the east and m8\Y' have reached Ripon by about the year 

500 A. D. (Jennings, 1967). The history of Nidderdale and the moors to 

the east may be traced in detail from this period onwards using evidence 

derived from place names and documentary sources. 

Few Gel tic place names have survived in this area; only the names 

of the rivers, Nidd (shining) and Laver (noisy), remain to testify to 

the pre~g1.ian settlement (Thcmson, 1967). The Angles were agricul

turalists, who penetrated this area making clearings in the woodland at 

si tes on well drained river gravels. Tbe element "ley", which is cQllJllon 

in the village l').8.IIIes of Nidderdale, is derived from the English "leah", 

a woodland glade or clearing; Jennings (1967) oommented "the line of the 

'leys' up the valley - Whipley, Winsley, Darley, Bewerley and Pateley -

marks the progress of the English in carving their settlements and fields 

out of woodland". On the eastern margin of the Nidd-Laver interf'luve 

Sa1dey, Vlinkaley and Grantley are derived frcm the same source; also in 

this region the Anglian eleDJ!nt "tUn", an enclosure, farmstead or village, 

is oommon as in Eaveston, Laverton and Swetton (Fig. 18). TbI!I Anglian 

invasion must have had a profound. effect on the life of the native peoples 

ot this area. According to Jones (1961) Bede described how Etheltrld 

ot Nortb.lmbria in A.D. 603 "overran a greater area than. &l\Y other ld.~s 

or ch~fs, exterminating or enslaving the (British) inhabitants, 

extorting tribute, and annexing their lands for the English". The ~iana 

settled on these annaDd laDis establishing their own system ot agricul. tuN 

alld led a settled existence for t'WO or three centuries. 
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The invasion of Northumbria by a Danish anny in 86.5 ini.tiated a 

further period of unsettled times in the Dales. Exploratory ellpeditions 

were followed by penna~nt Danish settlement in east Yorkshire and at 

the same period Viking settlers of Norse-Irish descent pe~trated the 

western dales (Butler, 1967b). Norse elements are common in the place 

names of the Nidd-Laver inter:f'luve and its margins: "thwaite", a olearing 

or meadow as in BouJ. thwai te am Braithwaite; ''beck'', a stream as in WJ. 

Beck; "gill", a ravine as in Ramsgill and Dallowgi1l; ard "wath", a ford, 

for example Wath above Pateley Bridge. Linguistio evidence suggests 

that the Norse settlers and the Anglians mixed freely as a wmber of 

names containi.~ elements fran both languages are fOund in Yorkshire. 

It is difficult to assess the impact of this period of settlement in 

terms of population. Norse pla.ce names may merely indicate the renaming 

of existing settlements rather than large scale oolonisation of mw land. 

In the West Riding of Yorkshire more Anglian than Norse names are recorded 

in Domesday Book and this led Thomson (1967) to suggest that "though 

the Norsemen imposed their authority and fonn of local governnent in 

these areas, the land had alreactr been :tUlly taken up by the Anglian 

settlers before the ninth century and there was no large area remaining 

unsettled. " 

Jo~s (1971) has establisb!d that during the Dark Ages scme of tbl!t 

settlements on the margins of the Nidd-Laver interf'J.uve fonned part ot a 

multiple estate which included settlements in the Vale of York ard on 

the pe:rmi.:no margins. This fom ot territorial. organisation may be 

extremely ancient with origins in Iron Age times. 

Sane ot the place-names around the Nidd-Laver intertluve oontain 

elements referring to -vegetation, and these are of interest for the 
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reconstruction of' former woodland limits. However, deductions based 

on the use of place-names must be treated with caution as in s~ cases 

their significance is debatable. Ref'ereroe to particular plants or 

trees in place-names may relate either to their common, or exceptional, 

occurreIJCe. NeithSr is it possible to be certain that a name was first 

given during a particular period. as the application of Anglian and Norse 

names may have continued for some time after these particular phases of 

occupation. However, in spite of these limitations, some information 

can be glean!'d fran the place names of this area. 

The widespread occurrence of the Anglian element "ley" in the 

place names of this area suggests that the lowlands arCAlnd the Nidd

Laver interfluve 1I8re well 1I00ded in the sixth century. However, there 

is little evidence to suggest the existence of &!\Y large stretches of 

woodland on the present-day moor, except on the eastern margin ot the 

intertluve where the Anglian name "shaWS", a lIOodJ.8Jld, occurs on Carle 

Moor between 260 and 320 metres (Fig. U3). The same element sugaeats 

that woodland was once more extensive in Ellerahaw Gill which drains 

Stock Beck Moor (228-275 metres); "stock", a stump, suggests woodland 

clearance on this moor during the Anglian period. Within the same area 

the Norse element "with", a wood, OCOlrs in Sandwith Wham (305 metres) 

and Bagw1th Brae (199 metres), and the Norse element "carr", wet land 

overgrown wi th brushwood, occurs on Stock Beck Moor at How Carr (275 

metres). 

There are also :names on the eastern margin ot the intert'luve which 

might suggest that parts ot this area _1'8 alreadjy moorlani at the tillle 

ot the Norse oolOnisation, tor example Carlesmcor ani Xe:xmoor, which are 

both deri_d troll Norse personal names. Over the higher parts ot the 



interfluve both Norse and Anglian names indicating moorland oonditions 

ooour. Tre name moor is itself derived from either the Anglian "mor", 

or the Norse "mO'r", both meaning a high traot of barren unoul tivated 

land.. The element "moss", in the na.ne Jordan's Moss, is derived fro. 

the Anglian "mos" or Norse "mosi", and presumably refers to areas of bog 

moss (SphagIl1lll spp.). In the name Fleet Seaves, the seoond element is 

derived frQll the Anglian" sef''', a sedge. 

The evidence from place na.Dl9S therefore suggests that the greater 

part of' the Nidd-Laver interf'luve was probably deforested by the siXth 

century, but that tm lowlands 1181'8 1I8ll wooded and trees extended up 

the steep sides of the Nidd valley and up the more gentle slopes on the 

east of the inter.f'luve. On these eastern slopes tongues of woodlard 

exlien&:td up to about 300 metres, bet1l8en cleared areas with heath 

vegetation, at least until after the initial phase of Norse settle_nt 

in the ninth oentuxy. These conclusions based on place-name evid8noe 

a.re supported by the result s of the pollen analyses described in Section IV. 

The Noman Conquest and the Monastic Period. The period of Nor. 

authority ended with the Noman conq!Jest in 1066. At this time t~ Nidd

Laver intertluve and its margins 1I8re in the hands of two major land.

o~rs, Gospatric, a Northumbrian lord, and the Archbishop of York. 

Resistance to the Nomans was strong in Yorkshire and the area suffered 

heav:il.y frQll King WUliam' s puni ti ve action following the Northumbrian 

rebellion of 1069. In 1086 when Daaesday Book was compUed all of the 

14 places mentiol¥'d for Nid.cllsrdale are described as II waste II , as are 1Il0st 

of the settlements on the eastern margin of' the Nidd-Laver inter:f'l.uve; 

JCirlCby Mal_a.rd, Laverton and Grewel thorpe 1I8re all valued at half' of' 

their 1066 level. ACCOrding to Ka.nelJ. (1962), an entry of waste tor a 



ody partl:l the result of devast~ tion irl the area. J~ll ol't~<mised 

n:ir;ration :ni~,Y huvc L.l.ken pluce, at the instigation 01' UiC lundo'Nners, 

i'rclil the le::3s IJroc.luctive l~nds in the dale:,; to Lne wasted holQiTl.[~s of 

more fertile districts. (Bishop, l'!(,~. It is dil'ficul t to assesf', the 

tili....t the corresFuuler-ce of settlements rnentio~d i1' early medieval 

records with L110se listed in DOJ:ler,cb.y suCCcsts a com~~arativcly eurly 

re-occupation. JlOv.ever, some set t}euent s, such as Pop:!:leton in U1,pcr 

l,il~derdule, n::vcr recovered their fonner pO}llilation. 

'l'heUomesday record .vields little infonTw.tion regardine Ule dis-

tribu tion of V100dlund in tlli;:, area in the elcventh ce!:tury, J,erhUljS 

becu.lJ.~e most of' the entries arc bricf OWiT~ 1,0 t.he wasted condition of 

man,Y of the 110ldil~gs. '~'1lC only mention of' '(.'oodlund is at i:k)1;',Crley and 

Dacre, whe re wood1 Cinds Lhree leal.:,rue s in len;r,tll ;;.r:o. Lhrc>e in viidtb ute 

recorded. Underwcod unc Jeague ir: lell~'tll and 011e iT, brcudth is noted 

u. t Kirkby I.;I;Llzeard and half a lea!;ue in length "LuI four furlon.l,~':'; in 

breudtfl ut Grev..elUl0qe lGovlland, l~)5H). 'L'llCl'C is nc indicaUoll of t.he 

critcriu. u[;ed t.o (l:L~)Licgui!3iJ undcrwooo. frol:! v,oou}allJ i..md a~) the exact. 

[,i,rrril'ici:I.!lce or tile 1irlCar meusurcrncnts i:} 1.101. clear Liley cannot be 
,j 

ccnrerted into modern arcal ur.d Ls. 'J'\'~;lfLil ano LilirteeYlth ccr:tur:V 

doculJJcnLs have records for cxtclmive traCt.;..; of' i',o'Jdlurd iIi vil.Ls whiCh 

at. 0olllc.sd.;J.y have 110 IllcLLion of t.rees, Ulcrcl'ore 'i t i:~ clear Ltl:,t Llle 

reccrd i~; il:comf,let.e. 

'si..l.rly ill Lilf; tv.clfth century Lhe lip,els j n tlli:.: a~u Villicll had 
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The Mowbrays became Lords of' the Honour of' Kirkby Malzeard which com

prised the maror of' Kirkby and various sub-manors and estates including 

the upper Nidd valley ani its surrounding moors, krown as the Chase of' 

Nidderdale (Gowland, 1938). The Chase was a hunting area, or:e of a 

large rumber of' hunting f'orests created in the Dales at this t:ime, in 

which game rights were strictly controlled and agriculture not enccuraged. 

Its creation may well have militated against the repOpulation of the 

upper dale (Fig. 1.9). 

The re-establishment of agriculture in this area was largely due 

to momstic inf'J.uence. After the Norman conquest increasing rumbers of 

monks came to Britain to form religious oommunities. The Cistercians 

were partiru1arly promir:ent in Yorkshire, establishing religious houses 

in isolated areas. In 1132 Fountains Abbey was foun3ed on the lowar 

Sk.el1, a stream draining from the Nidd-Laver intert1uve, on land granted 

by the Archbishop of' York. Byland Abbey was fourilBd in 11,38, by the 

Mowbray family, on the edge of the Hambledon Hills about 4-0 kilanetres 

fran Fountains. Between them, these t'WO Abbeys came to own almost all 

of upper Nid&lrda1e, the surrounding moors and the land margiDal. to the 

moors on their eastern edge. 

In the latter half of the t-.1fth century Roger de MOlibray granted 

the western side of up~r Nidderdale and the moors to the mrth to Byland 

Abbey, in return for a fiDd rent. In this area, which cQIlprised the 

modern parishes of Stor:ebeok Up and Stonebeok Down, the IIlcmks had rights 

35. 

of pasture, am timber ani mineral extraction. The Mowbray familJ retau-d 

the hunting rights ani for this reason arable cuJ. tivation was not included 

in the charter (Jennings, 1967). Fountains Abbey received various SIlall 

grants of JJ&JJd in lower Nidderdale but in 1175 Roger de l40wbray granted 



them a large area of upper Nidderdale to the east of the river and 

including the Nidd-Laver interf'luve. The area involved is described 

as follows: 

"namely all Nidderdala on the east of the water from Iwdene 

(Yeadon Beck) upward along the Nidd as far as Bec~nnote, ani 

all the wood of LoftbJaum, and that 'ftOod at Poppleton, ani 

from Beckennote as far as the moor and so to Frosildehau 

(Throstle Hill) and thence to Dalhagha (Dallowgill) and all 

OOhagha downwards on either side as far as it extends, and 

thence across the moor towards Scheldene (Skelding) as far as 

the bounds of the Archbishop and thence to the west as far as 

Jwdene." 

(Lancaster, 1915) 

Fountains also received lam from de Mowbray to the west of the Nidd, 

south of Stombeck Down, in Bewerley and they had the right to mint 

the valuable lead ores of this a~a. In later years they _~ a1_ 

granted much lam on the eastern margin of the Nidd-Laver intertlu,", 

in LavortOn, Car1eamoor, Grewl thorpe and Azer1ey (Lancaster, 1915). 

The~ is evidence of w.J.deapread 'WOodlams .in the Nidderdale area 

at the tme whBn the Abbeys first received their grants of land. The 

rights to timber are frequently mentioned in the charters, for example 
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a. Mowbray granted Fountains Abbey "dead wood in his forest of ltirkaby 

standi~ or lying whatsoever bears l'lO leaf" and ino1uded rights to "a 

certain shrUbbery in the territory of Lauverton." Woodlanl is mentiomd 

in grants of land to the moDks at Car1eamoor, GeJ.phay and Gre_1tborpe. 

In Ni~rd.aJ.e, woods are D'ntionad at Be_r1ey, Lofthouse, Popp1etun 

(probably later Covel House Grange) and Baokstol1!t Beok (Lancaster, 1915). 



As with the Danesday record the detail in these charters is 

insU£ficient to establish the areas or the exact positions of the 

woodlands mentioned; however, it seems likely that the woods chie:t'l.y 

occupied the steep valley sides in Nidderda.le and the slopes below 

about 230 metres. There is IX> evidence to suggest that at this date 

there was 1I00dland on allY of the present moors. In some cases the 

status of the uplani is obvious as rights of turbary are included 

in the grams of land at Grewel thorP=' and Lavertcn. 

The lar.ds which were not subject to Cistercian control during 

the Middle Ages included those belonging to the Archbishop of York 

in the parish of High and Low Bishopside. He re oontiIlLli ty of settle

ment from pre-Domesday thies is fairly well e stablisb3d (Jennings, 

1967). The land was worked by small tenant f'armers, a variety of 
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crops was grown on Open fields, and sb3ep, hogs and cattle were pastured 

on the camnon land of the moors. 

Dlring the latter part of the thirteenth am. early :fourteenth 

oenturies the p~lation of Nia.c:erda.le was increasing and much aSBarting 

of' nsw land took place. This period of' expansion came to an end in tho 

mid fourteenth contur.r when the Black Death ravaged West YorkshLro. 

There _s a su~n reduction in population a.nd a contraotion in the 

area u:nder cultivation. Raistrlok am JenrxLngs (1965) quoted a passage 

fran the records o:f Ripon Cathedral :far 1361: "some o:f the faithf'ul. of 

Christ of either sex have begun to inhabit the places of Daore and 

Be_rley, formerly waste, a moor laoking human dwellings"; tbay 

suggested that this referred to a reoovery' of population after the 

Black Death which could be attributed to an expansion in Ilonastic 

JIliDi~ activities. 



It is clear that there must have been very great rewotions in 

the woods of this area during the thirteenth and early fourteenth 

centuries. Not only did the monks have the right to income fran the 

sale of firewood but they utilised the timber for charooal to smelt 

looa.l lead ore. A thirteenth century agreement, relating to the Chase 

of Nid~rda.le, allowed the Abbot and Convent of Fountains to "burn 

oharooal wi thin the said Chase from every kind of wood when and as 

they ohose" (Lancaster, 1915). The thirteenth century was the time 
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of the maximum demand for lead for monastio buUding and the mines mar 

Pateley Bridge were extensively worked in this period. Early in the 

fourteenth century a forge at "Thoresde~" in the Forest of Knaresborough, 

south of the River Nidd, is reoorded as having ceased prowotion as the 

local timber supplies were exhausted (Jennings, 1967). 

The monks oreated a series of large fams or granges (Fig. 1.10) on 

their Nidderdale estates, under the management of lay brothers or 

tenants. The granges .,.ere spread at intervals along the dale and roulld 

the eastern margins of the moors. The agri0l1 turaJ. system was almost 

entirely pastoral, muoh of the valley being devoted to cattle, though 

small areas were used for com at sane of the granges (Donkin, 1962). 

Dairying am cattle breeding were the main ocoupations on the Fountains 

estate. TbI tenants or lay brothers aoted as managers and they had to 

deliver a fiDd cpota of produce to the Abbey eaoh l"'ar. An agreement 

of 1537 made between Robert Brown! and the Abbot and Convent of Fountains 

&p'pointed him as JCeeper ot Bouth-.i. te Grange in return for thirty stonts 

ot oheese, torty stoDSs ot butter and thirty oaJ.ves to be &l1i'98re4 to 

the Abbey each year (Walbran, 1863). In 1496, aooording to Jennings 

(1967), the Fountains granges in Niddlsrda1e supported 612 dairy cattle, 

1,700 ablep am 380 steers and bUllocks. The sbaep may have been 
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pastured on the moors in the spring but were then driven to richer 

pastures on the limestone of the Czaven estate; the steers and bullooks 

spent the summer on the Nidderdale moors. A form of transhumame may 

have been practised between upland and lowland granges. Donkin (1962) 

suggested that the granges of Cayton and BrilDham were linked for this 

purpose. 

The post-monastio period. The dissolution of the monasteries in 

1539 resulted in profound changes in the social organisation of thoSlt 

areas which had been controlled by the Cistercians. Tb9 lams beloI8ing 

to Byland in upper Ni~rdale were bought by Sir John YorkB and the 

Fountains estate by Sir Richard Gresham. The Gresham estate waa aoon 

divided and sold; maltY farms in Fountains Earth passed to the oorupying 

tenants. In the Kirkby Malzeard area, where much of the lam became the 

property of the Earls of I8rby, maltY long leases 1'I8re granted (GolI'land, 

1938). Tws during the late sixteenth century a group of independent 

yeoman farmers worked the lam marginal to the moors. 

IAlring t~ f'ollowil:g century the population of these areas 

illOreased, open arable fields in the valley bottoms were enclosed, 8lld 

pressure on the cultivated lam resulted in illOreasing l'lUBibera of 

intakes being made £'rom the common pastures. Cattle were the main 

source of inoome during this period. The flocks of sheep were gentrally 

small, except in upper Nidderdale, and arable crops were grown only tor 

local use. The ouJ. tivation of hemp and flu: became inoreasingly 

important dUring tbl!l seventeenth century, providing tm raw materials 

for the local cottage textile industry. The production of liJl!ln _s 

largely COlX)8ntrated in lower NiddDrdale, though it was also important 

in Bishopsia.t and Bewerley (Jennings, 1967). The developllent of lead 

mimng contributed to the ~sperity of ua>er NiddDrdale during this 

period. 
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A valuation of the ~ds belonging to the Fountains estate at the 

time of the Dissolution suggested that along the eastern side of upper 

Nidd.erdaJ.e only patches of scrubby oak woodland, simUar to that of the 

present day, remaimd. An entr,y recorded "brushey wood and underwood 

worthlO shillings a year at the granges of Calf'house (Covel House), 

Westholme house, Easthol:me house and Sixforth (SigsllOrth)". At Dacte 

am Fallbeck more extensive woods must have remained for these were 

valued at £30 per year (Walbran, 1863). There was D) :mention of 1IOOds 

at Lofthouse or Bouthwaite, or on the eastern margins of the Niddr-Laver 

interfluve and presumably allY stands in these areas were small and of 

little ecowmic importance; therefore they were rx>t included in the 

survey. 

The woods in the region of Fallbeck am Dacre _re probablJ greatly 

reduced in the late sixteenth and the seventeenth centuries as the demand 

for charcoal increased with the expansion of lead mini.ng. Muah local 

timber must have been consumed before peat was adopted as a fuel in the 

mid-eighteenth century (Raistriok and Jennings, 1965). Since this period 

the amount of l\OotUand in tl:e area has probably remained fairly statio. 

lAlring tl:e eighteenth oentury population and prosperity inoreased 

in the area around the Nidd-Laver interfluve. Large-soale, organised 

li:n!tn and wool produotion replaoed the cottage industries and from this 

a mechanised textUe indllstr,y. based on water p0-wer, developed during the 

nineteenth oentury. A ohain of flax and cotton mills grew up between 

Dacre am Pate ley Briege during this period. Inoreasing mmbers _re 

employed in thS mines and technological impro'V8ments resulted in 

inoreased outp1t. Dairy farming prOVided the chief BOUrce of agri

cultural income owing to the D!ted. to supply the greatly increased. 

iD!lustriaJ. population. This period also saw a gradual expansion in the 
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area of improved lard; large parts of the commons marginal to the moors 

were enclosed by Act of Parliament or private agreement. However, it 

is clear from comments made by Robert Brown, in a survey of the 

agriculture of tb:3 West Riding in 1799, that attempts to improve the 

moors were considered :f'I1tUe: 

"The quantity of waste is diminishing every day as enclosure 

bills are freq)lently passed for that purpose, but still a great 

deal remains to be done. There are man-Y. JBrts of these wastes 

capable of great improvement if divided and iIlQ1osed. But far 

the greatest part 1'iOu1d rot repay the eltpense of inclosing. II 

(Brown, 1799) 

Despite the introduction of hardier strains of sheep to the 

Nidderdale moors in the eighteenth century, it is clear from further 

comments made by Brown that there had been little rational use of 

upland pasture since the ending of the monastic system' 

"the kind of sheep bred are the most miserable that can be 

imagiD'd. As they geD'ra1ly belong to poor people aJld are 

mostly in small lots, they can never be improved, tblt number 

that are plt on the commons that are not stinted beggar and 

starve the whole flock." 

(Brown, 1799) 

At this period it was est:imated that tllO or three acres (approxi

mately 1 heotare)of moorland were needed to support ons sheep. Howeyer, 

toards the eni of the ninsteenth century there was a marDd intensi

fication in grazing on the moors owiDg to an increasing dIhlaDd for meat. 

Lucas, writing in 1872, described the Nidderdale moors as "ons large 

grazing field, vast flooks of sheep are reared on the moor and sheep 
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gates, or the right to turn sheep on to the moors, a~ let in specified 

n.unbers with each fam, and row it is difficult to get gates, though 

30 years ago there we~ rot sheep in the dale to stock the moors" 

(Lucas, 1872). 

At the end of the nineteenth century the pOp1lation of Nidderdale 

and the surrounding area began to decline. A depression in the lead 

irdustzy caused the abandorment of ma:r:w mill!'s between 1880 am 1882 

(Raistriok and Jennings, 1965). A contraction in the lill!'n imustzy 

took place in the mid nineteenth century and an agriCUl. tura1 d.epre ssion 

resulted in a decline in the acreage of arable land and a reduction in 

the n.unbers of farms on the more marginal land (Lucas, 1872). It was 

during this period that it became more profitable for landlords to let 

shooting rights on the moors than to !reep the land for pasture (Je:rm1ngs, 

1967) • 

IUring the twentieth century the contraction in up1am fams has 

contiIlled and ma:r:w deserted farmsteads ll!'ar the limit of enclosed land 

testifY to a former, more intensive, utilisation of the moors. The 

Nidd-Laver interfiuve is mw carefully managed to maintain a good s_rd 

of ling for the grouse. The tenant fanners are strictly limited in the 

IDlIIlbers of anlma1s which they are a1101!ed to pit on the land; this at 

present maintains about 1,300 sheep to 400 hectares. Leeds Corporation 

have recently planted large stands of conifers in the valleys of North 

Gill Beck and Car1eSIDocr Beck, and on the 1I8stern edge of the interfJ.u-ve 

overlooking the Nidd valley. 



The histor,y of this area provides the background against which 

changes in vegetation and land use must be vie1ged. From the avaUable 

evidence it appears that the major impact on the former uplam. wood

lands came at an un~termi.~d t:ime prior to the historic period. 

The reduction in woodland at lower altitu~s along the valley sides 

has been primarily in response to the demand for charcoal. for lead 

smel ting and also to increased grazing pressures. The main phase of 

exploitation of' t:imber during historic time was associated with the 

monastic period. 
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SECTICIf II THE POLLEN PROFIIES 



II. i. The choice of' the sampling site s 

Peat cover on the Nidderdale moors is extensive and wi thin the 

stuc\Y area a variety of' peat types have been identified. The most wide

spread are the thin highly humif'ied peats bet~en 20 and .30 centimetres 

deep, which extend over the whole upland. Deep topogenous peat has 

accumulated in the sub-glacial meltwater cha~l at Fountains Earth am 

at the heads of' some of' the valleys shallo~r tOpogenous peat has formed. 

Rapidly accumulating f'lush peats commonly occur along the valley bottoms 

and at some sites where springs rise f'lush peats have developed on the 

open moors. pollen analytical investigations have included each of these 

peat types, and in addit ion the soil pollen record has been examimd at 

two sites. 

Initially sites were chosen in the upper catchments of tllQ) streams 

dissecting the upland, S.kell Gill am North Gill Beck (Fig. 11.1). In 

both cases sites ~re investigated on the open moorland, in the upper 

reaches of the valleys, and within existing woodland in the lower parts 
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of the valleys. SubseqJently sediments at Iron Well Hill and the topogenous 

peat at Fountains Earth -..ere sampled as it was anticipated that the pollen 

record at tb9 base of these sites might be considerably older than the 

record at other sites on the interfluve. Pollen analysis has also been 

carried out on peat am buried soil associated with an earthwork on 

Carlesmoor, to determine whether occupation of this site had aru marked 

effeot on woodlam decline. The thirteen pOllen analysis sites 1I8re chosen 

with a view to providing detailed information on changes in the limits of 

former '9iOocILands. The sites were concentrated in an area 6.5 kilometres 

s~are and varied in aspect and. altitude. 
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These sites fall into two distinct groups on the basis of the 

terurial history of the surrounding land. The sites on the southern 

part of the Nidd-Laver interfluve are on the boundary of the parish of 

High and It>w Bishopside where, since the Dark Ages, the land has been 

held by smallholders, tenants of the Archbishop of York (Figure II.1). 

The sites on the rorthern part of the inter.fl.uve are on land whioh 

passed into the hands of Fountains Abbey in the eleventh century and 

was managed for over .500 years as part of a large monastio estate. It 

was hoped that differences in land management since the Dark Ages might 

be re:t'lected in the pollen records fran the two groups of sites • 

• 



II.ii. The sampling sixes 

ilt each site the extent and nature of' the eeposit was noted. 

Observations were mad13 on peat type and stratigraphy in the field and 

these were supplemented by a brief laborato:ry survey of the principal 

macroscopic remains in the peat f'rom each sampling site. J4acroscopic 

remains could rot be recognised in the thin peats owing to their high 

humi:fication. At a number of' sites peat f'ormed fran the remains of' 

Gramireae, Juncaceae and Cyperaceae was identif'ied, but the chief' peat 

f'onning constituents could not be distinguished. In these cases this 
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is re:ferred to as undi.f':ferentiated monocotyledonous peat. Tn, examination 

of' the macroscOpic remains was not intendl3d to provide a detailed record 

of' vegetation succession but merely to indicate the depositional context 

of' each deposit. The stratigraphy for each site is represented in a 

column at the lef't ham side of' the appropriate pollen diagram. A leey 

to the stratigraphie symbols used is given in Figure II. 2. 

II.11.a. Fountains Earth. SE 15197238. Altitude 305 metres 

(Deep topogeneus peat) 

On Fountains Earth peat haa tilled a aub-glacLal mel t.ter chamlel 

which links the headwatera of North Gill Beck and Byerbeok GUl (Fig. II. 3). 

The ohaIlB'l is about 100 _trea wide and 4.5 metres of peat have formed 

in ita deepest part. On the soutmrn margin the aandstoz:e ridge of 

JCettleatang H:iJ.l riMS steeply, but to the north the land rises more 

gently and extensive patoblts of' flush peat lesa than a metre deep bordl'r 

the channsl (Fig. II.4. and Fig. II. 5). 



FIG 1I·2 STRATIGRAPHIC SYMBOLS 
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FIG.II. 3 FOUNTAINS EARTH POLLEN ANALYSIS SITE. 
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The surface vegetation of the bog is dcminated by Juncus effusus 

and Sphagrum spp. with occasional clumps of Erica tetralu and EriOphorum 

vagina tum. Tb:I main natural drainage is to the west towards Byerbeck 

Gill; in addition di tcbes have been cut into the surface layers of peat 

to partially drain the deeper part of the bog; these may date from the 

enclosure of Fountains Earth in 1855. Probably as a result of this 

draina.ge the upper peat has dried out and in some areas Calluna vulgaris 

and Empet~ nigrum have inva~d. 

Tna overall stratigrap~ of the bog was detennill9d by a series of 

borings which were mad13 at 10 metre intervals along the liM A - B in 

Figure II. 4. The peat is urderlain in places by b:lavily gleyed blue 

cl8iY over 30 cm dl3ep, containing occasional wood remains. In no case 

did the borer pe~trate through the clay to the parent; rock. At tho point 

where t~ peat was deepest the borer 1VOIlld not pell9trate beloW 420 em 

and the junction of the peat with the mineral substratum was rot reac~d, 

though smears of cl8iY were detected on the head of the borer. The 

possible origins of this cl8iY were discussed in Section I.ii.b. In 

places on the north side of the basin, a layer of coarse brown sani 

10-20 em thick ani containing small pebbles separates the base of the peat 

fran the clay. This was interpreted as wash material deposited prior to 

peat growth. 

A layer of 'WOod peat with abundant remains of Betula am Alms 

overlies the mill9ral material in the c.ha.nrttl. Above this there is a layer 

of _11 humified mOllOcotyledonous peat, the upper part containing abundant 

reJll&ins ot ErioPhorum• Towards the surface Sphagwm remains are common; 

the upper peat is almost pure Sphagrum, though in the drier parts of the 

bog Callum tragments are also present. 
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The stratigraphy at the site chosen for pollen analysis is described 

below: 

o - 50 em Well humified dark brown Sphagnum peat, partly 

oxidised; CaJ..luna. fragments abundant; fruits of 

Juncus effusus at 10 an; charcoal fragments common 

in surface laye rs. 

50 - 108 an Fairly ~11 humif'ied dark brown Sphagmm peat with 

occasional fragments of Callum. 

108 - 200 an Well humified dark brown Eriophorum peat; wood and 

bark fragments 200 - 160 cm; occasional fruits of 

Juncus effusus. 

200 - 250 cm Well humified fibrous Eriophorum peat, red-brown in 

colour penetrated by black rootlets; occasional 

SphagI1llll leaves, fruits of Carex rostrata, Juncus 

effusus and Betula; fragments of Callum at 260 an; 

an AlIllS fruit at 240 an. 

250 - 300 an Very well humif:i.ed brown monocotyledomus peat; 

fragments of Eriophorum and compressed wood. 

300 - 3ro am Wood peat forned predominantly of compressed frag

ments of Alws and Betula; fruits of MIllS gl.uti~sa 

common; oocasional fruits of Juncus eff'usus. 

320 - )80 om Very well humif'ied momootyledoDJUs peat; fragments 

of oompressed bark and wood common; occasional fruits 

of Betula, Carex: rostrata and C. acutiformisj very 

small fragmnt s of charcoal at 320 an. 

)80 - 4.20 011 Dark brown 11811 humified wood peat; fragments of' 

compressed bark and small twigs of Betula/Al111s type 

abundant throughout. 



The abundance of wood fragments throughout the lower p:lat suggests 

that a damp woocUand dominated by Betula and Alnus must have existed on 

this site for a long period during which peat was accumulating. This 

Carr vegetation was later replaced by a bog conunumty dominated by 

grasses and sedges. The occurrence of fruits of Alms and Betula between 

200 and 300 cm suggests that trees remained close to tre site whUe this 

peat was fonning. The last wood fragments were identified at 180 an 

just after Sphagrum replaces Eriophorum as the principal constituent of 

the peat. The stratigraphy of tre top 100 em of peat suggests that 

during the fonnation of this p:lat tre site was surrounded by vegetation 

simUar to that at present oovering Fountains Earth. 

II.ii.b. Iron Well Hill. SE 17006990. A1titu~ 320 metres. 

(Upland flush peat) 

The name "Iron Well Hill" is applied to tre eastern shoulder of 

Far High Hill, in an area where a rumber of springs bring iron-rich 

water to the surface. At the site of ore of these springs deposits 

were eX8lI1ilY3d with a view to pollen analysis. On the gently sloping 

hU1side a hummock of Sphagnum peat 75 em high and about 3.5 metres in 

diameter has tormed. Water sta1red red by ferric iron drains downslope 

fran the hummook. It is oarpeted by Sphagnum SPP. and supports olumps 

of Juncus effusus, a few plants of Cirsium palustre and tussooks of 

J(olinia c&erul,ea, a species whioh can tolerate a high iron supply 

(Pearsall, 1950). 

A. pit 182 an deep was excavated in OD' side of the hummock; the 

exposed profile was canp1ete1y waterlogged am rapidly rising water 

prec1uasd detaUed examination or sampling. At this site a metre of pale 
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brown Sphagrum peat overlies the mineral substratum. The upper 25 an 

of peat are heavily stained by ferric iron, but below this the peat is 

a uniform mid-brown with only occasional red mottles. Towards the base 

of the peat fragments of Betula wood were observed. The peat is under

lain by 82 an of fine, stoneless grey Qlay containing abundant wood 

fragments, apparently of Betul.a/~lnus type although poor preservation 

of the wood mac)3 identification difficult. it. fragment of a hazel nut 

was recovered from the clay at 150 em. it layer of rour:ded gritstone 

pebbles, up to 10 an in diameter, was observed at the base of the pit. 

The wood wi thin the grey cl83 apparently repre sent s the remains of 

in situ rooting systems of trees which occupied this site prior to the 

d.evelopnent of peat. The aIlOlIlalous occurrence of a hazel wt well below 

the junction of the clay with the overlying peat ma.Y be due to chal'lD'l 

fonnation and disturbance of the profile by the spring water. The lack 

of ar13' surviving soil horizons in the clay can be attributed to heavy 

glaying at this continuously waterlogged site. 

II. ii. c. 8mll Moor I, SE 17?l6962. Altitudt3 320 metres. 

Skell Moor II, SE 17506*. Al ti tude 305 metres. 

Hambleton Hill. SE 15027330. Altitude 381 metres. 

(Thin moorland peat) 

Tle thin peats which blanet much of the upland have been examined 

at three sites on the exposed summit of the interfluve. At these sites 

the sur.faoe vegetation is dQDinated by OaUuna. vulgaris with few 

associates. In all cases the peat is highly humified and amorphous, 

few plant remains other than fragments of Callum can be identified, 

The peat is dry to the touch and has a high mineral content oonsisting 
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of fairly large sub-angular quartz grains. At the SIrell sites, 

20 - 25 em of peat has developed over a layer of pinldsh-brown sand 

10 em deep which merges with the weathering Millstore Grit. A layer of 

compressed Betula bark occurs at the base of the peat at both sites. 

At the Hambleton Hill site (Figs. 11.6, 11.8) 15 em of peat has devel

oped. The sub-peat material consists of 30 em of storey grey clay with 

orange mottles; this overlies angUlar blocks of weathering MUlstore 

Grit. 

II.ii.d. Hambleton Dike. SE 1517734.2. Altitude 366 metres 

(Shallow topogemus peat) 

The eastern slopes of Hambleton Hill are covered with thin peat 

but at the sic;, of the stream kmwn as Hambleton Dike a small deposit 

of topogenous peat has formed in a channel about 35 metres w:ide. A 

gully through the deposit takes water down into the dike and about two 

metres of peat are eJIPosed containing abun:lant 1IOOd remains ot Alms/ 

Betula. Large branohes up to 10 om in diameter ani some complete tree 

stumps are visible in this section (Fig. II.7). The surface vegetation 

of the whole hiJ.lsidD is an almost pure sward of Callum wlsans. 

Borings revealed that the cha~l was steep-sidDd (Fig. II.8), 

Ii., that at Fountains Barth, though on a smaller scale. It is possible 

that the Hambleton Dike charmel is also the resUlt ot the action of sub

glacial melt.ter. The peat filling the channel has aOOUllulated on top 

of a lqer of grey clay which can be seen in the exposed seotion. The 

bulk of the deposit is a pale brown momcotyledonQ1s peat in whioh 1IOOd 

remains are abundant. Tbare is a marked change between 15 and. » an 

wnsre this is overlaid by blaok, partly oxidised Callum peat. 



FIG.II.6 HAMBLETON HILL. POLLEN ANALYSIS SITE. 

FIG o II.7 PEAT FACE. HAMBLETON DIKE. 
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A site was chosen for pollen analysis away from the edge of the 

gully and the stratigraphy at this point is as fOllows: 

o - 18 em Highly humified black Calluna peat, partly 

oxidised towards the surface; stems am flowers 

of Calluna vulgaris abundant; occasional fruits 

of Juncus effususj charcoal fragments throughout. 

18 - 32 em Dark brown very well humified wood peat; bark 

and wood of Betula abundant; fruits of Juncus 

effusus throughout. 

32 - 78 em Pale brown earthy monocotyledorous peat, li8ll 

humified; fruits of Juncus ef:f\1sus commonj abundant 

fragments of ~od and bark in some cases carbomsedj 

fruit of Betula at 73 cm and of Alms at 53 an. 

Occasional moss leaves of Grimmia tyJ;e; small frag-

ments of shale and quartz throughout. 

52. 

The frequency of \'IOod rema.ins in the peat below 21 an suggests 

that Alws/Betula carr occupied this site prior to the formation of the 

Calluna peat. The very sharp nature of the contact between the \'iOod 

peat and the Calluna peat suggests that there m8i}" be a hiatus at this 

level. 

II.ii.e. Upper Skell Gill I. SE 17726939. Altitude 22> metres 

(Shallow topogenous p!tat) 

At this site peat has accumulated to a depth of about 1.5 metres 

at the head of the S_ll valley where the two streams which form Sell 

Gill converge (Fig. II.9). The bog is colonised by species of Spha.gmm 

with clumps· of Juncus eftususj Erica tetralix and Droaera rotundifolia 
( I 

I are found On the dampest parts and Calluna vulgaris has spread on to the 

drier areas. 
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FIGoII.ll PEAT FACE. UPPER SKELL GILL 1. 
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Augering along the traverse A - B - C (Fig. II.9) revealed that 

the bog has developed in a hollow formed between the valley sides and 

banks of san<tr alluvial material deposited by the two streams (Fig. II.IO). 

The peat has accumulated ei ther directly over the weathering Millston!t 

Grit, or over gravelly material of alluvial origin. The soothern stream 

appears to have changed course since the developnent of the bog· ani 

rapidly accumulating fl.ush peat has filled the abandoned ch8llIl91s. On 

the northern margin the stream has eJeposed a face of peat just less than 

two metres &:ep with gri tstore pebbles in a clay matrix at its base. 

A layer of wood of Alms/Betula type occurs at the junction of the peat 

with the mireraJ. substratum (Fig. II.11). 

The stratigraphy at the first site chosen for pollen analysis is 

a"soribed below: 

o - 8 em Well humified black monocotyledolX)us peat with a 

high sil. t content; fragments of oarbonised Callum 

wood and fruit s of Juncus ef:fusus common; abundant 

fragments of charcOal and sub-angular cpartz grains. 

8 - 14 an Well humified reddish-brown Eriophorum peat; a fruit 

of Betula at 12 em; fruits of Junous effusus oanmon. 

14 - 23 an Well humified blaok Eriophorum peat with a high silt 

content; fruit of Betula at 18 om; charcoal fragments 

abundant throughout. 

23 - 65 em Poorly humified red-brown Ericmhorum peat; fruits of 

Juncus SPR. throughout; fruits of Carex eohinata at 

35 em. 

65 - 103 an Well humified dark brown Eriophorum peat; frui ts of 

Cazex eohinata. aId Juncus bulbosus throughout. 

Oocasional small charcoal fragment s. 



103 - 132 em Very well humified earthi}" monocotyledonous peat; 

EriOphorum fibres in the upper 15 em; fragments 

of Betula bark and leaves abundant towards the 

base; occasional fruits of Carex app. and Juneus spp.; 

Juncus articu1atus fruit at 180 em; leaves of 

Sphagnum palustre and frui ts of Mo1iIlia caeru1ea at 

the base. 

132 - 140 an Wood of Betu1§/,A1rus typ' - apparently an in situ 

rooting system. 

Prior to t~ deve10pnent of peat at this site carr vegetation 

appears to have occupied a damp hollow at the head of the SIrell valley. 

Soon after the iIlitiation of peat growth, Eriophorum spread on to the 

site, and remains of this plant fonn the bulk of the deposit. TbrJ 

presence of Betula fruits at 12 an and 18 an suggests that trees may 

have grown close to this bog throughout most of the period of peat 

formation. The concentration of charcoal in the upper 8 an of peat and 

between 14 and 23 an must refleot large soale burning, probably initiated 

by man. 

II. ii. f. Upper Sell Gill II. SE 17726913. Altitude 290 metres. 

(Valley flush peat) 

Rapidly accumulating tlush peats occur in the valleys of the Sleel1 

and North Gill Beck, in most cases occupying the sites of abandor:ed 

.eanders. Their occurrenoe appears to be related in part to the seepage 

of .ter from shale beds which are exposed at intervals along both 

valleys (Fig. 1.3). In sane Cases water flowing into these flushes baa 

o.posited ;ferric salts both within the peat and on its surface. The 

flushes are oolomsed by a variety of specie S of Sphagmm with clUDlps 



of Juncus effusus. Four of these f'lushes at differing altitudes were 

chosen for pollen analysis. 

The Upper Skell Gill II site is on the southern margin of the 

topogenous bog previously described at the head of the Skell valley 

(Fig. II.9). Sphagrum ~at has accumulated on a pebbly substratum 

during a phase of rapid regrowth of the bog following stream erosion. 

The fonner stream channel has been completely infi1led up to the level 

of the surrounding bog surface. The stratigraphy at the site chosen 

for pollen analysis is as follows: 

o - 8 an Fresh Sphagnum cuspidatum and Polytrichum commum 

with occasional Calluna leaves. 

8 - 25 an Partly humified Sphagnum cuspidatum and S. rewrvum. 

25 - 80 cm Moderately humified Sphagnun peat, stained red by 

ferric iron deposition; fruits of Juncus articulatus 

and Molinia caerulea; occasional charcoal fragments. 

80 - 99 an Partly humified yellow-brown Sphagrum peat; leaves 

of S. cuspidatum and S. compactum identified. 

Fragments of AlIJls~tula type 'WOod. 

The wood fragments at the base of the peat suggest trees must 

have been growing close to the site when the peat began to develop. 

However, the bulk of the peat has formed frcm plants similar to those 

occupying the site at the present da.Y. 

11.ii.8. Hambleton Flush. sa: 15057350. Altitude 366 metres 

(Valley flush peat) 

88 em of moderately hwaified Sphagnun peat have aCCMDUlated in 

the valley of Hambleton Dike in a hollow about 90 metres long formed by 

an abandored meaneer (Fig. II.12). The stratigraplw at the pollen 

analys:1.8 site is described below: 
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o - 36 cm Very dark brown partially humif'ied Sphagmm peat, 

the colour apparently due to abundant charcoal 

fragments; stems and flowers of' Calluna vulgaris. 

36 - 50 Cm Partially humif'ied Sphagnum peat; occasional f'ruits 

of' Care X rostra ta. 

50 - 88 em Moderately humif'ied Sphagrum peat with a high clay 

content and occasional f'rui ts of Carex rostrata. 

88 - 100 an Grey clay mottled wi. th orange; charcoal fragments 

cQDlIlon and abundant unidentified organic remains. 

The absence of wood fragments in the peat at this site is notable • 
• 

There is IX) evidence that trees grew ~ar Hambleton Flush during the 

period in which the peat has accumulated. 

II.ii.h. SkDll Gill Wood. SE 19536852. Altitude 229 metres. 

(Valley flush peat) 

At this site a peaty flush has developed in a depression about 

30 uetres wide on the side of the Sell valley. The flushed area is 

oolonised mai.nl.y by Juncus effusus and species of Sphagnum and. it is 

surrounded by Quercus petraea woodland. with Pteridium aguilinum dominant 

in the ground flora. Material was obtained for pollen analysis from 

the c]eep'st part of' the flush where 80 an of peat has accumulated. The 

stratigraplv at this point is desoribed below: 

o - 4 om Fresh Sphagmm cuspidatum and S. plumUl,osum. 

4 - 12 om Partly humified yellow Sphagnum peat. 

12 - 160m Ooarse sub-angular bleacl:ed quartz grains. 

16 - 40 om Partially humified yellow-brown Sphagwm peatj leaves 

of' S. reourvum identified; fruits of' Juncus eftusus; 

charcOal f'ragments throughout; oocasional d.eposi ts 

of' ferric salts causing red staini~. 



40 - 80 em ','iell humified brown SphagI1lIll peat; increasing 

percentage of angular quartz grains and silt 

particles towards the base; occasional vvood and 

charcoal fragments. 

80+ em Sand;y material derived fran ~at:tering gritsto~. 

The nature of the 12at suggests that this flush has accumulated 

quickly. Tle fairly high silt oontent throughout, and the sam lens 

between 12 am 16 em, are probably due to the washiIlt in of material 

from the moor above. The grains of sand are similar in shape to those 

which are sanetimes washed out of eroding thin peat; small deposits 

of this sand occur frequently on the moors. 

II.11. i. North Gill Wood. SE 16727265. Altitude 267 metres. 

(Valley flush peat) 

This site is the largest ani best developed of the valley flushes 

investigated. 180 em of peat have accumulated in a hollow 22 metres 

by 60 metres at the siCk: of North Gill Beck (Fig. II.13). Borings 

revealed that the peat had accumulated on a fairly level sanctr sur

faoe, suggesting that this bog also occupies tm site of an abandoned 

meander. North Gill Beck flows along the north-east edge of the bog 

and borings revealed successive layers of sUt and sand in the marginal 

peat, indicating periods of nooding. These min3ral lenses gradually 

diminished a~ from the river. 

Tb!t flush forms a level area of open bog within the surrcunding 

woodland (Fig. II.14). Well grown trees of AloWB glutinosa and Betula 

pubesoens surround the bog, but the woodland as a whole is dominated 

by Quercus petraea. The surface is carpeted by species of SphagDlDl, 

57. 



FIG.II. 14 NORTH GILL WOOD.POLLEN ANALYSIS SITE. 
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s. cuspidatum and S. robellum in particular, and tussocks at: Polytricl'nlm 

...!J2E>. and Juncus et:fusus al so occur. 

A site in the centre at: the bog was chosen t:or pollen analysis and 

the stratigraphy at this point is described below: 

o - 10 em Fresh Sphagrum cuspida.tum. 

10 - 65 cm Partially lmmit:ied Sphagnun peat; leaves at: 

S. cuspidatum identified; small fragments of BetUla 

wood. 

65 - 190 em Fairly well humified pale brown monocotyledonous 

peat; leaves of Sphagrum cuspida.tum; fruits at: Carex 

.!El? and Gramineae seeds throughout; BetUla wood, 

bark, com scales arxl fruits beccming increasingly 

abundant towards the base; CaJ,luna stem at 150 OlDi 

Cerastium seed at 175 an. 

190 - 201 an Pinkish-brown sand derived frQIJ. weathering 

Millsto:r:e Grit. 

Ini tially the bog appears to have developed in a Vt'Ooded environ

merIt; however, in the upper layers of peat no macro-remains of trees 

occur, despite the fact that the site is at present surrourded by 

lIOodlard. 

II.ii.J. Fortre.s Dig, Camp. SE 1784-7322. Altitude 259 metres. 

(A.rcha.eOloglcal site) 

Fortress Die Camp is a rectangular enclosure on Carlesmoor 

tormecl by a ditch with an inner and outer rampart. The fonn of the 

earthwork suggests that it dates from the Iron Age or Romano-British 

periOd. Thin highly humitied peat, averaging about ro an in depth, 
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oovers the banks arXl enolosure. In the ditch dee:r;er, less well humified 

peat has accumul.a ted. The thin peat is oolonise d by Calluna VUlgaris, 

while on the damper sites in the ditohes the vegetation is dominated by 

Sphap;nun moss. A seotion thrrugh the iIlIJ!lr mound revealed a buried 

soil surface ard a series of samples was taken through this surface 

for pollen analysis. The ditch peat was also sampled for pOllen atl&lysis 

and its stratigraphy is desoribed below: 

o - 6 om Callum litter. 

6 - 18 em Very well hwnified Cal1una peat, penetrated by 

modern Calluna roots; abundant f'irely disseminated 

charcoal fragments; fruits of Juncus app.; moss 

rhizoids. 

18 - 27 an Well humif'ied earthy Calluna peat; sUt oontent 

high, nunerous sub-angular quartz grains; occasional 

charcoal fragments. 

27 - 37 an Well humified earthy Sphagrum peat; occasional fruits 

of Juncus spp.; fragments of Betula bark. 

37 - 42 an Grey 0183'. 

42 - 44 em Black earthy horizon of organio matter aocumulation 

(Bh horizon). 

W+ - 46 an Red indurated horizon of iron aocumulation (B:fe 

horizon) • 

46 - 49 an Black higbJ.y humif'ied peat, m plant remains 

i&tntifiable. 

49+ an Saturated grey Qlay with yellow mottles. 

The organio material between 46 and 49 an must have aocumulated 

SOlIe time after oonstruotion of the earthwork. The clay horizon above 



it may be due to erosion f'ollowing abandorment of' the site. The Bh 

and Bf'e horizons are residual soil features, and. iron pan having been 

intensif'ied by contiIllal gleying at this site. The presence o£ BetUla 

macro-remains in the peat above 37 an suggests that the site may have 

been \"iOoded during the early stages of' the ditch peat accumUlation. 

Calluna remains occur above 'Zl em indicating the presence of heath 

similar to that at present surrounding the site. 

A complete description of Fortress Dike Camp and a £ull account 

of the investigatiOns undertaken there is given in Appendix 4. 
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II.ii.k. Skell Gill Wood (Soil Pit). SE 19786881. Altitude 198 metres. 

A soil pit was excavated and sampled for pollen analysis at this 

site on the steeply sloping siCkt of the lower Skell valley. T~ soils 

of both the lower Skell a.n:i North Gill Beck are shalloW acid brown 

earths. Tb9 ground. nora at this site is dominated by Pteridium 

aguiliD.IID with Endymion ron-scriptus and the site is surrQlnded by 

QUercus petraea. The desoription of the soil profile is given below: 

Horizon 

L 

H 

o - 3 em 

3 - 6 an 

6-30em 

Undeocmposed bracken and oak leaf litter. 

Blaok humic horizon, low mineral content 

pH 5.25 

Fins orumb structure, very dark brown sa.na.y 

loam pH 5.6 

B.fe 30 - 32. 5 em Pale ~llow ~ hOrizon pH 5.75 

C Weathering Millstone Grit 

The dark colour of the A1/B horizon appeared to be due to the 

presenoe ot finely divided charcoal in t:te soil profile. The oOlour 



persisted after treatment with potassium hydroxide for the removal 

of humus, followed by oxidation with concentrated sulphuric acid and 

acetic anhydride for the removal of cellUlose. However, after ignition 

the dark colour disappeared revealing a unifonnly reddish horizon 

(Fig. 1.5). The charcoal within this profile may have resulted fran 

the use of fire for clearing YiOodlard around this site at some time in 

the past. However, it is more likely to have been washed down and 

incorporated within the profile follOwing firing of the moors above the 

Skell valley. 



II. iii. Construction and zona.~ion o£ the pollen diagrams 

pollen diagrams have been constructed £or each o£ the sites 

described. T~ £ield and laboratory techni~es involved are outlined 

in Appendix 1. In almost all cases the pollen diagrams are based on 

a oount o£ at least SOO pollen grains, excluding spores. The results 

are expressed as percentages of total pollen. In a very £'elf samples 

pollen was so scarce as to make cOJ.nting to this total impractical; 

the actual totals oounted £or each sample are given in Appendix 5. 

The use of diagrams based on a total pollen sum, rather than on an 

arboreal pollen sum, was considered appropriate in thi s study, as it 
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is conce~d with the cha.ng:i.ng relationships between cleared and wooded 

land (IU. tchell, 1965). However, for three sites the resul. ts have also 

been expressed as percentages o£ tree pollen, in or&:r to indicate 

regional changes in woodland composition. These tree pollen diagrams 

also provide a means of comparison with the data of other worlatrs. 

For this purpose at least 150 grains of tree pollen, excluding shrubs, 

were counted for each sample. In the upper parts of the peat at most 

sites tree pollen was very scarce and a consiCktrable amount of labOJ.r 

was required to reach this total; therefore fe1V8r samples have been 

iJlCluded in the tree pollen diagrams than in the corresponding total 

pollen diagrams. The tree pollen diagrams are presented in an abbrevi

ated form with only the arboreal oompo:r:ents includ=d as the inter

pretation is based largely on the total pollen diagrams. 

The diagrams have been constructed with re£erenoe to tho suggestions 

of !aegri and Iversen (1964). Each taxa is represented by a histogram 

and &11 taxa. included in the pollen sum are shown as solid bars. Those 

excluded from tbe SWIl are usually shown as open bars; however, in 



certain diagrams this is impractical owing to the scale, and in these 

cases excluded taxa have been bracketed together. The stratigraph;y at 

each site is shown in a column on the left hard side of each diagram, 

beside a summary of the variation in the tree, shrub and herb com-

ponents at each level. The distinction between trees and shrubs 

follows the standard practice in pollen analysis; Corylus, Ilex and 

Salix SPp. are grouped as shrubs and are excluded fran the tree pollen 

sum. However, in an upland environment, the distinction between trees . , 
and shrUbs is sQnewhat arbitrary. In the Pennine gUls !lex aguifolium 

in parti c ular m~ form well grown trees of equal status to Quercus 

petraea or Betula pubesoens. 

Changes in the values of Ulmus and Plantago lanoeolata pollen 

were considered to be particularly significant for the zonation of the 

pollen diagrams. As these taxa are present at low frecpenoies, their 

values on the diagrams have been over-plotted at a scale of Xl.O. Where 

pollen of a certain taD is present at less than 1% of total pollen 

this is indicated in the diagrams by a dot. The "Varia" histogram, 

found in certain of the diagrams, is made up of a number of taxa en

oountered very intrecpent;ly; tables of the composit ion of these histo

grams are given in Appeniix 6. The record for cereal pollen at eaoh 

site consists of those grains of the Gramimae over 4!J1'" in diameter. 

This size differentiation is based on data cpoted by Faegri and I'V8rsen 

(1961..) for the minimum size of cereal pollen grains after pretreatment 

in potassium hydroxidl!t. 

Pollen which has been dl!tsignated as Rumex acetosella type is 

preaent in sipticant cpantities in most of the diagrams. Tone grains 

could be attributed to either Rumex aoetosella or R. acetosa. Sorbus 



pollen has been recorded in low frequencies in most of the diagrams. 

It was distinguished frcm the pollen of otrer Rosaoeae by careful. 

reference to type slides. 'fhe grains identified as Sorbus are tri

colporate and prolate, as are most Rosaoeae grains but they lack an 

equatorial bUlge, have a thin exine ani very delicate striate sculp

turing. Grains of this type were often found ruptured Owing to the 

fragile nature of the exine. These features are also characteristic 

of PruIlls pollen but i~ is unlikely that Proms was ever represented 

significantly in the vegetation of this area. 

It is significant to note at this point that the two pollen 

diagrams from Fortress Dike Camp arcnaeological. site are slightly 

dif:f'erent in layout fran all the other pollen diagrams • 

• 
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Zonation involves the division of a pollen diagram into a series 

of horiZOns which" are correlated with changes occurring in the relative 

proportions of the pollen of difterent species. It is essentially an 

instI'\lDlOnt for the interpretation of pollen diagrams. The correspond

ence in vegetational deve10pnent at a wmber of sites in the British 

Isles enabled a system of pollen zones to be &!vised (Godwin, 1956), based 

on the conception that the zan! boundaries indicated synohromus climatic 

ohanges. This oonventional British lbllen Zom scheme has mt been used 

in this studiY, primarily because local s:imi1arities bet_en sites were 

oonsi&!red to be of greater significance in estab1ishi~ the course of 

woodland deQIine than large scale regional oorre1a tiona. In addition, 

at a l'I1raber of sites the peat &tposits have &tveloped recently and the 

oonventional system would have been too crude an iIlStnunent to aid in 

the interpretation of these diagrams. 
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Six zones, A - F, have been established on the basis ot: major 

changes in the dominance of individual species. These mnes are of' 

local signif'icance only and are considered to be synchronous throughout 

the study area. The pollen assemblages characteristic of' each zone 

dif'fer in detail at some of' the sites depending on aspect and altitude. 

The A/B boundary is drawn at the level where the Alms curve rises and 

the values f'or Pinus decrease to less than 1% of' total pollen. The Bla 

boundary occurs where Alms values f'all and the Betula curve rises. At 

the OlD boundary the Ericaceae curve rises abruptly f'or tb:! first time 

to over 3OJ& of' total pollen at the mst exposed sites, but rises more 

gradually at the valley sites. A decline in all tb:! tree pollen curves 

is initiated at the sites on the summit of' the interi'luve. The DIE 

boundary is defined by a marked rise in the pollen of' the Gramineae, 

while at the ElF boundary there is a second expansion of' both the Bricaoeae 

and the Gramineae and tree pollen is reduced to very low levels at all 

sites. The growth of' the valley fiush peats was initiated at this period. 

The zones A - F are chronological but the canplete sequence is wt 

repzesented at allY one site. However, the Fountains Earth diagram spans 

zones J.. - E and theref'ore provides a f'rame of' reference in relation to 

which the other diagrams may be considered. Zone F is on18' represented 

in the rapidly accumulating flush peats and in the tOp :few centimet:r:es 

of' peat at some of' the sites on the summit of' the inter:fl.uve. 

Zones D, E ar:d F are subdivided on the basis of' changes in the 

trecpency of' the pollen of those species considered to be weeds of' 

agricu1 ture, and a series of' agricUltural phases followed by abandonnent 

ha-.e been iCbntified. The pollen record t:or Plantago lanceolata was 

considered most signif'icant for the establisbnent of' these phases. The 
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importance of P. lanceolata was first recognised by Iversen (19U), 

who ide ntif'ie d clearance or "Landnam" phase s just after the opening 

of the Sub-Boreal period in a I1llIlber of Danish diagrams. The phases 

were defi~d by a decline in the pollen curves for the trees of the 

miJD!3d oak forest (Quercus, Ulmus, FraxiIlls and Tilia), and a rise in the 

values first for Betula and then for AlIllS. These changes were accan

panied by a Cory1uS maximum and an increase in the frequency of the 

pollen of herbaceous plants. In particular the first appearance of 

Plantago lanceo1ata was associated with landram; this weed was unlo:x>wn 

in Demark prior to Neolithic times. At a later date Iversen com-

mented: 

" ••• first and foremost it is the curve for Plantago 

lanceo1ata which in I8nish pOllen diagrams registers the 

commencement and changing intensity of the fanner culture 

in the Stone and Bronze Ages." 

(Iversen, 194-9) 

He particularly connected the occurrence of Plantago l~eolata with 

cul tures that practised cattle grazing as this species grows well on 

grassland kept low by danestic animals or by mowing (Iversen, 1941). 

Since Iversen's work the occurrence of P. lanceo1ata in British 

pollen diagrams has been accepted as an indicator of human activity 

associated with a predan1nantly pastoral economy (TurIl9r, 1961t-, 1965). 

Hicks (1971) used variations in the intensity of occurrence of Plantago 

lanoeo1ata pollen to devise a scheme of ZOIl9S associated with particular 

archaeological periods for a IllD1ber of pollen diagrams from upland 

Derbyshire. 



The pollen of certain ot~r herb species has also been associated 

with phases of agricultural activity in pollen diagrams. Iversen (194-1) 

suggested that Artemisia VUlgaris, a common weed of modern arable 

cultivation, was troublesome in the grain i'ields of primitive economies. 

He also commented that increases in tee pollen of Rumex aoetoseUa an::l. 

Rumex aoetosa occurred only in conjunction with agriculture, and that 

these weeds were characteristic of washed-out sandy fields. The 

possible association of increases in the pollen of Rumex aoetosella/ 

ace to sa with the creation and extension of acidic pasture was noted by 

Oldfield and Statham (1965) at sites in north Lancashire. The pollen 

of Rumex acetosella/aoetosa type was also considered significant in 

terms of agricultural activity by Moore and Chater (1969) at sites in 

central. Wales; in addition they associated peaks in the pollen of the 

Rosaceae (Potentilla type) and the Rubiaoeae (GeJ.ium type) with increased 

grazing pressure. TurD'r (1964) sugge'sted that the occurrence of pollen 

of Artemisia vulgariS, the Canpositae, Cruciferae, Chenopodiaoeae and 

cereals could be closely associated with arable cultivation. 

Variations in the relative abundance of the pOllen of all these 

taD. indicative of agricultural activity were therefore critical in the 

subdivision of ZOl1's D - F. However, as these changes in abundanoe are 

most marked in the curve for Plantago lanceolata., this species has been 

of greatest value in establishing the subzo~s. 



II.iv. The Pollen Diagrams 

The pollen diagrams from each site investigated are described 

individually in this section, and in Section IV the interpretation 

of the zonal se quence will be discussed in detail. 

II.iv.a. Fountains Earth (Fig. 11.15, 11.16) 

The pollen diagram for this site spans zores A to E. The early 

pOllen record suggests a predominantly wooded environnent, but there 

is a declin:: in woodland above 200 cm and pollen of the heath plants 

dcmi:nates the upper part of the diagram. 

Zon:: A is characterised by high values for Betula pollen and 

relatively high values for Pims, which forms 28% of total tree pollen 

at 385 cm. COrylus averages about 68% and Quercus about lZ1,k of total 

pollen throughout the ZO~. Alrus is scarcely represented, though 

values rise slightly towards the A/B boundary. The presence of Ulmus 

at an average value of 5% of total pollen is very significant as in 

gereraJ. this species is hardly represented in the pollen diagrams fran 

the Nidd-Laver interfluve. Non-arboreal pollen, principally of the 

Grami:r.eae, is present in very small cpantities throughout zone A. 

68. 

Tba presence of Pims pollen at higher values than in &.r.\Y subsecpent 

zo:p', in conjunction with the low values for Alrus pollen, suggests that 

SOI»' A falls within Pollen Zo~ VI of the British System. At Stump 

Cross :P'ar Grassington, 12 kilometres to the south-1vest of Fountains 

Earth, Walker (1956) examired sediments whien had accumulated in a 

cleft rook and. assig~d the 101ver part of his diagram to Pollen ZOD' VI. 

Betula ani Pinus are represented in proportions similar to those at 

:Fountains Barth ZO:P' A, but Corylus is considerably more abundant at 

Stump Cross wblne it f011l1s 230}& of total tree pollen. The dcminanoe of 
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Betula pollen at the base of the Fountains Earth diagram suggests 

over-representation due to trees growir:e on or close to the pollen 

anaJ.ysis site. The IO-2Qtb Salix pollen occurring in this zore indicates 

that willows were important colonisers of the damper parts of the 

Fountains Earth site; Salix is insect pollinated and therefore only a 

small pollen producer. Herbaceous pollen grains occur sporadically, 

and at low f'req..tencies throughout this zore. Melampyrum, lonicera and 

the Rosaceae (potentilla type) could probably tolerate conditions beneath 

the fairly open canopy of a Betula-C0rylus woodland; Filipendula is a 

plant which particularly colo:n:ises damp sites. 

At the A/B boundary Pims values decline suddenly to 1% or less of 

total pollen, and the Alms curve begins to rise as Betula declines. 

By the end of Zone B All1ls accounts for nearly 80% of total tree pOllen 

in some samples, suggesting the replacement of birch trees by alder 

immediately around the site. COryluS declines to about 15% of total 

tree pollen in ZOD' 8, but rises slightly towards the s/" boundary. 

Quercus values rise at the beginning of zore B but later the swampi~ 

effect of Alllls pollen artificially depresses the curve. Extreme local 

over-representation of Alms is also a feature of certain diagrams 

prepared by Cundill (1971) for sites on the North Yorkshire Moors. 

The decline in Pillls and Corylus at the AlB boundary suggests that 

this marks the end of the Boreal period and the start of the Atlantio, 

about 5,500 B.C. The expansion in the curve for Alnus pollen does mt 

beoome marlatd untU well above the A/B bOUndary, i.e. until Pollen Zone 

VIla of the British System is well established. This is consistent with 

the pattern at some other north of England sites in the Lalat District 

(pennington, 1964.) and Yorkshire (Bartley, 1962; Cundill, 1971), though 

somewhat later than th9 nomal sequence as established in the south of 

England (Godwin, 1956). 
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D.lring zo~ B contimous curves are established for Fraxirus and 

Tilia. Herbaceous pollen values remain low, Filipendula is less common 

than in zo~ A, but small peaks occur in the pollen of Melampyrum. 

The record for Melampyrom, in conjunction with the oCOlrrence of 

occasional grains of Plantago lanceolata, may suggest some small scale 

interference with the woodland campy. Iversen (1949) has suggested 

that in scme Danish pollen diagrams Melampyrum pollen may be an indicator 

of clearance. Simmons (1969) considered that small peaks in the pollen 

of Melampyrum in diagrams from the North Yorkshire Moors might indicate 

openings in the forest canopy created by Mesolithic man. 

A steep dec1i~ in th3 values for Ulmus pollen has been almost 

u:r:d.versa11y reoog:r:d.sed in pollen diagrams fran -western Europe, and this 

has been used to define the transition from Pollen Zone VIla to VIIb of 

the British pollen Zone System. At Fountains Earth, which is the only 

deposit investigated from the Nidd.-Laver inter:f'luve that covers the 

period of the VIla/VIIb transition, no sharp decline in Ulmus can be 

recognised owing to the very loW incidence of the pollen of this species. 

Certainly the gritstone upland 1iOuld have been an unfavourable habitat 

for Ulmus glabra, but this species was presumably able to thrive on the 

C&rboIliferous Limestone only 10 kilometres to the west. Despite the 

direction of the prevailing wioos very little Ulmus pollen appears to 

have blown into this area. However, it seems likely that at Fountains 

Earth the Ulmus dec1in:t must lie sClnewhere in the upper part of zone B 

and it has been tentatively placed at 300 an. At the opening of this 

zone the values of Ulmus pollen average about 2% of total tree pollen, 

whereas towards the end of the ZOn!!l, between 300 an and 215 em, they 

never rise above 1% of total pOllen. 
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Originally the fall in the value s of Ulmus in pollen diagrams from 

western Europe was attributed to climatic change (Godwin, 1956). However, 

an increasing body of evidence suggests that this horizon can be explaized 

in tenus of the expansion of the Neolithic farmers throughout Europe 

(Clark, 1965). Varioo.s changes in the pollen curves of taxa other than 

Ulmus have been identified at this same level and. attributed to hlman 

activities. Troels-Smith (1953) associated the occurrence of definite 

agricUltural indicators, including cereals and Plantago lanceolata, with 

the Ulmus decline. Oldfield (1963) suggested that at sites in tba Lake 

District tba Ulmus declize was follo-.ved by a land.nam phase; at this level 

increases occurred in the pollen of Co£Ylus and FraxiIlls, two piozeer 

species which eJq>loit gaps oreated in woodland cover. 

None of these seoondazy indicators is particUlarly helpful in 

establishing the level of the Ulmus declize at Fountains Earth. Grains 

of Plantago lanoeolata pollen are associated with the 300 an level, but 

they MSO ooeur sporadically below this. At 270 an, both the FraxiIl1s 

and. Cor;ylus ounes rise, but at this level the Ulmus curve has started 

to recover from its minimum values. However, despite these difficulties 

it seems likely that the Atlantio/Sub-Boreal transition (Pollen ZOD' 

VIla to lbllen ZODS VIIb) oocurs just before tba end of local pollen 

zona B. 

The B/C boundary is located at tba point where AlII1s values deorease 

sharply and the re is a marked rise in the curve s for Betula and for 

Querous. In the early part of zeD' C Betula values average 35% of total 

pollen, but they later deoliD!t and. Quercus values ~rease markedly, 

reaching 7:do of total pollen in SOd samples. This ove~representation 

suggests that the woodland immediately around the site mst have been 

dcIIliJJ&ted by Queraus during this zeD'. The nature of tblt Quercus ourve 
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in zore C at Fountains Earth is urusual as fluctuations of up to 3QO,h 

occur between some adjacent samples; the significance of this will be 

considered in the light of the results of the surface pollen analyses 

(vide infra Section III.v). Corylus values increase markedly in zoJ)!t C 

after their low zone B levels. The incidence of Salix pollen is reduced 

compared with preceding zones, except for a small peak between 230 cm 

and 235 an. 

If arboreal values are considered together they show a Slight 

decline throughout zone C and there is a corresponding increase in the 

non-arboreal pollen. There are small peaks in Gramireae pollen between 

267.5 -an and 252.5 em and between 240 an and 225 cm, both peaks are 

associated with slight increases in the Ericaceae. Occasional grains of 

Plantago lanoeolata, MelampYrllIn and Rosaceae (Potentilla type) are fouIXl 

between 265 an and 252.5 em, and there is a massive proliferation of 

Rumex acetosella type pollen at this level. Towards the tOp of zone C 

the variety of herbs recorded i~reases to include Rar.unwlus, Artemisia, 

other Compositae, the Umbeliferae am the Caryopl\)"llaceae; grains of 

Plantago lanceolata also beCOllJi) more f'requent. Artemisia in partiwlar 

is a species associated with open sites and waste habitats (Clapham, 

Tutin and Warburg, 1962). 

The most significant change at the OlD boundary is a suddt.tn marked 

increase in the pollen of the Ericaoeae. The gradual decline in arboreaJ. 

pollen initiated in ZOn3 C centimes at an increasing rate throughout 

zeD' D, suggesting a decliJ)!t in trees upon the upland and their replace

ment by a heath colWIllnity. From the tree pollen diagram it appears that 

Betul~ AllllS and Quercus were well represented in the lowland woods 

during this period. The pollen of Fraxims, Uws, Tilia and Pims is 

present in sall but consistent quantities throughout this ZOJ)!t. 
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In subzon:l D1 the incidence of pollen of agricultural indicators 

and of the Grami~ae is relatively low, though a variety of ~rbs similar 

to those in zom C occurs. Subzone D2 is differentiated on the basis of 

a peak in the curve for Plantago lanceolata and in the pollen of the 

Gramineae which forms 15% of total pollen. There is r.o increase in the 

incidence of pollen of taxa associated with cultivation, and in the tree 

pollen diagram there are no marked changes in t~ curves at this level. 

These features suggest an intensification of human activities during 

subzoD' D2, but that this phase of land use was confin:ld to the uplands 

and predominantly pastoral. In subzone D3 there is a slight decliD' in 

the incidence of Plantago lanceolata, the Gram~ae and all herbs, 

suggesting a temporary declin:l in pastCDral activities around the site. 

SubzoD' D4 is defiD'd on the basis of a fairly marked and lasting peak 

in Plantago lanceolata pollen and a small peak in the pollen of the 

Gramineae. There is a pronounced increase in the llllDiber and variety 

of herb pollens recorded in this subzone. The presence of Artemisia 

in every sample, the occurrence of grains of t~ Compositae Ligulifiorae 

and the Chenopodiaceae, and the first record for cereal pollen suggest 

that cultivation as well as pastoralism was characteristic of this 

subzoD'. Subzo~ D5 is initiated by a decline in the curves for 

Plantago lanceolata and the GramiIJ9ae, indicating the termination of 

agricultural activity. The incideme and variety of herbs is also 

reduced. 

The DIE boundar,y is defiIJ9d by a marked rise in tm incidence of 

Gramineae pollen to much higher levels than previously recorded (28% of 

total pollen). Throughout ZOD' E tree pollen remains constant at about 

20% of total pollen, there is a gradual increa:se in the relative pro

portion of Betula at the expense of both Quercus and Alms (sb:>wn in 



the tree pollen diagram). Subzo~ E1 appears to be a period ot 

intensive and sustained agricultural activity. Between 50 an and 

74. 

100 an Plantago lanoeolata averages between 3% and 4J~ ot total pollen 

and there is a marked in::rease in t~ incidence ot Rumex acetosella t~ 

and Rosaceae (potentilla) pollen. Cereals are present throughout this 

subzor.e and pollen ot hetbs associated with cuI ti vat ion is common 

inoluding Cruciterae, Chenopodiaceae, Artemisia and other Composi tae. 

In the middLe ot subzore E1, where t~ values tor the pollen of the 

Gramineae are highest, the values tor the Ericaoeae show a marked 

deolins. Subzore E1 is also charaoterised by a proroun::ed inorease 

in the pollen ot the Cyperaoea.e and there is an increase in the inoidence 

of Sphagn.un spores. This could suggest a deterioration in draina.ge at 

this site. At the same level pollen ot Liliaceae (Nart~cium type) is 

first reoordl:td. Narthecium ossif'ragum is a oemmon species ot wet, acidio 

sites and is found on the surface of the bog at Fountains Earth today. 

Just prior to tle opening of subzo~ E1 a major change occurs in the 

stratigrap:qy fran an Eriophorum to a Sphagn.un peat, and this may also 

be cono=oted with a possible change in hvrdrology. 

In subzor.e E2 a reduction in the intensity of agricultural activity 

is indicated by the decline in the curves for Plantago lanceolata and the 

Graainsae. There is a break in the record for Artemisia ani the cereals, 

but otherwise the incidence ani variety of herb species remains uncha.d. 

A rise in the pollen values of both Betula and corylus suggests that some 

limited regensration of trees may have resulted from the reduced 

agricultural activity of this subzon!t. 

Towards the surface of the peat Ericaoeae pollen increases to 11'arly 

50% of total pollen. Ii. decline in the pollen of Alnus and Quercus in 

response to increased Betula values oan be detected in the uppermost 

J _pIe. in the tree pollen diagram. 
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The pollen record at the Fountains Earth site is incomplete. Sone 

parts of the bog at Fountains Earth are actively growing at the present 

time; the pollen spectrum in fresh surface SJ?hagnum fran ore such site 

revealed tree pollen percentages which \\ere sonewhat lower than those in 

the upper sample s of the Foontains Earth diagram, but similar in 

magni tude to tree pollen percentages associated with zone F at other 

upland sites. This suggests that at the point chosen for pollen analysis, 

where the upper peat is fairly dry and somewhat oxidised, erosion of the 

surface has taken place. It is possible that this drying out and erosion 

may have been initiated by efforts to drain the area after the Enclosure 

Act of 1855. 

The sequence of ZOD'S at Foontains Earth has been ~scribed in some 

detail as this is the reference diagram for all the sites on the Nidd.

Laver interfluve. The pollen diagrams for the other sites will be con

sidered in relation to the Fountains Earth sequence. 

II.iv.b, Iron Well Hill. (Fig. 11.17) 

. A detailed pollen diagram has rot been prepared for this site owing 

to problems both in the colle ction and preparation of the sample s. The 

waterlogged state of the site made the collection of uncontaminated 

material difficult. Samples were collected by inserting glass tubes 

into the peat and sediment face. Pollen counts could not be obtaimd 

fran all the samples as at some levels tb3 grains were very highly corroded 

and also obscured by the presence of a red-brown iron precipitate 

(Appendix 2). However, the data from these samples for which counts were 

possible are particularly interesting, therefore the individual. spectra 

are illustrated in Figuze II.17 with indications of the sample depth. 
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FIG.II·19 SKELL MOOR II 
PERCENTAGES OF TOTAL POLLEN 
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The lower three spectra from the clay have features typical of 

zo~ A: an absence of Alms pollen and relatively high values for PilUs 

and Corylus. Pims percentages are much higher than at Fountains Earth, 

forming 200,,6 of total pollen, that is ~arly 80% of tree pollen. Betula 

is much less abundant than at Fountains Earth and Ulmus is not so well 

represented. However, Corylus percentages are very high at this site, 

averaging ~arly 60% of total pollen (200}G of total tree pollen). This 

is the only site apart fran Fountains Earth at which spectra attributable 

to pollen Zone VI of t~ British System have been identified. 

Pollen spectra 4 and 5 are assigned to zo~ B; they exhibit the 

high Alms percentages and reduced values for Pinus and. Co:r:ylus which 

are typical of this ZO~ at Fountains Earth. The sixth, seventh and 

eighth spectra are assigned to zone B on the basis of t~ir reduced 

values for arboreal pollen and the high values for the pollen of the 

Gramineae and Ericaceae. 

II.iv.c. Skell Moor I and Skell Moor II (Figs. II.18, II.19) 

The pollen diagrams from the Skell moa's exhibit very similar 

features and are therefore described together. In both cases it is 

difficult to assign the pollen spectra from the sub-peat material to 

a partiCUlar zo:re. Some of the pollen grains in this horizon are 

sOllli!twhat corroded, and it is therefore likely that the spectra may be 

distorted owing to the differential susceptibili ty of grains to decay. 

In contrast, the grains of the Bricaceae in this horizon are fresh and 

u:ndeC83"ed, which suggests that they are not contemporary with the rest 

ot the pollen at this level, but have been washed into the sub-peat 

horl.zons from the Callum peat above. The values for Betula pollen are 



fairly high just below the peat/mineral interface which might suggest 

affinities with the early part of zone C. The high values for Pims 

in the mineral material below 27.5 an at S1oo1l Moor I may be a relict 

of zone A. It is interesting to note that at S1oo11 Moor I pollen of 

Plantagg lanceolata is recorded at the peat/mineral interface. 

77. 

Tba earliest thin peat at both sites belongs to zone D, and above 

this level a sequence of zones similar to that at Fountains Earth can 

be reoognised, but in a highly condensed fonn. Zone D opens with a 

sudCen marked expansion in the Ericaceae followed by a less marked 

expansion of the G:rwmi:neae. The tree pollen diagrams frQIl the basal 

peat at Skell Moor II and from Fountains Earth zone D are similar, with 

Alnus, Betula and Quercus represented in more or less ecpal proportions, 

ani Fraxims, Ulmus, Tilia and Pinus all present in small but consistent 

quantities. Ow.i.ng to the condensed nature of the secpence at the S~ll 

)(oor sites it is not possible to distinguish af.\Y of the subzores of D. 

However, ths pollen of herbs typical of tba agricultural phases at 

Fountains Barth (Plantago lanceolata, Artemisia, Che~podiaceae, 

COlipositae and Rumex aoetosella type) are all represented at the Sull 

)(oor sites • 

.. sample of organic material. from immediately above the peat/ 

mineral interface has been radiocarbon dated to 1930 :t 100 B.C. It 

seems reasonable to assume that the :first mark.ed rise in the pollen of 

the Ericaoeae was contemporaneous on the moors above the Slmll and at 

Fountains Earth, as these sites are at similar altitudes and are both 

in exposed situations. Therefore, the .spread of the heath cCllUlllnity 

which ga-ve rise to the im. tiation of thin peat fonnation at the Skell 

Moor sites is probably represented by the inorease in Brioaoeae pollen 
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at the CID boundary at Fountains Earth. By inf'erence this boundary can 

also be dated to around 1930 B.C. 

A fall in the relative proportion of the pollen of the Ericaceae, 

and a oorresponding rise in t~ Gramineae marks the opening of ZOl'¥' E 

at the SJg,11 sites. At both sites t~re is also an increase in the 

pollen of two taxa considered to indicate grazing, Plantago lanceolata 

and the Rosaceae (potentilla type). Cereal pollen is also present at 

this level which represents the agricultural phase of subzone E1' The 

reduced intensity of agricultural activity, recognised in subzone E2 at 

Fountains Earth, is indicated by a decline in the curves for the 

Gramineae and the pollen of "weed" species at both sites. The pollen 

spectra in the upper few centimetres of both diagrams show a massive 

proliferation in Ericaoeae pollen and tlUs has been assigned to zone F. 

At the same level the tree pollen diagram for Sk:ell Moor II shows EIIIall 

inoreases in the proportiOns of Fraxims, Pinus am Ulmus pollen. 

II,iv.a., Hambleton Hill (Fig. II.20) 

The zomtion of the diagram from the thin peat on Hambleton Hill 

differs from that at the SkBll sites. T~ pollen in the sub-peat 

material is in this case better preserved, and there is very 11 ttle 

oontamination by Erioaceae grains. T~ relatively high values for Alms 

suggest that this spectrum may represent zone B. The base of the thin 

peat at this site has been placed in atbzone E1J and if this is correct 

there IIlUst be a hiatus in the stratigraphy between the mimraJ. material 

and tbl thin peat at this site. This could be accounted for by a period 

of erosion, and there is evidence for a similar occurrewe at the :marby 

Hambleton DikB site (vide infra. II.iv.e). 



FIG 11·20 HAMBLETON HILL 
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The base of the thin peat at Hambleton Hill has been placed in 

subzone E1 because of the relationship between the curves of Ericaceae 

and Gramineae. The initial marked increase in the Ericaoeae which was 

recognised at the opening of zone D at the Skell sites am at Fountains 

Earth, is absent at Hambleton Hill. Instead there is a more gradual rise 

in pollen of the Ericaceaej the Gramineae, which are initially present 

at over 20/0 of total pollen, decrease proportionally towards the tOp of 

the diagram. There are small peaks in Plantago lanceolata (1.5% of 

total pollen) and Rosaceae (Potenti1la type) 0.1% of total pOllen) 

just above the peat/mineral interface between 15 an and 13 em, and grains 

of the CaryOph.Yllaoeae, Ccmpositae and Rubiaoeae are associated with this 

level. Cereal grains are present throughout the pollen diagram. All 

tb!tse features are typical of the agricultural phase of subzone B1' 

Tb!trefore tb!t base of the thin peat at this site is considerably younger 

than the basal peat at the Sk.ell ?bor sites. A radiocarbon date of 

250 :!: 80 B.C. for the base of ericaoeous peat at nearby Hambleton Dike 

supports this interpretation. 

Between 12 an and 10 em at Hambleton Hill there is a decline in the 

pollen of the Gramineae and Plantago laneeolata.. and an associated 

increase in the pollen of Betula and Corylus. These features are similar 

to those recorded in subzore B2 at Fountains Barth. The proliferation 

in the pollen of the Ericaoeae and the reduction in arboreal pollen to 

a miJIimWD above 10 an is characteristic of zone F. WOOn the resUlts are 

expressed as percentages of. total. tree pollen slight increases in the 

pollen of Pima, Fraxi.I!1s and Ulmus can also be recogmsed in this zom. 

Tbe record for ZODS F is larger at this site than at the others so far 

&Isor:i})ed and pronounced peaks in the pollen of Planta.go lanoeolata, 

i,WB!X aoetosella type and the cereals can be identified. 
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II. iv.e. Hambleton Dike (Fig. II. 21) 

The pollen diagram for this deposit is sharply divisible into a 

lower section in which arboreal pollen values are relatively high and a 

shorter upper section in which they are very much reduced. The lower 

46 an of peat are assigned to zone B on the basis of the Alms values 

which average 25% of total pollen. Ulmus values are :t:egligible 

throughout the ~posit suggesting that at this site peat formation 

probably began in the upper part of zo119 B above the Ulmus decline. 

However, in view of the problem of the identification of the Ulmus decline 

no exact correlations with zone B at Fountains Earth are possible. 

The lack of over-representation of Alms, such as characterises 

zen!' B at Fountains Earth, in conjunction with slightly increased values 

for the Gramimae, may indicate a more open woodland at the Hambleton 

Dike site during this period. This interpretation is sUpported by the 

greater variety of herb pollens which are recorded at this site. 

Occasiozw.l grains of Plantago lanoeolata, Melampyrum, Artemisia, 

Caryopqyllaoeae and Canpositae Liguliflora.e CX)uld be indicative of luman 

disturbance of the vegetation during zone B. 

At 32 em a rise in the curve for Betula and a decline in that for 

Alms marks the start of zone C, but the increase in Querous pOllen 

associated with the latter part of this zone at Fountains Earth does 

not occur at Hambleton Diko. 

At 20 an there is a su.dilen break in the contimity of the pollen 

.... curves, and this is associated with a marked change in the stratigraphv'" 

.from a well Wmified wood peat to a ve~ well lumified Callum peat. 

The sharp nature of the stratigraphic change and associated disoontiJllity 

in tDlt pollen curves suggests a hiatus at this level probably due to the 
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loss of material by erosion. 'l'he peat between 18 em and 14 an is 

assigr.ed to zone E1 on the basis of the high values for the Gramineae 

(30ft of total pollen) cx:>mpared with the Ericaceae (20% of total pollen). 

Small peaks in Plantago lanceolata, Rumex acetosella type and the 

Rosaceae occur at this level. Peat from imn:ediately above the hiatus 

was collected at a depth of 30 em £rom a pit close to the site of the 

boring. This has been radiocarbon dated to 250 :!: 80 B.C. 

Increasing values for the Ericaceae above 14 em and a decrease 

in the curves for Plantago, Rumex and the Rosaceae mark the transition 

to subzor.e E2. Zor.e F is not distinguished but a peak in Rumex 

ace to sella type pollen at the top of the diagram can be correlated with 

the similar peak in zone F at Hambleton Hill. 

II.iv.f. Upper Skell Gill I. (Fig. 11.22) 

Non-arboreal pollen averages just less than 50% of total pollen 

throughout most of the pollen diagram from Upper Skell Gill I and this 

suggests that the whole profile lies within zo~s D, E or F. Peat from 

the base of thi s site has been dated by radiocarbon analysis to 1, 750 ~ 

110 B. C., therefore this deposit must have started to form fairly soon 

after the initiation of thin peat developnent on the moors arcund the 

Skit 11. 

Throughout the diagram Alnus is the most significant contributor 

to the tree pollen rain, averaging just over 2~ of total pollen at 

Blost levels. The low incidDnoe of Betula pollen (less than 5% of total 

pollen in all but or.e sample) is surprising as wood remains ot Betula 

are abundant at the base of the peat, am Betula fruits and bark tragaents 

are reoordDd at intervals in the macroscOpic remains throughout the 
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profile. Cundill (1971) also mted anomalously low percentages of Betula 

pollen in diagrams from some sites on the North Yorkshire Moors where he 

had observed macroscopic remains of Betula. 

If the pollen record and macroscopic remains are considered together, 

it seems likely that Alms and Betula have grown close to this site 

throughout most of its history and Cox:ylus may also have been present; 
" 

the high values for the non-arboreal pollen suggest that the trees 1geze 

scattered, fonning an open woodland. 

SubmIl9 D2 bet1geen JA.O cm and 125 em was identified on the basis of 

small peaks in the pollen of Plantago lanceolata; relatively high 

frequencies of the Rosaceae (Potentilla tn:e) are associated with this 

level and Rumex acetosella type, Artemisia, Ranunculus, the Rubiaceae 

and the Canpositae also occur. The variety of herbs is greater than 

that encountered in subzone D2 at Fountains Earth which could indicate 

a higher intensity of local activity in the Skell valley; however, there 

is no decline in arboreal. pollen a t this level. 

In subzo71!t D3 there is a marked decrease in the frequency o£ 

Plantago lanoeolata pollen between 125 an and 90 em, and the record 

for some of the other herb types ceases, suggestirg a decrease in the 

intensi~ of agriCUltural activities. The relatively high percentages 

of Gramizeae pollen throughout this subzoIl9 suggest an open 1iOodland 

envirorment. At 92.5 om there is a sudden decrease in arboreal pollen 

T&1ues to only 11% of total pollen and there is an associated increase 

in the pollen of both the Gramineae and the Ericaceae. A peak in the 

curve for Plantago lanoeolata occurs at 95 CID., within the phase of 

redLloed arboreal pollen values. This represents the agricultural period 

of subzor.e Dl.. which ends abruptly with the recovery of arboreal pollen 



values above 80 em. During subzona D5 open woodland appears to have 

re-established around the site. 

There are certain f'eatures of' zone D at Upper 8kell Gill I which 

are markedly dif'f'erent f'rom zone D at the moorland sites alreaqy 

83. 

de soribed. At Upper SkJ:ll Gill I arboreal pollen percentages consistently 

average 501~ of' total pollen except f'or the short period of' subzone D4' 

whereas at Fountains Earth there is a progressive decline in arboreal 

pollen values. Arboreal pollen values are below 20~0 of' total pollen 

thrOO,ghout zone D at the SkeU moorland sites. At the moorland sites 

the Ericaceae are considerably more abundant than the Gramineae throughout 

zone D, whereas the reverse is true at Upper Skell Gill I. Despite these 

dif:ferenoes the synohronOO,s nature of' the zones is established by the 

radiocarbon date f'or the opening of' subzorl' D2 at Upper SkJ:ll Gill Ii 

this is only 180 years later than the date f'or the opening of' zone D 

at the Skell moorland sites. 

The dif'ference in the pollen curves bet"Ween Upper Skell Gill I and 

the moorland site s during ZOIl' D may be due to dif'f'e renee s in al ti tude 

and exposure. Upper Skell Gill I is in a valley, somewhat lower in 

altitude than the other sites and proteoted f'rom strong winds. In this 

relatively favoured position trees may have survived longer than on the 

muunits of' the interfluve. They were certainly present elose to this 

8i te until the foo'rth century B.C. as wood f'rom an!!!!!! or Betula 

rooting system found in the peat has been radiocarbon dated to 3lI-O ! 

100 B.C. The open woodland mst have supported a grassy ground nora, 

the heath pollen which is reoorded at the site having originated on the 

surrounding moorland. 
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Subzort3 E1 opens with a marked decline in arboreal pollen values 

to only 5~& of' total pollen at 35 em suggesti~ active clearance of' trees 

f'rom the valley. There is a corresponding rise in the Ericaceae f'ollowed 

by a marked increase in the pOllen of' the Grarnineae to 50% of' total 

pollen at 30 an. There is also an increase in the pollen of Plantago 

lanceolata and Rumex acetosella type and a marked peak in cereal type 

pollen. As at Fountains Earth, subzol13 E1 appears to be a phase of' sus

tail13d agricul turaJ. activity. At the same level there is an increase in 

the incidence of' Cyperaceae pollen, a f'eature alsO roted in E1 at 

Fountains Earth. 

In subzone E2' between 25 em and 15 cm there appears to be a 

teD!;>orary regel13ration phase. The values of' Alms and Corylus rise and 

those of' the Gramineae decline. Subzone E2 terminates at 1.5 an and above 

this level in zone F arboreal pollen values are again reduced to only 5% 

of total pollen and there is a second marked expansion in the Gramineae. 

A significant increase in Pteridium spores occurs in the upp:trmost 

sample. 

U.iv.g. Upper Skell Gill II. (Fig. II.23) 

The flush peat deposits are all characterised by having accumulated 

quickly, and in all cases they are still actively growing. The pollen 

record for these deposits therefore provides detailed ini'onnation 

regarding recent vegetation changes. 

At Upper Sleell Gill II a flush has formed f'ollowing the erosion of 

part of a tOpogenous deposit by a stream. The pollen diagram from the 

Upper SItell Gill I site provides the complete record for this bog. The 

pollen record at Upper Skell Gill II is ecpivalent to that in the upper 

-:70 om ot peat at Upper Skell Gill I. 
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The lower part of the Upper Slrell Gill II diagram, below 67 an, 

falls within subzore D5. Arboreal pollen percentages gradually decline 

throughout this subzone, evidence of' the decline in woocll.and which took 

place in this valley around the third century B.C. The low arboreal 

pollen percentages associated with subzone E1 at Upper Sk:ell Gill I are 

evident at this site between 67 cm and 57 an; the associated increase in 

the pollen of the Gramineae and in the incidence of agricultural indicators 

is very marked. The increase in the Cyperaceae, which was noted in this 

subzo~ at Upper Slcell Gill I is also apparent at this site and it is 

accompanied by other changes which mBiY indicate increasing wetness. 

T he Be include a prolife ra tion in Sphagnun spore s and a small pe ak in the 

pollen of Narthecium type. In addition, Salix pollen occurs at this level. 

The reoovexy of the arboreal pollen values associated with subzom E2 is 

only a temporaxy feature and the values of the Erioaoeae rise markedly 

at the end of this subzone. A second inorease in Gramimae pollen occurs 

in zone F similar to that at the Upper S1mll Gill I site J but the eJepa:nded 

pollen record for this zor:e enables an early phase of increased Gramineae 

am reduced Erioaceae pollen to be distinguished fran a later phase when 

Ericaoea.e pollen is again dominant. 

II.iv.he North Gill Wood (Fig. II. 24) 

Tb!I pollen diagrams from the three remaining flush sites exhibit 

marked similarities; an absolute chrorx>logy has been obtained for the 

d:iagram trom North Gill Wood and this site has therefore been examined 

in greater (btul than the oth&rs. The 2Onation of the diagrams from t~ 

two wood1am sites proved di1':f'icul t as they are at considerably lower 

altitudes than the other sites examined am both are in well sheltered 
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valleys. They are theref'ore subject to envirormental influences signi.fi

cantly dif:ferent from those Operating at the upland sites, and consequently 

vegetation changes on the interfluve and in the valleys are not directly 

comparable. In an attempt to overcoIre the problem of correlation, a tree 

pollen diagram has been prepared for the North Gill Wood site for com

parison with the tree pollen diagram f'rom Fountains Earth. 

At its base, the tree pollen diagram fO[' North Gill Wood is dominated 

by Betula which averages 80% of' tree pollen. Alnus values are low, less 

than 10% of tree pollen, and the values for Quercus are only slightly 

higher. Corylus averages betv.een 70% and BoJb of tree pollen. If this 

spectI'lDl is compared with the tree pollen diagram for Fountains Earth 

equivalent values of Betula, Alms and Cor.ylus are found only in zone A. 

However, the Pims values at this level are rot comparable. A radiocarbon 

date of 900 : 90 A.D. has been obtai~d for the base of the peat at North 

Gill Wood. It is therefore clear that there can be no chromlogicaJ. 

association between the base of the North Gill Wood peat and zo:m A at 

Fountains Earth, which has been estimated to be over 7,000 years old. 

The North Gill Wood peat must, therefore, have started to fOnl 

towards the end of subzone E2. In the upper 5 an of peat at Fountains 

Earth there is a decline in Alms and Quercus and a corresponding rise in 

the pollen of Betula. This trend towards increasing Betula pollen per

centages in subzone E2 can be identified in a nunber of the other 

diagrams, it suggests the spread of secondary .,odland in this area. 

This appears to have been well established around the North Gill Wood 

site by the time the peat began to fom. 

Above 180 em in subzon!' F1 there is marked increase in non-arboreal 

pollen to over 50% of total pollen. This rise is mainly due to inoreased 

values tor the Gramineae, but there is also a slight inorease in the 
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Ericaceae, and the incidence and variety of' herb pollens iwreases. 

There are small peaks in the pollen of' Plantago lanceolata and Rosaceae 

(Potentilla type) and a more marked peak in Rumex acetosella type; 

Ramnculus, the Umbellif'erae, Compositae and Rubiaceae are all represented 

in signif'icant amounts. Pollen of' cereals and of' Cannabis/Humulus type 

is also present throughout this subzo~. 

The distinction of' Cannabis pollen f'rom that of' Humulus on the basis 

of morphology is extremely dif'ficul t, but Godwin (1967a) suggested that 

most of' the pollen of' this type in British aiagrams coo.ld be assignad to 

the gews Cannabis, and he established that Ca.nna.bis pollen is invariably 

associated with arable cultivation (Godwin, 1967b). The pollen assemblage 

of subzoIJ' F1 theref'ore indicates a period of' agricultural activity, 

primarily pastoral but with some arable Cllltivation. The redlction in 

the tree pollen indicates an active clearance of' the area around the 

site. 

A sud.den increase in the pollen of both Betula and Con'lus occurs 

at 150 an and marks the opening of subzo~ F2. The Gramiteae decline and 

both the incidence am variety of herbs is reduced, though cereals are 

still present in some samples f'rom this subzo~. This increase in 

arboreal pollen is followed by an ecpally sudden declinl' at llt-2.5 om. 

peat from the upP8r part of' subzol1' F2 has been radiocarbon dated to 

A.D. l420 :!: 80. 

The pollen assemblage of subzoIJ!t F3 is typical of a :fUrther period 

ot active clearance am agricultural aotivity; arboreal pollen values 

are redUced to very low levels and pollen of' f'irst the Gramineae and then 

the Brioaceae iml'8ases. Cereal type pollen is present throughout the 

8\lbsone and pollen of a wide variety of' agricul turaJ. weeds occurs. Tb!t 

pollen ot Rumex acetoseUa type is represented at values greater than Jt.% 
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of total pollen throughout the subzo:re am at 92.5 ClIl there is a very 

marked peak in this pollen type which forms 1.JC;6 of total. pollen. 

Associated nth this level there are small peaks in pollen of cereal.s 

and. of Plantago lanceolata; Cannabif!r"Humulus type pollen is present in 

adjacent samples and the pollen values for Corylus and the trees are at 

a minimum. A peak in Rumex pollen in zone F was also note d in the 

Hambleton Hill and Hambleton Dike diagrams. At North Gill Wood the 

association of this peak with pollen of taxa indicating agricultural 

activity suggests that this feature may mark a horizon of some CUltural 

significance. A sample of peat from the level of the Rumex horizon was 

radiocarbon dated to A.D. 1470 ! 80. 

Dlring this period the bog in North Gill Wood must have been growing 

very rapidly as the radiocarbon dates from J.4.5 an and from 92.5 an differ 

by only fifty years. This suggests a rate of accumulation of one 

centimetre of peat per year. Statistically these tVlO dates cannot be 

separated as both have been quoted with an error of 80 years on either 

side, but they a~ internally consistent and therefore there is no 

sugge stion of disturbance in the profile. 

Above 92.5 an, in subzom F3' there is a very gradual and slight 

increase in the pollen of Quercus. The wrve for Rumex aoetosell.& type 

pollen declims but there is an increase in the curve for Plantago lanoeolata 

which represents 11% of total pollen at 32.5 cm. A marked change occurs 

above 15 an as all the tree pollen curves, and also the Corylus curve, 

show a marked increase. By 5 an the tree pollen component forms over 

50% of total pollen, consisting of approximately equal proportions of 

Alnus, Betula and Quercus pollen. This has been designated subzom Fq. 

which app:tars to be a period of decreased agricultural activity. The 

arboreal pollen percentages are similar to those in surfaoe samples from 



the modern wood which occupies this valley. The occurrence of occasional 

grains of ~ pollen is an interesting feature of the upper part of this 

diagram; these may reflect the introduction and the extension of 

cultivation of Acer pseudoplatirus from the late sixteenth century onwards 

(Godwin, 1956). 

II.iv.i. Skell Gill Wood. Peat. (Fig. II. 26) 

The pollen diagram from the Skell Gill Wood site illustrates the 

same gereral pattern of WOOdland declil13 followed by rege~ration as is 

shown at North Gill Wood and the same sequence of subzoms has been 

identified. However, the features associated with agricultural activit,y 

are less marked at this site. Fairly high percentages of Fi1icales 

(Dzyopteris type) sp:>res occur in the early wooded period (subzom E 2). 

Smith and Ta~r1or (1969) have suggested that relatively high frequencies 

of fern spores mavr be indicative of the shaqy envirol'l.llent in a closed 

woodland. The reduction in arboreal pollen in subzom F1 at this site is 

only slight; but a clear peak in the pollen of the Gram~ae at 5lt- cm may 

indicate an increase in agricultural activity am a wide variety of herbs 

including Umbelliferae, Compo sit ae, 5'uccisa, Rubiaoeae am Cruciferae 

also occur. Pollen of cereal and Cannabis/Humulus type are recorded 

sporadically in this subzo~. 

The rege~ration phase of subzone F2 is repre sented mainly by an 

inorease in the pollen of Corylus, though increases in the pollen of 

AlDls am Betula are also recorded. Pollen of the Gramineae decli:res 

during this subzo:re but increases markedly at It-2 em, where it foms 52% 

of total pollen; this marks the opening of subzone F3. Between this 

level and 2B cm arboreal pollen values average less than 10% of total 

pollen and there is a peak in the pollen of Plantago la~eolata. However, 
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Rumex aoetosella type pollen is not as prominent in this subzone as 

it is at North Gill Wood and the Hambleton site s. 

AS at :North Gill Wood subzone F4 is a period of' regeneration 

during which woodland similar to that at present occupying the SkeU 

valley was established around the site. The occurrence of' grains of' 

~ pollen at ecpivalent levels to those noted in the North Gill Wood 

aiagram is interesting. 

II. iv. j. Hambleton Flush (Fig. II. 27) 

This site is over 100 metres higher in al ti tude than the WOodland 

90. 

f'lushe s just described, and it iJ at present surrounded by open moorland. 

However, the stratigraphy of' the peat and the pOllen diagram show 

similarities with North Gill and Skell Gill Wood. The marked diff'erence 

bet.een this diagram and those f'rom the woodland sites is in the f'orm of 

the Erlcaceae curve. This dominates tb9 pollen diagram from Hambleton Flush 

suggesting that heath has been established around this site throughout 

the period of peat growth. 

Subzone E2 extends from 100 em to 80 em, the relative prOportions 

of arboreal and no~arboreal pOllen in this subzone are similar to those 

in subzone E2 at the adjacent moorland sites of Hambleton Hill and 

Fountains Earth. Tl:ese apparently renect trees growing at some distance 

down the valley of North Gill Beck, rather than airectly around the site, 

and it is significant that there are no tree macro-remains in the peat 

at this site. The expansion of the Graminaae and agricultural indicators 

which oocurs in subzone F1 at the valley sites is mt so 11811 marl=d at Ramble-

ton Flush, suggesting that this agricultural expansion was predominantly 

in the lowiands. Ho-.ever, there is an inorease in the pOllen of GramiD9ae 

at the expense of Bricaoeae registered in the two samples between 75 an 

I --
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and 72 em and this is accompanied by tre appearance of' Ca:nna.bis/)fumulus 

tne pollen. There is also an increase in the f'requency of' Plantago 

laweolata pollen at this level. There is a slight decline in the 

Gramiz:eae above 72 cm and slight increases are apparent in the Curves 

f'or Betula, Quercus and CotyJus. These changes are suggestive of subzone 

F2' though it seems that this regeneration phase did rot affect the area 

immediately around this site. The behaviour of the Alms pollen curve is 

unusual: at 71 an a small increase occurs, but at 70 em there is a sudden 

proliferation of Alnls pollen, which forms 35% of total pollen in this 

one sample, and then declines again. The significance of this Alms p:lak 

wUl be considered in the light of the results from the surface sample 

analyses in Section III.v. 

At 60 em arboreal pollen values are reduced to less than 10% of 

total pollen and at the opening of subzone F3 the Gramineae form 50% of 

total pollen. Above 60 cm Ericaceae pollen expands at the expense of the 

Gramineae but the agricultural indicators which characterise subzOI13 F 3 

at the woodland sites are present thrcugoout. At 20 an the pollen of 

Rumex acetosella type fonns 14% of total pollen and this level can be 

correlated with the Rumex horizon at North GUI Wood and the Hambleton 

sites. These features suggest that the agricultural phase of subzor.e F3 

involved both the lowlands and the uplands. 

Above 15 em small inoreases in the tree pollen curves and the curve 

for Corylus reflect the regeneration which occurred during subzor.e F4 at 

the valley sites. £round this f'lush moorland oonditions persisted, a 

reCllction in the frequency of pollen of agricultural indicators in the 

uppermost samples suggests a decrease in the intensity of upland. agriculture 

during the recent past. 



II.iv.k. Fortress Dike Camp. (Fig. II.29, 11.28) 

The two pollen diagrams prepared f'or this site are described in 

detail in Appendix 4. However, no account is given there of' their 

relationship to the zonation schem3 that has been established for the 

other diagrams f'rom the Nidd-Laver interi'luve. The earliest pollen 

record at this site occurs in the buried soil betl'lCen 55 em and 30 an 

in the mound section; the sudden increase in Ericaceae pOllen suggests 

that heath was becoming established around the site at this period. 

92. 

On archaeologicaJ. grounds a late Iron Age or Romart)-Bri tish date has 

been suggested for construction of' the earthwork (Mr. B. Hartley, 

personal communication). It seems probable that the pollen record in 

t~ buried soil belongs to the upper part of' zone D or early subzone E1. 

The e~ansion of heath at this site was probably later than at Founta,ins 

Earth, which is 106 metres higher in aJ. titude and in a much more exposed 

situation. 

The earliest pollen record which post-dates construction of the 

earthwork occurs in the thin organic band at the base of the ditch peat 

diagram. This spectrum, with high percentages of' Grami~ae, PlantaE 

lanoeolata and other weed species is suggestive of a marked phase of 

agricultural activity. These features are characteristic of subzom 11-

Material fran this }x)rizon has been radiocarbon dated to A.D. 630 ! 90. 

As the opening of subzone E1 has been dated to around 250 ! 80 B.C., the 

phase of occupation repre sented by this organic band must have taken 

place towards to, end of subzone -1. The abrupt decline in indicators 

of agricuJ. ture above the organic band suggests that the site was abandomd 

soon after this date. The absence of' organic deposits representing 

earlier phases of' occupation of the site is plzzling, if the archaeologicaJ. 

assessment of its age is accepted. It is possible that debris was cleared 
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out of the ditch at intervals when the site was occupied and thus 

evidence was destroyed. (Tinsley and Smith, 1972. Appendix 4..) 

In subzo~ E2 there is a rapid expansion in the pollen of Betula 

and Corylus and at 35 cm these two species form 7~ of total pollen. 

These high arboreal pollen percentages, in conjunction with the 

occurrence of bark fragments and Betula fruits in the peat, indicate 

93. 

a period of woodland rege~ration around this site. An abrupt increase 

in the pollen of the Ericaceae at 33 cm marks the opening of zone F and 

the curves for Betula and COryluS gradually decline. The subzones of 

F are diffiClll t to reoognise at Fortress Dike Camp. There is no peak 

in the Grami~ae to associate with subzone F1; however, a temporary 

recovery in the values of Betula and COrylUS between 32 an and 30 em is 

suggestive of subzore F2- Subzore F3 is characterised by higher values 

for the pollen of the Ericaceae and rather lower value s for the Gramineae 

than at the other si tea. However, the increase in the incidence and 

variety of herbs during this period is marked and the peak in Rumex 

pollen at 5 an can be correlated with the e<pivalent feature at other 

sites in the area. Pteridium spores reach high values in this subzone 

at Fortress Dike Camp. There is some suggestion of an irx:rease in 

arboreal pollen in tba uppermost samples which may represent subzone 

F
4

, but the recent pollen record for this site has been destroyed by 

burning of the uppennost peat. 

II.iv.I. SkeII Gill Wood. Soil. (Fig. 11.30) 

Investigations into the pollen record of the mineral soils on the 

Nidd-Laver interfluve yielded disappointing results. In most cases 

the pollen was scarce an1 in a poor state of preservation. Only samples 

from the upper few centimetres of soil yielded countable results and the 
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lower soil horizons ~re often completely barren. It appears that the 

coarse sandy nature of most of the soils result in the very rapid 

percolation of pollen and only recent pollen spectra are retaimd. To 

illustrate this a pollen diagram has been constructed for one soil 

profile from beneath woodland in the lo~r Skell valleYe 

94. 

If this diagram is compared with the diagram from the fiush peat 

deposit in Slrell Gill Wood, the record in the soil profile apparently 

covers only subzoms F3 and F4e In the IOVler part of the soU diagram 

fairly high values for Gramineae and a comiruous record for Plantago 

lanoeolata associated with pollen of the Ccmpositae and Caryophyllaoeae 

suggests the agricultural phase of subzom F3- In the upper soil 

horizons rapidly increasing values for Quercus are indicative of the 

expansion of trees recorded in subzone F4 at the flush peat sitese There 

is a va.st increase in the spores of Ptericlium above 7.5 an indicating 

the spread of bracken which is the principal component of the modern 

grouM flora at this site. The very high percentages of Filicales 

(Dryooteris type) spores in the lo-wer soil horizons of this profUe 

may represent a relict feature from subzones F1 or F2e 



SECTIW nI THE SURFACE POLIEN ANALYSES 
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Interpretation of ecological sigrdficance is o~ of the funda

mental problems posed by pollen aiagrams. The difficulties of inter

pretation are magrdfied when the object of the investigation is to 

trace small-scale, local changes in vegetation, rather than to 

establish the regioral picture. The present study of woodland edge 

fluctuations gave rise to a number of specific questions: 

1. Can a pOllen spectrum from a WOOdland site be distinguished 

from a spectrum from a site a short distance from the edge 

of the wood, on the basis of the arboreal pollen values? 

2. Is it possible to distinguish between a pollen Spectrum from 

a si te on thee age of a de nse wood and a spe ct l'\lII1 from a site 

wi thin open 'Iroodland.? 

3. What is the ecological significance of the sharp peaks in the 

QuerOls pollen values at Fountains Earth and in the AlIllS 

values at Hambleton Flush? 

It-. What was the likely status of Betula in the fonner upland 

woodland, in view of the apparently anomalous association of 

abundant BetUla macro-remains with low Betula pOllen values 

at some sites? 

Recent studies of the modern pollen rain have been successfully 

applied to the interpretation of fossil pollen assemblages, and it was 

therefore felt that a surface sample survey on the Nidd-La:ver interf'luve 

might provide a solution to these problems. The literature which 

providl!!ld a background. for this lIOrk is reviewed briefly below. 
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III.i. tation com sition and the 
recovere 

III.i.a. T~o~tical As,pects 

The investigation of vegetation histor,y by means of pollen 

analysis involves the ~construction of pre-existing plant; communities 

from foss:iJ. pollen asseuiblages. Three main stages link: t~ living 

communi ty with the fossil assemblage: pollen production; dispersal. 

and deposition, together considered as transfer, and alteration of the 

grains subsequent to deposition. At each of these stages factors 

operate to distort t~ relationship bet.,en the cOlnmnity and the 

pollen assemblage. A lax>1dedge of these distorting factors is essential 

for the eoological interpretation of pollen dia.grams. Erdtman (1943) 

recommended that the relationship of surface samples to the contemporary 

vegetation was the key to the interpretation of pollen diagrams in tenns 

of vegetation histozy. Recent studies of this type have provided a 

theoretical basis against which the assumptions of pollen analysis 

m8iY' be tested. They have also provided estimates of the degree of dis

tortion at each stage in the sequence from the living oommunity to the 

:fossil assemblage. 

Variations in pollen productivity have a profoun:1 influence on 

the pollen speotrum :from allY 0:0:1 site. Plants differ in the amount of 

pollen they produce, and they also vary in their frequency of flowering. 

In gensraJ. the aD'mogamous species produce greater quantities of pollen 

than the zoog&lllOUs spec~s, but within these t'VVO broad categories very 

large differences exist. Faegri and Iversen (1964) quoted estimates 

ot total pollen prOduction in one season fran a ten-year-01d branch 



Table 111.1 

THE REPRESENl'AT1(.N OF ARBOREAL SPEClES IN THE POLIEN RAm 

Relative pollen Productivity 

AlIllS 

Pims 
Ti11a 
Corylus 
Betula 
Pioea 
CarpilllS 
Quercus 
Fagus 
Frarlms 

PobJ. (1937) 
Genn8.1V 

17.7 
15.8 
13.7 
13.7 
13.6 
13.4 
7.7 
1.6 
1.0 

Al'ldI3rsen (1967) 
Denmark 

1.5 

0.7 

4.1 

4.1 
1.0 
0.6 

iAtpresentation Ratios (% of speoies in plant OCUUIIlm. ty ) 
% or speoies 1n pollen raiJi 

A1J11s 
Pims 
T:Uia 
Betula 
Pioea 
CarpiJ118 
Querou» 
Fagus 
FraxiDls 

)({lller 
(1937) 

Switzerland 

6.6 

6.0 
0.9 

2.8 
0.3 

Steinberg 
(1944) 
Germaru 

7.7 

7.9 
1.1 

1.8 
0.2 

Tsukada 
(1958) 
Japan 

5.8 
22.4 
0.13 
1.5 
0.5 
0.6 

0.9 

AndDrsen 
(1967) 
Demark 

2.3 

0.5 
4.4 

3.6 
1.0 
0.4 



Table III.1 (continued) 

Relative Representation 

Over-
represented 

Davis and 
Goodlett (1960) 

U.S.A. 

Quercus 
All'lls 
Pims 
Betula 

Proportionally Fagus 
repre sente d Pioea 

Tsuga 
Ulmus 
Frax:inls 
Ostrya 

Under- Aoer 
represented Thuja 

Abies 
Populus 
Larix 
Tllia 

Janssen 
(1967) 
U. S.A. 

Betula 

Quercus 
Ulmus 
Fraxims 

Tilia 
Pioea 
Aoer 
Populus 
Larix 

Mullenders 
(1962) 
Franoe 

Betula 
Carpirus 

Quercus 
Fagus 

Aoer 
Fraxims 
Tilia 
Prums 
Hedera 

Bastin 
(1964) 
Belgium 

Quercus 
(slight) 

Betula 
Pims 
(sometimes 
OWl'-
I'!tpre se nte d) 

Carpims 
Aoer 
Larix 
Fagus 
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0'£ Fagus as 28 million grains with an equivalent ,£igure '£or Pinus 

0'£ 350 million grains, aJ. though both species are wind pollinated. Pohl 

(1937) and Andersen (1967) have investigated the relative pollen 

productivi ty 0'£ dif'f'erent '£orest tree species and a lUmber of authors 

have estimated the representation of tree species in the pollen rain, 

by comparing the oomposition 0'£ surfaoe pollen samples with the com

position of the surrounding vegetat ion. The se results are summarised 

in Table III.1. The results from the different areas vary and it is 

rx>t possible to arrive at a universally acceptable representation ratio 

for each species. The reasons for this are diverse. Enviro:r:mental 

factors may operate to selectively influence pollen productivity and 

dispersal; Potter and Rowley (1960) stated that pollen production was 

favoured by 'Wannth, dlyness, sunshine, favourable precipitation and 

lack of killing frosts in winter. In addition the relative represent

ation ot a species in the pollen rain depmds on its relationship in 

the surrounding vegetation with other species ot ditfering productivities. 

The caloulation ot representation ratios tor taxa producing only 

a small amount of pollen is virtually impossible. Such plants, which 

include Ilex, Viscium, Vi tis and Lonicera are otten those whioh are 

inseat polli:cated. Faegri and Iversen (1964) have observed that the 

oocurrence ot pollen of these taxa. in deposits usual13 used for pollen 

a%l&lysis ia accidl!tntal. and unreliable. Their pollen may give indioations 

ot great value but mthing can be deduced fran its absence. 

In the light of the information available on differential pollen 

produotivity aDd dispersal from surfaoe sampling Iversen (Faegri and 

I.-raen, 1964.) has suggested correction factors to be aJ;plied to raw 

pollen data before drawing up percentage curve s. He propoaed the division 

ot pollen types into four groupsl 
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A - Species that oontribute great <panti ties of pollen, in northern 

Europe Pinus, Betula and COrylus, should be reduced by a faotor 

B.1 - Speoies that contr:ibute moderate quantities of pollen, in mrthern 

Europe Pioea, Quercus, FraxiIlls, Fagus, eto., shoUld be plotted 

without oorrection. 

B.2 - Species which though important in the vegetation may produce or 

disperse very little pollen, e.g. Tilia and HeCk::ra, should be 

DIIll tiplied by a faotor of 4. 

C - Species which produce so little pollen it is immateriaJ. whether 

they are inoluded in the pollen sum or not, e.g. ~, Visai.um, etc. 

Iversen (19~9) foom that spectra converted by the above factors 

gave a better representation of the actual composition of the vegetation 

around his sites than did the raw data. 

Fran his work in the Draved Forest, Jutland, Andersen (1967) 

suggested a similar set of corrections to be applied to the pollen counts 

prior to the percentage calculations: 

Betula 1 x ~ Quercus 1 x ~ 

Fagus 1 x 1 Tilia 1 x 2 

AlIllS 1 x t 
Fraxinus 1 x 2 

He suggested that in C>p'n forest, where Betula may flower profusely, 

the correotion factor should be as high as 1 x i' and that in some areas 

a correction for Alnus of 1 x * might be more appropriate. Andersen's 

correction faotor tor Quercus is high compared with Iversen's and in 

Table III.1 Andersen's values for Quercus are noticeably higher than 

thOse obtain!td by other workers. This might suggest that condi tiona in 

the Draved Forest are abmnnally favourable for the flowering of oak. 



The treoretical relationship betv.een the composition or the 

vegetation and the pollen sample is not only influenced by variations 

in pollen productivity; the structure or the community itself is also 

important if the pollen diagram is drawn up on a peroentage basis. 
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The problems inherent in the use or percentage calculations have been 

discussed by Fagerlind (1952) and in more simplified terms by Faegri 

and Iversen (1964). :retailed work on the significance or this problem 

in practioal terms has been carried out by Davis (1963). She discussed 

a system in which thzee hypothetical plant species, a, b, and c, 1V8re 

equally represented in the vegetation but had difrering productivities, 

and oontributed pollen to a sampling point in the ratio 10 : 5 : 1. 

She used the letter R to represent the ratio between the pollen percent

age and the vegetational peroentage ror each species, thus: 

Species a pollen percentage 
R& = ~_ ...... ____ --:,,_~ __ 

Species a vegetational percentage 

In this system the ratio or the R values, R& : Rb : Ro al~s equals 

10 : 5 : 1, but the actual R value ror each species varies dependi~ on 

its rrequency in the vegetation. Davis argued that as the total :n.unber 

ot pollen grains deposited at a sampling point is a :function of both 

abundance of species and productivity, variation in the gross rate ot 

pollen contribution due to the elimination of one source of production 

would cause a changO in the percentage values for other pollen types, 

contributed at a constant rate, though no change need have taken place 

in their vegetational frecpency. Therefoze the representation of a 

specie. in the pollen rain depends on its relationship in the vegetation 

with species having differing R values. Davis (1963) observed, "it i. 
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a mistake to assume that a species is 'characteristically' over- or 

under-represented by pollen. No species except the two with extreme 

R values can be expected to be consistent in this regard". Tbis must 

explain some of the dif'£erenoes in representation ratios obtair.ed by 

different lIOrk.ers (Table III.1). 

The relative representation of non-arboreal pOllen species has 

been 113glected in comparison with the work doll3 on arboreal species. 

This reflects the fact that for maI\Y years non-arboreal pollen was 

igwred by palynologists. Recently, hcn,ever, the examination of' non

arboreal pOllen has enabled the history of forest clearance in Europe, 

and the United States, to be traced. Tb:l calculation of representation 

ratios for herb species is a. greater problem than for trees, Owing to 

the extremely 10caJ. nature of the non-arboreal pollen. This is shed at 

low levels and is therefore less widely distributed by turbUlence in the 

atmosphere than the pollen liberated from trees. Jonassen (1950) found 

that Callum was ger.erally under-represented except on heathJ.ands. 

Heim (1962) and Mullenders (1962) both concluded that the Erioa.ceae and 

the GramiD'a.e were generally un:1er-represented in woodlands. None of 

these writers, however, attempted to compute representation factors 

for the non-arboreal species. 

The importance of differential pollen trans:t'er in the distortion 

of pollen diagrams has been recognised for mal:\Y years. Studies on the 

long distance transport of pollen grains were maa;, by Hesselman (1919), 

who .~osed glyoeriD'-filled petri-dishes on light-ships in the Gulf' of' 

Botlmia and collected large amounts of Pioea, Betula and Pinus pollen. 

H01l8ver, as Fa.egri and Iversen (1961..-) have pointed out, the quantities 



101. 

of pollen produced by the local vegetation are ger.erally so great 

that in absolute amounts pollen derived from long-distance transport 

is insignificant. Long distance transport beccmes of greater signifi

cance in regions of low absolute pollen productivity, particularly 

in arctic and sub-arctic areas. Bartley (1967) recor~d values of 

8.5% and 3.8% of total pollen for Pirus and Picea respectively in 

barren areas around Deception Bay, Labrador, where t~ ~arest source 

was over 600 kilometres to the south. 

The initial stage in the transfer of pollen involves its dispersal 

from the plant. In mar.(Y' cases the pollen of zoogamous species is rever 

exposed to the atmosphere and the pollen is only deposited on the 

grouZ?d wban tba male flowers are dropped. In most windr-pollinated 

species the male f'lollers expose the pollen freely and it is liberated 

to the atmosphere. Experimental work on the distribution of pollen is 

complicated by the fact that vegetation communities are complex sources. 

Gregory (1961) described experimental studies in pollen and spore 

dispersal from a point some 10 cms above tba groum; the relationship 

between deposition and distance away from the source followed a curve, 

with 90% of Cktposition taking place within the first 100 metres. As 

the height of the source _s increased the percentage deposi. tion 

immediately arouni the source Qscreased. This accounts for the fact 

that the average dispersal distance of pollen from non-arboreal species 

is so muoh reduced compared with arboreal species. Wright (1953) carried 

out studies on the dispersion of pollen away from individual isolated 

. trees, and sho_d that the relative pollen fre<J!lenoy deoreased markedly 

with distanoe from tba source, a conclusion also reaohed by Lanner 

(1966). 
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The traditional conoept of' the "pollen rain" is somewhat at 

variance wi th tl'~se observations on the very rapid deposition of' pollen 

close to the source. According to Erdtman (1943) pollen grains are 

"easily carried by the wind, some of' them are transf'erred into higher 

regions by vertical air currents and remain there f'or days, weeks or 

even months bef'ore they settled back to earth." Though it was accepted 

that direction, velocity and turbulence of' air currents had some ef'fect 

on pollen transfer (potter aId Rowley, 1960), this model of an evenly 

di stribute d pollen rain was implici t in many early palynolOgical 

studies. Recently, however, in a paper entitled "Differential pollen 

dispersion and the intell>retation of' pollen diagrams", Tauber (1965) 

produced a more complex theoretical model f'or the transf'er of' pOllen 

which has great importance f'or the interpretation of' f'ossil data. This 

was based on a consi~ration of' the distribution of' atmspheric pollut

ants and fungal spores and took into account the specific gravity of 

individual pollen grains. The model was developed with reference to 

conditions in closed deciduous forests analogous with those covering 

most of the &1ropean lowland in the Atlantic period. 

Tauber suggested that the transfer of' pollen was composite in 

nature and he distinguished at least three components: pollen carried 

through the trunk space of' tie trees; pollen carried above the campy, 

and pollen brought down by rain. Tauber suggested that pollen which 

_8 dispersed below the tree canopy lIOUld be transported sane distance 

horizontally by air currents in the trunk space; the remaining pollen 

would be carried up by convection and turbUlence; some would be trans

ported by winds above the canopy, some however 1fQlld ascend by the mal 

currents into the atanosphere where it would be distributed and later 
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washed out by falling rain drops. Meshkov (1950) has recorded striking 

data illustrating the efficienqy of rain in scouring pollen from the 

atIOOsphere. He noted a deposit of pine pollen sufficiently heavy to 

colour the soil of the main street in a village in central Russia 

t'ollowing a rainstonnj the ~arest pire stands were about 10 Ian distant. 

One of the most important implications of Tauber's model is that the 

extent ot' the area represented in the pollen rain at axv one site will 

depend on the relative importance of each of the three trans£er compo~nts, 

as these rul have essentially different origins and therefore different 

pollen spectra. He introduced the concept of the "et'fective area" - the 

area from which at least 80% of the pollen grains deposited at allY' OnEt 

point origimte. The trunk space oomporent is very local in origin. 

Tauber suggested that for heavy pollen grains, e.g. Tilia and Fagus, the 

range 1IOUld be a few hundred metres or less, but for light pollen grains 

it might be up to ten times this distance; this component will rofiect 

the local vegetation. pollen brought down by rain will refiect the 

vegetation of a very wide region, and the canopy oomponent will have an 

intermediate origin ranging £rom a £ew to Ul8.I'.\Y kilometres. 

Thus in very small basins the trunk space oomponent will dardnate 

and the effective area will extern t'rom 300 to 1000 metres aW8iY' from the 

basin, ~pending on the species present; to, resUltant pollen diagrams 

w:Ul refiect predQllinantly local. vegetation changes. In the centres of 

large basins the trunk space oomponent will be of little significance and 

the pollen diagrams will have a regional character, the effective area 

varying £ran 30 to 100 kilometres around the basin. This reasoni.J'lg 

therefore implies that if the area around a basin is cleared the pollen 

rain will gradually ret'leot the vegetation of an increasingly wide area. 
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Tauber (1967) has produced experimental data f'rom Gantekrogsp, 

a small f'orest lake in Zealand, to support the hypothesis that the 

trunk space component is dominant in the transf'er of' pollen to small 

basins. Pollen transferred in this way must be subject to f:iJ. tering 

by the vegetation and theref'ore the density of' the stand will strongly 

inf'luence the proportion of pollen deposited by the trunk space com

ponent. This effect was predicted by Tauber in his original paper on 

pollen dispersion, and the data f'rom Gantekrogsp provide experimental 

evidence f'or the f'il tration ef'fect. 

The data of Janssen (1966) frcm the United States and Berglund 

(1972) from Sweden provide further support f'or Tauber's composite model 

for pollen transfer. Janssen identified extra-local and regional 

elements in his rurves of the relationship between pollen rain and 

distance f'rom the soo.roe along linas of' transect in Minnesota. The 

former is equivalent to Tauber's trunk space component and the latter 

is ecpivalent to the ca.ropy and rain-out components. In studies of' 

the moc:lern pollen rain in south-east Sweden, Berglund (1972) recognised 

ccmponents of local, regional and extra-regional dc:minance at increasing 

distances from the forest edge which accord with Tauber's categories. 

Pollen which is deposited on the ground surface m~ become incor

poratod into accumulating peat deposits or lake sediments where it may 

be subjected to various processes which tend to alter the grains. Tbs 

dift8rential susoeptibUity of pollen and spores to damage following 

deposition provi~s a further means for the distortion of the relation

ship between the vegetation and the pollen cwnted. Havinga (1964) 

attempted to simulate natural conditions of oxidation in the laboratory. 
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He investigated a mmber of pollen and spore types and arrived at 

the following sequence in which susceptibility to dBcay increased from 

one to seven. 

1. LYcopodium 

2. Conifers 

3. TUia 

4- COry1uS 

5. Alnus-Be tu1a 

6. Quercus 

7. Fagus 

pollen of certain taxa such as POPUlus and the Juncaoeae aze 

rarely recovered from ~posits ani are assumed to be rapidly destroyed 

(Erdtman, 1943). In addition to corrosion of the exim as a re sul t of 

oxidation, pollen grains may also be subject to varying degzees of 

cOIIlpression and fragmentation following deposition. Grains with thin 

exi.I""s are most subject to this type of alteration. This can lead to 

over-representation of the more resistant grains, or of those which 

have easily iaentifiab1e features, for example TUia and the Compositae. 

The state of preservation of the pollen grains in a fossil assemblage 

is therefore very important in pollen analysis, ani if there is evidence 

ot differential deccaposition this may have to be compensated for when 

tbl diagrams are interpreted. 

III.1.b. Applications ot surface pollen &Dal;ysis to the interpretation 
ot fossil assemblases 

"Much at tbs uncertainty in the interpretation of Late Quaternary 

polleD assemblages can be removed by judicioos use of pollen surface 

~e8 trom a variety of vegetational formations." 

(Wright, 1967) 
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The use of studie s on the lUodern pollen rain in the inter-

pretation of fossll pollen assemblages is now widely accepted. The 

majori. ty of studies are from the United States where the search for 

analogues for the reconstruction of past vegetation is relatively 

simple as large areas of natural vegetation still exist. The method 

that has generally been adopted in these studies has involved the 

delimitation of sample plots within which vegetation composition has 

been ~tennined on a percentage basis, using parameters such as fre<;1!Jency, 

basal area of species, or crown area of species. Comparisons have then 

been made betv.een the vegetation percentage and the pollen percentage 

at each site. Fossil pOllen assemblages similar to the modern spectra 

can then be assi~d to a particular vegetation type. 

Some of the studies carried out in the United States have been on 

a very large soale. potter and Rowley's work on tl'B relation between 

the pollen rain and vegetation on the San Augustin Plains, New Mexico, 

was carried out over an area of 5,200 square kllometres. They reported 

reasonable correlations bet.een the pollen collected in traps and the 

vegetation of the surrouDiing area (potter and ROWley, 1960). Li cht ie

Federovich and RitohLe (1965) have published data fran. surface samples 

oollected along abel t transect 700 ldlometres by 400 kUometres that 

spa.nI1Sd the forest-grasslaDi transition in Manitoba. Within this region 

thll!ly identified a aeries of "lar.d:f'onn-vegetation regions" and attempted 

to establish a charaoteristio pollen spectrum for each of these. Their 

results indicated a positive relationship between these units and the 

regional pollen rain. Davis (1967) has reviev.ed data from surface 

... ples oolleoted throughout Canada by maIlY' lIOrmrs, in ora"r to inter

pxet late-glacial pollen sequences from southern New England. 
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The use of surface samples to solve problems on a more restricted 

areal scale has been carried out by Davis (1963), McAndrews (1966; 1967) 

ani Janssen (1966; 1967). Davis (1963) employed surfaoe sample data 

fran an earlier survey in Vennont (Davis and Goodlett, 1960) to oompute 

R values for various species, and these were then used to interpret , 

fossil pollen assemblages from lake sediments. McAndrews (1966; 1967) 

worked out the post-glacial vegetational history of an area of mrth-

.,st Minnesota, with particular reference to recent land disturbance. 

He analysed surface samples and short sediment cores along a transect 

across several major vegetat ional f'onnations. He was able to assess the 

forest canposition prior to the settlement of' the area in 1855, frc:m the 

records of the Governnent Land Survey. The settlement phase was 

iCilitntified in the lake sediments by the abrupt rise in pollen of species 

characteristic of disturbance, Ambrosia, Chenopodiaceae, and Zea mays. 

McAndrews canpared the vegetation survey with the immediate pre-

settlement pollen spectra and identified a characteristic pollen rain 

for each of the major vegetation f'onnations. He used this data to 

interpret four long cores through pOst-glacial sediments along the 

transect, and he was able to trace the advance of prairie into forest 

in mid post-glacial. time. Janssen (1966), working in the same area as 

»aA.ndrews, studied the effect of distance frc:m pollen source on transects 

approaching distinct local forest types. He was able to distinguish 

between local am regional ocmpo:mnts in the pollen rain and concluded 

that the regional comporent differed little frc:m site to site. From 

this work Janssen obtairad detailed information regarding the pollen rain 

in di:N"erent ~getational regions in north-western Minmsota and he used 

this to interpret the post-glacial. vegetational history from sediments in 

a _all basin in the area. 
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One of the most extensive studies of regional pollen rain was 

carried out by Wright, McAndrews and Van Zeist (1967) in western Iran. 

The modern regional pollen rain was detennired at intervals along 

transects from the steppe of the .Mediterrarean piedmont, across the oak 

woodland of the Zagros Mountains, to the Artemisia steppe of the Iranian 

plateau; results 1!ere used to interpret vegetation changes in lake 

sed.1ments fran the region (Van Zeist, 1967). 

In Europ' studies on surface pollen analysis have tended to 

concentrate on limited investigations to provide solutions for individual 

problems. The degree of disturbance in the vegetation would mae 

historical reconstructions based on the pollen rain of large regions 

of little value. One of the most oomprehensive and detailed studies 

was carried out by Jonassen (1950). He produced pollen diagrams from 

a :rJJDiber of lakes and bogs in the heath area of Jutland. whioh were 

difficult to interpret and. he therefore undertook an extensive study of 

the relationship bet_en surface pollen spectra and the surrounding 

vegetation. He investigated the surface pollen rain in forests domiI1!.ted 

by a variety of single species, and in mimd forest, taking samples fran 

both amongst the trees and from open 1akBs and bogs within the forest. 

He also co1leoted samples fran cleared areas within the forested region 

and f'rQI open heathland. Jonassen concluded that it was possible to 

c11stilWUish spectra fran cleared am wcoCktd oountry on the basis of 

the llPIl-arboreal pollen values. He obtained estimates of the degree or 

representation of various speoies in the pollen rain in a var~ty of 

.,.getation OOIIUII1ntties. These results ,.ere then app1lsd to the Jutland 

pollen diagrams am Jonassen was able to establish the early forest 

history of the present b9atbland. 
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Andersen (1967) carried out a detailed investigation into the 

tree pollen rain in a mixed deciduous forest in south Jut1ani. He 

calculated pollen representation rates f'or Betula, Quercus, Alnus, 

Fagus, Tilia and Fraxirus (vide supra Tablem:t) by comparing the pollen 

recovered from moss po1sters with the vegetation within a radius of 

30 metres from the sampling site. One of' the most significant points 

to emerge from Andersen's investigations was that dis,persa1 distances 

within the forest for the majority of pollen types were very short, 

i.e. less than 20 - .30 metres. As the height of the trees averaged 

20 metres, vertical fall of pollen appeared to ecpal horizontal drift 

in importance for pollen dispersal. The pollen spectra therefore 

refleoted local vegetation very closely. Andersen (1972) has used these 

data to interpret the vegetation history of a site in the Draved Forest. 

Ninety centimetres of sediment; were analysed fran a small hollow, only 

two metres across, surrouIlded by Fagus sy1vatica. AIldersen was able 

to traoe the changing composition of the forest immediately aroUIld the 

si te :fran the A t1antio period until. the pre sent. 

Recent work by Heim (1962), Mu11enders (1962) and Bastin (1964) 

has provided further information on the relationship between the surface 

pollen spectra and the vegetation in ll1ropean forests. However, these 

studies have rot been applied directly to the interpretation of pollen 

diagrams. 

Limited use has so far been made of surface pollen analyses in the 

interpretation of post-glaoial vegetation history in Britain. Watts 

(1959) drew attention to the possibility of using pollen diagrams fran 

8JIl&1l basins surrourded by uniform vegetation, for the detailed recon

struotion of plant ooIlllllnit1es. He pointed out that the evaluation of 
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the results f'rcm such sites would require a stuqy of' the modern 

pollen rain of ~11 characterised 'WOodland comrwni ties. Proctor and 

Lambert (1961) examired the pollen spectra of' modern Helianthemum 

communities, in an attempt to provide information about the plant com

munities associated with late-glacial pollen assemblages. 

~oent studies by Peok (1972) in north Yorkshire, have provided 

information on the transport and deposition of arboreal and non-arboreal 

pollen in lake sediments. However, there is little information regarding 

the dispersion of pollen from woodlands in Britain. There are no stUdies 

in existenoe similar to toose described for the forests of contirental 

Europe, primarily because natural, undisturbed WOodland is so rare in 

Britain. Turner (1964b) has studied the dispersion of Pinus pollen away 

from a plantation on a bog in Ayrshire. The investigation enabled the 

sille of the local and regional pollen oomponents to be assessed.. Tur:rer 

established that, at this site, the looal (ft) oomporent supplied by 

the Pinus plantation became insignificant between 300 and 500 metres 

fl'Qll the edge of the trees. She deduoed f'rom these results that small 

clearances which af'fect a f'orest edge over a radius of' about 100 metres 

will only be registered clearly in pollen diagrams from sites within 

100 metres of the original forest edge. At distances of over 500 metres 

small clearances would not be detected. Thus aJ'I3" clearance phases 

identified in deposits fran the centre s of fairly large bogs or lab 

basins must represent periods of considerable clearance in the surroundi~ 

regiOn. 

Thorley (1971) oarried out a limited investigation into the dis-

persion of Fagus pollen away from a beech woodland in Kent. She 

c1:1sco~red that although Fagus pollen was well represented in surrounding 
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grassland oom.D1lnities it hardly penetrated the campy of' nearby miXed 

oalcwoodland. She therefore ooncluded that in recent times the effective 

dispersion of Fagus pOllen has increased with increasing clearance. 

A surface pollen study of direct relevance to the present work on 

the Nidd-Laver interf'luve was carried out by Cundill (1971), on the 

North Yorkshire Moors, to aid in the interpretation of pollen diagrams 

from that region. Cundill slD-..ed that deposition of arboreal pollen 

(eXpressed as a percentage of total pollen) decreased very rapidly as 

distance from the woodland edge was increased. He also noted that 

al thrugh the general nature of the woodland was -well represented in 

pollen spectra from moss polsters, wide variations occurred in the 

frecpencies of individual tree species from site to site. Cundill's data 

were based on the analysis of 31 samples from an area of about 80 square 

ldlaaetres. 

This review has provided an outline of the variety of problems 

which have been investigated by means of surf'aoe sampling, ranging fraa 

the very general to the specif'io. In view of the suooess with which 

workers in Europe have applied surface pollen studies to the solution 

ot particular problems, a programme of' surf'aoe sampling was devised for 

the Nidd-Laver area. Over a hundred moss samples, col1eoted from within 

the stu~ area, ,.ere analysed. This provided a detaUed picture of 

pollen deposition across a woodland/moorland transition. Despite 

distortion due to the d1t:t'erential. susceptibility to de08iY of pollen 

grains, a oaaparison between this moCbrn pollen c"ktposition data and the 

f'o •• U aSlII'mblages seemed the so~st available basis for the inter

pretation of the pollen diagrams. 
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III. ii. Surface Bollen sampling on the Nidd-Laver inter:fluve 

III. ii.a. The Sampling Medium 

In this research surface samples were collected from moss 

polsters; wherever possible species of Sphagnum were chosen, but in 

some cases cushion fonning mosses had to be used instead. The advan

tages of surface samples obtained from moss polsters over those obtaired 

by pollen traps have been outlined by Jonassen (1950). Samples from 

polsters represent the average composition of the pollen rain over the 

period of years during which the moss has been growing. A pollen trap 

yielding a sample obtaired during only one season of production is rot 

comparable with a fossil spectrum which re:f'lects the production of 

several years. Various envirormental factors may cause anomalous 

pollen production during one season and result in an unrepresentative 

sample being trapped. In addition Hyde (1952) has shown the existence 

of a cyclical production of pollen by tree s, independent of environnentaJ. 

conditions, such that maximum production OCcurs evezy five years for 

Quercus, every three years for Fraxinus and Ulmus and every tllO years 

for Pillls and Fagus. Differences such as these will be averaged out in 

samples from moss polsters. One possible problem regarding the use of 

polsters has been reported by Cro~r and. OuddiY (1972), wOO mentioned 

the posaibUity of sieving taking place, resulting in large pollen 

grains being retainsd by the top of the plant and smaller grains 

aOO1lllulating towards the base. For this reaSOn they recommended the 

use of tbi!t whole polster in ordor to obtain a representative sample. 

Mosa polsters have been oonsidered a satisfactory sampling medium by 



the majority of 'R:>rkers who have investigated the modern pollen rain 

for comparison with fossU data (Jonassen, 1950; Potter and Rowley, 

1960; Heim, 1962; Bartley, 1967; and Wright et al., 1967). 

III.ii.b. The Location of the Surface Samples 

The surface sampling programme was designed to investigate four 

main problems: 

1. The relative representation of various types of arboreal aId 

non-arboreal pollen in the gUl WOOdlands. 

2. The relative representation of various types of arboreal and 

non-arboreal pollen on tll3 moorland •. 

3. The nature of the dispersal. of arboreal pollen away from the 

edge of the gill woodlands. 

4. The pollen productivity of Betula at upland sites. 

Moss polsters were collected from the moors at the head of the North 
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Gill Beck and from North Gill Wood. In order to obtain a random dis

tribution of samples, two ams 1'/ere chosen within each of the sampling 

areas. A track which runs in an approx:iJnately straight line frca 

east-north-east to west-south-west, across the Nidd-Laver interf1uve 

:fran the head of North Gill Beck to Bouthwai te in Nid.d.erdale, was chosen 

&8 the axis for the heath community; in the wood the liI:e of the North 

Gill Beck was used as the axis. Samples were collected aJ. ternately 

:frQll the right am left side s of each axis, the sampling point s being 

determinsd by the use of' co-ordinates derived :from tables of ramom 

DllDbers. The msasurement of' distances along the aDS and at right-angles 
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to them was carried out by pacing. In almost all cases suitable moss 

po1sters were found. within a radius of t'M:> metres of tm appropriate 

spot. At each sampling point a rote was made of the vegetation within 

this radius. 

In order to investigate the dispersal of' arboreal pollen away from 

the lVOOdland edge, moss polsters lISre collected at predetennired inter

vals along lines of' transect from the edge of the woodlard, out on to the 

moors. Three main transect lines were chosen (Figure III.1); Transect A 

running south-west for 550 metres perpendicular to the south-west edge 

of North Gill Wood; Transect B running north-east for 400 metres 

perpendicular to the north-east edge of North Gill Wood; and Transect C 

running rorth-west for 600 metres following North Gill Beck valley fran 

the edge of tre wood out on to the moors. These three transects were 

crosen with a view to investigating the effect of the prevailing westerly 

winds on pollen dispersal. A fourth transect, D, followed the valley 

of Sla!tll Gill from the edge of the lVOOd out on to the moor; a limited 

number of samples were collected and the results were used only to 

provide a check on certain :features of' Transect C. 

The investigation of pollen production in upland Betula communities 

necessitated a slightly different approach as there are only isolated 

Betula trees on the Nidd-Laver interf1uve at the present time. Samples 

were therefore collected in and around an area of reger:erating Betula 

scrub on Ramsley Moor 8Outh-east of Sheffield (SIC 285755). Ramsley 

Moor 1s on the eastern edge of the gritstone plateau which forms the 

southern penni~s in this area, and it is at an altitude of between 270 

and 305 metres. It is therefore very closely oomparable with the 

plateau of the Nidd-Laver interf'luve. It is an area of mixed Calluna. 
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heath and Molinia grassland which has been invaded since 1945 by 

Betula (Dr. S. R. Eyre, personal communi cat ion); in places this f'onns 

a dense oover with trees averaging about six metres high. As Betula 

species begin to bear f'ruit at about i'if'teen years (Anderson, 1950) 

ma:qy of these trees should now be mature, and this was confinned by 

field observations in the spring of 1972. 

In all cases the whole of' the moss polster was collected am pro

cessed in order to avoid filtration effects (vide supra). The laborator.Y 

technique used was similar to that adopted f'or the f'ossU material and. 

is outlined in Appendix 1. The pollen count for each sample was based 

on a total of 500 grains, excluding spores. This pollen sum was used 

in order that the results obtail1:ld in the surface pOllen survey would be 

direotly oanparable with those frQn the fossil pollen diagrams, and 

therefore of direot relevance to the problem of' interpretation. The 

use of' this pollen sum, however, inevitably means that the data are not 

directly canparable with those of most other lIOrk.ers, as the majority 

of studies on representation ratios have been based on an arboreal 

pollen sum (e.g. Jonassen, 1950; Davis and Goodlett, 1960; Andersen, 

1967) • 

In all samples the preservation of the pollen grains was good, 

and there were IX) obvious indications that differential destruction of 

grains was distorting the resuJ. ts, even in the well aerated cushion 

mosses. 
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III. iii. T~ Results of the Surface Pollen Survey 

III.iii.a. The pollen rain in North Gill Wood 

Surface samples were collected from the upper part of North 

Gill Wood in an area which extendtld 400 metres down the valley frem 

the margin of the wood, as defired by the limit of enclosure (Figure 

111.1). The valley at this point is only about 150 metres wide and 

about 30 metres deep. The valley sides, which dtlscend steeply to the 

stream, are covered with woodland dcmimted by Querws :petraea, with 

occasional Alms glutimS& ~ar the stream. Betula Plbescens and 

Sorbus aucuparia are associated with the Quercus in places. The open 

nature of the woodland campy has allowed a fairly rich ground nora 

to develop which is dominated by Pteridium aguilin.un. In order to make 

a generalised assessment of the repre sentation of various species in 

the pollen rain a brief survey of t~ vegetation was undertaken. The 

composition of the tree layer was detenni~d by counting all the trees 

within the area of woodland sampled; the results are expressed in 

percentages in Table nI. 2. T~ relative importance of the different 

species in the ground flora was estimated by calcUlation of a frequency 

index based on the presence or abslnce of each species in a sample of 

50 randomly placed metre quadrats. The results are given in Table 111.2, 

the value of the frequency index indicati~ the probability of finding 

the species growing within &l\Y o~ square metre. 

TbS resu! ts of the pollen analysis of 22 moss polsters are shOlVIl 

in Figure In. 2. The n:>tations used are similar to those adopted for 

the fossil pollen diagrams. Calculations are based on a total pollen 

sum, excluding spores. Tba summary diagram shows the relative proportions 

in each sample of' 



Table 111.2 

THE SPECIES COMPOSITION OF NORTH GILL WOOD 

CanoRY - percentage composition 

Quercus petraea 71% 

BetUla pubescens 11% 

AlIlls glutirosa 13% 
Sorbus aucuparia 3% 

Ground Flora 
F:re que my Index 

Pte ridium aquil irum 80% 

Festuca altissima 44% 

Holcus lanatus 42% 

GaJ.iwn saxatile 32% 

Vaccinium m.yrtUlus, cushion mosses 22% 

Bleah~ spicant 16% 

Sorbus aucuparia seedling 14% 

Spbagrum spp. 12% 

Betula wbescens seedL ing, Carex panicea,) 10% 
O:xa1is aoetosella ) 

En4¥mion no~scriptus 8% 

Polytricum commum 6% 

Quercus petraea seedling, Raruncu1us f'icar1a) at 
Rumex aoetosel1a, Po1ypodium vulgare ) 470 

Lysimaahia ~morum, Potentil1a erecta) 2% 
Cirsium palustre, Rawnculus acris ) 



Table 111.3 

NORTH GILL WOOD RANDQ.{ POLLEN SAMP!l:S (MAIN POLIEN TYPES) 
N = 22 

standard . Coefi'ioient. 
Mean Range of 

deviation variation 

Alms 6.7 0.6-47.2 10.3 152.2% 

Betula 5.6 0.6-21..8 5.8 104.5% 

Quercus 36.8 12.2-62.8 18.5 50.3% 

Ulmus 0.6 0-1.4 0.4 74.~ 

Pims 0.9 0-2.6 0.6 65.8% 

Fagus 0.3 0-2.6 0.5 208.7% 

Sorbus 1.5 0-8.0 1.8 130.0% 

Cory1us 3.2 0.6-13.6 3.0 95.4% 

Salix 0.2 0-0.6 0.2 106.7% 

Ericaoeae 14.7 5.6-23.4 5.3 36.5% 

Cyperaoeae 0.3 0-0.8 0.3 107.3% 

Grami:reae 23.9 8.8-43.0 10.7 44.8% 

Other herbs 4.1 1.6-7.6 1.8 44.5% 

Total tree pollen 51.6 28.6-78.5 14.5 28. OJ' 

Total non-arboreal 
pollen 44.7 20.5-67.8 14.0 31.~ 

FllicaJ.es 16.4 1.5-199.6 41.4 252. J%, 

Pterid:ium 2.3 0.2-5.8 1.6 68.2}& 



FIG. 111·2 SURFACE SAMPLES NORTH GILL WOOD 
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A. pollen f'rom tree s growing within the sample area; 

B. pollen f'rC1Il trees and shrubs rot growing within the sample area; 

C. pollen of' l1erbs. 

Table III.3 gives the mean, range, standard deviation and coef'f'icient 

of' variation f'or the main pollen types in all 22 samples; those types 

present in less than half' of' the samples are excluded from this table. 

The flowering herbs, apart from the Ericaceae, are treated together. 

The tree pollen frequencies vary f'rom a maximum of 79% of' total 

pollen (sample 13) to a minimum of' 29~~ (sample 9). The open nature 

of the canopy is reflected by the relatively low mean of' 51% for tree 

pollen. The minimum value f'or tree pollen is from a moss sample fran 

the centre of a clearing 60 metres by 15 metres. 

In order to compare the representation of each tree speoies in 

tl1e vegetation with its representation in the pollen rain, the mean 

pollen value for each tree species has been expressed as a percentage 

of the mean for total tree pollen. These f'igures are compared with the 

percentage oomposition of' the campy in Table 111.4. 

Table 111.4 

Quercus 

Betula 

AlDls 

Sorbus 

Composition of' Caropy 

7Yfo 

11% 

10% 

6% 
Not :rep" sented in sample area 

Mean Composition of 
Arboreal Pollen Rain 

(n = 22) 

71% 

11% 

13% 

3% 
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There is close agreement between the two sets of figures showing 

that for the sample area as a whole the average composition of the 

arboreal pollen rain reflects well the average species composition 

of the canopy. No major differences in productivity between species 

can be detected in these figures, except in the case of Sorbus aUCUparia 

where the mean value for representation in the arboreal pollen rain is 

only half the value for representation in the canopy. This suggests 

that Sorbus has a lower pollen productivity than Quercus, BetUla 8.Jld 

AIlllS. 

However, these mean values conceal wide variations in the repre-

sentation of tree sj;ecies between samples (Figure III. 2). The individual 

sample spectra reflect strongly the vegetation immediately surrounding 

them, thus samples 1, 9 am 20 reflect the proximity of Betula trees, 

and th! high percentage of Alms pollen in sample 4 is due to an AIlllS 

tree close to the sampling site. These observations agree with those 

of Andersen (1967) who obtaimd strongly local pollen spectra from moss 

polsters oollected in the Draved Forest. Despite these fluctuations, 

the overall dominance of Quercus in the wood is reflected in &1.1 the 

sample Sj the minimum value of 12.2% occurs in sample 20, from a clearing 

. surrounded by Betula trees. 

The degree of variability in the distributions of the pollen of the 

main species bas been measured by c&l.culation of the coefficient of' 

variation, a statistic which may be used to canpare distributions with 

the same variables, but with widely different arithmetic means (Yeomans, 

1968). It is oomplted from the foruula: 

i 
100 x Standard Deviation 

coefficient of Variat on = ---------
Mean 
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The degree of variability can be used as a measure of the evel1n9SS 

of the dispersion of the pollen of a particular species. Var:ia.bility 

will be high for those species which have very local peaks in pollen 

representation and therefore for which lateral transfer of pollen 

within the 1I00d is low. Variability will be reduced for those speoies 

where lateral trans£er of pollen has counteracted the effect of local 

pollen sources. If the coeffioients of variation are exam1md for the 

four canopy forming speoies they fonn a series of descending magnltude 

in the order A1I1ls, Sorbus, Betula, Quercus (Table III. 3). Tlus within 

the wood lateral transfer of pollen appears to be at a minimum for 

Alms and a maximum for Quercus. 

The frequencies of Betula pollen recovered from samples in the 

wood are somewhat surprising; the ma.x:i.mum value, 22% of total pollen, 

is from a sample close to BetUla trees (sample 20); this is considerably 

lOWl'r than the peak of 47% reaohed by Al.I1lS in sample 4, though these 

two species are similarly represented in the oanopy. )(a~ workers have 

reported that Betula is an extremely prolifio pollen producer. Andersen 

(1967) proposed that in Open woodland a oorrection factor of at least 

1 x i should be applied to the Betula pollen values in order to estimate 

the importan3e of this tree in the vegetation. The pollen produotion 

ot the Betula trees in this area of North Gill Wood apparently cloes mt 

oonform to this pattern. 

The summary dl&gram in Figure III. 2 distinguishes bet_en thlt 

pollen at arboreal speoies present wi thin the sampling area and the 

poUen at those absent fran the sampling area. Comus is the largest 

contributor to tms latter grwp. Oorylus pollen is reoordDd in all 22 
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samples in frequencies varying frcn 0.6% to 13.6%; the pollen must 

originate from sources in the hedgerows on the fazm lard to the south 

ani east. It is clear that pollen production by Cory-lus must be 

prolific and dispersal efficient. The contribution to the total pollen 

sum frcn trees growing outside the sampling area, other than Corylus, 

is small. Ulmus is present in 20 of the samples and Pinus in 19, but 

neither is represented by values greater than 3% in a:n:y sample. The 

source of the Ulmus pollen mst be isolated roadside trees, on the 

surrounding lowlands. Piws plantations ocwr about four kilometres 

from the samPling site, in Dallowgil1 valley, an easterly continuation 

of the valley of the North Gill Beck. Fagus is present in just over halt' 

of the samples, with a maximum of 2.6% in sample 8; the nearest beech 

trees occur along the roadsides on the lowlands, or in cultivated stands 

on private estates to tb! east of the Nidd-Laver interfluve. Fraxirus 

is present in 10 samples, and this probably represents pollen blown up 

from NidderdaJ.e or from the limestone areas to the west ard mrth west. 

The variation in the frecpe..ncies of the non-arboreal pollen 

reflects the variation in the density of cover within the wood. This 

is due to two factors. Firstly, in shactr conditions ground flora species 

flower sparsely and therefore pollen production by the ground flora is 

inversely proportional to the density of the trees. Faegri and Iversen 

(1964) stated "within the same climatic region the pollen production of 

an area is roughly of the same order whether the area is forest clad or 

covered by lower vegetation, and the relation between the pollen prOduced 

by forest trees and that produced by ground vegetation is an indication 

ot the density of the forest." Secondly, in open lIOodlard pollen fran 



outside the wood is able to penetrate the canopy; in a predominantly 

cleared environnent this will result in increasing deposition of non

arboreal pollen. 
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The curve for the Gramineae (Figure III.2) probably represents 

pollen from grasses flowering in small clearings, though some may have 

blown in from other areas. The curve for the Ericaoeae consists almost 

entirely of the pollen of Callum which has blown in from the surrounding 

moors. Calluna is not recorded in the ground flora of the wood, whereas 

VacciIlium myrti11us, which has a frequency rating of 22% in the ground 

flora, is represented by only occasional grains in the pollen samples. 

certain of the herbs which are significant members of the groum flora 

(Table III.2) are scaroely repre sented in the pollen rain. The 

Cyperaoea.e D'vsr fom more than 1% of total pollen, am pollen of the 

Juncacea.e was not rea:>vered frcm aru of the samples. The pollen of 

Plantago 1anceolata, the Leguminosa.e and the Compositae occurs regularly 

in the samples, but tm first of these species ia wt recorded in the 

ground flora and the source is probably along the edges of the sheep 

tracks on the moors. The surprising occurrence of 28% of pollen of 

the Rubiaceae in sample 20 must be attributed to Galium saxatile growing 

at this site. (N.B. pollen of Rubiaceae was counted outside the pollen 

sum in sample 20 S) as rot to distort this pollen spectrum). 

The frequencies of spores which -were counted outside the pollen sum 

are of great interest. The dominance of Pteridium in the ground flora 

is nat refleoted by the pollen spectra from a:n,y of the samples. Pteridium 

yalues vary :from 8. maximum of 5. B% in sample 8 to 0.2}b in sample 20. 

It is possible that the relatively shaded environment wi thin the wood 
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results in a reduced capac:i. ty to sporulate, but low values for pteridium 

spores have also been reoor~d in more open environnents. The freq).lencies 

of Filicales (Dgopteris type) spores have the highest coeffioient of 

variat ion of all the pollen and spore tYP" s recorded in the woodland 

samples. They are present at value s ranging f'rcm 1.5% in sample 11 to 

200% in sample 2, and this suggests a highly erratic and. local production 

of spores. 

III.iii.b. The pollen rain on the moorland 

Surface samples were collected at random fran the moors at the 

head of North Gill Beck, using the nethod of co-ordinates ~scr1bed 

previously. The extent of the sampling area is indicated in Figure 111.1.. 

It included the eastern flanks of Kettlestang and Hambleton Hills and the 

intervening saddle. This is an area of Calluna. heath with Vaccinium 

myrtillus co-domimnt in the better-draiU'd areas. Tm nearest trees 

are in North Gill Wood, about one kilometre to the south-eastj a small 

wood simUar in canposition to that in North Gill occupies part of the 

valley of Byerbeck Gill, about 1.5 kilometres to the south-west. The 

floristic composition of this area of moorlam was assessed by the 

calculation of fre<pency indices based on presence or absence of speCies 

in 50 randomly placed quadrats. Part of the saddle region had been 

burDtd the year prior to the survey and therefore areas of hare ground 

occurred. The results are included in Table 111.5 with the species listed 

in order of importanJe in the vegetation. 

32 moss polsters were collected and the results of the 'pollen 

analyse s are pre sente d in Figure III. 3. The summa~ diagram shows the 

relati~ composition of each pollen spectrum in tems of: 



Table III.5 

Ia\LWW MOOR: FWRISTIC CCldPOOITION CQ.ipARED WITH THE 
AVERAGE CQ.{?OSITIOO OF THE POLLEN SAl{PIES 

Frequency Mean incidence in 
Index the pollen samples 

Calluna vulsaris 96% 42% 

Vaccinium m.y;rtil1us 74~~ 1.2% 

Cyperaoeae 42% 1.3% 

~c_x b:l,gelowii l 
(Carex Eu1icaris 

Pj 
(1 \) 

Rumex aoetosel1a 14% 0.8% 

Pteridium aguilinum 6% 1.9% 

JuncAls effusus 4% NIL 

Sphagnum sw. 4% 2.6% 

Agrostis tenlis 2% 17.2% 

Empetrum hermaEhroditicum 2% NIL 



Table III.6 

MOORIAND RAND(\{ POLIEN SAMPIES 
N = 32 

Sta:n£lard 
Coefficient 

Mean Range of 
deviation variation 

Alms 3.7 0-20.6 5.1 137.7% 

Betula 4-.9 0.2-16.4- 4.3 88.6% 

Quercus 2.5 0.2-5.4- 1.6 125.8% 

Ulmus 1.2 0-5.2 1.3 62.5% 

Pinus 1.0 0-3.8 0.9 loB. 5% 

Fraxirus 1.3 0-7.4- 1.4- 90.0% 

Cory-Ius 3.9 0-16.8 5.0 113. Oft 

Ericaceae 63.4- 23.2-96.6 22.9 36.2% 

Cyperaceae 0.8 0-3.2 0.9 123.4% 

Grami~ae 12.8 0.3-28.2 6.8 53.~ 

Ot~r herbs 2.6 0.2-8.9 2.4 92.0% 

Total tree pollen 14.5 2.0-4J..2 12.5 86.2% 

Total non-arboreal 
pollen 7B.9 ~.B-98.0 44.67 56.6% 

Filicales 0.8 0-2.4- 0.7 85.6% 

pteridium 1.3 O-lO.B 3.7 287.6% 
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A. pollen from trees growing within the gill woo<il.ands 

B. pollen from trees and shrubs rot growing within the gill woo<il.ands 

O. pollen of herbs 

Table III.6 shows the mean, range, standard deviation and ooefficient 

of variation for each of the main pOllen types. 

Despite the lack of trees upon this upland, tree pollen forms a 

significant proportion of the pollen spectrum of most of the samples, 

the average value being 14. 5% with a max:imum of 41% in sample 1 and a 

minimum of ~ in sample 20. The high level of some of the arboreal 

pollen values is surpriSing. Those samples containing values greater 

than 14.5% were all collected wi thin the saddle area of the moors, 

while the samples collected on the 1ee-sida of Hambleton and Kett1estang 

Hills generally had lower proportions of tree pallen. It is probable 

that the orientation of the valleys of the North Gill Beck and Byerbeok 

GUl results in a fuIlD'lling of air currents bringing pollen fran the 

woods up on to the moor. It is al so possible that the arboreal component 

of the pollen rain has been artificially increased in the saddle area 

owing to some reduotion in the pollen prodUcing capsoity of the surrounding 

heath species f'ollowillg burning. 

The pollen types represented in the arboreal pollen rain fall into 

two groups. too. species which are present in the rearby gill 1IOOdland, 

guercus, gIllS, BetUla and Serbus, and those which are not. Ulmus, Pims, 

!rAia, F&gU.!, Fraxims and oomus are includDd in this latter grQlp. 

Querous is present in every sample am has a mean of 2.5%. Bema is 

alllO pre sent in every sample and has a mean of 4. 9% and AlIllS, which is 

abaent :f'roIIl four samples, has a mean at 3.7%. 
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The range of values for Alnus and Betula (Table II1.6) is 

significantly higher than that for Quercus, and if the coefficients of 

variation are compared they form a descending series in the order Alms, 

Betula, Quercus. This order is the same as that established for the 

ooefficients of variation of these trees in the North Gill Wood samples. 

Thus in both the woodland and the moorland envirorment variability of 

representation of the main arboreal pollen types is greatest for Alnus 

and. least for Quercus. Sorbus occurs as single grains in only seven 

samples from the moorland, ani this rot only supports the evidence for 

the low productivity of this species but also indicates that the e:f't'ective 

dispersal distance is short. This oonclusion is predictable as Sorbus 

is zoogamous. The effective dispersal. distances for Alnus and Betula 

are greater than for Quercus; Alnus and Betula are represented by con

sistently higher values than Quercus in the moorland. samples despite the 

dominance of Quercus in the marby woodlands. 

Those arboreal species which do rot grow in the gill woodlands yet 

which occur in the pollen rain feature more prcmirDntly in the pollen 

spectra from moorland sites than from woodl. and site s (canpare tbs summar,y 

diagrams in Figures 1II.2 and 111.3). This supports Tauber's hypothesis 

that as a cleared area is enlarged, an increasing proportion of the pollen 

c)tposited at aIW' one point will be derived from distant sources (Tauber, 

1965). AS in the case of the woodland. pollen spectra, Coz:ylus makes the 

largest contribution to this sector of the pollen spectrum. Its average 

value is only 3.9% but in a JIlDiber of samples values of over 10% of total 

pollen ooeur with a DBxi.mum of 16.8% in sample 11. Ulmus, Pims and 

Il"&l!1J118 are all present in the majority of the samples and the mean 

yalue for eaoh ot these species is higher in the moorland. spectra than 
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in the spectra from the woodland. Th9 frequencies of 5.2% for Ulmus 

in sample 'Zl and 7. ~ for Fraxirus in sample 15 are ananalously high. 

The non-arboreal pollen rain daninates the moorlani pollen 

spectra. The relative importance of the different species in the 

vegetation canposition has been assessed by calculation of a frequency 

indtJx (Table III.5). Table III.5 also includes data on the average 

composition of the moorland pOllen spectra. A comparison of these 

values with the vegetation frecpency indices gives an indication of the 

representation ratios for the various splcies. However, these two sets 

of' figures are not directly comparable owing to the cpite considerable 

amounts of arboreal pollen which ori.g:i..nates from outside the moorlard 

community. 

In all cases Calluna is the chief' contributor to the pollen spec

trum am this has a swamping effect on the pollen values f'or other 

species. It is clear that in comparison with Callum, Vacoinium is 

vastly u~r-represented. Although it is co-dominant with Callum over 

much of the moor, it is present in only seven pollen samples aIld in six 

of' these at less than 2% of total pOllen. The exceptional occurrence 

of' 18.2% Vaccimum pollen in sample 17 is anomalous, and. it ClOuld 

ref'leot maorosoopic deposition of pollen by a fallen £'lower haad. It 

is .,possible that Vaca:inium pollen productivity is artificially reduced 

by aslective grazing of this plant by sheep on the moors. Cyperaceae 

&DCl B:waex acetosella type pollen also Slum to be sOJD9what under

represented in the pollen spectra. He1l8ver, the Gramimae are over

repreasnted; grass pollen must be easily dispersed up on to the moors 

froa tbl .. adow8 and pasture s of' the Slrrouniing lowland. The oco&sioral 

,raina of' cereal pollen recorded also reflect lowlam agrioUl. ture. 
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Tre remaining types of herb pollen in the moorland spectra can 

be considered in tl'iO groups. The first consists of pollen of taxa 

characteristic of the damp valley bottoms and the meadows of lower 

al ti tudes, including the Chenopodiaceae, Mercurialis, Lotus, Endymion, 

Filipe:rnula and RaIllnculus. These species are represented by occasional 

grains occurring in some samples. The second group consists of pollen 

of species characteristic of disturbed ground and the edges of s",ep 

walks. These include the Rubiaceae, Rosaceae, Compositae, POlYgola, 

Plantago lanceolata, Urtica, Melampyrum and Artemisia. These pollen 

types m8iY occasionally be over-represented in samples as they are 

present locally on the moors, although rot in sufficient abundance to 

have registered in the survey cpadrats. 

The frecpency of occurrence of pteridophyte spores in the moorland 

surface samples is low, despite the abundance of Pteridium in the 

valleys which dissect the moor. This plant also grows at some sites 

within the sampling area a.n3, though sample 5 was taken from beDlath a 

braalten patch, only 3.6% of Pteridium spores are reoorded in the pollen 

Sll8ctIUJD• Though in most cases SphagIllm polsters 1gere used as the 

sampling medium, none of the surface samples examined from the moorland 

contained ID&l\Y SphagIl1D1 spores, the maximum frequency recorded being 

10.8% in sample 5. 

pI,iii. c. The dispersal of arboreal pollen fran the edge of thl gUl 
!Oodlan3.s 

In ordlar to investigate the dispersal of arboreal pollens frQll the 

1IOOcUan:l edge, surface samples 1I8re collected ini. tially along the three 

main traxwect lims indicated in Figure III.1. Transect A crosses an 
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area of grazed Festuca turf with Rumex acetosella and Pteridium 

agulli!lUlD im~diately adjacent to the wood; the remainder of the transect 

crosses moorland dominated by Calluna vulgaris and Pteridium aquilinun. 

Transect B crosses an enclosed area of rough Molinia pasture 100 metres 

wide and then runs across moorlaro. dominated by Calluna vulgaris with 

Vacciniwn II!Yrtlllus. Tle vegetation along Transect C which folloW:! the 

valley of the North Gill Beck is more varied; immediately beyond the 

woodlaro. edge the ground flora is dominated by Pteridium and Vacciniwn. 

In the middle section of the valley there are grassy areas dominated 

by Agrostis am Molinia with Juncus flushes. The steep valley sides 

are covered with Callum, Vaccinium and Pteridium. Isolated trees of 

Betula and Sorbus with one Ilex aqIif"olium occur on the slope s. The 

upper part of the valley is steep and rocky and dominated by Vaccinium 

and Pteridiwn with some Callum. 

The results of the analyses are presented in the form of pollen 

diagrams in Figures III.4, III.5 and. III.6. Summary diagrams have been 

excluded but the data for the tree speoies growing in North Glll Wood 

are presented separately in Figures III. 7, 111.8,.111.9 and III. 10, to 

enable results from the three transects to be compared directly. In all 

oases data are expressed as percentages of total pOllen, excluding spores. 

The three diagrams which show the frequencies of tree pollen from 

species growing in the wood at increasing distances from the woodland 

eaae (Figure III.7) all exhibit the same general form. At the edge of 

the .,od tree pollen values are greater than 40% of total pollen, but 

deorease dramatically within 100 metres of the edge of the wood. In 

Transects A. ani C values level off at between 10 and 12% of total pOllen 
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beyond. 100 metres, though wide deviations occur. In Transect B values 

level off at between 2 and Y,i6 of' tota.l pollen beyond 100 metres. The 

significanoe of' the lower average values f'or tree pollen on Transect B 

beyord 100 metres is uncertain. It was initially suspected that 

arboreal pollen f'recpencies on this transect, which runs from south-

west to north-east, might be higher than on Transects A a.rd C owing to 

the prevailing westerly winds. It is possible that in this area 10csJ. 

topography may affect wind direction so that tbi:: influence of tbi:: regional 

preva.Uing winds is obscured. The levelling of'f at between 10 and 12% 

on Transects A and C is in quite good agreement with the average value 

of 14.5% for tree pollen in the moorland samples. This latter figure 

includes a small percentage of pollen fran tree species not growing 

in the gUl woodlams and this accounts for the slight discrepancy 

between the two figures. 

A curve of the fOnD y = a + b was fitted to these three sets of 
'i 

data. Correlation coefficients of 0.62 and 0.64, calculated for 

Transects A. and B respectively, were significant at the 95% level, but 

no significant correlation was obtained for Transect C. T~ relationship 

y = 10.6 + 162,6 accounts for 39% of the variation in Transect A, and the 
x 

relationship Y = 1.8 + l.2l accounts for 46% of the variation in Transect B. 
x 

Clearly in all three cases factors operate to distort the overall trend 

of declina in tree pollen with distance from the 'WOOdland edge. This 

distortion is most marked in Transect C where the samples at l4O, 300, 

320, 340, 480 and 510 metres deviate strongly from the remaining values. 

Figures III.8, 111.9 and 111.10 show, at a magnified scale, values 

ot the three component species of the tree pollen curve for each 

transect. The values of Qu.eraus pollen (Fig. 111.8) show trends 
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similar to those for tree pollen as a whole. The highest values occur 

at the edge of the wood and there is a rapid declim , with a tendency 

for values to level beyond 100 metres. The curve y = 3.0 + Z~. 2 
x 

eXplains 4516 of the variation on Transect Ai the correlation coefficient 

of 0.64 is significant at the 95% level. This curve levels off at a 

value of just over 3% which canpares with an average value of 2.5% for 

Quercus pollen from the randcm moorland samples. A curved relationship 

of this tn;e canrot be f'itted to the data for Quercus pollen in Transects 

B and C because the massive decline in pollen between 10 and ro metres 

distorts the zelationship; ho-wever a gradual levelling off in the 

deposition of' Qu,ercus pollen with distance from the \\'COd is clear. Tb!I 

level portion of these curves zepresents "background noise" - that is, 

pollen which has not necessarily been derived fran the adjacent woodland. 

The f'recpencies of Betula (Fig. III.9) and Alnus (Fig.III.10) show 

IX) tendency to decrease with distance fran the edge of the wood. The 

distribution of' Betula pollen is f'airly even along Transects A, B and 

0, averaging just over 3.5% of' total pollen for Transects A ani 0 and 

~ for Transect B; these figures compare with an average value of 4.9% 

fran the moorland samples. The pzesence of' isolated Betula trees in the 

middle section of Transect 0 is reflected in the slightly inflated 

values for Betula in samples from 140, 240, 300 and 320 metres. Ho-..ever, 

no very large peaks are associated with the occurre~ of these trees. 

The patterns exhibited by the Alms fre<pencies in Transects A a.ril 

o are higbly irregular when oompared with Betula and Quercus. In both 

oases values of ]A. - 15% at the woodland edge reflect the proxLmity of 

AlI!!s trees, but isolated peaks in Aln1s pollen occur at 2Jt.O metres and 

360 metres on Transeot A, and on Transect C more marmd peaks occur at 
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140, 340 and 500 metres. As no Alnus trees Occur along eit~r of' these 

transects t~se peaks are dif'ficult to eJq>lai:n. The hig~st f'recr.rencies 

of' Alms occur on the valley transect, 0; it is possible that locaJ.. 

turbulence wi thin the valley may operate at the time of' AlI11S pollen 

production and cause irregular pollen deposition. AII11s f'lo,.ers in 

March and April whereas the flowering of' Betula and Quercus takes place 

later in the spring. It is also possible that "macroscopic" deposition 

of pollen may be involved; t~ AII11s catkin can break into pieces in 

high winds and trus whole masses of pollen grains might be dispersed 

as a unit, or birds mght act as the dispersal agency. In addition, 

the tendency of Alms pollen grains to stick together has been zeo:n-&td 

(Faegri and Iversen, 1961t.). However, when "macroscopic" ~position 

has taken place it is usually obvirus during the oounting of the pollen 

sl ide as clumps of grains occur. No clumping of grains was observed in 

aru of the samples analysed frcm these transects. A. third possl.ble 

expla118.tion tor the abnormally high Alms frecpencies on Transect C is 

that they might be caused by a filtration effect. T~ leaves and 

brar.che s of the trees in the valley might aot as a trap to catoh the 

gnus pollen, which could later be washed off' and redeposited, causiI:8 

peaks in A.lw.s frecr.rencies. Instances of filtration and redeposition 

of pollen grains have been recorded by Tauber (1967) around a forest 

laD on the is1a.n:l of Zealand, Denmark. It is difficult to explain why 

:f'il tration of this nature should differentially favour A.lw.s ratmr than 

Quercus, but there is certainly some coincidence between the peaks in 

Alma pollen and the distribution of Betula and Sorbus trees in the valley. 

It is olear tran these results that the overall trem of a rapid 

and then a gradual deolilll' in tree pollen deposl. tion as dist&r¥Je from 
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the woodland edge is inc~ased is due sOlely to the contribution of 

Quercus pollen. Quercus is the dominant tree in the woodlan:i and forms 

the 'WOodland edge on all sides, theref'ore the very high pollen percent

ages in the immediate vicinity of' the trees are to be expected. Betula 

ani AJ,r.us occur in the interior of' the wood. The fairly regular 

frequencies of Betula on all three transects suggest that by the time 

the 'WOodlan:i edge is reached deposition of Betula pollen has levelled 

off; a pattern similar to that f'or Quercus deposition can be envisaged 

with the values for Betula rising sharply in the immediate vicimty of 

the trees. Alws, however, does rot conform to this pattern and exhibits 

the erratic behaviour described above. The t190 striking featuxes of 

these results are the rapidity of the declir¥' in tree pollen in the first 

100 metres fran the woodland edge and the extxemely gradual decline 

beyond thi s distance. 

The f:r&<pencies of pollen of arboreal species nat present wi thin 

the gill woodlands are f'airly constant along all three transeots. Pims, 

UlmUs and Fraxi.nus are pxesent regularly in fxequenoies of up to 4%; the 

oocurrence of Tilia, !2!!.£ and Fagus is more sporadio and the fxequencies 

of these species are in all cases less than 1% of total pollen. 

In order to investigate the deposition of arboreal pollen at 

increasing distances into the wood, Transect A was extended by 80 metres. 

ThIS percentages of tree pollen from speoies present wi thin the 1IOOd was 

a-termined for a further four samples taken at 20 metre intervals (Fig. 

In.ll). Tb3 results show that there is & ten&tnoy for tree pollen 

values to rise very gradually as til! interior of the 'ftOod is approaohede 

a similar obaervation was made by Bastin (1964), working in the F&ret de 

Soignls, south of Brusaels. 
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In or~r to establish whether the results obtained from Transects 

A, B arii C and the random samples were representative of pollen deposition 

on the Nidd-Laver interf1uve as a whole, 14 further surface samples were 

examined from Transect D in the Ske11 valley. The shape of this valley 

is similar to that of the North Gill Beck and the vegetation commnities 

wi thin the two valleys are comparable, except that beyond the woodland 

edge in Skell Gill the isolated trees are all Sorbus aucuparia. Both 

valleys dissect the moor1a.ni plateau, but in Ske11 Gill the distanJe 

from the edge of the wood to the valley head is considerably greater 

than in North Gill. The composition of the woodlard in the lower Ske11 

valley is similar to that of North Gill Wood. 

Samples were collected initially at 100 metre intervals. This was 

increased to 250 netres at greater distances from the wood. Closer 

sampling was considered unnecessary as these results were only recpired 

as a check on those from North Gill. The results are expressed in the 

form of a pollen diagram in Figure rn.5 and as in the case of the North 

Gill samples the data relating to the pollen of tree species present 

in the wood are shown separately in Figure 111.12'. The data are expressed 

as p!trcentages of total pollen and the scale of the histograms is directly 

comparable with those from Transects A, B and C. Tte abrupt deol.inl of 

Quercus pollen within 100 metres from the edge of the lIIOod is simUar to 

that at North Gill, and the low and fairly constant Betula pollen 

frecpencios which show no definite trend are comparable with the North 

Gill Betula data. The behaviour of the Alms pollen frequencies at Skell 

Gill is even more erratic than on the North Gill transects. Abnormally 

high A.lJllS :frequencies occur at 100 metres, 300 metres, 800 metres and 

1,300 metres, and at 1,050 metres All11s forms 22% of total pollen, the 
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maximum value recoraed on arv of' the transects. At this point the 

nearest trees of Alms glutinosa are over 1.2 kilometres distant. 

Three possible explanations f'or over-representation by Alms pollen 

have been suggested already; dif'f'erential filtration by isolated trees 

and the subsequent washing off' and deposition of' pollen seems unlikely 

in Skell Gill as the Sorbus trees, which occur at intezvals beyond the 

woodland edge, are generally high on the valley sides and somewhat 

distant f'rcm the sampling points. However, both local turbulence 

f'actors and macroscopic deposition could be important. 

Tb:I results of' the surface sampling from the Skell valley there

fore provide support for the conclusions drawn from the North Gill 

transects. These can be su.narised as follows: 

1. When a total. pollen sum is used there is a vexy rapid declire 

in tree pollen within the first 100 metres of the edge of a 'WOod. This 

is due to pollen from the tree s actually fonning the woodland edge, 

in this case Querrus petraea. 

2. Oonse 'Pent upon this, the "edge ef:fect" exerted on pollen 

deposition by the woodland does rot extend beyond 100 metres. 

3. Tb!!:re is IX) obvious extension of the "edge effect" according to 

the dire ction of the prevailing willis. 

4. Tb!!: magmtudD of deposition of Betula arii Quercus pollen is 

fairly predictable if the distance to the D'&rest trees is known, 

on the other hand t:t.:. deposition of' Alnus pollen is extremely u:q>re-

dictable. 

The attempts to establish a statistioal relationship between the 

DlagmtudD of' tree pollen deposition and the distance f'rcm the woodland 
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edge did not neet with great success. Regression analysis was carried 

out on all th3 transects but significant correlations were obtained 

only in the few instances described above, and in t~se cases the per

centage of explaired variation is only moderate. It is clear that 

pollen deposition away fran a woodland edge is complex; only a pro

portion of the pollen deposited appears to be directly derived from the 

woodland. Other pollen sources are clearly involved and the trem of 

decreasing tree pollen deposition away from a 'WOodland edge is 

distorted by local factors which are difficult to isolate. 

These results from the surface pollen survey relating to dispersal. 

fran the woodland edge are in general supported by the observations of 

other 'WOrkers. Larmer (1966) quoted data on arboreal pollen dispersal 

from a IJ1D1ber of sources. In most cases the main decrease was recorded 

within 160 metres of the point of pollen production and was followed by 

a very gradual decrease beyord this distance. Cundill (1971) noted a 

very rapid decrease in arboreal pollen away from a gill woodland edge 

on the north Yorkshire Moors. He recorded that at a site close to the 

edge of 'WOodland in Wheeldale Gill tree pollen contributed 75% of all 

pollen, yet 100 metres away the arboreal pollen deposition had decreased 

to 7% of total pollen. 

A comparison with the data plblished by Turn9r (196~) on dispersion 

ot pine pollen is difficuJ. t, as her data are expressed as percentages of 

total tree pollen. However, her results indicate a more gradual. aeclilW 

ot Pims ~osition with distance from the source plantati~n than the 

decline in Quercus deposition that has been desoribed for the SkDll Gill. 

and North Gill transocts. Tbis may be due to the JDOre effective dispersal 
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of Pims pollen graina, which are equipped with air bladders. Turner 

identif'ied a f1 cQnponent of pollen deposition which was due to pollen 

derived directly from the nearest source, in this case the plantation. 

Beyond the influence of the (d canponent she maintained that Pinus 

pollen cruld have been derived fran sources other than the plantation. 

In the case of the resul. ts from Skell Gill and North Gill, the high 

values for tree pollen and f'or Quercus pollen associated with samples 

from wi thin the first 100 metres of the woodland edge are clearly 

attributable to tm influence of: the local woocUand. Pollen deposited 

beyond 100 metres, where the frecpencies have levelled of'f, is probably 

derived from a larger source area. If' these observations are considered 

in the light of' Tauber's model for pollen dispersal (Tauber, 1965 -

vide supra) it seems like~ that the high tree pollen frecpenoies within 

the first 100 metres represent deposition by the trunk space canporent 

ani that beyond this distance deposition is due to a combination of the 

oanopy and the rain-out cx>mponents. Distinotion betlleen tmS8 latter 

types of' pollen deposition is rot possible as the results in this survey 

were obtai.red .from an area which is predominantly oleared, with onJ,y 

isolated patches of woodland, whereas Tauber's model was design!td to fit 

forested conditions interrupted by only small basins. 

III. iii, de The shrub ani non-arboreal pollen values on the transects 

comus pollen values along the transeots are irregular, a maxhlum 

of 27% of total pOllen occurring in sample 8, Transeot D, and yet there 

are no hazel bushes in the area. The olose I8rallel bet_en the behaviour 

ot Alms and Coz:vlus along the frur transeots is interesting. Both these 
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trees flower early in the year, well before the other trees and before 

their leaves have oper:ed; also both are catkin-forming species. 

However, Betula, which also fonns catkins, does not exhibit the same 

variable pollen deposition. TIe factors which have been suggested to 

eXplain the aromalous deposition of A1IllS pollen could also apply to 

Corylus. 

Sal:i1c is the only otIer shrub whose pollen occurs regularly in 

the samples, usually at frecpencies of less than 2% of total pollen. 

Some Salix busre s are pre sent in SkBll Gill and North Gill Woods, though 

not wi thin the sampling area. Low pollen values are characteristic of 

Salix which is insect pollinated and has stick3r pollen which is not 

easlly dispersed by the wird (Faegri and Iversen, 1964.). 

TIe non-arboreal pollen spectra from the four transects are 

dominated by the Ericaoeae, and the swa.m.pi.ng effect of the heath pollen 

becanes marked as distance from the wood increases. In most Cases the 

highest values for the pollen of the Gramir:eae am the flowering herbs 

occur on the wood margins, ref'lecting the mixed vegetation of the 1IOOd

lam edge. The grazed turf on the V«)odland margin on Transects A ani 

13 resuJ. ts in values of between 30 and 50% of Gramir:eae pollen. Peaks 

in the pollen of he rbs of pasture, for example Rumex aoetosella type, 

also occur associated with the Gramineae peaks. The pollen of the 

Rubiaoeae, the ~gumi:D)sae ani Potemilla type is well represented in 

the first 150 metres of Transect A. The massive peak of 66% of Rumex 

acetosella type pollen in sample lJ+., Transect 13, is exoeptio~l. This 

sample came from a CalJ.una daninated area, the over-representation of 

Rumex pollen being apparently due to Rumex acetosella which was colonising 

a small burned patch olose to the sampling point. Peaks in Rumex 

acetoaella type pollen also occur in sample 14, Transect C, and sample 7, 
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Transect D. Apart from these exceptions the low frequencies of the 

pollen of the no~ring herbs reflect the absence of these species frQll 

the Callum and Vaccinium dominated moors 1. 

The frequencies of spores along the four transects are generally 

low. Exceptionally high value s for Sphagnun spores occur in some 

samples on Transect C but the significance of these is uncertain. 

High Pteridium values of between 30 ani 50% of total pollen occur in 

samples 21 and 22 of Transect C, but in general pteridium values are 

very low compared with the :importance of bracken in the vegetation. 

1 In saae cases are abDOrma1 peaks in herb pollen occurred, the 
species in question .ere excluded from the pOllen sum when counting. 
This is indicated by open bars on the pollen diagrams. 
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fII. iv. TIe ~ollen productivi t;x of' upland Betula comnunities 

T~lve surface moss sa~les ~re collected at randcm, in and 

around dense regererating Betula pubescens scrub on Ramsley Moor. This 

area is owred by tIe North Derbyshire Water Board; the soils, altitude 

and aspect are similar to the Nid~Laver interfluve. The vegetation of' 

the area is heath dminated by Calluna wlgaris. In contrast to the 

Nidd-Laver interf'luve the Gramireae, particularly Molinia caerulea, are 

well represented. This merely reflects the dif'f'ererx:e in mamgement 

policy as between grouse moor and in a catcl:ment area. Therefore, in 

physical terms, Ramsley Moor appeared to be sui table for the examination 

of the pollen productivity of' an upland Betula comnunity simulating 

what might have covered the Nidd-Laver interfluve in the past. 

The re suI t s of the surface sample analyse s are given in Figure 

111.13 which includes for comparison the results of the analysis of' 

one surface mOSS sample from a Betula woodland in a sheltered situation 

in Glen Lyon, perthshire (altitude 210 metres). Tb3 striking feature 

of the Ramsley Moor samples is the low mean frecpency of' Betula pOllen 

(10.4%). The maximum fre~ency is 29% in sample 1, but three samples 

have less than", of Betula pollen, even though all 1I8re oolleoted within 

a hundred metres of' birch trees. 

M8.l\Y mrkBrs have maintainad that Betula is alW8\Y's over-roprese:c:ted 

in the pOllen rain (Table III.1). Heim (1962) and Bastin (1964) (X)Jro 

sidered that, thrugh within forest Betula p,lbesoens was normally repre

sented, it was over-represented in open woodland and in cleared areas 

marginal to woods. Faegri am Iversen (1964) suggested that a oorrect1on 

faotor of' 1 x '* shruld be applied to raw Betula data, prior to its 
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expression in peroentage form, in order to obtain an accurate impression 

of the importance of BetUla in the vegetation. Tsukada (1958) and. 

Andersen (1967) dari ved a similar correction factor for Betula after 

consideration of data from Japan and Denmark, reapectively. Andersen 

stated that in open liOodland conditions, where Betula £'lowers profusely, 

a correction factor as high as 1 x 1 was apprOpriate. 
b 

If correction factors of the magni. tude suggested above were applied 

to the Ramsley Moor data, the resUlting figures woold give an inaccurate 

impression of the surrounding vegetation, suggesting that Betula was an 

unimportant tree on t~ moorland. The representation of BetUla pollen 

in the Ramsley }bor samples is clearly low compared with the results 

obtained by other workers. An examination of the trees on Ramsley Moor 

in tb9 spri~ of 1972 oonfirmed that they were forming catkins and that 

these lIE're producing pollenj however, the nunber of catkins appeared to 

be small. It is widely held that the initiation of flower buds depends 

on a nunber of extern.a.l factors of which climate and llltrltion are 

olaimed to be important (Mr. J. W. Kirma:ird, Nature Conservancy, personal 

communication). Sanas (1952) has suggested that if cold weather 

ooincides with the period of flowering in Betula wbesoens and Betula 

verruoosa it may result in a oonsiderable reduction in the amount ot 

pollen released. 

It therefore appears possible that on exposed sites, with poor soil, 

flowering capacity and hence pollen produotivity may be reduced. This 

could explain the apparently ananalous assoca tion of abundant BetUla 

macro-remains with low Betula pollen frecpencies at some sites on the 

Nidd.-Laver inter:f'l.uve and the North Yorkshire Moors. 

Tbsre is a very marked difference between the IJJI!lan value for Betula 

pollen in the Ramaley Moor samples (1O.4%) and the freq!J.eDJy of Betula 
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pollen in the Glen Lyon ltOodla.nd sample (57%). The latter is from 

a mature woodland in a sheltered valley with fully grown trees 7 or 8 

metres high; this is in contrast to the stunted nature of the Betula 

scxub on Ramsley Moor. It is widely accepted that exposure of the 

tree crown is an important f'actor in the q.lanti ty of' pollen produced 

(Matthews, 1963). It is possible that pollen productivity in scrub 

woodland is reduced oompared with fully developed l\Oodland, owing to 

the crowding of' the individuals. If' scrub woodlard 198.S characteristio 

of' certain upland areas in the past this might be a :fUrther reason 

f'or the anoma.loualy low Betula pollen frequencies in some peat prof'Ues. 

In or~r to resolve this problem a systematic survey of surface 

pollen samples from British Betula woodlaro.s with varying aspeots and 

a.l ti tuCkts is necessary. In addition, comparative studies are needed 

of the absolute pollen outp1t from uplam ani lowland Betula communities. 

Suoh work is beyond the soope of' the present study. However, from the 

data obtained it seems fairly certain that the pollen productivity of 

Betula may vary marla!dly depending on the environnent in whioh the trees 

are growUig. 
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for 

The re sul ts of the surface sample analyse s to some extent provide 

an objective basis for the ecological interpretation of the pollen 

diagrams. However, the use of modern analogues in the intez:pretation 

of fossil pollen diagrams is limited by the rumber of variables involved 

which ca:n.rot at present be quantified. These relate to changes in 

climatic conditions; past pollen productivity of irXiividual species am 

communi ties, and the exact relationship between samples obtained from 

mosS polsters ani samples obtained frQll peat. T~ present results act 

only as a guide to intez:pretation and indicate that for certain species 

extreme caution is necessary in deducing ecological information fran 

pollen percentages. 

One of the principal cpe stions which the surface pollen survey 

was designed to answer related to the feasibility of predicting woodlam 

limits from tree pollen percentages. T~ average frequency of tree 

pollen in the samples fran the woodland was 51%, the maximum 78% and the 

minimUm 28%; on the moorlan3. the average fre quency ot arboreal pollen 

was 14.5%, the maxi.lllIl1 41% am the minimum 2%. T~refore it is olear 

that arboreal pollen percentages greater than 51% are a fairly certain 

indicator of woodland conditions. This figure is in aocordance with 

results obtained by Heim (1962) who suggested that in the forested part 

of the Ardennes tree pollen values were aJ.w8\Ys greater than 50% of total 

pollen. According to the results from the Nidd-Laver interfluve tree 

pollen percentages between 28% am 4J.% may or may not indicate woodland 

oonditions, and in this case careful examination of the cQrlposition of 
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the tree pollen rain is necessary. If' Alws, which has been shown to 

have highly variable values in surf'ace samples, f'onns a high percentage 

of' the tree pollen then interpretation in eoological terms is less 

certain than if' Queroos is the principal contributor. Tables 111.3 and 

III.6 give average, maximum and minimum values f'or the species recorded 

in the woodland and moorland pollen rain and these f'om the basis f'or 

the f'ollowing comments. 

Quercus pollen percentages of over 50% of total pollen almost 

certainly origiDate within Quercus woodland; values lIell above 5<>% 

indicate that the campy of this roodland is likely to have been closed.. 

In small clearings the Quercus pollen values mB\Y drop as low as l2%, 

but this can be clearly distinguished from open cleared conditions, 

where Queroos pollen blown in from other areas does not exceed 5 • .5%. 

The majority of lIOrk.ers have concluded that the representation of' Quercus 

in the pollen rain reflects fairly accurately its representation in the 

vegetation. However, Andersen (1967) found Quercus over-represented 

in the Draved Forest and proposed a correction factor of 1 x,* for the 

pollen percentages in order to obtain a correct assessment of' its role 

in the vegetation. The data fran the Nidd.-Laver interf'luve, whioh 

suggest approximately equal representation in the pollen rain and in the 

vegetation, are in agreement with observations by ~im (1962), llUl1enders 

(1962) and Janssen (1967). 

AlIJ1s pollen frequencies are extremely variable; the maximum value 

encountered in this survey was 47% fran a site beneath an Aws tree and 

within Quercus dominated lIOodlard. It is reasonable to suppose that 

bigher percentages wruld be associated with a pure Alms stand. In the 

absence of' trees a maximum of 21% Alws pollen was recorded on Dallow 
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Moor and 22% in the SIrell valley, and the rei'ore it is clear thatA.lrus 

pollen values of this magnitude reed have little significance in tenns 

of the vegetation immediately surrourXii~ a site. If variabUity in 

pollen deposition were established as a general feature of Alms in 

areas other than t~ Niddr-Laver interfluve, this might account for the 

local over-representation of this species noted by Thorley, at her 

Lewes I site (Thorley, 1971), and by Cundill, at his St. Helena sites 

(Cundill, 1971). Erratic values for Alnus pollen in fbssil diagrams 

have often been attributed to Alnus trees growing directly on the bog 

surface. In this situation Janssen (1959) advocated the exclusion of 

Alnus from the total pollen sum. However, the results of this survey 

show that even when the trees are growing some distance from a site, 

the magnitud13 of Alms pollen deposition is uIpredictable and therefore 

pollen :percentages of this species must always be interpreted with 

caution. 

The results of the surface sample analyses from tb9 two types of 

Betula communities discussed in Section III.iv. clearly suggest that 

the aspect and al titu~ of the site must be taken into account wbltn int;er

preting Betw,a pollen values in ecological terms. Very high Betula values 

of 60 - 70f0 of total pollen indicate that Betula was promimnt in the 

vegetation around the site. However, low values r:eed not r:eoessarily 

in:lica.te that the role of Betula. was unimportant. It seems possible 

that at Slme uplani sites, Betula values of between 10 and 15% may indicate 

that Betula. played a very significant part in the surrourding vegetation, 

particularly it' evidence fran macro-remains lends support to this 

oonclusion. 
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Sorbus is generally under-represented in the surface pollen 

samples" and is rarely present at vaJ.ues greater than 2 to Y/o even 

along Transects C and D, where Sorbus aucuparia trees are frecpent. 

An exceptional sample, taken directly bereath a Sorbus tree, gave a 

value of 18.8% for the frequency of Sorbus pollen. Sorbus is therefore 

o~ of those species where low pollen percentages may be important 

ecological indicators. 

The behaviour of Corylus in the surface pollen samples is extremely 

variable. It is not present in the gill woodlams, and the most likely 

source of the pollen appears to be from the hedgerows on the surrounding 

lowlands. The similarity bet\'ieen the mean values for Cory1us fran the 

woodland (3. 2%) and the moor1ani (3.9%) might suggest fairly even dis

tribution of the pollen, but these figures conceal wide variations. 

On the moorlani, Cor.v1us vaJ.ues range from 0 - 16.8%; the maximum value 

recor&td for Cor;y1us in the whole surface pollen survey was 3O}t: of total 

pollen, in sample 8, Transect D. It is therefore clear that little 

ecological significance can be attached to the occurrence ot Corzlus 

values ot 30% or less in pollen spectra daninated by non-arboreal pollen 

beyoni the assumption that Corylus bushes were present within the general 

regiOn. There is less variation in the values of Comus recorded in 

the samples tran within the wood; the maximum of 13Jb ot total pollen 

ocourred in a clearing, but apart from this values were much lower. It 

is reasonable to conclnde that Corylus vaJ..ues of 20 - 30% will be ot 

greater significance in terms of bushes growing close to the site, if 

they OCOlr in a spectrum which is ger13rally suggestive of wooded conditiona. 

Jonassen's results from Jutland suggest that when Corylus forms an under

story in the forest it is under-represented in the pollen rain (Jonassen, 

1950). The pollen productivity and dispersal ot Corylus is clearly -very 
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much dependent on the nature of the surrounding vegetation. Therefore 

interpretation of Cor,ylus percentages in terms of the prevailing vege

tation recpires careful examination of the proportions of' arboreal and 

non-arboreal pollen in the pollen spectrum. 

With the exception of Corylus, nOD! of the arboreal species absent 

from the gill lIOodlands occurred in al\Y of the pollen spectra at values 

greater than 5%. It is therefore rot possible to come to 8.I\Y conclusions 

regarding the relative representation of these species in the pollen rain. 

The surface pollen survey was also design:=d to investigate the 

deposi tion of tree pollen at inc:reasing distances fran the 1900dland edge. 

In a studiY of' fluctuations in woodland limits it is important to kD;)w 

the distance over which pollen dispersed f'rom a woodland. w:U.l daninate 

the pollen rain. It is clear f'rom the transects that, when a total. pollen 

sum is used, the eff'ect of pollen dispersed through the trunk space is 

rt!tgligible beyond. 100 metres of the WOOdland. edge. At greater distances 

than this t:ree pollen values of more than 15% a:re exceptional, and there

fore tree pollen values of over 50% in a fossil spectrum indicate woodJ.8Dl 

within 100 metres of the site. If tree pollen values of bet_en 25 and 

50% occur in a series of samples in a fossil pollen diagram this may be 

interpreted as either a site within 100 n:etres of a lVOodland edge, or 

as a site Slrrounded by dispersed trees. 

The representation of non-arboreal species in the pollen rain fran 

specifiC plant ocamunities is less predictable than the representation of 

the tree speoies. Within the present moorland coIDDllm 1\1 the a~ra.ge 

value for Xrioaoeae is 6-,% of total pollen, but values of 80 or 90% are 

oommon. Such high values for Erioaoeae pollen must renect the fairly 

pure Calluna ssrd which has developed as a result of current moorlaril 
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management. A more miXed vegetation, producing a pollen rain in which 

the swamping effect of Callum was less marked may well have character-

ised the moors in previous oenturies. RoYtever, some interesting points 

have e~rged from the examination of the ron-arboreal pollen percentages. 

Vaccinium is scaroely represented in the surface pollen samples, yet it 

is an important member of the moorland and 'WOodland plant ooxmnunities 

and occurs freq)J.ently along the transects. It seems certain that the 

role of Vaccinium in former heath communities cannot be deduced directly 

from its representation in fossil pollen diagrams, unless its present 

production is restricted by factors such as grazing. The Gramineae 

pollen values renect the surrounding local vegetation well, and are 

highest in areas subject to grazing. Peaks in the pollen of Rumex 

acetosella type, the Rubia08ae and the Leguminosae emerge from the surface -
pollen survey as indicators of very local grazing pressure. Plantago 

lanoeolata pollen values ap'pear to be less subject to marked nuotuation8, 

suggesting a more even dispersal of pOllen from this plant. These 

observations have important implications for the interpretation of 

agricul turaJ. phases from pollen diagrams. Peaks in Plantago la.XXleolata 

pollen m8iY well reflect activities taking place over a larger area than 

that refleoted by peaks in pollen of scme of the other weeds of cultivation. 

T~ values of spores reoord.ed in the surface pollen Slrvey have 

been shown to be subjeot to wide variations and trey therefore ha.~ very 

little significanoe in eCOlogical terms. The highest value for Pteridium 

in this survey, 54% recorded on Transect C, was associated with Pteridium 

aCllUiJ1llll olose to the site, but at other sites, wrere Pte rid fum was 
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equallY repzesented in the vegetation, very low f'requencies of' spores 

(less than 20/0) were recorded. Dispersal of' Pterid:h.un spores app!ars 

to be poor and production erratic, and theref'ore although high pteridium 

percentages are probably a saf'e indicator of' bracken close to the site, 

nothing can be deduced from the absence of' pteridium spores from the 

pollen spe ctrum. This is of particular importarx::e in the light of' the 

use made of Pteridium as an indicator of pastoralism (Oldfield, 1963; 

Simmons, 1969b)- Though some correlations between diagrams based on the 

occurrence of' this species may be valid, there are serious drawbacks 

in the use of an indicator with u:qpredictable pollen or spore production. 

The f'requencies of Filicales spores recorded in the surface pollen 

survey are generally low. Tre peaks in sample 2 from tre Quercus wood

land (Fig. III.2) and sample 13 from Transect C (Fig. III.6) are dif'ficult 

to account for in terms of the vegetation surrounding ~~ sampling site. 

In the case of Sphagnum, ths erratic spore production is even more markf!d, 

and enoxmous peaks of Sphagnum spores are associated with certain samples 

in Transect C. Marked peaks in Sphagnum spores have been :noted in a 

number of fossil pollen diagrams. Conway (19.54.) suggested that sudden 

excessive sporulation by Sphagmm might be induced by an increase in 

wetness on a bog surface and Tallis (1964) suggested that a sudden change 

in environnental conditions might be responsible. However, neither of 

these e:lplanations can apply to these results frcm. surface samples 

occurring within a small area. It appears that spore production by 

pteridophytes and bzyophytes is governed by different factors from those 

governing pollen production, and t~refore the two types of data should 

be interpreted accordingly. 
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The results of the surface pollen survey are applied to the 

interpretation of the pollen diagrams from the Nidd-Laver interf'luve 

in Section IV. Their applicability to other areas may be limited by 

the influence of factors such as local turbUlence which have been dis

cussed above. It also appears likely that pollen productivity may alter 

between areas with differing envirozmental cormtions, tws affecting 

the magnitude of the representation factors for each species. T~ use 

of surface pollen studies for the ecological interpretation of pollen 

diagrams may also be limited by climatic changes which cross the threshold 

for a major alteration in the preva:iJ.ing plant species in an area. Thus 

the results obtained in this survey have only been applied to the inter

pretation of the pollen diagrams from the Boreal/Atlantic transition 

to the pre sent d.aiY. 



SECTION IV INTERP~TION 



In this section the vegetation changes which characterise zones 

A-F are discussed chronologicaJ.ly. 

IV.i. Zore A 

Pollen assemblages from this zor.e occur at only two sites on the 

interfluve. On the basis of the relatively high values for Pim.s and 

Cory-Ius zo:te A has been assigned to Pollen Zone VI of the British 

System. At Scaleby Moss, Westmorland, this was estimated to have 

spalll1ed the period between about 7,000 and 5,500 B.C. (Godwin, Wallrer 

and Willis, 1957). Pollen ~ne VI is correlated with the later part of 

the Boreal period, which is usually consi~red to have been more conti

nental than the present British climate (Pennington, 1969). 

Pims, Betula and COryluS are the principal contributors to the 

zo:te A pollen assemblage. The high Ei!!!§ pollen values at Iron Well 

Hill may be ~rived fran a pine-dominated woodland which grew around 

this site during an early phase of ZOI)9 A. In the basal peat at Fountains 

Earth Pims values are significantly lower than those in zone A at Iron 

Well Hill, perhaps indicating that the Fountains Earth deposit began to 

foxm towards the end of zore A, when the decline in Pims on this upland 

had alreactr begun. However, it is possible that Pims and. Betula formed 

separate stands on different parts of the interfluve throughout this time 

giving rise to local peaks in the pollen representation of these species. 

Oorylus may have formed a shrub layer bensath the fairly open canopy 

which is charaoteristio of both the se trees, though at SOII8 sites patches 

ot pure CorylUS 1IOOdland may have existed. The presence of C0tylus shrubs 

on the interf'luve in this zoz:e is oonfirmed by a fruit of CoUlus avellea 

which _s tound in the mineral material at Iron Well Hill. IAlring Zone VI 

BetUl,ifOorYlus lVOodland al so appears to have surrounded the Stump Oross 

site, 12 ldlometres south-vvest of Fountains Earth (Wallrer, 1956). 
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It is clear that Salix played an important role in the vegetation 

aroum the l<'ountains Barth site at this period, probably lining t he banks 

of streams. The regular occurrence of Quercus and Ulmus pollen throughout 

the zo~ suggests that On the margins of the interfluve mixed oak woodland 

was established at this period. Isolated grains of Tilia pollen occur 

in zore A at Fountains Earth and this tree was probably aJ.so present in 

the lowlam woodland by the end of Zore VI. This is typicaJ. of IDarw 

sites in t~ British Isles (Godwin, 1956), though at some sites in mrth

east E~land Tilia was not established until Pollen Zore VIla (Bartley, 

1966) • 

There is no firm evidence for arv p!lrmanent population in this 

area during the period of zore A as COllins's (1930) records for Palaeo

lithic hand axes recovered from the morainic gravels of the Nidd valley 

are unsubstantiated. Geometric microliths found on Kettlestang Hill 

indicate the presence of Sauveterrian p!lople in the area but it is 

difficult to date the exact period of this activity. The base of peats 

above Me soli thic sites at Marsden am at Blubberhouses have been assigred 

to pollen Zone VIIb (Davies, 1943; Davies, 1963), but in neither case 

was a correlation possible between the age of the p!lat and the artifaots. 

It is conceivable that a considerable period of time may have elapsed 

be t.,en the deposition of the mioroli ths and the initiation of peat 

fo:nnation. Mesolithio occupation probably began in the Pennines during 

the latter part of Zone VI, certainly Maglemosian sites in east Yorkshire 

have been assigned to this period (Walker and Godwin, 1954). Thus it is 

possible that the Sauveterrians were present on the Nidd-Laver interfluve 

during zone A. 

PalyIX>logical evidence for human interference with the vegetation 

during zOD' A is inconclusive. Herbaceous pollen forms not more than 10% 

of total pollen during this ZOIl' and consists prinoipally of pollen of 
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the Gramireae and the Cyperaoeae. The flowering herbs which are recorded 

have very low values; of these Lonicera, Mercurialis, Succisa, the 

Rubiaceae and Potentilla are natural members of the 'WOodland flora and 

can tolerate shady conditions; Filipendula probably colonised the stream 

sides. Herbaoeous pollen frequencies of this magnitude may irrlicate 

that the zone A woodland had a fairly open campy. 'furrer (1970) 

described a pollen diagram from 490 metres on Widdybank Fell in the 

northern pennire s. In this diagram non-arboreal pollen formad between 

30% and 40% of total pollen in Zone IV and this was interpreted as repre

senting natural open woodland, capable of maintaining a rich ground flora. 

It is possible that grains of Cruciferae, Urtica, Artemisia, Compositae 

and Plantago lameolata pollen, found in zone A at Fountains Earth 

resul ted from limited artificial Opening of tl't:l WOodland carq>y. The 

Sauvet errians may have created clearings for lunting, and it has been 

suggested that they used fire for this purpose (Simmons, 1969). However, 

no charcoal has been recorded in the zone A deposits from the Nidd-Laver 

interfluve. 

The overall impression of the vegetation of the Nidd-Laver interf'luve 

during zone A is of a fairly open 'WOodland made up of a mosaic of Betula, 

PiIJJ.s and Corylus stands, with mixed oak WOOdland occupying the surrounding 

valleys. Tu~r (1970) has suggested that a similar type of woodland, 

changing in species composition over relatively short distances, covered 

tb!J northern PenniJJ9s at this period. 
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IV. ii. ZOI13 B 

'rhe A/B ZOI13 bourxlary is defiI13d on the basis of a daclire in 

Pirlls and an expansion in the pollen of Alms. In Section II.iv.a. this 

boundary has been equated with the transition from pollen Zones VI to 

VIla, the Boreal/Atlantic transition. At Sca1eby this horizon was dated 

to 5,475 : 350 B.C. (Godwin, Walker and Willis, 1957). IAtes from 

certain sites elsewhere in the British Isles accord closely wi. th this, 

though Oldfield (1965) has suggested that the main expansion of a1dar 

is rot I130essarlly synchronous throughout the British Isles. It has 

traditionally been acoepted that the expansion in Alms pollen at this 

boundary reflected the spread of this tree in response to a Climatic 

change towards increasing ooe ani ci ty. This is thought to have occurred 

throughout northern Europe, between 5,000 and. 6,000 B.C. T~ increase 

in rainfall resulted in rising water tables and the creation of rew 

habitats sui table for AlDls to colonise. Topogenous and blanket peat 

formation was initiated at a rumber of sites at this period (Conway, 

1947; Johnson and Dlnham, 1963). The climatic change may have been 

influenced by a general rise in sea-levels which took place at this 

period, resulting in the final separation of Great Britain from the 

European mainland. Recent work (A. G. Smith, 1970) has drawn attention 

to correlations between Mesolithic occupat ion layers and the pollen 

analytical changes associated with the Boreal! Atlantic transition. 

Smith has s~sted the possibility that human activity also played a 

part in the vegetation changes of this period. 

The reduction in Piws pollen at the A/B boundary sugge ats that 

the role of piIl' in the vegetation of the interfiuve was reduced. This 

values of Corylus and Betula pollen also decline gradually throughout 

zone B in response to the increasing values of Alnus pollen. These 

changes probably indicate seme contraction in the area occupied by 



Betula and Corylus as the water-table rose, and a general expansion of: 

Alnus on to the damp flushed sites. The role of Salix as a coloniser 

of stream siaes also appears to have been reduced in this 00:0:1. 

The results of the surface pollen analyses have been applied to 

the interpretation of oo:o:lS B-F from the Boreal/Atlantic onwards. By 

this time all the native arboreal. species were established in Britain 

(Pennington, 1969). The modifications in climate which have occurred 
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since the atlantic period have been minor, compared with the changes which 

preceaed the establishment of the climatic optimum. It has been estimated 

that during the Atlantic period mean anrllal temperatures were only 20C above 

present values (Manley, 1964). 

The expansion of Qu,ercus pollen to over 20% of total pollen at the 

AlB boundar,y at Fountains Earth is significant. Surface pollen analyses 

have shown that at the present time, with Querrus confiIl9d to altitudes 

below 275 metres, an average of 5.5% of Quercus pollen occurs in surface 

samples from the higher parts of the interf'luve. In view of the pre

dictable nature of Quercus pollen deposition which was established in 

Section III, an increase from :tfo to over 2O"fo of Quercus pollen must repre

sent an actual upward extension of oak trees. Values of bet1geen 1.5% am 

30% of Quercus pollen have been associated with the area about 100 metres 

away frcm a Quercus 'WOodland edge. Therefore it seems reasonable to assume 

that at the opening of zone B oak trees extended up the ridge of Kettlestang 

HUI alongside the Fountains Earth site. Quercus IIIlst have partially 

replaced Betula on the ridge, though birch probably remaired dominant on 

the actual summits of the bills. At the same time Alms was replacing 

Betula on the damp peaty sites in the channel. Soon after the openirw 

ot zoIJI B the Alms carr at the Fountains Earth site became so denae that, 

at ~ an in the pollen diagram, pollen of Alms masks the contribution 

ot guerDls and Betula. At 330 an there is a sudden reduction in the 



deposi tion of ~ pollen and in response to this values of .Betula 

and Quercus rise. However, above 320 cm t~re is a second and more 

marked peak in Alnus pollen. 

The results of the surface pollen analyses have suggested that 

caution is ~cessary in the interpretation of peaks in Alms pollen. 

However, in the case of the zore B data from Fountains Earth Alnus 
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pollen reaches values of over 50';; of total pollen and these are sustaired 

through rearly 40 an of peat. Alms pollen values of this ma.grd. tude were 

only found in the surface survey at ore site directly beneath an Alms 

tree in North Gill Wood. Clearly, dense Alms carr must have filled the 

cha.~l at Fountains Earth during zone B; the presence of Alms macro

remains in the ZOll3 B peat supports this intez:pretat ion. The recession 

in Alnus values between 3.30 em and 320 an probably represents no more 

than a natural variation in the density of trees within the carr. In 

Section III.iii.a. it waS observed that Alms does rot disperse its 

pollen to aI:\Y great distance laterally within a 'WOod. Small variations 

in the density of lims trees could therefore produce large fluctuations 

in a pollen diagram. There is no associated rise in the pollen of taxa 

indicating disturbance between 330 an and 320 cm and therefore the decliIJ9 

in Alrus is unlikely to be due to man's influence. 

The taxa which respond to the decreased Alnus values are those which 

were aJ.reactr growing close by, i.e. Betula, Cory-lus and. Quercus. This 

might be expected if the density of ald/:)r trees growing on the site 

deoreased, allowing pollen from a wider area to be deposited on the sur

face of the bog. This intez:pretation is supported by the oocurrence of 

wood layers in the stratigrapll,y at the levels of the two Alms p'aks. 

Tb!I zone B pollen speotrum from Hambleton Dike is less subject to over

representation by Alms pollen, presumably as the vegetation around this 

site was more Open than the dense carr at Fountains Earth. 
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At lower altitudes during ZO~ B, dense Quercus woodland. probably 

covered most of the ground with Alms lining the rivers; Tilia and Ulmus 

were also present, and Fraxims was growing at some sites in this area. 

In the majority of diagrams frem the British Isles a contiruoos Fraxirus 

curve is rot establiswd until after the Ulmus declilJ9 (Permington, 1969). 

FraxiIllS is a light-demanding tree and is thought to have eXpanded into 

the clearings that -were made in the forest by the early agriculturalists 

(Godwin, 1956). Tw presence of FraxiIlls in zore B at Fountains Barth 

could indicate that clearings had already been made in the WOOdland on 

or lJ9ar tle interfluve at this time. However, it is significant that at 

Ma1.ham Tarn, on the Carboniferous Limesto~, Fraxims is present from 

the end of ZOlJ9 VI onwards as a minor but consistently represented species. 

Pigott and Pigott (1963) considered that there was no evidence for man's 

interf'ere~e in the Ma1.ham woodland prior to Zone VIIb and therefore con

sidered FraxiIlls a natural member of the limestona flora. Subsequently 

A. G. Smith (1970) reinterpreted their data and suggested that the woodland 

might have been locally opened by Mesolithic activity in the early part of 

Zona VIla. If this were the case FraxiIlls coo.ld represent part of the 

regenaration sequence. The Carboniferous Limestor:e outorops only 8 Idle

metres to the west of Fountains Earth and it is possible that Fra.xi.ms 

pollen may have blown in to Fountains Earth during ZOD9 B. The low 

frecpenoies of Fraxims correspond to the present-day surface pollen 

values from the moors and these have been attributed to pollen blown in 

from the we at. 

Only a very approximate estimate can be made of the length of zom B. 

The problem of defining the Ulmus decline on the Fountains Earth diagram 

has already been discussed (vide supra Section II.iv); this horizon ba. 

been tentatively placed within zona B just above the 300 cm level. 



Radiocarbon dates for the Ulmus decline in Britain range from about 

5,400 B.P. to 5,000 B.P. (Clark and Godwin, 1962). 
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:No very significant changes in the pollen record have been identi

fied at Fountains Earth to correspond with this horizon; the Blc 

boundary being placed about 25 cm higher at 275 cm. If, however, the 

300 an level at Fountains Earth is accepted as the Ulmus dec1im, this 

horizon can be assumed to date from somewhere between 3,400 and 3,000 B.C. 

The opening of zo~ B at 370 cm has been correlated with the Boreal/ 

Atlantic transition which occurred about 5,500 B.C. On this basis the 

peat between 300 an and 370 an represents a period of' around 2,300 years, 

and the estimated rate of peat fonnation is one centimetre in 33 years. 

If, furthennore, this rate is assumed constant for the whole of' zo~ B, 

then it can be estimated that the zone lasted for about 3,100 years, 

extending from 5,500 B.C. to around 2,400 B.C. 

Trere is clear evidence that during this period Sauvet errian people 

were active in this part of the Yorkshire pennims. The radiocarbon date 

for charcoal associated with Sauvet errian flints at Stump Cross, only 

12 kilometres fran Fountains Barth, is 4,550 ! 310 B.C. (Godwin and Willis, 

1959). This falls wi thin the earlier part of zone B. Walker (1956) 

suggested that two or more separate visits may have been ma~ to the si. te 

by people of tb9 same aul tural group. A flint was discovered stratified 

within the deposits at Stump Cross, and at this level the Alms curve was 

beginning to rise rapidly and iIjJreases in the Gramineae and the Ericaoeae 

-.ere also observed. Walker attributed these changes to the inoeption of 

blanket bog development around the Stump Cross site in response to an 

increase in rainfall at the Boreal/At1antio transition. Ho_ver, Simmons 

(196 9) caamented that Walker's resuJ. ts CX)uld indicate local opening up ot 

the woodland by Jlesolithic people. 
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No equivalent rises in the Gramineae or Ericaceae occur at the sites 

on the Nidd-Laver internuve. Potentilla and Filipendula continue to be 

represented in zone B at Fountains Earth and Hambleton Dike. However, 

occasional pollen grains of w:led species are recorded and the record for 

Melampyrum, a plant typical of W)odland clearings, is interesting. It 

is represented at both sites throughout the 2'D:r:e but between 355 cm and 

345 an at Fountains Earth it reaches values of between .5% and 10% of 

total pollen. Just above this level some small fragaents of charcoal 

were recovered from the boring and small peaks in Rumex acetosella type 

pollen occur. Trese features may indicate some opening up of the woodland 

by t~ Me soli thic wnters. 
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IV. iii. t.ore C 

Zo~ C falls within Zone VIIb of the British Pollen Zone System. 

The B/c boundary has been establisIed on purely local criteria, viz a 

decline in!!!!!§ pollen and a corresponding rise in tIe pollen of' Betula; 

this is accompanied by a rise in Quercus values at Fountains Earth. The 

decline in Alms appears to have been sudden and the upland carr 

vegetation must have been much reduced during zone C. TIe decline in 

Alnus probably did rot result in an expansion of' Betula and Quercus trees 

but rather in an increase in their relative contributions to the pollen 

rain. Fran the zone C pollen assemblages at Fountains Earth ani Hambleton 

Dike it appears that Betula-Corylus woodlands persi sted over parts of' the 

interf'luve, with Qu,ercus the daninant tree in certain areas. 

The interpretation of' the erratic series of peaks and troughs in the 

Quercus pollen values at Fountains Earth in zore C is dif'f'icul t. Surf'ace 

pollen studies have established that the dispersal of' Quercus pollen away 

f'rom a woodland edge is very predictable and f'ollows a regular pattern. 

Quercus pollen values of' over 50% of' total pollen have been associated 

with woodland conditions, and it has been establisIed that at distances 

greater than 100 metres fran the woodland edge Quercus values exceeding 

10% of' total pollen are exceptional. At Fountains Earth in ZOD! C Quercus 

values vary fran below 15% to more than ;0%, in consecutive samples, 

without exhibiting a111 visible trend throughout the zom. It appears that 

during ZOD! C this site was wi thin 100 metres of the edge .of Quercus 

woodland. Small changes in the position of the WOOdland edge would there

fore register as very large £'l.uctuations in the Quercus pollen curve. 

Just above the B/c boundar,y at Fountains Blrth there is a strati

graphiC change from Alms swamp peat to Eriophorum peat; the establishment 

of Eriophorum on the bog is reflected by an increase in Cyperaceae pollen 
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at this level. At the same boundary at Hambleton Dike Alms swamp peat 

is overlain by dry wood peat formed of Betula remains. This change in 

peat types probably iriiicates a partial drying out of trese sites. It 

is clear from the bog stratigrapqy at Fountains Earth that a:f'ter the 

opening of zore C trees were rever able to recolonise this site. The 

significance of the proliferation in SphagI1lIIl spores above the B/c 

boundary is uncertain as it has been shown in the surface pollen survey 

that Sphagrum spore production is extrenely u:r:g;>redictable. 

Tms it appears that during zore C the interfluve was covered by 

woodland dominated by Quercus and BetUla, probably with some Sorbus. 

Sorbus pollen occurs in certain samples in this zone at values of less 

than 1% of total pollen, but tll3 surface pollen survey indicated that 

even very low values of this pollen type are significant in terms of 

rearby trees. A shrub layer of Corylus was probably present in parts of 

the woodland and in places the trees were interrupted by daiIp, boggy 

areas. 

The introduction of the early farming cultures into Britain has been 

widely correlated with the Ulmus decline in British pollen diagrams 

(Seddon, 1967). Om explanation for this association was suggested by 

Fa.egri (1944). He claimed that a marked decline in the pollen represent

ation of Ulmus might have been caused by farmers collecting elm foliage 

for animal fodder. Troels-Smith (1953) later suggested that the initial 

declim in Ulmus cOlld be associated with the practice of stall-feeding 

livestock, which was common in early Neolithic econanies. Mitchell (1956) 

suggested that the Ulmus decline might have been caused by Neolithic 

farmers selectively felling elm stands which grew on base-rich soils that 

were suitable for agriculture. On the southern Pennims, Hicks (1971) 

bas attributed changes in the non-arboreal pollen curves at the level of 
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the ~ decline to the activities of Neolithic herdsmen. At Fountains 

Earth no significant changes in non-arboreal pollen occur at the 300 am 

level, but in zone C a series of snal1 peaks in the pollen of the 

Gramineae can be distinguished at both Fountains Earth and Hambleton 

Dike. Small increases in the pollen of the Ericaceae accompa:qy the 

Gramineae peaks, and these can be correlated with the occurrence of pollen 

of Plantago lanceolata am. Rumex acetosella type. There is a geIl3ral 

increase in the frecpency of occurrence of herbaceous pollen types during 

this zone. These features suggest that gaps were being created in the 

woodland campy. 

The abrx:>nnally high values of Rumex acetosella type pollen (8-20% 

of total pollen) in the samples between 250 am and 265 em at Fountains 

Earth coincide with one of the Gramineae peaks. In the surface pollen 

survey, high values for pollen of Rumex acetosella type were found to be 

characteristic of grazed turf on the Nidd-Laver interfluve at the present 

c:ia3'. The Rumex acetosella type :peak at Fountains Earth could therefore be 

a result of local over-representation. There is no indication of al'\Y 

intensification of human activity as correspondingly high values for pollen 

of other weeds do not occur. It is difficult to distinguish aI:\Y changes 

in the tree pollen curves associated with the Gramineae peaks in zone C. 

H01l8ver, it is clear that a general decrease in Alnus occurred during 

this zone and there is a snal1 but significant increase in FraxilllS pollen. 

The duration of ZOIl3 C can also omy be assessed very approxi.mately. 

The date of the B/c boondary has been estimated at around 2,400 B.C. 

The cID boo.ndary has been radiocarbon dated to 1,930 ~ 100 B.C. at a 

site on Skel1 Moor, therefore on this basis zom C lasted for about 500 

years. The estimated rate of peat accumUlation during zone C is therefore 

about ore centimetre in 7 years, considerably faster than the rate of 

accumulation during zone B. 



Archaeological evidence suggests that during the period 2,400 B.C. 

to 1,930 B.C. the population of the central Pennir:es was sparse. By 

this time fanning techni~ues ?ere well established in lowland Britain 

and it seems possible that the peaks in the pollen of the Gramineae 

during zone C ?ere connected with the pastoral activities of Neolithic 

peoples. These fanners may have periodically used this upland as ~Bture 

for their flocks and herds. 1'he occurrenoe of pollen of tn:: herbs 

associated with pastoralism, Plantago lanceo1ata and Rumex acetosel1a, 

at e~uivalent levels to tn:: ~aks in the Gramir:eae supports this inter

pretation. Tn:: Neolithic polished sto~ axes which have been found in 

Nidderdale, on the margins of the interfiuve, are certainly suggestive 

of active 1VOodland clearance during this period. 

Gramineae values of up to 10~; of total pollen (20)& of total arboreal. 

pollen) indicate that arv clearings created by the se Neoli thic ~rd.snen 

were very limited in size. TUrner (1965) has identified" small temporary 

clearances" in pollen diagrams from Bloak Moss, Ayrshire, and Tregaron 

Bog, Cardiganahire, on the basis of increases in the values of the 

Graminea.e to about 20% of total arboreal pollen. It is probable that 

clearances of this type involved only a few acres of land. At Bloak Moss 

and at Tregaron Bog, Turner calculated that each "small temporary c1ear

ar:ce" lasted approximately 50 years. At Fountains Barth, aSSlDling an 

even rate of peat fonnation throughrut zone C, the first clearance wmob 

is correlated with the Rumex proliferation lasted for about 105 years, 

but subsequent zor:e C clearanoes appear to have been of shorter duration. 

Ta, Neolithio flints recorded from Kettlestang Hill and the rook 

shelter and hearth at Yeadon Crag are the legacy of the farmers who made 

these olearanoes and who probably practised a combir:ed mnting am 

herding ecoromy. It is quite possible that larger c1earanoes for the 



purpose of cultivation '/\ere made on the lower land around the Nidd

Laver interfluve. The increase in the pollen of .J.i'raxirus in this zo~ 
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is probably a response to the creation of these openings in the woodland. 



IV.iv. Zo~ D 

Profoond changes appear to have taken place in the vegetation of 

the Nidd-Laver interfluve at the c/D boundary. At Fountains Earth there 

is a sudden marked increase in the pollen of the Ericaceae, reflecting 

the development of heath over the highest part of the interfluve and the 

initiation of thin peat formation at sites such as Skell Moor I and II. 

During zore D tree pollen values at Fountains Earth decrease fran about 

5(},''&, to between 20 and 30% of total pollen by the end of the zom. On 

the basis of the figures obtaired in the surface pollen studies it is 

fairly certain that at the beginning of ZO~ D woodland surrounCled, or 

was very close to, the Foontains Earth site. A very rapid declim in 

arboreal pollen deposition within 100 metres of the 1'iOodland edge has 

been observed in the surface pollen survey. Therefore it is reasonable 

to assume that if an al titudinaJ. lOl'lering of the WOOdland edge occurred 

it would be registered in a pollen diagram as a marked dealine in total 

arboreal pollen, provided that the linear dista:ooe involved in the 

fluctuation was greater than 100 metres. 

The arboreal pollen values at Fountains Earth do rot follow this 

pattern, but decli~ gradually and evenly. This could suggest a pro

gressive thinning of the woodland along the flanks of Kettlestang Hill 

rather than a sudden reduction in altitudinal limits. In response to 

the reduction in trees there appears to have been a gradual extension 

of heath vegetation down from the summits of the iIlterfluve on to the 

flanks. 

This reduction in lVOOdland and the im. tiation of thin peat 

aooumulation, must have resulted in changes in ~drology on the inter

tluve as it is at this period that topogemus peat began to fom in the 

upper valley of the 81=11. The abundance of macro-remains of Alms ani 



Betula in the Upper Skell Gill I peat demonstrates that trees grew 

in this valley during zore D, but that oakwoodland was o:mfired to 

lower altitudes. Tree pollen values for this zore at Upper Sell Gill I 

average .30% of total pollen throughout, suggesting open woodland similar 

to that around the Fountains Earth site at this period. However, at 

Upper Skell Gill I, which is in a fairly sheltered valley, there is no 

trend towards a progressive reduction in the IJJmber of trees throughout 

the zo~. The values of Betula pollen are low throughoot the pollen 

diagram from Upper Skell Gill I, rarely f'orming more than 5% of' total 

pollen. However, macro-remains are abundant, and in view of the obser

vations made in Section III.iv, it seems possible that envirormental 

factors may have operated to limit Betula pollen production at this site. 

The high values for Gramineae pollen in the Sell valley during zone D 

suggest that a grassy ground flora surrounded the site, with heath con

fi~d to the moorland above where thin peat was starting to accumulate. 

T.:> agricultural phases, subzores D2 ani D4.' have been identified 

on the basis of peaks in Plantago lanceolata pollen. The results of the 

surface pollen analyses suggest that the use of' fluctuations in the values 

of Plantago lanceolata pollen for the establishment of the subzol1's is 

acceptable. Pollen of this taxa was rot subject to erratic represent

ation, as was pollen of some of the other agricultural weeds. Sub zones 

D2 ani Dl,. appear to have been predaninantly associated with pastoral activ

ities, but grains of Artemisia, Compositae and Chenopodiacea.e suggest that 

some cultivation may have taken place on the lowlands. Two grains of 

O8real pOllen are reoorded in subzo~ ~ at Fountains Barth. These 

phases of activity must have had a cODSiderable impact on the vegetation 

of the inter.fluve. In subzone ~ at Upper Skell Gill I arboreal pollen 

values are temporarily reduced to only 11% of total pOllen, suggesting 



active clearance in the vicinity of the site. The arboreal pollen values 

recover their former level in subzore D5, in contrast to the Fountains 

Earth site where the reduction is contimous throughout this ZOIl9. 

The overall picture of the vegetation of the internuve during 

ZOIl9 D is OIl9 of a gradual developnent of heath on the highest and most 

exposed parts and a progressive decline in the mixed Quercus/Alms/ 

Betula l'A:)odland on the slopes. Quercus appears to have suffered first, 

stands of Betula and AllllS remaining in sheltered spots until the eni of 

zo~ D. Ta;, change from predominantly Eriopoorum peat to Sphagnum peat 

towards the end of zo:re D at Fountains Earth suggests a deterioration in 

drai nage on the inte rfl uve. 

T~ c/D boundary has been equated with the base of the thin peat 

on Skell Moor and this has been radiocarbon dated to 1,930 ! 100 B.C. 

The opening of zo:re B at Hambleton Hill has been radiocarbon dated to 

250 : 80 B.C. Zone D therefore lasted about 1,680 years. TM base of 

the ~at at the Upper Skell Gill I site has been radiocarbon dated to 

1,750 ! 110 B.C.; 5ubzoD's D2, D3, D4 and D5 must therefore span a period 

of about 1,400 years and it is clear that each of the phases of agricultural 

activity represents a period of several centuries. 

It is probable that the agricultural phase of subzone D2' which began 

about 1,750 B.C., can be attributed to the activities of the Beaker people 

who occupied the Ure-Swa1e lovt.l.ands between about 1,900 to 1,600 B.C. 

The size and nunber of the henge aOlllments attributed to these people 

is suggestive of a considerable population and an extended occupation ot 

this area. The Beaker people were primarily mmadic pastoralists (Hawes, 

1948) and they may have used the marginal uplands for their herds; in 

these areas the lIOodlani cover would have been less dense than on the 

river flood plains. .A.r13 cultivation was probably carried out in the valleys 
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where the soil was more fertile. It is possible that subzone D4 can be 

associated with occupation by people of the Food Vessel cuJ. ture, who are 

thought to have carved the many boulders on the moors to the south of the 

River Nidd. The early Bronze Age flints and stone mace-heads which have 

been found on the Nidderdale moors could also be attributed to these 

people. However, if subzone D4 is assigned to the early Bronze Age, on 

the basis of the chrorology established by radiocarbon dating the whole 

of the middle and late Bronze Age and the early Iron Age (more than 700 

years) wculd be represented by subzone DS. Despite the changes in strati

graphy in this subzone at Fountains Earth such a slow rate of peat 

accumulation appears unlila3ly. It is more probable that the I1.. 
agricuJ. tural phase can be associated with t~ Late Bronze Age people 

who left the hoards of axes and ornaments that have been found in the 

area between Ripon and Masham. These peOple presumably practised both 

cul tivation ani pastoralism and. it is possible that a form of summer 

transmunanoe involving use of the upland areas may have been carried 

out, such as Webley (1969) has suggested for south Wales. 



IV.v. Zone E 

There was a further expansion of heath at the opening of zon:: E 

and thin peat extended over n::w sites which until this time had remaimd 

clear. Peat began to form at the Hambleton Hill site, where some trees 

probably survived until the end of subzon:: D5, sheltered by Hambleton 

Hill. Regrowth of peat was initiated at the adjacent Hambleton Dilre 

site following a hiatus during the later part of zom C ani all of 

zone D. The start of ericaceous peat fonnation has been dated by radio

carbon anaJ.ysis to 250 :!: 80 B.C. at the Hambleton sites, and this date 

has been adopted for the opening of zone E. However, it is accepted that 

at the Foontains Earth site, where the stratigraphic reoord is ccmplete, 

the DIE boundary may somewhat predate the extension of thin peat at the 

Hambleton site s. 

The pollen diagram from the Upper SIrell Gill I site suggests that 

open woodland had also survived around this site until the opening of 

subzom E1. The radiocarbon date of 34-0 ~ 100 B.C., obtained for part of 

an in situ rooting system recovered from this site, sUpports this inter

pretation. It seems likely that open Betula/Alnus woodland survived in 

scattered patches on the lower slopes until arourd 250 B.C., but that the 

wmle of the upper part of the interfi.uve was treeless by this date. 

The tree pollen values recorded at Fountains Earth average 18% of 

total pollen during subzom E1, compared with an average of about lJt..5% 

trom the random surtace samples collected on the present day moorland. 

The average tree pollen content of the thin peats tor this period is 

lower, presumably due to the swamping effect of on-site Ericaoeae pollen. 

It is clear that in the generally wooded enviror.ment that prevailed 

throughout much of 10w'land Britain at least until the Dark Ages, tree 

pollen would form the bulk of the regional component of pollen deposition. 

At the present time, with the largely agricultural larxlsoape of the West 
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Riding, tree pollen will playa less significant part in the regional 

component. This diff'erence in composition of the regional. components 

compensates for the discrepancy between the mean f'or tree pollen in t~ 

surface samples and the mean for tree pollen in subzone E1• It therefQ're 

seems likely that in subzo~ E1 the moorland limits were similar to those 

of the present day, with trees confined to the land below 275 metres. 

However, the loviland woodland must have been f'ar more extensive than it 

is now, though similar in composition to the modern gill woodlands. 

The zeduction in woodland at the Opening of' zone E is accompanied by 

the start of a prolonged and intensive agricultural phase. This is 

registered at all sites by a sustained rise in the pollen of the Grami~a.e. 

A t Fountains Earth, Hambleton Hill, Hambleton Dike and the Ske11 Moor 

si tes this increase is at the expense of the Ericaceae. At Upper SIte1l 

Gill I and II it is at the expense of the arboreal pollen values, 

suggesting aotive clearance of trees f'rom around these sites. £.t all 

sites the rise in the values of pollen of the Gramineae is accompanied by 

a very marked increase in pollen of those taxa which are considered to 

be "ou1 tural indicators". Plantago 1anceo1ata forms 3-4% of total pollen 

and there are marked peaks in tee pollen of Potenti11a at the thin peat 

si tes. Increases also oocur in the incidence of pollen of Rumex 

acetose11a type, which is associated with pastora1isn and in the pollen 

of the Canpositae, Cruciferae, Chenopodiaoeae and Artemisia, which are 

associated with cultivation. Tws both arable a.rd pastoral activities 

.. ppear to have taken place during subzo~ ::11• 

Tur~r (1964) has calcUlated an "arable/pastoral index" by expressing 

the l11IIlber of Plantagg grains as a percentage of the total rumber of grains 

of Plantago, Compositae, cereal, Cruciferae, Artemisia and Chenopodiaoea.e. 

On the basis of' surface pollen studies she established that this index 



was usually greater than 507-; in pastoral regions and. less than 15"/0 in 

arable regions. Turner used this index to characterise phases of' agri

cultural activity at Tregaron Bog, Cardiganshire, and Whixall Moss, 

ShrOpshire. If this index is calculated for subzo~ E1 at all the sites 

on the Nidd-Laver interf1uve a mean value of about 7% is obtained. It 

seems likely that on the Nidd-Laver interf1uve itself' there was wide

spread pastoral activity during this period, cultivation was probably 

mainly confi~d to woodland clearings at lower al ti -wdes. 

This phase of activity appears to have resUl. ted in an extension of' 

the grassy comnunities at the expense of heath on top of' the inter£J.uve, 

and at lower altitudes, in the clearance of trees ani the creation of' 

rtaw, open habitats. This expansion of the Grami~ae may be a response 

to increased grazing pressure. Boulet (1939) commented on the prof'ouni 

effect of' sheep grazing in restricting the spread of Callum vulgaris in 

the Welsh uplands. He also noted an increase in PotentiUa erecta under 

conditions of high grazing pressure, a feature which has been reoorded in 

subzo~ E1 • 

In addition to the features a1rea~ described, subzoIJ' B1 also appears 

to have been characterised by deteriorating drainage conditiOns, initiated 

at the end of zona D. At a :number of' sites there are increases in the 

pollen of' two taD which colonise damp sites, the Cyperaoeae and the 

Li1iaceae (Narthecium type). Peaks in Sphagrum spores recorded at this 

level may possibly be significant in this context. 

The radiocarbon date of 250 : 80 B.C. has been obtainsd tor the 

opening of' subzons E1• It was suggested in Section II.iv.k. that the 

construction of' Fortress Dike Camp probably took place during subzons E1• 

T~ organiC band f'rom the base of' the ditch at Fortress Dike has been 

attributed to the most recent phase of' use of' this site (Appendix 4-), and 

the pollen spectrum from this material has features characteristic of 
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subzor:e E
1

• Therefore the date of A.D. 630 :!: 90 for the organic bard 

enables the duration of stibzor:e E1 to be estimated as at least 880 years. 

It is clear that widely differing rates of peat fonnation 18ere 

characteristic of the various sites on the Nidd-Laver interfluve 

throughout this period; at Fountains Earth about 50 an of peat have been 

assigned to subzor:e E1, whereas at the Skell Moor and Hambleton Hill 

sites less than 15 an of peat fonned in this subzore. 

Archaeologically the period from 250 B.C. to A.D. 630 spans the 

late Iron Age, Romano-British period and the early Dark Ages, and it can 

be termed the Brigantian period, after the British inhabitants of this 

area. There is evidence for the presence of an Iron Age culture in the 

PenniD3s by the sixth century B.C. However, most of the Iron Age archaeo

logical remains which have been founi in the Nidd-Laver area eJCbibit 

La T~ne influences and are therefore attributable to a somewhat later 

period. This is in accordance with the date for the opening of subzone E1• 

Towards the end of the Iron Age the federation of tribes known as the 

Briaantes emerged in the northern and central Pennines. The traditional 

view of the Brigantes as nanadic pastoralists growing l'X) crops is not 

supported by the evidence from the pollen diagrams. The presence of 

cereal type pollen in subzone E1 suggests that cultivation was praotised, 

though it must have had a subsidiazy role in the economy. The quern 

fragments from Roomer Common, and the quern found in Blayshaw Gill 

(Fig. I.7) are significant in this oontext. 

The end of the Brlgantian kingdom was marked by the battle at 

Stanwick in A.D. 4-3. There is :00 evidence in the pollen diagrams for 

a.:qy cessation or deorease in intensity of agricultural aotivity fol1ow1r:g 

this defeat. This supports the view that the Roman oocupation had little 

influence on the civilian life of the central Pennina s ( Hartley, 1967) 

and that the traditional Brigantian way of life contimed. It is even 
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possible that production of meat and grain was increased in the Nidd

Laver area in order to provide. food for the slaves in the Greenhow Hill 

lead mires. Both archaeological and palywlogical evidence suggests 

contil1li ty in rural life from the Iron Age and through Romano-Bri tiah 

times, and this was probably sustaired after the departure of the Roman 

legions. There is, however, documentary evidence that in the latter part 

of the Dark Ages the invasions of the Anglians and Danes disrupted the 

Brigantian way of life (vide supra Section I.iv.b). 

The role of Fortre ss Dike Camp during the Brigantian period is 

uncertain. The pollen spectrum from the buried soil suggests that prior 

to the construction of the earthv;ork, heath was alreadiY replacing open 

woodland arourrl this site. It is probable that this spread of heath 

was related to the extension of thin peat formation at Hambleton Hill 

at the opening of subzo~ E1, as Fortress Dike Camp is only 2.2 kilometres 

from the Hambleton sites. It is unlikely that a site at this altitude, 

surrounded by heathland, was connected with arable agricUlture. The 

enclosure was probably used for the safe keepillg of aIIimals perhaps 

during times of stress. The final period of use of the site in the seventh 

century came at the end of subzoll' E1 (Appendix 4). 

Subzoll' H2 is marked by a declill' in the Gramineae pollen values and 

in the values of sane cultural indicators. This is accanpanied by an 

increase in Ericaceae pollen at the sites high on the interfluve. 

However, at the Upper Skell Gill sites and at Fortress Dike the decrease 

in the Gramineae occurs in response to slightly inJreased arboreal pollen 

values. At Upper Skell Gill I and II tree pollen reaches about 26% of 

total pollen. The Alms and Betula values do not fUlly recover their 

subzone DS levels and this suggests that during this regeneration phase 

only occasional trees ma~ged to re-establish in the Skell valley. The 

Corylus values increase markedly to nearly ?IJ% of total pollen. However, 
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in the surf'aoe pollen survey high Corylus values f'requently occurred in 

the absence of hazel bushes and theref'ore this rise in Cozylus pollen at 

the Upper Skell Gill sites may merely renect a regional increase in hazel 

during subzore E 2• 

At Fortress Dike Camp the regereration phase is far more marked and 

in subzon3 B2 the tree pollen increases to 50% of total pollen; in the 

surface pollen survey values of' this magnitude 'iUere associated with on-

si te woodland. The pre sence of BetUla bark f'ragments at the base of the 

ditch peat is confirmation of this interpretation. Betula contributes 

the majority of the tree pollen in subzore E2 at this site. It was 

suggested in Section III.iv. that BetUla may be somewhat under-represented 

in the pollen rain on this upland, and therefore it seems probable that a 

f'airly dense Betula stand grew at Fortress Dike Camp in this subzo~. 

The regereration in the valleys and on the lower slopes is reflected 

in the pollen diagrams f'rom the higher parts of the interfluve by a very 

slight increase in total arboreal pollen. The increase is chiefly in the 

pollen of' Betula which, at Fountains Earth, rises from a lB'an ot 6% of 

total pollen in subzone E1 to a mean of' 11% ot total pollen in subzone E 2• 

It is significant that at certain favoured sites regeneration was able to 

take place in this period ot reduced actiViity, even though math _s 

already established. Tre macro-remains in the ditch peat at Fortress Dike 

Camp give positive evidence of an upward movement in the limits of 1IlOodland 

during subzon9 E 2. 

Deterioration in drainage appears to have contimed during subzons 1:2 

and flush peats began accumulat ing in the valleys ot Skell Gill and North 

Gil.l Beck. From the pollen assemblage in the basal peat at the SkDll Gill 

Wood and Dallow Gill Wood sites it appears that the lower ];arts of the 

valleys were wooded at this time. Tree pollen values average over ?JJ% 
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of total pollen at both sites; at North Gill Wood this consists principally 

of pollen of BetUla, while at Skell Gill Wood the main oontributor is Alms. 

The wood and fruits of Betula are common in the basal peat at North Gill 

Wood. It is interesting to note that these tree pollen values are less than 

the mean for tree pollen obtai~d from the random surface pollen survey in 

North Gill ·Wood. This suggests that in subzo~ E2 the gill woodlands had 

a more open canopy than at the present time. 

The composition of the pre sent day woodland is described in Section 

III.iii. They are dcminated by Quercus petraea and this is reflected in 

the surface samples where on average Quercus fonns 37% of total pollen. 

The minjmum value for Quercus pollen in the woodland surface samples is 

12.810. The mean values of Quercus pollen in subzo~ E2 is less than 5% 

of total pollen at North Gill Wood and less than 12% of total pollen at 

Skell Gill Wood. This implies that the role of Quercus was less important 

in subzo~ E2 than it is at present. 

The role of Corylus in the lowland woodland during subzone E2 is 

difficu1 t to asse SSe Cor;y1us pollen forms over m% of total pollen at 

Skell Gill Wood and over 30% of total pollen at North Gill Wood. In the 

rardan surface samples from North Gill Wood CortLus has a mean value of 

only 3.2% of total pollen and a maximum of l3.6%- It was concluded in 

Section Iil.v that in predominantly arboreal pollen spectra Corylus values 

of 20-30% of total pollen may be Significant in tenns of bushes growing 

close to the site. COrylus may have formed an understorey in the gill 

woodlands during subzont E2. Betula/Corylus or Alms/Comus oommunities 

are typical of rege~ration phases and it seems probable that the gill 

'WOodlands 1!ere cleared during the agricul tuml phase of subzone B1 and 

that later regeneration took place. 
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The radiocarbon date of A.D. 630 has been proposed for the boundary 

between subzo~s E1 ani HZ at Fortress Dike Camp. Subzo~ EZ probably 

lasted for at least 300 years as the basal peat from the North Gill Wood 

site has been dated to A.D. 900:: 90, and the boundary between zones E 

and F occurs about ZO cm above this level. There are Anglian and Norse 

na~s referring to woodland on the slopes of the interf'luve ~ar to 

Fortress Dike Camp (vi~ supra Section I.iv.b). The Anglian :name "shaws" 

which occurs on Carle Moor between z60 and 3Z0 metres IIIlst refer to the 

Betula woodland which regenerated in this area during subzoIl' EZ• Tb! 

Norse elEments "with" and "carrll which occur in the same area suggest 

that this woodland was still in existence after the Norse invasion in 

A.D. 845. Therefore the heath vegetation which at present covers this 

area was establisb!d some time af'ter this date. 

The pollen analytical evidence suggests that the Anglian and Norse 

periods were o~s of reduced pastoral activity, but the pollen of' some 

taxa considered to be agricultural indicators is present throughoo.t 

subzolll' BZ• The Anglians are kn:>19Il to have been agriculturalists but 

their settlements were mainly conf'iD'd to the valley bottoms. The 

ef'fects of' the Anglian invasion on the native British inhabitants must 

have been severe. The pillage and slaughter recorded by Bede (vide supra 

Section I.iv.b) probably resulted in the abandonnent of' marginal upland 

pastures a.s the population was reduoed. Thus Betula was a.ble to regemrate. 
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IV.vi. Zone F 

The pollen record for zo~ F is best illustrated by the diagrams 

fran the flush peat deposits. The pollen record for this period in the 

topogerous and thin peats is extrenely cQnpressed and in some cases has 

been lost as a result of burning. From the available pollen reoord it 

seems clear that the interfluve was heath covered throughout zone F. At 

Fountains Earth, the thin peat sites, the Upper S~ll Gill sites, and 

Fortress Dike Camp, the tree pollen curves decrease to very low values. 

Very high values of 70% and more are characteristic of the Ericaoeae in 

this zo~ at the thin peat sites. It is clear that at the opening at 

zone F, the regenerated Betula scrub disappeared from the interfluve. 

At the valley flush sites the opening of ZO~ F is also marlo!td by 

declining arboreal pollen values and at these sites there is a corres

ponding increase in the pollen of the Gramineae. Increases in the pollen 

of herbs associated with agricUlture, including Plantago lanoeolata, 

Rosaceae, potentUla, and Rumex acetosella type occur at this level and a 

contirllOOs reoord for the pollen of cereals and Cannabi!V'lilmulus tY,P' is 

established. The pollen diagram from Hambleton Flush, high on the intertluve, 

is dominated by the pollen of Ericaoeae contributed by the heath canmnities 

which were established around the site at this time. However, it is possible 

to differentiate subzo~ F1 on the basis of a small peak in the Gramimae 

and the first appearance of Cannabio/lfumulus type pollen. SubzoD!l '1 appears 

to represent a new phase of agricultural activity in this area which involved 

clearance of the valley woodlands. The high values of Plantago lanceolata 

and Rumex aoetosella type pollen suggest that pastoralism was again the 

dominant fom of land use, though on the flatter land in the main valleys 

crops were probably CUltivated. 
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On the basis of' the timescale established f'or t~ North Gill Wood 

diagram, the clearance of subzol'13 F1 is considered to date from the 

opening of' the Monastic period in Nidderdale in the twelfth century. It 

is known from documentary sources that most of' the uplands were used as 

spring pasture for sheep and summer pasture for cattle. It is possible 

that the valleys were also used f'or grazing and pannage. However, the 

reduction in the gill woodlands was probably primarily a response to the 

increased demand for firewood and charcoal as a result of the exploitation 

of local ores by the mo:nks (vide supra Section I.iv.b). Cereals and flax 

were cul ti vated on scme of the granges holding land in the lower Nidd 

valley. 

It is interesting to rote that the changes associated with· subzoD9 F1 

are less marked at the Skell Gill Wood site than at North Gill Wood. 

North Gill Wood, all of Dallowgill am the surrounding moors passed to 

Fountains A.bbey in 1175, whereas Skell Gill and the moors to the south-west 

of the Skell remai~d part of the Archbishop of York's land and was let to 

smallholders (Fig. I.9). The apparent contrast in the intensity of this 

a.gricultural phase in the two valleys may reflect the difference between 

the organised use and exploitation of' the land by t~ monastic colDllllnity 

and a more haphazard use of resources by the smallholders. 

In subzona F2 there is a temporary recovery in a.rboreal pollen values 

to their E2 levels. There is a decrease in the pollen of the Gramin!tae 

and of the herbs associated with agriculture. This suggests some regell'r-

ation of trees as a consequence of reduced agricultural activity. At 

Fortress Dike Camp a temporary increase in Betula pollen occurs in subBOns 

F. The Betula woodland which grew on the slopes of Carle Moor durlng 
2 

subzona E2 may have been only partially cleared during subzoll' F1 and 

expandad again during the phase of reduced pressure on the land in subzona 

F
2

• There is J1J evidence for a corresponding rege~ration at the Upper 
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Skell site s. At Hambleton Flu sh a very slight increase in the pollen 

frequencies of the arboreal species can be detected at the opening of 

subzore F2, but at 71 cm there is a sudden pronounced peak in Alms pollen 

which forms 35% of total pollen in a single sample. In view of the obser

vations made on the erratic behaviour of Alms values in surface samples, 

this peak has little significance in terms of' an increase in Alms trees 

growing close to the site, particularly as it is not sustained in adjacent 

samples. 

A radiocarbon date of' A.D. 1420 -: 80 has been obtaired for peat fran 

subzone F 2 at the North Gill Wood site. The standard deviation of 80 years 

which acccmpaIJied this figure places the date of the sample between A.D. 

1340 and A.D. 1500. The reduction in population and conseq).lent abandorment 

of' land caused by the Black lJeath in the mid-fourteenth century have been 

described in Section I.iv.b. It seems probable that the regeneration 

phase of subzore F2 can be attributed to this period. 

At all the flush peat sites subzone F3 opens with a renelUed inorease 

in the pollen of agricultural v.eeds and a reduction in the arboreal pollen 

frequencies to very low values. As with subzore F1, this phase is more 

marked in the North Gill valley than at Skell Gill Wood. The prorounoed 

peak in pollen of Rumex ace to sella type at 92.5 an at North Glll Wood 

can be oorrelated with similar peaks which cocur in this subzo", at 

Hambleton Hill, Hambleton Dike, Hambleton Flush and Fortress Dim Camp. 

At North Gill Wood the Rumex horizon has been radiocarbon dated to A.D. 

1470 : 80 and therefore its actual date lies betlgeen A.D. 1390 to A.D. 

1550, a period associated with the main expansion of monastio activities 

in the Nidd.erdale area. The peak in Rumex acetosella type pollen has been 

recognised at all tm pollen analysis sites which are on the land that 

once belonged to Fountains Abbey, with the exception of Fountains Earth, 
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where the upper peat has been lost by erosion. The peak in Rumex is rot 

present at the sites on or adjaoent to the land which belonged to the 

archbishop of' York at this period. 

In the surf'aoe sample survey high values f'or Rumex acetosella type 

pollen occurred where areas of' grazed turf' directly surrounded the sampling 

site. Rumex aoetosella is a species typical of' acid, sandy pastures 

(Salisbury, 1961). It thrives in areas which have been heavily grazed and 

it is also sometimes associated with over-manuring by animals. At the 

present t:ime Rumex aoetosella is regarded as a particular problem of' old 

and poorly managed pasture. The Rumex horizon may represent deteriorating 

grazing conditions as a result of' overstocking of' upland pasture by the 

mor.&stic granges. Rumex acetosella can also be widely observed at the 

present time colonising bare, eroding peat on the Nidd-Laver interfiuve. 

It is theref'ore also possible that as a result of' overstockirg peat erosion 

was initiated on the north and east of' the internuve in medieval times. 

It is probable that the smallholders :fanning the Archbishop o:f York's land 

made less intensive use o:f the commons and there:fore tlese e:f:fects were 

aVOided. 

In the thin peat diagrams the Rumex horizon is very close to the 

surface owing to the canpressed nature o:f the peat. lbwever, at the flush 

peat sites it is seen to lie in the middle o:f the agricultural. phase of 

subzol1' F
3
, at a point where the arboreal pollen percentages are at a 

minimum and when trees were obviously greatly reduced in the gills. J. 

canparison o:f the records :for woodland in the original charter o:f Fountains 

Abbey, with the survey of' Abbey woodlands at the Dissolution quoted by 

Walbram (1863) I reveals the extent to which lowland woodland must ha" 

been reduced in tbe 400 years o:f Fountains' p0-wer. 
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Agricultural indicators continue to be well represented above the 

Rumex horizon until the end of subzone F3• The boundary between subzones 

F3 and F4 has been placed at the point where the arboreal pollen frequencies 

once again begin to rise. This phase can only be distinguished in the 

pollen diagrams from the woodland valley flu she s and in the diagram from 

the soil profile in Ske11 Gill. The flush peat deposits are actively 

growing at the present time and the surface peat is poorly lmmified which 

suggests that subzone F4 must represent the recent past. In the uppezmost 

peat layers the arboreal pollen values are similar to those obtained f'rom 

surface samples collected in the modern IDodland. It seems likely that 

regeneration of trees in these valleys began at the time when f'arms on 

marginal land were being abandoned during the agricultural depression of 

the last century. 

The upper peat layers f'rc:m the sites high on the interf'luve also exhibit 

features characteristic of recent changes in land use. The high charcoal 

content is a result of burning. This is a long established practioe on tl13 

Nid~Laver interfiuve and medieval records mention the value o~ burning f'or 

the improvement of pasture. However, it is only since the last century that 

regular and systematic burni.ng has been used to encourage the growth of' new 

Callum shoots, and much peat has been destroyed in the process. Tbs 

extremely high values for pollen of the Ericaoeae (principally Calluna) 

in these surface peat layers also ref'lects the management policies of' the 

past 60 or 70 years. In Section II.iv. small increases in the pollen of' 

PiI11s, FraxilllS and Ulmus were n::>ted in zone F in some diagrams. The 

planting of PilllS sylvestris in this area was f'irst recorded by Smith and 

Rankin in 1903, this must have reSUlted in increased deposition of' the 

pollen of' this species. The increased f're~encies f'or the pollen of' 



TABLE IV.I SUMMARY OF ZONE CHARACTERISTICS AND CORRELATIONS 

LOCAL BRITISH POLLEN INCEPTION OF PEAT ALTITUDE 
AGE * ZONE ZONE GROWTH (metres) CHARACTERISTICS OF ZONES ECOLOGICAL INTERPRETATION 

F4 
Upland sites; second marked Upland heath used for pasture. 
expansion Ericaceae and Clearance of valley woods for 

F3 
Gramineae. pasture, followed by regenera-

A.D. 1470 Valley sites: Decline tion in F4 
arboreal pollen less than 

A.D. 1420 F2 
VIII 

Hambleton Flush 366 10% total pollen recovery 
F Skell Gill Wood (Peat) 229 towards end of zone. 

-A.D. 900 .I ~North Gill Wooa 267 up.lan(l S1 tes: Increase Initial phase pastoral activity 
E2 , Gramineae and Cyperaceae extension Gramineae on interfluve '" , 

pollen. N.A.P. greater and reduction trees in valleys "" '" than 60% total pollen. Regeneration trees in E2 '" , '" A.D. 650 "" Valley sites: Peak in 
E1 '" Fortress Dike Camp 259 '" Gramineae followed by "" ~'" Hambleton Hill 381 increase in tree pollen 

250 B.C. 
D5 Upper Skell Gill II 290 Upland Sites: Abrupt rise Recession of trees and 
D4 Ericaceae pollen. Gradual spread of heath on interfluve. 
D3 decline arboreal pollen. Valleys up to 290 metres still 
D2 Upper Skell Gill I 290 Valley sites: Alnus and wooded. 2 phases pastoral 
D1 VIIb Skell Moor I 320 Corylus form 56% total activity D2 & D4 

1930 B.C. nollen. 
-SKell Moor II 305 Decline Alnus pollen, rise Decrease in Alnus at high 

Betula pollen, followed by altitudes and spread of 
C ris e Quercus pollen at Eriophorum on damp sites. 

Fountains Earth, N.A.P. Quercus established to 365 
less than 20.( total nollen JIletres on drv si ~"'~ 

Hambleton Dike 366 Decline Pinus pollen EXpansion Alnus on to 
-3200 B.C.- - ---- - -Elm Decline- rapid increase Alnus flushed sites. Expansion 

B VIla pollen to more than Quercus at expense 
50% total pollen. Increase Betula on flanks interfluve. 

--5000 B.C. Quercus 1)ollen. ----------
Corylus or Betula pollen Stands Betula & Pinus 

A dominant. Pinus and Ulmus understorey of Corylus 
pollen rela ti vely high. 

VIc Fountains Earth 365 N.A.P. less than 10% total 
Iron Well Hill 320 polleJl. 

* Dates refer both to radiocarbon dates quoted in this thesis and correlations with other areas. 
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Fraxirus and Ulmus in the surf'aoe layers of' peat may reflect the current 

pOpIlarity of' these two species as hedgerow trees. 

Table IV.i. summarises the characteristics and interpretation of 

the zonal se~enoe at all the sites which have been included in this stud;y. 



SECTICN V CCNCWSICNS 



V. i. ChangeS in vpocUand limits on the Nidderdale Moors: a summary 

Prior to the Boreal/Atlantic transition aroond 5,500 B.C., the 

:fddd-Laver interfluve and. the surrounding valleys supported a miJCed 
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forest of pine, hazel and birch. Soon after ~at formation was initiated 

at Fountains Earth this was replaced by mixed oak forest. The oak forest 

was probably established first in the valley of the Nidd and on tba Vale 

of York, but gradually extenced on to the flanks of the upland. The birch 

appears to have remained co-dominant with the oak in sane places at higher 

altitudes, and. a birch consociation may have covered the SWlDDits of 

Hambleton and. Kettlestang Hills. High altitude birch woods can still be 

found fringing oalcwoodland in parts of the central Pennines (vide supra 

Section I.ii.e.). It has, however, been established from the pollen 

records at Fountains Earth that between 5,000 B.C. am. 1,930 B.C. oaks 

extended at least to 365 metres on the interfluve. 

During zona B tree cover was fairly complete over the whole of the 

interfluve; there is evidence for only occasional, small o~:ni.ngs in the 

canopy. However, at the end of zor:e B a major reduction in Alms appears 

to have taken place on the upland, and as the alder oarr died back 

Eriophorum began to colonise the damp sites. Thus, during zone C, patohes 

of open bog were established wi thin the woodland. J4a.n-maCkt openl.ngs in 

the canopy have been distinguished in this zone but these were of limited 

extent. 

At the opening of zone D, around the beginning of the second mUle:nnLum 

B.C. the first major decline in the upland woodlands occurred. This appears 

to have begun on the highest land. where heath was quiokly established. In 

the ~xt thousand years the limits of the woodland gradually retreated 

downslope and heath became widespread. There is clear evidence of two 

successive periOds of faming activity on the iiItertluve during ZODI D. 
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The se have been attributed to Bron:re Age f'olk who gra:red their animals 

on the open summits and also made clearances in the woodlands on the flanks. 

Subzo~ E1 has been associated with f'airly intensive Iron Age and 

Romano-British activity starting in the third century B.C. During this 

phase heathland limits similar to those of' the present day appear to have 

been established, and roodlard must have become confi:n9d to the land below 

260 metres. The recession in roodland limits was rot, however, contil'Dlous. 

In the later part of' the Dark Ages BetUla scrub rege:n9rated at favourable 

sites on the flanks of' the il1terf'luve, such as the natural ampi theatre in 

which Fortress Dike Camp lies. With the opening of the monastic period 

in the eleventh century A.D., re~wed grazing pressure on the uplands 

prevented further rege~ration and active clearance resulted in very con

siderable reductions in the gill woodlands and the lowland oak forest. This 

explOitation was temporarily halted when the pOpulation of' the area was 

severely reduced by the Black Death in the mi~fourteenth century. The 

impact on the woodland was re:n9wed in the fif'teenth ani sixteenth centuries 

as the demard f'or fuel f'or suel ting grew. Only in the last 1 ro years, with 

the decli:n9 in the lead industry am in the mmbers of' fams, has there once 

again been an increase in trees in the gill WOOdlands. This same period has 

seen the creation of grouse moors on the old common grazing lands, and the 

adoption of' a management policy to promote the growth of Callum at the 

expense of' other species. 



V. ii. The vegetation history of the Nidderdale Moors in its regional 
,.9Ontext 

It is now widely recognised that woodland once occupied almost the 

whole of upland Britain with the exception of the mountain peaks. Three 

major factors have been suggested to account for the decline in upland 

woodla:ril. 

First, climatic change since the Atlantic period. This has involved 

a general cooling, accompanied by increased precipitation eff'ectiveress, 

particularly since about 600 B. C. These changes nnlst have tended to 

suppress the more thermophilous species in the British flora, as oonditions 

for flowering and seed production became less favourable. It was thought 

that the restriction of Tilia in the British Isles at the opening of the 

Sub-Atlantic period was primarily due to climatic deterioration (Godwin, 

1956). Ho~ver, more recently it has been suggested that the disaPP'arance 

of Tilia can mainly be attributed to human activity (Turrer, 1962). Om 

of the fundamental effects of the increase in the ratio of precipitation 

to evaporation has been the wate rlogging of upland soil s and the extension 

of blanket peat at high altitudes in the pennines (Conway, 1947). 

Tl'Y3 second major factor in upland woodland decline sinoe the Atlantio 

period has been the over-exploitation of' the environment by man and his 

animals. The combi~d effects of burning, overgra.zi~ and consecpent 

erosion have in sane cases prevented the regeneration of trees after 

clearance. The third factor is the natural deterioration in the base-

status of the soil which has been brought about by the contillloo.s process 

of leaohing. This has resulted in the oreation of acid soils, the build-up 

of' mor humus and the accumulation of' peat, all of which discourage 

rege~ration. 



In pollen diagrams it is diff'icult to distinguish between climatic, 

edaphic and man-induced woodland declire; in most upland areas all three 

processes have operated individually and collectively towards the creation 

of' the modern landscape. It is interesting, however, to note the regional 

variations which are becoming apparent, particularly with regard to the 

role of man in later post-glacial vegetation changes. 

On the Nidd-Laver interf'luve the changes in woodland composition at 

the zo:re A/B transition invol ve the extension of JUms and Quercus at the 

expense of' Pims and Corylus. These changes follow the usual pattern 

observed at the Boreal/Atlantic transition at sites throughout the British 

Isles, and fit the accepted theory of' a change towards a more oceanic 

climate between 5,000 and 6,000 B.C. (Conway, 1947). There is some 

evidence that during zones A and B Mesolithic people III8\Y have created 

small clearings in the upland oak/birch woods. The presence of occasional 

Plantago lanceolata pollen grains, the small peaks in the pollen of other 

weeds, and the occurrence of' small charcoal fragments in the zone B peat 

at Fountains Earth support this view. 

At the present time the pollen analytical evidence for woodland inter

ference by Mesolithic man in this country is limited. Dimbleby (1962) has 

outli:red evidence for woodland modification in Mesolithio times fran sites 

on the North Yorkshire Moors and from some of the lowland heaths in the 

south-east of England. T~ Me soli thio population of the PenniD'S was 

probably limited in size, however, the very wideSpread oocurrence of 

Sauveterrian ohipping sites testifies to a protraoted and regular occu

pation. The Sauveterrians were mnters and gatherers who preferred upland 

oountry, the lowlani Mesolithic people, the Maglemosians, included fishing 

in their eoonomy and appear to have congregated on rivers and. lake sides 

(Clark aId Piggott, 1965). It is interesting to mte that in the pollen 

diagram from the classic Maglemosian site at star Carr no significant 



inf'lexions occur in the tree pollen curves, even though there is evidence 

of trees having been felled (Clark, 1954). It appears that this encampment 

did rot result in al1Y perma~nt modification of the vegetation. However, 

Simmons (1969) has pointed out that the effects of the Sauvet errian 

hunters on the vegetation of the uplands could have been more far reaching. 

Simmons suggests that these people may have used fire to clear underwood 

and to confine game; in marginal areas these clearances may have been 

followed by soil and vegetation deterioration. 

A. G. Smith (1970) has re-interpreted data from a nunber of sites in 

upland and lowland Britain and he concluded that the inf'luence of Me soli thic 

man on vegetational. change might be much greater than previously recognised. 

He postulated a causal cOIlrt'ction betv;een tb3 initiation of bla.t peat 

at some Penni~ sites ani the Sauvet errian microlithic industries. The 

present investigations throw little light on this hypothesis beyond pro

vidiIl?; some supporting evidence for man's activities in the Pennine 

woodlands prior to the Neolithic. No lasting effects on the vegetation 

of the Nid~Laver interfluve can be attributed to Mesolithic activities. 

The decli~ in Alms which characterises the end of ZOD9 C has been 

correlated with tb3 spread of Eriophorum over the site of the al~r carr 

at Fountains Barth. At the same horizon at Hambleton Dike damp, mono

cotyledonous peat is overlain by a layer of dry peat formed chiefly from 

Betula remains. Both these features suggest an improvelIl9nt in drainage 

conditions on the interfluve, and this can only be attributed to a change 

towards a sOlIl9what drier climate. This resulted in a ~duction in the 

role of AIIllS as a coloniser of damp upland sites. The possibUity of 

a dry Sub-Boreal period was originally suggested by Blytt (1876) and 

Sernander (1908), and this was later equated with Pollen Zone VIIb of the 

British System. However, in recent times there has been much disp.1te about 
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the reality of the Blytt-Sernander climatic periods (West, 1968; R. T. 

Smi th, 1972), and in the southern Pennines and the Humber area strati

graphic evidence suggests that the Sub-Boreal was wetter than the preoedir.g 

Atlantic period (A. G. Smith, 1955). It seems that in the Nidd.-Laver area 

a very localised climatic variation must have affected the distribution 

of Alnus at what was undoubtedly a marginal upland. site. There is ro 

reason to suspect that the declire in Alms was due to selective felling 

as these trees occupied damp boggy sites which would probably have been 

unattractive to Neolithic man. 

The small clearances in the Quercus(]etula woodland. which have been 

identified in the pollen record for wre C have been atributed to the 

activities of the Neolithic col. tivators. At both upland and lowland sites 

in the British Isles the effects of clearance by tlese early fanners have 

been observed in pollen diagrams. In tb3 major1 ty of cases the "landnam" 

clearances which accompa:qy and follow the Ullllls declire are fol1o1l8d by 

the regeneration of secondary woodland.. However, at some exposed upland 

sites above 400 metres in the central Lake District Neolithio olearances 

resulted in the perma~nt expansion of grassland. and l13ath oomDllnities 

(Femrl.ngton, 1970). In the southern Pennines the pioture of small temporary 

clearances followed by regeneration of the surroonding woodland (Hi oks, 1971) 

is similar to that which has been establisb3d by this stuqy for tb3 Nidd-

Laver interfluve. 

The reasons for the expansion of heath and the initiation of thin 

peat fonnation at the opening of zore D appear to be complex. Tb9 o/n 

transition has been radiocarbon dated to 1930 ! 100 B.C. At the same period 

blanket p:tat had begun to form at upland sites in the ~ Distriot engultins 

high altitude birch woods (Permington, 1969). Evidence from a DlDlber of 

upland sites in this area led Pennington (1970) to suggest that, in north

west England, this deoli~ of high altitude woodland around the second 
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millennium B.C. was primarily the result of soil degeneration consecpent 

upon leachirg. 

The concept of a progressive natural deterioration in upland soils 

was first described in detail by Pearsall (1950). He claimed that the 

exposure of upland soils to contimal leaching would inevitably result in 

a deterioration in base-status and hence a degeneration in the vegetation. 

Iversen (1964-) illustrated this type of retrogressive succession with 

reference to pollen diagrams frcm the Draved Forest, Jutland. He showed 

that in the later part of the A tlantic ~riod Tilia, Corylus, Alms, Ulmus 

and Fraxims receded for edaphic reasons from areas where tb!ty had formerly 

thrived. Iversen pointed out that in Sub-Boreal and Sub-Atlantic times 

this edaphic succession is usually masked by the effects of lnlman inter

ferewe which tend to act in the same way. 

The Nidd-Laver interfluve is at a lower altitude than the sites dis

cussed by Pennington; however, it is probable that even under oak forest 

the soils would tend to be a.cid because of the inherently low base-status 

of the parent material. During the mid post-glacial, leaching must ha"e 

reduced the base-status further. The effects of soil deterioration lIOuld 

first have become critical on the summits of the interfluve where the soUs 

were thinnest. In these areas mar must have gradually accumulated, 

preventing tree regeneration. Tlnls heath became established and the trees 

died back leaving their bark and wood remains preserved in the basal layers 

of the tlIin peat. A similar sequence of events has been outlined for 

northern Cardiganshire by Smi th and Taylor (1969). 

When the pollen spectra from zone D at the Fountains Earth site are 

considered in the light of the results from the surface pollen analyses 

the evidence is consistent with a progressive thinning of tb! woodlarld along 

the upper margins. This suggests a gradual dying back of trees rato,r than 

aI.\V su~n reduction in altitudinal limits, and tems to support the 
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hypothesis that soil conditions had become unsuitable for the survival 

of trees at the highest altitudes. 

Despite the evidence for soil deterioration as the primary cause of 

the initial expansion of heath on the Nidd-Laver inter£luve, the inf'luence 

of man cannot be discounted. The Neolithic pastoralists madfe clearings 

in the woodland during zone C and this disturbance may have accelerated 

the process of WOOdland decline, particularly in view of the poor SoUSe 

Pearsall (1934-) stressed the role of grazing in preventing regeneration 

and therefore in causing reduction of upland woodland. However, with the 

exception of the Skell Moor I site, the initial increase in heath pollen 

at the CID boondary is not acccmpanied by any rise in the pollen of "cultural 

indicator" species, and therefore does not appear to be linked directly with 

agricultural activit,y. 

Dlrirg zone D two phases of fairly widespread and intensive agricultural 

activity have been recognised and attributed to the Beaker folk and to the 

late Bronze Age inhabitants of the UrelSwale lowlands. The marked clearance 

phases in the Upper Skell Gill I diagram indicate the SUbstantial effect 

which they had on the upla:r:d VIOodland. It seems very probable that the 

extension of heath during zone D was favoured by this agricultural activity. 

There is insufficient evidence to show al'\Y significant climatic change 

at around 2,000 B.C. to acoount for the initial. recession in woodland. No 

marked changes in r-eat type occur at this level in the topogenoos depOsits, 

thrugh at Fountains Earth there is a change in the humifioation of the peat 

which might suggest some increase in precipitation. Ho_ver, it is possible 

that exposure may have been an important factor in woodland decliD' on the 

summits. This would be particularly important in a situation where 

condi tions for tree growth were becoming critical due to soil deterioration. 

It has been shown in Section IV.iv that at sheltered sites such as Upper 

Sk:ell Gill I, regeD3ration of trees followed the Bronze Age clearances at 



zone D, whereas on the summits of the interfluve the decline in woodland 

was progressive. This emphasises the importance of the exposure factor 

in limiting regeneration. EXperimental work in Scotland by Pears (1967) 

has establis~d that in places the present tree line is considerably lower 

than is theoretically possible, and that regeneration of tree seedlings 

beyond the woodlar.d edge is prevented by the strong winds. Once the 

protective shelter of t~ mature trees along the woodland edge has been 

removed it becomes virtually impossible for artY readvanoe to take place on 

an exposed hillside. 

Thus the initiation of heath at the CID boundary and its extension 

during zone D appears to have been due to a combination of exposure, 

edaphic and human factors. Similar changes \'lere taking place 4D kilometres 

to the east on the North Yorkshire Moors at the same period. The initiation 

of heath on the central part of these moors, and on the Oleveland Hills, 

has been attributed to the activities of Bronze Age man (Dimbleby, 1952). 

There is also some evidence for even earlier alteration of the WOOdland by 

Me soli thic man (Dimbleby, 1962; Simmons, 1969). Comparisons bet...een the 

causes of heath expansion on the Nidd-Laver interf'luve aId the North 

Yorkshire Moors are difficult, as despite the proximity of the two areas, 

the population of the North Yorkshire Moors in Bronze Age times ap~ars to 

have been significantly greater than the population of the Nidd-Laver area. 

In the study area the Bronze Age archaeolOgical remains are concentrated 

on the lowlands to the east of the inter.f'l.uve. It was suggested in 

Section IV.iv. that the subzone D2 and D4 clearances 1!ere carried rut by 

semi-nomadic pastora.lists who were settled on the lowlands and who may 

have practised a fonn of transhumance using the uplands as summer pasture. 

Numercus Bronze Age tumUli have been identified on the North Yorkshire Koors 

suggesting a far more intensive exploitation of this upland. Oonse<pently 

the influence of man was probably of greater significance for the spread 

of heath on the uplands of east Yorkshire than on the Nid.derdale Moors. 
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On the southern Penni:res the extension of' heath during the Bronze 

Age appears to have been f'ar Ie ss marked. Though roodland clearance has 

been attributed to the activities of' the Food Vessel peOple at around 

1,790 B.C. this appeared to resUlt mainly in the extension of grassy 

communities (Hicks, 1971). The main expansion of' Ericaceae pollen in this 

area is associated with the Iron Age and later times. Eyre (1966) has 

shown, with reference to a pollen diagram constructed by Bartley, that in 

the southern Pennires the extensive shallow peats which underlie marv of 

the heather moors have accumulated very recently. Hicks (1971) pl.a.ced their 

onset in the Dark Ages. It therefore appears that there is a :fundamental. 

age difference between these south Pennire shallow peats and the ancient 

thin peat fonnation which covers much of the Nidd-Laver inter.f'luve. 

In the Lake District, pennington (1970) has attributed a penna~nt 

reduction in upland oak woodland, and its rep1acenent by grassy communities 

to the Bronze Age people. This phase was dated to 1,080 B.C., and is there

fore considerably later than the opening of zo:re D on tb3 Nidd-Laver 

inte rf1 uve • 

The further reduction in trees on the lower fianks of the Nidd-Laver 

interfluve during subzo~ E1 can, without doubt, be attributed to the 

prorounoed phase of Iron Age agricultural. activity which has been recorded 

in all the pollen diagrams. At this time pressure of grazing effectively 

prevented rege~ration on tb3 interfluve and the woocIl.and became restricted 

to the lowlands. The secondary nature of the woodland surrounding the 

North Gill Wood site at the time of peat initiation (vide supra Section 

IV.v) may indicate that some clearance took place even in the steep valleys. 

There is a notable difference between the initial expansion of math at the 

cID transition and the expansion associated with the Iron Age. The latter 

is accanpa.ni.ed by a marked rise in the pollen of the Gramineae I a feature 
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which has been associated in this area with increased grazing pressure. 

This serves to emphasise the expansion in population which must have taken 

place since the Bronze Age. From Iron Age times onwards man's interference 

with regeneration has been the principal f'actor involved in woodland 

decline. This has to a large extent masked the i.nf'luence of' edaphic and 

climatic deterioration. 

The influence of' Iron Age people on the decline of upland woodland 

can be seen at a l1lIIlber of' sites in dif'f'erent parts of Britain. On the 

west central pennines (Bartley, 1964) and in Derbyshire (Hicks, 1971) 

intensive clearance culminating in extensive removal of' forest started 

in the f'if'th century B.C.; somewhat earlier than in the Nid~Laver area. 

Moore and Ghater (1969) attributed extensive reduction and alteration in 

the woodland of' ~st-oentral Wales to the Iron Age pop.t1ation. Marked 

clearance also seems to have taken place during this period in scme of the 

valleys which dissect the North Yorkshire Moors (Miss M. Attherden, personal 

communication) • 

This intensive phase of activity on the uplands occurs at a time when 

the climate is known to have been deteriorating. In the bog stratigraphy 

a.t sites throughoot the British Isles there is evidence of an acceleration 

of peat growth between 800 and 500 B.C. On the Nidd-Laver interfluve there 

is clear evidence f'or increasing precipitation in subzone El' both fran 

the topogenous peat stratigraphy and from tie increase in the pollen of 

the Cyperaceae and Liliaceae (Narthecium typ3). It may be significant 

that in the Lake District, where the increase in precipitation was 

probably more marked than on tie eastern parts of the Pennines, no major 

Iron Age clearances have been identified in the uplands (pennington, 1970). 

In the Nidd.-Laver area this phase of upland land use contiwed 

through Roman times and into the Dark Ages, supporting the theory ot 

contiIllity of settlement in the Brigantian kingdom which has been proposed 



192. 

by Jores (1961). A slmilar phase of contiwous settlement through Iron 

Age and Romano-British times has been identified by Turrer and Roberts 

(1972) from sites in Weardale in the northern pennires. This is in 

contrast to the area around Blackstone Edge in the west centra.1 Pennines 

where there is evidence of' a decrease in agricultural activity just af'ter 

the Roman invasion. This sugge sts suppression or a f'oroed movement of 

the local population (Dr. D. D. Bartley, personal communication). 

In the Lake District a very marked phase of' human activity has been 

identified in the uplands starting towards the end of' tb3 second centur,y 

A.D. and involving both pastoralism and cereal cultivation (Pennington, 

1970). This corresponds with the latter part of subzone E1 in the Nidd

Laver area and was proba.b1y contemporareoos with the later periods of use 

of' Fortress Dike Camp. Pennington has attributed this phase to the British 

fanners; a nunber of native farmsteads have been identified in the Lake 

District and their occUpation has been associated with this period 

(Dr. W. Tutin fjenningtoil, personal communication). 

The eff'ects of' these fanners on the natural enviroment were markedly 

different in the Lake District and the east central Pennines. permamnt 

reduction in woodland and wideSpread soil erosion have been recorded in 

the Lake District (pennington, 1970), whereas on the Nidd-Laver interfluve 

during subzolt' E2 it has been established that birch scrub regemrated in 

some areas. This phase of regeneration has been correlated with the 

disturbed times of the Norse and Anglian invasions when grazing pressure 

on the uplands was probably reduced. It is extremely interesting that 

atter such a long period during which tree regeneration was suppressed 

woodland limits were able to readvance in some places. 

The regeneration is well illustrated by palyrx>logLca1 and place-name 

evidence at Fortress Dike Camp on the eastern flank of the interf'luve. 
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This site lies on the edge of a shallow natural ampitheatre with land 

rising to the north and ~st. It is possible that patches of ~eper soil 

may have survived in this hollow until subzone E 2, and that these were 

suitable for regeneration of Betula, a tree which is un~manding in its 

soil reCluirements. The investigations at Fortress Dike Camp showed clearly 

that during subzone E1 ~ath surrounded the site. However, there was only 

indirect evidence to suggest the existence of a burled mor layer (Appendix 

4) • A thin layer of raw humus probably would rot have prevented Betula 

seedlings from establishing. The sheltered nature of tl:e site and its 

southerly aspect must have provided a favourable environment for regener

ation. Subzone E2 coinci~d with a time when the climate was starting to 

improve slightly following tl:e main Sub-Atlantic ~terioration and this 

may also have help;:d the regeneration process. 

The vegetation changes which have been mted in zone F have all been 

correlated with documented historical events. There are close parallels 

between woodland history on the Nidd-Laver interfluve during this period 

and in ma.ny other parts of the country. Evidence for the wi~spread 

penetration of sheep farmers into upland Britain has been ~monstrated 

in pollen diagrams fran Wales (Turner, 1964; Moore and Chater, 1969), tho 

Lake District (Oldfield, 1963) and the northern Pennines (Tu:rner ani 

Roberts, 1972). It is interesting to note that in Weardale Turner and 

Roberts recorded evi~nce for 'WOoctl.and regeneration associated with tae 

period of the Black ~ath, similar to the phase that has been de scribed 

for Ni~rdale. 

perhaps the one factor which has had the greatest influence on the 

maintenance of the modern heath is burning. Firing of the moors to impr~ 

grazing has been practised regularly sinoe Medieval times. Burning is not 

only effeotive in preventing tree regeneration and encouraging D9W growth 

of Callum, it is responsible in plaoes for the removal of peat cover and 
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the consequent emergence and erosion of the sub-peat soils. It has been 

suggested in Section IV.vi. that peat erosion was initiated on the 

Nidderdale Moors in W.edieval times. Repeated burning has also resulted 

in the creation of an extremely acid, compact peat cover, with a high ash 

content. Should ruman pressure on the moors ever be reduced it is doubtful 

whether a sponta~ous regeneration of trees such as occurred in the Dark 

Ages could row take place. 

The productivity of the Nidd-Laver interfJ..uve is at present maintained 

by very careful management, but the balance is precarious. ACCidental, 

uncontrolled firing could result in the loss of the whole organic cover, 

and erosion muld inevitably follow leading to the creation of a sterile 

lamscape. From this study it seems probable that the reduction in wood

land on the Nidderdale Moors was im tially natural. However, man's 

activities have vastly accelerated this process, and in recent centuries 

management practices have deflected the succession and produced an 

inherently unstable environnent. 
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Field and laboratory techniques 
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(i) Collection of samples in the field 

The material for the pollen profiles of the flush peats and 

the deep topoge:rous peat from Fountains Earth was obtai~d by boring. 

A Russian peat sampler of the type described by Jowsey (1966) was 

used. This sampler produces a minimum of compression and defomation 

in the peat, and is easily clea~d. Cores at successive depths 1I8re 

removed alternately fran adjacent holes to avoid disturbance to the 

peat by the head of the borer and thereby contamination. The.50 an 

cores were lifted from the chamber, placed in labelled plastiC troughs 

("Marley" guttering) and wrapped in polythe~ sheet for transportation 

to the laboratory. 

At the thin peat sites and at Upper Skell Gill I momliths were 

cut; these were wrapped in polythene sheet, labelled, and transported 

to the laboratory. 

The mi~ral samples from the Skell Gill Wood soil pit, and from 

the buried horizons at Fortress Dili Camp were collected at measured 

intervals from a cleaned profile face. These samples were fastened 

into labelled polythene bags. 

Moss polsters for the surface pollen analyses were collected fran 

sampling points dl3tenn~d by random number tables or at predl3tem1ned 

intervals along transects, as described in Section II.ii.b. The polsters 

were enclosed in labelled polythe~ bags. 

Four of the samples for radiocarbon dating were obtaimd fraa mOD)

liths dug out of the peat. The wood which was dated from Upper S.ll 

Gill I was removed directly from the peat face; this had first been 

cleal1'd and cut back. The samples from the North Gill Wood site 1I8re 

obtau.d by boring. 
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(ii) MacrosCOpic ana.lYsis of peat 

Peat samples about o:re centimetre deep were cut from the cores 

and moooliths. The sampling interval depended on the degree of hwnifi

cation of the peat. The samples were digested in concentrated nitric 

acid for t~ hours; this was then diluted with distilled water and the 

sample s were left a further 24 hours. The fi:re material was then washed 

away using a 60 mesh copper sieve. The coarse fraction was retain!td and 

placed in a large white dish, and the macro-remains were then identified 

with the aid of a Wild M4A stereo-microscope. 

(iii) Preparation of samples for pOllen analysis 

Peat samples of about one cubic centimetre were removed fran the 

inner part of the core or monolith to avoid aIV risk of contamination. 

Samples were taken initially at wide intervals, the size of these beiDg 

dBtennired by the degree of humification of the peat. This was followd 

by closer sampling where neoessazy. 

Removal of blmic acids. The sample was plaoed in a small conical 

:flask and covered with about 20 m1 of 10% sodium hydroxide. It &s 

heated gently for about an hour and stirred at intervals nth a glass 

rod until completely broken down. The sample was then washed through 

72 mesh IVlon sieving cloth and the filtrate collected in a 50 ml centri

fuge tube. This was then centrlfuged, decanted and washltd in distilled 

.ter. The washing was repeated until the supernatant was clear. 

Removal of mireral material. (For soil samples ani peat samples 

with a high mineral content). The sediment was transferred to a mCDl 

orucible which was placed on a hot plate in a fUme cupboard. The 
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crucible was two-thirds filled with 4010 hydrofluoric acid and boiled 

gently for a few mirutes while the contents were stirred with a poly

thene spatula. The mixture was then poured into a polythene centrifuge 

tube containing 10 m1 of 7% hydrochloric acid and centrifuged. The 

sediment was heated with 20 m1 7% lwdrochloric acid in a boiling water 

bath. The sample was then centrifuged, the supernatant ~oanted and. 

the sample washed with distilled water. 

Removal of cellulose. Tl:e modified form of Erdtman' s acetolysis, 

outlined by Faegri and Iversen (1964) was adopted, but after some 

initial. eJlPerimentation it was decided that this treatmnt was uDn'oessary 

for the samples in this stuqy. 

Mounting. A few drops of 10% sodium hydroxide and safranin stain 

were added to the final distilled water wash. Tl:e supermtant was 

poured off and the centrifuge tube was inverted over :f'il. ter paper and 

left to drain. Sufficient glycerine jelly, staiD'd with sa:f'ranin, was 

added to disperse tl:e sediment. T'WO or more slides were prepared for 

each sample. A WiJ.d M.20 miCroscope with magnifications of x 400 and 

x 1000 (ou immersion) was used for counting. 

The above procedures are based on those ~scribed by R. T. Smith 

(1966) and West (1968). 

preparation of the moss pOlster surface samples was essentially 

similar to the method used for soU and peat samples. The whole pOlster 

was placed in a conioal flask and immersed in 10% sodium qydroxide; 

this was heated gently for about half an hour and shaken frequently 

during this time. Sieving, washing and mwnting was carried out as 

~soribed above. 



APPENDIX 2 

problems in the analysis of samples fran 

thin. highly humified peats 
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In some o:f the samples the pollen grains were di:f:ficuJ. t to 

count due to the presence o:f a high proportion o:f charcoal. in the 

thin peats :from the interfluve. Tallis (1964) encountered a slmilar 

problem in tm analysis o:f sample s :from southern Pennim blanket 

peats. No satis:facto~ method :for the removal o:f charcOal was :found. 

Charcoal absorbs safranin, and there:fore in these samples considerably 

more stain than usual had to be applied to ensure correct staining of 

the pollen grains. 

Counting was also di:f:firuJ. t :for peat samples rich in ferric iron. 

Oertain profiles contaimd reddened peat, indicating that iron bad 

been deposited :fran water seeping into the surface layer (vi~ supra 

Section I.ii.c.) In such cases a red-brown iron precipitate often 

obscured the pollen grains on the slide. In addition, the preservation 

o:f grains in these iron-rich peats was poor. It is possible that ferric 

iron could act as an oxygen donator :for bacteria in the peat ani there

fore ~composition o:f pollen grains would be accelerated due to bacter:ial 

action (Dr. R. T. Smith, personal communication). In the laboratory a 

pOllen-rich sediment was immersed in a solution of iron salts and let't 

:for a period of twelve weeks. After this time very little pollen was 

recovered. In some cases (particularly at the Iron Well Hill site) 

samples with a high iron content had to be discarded. 



The radiocarbon dates 



199. 

The peat for radiocarbon dating was sliced from the cores or 

monoliths and the material frcm the outside of each sample was care-

fully removed to mimmise contamination. The samples were dried in 

an oven at 600C until they reached constant weight (about three da.Ys). 

They were then weighed, enclosed in double polythell' bags and labelled. 

A minimum of 2 gm of carbon was required for the assay, and therefore 

to ensure adeq..tate material over 20 gm of the sample was sent to the 

radiocarbon dating laboratory. In the case of the wood remains fran 

Upper Skell Gill I, about 80 gm dry weight was sent. The assays were 

carried out by professor K. Kigoshi at tl-},e Gakushuin University, ToQ'o. 

Code No. ~ A~ B.P. 
Cars before 1950) 

Ga k - 2932 Upper Ske11 Gill I. Wood 2290 ± 100 

Ga k- 2933 Upper Ske11 Gill I. Base 3700 ! 110 

Ga k- 2934- Skell Moor 3880 '! 100 

Ga k - :1>70 HaIIi>leton Dike 2200 :!: 80 

Ga k- :1>71 North Gill Wood. 90 an 480 ! 80 

Ga k- :1>72 North Gill Wood. 140 em 530 :!: 80 

Ga k- :1>73 North Gill Wood. Base 1050:!: 90 

Ga k - 3851 Fortress Dike Camp 1320 :!: 90 

The calculation of ages is based on the Libby half life of cl4 , 

5570 years. Tbs:!: errors quoted are the years corresponding to the 

standard deviation, calculated frcm the statistical errors in the beta 

rays counting. 

The se dates are quoted throughout this thesis as years B.C. or A.D. , 

am have been converted without a.rry corrections for variations in the 
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0 14;012 ratio. Recent work by Suess (1970) has established a 

calibration for the radiocarbon time-scale using dendrochro:oo1ogically 

dated wood samples from the brist1eco:re pine (Pims aristata). This 

shows an increasing divergeooe between tree-ring dates and. radiocarbon 

dates earlier than 2000 B.P. Conventional radiocarbon ages are 

calculated with the assumption that the 014 content of the atmospheric 

carbon dioxide has remained constant during Pleistocene and recent 

times. The bristleoo:r:e pine oa1ibration curve has the effect of plshing 

back conventional radiOCarbon dates earlier than 2000 B.P. by iooreasing 

amounts for progressively older sa~les. However, all the radiocarbon 

dates obtained by other workers and quoted in this thesis are in con

ventional radiocarbon years. Therefore the chronology established 

should be internally consistent. The oorre1ations which have been drawn 

between some of the radiocarbon dates and documented events since the 

Roman period are valid; these fall wi thin the period 0 - 2000 B.P. wMre 

the divergence between conventional radiocarbon dates and tree-ring 

dates is at a minimum. 

The samples whioh have been dated frc:m the 81=11 Moor II, Hambleton 

Dike and Fortress Dike Camp sites were obtained fran between 30 and 40 an 

below the present peat surface. Despite this there was no visible evidence 

of aI\Y peD'tration by modern roots into the samples and therefore tb!t 

material was thought to be acceptable for dating purposes. It is inter

esting to note that Olsson (1972) has recently presented evidence to 

show that contamination by very small amounts of younger material has very 

1i tt1e effect on the resultant radiocarbon date. If modern rootlets had 

penetrated aI\Y of the peat samples concerned the relative contamination 

would be very small compared with the bulk of the sample. Olsson suggests 



that where the age differe~ between contaminant and sample is in 

the region of' 2800 years the error in dating i'or a 2% contamination 

is less than 100 years, though the errors become somewhat greater in 

older samples. 
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Abstract 

An earthwork of Romano-British affinity is described ~ 

the West Riding of Yorkshire. Pollen analyses have been 

carried out in order to identity vegetation and land use 

changes occurring both before and atter construction of the 

earthwork. Soil analyses have permitted an explanation of 

stratification within the inner mound, of ancient buried soil 

characteristics and ot subsequent soil evolution in the area. 

Treated together wi th the remaining structures a possible 

!unction tor the site is discussed within the context of an 

upland area. Evidence so far assembled sugges1:8 that use of 

the earthwork continued until the Anglian Period. 

This has been an exercise in the coordinated use ot 

scientifically-derived information and some explanation 

appropriate to technique has therefore been included. Precise 

records for one site ~ appear trivial in themselves but the 

authors are of the opinion that the Dark Age data presented here 

should lead to a re-appraisal of the role of ma.ny similar upland 

sites and their impact on the evolution ot vegetation cover and 

soils. 
A prelimiJl8l"7 report on this excavation vas circulated in 

November 1971. 
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ECOLOGICAL INVESTIGATIONS AT A BBITISH CAMP IN THE YORKSHIRE PENNINES 

1. Introduction 

Fortress Dike Camp is sited on the gently sloping eastern margins of 

Carle Moor, (S.E. 179732) at an altitude of 259 metres, 4.8 kms. west of 

the village of Laverton in the West Riding of Yorkshire. The site lies 

within heather moorland, at the side of a stream known as Fortress Dike, 

with the upward limit of improved pasture some 300 metres from the earth

work. (Fig.l). 
The investigations at this earthwork were undertaken as part'of a 

project concerned with post-glacial vegetation and soil ch~ges on the moors 

east of Nidderdale.* It was considered that an examination of this site 

and the analysis of soils and peat associated with it, might reveal 

information about its age, the nature of activities associated with its 

construction, and the course of vegetation and soil development in the 

immediate vicinity. 
The earthwork. is sub-rectangular enclosing an area of about three 

quarters of a hectare, or just over one and a half acr.es (Fig.2). It is 

surrounded on three sides by an inner and outer bank with an intervening 

ditch. The maximum height of the banks above the ditch level (in the south 

west corner) is 2.5 metres. The southern margin of the enclosure is 

markedly convex and where structures are still visible the cornerS.are seen 

to be curved. On the fourth side no ditch is visible and only a slight 

break of slope testifies to the former existence of a ba.nk. On the western 

margin there are two distinct breaks in the rampart; a stream passes through . 

the larger of these and nows east, parallel with the northern rampart. 

This gap is also utilized by a track which crosses the enclosure ~dpasses 

through the southern rampart at which point there is what appears to be an 

original entrance suggested by the inturned banks. Traces of a low mound 

30 metres long can be detected within the enclosure parallel to the 

northern margin, and traces of a circular structure (conceival:!ly a hut 

foundation) adjacent to the inner mound are visible in the north-east 
~ . , 

corner of the enclosure. Similar types of enclosure :&re notinfrequ~~ on 

the Pennines but little ,attention has been paid tq tn~ir age ~d functip~. 

They have be~n generally supposed to be associated with agricul:tural" 

activities (Wood, 1963). 

• Mrs. Tinsley, one of the present investigators, is DOW at the Department 

of Geography, University of Keele. 
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2. Construction and stratisrap~ 

The inner bank, the ditch, and part of the outer bank were excavated 

along the line B - C in Fig.2. This revealed that the banks were formed 

from clay subsoil, almost certainly excavated from the ditch. At this 

section gritstone boulders, which are abundant on the moor, were aligned 

along th~ axis of the inner mound. A lens of upcast material (Fie.3) 

could be clearly recognised. It was 50 ems. deep at the axis of the mound 

and consi'sted of heaVy clay with frequent lUJttps of ganister. This over-

lay a discontinuous, apparently truncated, grey horizon of leached sand 

with a maximum depth of about 15 cms. An isolated pocket of brown earthy 

material, 2 cms. thick, lay on top of this leached horizon near the centre 

of the mound. The grey sand was interpreted in the field as the buried 

eluvial horizon of an original shallow podzolic soil, on whiCh the mound 

had been constructed. Below this a 15 em. deep, rusty coloured, horizon 

of iron accumulation' was evident, becoming grey (gleyed) in the vicinity 

of the ditch. There was a comparatively sharp junction between this 

horizon and the heavy clay SUbsoil, the latter contained grey and orange 

mottles, formed as a result of fluctuations in' ground water level. 

A thin. l~erof peat averaging 20 cms. in depth covered the surface 

of the mounds and the enclosure, while in the ditch, peat had accumulated 

to a depth of 37 cms. at the point of excavation. The mineral content 

increased towards the base 01' the ditch peat and So lens of clay separated 

off a loWer peat horizon; 5 cms. deep. This clay band formed the lateral 

continuation of a slope-washdeposit which mantled the side of the bank 

above the ditch. 

3. Pollen 'Analysis 

A monolith of Peat was removed from the ditch infilling and taken to 

the laborator,y for analysls. Consecutive 5 em. samples of mineral 

material from the moun~'were collected for'analysis along the iine A - Al in 

1I'ig. 3. The peat suiples were prepared according to standard techniques 

by digesting in' 10% sOdi\mhydroxide, sieving, centrifuging and staining 

with aatz"ahin, (Faegri '8.Ild i,;ersen, 1964) Smith, 1966). Samples of soil 

were bOil~;in' hydrotluoHc acid t~ dissolve mineral particles. Five

hundred grait. of-'all Polten'types excluding spores were counted for' each 

8ample except tor certain ot the soil horizons where pollen was very 

8caree, but no counts are based on less than 300 grains. The results 

are ~,;ln:l':i.&Ur'ea4 iliDd 5 
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For correlative purposes two mineral samples were analysed from points 

w and X in Fig, 3, An organic lens 9 identified beneath a clS¥ horizon at 

the base of the ditch monolith 9 was exposed at'two other sites on the earth

work margin 9 (Y and Z, Fig,2) and material from these exposures was' also 

analysed. The results of these analyses are shown in Table 19 which ' 

includes, for comparison, data from selected horizons of the pollen diagrams, 

Interpretation of the pallen records 

In the pollen diagram for the soil section (Fig.4) the pollen spectra 

of the three s~~ples between 55 and 40 cms. (the rusty and bleached 

layers), suggest a partially cleared woodland environment, Alnus (alder) 

and Betula (birch) are present 9 Corylus (hazel) is important and the 

Gramineae (grasses) are well represented. The relatively high pollen 

percentages of Plantago lanceolata (ribwort plantain) and certain other 

weeds including the Caryophyllaceae (stitchwort) Succisa (scabious) tyPe 

and Ranunculus (buttercup) suggest human interference in this woodland. A 

high percentage of fern spores in these lower horizons is prooably not 

eCOlogically significant and may reflect preferential decay of other pOllen 

typ~s (e.g. Pennington, 1965; Smith, 1970). The sample's of partially 

bleached material from 30 - 40 ems, show a reduction in arboreal pollen to 

negligible amounts; pollen of the Ericaceae (heaths) increases dramatic81ly 

and PlantagO lanceolata is well represented, No pollen was recovered from 

the lower part of the horizon interpreted as mound capping (Fig.3),and 
therefore there isa break in the pollen record above 30 ems,' The'top 

15 cms. of the mound capping have a uniform pollen spectrum with large' 

quantities of Betula pollen, Corylus and the Gramineae are also well 

represented. This suggests a birch woodland with an open canopy~ The 

pollen of Plantago lanceolata and other weeds is reduced in comparison" wi til 
the lower horizons, 'but pollen of the Ericaceae increases in importance in 

the top sample. 
I 

The pollen diagram for the ditch monolith is illustrated in ~g.5. ' 
The spectrum from the basal peat lens indicates an open environment, the' 

pollen of the Grwneae and the Ericaeeae are important, with arbdreai . "-

pollen less than lO%'of the total. Plantago lanceolata is well represented 

and the pollen of other weeds such as Taraxacum (dandelion). RanuricUltis" t 

',' 

and the Rubiaceae (bedstraw) also occurs. This horizon~ wliich also' ,->--' 

contains cereal poilen, has been' r~i<>carboridated to 63) :!: ~o A~D. 
A clq hori~on Bepuates the basal peat len's fro~ tlie~in pett 

.' , I ~ . , 
, , 

accummulatioo above. ,In this clay and the o-verl,.ill6' peat ,"la:rborial 
! ";, . .; : . ~ 

pollen increases, and at 36 cm. Betula pollen 'reaches ::8: rnaXiDl~'o'f ~:' 
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total pollen and fragments of birch bark and wood are present. Corylus is 

also well represented and grains of Ilex __ aquifolium (holly) are common. The 

pollen of the Gramineae and Ericaceae is reuuced and the weed component becomes 

insignificant. At 32 ems., Betula and Corylus pollen begins to decline and 

that of the Ericaceae increases dramatically. From 25 ems. to the surface 

of the peat, arboreal pollen remains below 12% of total pollen and the 

Ericaceae maintain their importance. In the upper horizons spores of 

Pteridium aquilinum (bracken) occur in large numbers. 

4. Soil Analysis 

A continuous vertical series of samples was collected from the mound 

section along A - Al. These were oven-dried, crushed and then ignited in 

a furr.ace at 4500 C, the results being displayed in Fig.6. Larger samples 

were extracted from the four distinct horizons in the mound together with two 

from material which appearedto have been washed from the original mound. 

These six samples were subjected to a particle size determination by a 

combined pipette and dry sieving method (Piper, 1947). Oven-dried samples 

were lightly crushed and passed through a 2mm sieve. 50g portions vere 

treated with hydrogen peroxide and then dispersed with sodium hexametaphosphate 

before starting the sedimentation. 

and 8. 

Interpretation of soil data 

The results are presented in Figures 7 

In cases where soil is affected by gleying or organic staining -

especially when such features affect limited portions of soil profiles - it 

becomes hazardous to estimate the genetic soil type from field inspection 

alone. Furthermore buried soil materials should not necessarily be 

expected to remain in their pristine state for many centuries save under the 

most favourable circumstances. With this in mind the ignition sequence shows 

that the buried bleached (and somewh~t gleyed) layer was almost certainly the 

eluvial horizon of a podzol. The fact that subsequent podzolization of 

mound capping is barely perceptible may be a function of time, yet could be 

dependent on the previous enrichment of this material ~n iron oxides and cl~. 

It seems likely that the near absence of raw humus above the buried 

podzol, together with obvious truncation of this soil, indicates some 

disturbance of the old ground surface prior to mound construction. This 

could easily have been associated with the location of heavy boulders. In 

view of the water-table height beneath the mound it is thought that the 

former was raised thr~ugh mound construction and has nov caused excessive 

iron-enrichment of the buried illuvial horizon. 
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TABLE 1 CORRELATIVE POLLEN RECORDS FROM ISOLATED SAMPLES 

r-'---' -~~~~:DI SOIL ~~~D SO;~-'--~'BASAL PEAT LENS 

It W .40-45 cm X 30-35 cm y. Z IDNOLITH 
~-.-.----.-- -t------.-~--.-- .- .- ... ------r.--. -t-..... ~------
Alnus 6.3 3.2 + 1.8 1.61 3.1 3.6 

Betula 9.0 9.6 6.2 4.3 4.2 10.3 1.8 
.- ._-- --.--t--- - 1--.-.. _- .... ~-. --.- .. - r-" ---... _ .. - -.----

Quercus 3.6 
t--.- ..... -. - --- .-.-.. -. 

Corylus 26.5 
~ ....... - .. 

Ilex 1.0 

1.9 + + 2.2 2.0 + 

33.2 9.2 1.0 

2.5 

8.0 
~- --

+ 

6.8 5.2 

+ 
t-------+-- --- -.-~.---_i_--+_.- .. ----.-.. t-----r----t-- ----1 

Gramineae 28.4 26.5 5.3 3.3 46.6 45.1 42.6 
fo-- -.- _._. -- - -- ~ - ---. - ~ .• ,. .--. r- .. --- .-.. 1--' • - -- _. ---.- . -I-' ... -.-. ---

Ericaceae 2.7 11.5 73.7 85.9 19.0 15.8 
- .. - ... ----.-.-~- -.-.. - -'- ...... r--'-

PlantaBo 5.6 5.4 + 1.8 5.4 4.6 2.4 
lanceo1ata 
~-----------4-------~------;-----~-------r---~----~"----~ 
Taraxacum type + 2.4 1.8 1.2 .- -- ... - ---.-....... - .. - . __ ._ ... _- .. - ._ .. - - -- - -- ... _._---... . 

Rumex 
acetose11a type 

Rub iac eae 

+ 1.3 
t------ - -- - -t--

1.6 

+ 

+ 
to--- . --... -. I-- -. --- -. .. t-.......... -...• - "-'- -- ---~-- -- ------

Ranunculus + 4 .1 + 1.4 1.0 + ,......._-_ .. _. - . __ .- ---..._ ... -_ .. _. --.. __ ..... ------ .. ~.--
--. 1--- 1------ -.----~-

Caryophyl1aceae + + + + + 
~.-- .•..... ----- ---_._-- -.. --. ----... ~ ...... -_ .... - --- .- .. -.-~-----

+ 

31.9 1.0 6.0 

+ 
. - . ~---.-. '-"--'-'''' 

3.0 + + 

4.6 7.6 60.6 

~::~:~~-~~ t ~-~ ~ .. -~ ..• ~~-
Filicale~ . 26.2 
Dryopterls type! 

_._-_._--- - .. - -- -- .---- .. _ .. --- ._- - .'- .. r--.-+--'------

+ 
, 
L:Olypodi um 111.3 16.9 + 3.9 + + 

Data are percentages of total pollen with + representing values less than 1% 
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In Figure 7, curve 1 represents mound capping and curve 4 the clay 

subsoil, while curves 2 and 3 represent respectively the buried eluvial and 

iron-rich illuvial horizons. The almost identical paths followed by the 

former support the initial assumption that the capping comprises subsoil 

from the vicinity of the present ditch. In addition, curves 2, 3 and 4 
form a pedogenic gradient illustrating the former movement of clay from the 

eluvial horizon. In the absence of an obvious buried humus layer this 

evidence reinforces the case for the buried soil beyond doubt. Furthermore, 

wilen the sample from the eluvial horizon was ignited the loss in weight 

was considerably greater than for the adjacent layers. ~lhen treated with 

peroxide, sulphurous gases were evolved indicating a concentration of 

sulphides in the sample. Although fragmentation of the buried eluvial 

horizon suggests interference, it is equally clear that anaerobic decomposition 

of an original humus could have led to the observed presence of sulphides. 

Curves 5 and 6 (in FigureS) are somewhat similar, both representing a 

coarser over-all texture than the mound capping. While undoubtedly derived 

from the mound it is'likely that the cl~ component has more readily washed 

into the ditch. Curve 4 material is O.5m nearer the ditch axis, but while 

it has a slightly higher clay content it is unfortunately not clear whether 

this is a depositional feature or developed through gleying. In view of 

the limits of accuracy of the technique, such small variation must be 

regarded as barely significant. The relatively smooth form of the latter 

two curves is similar to those which have previously been interpreted by 

Cornwall (1953, 1958) as evidence of mixing, characteristic of flood loams 

and wash deposits. Complete smoothing would be the exception, and in this 

instance the local Millstone Grit provides a high proportion of medium sand 

grade as shown by 'the inflection on the cumulative curve. 

5. Discussion 

The earliest pollen record, in the lower horizons of the buried soil, 

indicates partially cleared woodland (Fig. 4 and sample H, Table 1) • At thi s 

stage, before the earthwork was built, it appears that the surrounding area 

was already beinG used by man. High percentages of weed pollen, particularly 

of Plantago lanceolata, suggest pastoral activity. However the pollen of 

cereals and other indicators of cultivation are absent. 

Today, podzolic soils in the immediate vicinity of the earthwork have 

eluvial horizons which are on average 30 cm. deep. It appears that up to 

the time when the earthwork Was built a shallow podzol had evolved, with an 

eluvial horizon about 15 em. deep. The pocket of dark earthy material from 
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which sample X was extracted, appears to be all that remains of the buried 

surface layer of raw humus norwally associated with podzols. The pollen 

record from this sample 1S similar to that in the srunple from 40 - 30 ems. 

in the soil section and is significantly dominated by the Ericaceae. The 

change from open woodland to heath implies a deterioration in the edaphic 

environment which could be attributable to man's activities as pastoralist. 

Similar sequences of change have been observed at archaeological sites in the 

North York Moors where Bronze Age activities appear to have been responsible 

(Dimbleby,1962). It was after the initial expansion of this heath that the 

earthwork was constructed, presumably during a period of increased pressure 

on land. The form of the earthwork with its inner and outer banks, its sub

rectangular shape and surviving inturned entrance suggests its construction 

during the late Iron Age or Romano-British period (Hartley, 1972 - private 

communication). An Iron Age date has been postulated for an enclosure 

similar to Fortress Dike Camp, on Roomer Common near the river Ure 

(G.R. SE 22527883), eight kilometres north-east of this site (Ordnance Survey 

Index,1962). Defensive structures at Cast Hills, Laverton, three kilometres 

from Fortress Dike Camp are also thought to have Iron Age affinities (Ordnance 

Survey Index, 1963 - and see Fig.l). 

The pollen spectrum from the basal organic lens in the ditch (Samples Y 

and Z, and the basal monolith sample) postdates the construction of the 

earthwork. The spectrum is characterised by high frequencies of the pollen 

of Plantago lanceolata and other weeds generally regarded as indicators of 

pastoral land use. The reduced pollen values for the Ericaceae, high 

Gramineae values and the occurrence of charcoal fragments in these samples 

may indicate that periodic efforts were made to control the heath by setting 

it on fire. Furthermore, the presence of cereal pollen indicates that there 

was certainly cultivation nearby. Cereals, with the exception of rye, are 

self-pollinated and liberate only small quantities of pollen so that 3% cereal 

pollen in sample Y should be regarded as highly significant. 

The basal organic lens is very thin and the record for this agricultural 

phase finishes abruptly at the level where the peat lens is overlain by clay. 

The date of 630 AD. for th7 agricultural phase probably then indicates the 

most recent period of intensive use of the site. It is conceivable that 

deposits associated with earlier occupations were destroyed by periodic 

clearing out of the ditches and it is indeed remarkable that evidence for this 

is lacking. 

The isolated position of the earthwork and the lack of any obvious hut 

structures or artifacts suggest that it could have functioned as an animal 
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pound, although it is fair to say that timber or turf huts could effectively 

disappear after more than a thousand years: The stream which passes through 

the enclosure (Fig.2) and which appears from field examination to have existed 

before the earthwork's construction may conceivably have played a role in 

relation to the animal hypothesis. If this interpretation is sustained, the 

enclosure may have been used for the protection of stock during times of stress 

from the late Iron Age until the seventh century A.D. The termination of 

the most recent phase around A.D. 630 happens to correspond to the period of 

the Anglian invasion of Yorkshire, which must have resulted in considerable 

disruption to rural life. According to Jones (1961), Bede described how 

in A.D. 603 Ethelfrid of l'iorthumbria "overran a ereater area than any other 

Kings or chiefs, exterminating or enslaving the (British) inhabitants, ext()rtinp.; 

tribute and annexing their lands for the English;'. 

The pollen assemblage in the clay and peat which overlies the organic 

lens indicates that regeneration of birch woodland took place around Fortress 

Dike Camp following its presumed abandonment. The pollen of Plantago 

lanceolata and other weeds is greatly reduced in this phase and the cereal 

record ceases. This regeneration of woodland is unusual as it represents 

a temporary reversal of the trend towards reduction of trees and establishment 

of heath. This may perhaps be a function of the marginal-upland location of 

this archeological site, as at all other sites studied on these moors the 

initial expansion of heath is observed to continue practically unchecked to 

the present. 

It is interesting to note that this woodland regeneration on Carle Moor 

and surrounding areas is reflected by some Anglian and Norse place-names. 

The Anglian name 'Shaws', a woodland, occurs on Carle Moor between 260 and 

320 metres elevation. The same element suggests that trees once grew in 

Ellershaw Gill, draining Stock Beck moor and lying to the north of Carle Moor. 

The element 'stock', a stump, is indicative of woodland clearance during 

Anglian times. On the same stretch of moorland the Norse element 'with l
, 

a wood, occurs in Sandwith Hham and Bagwith Brae; the Norse element 'carr', 

wet land overgrown with brushwood, also occurs on Stock Beck moor at How Carr. 

The pollen record from the ditch peat suggests that at some time following 

the Norse and Anglian period .heath was re-established around the site of 

Fortress Dike Camp and a thin, highly humified peat cover began to develop 

over all the structures. 
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6. Conclusions 

The earthwork described in this paper appears to date from the Iron Age 

or Romano-British period but was utilised sporadically into the Dark Ages. 

The variation in intensity of land use around Fortress Dike Camp had important 

effects On the surrounding vegetation. In addition, differentiation of 

soil horizons has certainly intensified with time leading to clay accumulation 

at depth and perhaps to enhanced surface peat development even though the 

surrounding land may at one time have been desirable for arable farming. 

It is clear however, that the abandonment of the site and the final 

establishment of heath were separated by a distinctive interval of time. 
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Appendix 5 

Pollen Sample Sizes 



211. 

Foun tains Earth 

. Depth em. .Sample size. Depth em .Sample size Depth em Sample size. 

0 504 145 500 285 500 
5 785 150 504 290 502 

10 656 155 607 295 507 
15 585 160 510 300 509 
20 1014 165 507 302.5 505 
25 1075 170 500 305 501 
30 641 175 507 307.5 518 
35 751 180 499 310 508 
40 664- 185 559 315 792 
45 528 190 564 320 499 
50 517 192.5 560 325 501 
55 921 195 504 330 514 
60 854 197.5 500 335 503 
62.5 505 200 555 337.5 500 
65 1001 202.5 521 340 509 
67.5 507 205 511 342.5 523 
70 506 210 501 345 525 
72.5 556 215 236 347.5 311 
75 827 217.5 500 350 500 
77.5 510 220 500 352.5 504 
80 1182 222.5 504 355 500 
85 503 225 173 360 540 
90 964 230 512 365 539 
95 700 235 567 370 526 

100 525 240 500 375 509 
105 513 245 500 380 560 
110 520 250 509 385 500 
112.5 500 252.5 505 390 575 
115 522 255 554 395 527 
117.5 514 257.5 525 400 503 
120 500 260 584 405 500 
122.5 511 262.5 522 408 500 
125 671 265 539 4J.O 500 
127.5 526 267.5 510 4J.3 500 
130 217 270 521 420 500 
135 562 275 501 
140 501 280 513 



-~--.-=--= 

212. 

Iron Viell Hill Skell Moor I 

Depth an Sample size Iepth em Sample size 

8 412 0 500 
28 492 2.5 502 
38 564 5 565 
58 322 7.5 503 
73 356 10 501 

103 372 12.5 500 
118 498 15 505 
138 412 17.5 521 

20 507 
22.5 408 
25 405 
27.5 500 
30 463 

Ske11 Moor II Hambleton Hill 

Depth em Sample size Depth an Sample size 

1 1046 1 1~ 
2 1002 2 2213 
3 1029 3 2662 
4 1692 4 2486 
5 1127 5 3218 
6 1159 6 2333 
7 1093 7 3748 
8 1094 8 1500 
9 1221 9 1546 

10 1315 10 2389 
11 1336 11 1591 
12 1~6 12 1761 
13 1586 13 3040 
14 1717 14 1359 
15 1250 15 500 
16 1375 16 571 
17 1699 18 705 
18 1982 19 297 
19 700 20 626 
20 782 21 250 
2J. 784 



213. 

Hambleton Dike 

Dlpth an Sampl e si ze Depth em Sample size 

2 1147 42 545 
4.5 1030 44.5 544-
7 1032 47 523 
9.5 1782 48.5 522 

12 909 49.5 .500 
14.5 1071 51 504 
17 839 52 509 
18.5 .500 53.5 500 
19.5 500 54.5 540 
21 528 56 500 
22 501 57 506 
24.5 532 58.5 521 
27 608 59.5 514 
28.5 506 61 500 
29.5 523 62 632 
31 500 64.5 520 
32 537 67 506 
33.5 500 69.5 569 
34.5 563 72 529 
:f; 512 74.5 574 
37 529 77 514 
39.5 512 



214. 

Upper Skell Gill I Upper Skell Gill II 

.J);pth em Sample size Depth an Sample size 

0 500 2.5 406 
5 500 5 458 

10 530 7.5 455 
15 500 10 510 
20 500 12.5 464 
25 530 15 508 
50 500 17.5 500 
35 500 20 565 
40 520 22.5 4J.6 
45 510 25 504 
50 500 27.5 566 
55 500 30 575 
60 500 32.5 502 
65 530 35 579 
70 510 37.5 596 
75 500 40 504 
80 500 42.5 521 
85 500 45 517 
90 524 47.5 521 
95 510 50 512 

100 500 52.5 525 
105 510 55 523 
110 500 57.5 538 
115 500 60 558 
120 510 62.5 500 
125 500 65 565 
130 517 67.5 517 
135 500 70 500 
138 521 72.5 516 
140 500 75 503 

77.5 514 
80 526 
82.5 520 
85 502 
87.5 512 
90 527 
92.5 501 
95 536 
97.5 502 



215. 

North Gill V,'ood 

Depth an Sample size Depth em Sample size 

0 513 122 510 
2 .500 127 524 
7 515 132 518 

12 520 134.5 503 
17 507 137 544 
22 506 139.5 .501 
27 501 142 512 
32 560 145.5 503 
37 526 147 518 
42 .504 149.5 564 
47 490 152 694 
52 673 157 449 
57 506 159.5 .501 
62 713 162 569 
67 500 164.5 526 
72 52l 167 515 
77 692 169.5 515 
82 594 172 500 
87 500 177 718 
92 794 182 528 
97 490 187 516 

102 793 192 566 
112 566 197 4~ 
117 810 



216. 

Skell Gill ,iood peat Hambleton Flush 

Depth em Sample si?Ja Depth em Sample size 

8 520 0 500 
11 542 5 613 
13 500 10 514 
17 552 12. 5 554 
19 500 15 500 
22 505 17.5 523 
25 500 20 500 
27 509 22.5 561 
30 500 25 502 
32 500 27.5 500 
37 500 30 500 
39 500 35 .503 
43 508 40 508 
47 500 45 500 
50 571 50 505 
52.5 520 55 501 
55 511 60 500 
57.5 540 65 504 
60 512 67.5 507 
62.5 527 70 500 
65 500 71 500 
67.5 505 72.5 489 
70 513 75 500 
72.5 510 80 520 
75 517 85 523 
77.5 526 90 501 
80 534- 95 500 

99 486 



217. 

~ke 11 Gill.{ood Soil l<'ortress Dike Camp 

(i) Diteh Peat 
Depth em Sample size 

Depth em Sample size 
0 507 
2.5 500 
5 530 0 500 

10 509 4 403 
15 .500 9 506 
aJ 501 11.5 561 
25 500 14 663 
30 401 16.5 .502 

17.5 500 
19 526 

Fortress Dike Ca!!f2 20 503 
21.5 517 

(ii) Mound 22.5 509 
24- 515 
25 556 

Depth em Sampl e si ze 26.5 518 
27.5 573 
29 514 

0 542 30 543 
5 509 31.5 593 

10 501 32.5 589 
30 300 34- 508 
35 427 36 512 
40 431 37.5 500 
45 281 38.5 519 
50 419 41 507 



218. 

Random Surface Samples Random Surface Samples 

WoodLand Moorland 

Sample No. Sample size Sample No. Sample size 

1 515 1 511 
2 500 2 560 
3 501 3 510 
4 500 4 500 
5 500 5 505 
6 504 6 500 
7 563 7 518 
8 500 8 502 
9 561 9 494 

10 513 10 504-
11 520 11 529 
12 500 12 500 
13 511 13 480 
14- 501 14- 507 
15 518 15 500 
16 .502 16 504 
17 547 17 455 
18 501 18 500 
19 500 19 500 
20 508 20 502 
21 500 21 503 
22 500 22 500 

23 500 
24 5;Q 
25 528 
26 532 
27 598 
28 580 
29 532 
30 615 
31 552 
32 528 



219. 

Surf'ace Transect A Surf'ace Transect C 

Sample no. Sample size Simple no. Sample sire 

1 515 1 520 
2 503 2 508 
3 500 3 509 
4 500 4 500 
5 505 5 500 
6 510 6 500 
7 414 7 500 
8 501 8 510 
9 517 9 486 

10 557 10 500 
11 501. 11 500 
12 500 12 508 
13 508 13 407 
14 503 lJ+ 500 
15 312 15 545 
16 505 16 403 
17 501 17 505 
18 500 18 500 
19 500 19 431 
20 504 20 500 
21 535 21 502 
22 510 22 500 
23 547 23 501 
24- 528 24- 489 
25 552 25 502 
26 528 26 485 
27 530 27 499 
28 532 28 520 
29 598 29 560 
30 527 30 500 
31 516 
32 528 
33 552 
34- 615 
35 528 
:f:> 513 



Surface l'ransect B 

Sample no. Sample size 

1 503 
2 576 
3 574 
4 568 
5 7ryJ 
6 597 
7 562 
8 552 
9 574 

10 555 
11 528 
12 544 
13 547 
14- 500 
15 500 

Rams1ey Moor Surface Samples 

Sample no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Sample size 

558 
528 
ryJO 
519 
583 
500 
533 
518 
515 
512 
510 

220. 

Surface Transect D 

Sample no. Sample size 

1 450 
2 482 
3 492 
4 530 
5 521 
6 523 
7 500 
8 513 
9 543 

10 423 
11 518 
12 482 

Perthshire Birch Wood Surface 
SamPle 

Sample si ze: 509 



Appendix 6 

Composition of the "Varia" curves 



221. 

All the pollen types present in the "Varia" curves occur at 

values 0:' less thlU1 1:);; of total po11en. 

Iron Well Hill ---".- -.... ---

8-10 em ChenODodiaceae Urtica Ranuneulus 

28-30 em Cruciferae Caryophyl1aceae 

Skell Moor I 

2 em Rubiaeeae Unknown 

Skell Moo r II 

I em Serophulariaeeae 

5 em Unknown 

6 em Legurlinosae Unknown 

b em Labiatae 

12 em Unknown 

Hambleton Hill 

2 em Urtiea 

5cm Leguminosae 

11 em Unknown 

Hambleton Dike 

7 em Chenopodiaceae 

17 em Polygala 

37 em Lonieera 

58.5 em Unknown 

64.5 em S erophulariaeeae 

Upper Skell Gill II 

5 em Unknown 

15 em Unknown 



22?. 

25 em Labiatae 

27.5 em Unknown 

50 em Serophulariaeeae 

52.5 em Serophulariaeeae 

North Gill I'iood 

52 em Sueeisa ---
62 em Campanu1aeeae Lonieera -_.-. 
137 em Suceisa ----

142 ern CampanulriCeae 

172 em Sueeisa 

197 em Valeri ana -_._-

Skell GilLdo~5! 

17 em Legumino sae 

30 em Polygonum 

Hambleton Flush 

15 em Po lygonum 

20 em ~ tYJle 

35 em Lotus type 
Liliaeeae (Nartheeium type) 

Fortress Dike Ca!!!I2 Pe at 

4 em Compositae Urtica Artemisia Um belife rae 

11.5 em Composi tae Urtiea 

14 em Lotus tyPe 

16.5 em Compo sitae Urtiea Lotus type Umbeliferae 

17.5 em Composi tae 

19 em Composi tae 

20 em Composi tae 



223. 

21.5 em Compositae Leguminosae Umbeliferae 

2?5 em Urtiea Chenopodiaceae Artemisia 

24- em Compo si ta,e 

25 em Compositae Caryophyllaeeae Urtiea -,--
26.5 em Composi tae Caryophyllaeeae 

27.5 em Compositae Caryophyllaeeae 

29 em Compositae ~amm:.~ 

30 em Compositae Caryophyllaeeae 

31.5 em Leguminosae Umbelif'erae 

32.5 em Composi tae Caryophylla eeae Artemisia 

34- em Melampyrum 

37 em Urti_~ Chenopodiaeeae 

38 em Composi tae Caryophyllaeeae 

4-1 em Compo sitae Caryophyllaeeae Crucif'erae 

Skell Gill Wood Soil 

o em Filipendula Leguminosae 

5 em ~ampyrum 

15 em 



~~ Surface Samples: Woodland 

1. 

2. 

3. 

5. 

6. 

Urtica Cruciferae Car-yophyllaceae 

Urtica Cruciferae Convolvulus Ranunculus 

Urtica Ranunculus 

R:,anunculus Chenopodiaceae Artemisia 

Chenopodiaceae Succisa 

Ranunculus Chenopodiaceae Artemisia 

Cruciferae Hanunculus Artemisia Melampyrum 

8. Chenopodiaceae Cruciferae 

9. ~ica Ranunculus Umbeliferae 

10. Artemisia Ranunculus Cruciferae Me1ampyrum 

1l. Urtica Cruciferae Melampyrum Ranunculus 

Unknown 

Chamaenerion 

12. Urtica Ranunculus Artemisia Melampyrum Lotus type 

13. Urtica Urn be lif e rae Po1ygonum 

14-. UrtiC?!! Ranuncu1us Umbeliferae 

15. Chenopodiaceae lVJelampyrum 

16. Urtica Ranuncu1us !fJelampyrum 

17. Ranuncu1us Umbeliferae 

18. Cruciferae Melampyrum 

19. Urtica Caryophy1laceae Artemisia Ranunculus 

20. Urtica Ranuncu1us 

210 Cruciferae Artemisia Umbeliferae 

22. Artemisia Me lam P;z rum 

224-. 



2?5. 

Random Surface Samnles: Moorland _._---

3 MelamJ?Y. rum Unknown 

5 Melampyrum 

6 lI1elampyrum Scrophulariaceae Lotus type 

7 lVielampyrum 

8 Melampyrum Lotus type 

9 Unknown 

11 Polygol1! 

13 Umbeliferae 

15 Unknown Lotus type 

16 Lotus type Caryophyllaceae 

17 Umbeli fe rae 

19 Leguminosae 

21 ~tus type 

24 Melampyrum Unknown 

25 Melampyrum Umbeliferae 

26 Unknown 

27 Lotus type 

28 Melampyrum Scrophulariaceae 

31 Leguminosae Umbel iferae 



226. 

Transect A 

2 Leguminosae Corr:..l!.~ type 

3 Lotus type Leguminosae Unknown 

4 Unknown 

6 Unknown 

8 Artemisia Lotus type 

9 Artemisia 

21 Unknown 

27 Artemi~ 

32 Artemisia Lotus type 



227. 

'1' ranse ct C 

1 Artemisia Chenopociiaceae Ranunculus Compo sitae Cruciferae 
Melrunpyrum 

2 Artemisia --- Ranuncu1us Composi tae Melampyrum Lotus type 

3 Chenopodiaceae Ranunculus Cruciferae Lotus type 

4- Fi1 ipendula Cruciferae Melampyrum Caryophy11aceae 

5 Chenopodiaceae Ranuncu1us Compositae Cruciferae 

6 Artemisia Ranuncu1us Cruciferae Caryophyllaceae 

7 Ranunculu s Compo si tae Cruciferae Impatiens 

8 C henopodiaceae Ranunculus 

9 Ranunculus Cruciferae Compositae Me1ampyrum 

10 Artemisia Ranunculus Compo si tae Caryophyllaceae 

11 Chenopodiaceae Ranunculus Me1ampyrum 

12. Ranunculus Cruciferae Me1ampyrum 

13 Filipendula Chenopodiaceae Hanunculu s Caryophyllaceae 

14- Filipendula 

15 Filipen~ 

16 Fi1ipendula 

17 Filipendula 

19 Filipendula 

20 Ranunculus 

21 }'ilipendula 

22 Ranunculus 

23 Artemisia 

24- Filipendula 

25 Filipendula 

26 Lo1lls type 

27 Filipendula 

28 Artemisia 

29 Artemisia 

Artemisia Ranunculus Caryophy1laceae 
Composi tae 

Artemisia Chenopodiaceae Ranunculus 
Composi tae 

Ranunculus 

Cruciferae 

Mercurialis 

Artemisia Ranunculus Compositae Lotus type 

Ranunculus Lotus type Liliaceae (Narthecium) 

Impatiens Melampyrum 

Chenopodiaceae Compo sitae ~ type 

Ranunculus 

Chenopodiaceae Ranunculus Compo sitae Succisa 
Impatiens MelamEIrum' 

Artemisia Chenopodiaceae Ranunculus Cruciferae 
Composi tae Melampyrum 

Artemisia 

Ranunculus Composi tae Melampyrum 
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Construction ·.8Il4stratigrap& 

The inner bank, the ditch, and part of the outer bank. were excavated 

ong the line B - C in Fig.2. This revealed that the banks were formed 

ID cl* subsoil, &lmost certainly excavated from: the ditch. At this 

~tion ·grit.-tone boulders, Which ar~ abundant on the moor, vere aligned. 

ong the &xia 'of the inner mound. A' lens of upcast material (Fig.3) 

l1ld be ':~leiLrlY ·~ecogn1sed.· It was 50 cmS. deep at' tlieaxis of the mound 

Ii co~sted. ~bt heavy clay vith trequertt lumps of ganister. Tliis over-' 

'f a discontinuous, apparently truncated, grey horizon of leached sand 

th a -tillUm depth of about '15 Cm8'~ ··An 'isolated pocket of brown 'earthy 

terlat', ~:Cm8. 'thick, lay on top of tliis leached horizon near the centre 

the liicn.ittd.r· 'Tliegre1"~and vas interpre'ted ib the field as the buried 

uvial hori~on 'o't a'nbrigr.iaJ.!shal.lovpodzoli·c soil, onwliich the mound 

,d been cdnttNcie'd. . ... ~iCnr this' a 15 'em •. ·deep. rusty coloured, horizon 

. iron aC~iioli"\"t,f eVid~lit~ becoming grey (slayed) in the vic.inity 

~ the ditch. There was a comparatively aharp junction between this 

:>rizou aii«'\lle twi~ ··clq~oil'i··th .. latter conta:ined gteyand:or~ge 
ottle.~ tOnu 'e:. fi'J~Wit'·~t it.1uC'tw..tions in" groUnd water lev~l. 

A ~~~t-'peW~:"'a.~i'ug "20 ems. in depth' ·co.ered the surface' .' . 

• t tli.1IbiiM.~ -4i:i.:~~Jaure.t 1d1ife in the dit~h, 'peat haa ~cumul~ted 
~ a <leptb. ~~;;&i~'1at''\h4i!'p01ntOf exc&"1&tion:.. The mner&l conte'nt 

lDCrftiid~!1Qi.~~ • .f8t;i1ie !dit'ch peat· and'g lens 'or clay separated' . i'" 

ott a ~~ 'ti6H.ar '~.1\~'" 'thiS' ctiP.Y band formed the lateral. 

con~111iN!:b1~ tli al~ '\tep,_i-t '~ich; lllantled the side of tbe bank 
~iW" dI'iW';1 ,';'f'<y,j.'! ~ t.~,.' i"-i', 

• ;t"'fBq;~"l'1 rt1.'S11.t-1')H ei: i :.:' -f. "", . , 

3. 1'bDIl_~i~)tt~ "0.1 r:'J"~: -. . . 

Al~"'i_ \Wo~a' r'l'o\li"the ditch intiilirig~d: taken to .. :.,." 

tile l~ Ar~.C6hj1eeuti~·5 iim".· samples of min~ril. ',- . " l' }.}~, .. -I, . 

• terial fnIi~Ii'tM\ 1:1Sft*tl-d ~o~ 'anllids' &long the line A -, A':~~~'JC.i 
'1,.3. j~-_~ .. r.l"t~~d 'aCcording to 'standard t~cluiique~ ;.;1J.;,,~1 
bJ cligeat~"l..awl~e,'··'ierln8~ 'c~litritusi'Ds an~"s~~in~rig ':',)"tC:) 

vith i~W .. tjtl_ ,~,' i961i; sliiib, :i'966).· Samp~e~·. o~':~,~i~~;'" <-,,;1 

were bd"'~\dt\;W ar •• 'bive·'IdDe~it.fP&rtiol.8. . Fi,~~~" .ili );';'! 

b~red ~~ __ "tiiJ'fucltbg' 'pO",_. Were' ~~~te4 tor·e~~, t'" ~J:J1J 
lIItple except..., ~ of the soU borisoDB wIlere pollen 'waS 'verY ',' 
aearoe, but DO ...... an bUe4 on leaa thaD:J)O graiDS. The r.sul ts 
are ••••. :ilAli •. ·.'l' _5 ,;t.B,~,',L."I::i.tqc.··.\l'\ (j)' •. , .:!·1.ti * 

'.·r ." " .. ,~':: ~~!5·J·."'~)~, "0 ,. '1(_~ "/.1':.: l' , . 
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