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Holocene vegetation history at Loch Hellisdale ; South Uist. 

Site description 

Loch Hellisdale (NF828310) isýan upland loch situated in a remote 

glacial trough, Glen Hellisdale, on the mountainous east coast of 
South Uist (Figure 25). The loch represents the eastern most 

pollen site sampled on the South Uist transect. 

The loch has an inflow stream which is draining into the loch from 

the slopes of Beinn Mhor (620m O. D) and Cas fo Dheos (1723m O. D. ) 

which rises steeply from the north shore of the loch. An outflow 

stream flows into the lower valley. The loch was selected for 

analysis because of its low organic productivity, long sediment 

sequence (extending potentially into the Devensian Late-glacial), 

its relative protection from strong winds which could disturb lake 

sedimentation and its potential as a trap for the airfall 

recruitment of pollen and tephra. This relatively shallow loch is 

typically 1-5m deep and lies at approximately 75m O. D. in the 

eastern end of Glen Hellisdale, itself an isolated, short, 

glacially-eroded, steep sided trough-like valley which opens 

eastward from its head at the flanks of Beinn Mhor towards the Sea 

of the Minches (Figure 26). 

Geology and soils 
The solid geology of the valley is predominantly Lewisian granitic 
gneiss, with hornblende lenses. The impact of the Outer Hebrides 

thrust zone is thought to have produced the myolinites and crushed 

gneisses found along this eastern coast of the Outer Hebrides. 
(Figure 15). Drift deposits consist of a thin covering of till 

which is provisionally attributed to the Devensian (Peacock 1984). 

Hudson et al. (1982) have recognised three soil mapping units of 
the Lochinvar Association in Glen Hellisdale. (Figure 18) 

Mapping Unit 398 is located on the broad mountain flanks and is 

classed as an alpine/sub alpine lithosol. Characteristic 

contemporary vegetation associated with this soil type consists of 

-220- 



s, ý7ý, 
820mý 

SCX)M 

och 

` 
Lang 

Mea*i 
Mor 

Loch Eynort 

ID(ýi EýI1IOQýPº 

1km 

Figure 25. Location of Loch Bel isdale in relation to local 

topography. 

\ý `ý, STm 

My( 1 

-221- 



mountain heath communities including Juniperus communis, Fm etrum 

nigrum and Huperzia selago. 

Mapping Unit 395 is located in the upper valley and abutting the 

western shores of the loch and is classed as peaty gleys, peaty 

podzols and rankers which support various bog communities, acid 

grassland, Salix aurita scrub and one individual of Sorbus 

aucuparia. 

Mapping unit 394 dominates the lower glen and eastern loch shores 
and is classed as peaty gleys, peat, peaty podzols and rankers. 
Contemporary vegetation associated with this soil type is 

predominantly Calluna vulgaris dominated blanket bog. 

The contemporary vegetation of the valley is dominated by acid 
grassland communities in the better drained upper valley and 
extensive mature Calluna vulgaris heath in the lower valley. The 

steep slopes of Cas fo Dheos have large areas of bare rock and 
scree with little plant cover. Higher up on north facing craggs 
Empetrum nigrum, Huperzia selago, Juniperus comnunis and 
Thalictrum alpinum are present. The only woodland in the valley 
consists of a few scattered Salix aurita with an individual 

Sorbus aucuparia in the upper valley. 

Contemporary land use in Glen Hellisdale is limited to sheep and 
deer grazing; however abandoned crofts, 'lazy beds' and peat 
covered field boundary walls in the lower valley indicate more 
intensive land use and settlement in the past. Hellisdale was 
apparently abandoned when the east coast was cleared of crofts in 

the early 19th century (M. Elliot pers. com). The presence of 
archaeological sites in Glen Hellisdale associated with evidence 
of past cultivation practice provides an opportunity to examine 
the impact of cultivation on the palaeoenvironmental record 

contained in the loch sediments. 
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Figure 26. Glen Hellisdale. 

-223- 



Methods 

The core was retrieved from the loch basin using a standard 
Russian Peat Corer from a sponson-stabilised boat, after attempts 

with a Livingstone piston corer (Wright, 1967) failed. The 

sampling site is located in the north-eastern corner of the loch 

where there was minimum disturbance to the sediments from the 
inflow stream (figure 25). A 4.98m core was retrieved from the 
loch (the core did not reach the base of the loch's infill 
deposits). The core was stored in plastic tubing, wrapped in 

clingfilm and black, heavy plastic and stored at 4°C prior to 
laboratory analysis. 

The sediment lithology was as follows; 

Youngest Dep 
Unit 1: 0- 20 cros. 
Unit 2: 20 - 90 cros. 
Unit 3: 90 - 400 cros. 

Description 

Organic clay with orange mottles. 
Blue/grey silt/clay + charcoal at 90cms. 

Organic lake mud + 0.5 ems charcoal band 

at 390 cms. 
Unit 4: 400 - 425 cms. Brown organic mud increasingly clay rich 

with depth. 
Unit 5: 425 - 460 cros. Blue/grey silt/clay. 
Unit 6: 460 - 498 cros. Grey/brown organic silty clay. 
Oldest 

Pollen analysis 
The samples were prepared for counting using standard acetolysis 
procedures (Faegri and Iversen 1975) with additional micro sieving 
and swirling for samples with high minerogenic content (see 

chapter 4 this study). Lycopodium clavatum spores were added to 
the pollen preparation to facilitate the calculation of pollen 
concentration values (Stocknarr, 1971). Pollen was counted using 
an Olympus BH microscope operating at X400, X600 magnification and 
X1,000 oil immersion for difficult identifications. A minimum of 
200 land pollen types were counted from samples with low pollen 
concentrations (475-400cms. & 90-20cros). Otherwise a minimum of 
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600 land pollen types were counted at a sampling interval of 4cms 

throughout the core with some closer 1cros. sampling at critical 
horizons. All cores have been stored in a refrigerated cold room 
at 4°C. 

The results of the pollen analysis are presented here as summary 
pollen percentage and pollen concentration diagrams (Figures 27 

and 28). Local pollen assemblage zones (LPAZ) defined by 

numerical zonation procedures are described below prefixed by the 

site designation LHD (Loch Hellisdale). 

Oldest LPAZ 

LHDIA ; Fmpetrnm, Juniperus, Pinus, Huperzio ; 498cros-455cros 

The basal LPAZ is characterised here by high pollen frequencies 
for Juniperus, (5-30% tip) and Fmpetrum, (5-63% tlp). 
Pinus frequencies increase from 2-30% Up and Betula and Salix are 
present but do not achieve values greater than 20% tip. 
Gramineae pollen frequencies vary between 4-25% tlp. Herbaceous 

pollen types, principally Rumex acetosa, Compositae Liguliflorae 

and Caryophyllaceae are an important component in the pollen 
spectra in this zone, together with the spores Huperzia selago(12- 
30% tip) and Polypodium type(4-50% tlp). 
Scarcer pollen and spore types recorded include Artemisia, 
Thalictrum, species of Chenopodiaceae, Onagraceae, and 
Diphasiastrum alpina and Botrychium lunaria. 

UID1B ; Huperzia, Polypodium, Dmpetrum, Artelaisia, Juniperus ; 
455-425cros. 

The start of this zone is marked by reductions in Pinus and 
increasing proportions of Empetrum. Artemisia (22% tip), 
Thalictrum (5% tlp). Huperzia selago and Polypodium are also 
present. Non-tree/shrub pollen may reach up to 80% of the total 

pollen assemblage. 
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FIGURE 27 

Pollen percentage diagram from 
Loch Hellisdale, South Uist. 

see Appendix 
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LHD2 ; Betula, Juniperus, Gramineae : 425-400cms 

This zone is characterised by relative increases in Betula, 
Juniperus, Cyperaceae (up to 30% tip) and Fmpetrum falls to 10% 

tlp. Total tree pollen is 18 - 23% total pollen; whereas the 

proportions of Huperzia selago, Polypodium, and Artemisia all 
decline. 

Corylus/Myrica, Betula : 400-355cros. 

Coryloid pollen frequencies increase from minimal proportions to 

over 40% Up in mid zone. Lesser increases occur in Betula, (5-20% 

tlp). Juniperus declines to a trace within the zone. There are 
few rare grains of Populus, and Quercus and Ulmus occur in low 

but consistent frequencies (<2% tip). The proportion of tree 

pollen increases to over 50% of total pollen present. There are 

also increased frequencies of Cyperaceae, Gramineae and Calluna 

vulgaris is present from 400cms at 2-10% tip. Artemisia, 

Thalictrum, Huperzia selago and Polypodium all become scarce. 
Large grass "cereal- type" pollen together with Plantago media / 

major, Plantago lanceolata and Rumex acetosa are recorded between 

395-390cros, coincident with a peak in Isoetes lacustris. The 

aquatic component of the samples includes Isoetes lacustris and a 

small number of grains of Myriophyllum alterniflorum. 

LHD 3B ; Betula : 355-320cros. 

Corylus/Myrica frequencies start at <2% tip, and increase to >25%, 

and Betula increases to between 30-40% tlp. Other woodland taxa 

are poorly represented in a tree pollen assemblage that now 

represents nearly 60% total pollen. In contrast there is a peak 
in Gramineae pollen (30-40% tip). Herbaceous types include Rumex 
(acetosa), Compositae Liguliflorae, Plantago media /major, Succisa 

and Viola. Spores of Isoetes lacustris are reduced to <5% t1p) 

but Isoetes echinospora frequencies increased to 5% tlp. 
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um 4: Corylus/Myrica, Betula, Pinus, Quercus, Ulam : 320-17 . 

Characterised by Coryloid frequencies of approximately 40% Up and 
Betula 12-22% tlp. Other woodland types including Quercus and 
Ulmus also increase to between 5-10% Up and there is a peak in 

Pinus pollen frequencies (12-22% tip) just before the upper zone 
boundary. Scarcer woodland types recorded include Fraxinus, 

Sorbus and Salix. Gramineae frequencies remain at around (10-15% 

tip) throughout the zone. Calluna vulgaris-frequencies begin to 
increase to 10%"tlp. Osmunda, Filicales and Pteridium aquilinum 

are present in this zone. High frequencies for Isoetes lacustris 

are a feature of this zone. 

LEID 5; Alnus, Salix, Graoineae, Cyperaceae, Callum ; 170-90cros. 

This zone is defined by lower pollen frequencies for Betula which 
falls to approximately 2% Up at the upper zone boundary. Pinus 
frequencies remain between 10-26% Up and Alnus and Salix are 
recorded at low but consistent levels (<2% tlp). Gramineae, 
Cyperaceae and Callum vulgaris values all increase. There is a 
small peak in Cannabis / Humulus type pollen at 135cros. and a few 

grains of "cereal- type" pollen at 110 cans. Microscopic particles 
of charcoal also increase dramatically in abundance in this zone 
(see figure 28). 

LH1D6 ; Huperzla, Polypodii n, Artemi. si a; 90-20cros. 

A marked reduction in the representation of the woodland species 
that dominated the pollen spectra in the previous zones defines 
this zone. Pollen preservation is very poor and this 
biostratigraphic zone is co-incident with a lithological change 
from organic lake mud to clay (sediment unit 2). 
The pollen and spore signature for this sediment unit is dominated 

by spores, principally Huperzia selago and Polypodium with 
Artemisia, Juniperus and Empetrum. 
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FIGURE 28 

Pollen concentration diagram from 
Loch He»; sdale, South Uist : selected taxa. 

see Appendix 
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UD7 ; 20-Ocias. 

The lithological change from clay to mottled orange organic lake 

mud also signifies a change in the pollen and spore assemblage. 
Calluna vulgaris, Gramineae, Cyperaceae and Sphagnum characterise 
the zone as woodland types decline in representation to below 2% 

tlp. 

Pollen Concentration Zones. 
Six pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 49) and are used to describe the pollen concentration 
diagram. 

Pollen Concentration Zone ; PCZ-LHD1 ; 498 - 390cros. 

Total pollen and spore concentration values are generally low with 

values averaging < 100k grains / per cm3" in the basal 

sediments. The major contributors to the pollen spectra are 
Empetrum, Juniperus communis, Huperzia selago, Artemisia and Rumex 

acetosa type. 

Pollen Concentration Zone ; PCZ-IUID2 : 390 - 305cros. 

This zone is marked by a significant increase in total pollen and 
spore concentration with values remaining consistently at c. 400k 

grains / per cm3 throughout the zone. This increase in pollen 
concentration corresponds with the expansion of arboreal pollen 
taxa together with Calluna vulgaris and aquatic taxa 
(Myriophyllum, Isoetes). 

Pollen Concentration Zone : PCZ-[[ID3 : 305 - 210 cms 
Total pollen and spore concentrations decline further to c. 100k 

grains per cm3. The decline in pollen concentration appears to 

affect all the major pollen taxa including all arboreal types 

together with Gramineae and Cyperaceae. 
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Pollen Concentration Zone ; PCZ-iHID4 ; 210 - 80cms. 

Total pollen and spore concentratiop values begin to increase 

again in this zone to consistent levels of c. 200k grains per cm3. 
Major pollen contributors are, Calluna, Cyperaceae, Gramineae and 
Sphagnum. There is a peak in particulate charcoal concentrations 
in the centre of the zone and near the top of the zone. 

Pollen Concentration Zone ; PCZ-LIDS : 80 - 20 cros. 
Total pollen and spore concentration values decline again in this 

zone to <100k grains per cm3. This decline in pollen 
concentration values affects all pollen types and is associated 
with a lithological change from organic lake miid to clay. 

Pollen Concentration Zone PCZ-IIID6 : 20 -0 cis. 
Total pollen concentration values begin to increase again but 

remain low (50-200k grains per cm3). Interestingly all tree 

pollen concentration are reduced considerably from those recorded 
in PCZ MD4. Gramineae and Calluna are the most abundant taxa. 

Vegetation history. 

The vegetation history recorded in the Loch Hellisdale pollen data 
indicates a number of distinct ecological groupings which have 

changed considerably through time. These can be summarised in a 
series of main phases which correlate with the major local pollen 
assemblage zones. 

1) The Devensian LategLwJLal. 

The pollen spectra of Iii-IA indicates a very open vegetation 
mosaic which includes typically Empetrum heathland, Juniperus- 

Salix scrub, with herb-rich grassland represented in the pollen 
record by Gramineae, Cyperaceae and herbs such as' Rumex acetosa' 
type, the Compositae, Caryophyllaceae, Chenopodiaceae, 
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Umbelliferae and Onagraceae. Artemisia and Thalictrum may have 

grown on disturbed open ground and Huperzia selago and Saxifraga 

possibly on the bare rock substrates above the lake. Elements of 
these vegetation types occur today on the highest north-facing 

slopes of Beinn Mhor. 

Pollen taphonomic studies (see Tyldesley 1973, Birks 1980) suggest 
that the high values (10-32% tip) for Pinus in this zone may be 

the result of long distance transport of Pinus pollen from off 
island sources which are over represented in the pollen record as 

a result of the low pollen productivity of the local vegetation at 
the time. 

A number of potentially important changes occur within this 

general picture. The upper part of UID1A is marked by a decline 

in the representation of Juniperus / Empetrum and their partial 
replacement by a vegetation dominated by more tundra-like 

communities with Rumex acetosa, Artemisia, and Huperzia selago and 

a sedimentary regime characterised by minerogenic as opposed to 

more biogenic deposits. 

Pollen concentration values decline LHD1A to U 1B, indicating 

either a decline in pollen productivity and/or an increasing rate 
of sedimentation. LHD-1A correlates well with LLp-1 at Loch Lang 
(Bennett et al. 1990) which predates 10,145 B. P. 

There are also strong similarities with LHD1A / LHD1B and the 
Iate-glacial profiles from Skye where Walker et al. (1988) 
describe a generalised sequence of vegetation history following 
deglaciation. This includes a pioneer phase with Gramineae, 
Cyperaceae, Compositae, Rumex and Salix (represented in the 
Hellisdale pollen record by the basal pollen sample) which was 
succeeded by the expansion of Empetrum and Juniperus heath. The 

climatic deterioration during the Loch Lomond Stadial led to the 
demise of these heathland communities and the expansion of tundra 
type vegetation characterised by Artemisia, Rumex and Huperzia 
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selago. The Loch Hellisdale sequence correlates well with this 

generalised picture from the end of'the Late-Glacial interstadial 

on Skye. In LHD1A the Juniperus/ tram heath declines as the 

minerogenic content of the sediment increases, leading to an 

erosional episode represented by LHD 1B (450-425cms) where there 

is a decline in the frequencies of shrub and heathland taxa and an 
increase in Artemisia and Huperzia selago. Zone LHD1B at 
Hellisdale is therefore correlated here with the Loch Lomond 

Stadial and LHD1A with a period preceeding its coldest period. 

IHID2-4 Early to mid Holocene Woodland. 

The arrival and rapid spread of Betula and Juniperus at the 

relative expense of open ground indicators, highlighted in the 

pollen concentration diagram of Figure 28, and the change in 

sedimentary regime from mineral rich to more organic sediments in 

the lake basin, clearly marked the onset of the Holocene and have 

exact parallels at Loch Lang (Bennett et al. 1990) and on nearby 
Skye (Walker et al. 1988). The date of approximately 10,145 B. P. 

was obtained at Loch Lang (Bennett et al. 1990) is therefore 

adopted here at nearby Loch Hellisdale (Figure 25) for the LSD1B- 
LHD2 boundary. Several critical radio-carbon dated 
biostratigraphic features from the Loch Lang data set have 

parallels in the Hellisdale sequence which provide an initial 

chronology for the early and mid-Holocene. Importantly there is 

an ordered arrival of tree pollen types Betula, Corylus, Ulmus, 
Quercus and Calluna vulgaris at both sites accompanied by a rapid 
decline in Juniperus and Empetrum. This group of events suggests 
a precise correlation of Loch Lang LLp-2a with Hellisdale L1ID2. 

At Loch Lang the Corylus rise is dated to 9,400 B. P. and Callum 

vulgaris appears in the record from 9,500 B. P. Maximum values for 

Quercus and Ulmus are achieved at approximately 7,800 B. P. This 

parallelism continues through LLp-2b and LLp-2c at Loch Lang in 

the arboreal pollen data and is evident in the behaviour of the 
Gramineae, Cyperaceae, Calluna vulgaris values and the aquatic 
Isoetes lacustris. The pollen evidence suggests that the 
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landscape of Hellisdale was vegetated in the early Holocene with a 

mosaic of Betula- Corylus dominant woodland with some Populus 
(Aspen), similar to the Betula pubescens - Molinia caerulea 

community found at Allt Volagir National Nature Reserve today (see 

Pankhurst and Mullin 1990). By 9,000 B. P. this woodland was 
diversifying with small numbers of Populus, Quercus, and Ulmus. 

Lonicera periclymenum, Hedera helix and pteridophytes Dryopteris 

and Polypodium were present most properly as understory components 
in the woodland.. Alnus is recorded in low frequencies in 

Hellisdale from 7,800 B. P. 

The non wooded elements in the vegetation were principally 
grassland and wet sedge communities with Filipendula, 

Umbelliferae, species of the Compositae, Potentilla and Equisetum 

with Calluna vulgaris growing on stable soils. The open ground 

communities of the basal sub-zones LHD1A and LHD1B perhaps being 

restricted to the more exposed areas on the nearby mountain of 
Beine Thor (Figure 25). 

Whilst there appears to have been comparatively little disturbance 

of the vegetation cover in Glen Hellisdale during LPAZ : LHD2-4 
there are a number of events which may have an anthropogenic cause 
and which may also be represented elsewhere in the pollen record 
from the Outer Hebrides. For example at 390-395 cms. in UID3A 
there are apparently simultaneous fluctuations in the relative 
proportions of Corylus and Betula, together with a 0.5cros. thick 
band of charcoal in the core, all of which suggest vegetation 
disturbance and the influx of debris from fires. " Cereal pollen 
type" grains together with Plantago lanceolata occur in the pollen 
record together with a peak in the abundance of spores of Isoetes 
lacustris. Vuorela (1980) noted similar peaks in Isoetes in 
Swedish lake basins and recognised their association with 
increasing inputs of minerogenic sediments as a result of the 

onset of vegetation clearance in the catchment. These changes are 

not isolated phenomena, similar events are recorded elsewhere in 

the Outer Hebrides at Callanish (Bohncke 1988), North Loch Eyenort 
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(Edwards 1990), and to a lesser extent at Loch Lang (Bennett et 
al. 1990). All these authors suspect that the changes might be 
attributable to the activities of mesolithic people. 

Following these early disturbances in the pollen record the 
Hellisdale pollen data suggests that open woodland seems to have 
persisted undisturbed in Glen Hellisdale throughout much of the 
early to mid-Holocene. The high Corylus frequencies suggest that 
the plant was flowering freely, forming an extensive Co lus 
scrub: pollen production was not inhibited by a dense tree canopy. 

Ln)5-7 ; Mid-Holocene to the present. 

The pollen analytical evidence from Hellisdale corresponds fairly 
precisely with that from Loch Lang during this period in that both 
indicate a progressive decrease in the representation of woodland 
and scrub with most tree genera undergoing reduction to the minima 
associated with the contemporary open landscape. The most 
distinctive shared features between LHD5 and LLp-3a are the major 
reductions in the overall abundance of tree taxa. At the start of 
LHD5 Corylus/Myrica declines from 40% tlp to 11% Up and Ulmus 
declines from 12% Up to 6% tlp. These features are dated to 
approximately 4,125 B. P. at Loch Lang (Bennett et al. 1990). The 
reduction in woodland cover is associated at both sites with the 
expansion of Gramineae and Isoetes lacustris. At Hellisdale these 
changes are accompanied by deposition in the lake of an increasing 
number of degraded pollen and spores. It is interesting to note 
that Calluna vulgaris values do not increase notably, suggesting 
that the vegetation changes were associated with some degree of 
soil destabilisation and loss rather than being the consequence of 
the spread of blanket bog. However Calluna frequencies are high 
enough to indicate that large areas of Callum heath and perhaps 
blanket bog were widespread in the valley. Once again these 
changes are recorded at Loch Lang, furthur justifying a general 
correlation between LPAZ LHD5 and LLp-3a, dated to between c. 4,125 
and c. 1,425 B. P. 
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More precise evidence of past cultivation, albeit of uncertain 
antiquity, is given by a small peak in Cannabis type pollen at 135 

cms. This pollen type is also recorded from Callanish in North 
Uist in the Outer Hebrides by Bohncke (1988) where it was 
associated with agriculture predating the introduction of the 

potato. The Hellisdale peak appears to be notably older than this 
date. 

However the dating correlation of the upper section of the 
Hellisdale core-is insecure. Changes of biostratigraphic 
importance do not occur in this part of the sequence. A further 

complication is the thick band of mottled clay'at 90-20 cros., 
which is just above a notable increase in charcoal at 110-95 cms- 
a feature not recorded in Loch Lang. This sedimentary change 
indicates an episode of soil erosion and mineral sediment 
generation in the catchment - perhaps associated with the lazy 
beds and more recent field boundaries evident in the valley. The 
pollen yield of these clays is low, and pollen is poorly 
preserved. The pollen spectra are dominated by Huperzia selago, 
Polypodium and Artemisia, at least some of which may have been 
incorporated into the lake sediments with eroded soils from the 
catchment. Clearance may have altered local hydrological patterns 
in the upper valley, where the inflow stream has formed a new 
stream channel, cutting through and exposing Holocene soil and 
peat deposits at its banks. The corroded pollen curves (Figure 
27) support this hypothesis in that they mirror the development of 
Holocene vegetation in the valley. It seems possible that these 
pollen types were recruited into the loch sediments from the upper 
valley, transported by the stream as it cut through ancient 
sediments. The poverty of pollen types. typical of the previous 
LPAZ such as Calluna vulgaris which was abundant in the valley 
prior to the deposition of the clay, suggests that either a rapid 
change in vegetation or pollen productivity had taken place. This 
is possibly a result of the burning intimated by the high charcoal 
counts at c. 110-95 cms., or the sediment has accumulated so 
rapidly that very little pollen from the local vegetation has been 
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incorporated into it. There is no clear historical or 

archaeological evidence of the inferred episode of soil erosion. 
Caird (1979) reported that the area had been cleared of its 

occupants by AD 1850. 

The uppermost pollen spectra LHD7 essentially reflects the same 

suite of plant communities as those noted at Loch Lang and are 
fairly representative of the contemporary vegetation of the 

valley, which is a mosaic of Calluna dominated blanket peat and 

acid grassland communities. The spread of blanket peat in Glen 
Hellisdale seems to be strongly correlated with the demise 

of scrub woodland. 

Discussion 

There is a clear and precise parallelism between the Hellisdale 

pollen record and that of nearby Loch Lang which encourages the 

extrapolation of the Loch Lang radio-carbon dating sequence to the 
Hellisdale deposits. These correlations need to be supported by 
further radiocarbon dating studies. 

Woodland appears to have been more abundant and diverse than was 
the case further north at Little Loch Roag, Isle of Lewis (Birks 

and Madsen 1979) and Callinish also on Lewis (Bohncke 1988). The 

pattern is seen to be essentially similar to that observed on 
nutrient-poor soils, rather than exposed sites on Skye, as well as 

other nearby sites in South Uist described by Edwards (1990), 

Bennett et al. (1990), Heslop Harrison and Blackburn (1946), and 

on Barra, Blackburn (1946) and at Lochan na Cartach (this study). 

In Glen Hellisdale itself, the tundra-like plant communities of 
the Late Devensian were associated with soil instability and the 
deposition of minerogenic sediments in the loch basin. Once the 

early Holocene vegetation mosaic of mixed woodland and scrub, acid 

grasslands, bog and montane communities had become widespread, the 

vegetation appears to have remained relatively stable until its 

long term decline started at approximately 4,300 B. P., when 
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noticeable reductions in Corylus, Betula and Ulmus occurred. 
Biostratigraphic correlations become less convincing after 4,300 

B. P. as the spread of bog and perhaps human activity had their 
impacts. 

At various times in the Holocene the landscape of Glen Hellisdale 

has been disturbed by relatively minor fluctuations in the 

vegetation that may have been the consequence of human activity in 

the catchment. These inferred events may have parallels elsewhere 
in the Outer Hebrides. The widespread encroachment of blanket bog 

described by Bennett et al. (1990) also occurs in Hellisdale. The 

deposition of organic muds occurred throughout the Holocene, 

coincident with stable vegetation cover in the catchment until the 
deposition of mineral sediments became dominant at a time 

tentatively related to post-late medieval farming which employed 

spade cultivation to produce 'lazy-beds'. This is followed by a 

return to organic sedimentation, possibly concurrent with the 

abandonment of the valley at the turn of this century. The pollen 
record from Hellisdale emphasises that many of the taxa in the 

present plant communities have been present in the vegetation of 
this area for most of the Holocene. 
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Chapter 9. 

Holocene Vegetation History at Kildonan Glen, 

South Uist. ' 



Holocene vegetation at Kildonan Glen. 

Introduction 

Kildonan Glen, South Uist is A bleak, west facing valley, fully 

exposed to the full force of Atlantic storms, located mid-way 

across the South Uist transect on the 'blacklands' transition from 

machair grassland to blanket bog (Figure 30 and 31). 

The S. E. A. R. C. H. archaeological survey of the area, extending from 

the west coast machair into Kildonan Glen, indicated that the area 

was rich in archaeological sites, the earliest; dating from the 
late Neolithic period. Field studies identified three midden 

sites in the west coast machair c. lkm. from the coring site. 
Subsequent excavation of the largest midden, CDM III revealed 
large quantities of marine shell, animal and human bones, pottery 

and carbonised seed remains. The animal bones were primarily 

sheep /goat, cattle and pig and Hordeum-type cereal grains 
dominated the plant macrofossil assemblage. The abundance of 

edible marine fauna, ranging from shellfish to whale, indicate an 

economy in which a wide variety of marine resources were utilised, 
together with pastoral and arable agriculture represented by the 
fossil bone and seed assemblages. Pottery from the midden dates 

the site to the Iron Age. 

In Kildonan Glen itself two cairns not recorded in the HMR 
(Historic Monuments Record) were discovered on the north-west 
valley side (Figure 30) and may represent chambered tombs of late 

Neolithic date. (S. E. A. R. C. H. 1989 unpublished report). Also a 
potsherd and pieces of worked flint were found in situ below 

c. 20cros. of peat (S. E. A. R. C. H., 1988). The archaeological field 

survey also records the remains of rectangular stone buildings, 

enclosures and field walls to the east and south-west of Upper 
Loch Kildonan. A major archaeological monument in the area is the 

church at Upper Loch Cill Donain which is thought to have been 

constructed on the remains of a Neolithic cairn or a dun. 
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Figure 31. Kildonan Glen. 
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The site. 

Stratigraphic studies described later have shown that Kildonan 

Glen consists of a series of shallow rock basins in which mid-late 
Holocene peat sediments are interbedded with lacustrine sequences 
formed in lochs that have been impounded behind the machair. 

The contemporary vegetation of the valley sides is characteristic 
of the Agrostis capillaris-Festuca ovina grasslands (Group E) cf. 
in chapter 6, this study and Kent et al. (in press) with Agrostis 

capillaris, Festuca ovina, Potentilla erecta as diagnostic species 
and with Viola riviniana, Rhytidiadelphus sguarrosus, Nardus 

stricta, Trifolium re pens and Galium saxatile as common 

associates. On lower valley slopes, Calluna vulgaris wet heath 
(Group C in chapter 6 this study, Kent et al. in press) 

predominates. Patches of Pteridium aquilinum - Potentilla erecta 

- Anthoxanthum odoratum (Group F in chapter 6 this study and Kent 

et al. in press) and Salix aurita scrub occur on the valley sides 

and around small inflow streams. The valley bottom vegetation 

comprised Carex paniculata sedge swamp community of the NVC 
(Rodwell 1991) on the surface of the infilled loch basins and 
Molinia caerulea - Scirpus cespitosus - Erica tetralix - Calluna 

vulgaris wet heath (Group C, Kent et al. in press). Contemporary 
land use in the valley is restricted to sheep grazing and peat 
cutting which is confined by the wetness of the valley bottom to 

the better drained areas of the valley sides. 

The coring survey was carried out in order to identify the 
environmental history of the valley and if possible to establish 
the stratigraphic relationships between peat growth and the 
history of the machair and machair lochs in the western part of 
the Glen. Local historians on South Uist emphasise that the 

existing water levels in the present Loch Kildonan are about Im 
lower than the "natural" water level of the loch, the lowering 
being caused by artificial drainage. If this were the case it is 

possible that buried machair lake deposits could extend into Glen 
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Kildonan. It is also possible that machair shell sands themselves 
could extend beneath peat into the Glen. It is impossible to hand 

- core into the machair sands to establish if lakes or marsh once 
extended seawards because of the looseness and impenetrability of 
the shell sand once the water table is encountered, usually found 
im below the machair surfaces. 

This pollen investigation was undertaken to ascertain the 

stratigraphy and history of Holocene vegetation in an exposed, 
west facing valley which contrasts with the relatively sheltered 
east coast Loch Hellisdale and Lochan na Cartach on Barra. This 

site is similarly exposed but more elevated than that at Port 
Caol, Barra (chapter 11 this study). The archaeological evidence 
suggests that the Kildonan area was utilised by people, possibly 
from the late neolithic period. The pollen record contained in the 

small infilled loch basin selected for the study should in theory 

represent more local vegetation (Jacobson and Bradshaw 1981). 
These site characteristics, coupled with the richness of the 

archaeological record in the area, provided an opportunity to 

examine vegetation history and possible human impact in the 
'Blacklands' zone of the transect, in the boundary zone between 

the shell sands of the machair and the true mountain and 
moorlands, which is currently the principal zone of human 

settlement and activity in the Outer Hebrides. 

Methods 
The site was chosen because it appears to offer the clearest and 
least disturbed site location which had a history of being 

continuously wet, but which was close to the drier hillslopes with 
their important archaeological land-use history. A series of 
boreholes were made along the valley floor, the stratigraphy was 
recorded and the boreholes "levelled" in. The extensive 
treacherous swamps left by peat cutting limited the number of 
locations that could be studied. The stratigraphic picture is 

therefore somewhat skeletal but a number of important features 

emerged from the study. First two infilled loch basins were 
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located in Glen Kildonan, itself separated in mid valley by a rock 
bar and from Upper Loch Kildonan by. a similar rock bar on which 
the contemporary road is constructed. The survey also revealed 
that Upper Loch Kildonan was once more extensive and extended 
landwards from its contemporary shoreline to the road. Also of 
interest was the presence of "woody" peat layers in the cores and 
Betula macrofossils exposed by peat cutting at the edge of Upper 

Loch Kildonan. 

A 2.6m. core was retrieved from the deepest part of the lower 

basin in Kildonan Glen (Figure 30) using a 10cm. bore Russian peat 

corer, transfered to plastic guttering, wrapped in heavy gauge 

plastic and stored at 4°C prior to analysis. 

Stratigraphy. 
The sediment stratigraphy of the core was examined and nine 
sediment units (S. U. ), described below, were recorded. 

S. U. 1 0- 70 cms Coarse sedge peat. 
S. U. 2 70 - 80 cms Organic - silty layer. 
S. U. 3 80 - 150 cms Woody peat with Betula wood fragments. 
S. U. 4 150 - 170 cms Sedge peat. 
S. U. 5 170 - 190 cms Sphagnum peat. 
S. U. 6 190 - 210 cros Organic gytta. 
S. U. 7 210 - 220 cms Blue - grey / silt / clay. 
S. U. 8 220 - 250 cms Organic gytta with clay / silt. 
S. U. 9 250 - 260 cms Coarse minerogenic layer with grit 

inclusions. 

The samples were prepared for counting using standard acetolysis 
procedures (Faegri and Iversen 1975) with additional micro-sieving 
and swirling for samples with high minerogenic content. 
Lycopodium clavatum spores were added to the pollen preparation to 
facilitate the calculation of pollen concentration values 
(Stocknarr 1971). Pollen was counted using an Olympus BH 

microscope operating at x400, x600 magnification and x1000 oil 
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immersion for difficult identifications. A minimum of 600 land 

pollen types were counted from each. sub-sample, using a sampling 
interval of 4cms. throughout the core. 

The results of the pollen analysis are presented here as summary 

pollen percentage and pollen concentration diagrams (Figures 32 

and 33). Local pollen assemblage zones (LPAZ) defined by 

numerical zonation procedures are described below prefixed by the 

site designation code KDG (Kildonan Glen). 

The pollen diagrams. 
Oldest LPAZ KDG1a ; 260-245cxas. 
This basal LPAZ is characterised by high frequencies of Fmpetrum 
(50% tlp, total land pollen), Gramineae (10-22% tip), Cyperaceae 
(16-18% tlp). In contrast arboreal pollen frequencies are low 

with Betula, Juniperus, Coryloid less than 2% tlp. respectivley 
and Salix (4-5% tlp). Herbaceous pollen types included 
Filipendula, Rumex acetosa, Artemisia, Caryophyllaceae and 
Onograceae-type. Spores present include Polypodium (29% tlp + 

spores), Huperzia selago (9% Up + spores) and Sphagnum 

frequencies are <2% Up + Sphagnum. The aquatic component 

comprises Myriophyllum alterniflorum (30% Up + aquatics). 

LPAZ KDG2a 245-190cß. 
FmpetrLm declines from the high levels recorded in KDG1 and 

percentage values fluctuate between 10% tip in the lower part of 
the sub-zone to 5-3% tip in the middle of the zone, rising to 10- 

12% tip near the upper sub-zone boundary. Increasing proportions 

of arboreal-type pollen, particularly Betula (8-14% tip) and 
Coryloid (5-8% tip) characterise this sub-zone, together with 
Calluna vulgaris, Gramineae c. 25% tip and Cyperaceae (c. 25% tip). 

Two small peaks in Juniperus are recorded at 240 cms. and 200 cros. 
Herbaceous pollen types include Potentilla, Succisa, Compositae 

Liguliflorae, Filipendula, Valeriana-type and Ranunculus. The 

proportions of Huperzia selago, Em ep trum, Artemisia and Polypodium 
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FIGURE 32 

Pollen percentage diagram from 
Kildonan Glen, South Uist. 

see Appendix 
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all decline, whereas Filicales increase to c. 10% Up and Sphagnum 
to 0% tlp. 

LPAZ KDG2b : 190-150 cros. 
An increase in Callum vulgaris frequencies are the main feature 

of this sub-zone. Betula is c. 8-10% tlp, Coryloid c. 5% Up and 
Salix 2-4% tlp. Ulmus <2% Up is recorded for the first time in 
the diagram at the lower sub-zone boundary. Gramineae and 
Cyperaceae percentages rise and S num increases dramatically to 
between 60-80% Up + Sphagnum. Herbaceous type pollen recorded 
include Potentilla, Ranunculus, Plantago media / major, Valeriana 
(cf. V. officinale) and a peak in Filipendula in the upper part of 

zone. 

LPAZ KDG3 : 150-80 cros. 
Betula pollen frequencies increase to over 40% Up and there is a 
lesser increase in Corylus / Myrica from 12% tip in the lower part 
of the zone to over 20% tlp. in upper LPAZ KDG3. Salix frequencies 

also vary between 10-18% Up in the opening part of the zone. The 
lower part of the zone shows decline in Calluna vulgaris (<10% 

tlp), and Sphagnum (<10% Up + Sphagnum). Other arboreal types 
recorded include Sambucus, Quercus and Alnus. Betula and Corylus / 

rica frequencies decline briefly in the middle of the zone. 
Occasional cereal-type grains are recorded. Filicales and Osmunda 
spores are well represented and Plantago lanceolata is present for 
the first time from 140 cros. Other herbaceous types include 
Filipendula, Potentilla, Trifolium repens, Ranunculus-type, Rumex 
acetosa, and Succisa. Myriophyllun alterniflorum and Littorella 
are absent. 

LPAZ KDG4a 80-20cros. 
A dramatic decline in arboreal pollen frequencies and an increase 
in Gramineae and Cyperaceae characterise LPAZ KDG4. 
Calluna vulgaris frequencies remain below 5-107. tlp. Potentilla 
type and Filipendula dominate the herbaceous pollen spectra with 
Plantago lanceolata, Plantago media / major, Scrophulariaceae- 
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type, Ranunculus-type, Menyanthes trifoliata, Succisa and Cereal- 

type present in low frequencies. Spores are poorly represented 

and Sphagnum percentages fall below 5% tlp. Charcoal 

concentrations are low throughout the zone. 

LPAZ RDG4b : 20-Ocms. 
Increasing Callum vulgaris percentages (c. 20% t1p) characterise 
this subzone and Narthecium ossifragum is present for the first 

time in the diagram. Gramineae (30-40% t1p) and Cyperaceae (20- 

40% t1p) dominate the pollen spectra throughout the sub-zone. 

Pollen Concentration Zones. 

Six pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 33) and are used to describe the pollen concentration 
diagram. 

Pollen Concentration Zone PCZ-KDG1 ; 260 - 222cros. 

Total pollen and spore concentration values in this basal zone are 
generally low with values averaging < 100k grains / per cm3 The 

major contributors to the pollen spectra are Empetrum, Juniperus 

coamunis, Huperzia selago, Artemisia and Rumex acetosa type. 

Pollen Concentration Zone PCZ-KDG2 : 222 - 142cros. 

This zone is marked by an increase in total pollen and spore 

concentration with values remaining consistently at c. 50-100k 

grains / per cm3 throughout the zone. This increase in pollen 

concentration corresponds with the expansion of Juniperus and 
Fmpetrum together with aquatic types such as Myriophyllum. 
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Pollen Concentration Zone PCZ-KDG3 : 142 - 107 cis. 

Total pollen and spore concentration values increase again in this 

zone occasionally reaching over c. 100k grains per cm3. This 
increase in pollen concentration values reflects the increased 

representation of arboreal taxa, particularly Betula, Corylus, 
Alnus, and Fraxinus. Polypodium and Filicales spore frequencies 

also increase in this zone together with herbaceous taxa 

associated with an infilled loch edge (e. g. Filipendula) 

Pollen Concentration Zone KDG4 : 107 - 90 cros' 
Total pollen and spore concentrations decline throughout this zone 
to <50k grains per cm3. The decline in pollen concentration 

appears to affect all the major pollen taxa including all arboreal 
types together with Calluna, Gramineae and Cyperaceae. 

Significantly, immediately below the lower zone boundary there is 

a marked peak in the concentration values of Pinus, Filicales, 

Polypodium, Pteridium and charcoal particle frequency. 

Pollen Concentration Zone : PCZ-KDG5 : 90 - 20cros. 

Total pollen and spore concentration values decline further in 

this zone to consistent levels of c. <50k grains per cm3. All 

contributing pollen taxa appear to be affected. 

Pollen Concentration Zone PCZ-KDC6 : 20 -0 cros. 

Total pollen concentration values begin to increase again but 

remain low (50k grains per cm3). Arboreal pollen concentration 
values are particularly low, although there is a slight increase 
in Alnus, Sorbus, Calluna vulgaris, Narthecii$n ossifragrum and 
Potentilla representation. 
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FIQJRE 33 

Pollen concentration diagram from 
Kildonan Glen, South Uist. 

see Appendix 
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Local environment and regional correlation. 
Devensian late-glacial. 
The basal pollen assemblage recorded in Kildonan Glen indicates a 
brief phase in which species of open herb-rich grassland, sedge 

communities and Empetrum heath were dominant in the vegetation. 
Scattered Juniperus and Salix scrub were present. Herbaceous taxa 

are particularly well represented, notably species of Compositae, 

with Filipendula, Umbelliferae, Rumex acetosa and Caryophyllaceae 

type. Artemisia, Onagraceae-type and Huperzia selago suggest the 

presence of bare rock and soil substrates. Sediment recruitment 
into the basin at this time also suggests the presence of unstable 

and eroding soils in the catchment. The high percentage 
frequencies of Polypodium recorded in the basal pollen spectra may 

represent the erosion of terrestrial soils and the relatively 

resistant recycled Polypodium spores in the catchment rather than 

abundance its in the vegetation. Myriophyllum alterniflorum and 
Littorella indicate open water conditions in the loch. In the 

absence of radiocarbon dating evidence for the Kildonan core 
biostratigraphic correlation with the radiocarbon chronology at 
Loch Lang, South Uist (Bennett et al. 1990) provides some 

provisional dates for the Kildonan pollen record. However such 

correlations are made tentatively given a number of differences in 

the pollen diagrams from both sites. Comparison between the basal 

pollen assemblage recorded at Kildonan Glen and Loch Lang where a 

similar basal pollen assemblage (LL-pl) is dated to 10,700 - 
10,200 B. P. is adopted as a provisional age determination for 

KDG1. 

Early to Mid - Holocene 
The-pollen spectra in KDG2a suggest a change from the open 
landscapes of the basal LPAZ KDG1 to one in which small areas of 
Betula, Juniperus, Salix and Corylus / Myrica scrub were present, 

possibly on the better drained valley slopes above the loch. 

However the Betula rise at 240-235 cms Kildonan Glen is more 

moderate (<207 tip) than the 20-30% Up rise recorded at Loch 

Hellisdale, South Uist (this study) and at Loch tang, South Uist 
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(Bennett et al. 1990) where Betula frequencies expand rapidly to 

c. 307. Up in Ll-p2a. Possibly Betula expansion was inhibited in 

Kildonan Glen at this time by the wetness of the valley bottom, 

suggested by the high Sphagnum percentages in KDG2a and KDG2b. 

Corylus / Myrica frequencies 'are also lower than those recorded at 
Loch Lang (Bennett et al. 1990), Glen Hellisdale (this study) and 
Lochan na Cartach, Barra (this study). Calluna vulgaris appears 
to have expanded gradually in KDG2a at the expense of Empetrum and 
Juniperus heath. Grassland and tall herb communities with 
Filipendula, Umbelliferae (Angelica type), species of Onagraceae, 
Ranunculaceae and Compositae flourished properly in more fertile 

areas of the valley bottom. An increase in organic sediment 
deposition (S. U. 2) suggests that organic productivity was 
increasing in the loch basin and vegetation cover was more 
complete, stabilising soils in the catchment. The abundance of 
Calluna vulgaris and Sphagnum spp. in KDG2 reflects the influence 

of acid substrates and possibly podsolisation on soil forming 

processes from the early Holocene. 

At Loch Lang (Bennett et al. 1990), Loch Hellisdale (this study) 
and Lochan na Cartach (this study), the open grassland and 

tram heath communities of the Devensian Late-Glacial and early 
Holocene are succeeded by a distinctive sequence of woodland and 
scrub development which is typical, not only of early Holocene 

vegetation history on South Uist, but in much of north-west 
Scotland (Birks 1989). At Loch Lang this sequence begins with the 

expansion of Betula and Juniperus at c. 10,200 B. P., followed by 
Corylus / ricer at 9,400 B. P. and Callum vulgaris from c. 9,500 

B. P. (Bennett et al. 1990). These vegetation changes are 
accompanied by a sequence of sedimentary changes which display a 
classic tri-partite Late Devensian - early Holocene lithological 

sequence. At Kildonan Glen, Betula, Juniperus, Corylus / ricer 
and Calluna vulgaris are present together at the KDG2a boundary 
before the sedimentary change to clays and silts in S. U. 3 which 
indicates a change to an erosional sedimentary environment in the 

catchment. The double Juniperus peaks in KDG2a are also 
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characteristic of the climatic ameliorations of the late Devensian 

and early Holocene, which are separated by the clay / silt layer 

which typically correlates with the Loch Lomond cold phase in 

north west Scotland (Walker et al. 1979). The Betula rise and 
second Juniperus peak provide a biostratigraphic marker for the 
start of the Holocene. The pollen spectra in KDG2a are typical of 
Holocene vegetation rather than that of the Devensian Late 
Glacial. Therefore the return to minerogenic sedimentation in 
S. U. 3 suggests a change in local hydrological conditions or the 
erosion and leaching of local soils, possibly as a result of 
climatic fluctuations during the early Holocene. 

Correlation is further complicated by comparison of the Kildonan 
Glen and Loch Lang pollen data with the radiocarbon dated early 
Holocene pollen record from the exposed west coast site at Little 
Loch Roag, Isle of Lewis (Birks and Madsen 1979). Such 
comparisons demonstrate the non-synchroneity of radiocarbon dates 
for similar vegetation 'events' during the early Holocene in the 
Outer Hebrides. For example the Corylus / Myrica / Betula rise is 
dated at 7,900 B. P. at Little Loch Roag, c. 2,000 years later than 
Loch Lang, South Uist (Bennett at al. 1991) and Loch Airigh na n- 
Aon Oidhche, South Uist (Edwards 1990), both sheltered east coast 
locations. It may be that in west facing valleys such as Kildonan 
Glen and Little Loch Roag vegetation succession was different from 
that found in the more sheltered east coast sites - perhaps due to 
the impact of their different climates and topographies on the 
course of succession. Similarly at Kildonan Glen, local site 
conditions rather than any regional effect may have inhibited the 
spread of Betula then Corylus woodland. Alternatively the early 
Holocene sequence noted at Loch Lang and Glen Hellisdale may be 

absent from the Kildonan pollen record as a result of a break in 

sedimentation at the KDG1 - KDG2a boundary caused by the erosion 
of sediments or an hiatus of deposition. In the absence of a 
break in the sedimentary record it is possible that Betula, 
Corylus / Myrica, Juniperus and Calluna vulgaris were present 
together in the landscape of Kildonan Glen from the earliest 
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Holocene (c. 10,200 B. P. ) 

Maximum values for Sphagnum (80% Up + Sphagnum) in KDG2b coincide 
with a change in the sedimentary environment where lacustrine 
deposition is replaced by Sphagnum peat. This feature of the 
Kildonan diagram is of particular interest because the change from 
lacustrine to terrestrial sedimentation in the loch suggests the 
initiation of a hydrosere as terrestrial vegetation encroached 
onto the loch sediment surface. A second, brief stage of 
hydroseral succession follows in which the pollen representation 
of species associated with swamp and tall herb fen increases 

possibly as these species colonised the infilled loch margins, for 

example, Menyanthes trifoliata, Filipendula ulmaria and Valineria 

officinalis. The presence of small numbers of Ulmus and Quercus 
in KDG2b provide a possible date for this period as radiocarbon 
dates from other Outer Hebridean pollen diagrams date the arrival 
of Quercus and Ulmus pollen on the island to c. 7,800 B. P. (Bennett 

et al. 1990) 

A third stage in the hydrosere is indicated by the rapid expansion 
of Betula, Sambucus, Salix and Corylus / Myrica at the lower KDG3 
boundary at the expense of Gramineae, Cyperaceae and Calluna 

vulgaris. An increase in Filicales, Osmunda regalis and Pteridium 

aquilinum suggest that ferns flourished in the woodland 
understory. Elsewhere in the valley open herb-rich communities 
were present with Succisa pratensis, Rumex acetosa, Viola 

palustre, Trifolium repens and Plantago lanceolata. These 

vegetation changes are accompanied by sedimentary change to woody 
peat in which small fragments of Betula wood were preserved. Such 

vegetation and sedimentary change reflects a classic hydroseral 

succession as shrubs colonised the loch margins as the infilling 

process continued. 

The pollen of Ulmus, ercus and later Alnus first appear in 
KDG2b. Pollen of all these trees is found in such low quantities 
that it is probably derived from Quercus, Ulmus and Alnus trees 

which were growing in the sheltered valleys and gorges of the east 
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coast, such as Glen Hellisdale, sheltered by the Beinn Mhor 

massive. Betula and Corylus / Myrica decline briefly in the 

middle of KDG3. There is a slight increase in Gramineae, Calluna 

vulgaris and charcoal concentration values are present in notable 

quantities, and Alnus and Plantago lanceolata are present for the 
first time in the diagram. Alnus was recorded at Loch Lang, South 
Uist (Bennett et al. 1990) from 7,200-6,000 B. P. and c. 6,000 B. P. 

at Callanish, Isle of Lewis (Bohncke 1988), 6,100 B. P. at Little 
Loch Roag, Isle of Lewis (Birks and Madsen 1979) c. 7,280 BP, North 
Loch Eyenort, 7,030 + 230 B. P. and 7,030 + 230 B. P. at Loch Airigh 

na n-Aon Oidhche (Edwards 1990). The South Uist dates suggest a 
provisional date for the Alnus entrance at Kildonan Glen of 
c. 7,000 B. P. There are no indications in the pollen spectra which 
can be interpreted as significant indicators of climatic or 
anthropogenic impacts on the vegetation during this period. 
However Edwards (1990) reports an increase in charcoal 
representation and a decline in Corylus around the time of the 

alder rise at North Loch Eyenort, South Uist which has been 

suggested (above) as the nearest biostratigraphic correlative to 
these events at Kildonan Glen. If this interpolated date is 

correct it is rather too late for the regional decline in Betula 

woodland at c. 7,900 BP. suggested by Wilkins (1984) which he 

suggests was caused by a wetter climate. 

Woodland regenerates briefly before decline in LPAZ KDG4a, and 
again at LPAZ KD4b. An increase in minerogenic deposition in the 
basin coincident with the decline in Betula and Corylus / Myrica 
woodland suggests a return to unstable and eroding soils in the 
catchment. There is a corresponding increase in charcoal 
concentrations, Gramineae and Potentilla together with Cereal- 
type, Onagraceae-type and Plant ago lanceolata. These effects 
could result from the clearance of Birch and Hazel scrub and local 

agricultural activity which would lead to the expansion of pasture 
land evidenced in the pollen record, and the in-washing of mineral 
material into the loch basin from the valley sides. There are 
some indications of increased wetness in the valley floor as the 
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Cyperaceae and Sambucus values increase across the KDG3-KDG4 zone 
boundary, possibly as a result of an increase in overland flow 

caused by the reduction of woodland. Again without radiocarbon 
dating evidence the final demise of woodland at Kildonan Glen is 

difficult to date. The Plantägo lanceolata curve becomes 

continuous from 90 cms. as Betula declines rapidly. Plantago 

lanceolata is continuously present at Loch Lang (Bennett et al. 
1990) and Callanish, Isle of Lewis (Bohncke 1988) from c. 5,000 

B. P. which is thus suggested as a provisional date for the onset 

of woodland decline at Kildonan Glen. The palynological record 
from other sites in the Outer Hebrides suggest that anthropogenic 
impact on the vegetation was in effect during the Neolithic 

period. Similar pollen spectra recorded at Callanish, Isle of 
Lewis, (Bohncke 1988) are interpreted as clearance phases in which 

scrub woodland was reduced to provide land for pasture and some 

arable cultivation. Several such clearances are recorded at 
Callanish, with the earliest evidence of cultivation occurring 
between 5,320-4,580 B. P. In Loch Lang, Bennett et al. (1990) 

reported woodland decline accompanied by the spread of blanket 

peat from 4,300 B. P. and similarly at Lochen na Cartach, Barra, 

woodland disappears from the landscape from c. 4,000 B. P. At both 

sites these changes were interpreted as part of a regional change 
brought about by the stress of grazing and possibly a worsening of 
climatic conditions. At Kildonan Glen the spread of Callum 

vulgaris, Narthecium ossifragum and Drosera, taxa typical of 
blanket bog vegetation, are not recorded until KDG4b and these 

spectra correlate much more strongly with the c. 4,000 B. P. spectra 
at the other sites, suggesting that the Betula / Corylus decline 

at Kildonan Glen predates the spread of blanket peat on South Uist 
by c. 1,000 years. 

An important factor complicating the interpretation of woodland 
decline in Kildonan Glen is the effects of sand ingress onto the 

west coast of South Uist which Ritchie (1985) considers to have 

taken place before 4,500 B. P. The primary deposition of sand 
inland on the coast could have lead to palaeohydrological changes 
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in the Kildonan loch complex of which the pollen sampling site was 

a part. Sand ingress may have indirectly favoured Sambucus and 
impeded drainage caused by sand ingress could have raised the 

water table in the valley causing woodland decline and favouring 

the expansion of taxa such as Potentilla palustris and Carex spp. 
Changes on the western coast resulting from sea level change may 
have led to the transfer of settlement, or some form of 

agricultural activity inland from the coast to the inland valleys 

slopes such as Kildonan Glen. Independent dating evidence from 

Kildonan Glen would help to resolve some of these complexities by 

linking the palynological record to sand deposition on the coast 

and the archaeological monuments in the valley. 
Higher charcoal concentrations in KDG4b suggest a greater human 

presence in the area, possibly Calluna heath was being burned to 

provide grazing for animals or the charcoal may originate from 

domestic fires, an idea previously discussed by Edwards (1990). 

Synthesis 

The pollen record from Kildonan Glen differs in some respects from 

Holocene pollen sequences described from more sheltered east coast 

valley sites such as Glen Hellisdale (this study) and Loch Lang 
(Bennett et al. 1990). The lower arboreal pollen frequencies 

recorded in the more exposed Kildonan Glen during the early 
Holocene possibly reflects the effects of the strength of westerly 
"on shore" winds and gales on the developing vegetation. An 

interesting feature of the pollen diagram is the abundance of 
Calluna vulgaris prior to the expansion of Birch / Hazel woodland 
in KDG3a which suggests that Callum heath was abundant in areas 

of the landscape which were perhaps inhospitable to tree growth 
during the early Holocene. 

Infilling of the loch during the Holocene led to a hydroseral 

succession which culminated in the expansion of Birch / Hazel 
dominated woodland which appears to have differed slightly in 

species composition from the woodlands in Glen Hellisdale and Loch 

Lang. ercus, Ulmus and Alnus are poorly represented in the 
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pollen record at Kildonan Glen whereas Salix and Sambucus are more 

abundant, probably reflecting the wetter environment of the valley 
bottom. Grasses, sedges and tall herb communities flourished in 

the valley together with Calluna heath on its drier parts. An 

early phase of inferred agricultural activity evidenced by 
increased charcoal concentrations, reduced Betula and Corylus / 

Myrica pollen frequencies, and an increase in grassland and heath 

indicators may be associated with early Neolithic presence in the 

area. The subsequent rapid demise of woody scrub vegetation in 

Kildonan Glen contrasts with the more gradual reduction of 

woodland in Glen Hellisdale and Loch Lang from c. 4,300 B. P. There 

are some indications of increased human activity associated with 
the reduction in woodland, specifically increased charcoal 
representation and cereal type pollen grains. These may be linked 

to a later Neolithic occupation of the valley evidenced by the 
burial chamber. Such a rapid decline in woodland may however be 
linked to the wider environmental repercussions of sand ingress 

onto the western coastline from around 4,500 B. P. The 

contemporary vegetation of the valley appears to have become 

established after the decline in woodland and scrub vegetation 
which may have failed to regenerate as a result of increasing land 

use pressure, evidenced by the palynological and archaeological 
record, combined with worsening climatic conditions and a change 
in the local hydrological regime as sea level rose sometime after 
5,000 B. P. 
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Chapter 10. 
The Historical Ecology of Loch DrUidibeg, 
Lake Island Woodland. 



The historical ecology of loch island woodland ; Loch Druidibeg 

National Nature Reserve ; South Uist. 

Introduction. 

Pollen analytical studies of Holocene lake and peat sediments 
(Bennett et al. 1990, Edwards 1990, Loch Hellisdale this study) 

suggest that woodland was once more widespread and diverse on 
South Uist than the species poor communities that occur in the 

contemporary landscape. Today many South Uist lake islands 

support dense shrubby woodlands (described by Spence 1960) in 

contrast to the surrounding lake shores which are covered in 

blanket peat. Such island woodland fragments are of interest since 
they might represent remnants of primary, ancient woodland which 
has survived due to protection from past and present land-use 

pressures - such as over-grazing - by their isolation on the lake 

islands. These sites are potentially important for the study of 

recent vegetation dynamics and are of conservation interest 

because of their restricted distribution in the Outer Hebrides. 

However the nature of any possible relationship between the lake 
island woodlands and those of earlier, and early to mid-Holocene 
vegetation is at present unknown. 

The primary status of woodland ( as defined by Peterkin (1981), in 

terms of areas that have supported woody plants throughout the 
historic period ), is difficult to demonstrate from studies of the 

contemporary vegetation in the absence of historical or 
palaeoecological information. Conventional palynological studies 
have contributed relatively little to woodland successional theory 
because many published pollen diagrams record vegetational change 
at too wide a spatial and temporal scale to track the history of 
individual woodlands (see Webb III et al. 1978, Jacobson and 
Bradshaw 1981). 

However palynological studies from mor humus deposits under closed 

woodland and shrub canopies have successfully revealed the history 

of individual woodlands, past disturbance, regeneration phases and 
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successional relationships as shown by Aaby (1983), Andersen 
(1984), Bradshaw (1987), Mitchell (1988), Bradshaw and Hannon 
(1986), Hannon and Bradshaw (1989). Moreover recent palynological 
studies from mor humus profiles beneath woodland on similar lake 
islands in Connemara, western Ireland have revealed the recent 
history of individual woodland stands in landscapes similar to 
those found in South Uist (Flannelly 1988, Hannon 1985). 

Many of the South-Uist loch islands have a thin covering of mor 
humus which provides a good matrix for pollen preservation. The 
humus is acid and previous studies indicate that there is little 

evidence of sediment mixing due to soil fauna or downwashing in 

the sediment profile (Bradshaw 1988). The present palynological 
study of a mor humus profile from a loch island at Loch Druidibeg 
National Nature Reserve provided an opportunity to investigate the 
historical ecology of this woodland and its relationship with the 
Holocene record, and so would provide an important link between 

the present and past vegetation and land-use in this region. In 

addition the closed canopy woodland also provided an opportunity 
to quantify the pollen representation of woody plants within 
existing woodland on South Uist, a study which could assist in the 
interpretation of woodland pollen floras in the Holocene pollen 
record from the islands. 

Pollen analysis of a mor humus profile is used here to establish 
the history of this woody scrub vegetation, woodland dynamics and 
plant succession at the site. The impact of people is likely to 
be important in this context as many of the islands in the South 
Uist lochs contain the remains of archaeological sites, including 
brochs and duns (Barber 1987). The presence of an abandoned stone 
structure and causeway to the island in Loch Druidibeg thus raised 
the possibility also of investigating human influence on the 

vegetation. 
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Figure 34. Location of Loch Llruidibeg- Island, South Uist. 
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Figure 35. Woody-scrub vegetation ; Loch Druidibeg, South Uist. 



The site and field investigations. 

The loch island selected for investigation is one of many small 
islands situated in Loch Druidibeg National Nature Reserve, South 

Uist (Figure 34 and 35). The loch is located on the acidic 
Lewisian gneiss and is surrounded by extensive tracts of blanket 

peat vegetation. The island is situated c. 20m from the shore and 
is connected to the mainland by a submerged causeway. 

The vegetation of the island was surveyed using a series of 

releves, and the results are presented in tables 26 - 30. Two 

woody stands of vegetation form the dominant vegetation 

conmmumities on the island. At the eastern end of the island 

Taxus baccata, Sorbus aurita and Betula pendula form a low dense 

canopy (Figure 35). The diverse shrub and ground flora included 

Rosa canina, Lonicera periclymenum, Rubus fruticosus, 

Hyacinthoides non-scriptus, Stellaria media, Rumex acetosa, 
Digitalis purpurea, Pteridium aquilinum, Athyrium felix- femina 

and Dryopteris sip. (Table 27). 

The other community comprises Salix aurita scrub with Filipendula 

ulmaria, Potentilla palustris, P. erecta, Ranunculus ficaria, 

R. flamula, Hydrocotyle vulgaris and Osmunda regalis and occurs on 
the eastern shoreline (Table 26). 

Other woody species represented at the western, more exposed end 

of the island included Myrica gale and Juniperus communis (tables 

28 and 29). 

The lichen and bryophyte flora found growing on trees in releve 2 

is diverse and includes Lobaria pulmonaria, Usnea subfloridana, 
Parmelia parlta, Parmelia glabratula, Evernia prunastre, Metzgaria 
furcata and Frullania tamarisci (P. Watham pers. con. ) and may be 

characteristic of ancient woodland (Rose 1976). 

The assumption that the island was inaccessible to grazing animals 

was dismissed when on the day of the survey a grazing sheep was 
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Table 26 

Loch Druidibeg Island Vegetation Survey : Releve 1: east-end. 

Species Damire No. 

Salix aurita 2 

Osmunda regalis 4 

Filipendula ulmaria 3 
Ranunculus re pens 2 
Ranunculus ficaria 1 
Ranunculus flarrmula 1 
Hydrocotyle vulgaris 2 

Montia fontana 1 
Potentilla palustris 1 
Potentilla erecta 1 

Senecio 'ach obea 1 
Hyracium M. 1 
Viola riviniana 1 
Rumex acetosa 1 
Juncus effusus 1 

Carex nigra 2 

rostis stolonifera 1 
Littorella littorina 2 
Pellia ei lla 4 
Plagiomnium undulatun 2 
Bare rock 5 
Open water 5 
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Table 27 

Inch Druidibeg Island Vegetation Survey : Releve 2: east end. 

Species Domin No. 

Salix aurita 2 
Sorbus aucuparia 3 
Taxus baccata 1 

Betula pendula 3 

Lonicera periclymenum 1 
Rosa canina 1 
Rubus fruticosus agg. 2 

Digitalis purpurea 2 
Geranium robertianum 2 
Hyacinthoides nonscriptus 2 
Rumex acetosa 4 

Stellaria media 1 

Poa trivialis 1 
Athyriun felix-femina 1 
Dryopteris spp. 1 
Pteridium aquilinum 1 
Isothecium myurum 1 

Ulota crispa 1 
Metzgaria furcata 1 
Frullania tamarisci 2 

Lobaria pulmoneria 2 

Usnea subfloridana 1 
Parmelia parlata 2 
Usnea subfloridana 1 
Ramalina farinacea 1 
Parmelia glabrata 1 
Evernia prunastre 1 

Eurhynchium striatum 3 
Plagiomniun undulatum 1 
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Table 28 

Loch Druidibeg Island Vegetation Survey : Releve 3: West end 
Species Domin No. 

Myrica gale 3 

Potentilla palustris 2 

Potentilla erecta. 1 

Hydrocotyle vulgaris 1 
Prunella vulgaris 1 
Viola riviniana 1 
Galium palustris 1 
Molinia caerulea 3 
Agrostis stolonifera 1 
Nardus stricta 1 
Juncus effusus 1 
Carex echinata 1 

Osmunda regalis 1 
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Table 29 
Loch Druidibeg Island Vegetation Survey : Releve 4: West end 

Species Domin No. 

Myrica gale 1 

Potamogeton polygonifolius 4 

Carex nigra 3 

Eleocharis palustris 3 

Potentilla palustris 1 

Bare peat 1 

Litter 2 
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Table 30 

Loch Druidibeg Island Vegetation Survey : Releve 5: West end 

Species Domin No. 

Juniperus communis 3 
Myrica gale 4 
Rosa canina 1 
Salix aurita 1 
Sorbus aucuparia 1 

Lonicera periclymenum 1 
Rubus fruticosus agg. 1 
Calluna vulgaris 3 
Erica cinerea 1 

Potentilla erecta 1 

Hieracium spp. 1 
Leontodon autumnalis 1 
Plantago lanceolata 1 
Hydrocotyle vulgaris 1 
Sedum acre 1 

Ranunculus flammula 1 
Filipendula ulmaria 1 
Angelica sylvestris 1 

Lotus corniculatus 1 

Narthecium assifragum 1 
Drosera rotundifolia 1 
Anagallis tenella 1 
Nardus stricta 1 

Agrostis capillaris 1 
A rg ostis stolonifera 1 
Molinia caerulea 1 
Carex dioica 1 
Carex nigra 1 
Iuzula campestris 1 
Juncus effusus 1 
Osmunda regalis 2 
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disturbed. Presumably sheep can reach the island at low water via 
the "submerged causeway" and across the ice at times of extreme 

cold, as well as with the aid of local people. 

Mor humus deposits were located beneath the Taxus - Betula - Salix 

scrub, where probing revealed variable depths of humus ranging 
from 10-55 ems. A mor humus monolith was retrieved from beneath 

the woody scrub canopy in releve 2 which consisted of c. 55cms of 
mor humus which had accumulated in a shallow depression in the 
bedrock. A further short core from a waterlogged organic soil 
beneath Salix scrub in releve 1 was also collected for analysis. 

Methods. 

The mor humus and peat monoliths were stored in plastic tubing, 

wrapped in heavy polythene sheeting and stored at 4°C prior to 

sampling for pollen analysis. In order to facilitate close 

sampling of the deposits the mor humus profile was frozen and cut 
into 1cm. slices from which 1cm3. sub-samples were taken for 

pollen analysis following Hannon et al. (1988). The samples were 

processed using standard KOH digestion and acetolysis (Faegri and 
Iversen 1979). Lycopodium clavatum tablets were added to each 

sample to facilitate pollen concentration calculations. A minimum 
of 600 pollen grains was counted at each level and the results are 

presented as pollen percentage and pollen concentration diagrams. 

Local pollen assemblage zones LPAZ were defined using numerical 

zonation techniques (Padmore 1990) and are described using the 

site designation LDB1 (mor humus profile) and LDB2 (organic soil 

profile). 

Sediment characteristics. 
The mor humus profile consisted of three sediment units; 

Unit 1 55 - 54 cms. minerogenic layer. 
Unit 2 53 - 24 cms. Dark brown humified organic layer. 
Unit 3 24 -0 cms. Light brown, fibrous organic layer. 
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Mor humus. 
Muller (1879) originally classified forest humus into mull and mor 
humus types differentiated by processes of accumulation. Mor 

humus consists of organic litter which accumulates when there is 

no active mixing between the litter layer and the underlying 

mineral soil. Consequently mor humus is stratified and almost 

entirely organic with a dry fibrous texture in the upper layers 

due to the slow rate of accumulation. It is distinguished from 

peat by processes of formation - mor is essentially a dry deposit 

whereas peat is-formed in a waterlogged environment (Bradshaw 

1988). Andersen (1979,1984a, 1984b) and Aaby (1983) note that 
brown fungal hyphae characterise mor humus types. Andersen (1979) 

in a study of soil profiles and historical data from Eldrup 
forest, Denmark, found that the original brown earth soil had 

degraded into a podzol following woodland felling and a period of 

cattle grazing. Andersen demonstrated that the four profiles had 

the same vegetational history but had undergone different soil 
development. This led Andersen (1979) to conclude that the 
influence of microtopography was an important controlling factor 

in the accumulation of mor humus. Aaby (1983) also suggested that 
bedrock topography affected mor humus accumulation in Draved 

Forest soil profiles. At one site the proximity of the water table 

to the soil surface had reduced biological activity causing mor 
humus to accumulate 1,700 years earlier than at the other site. 

Stockmarr (1975) produced a model of a pedogenic sequence and 

compared it to a pollen diagram from a soil profile from 

Martingerbos, The Netherlands. He showed that some aspects of 

past vegetation changes at the site were associated with 

anthropogenic activity. As Tilia forest was replaced by Quercus 

and Fagus, secondary woodland mull humus degraded to mor as a 

result of increased soil acidity following disturbance. Davies et 

al. (1964) suggested that reduced phosphate and nitrogen levels 

were causal factors in mor humus accumulation following 

disturbance. In a further study from Breen Wood, Co. Antrim, 

Northern Ireland, Cruickshank at al. (1981) suggested that mor 
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humus accumulation, which coincided with blanket peat formation at 

a pollen site adjacent to the wood, 'was induced by wetter climatic 

conditions. These studies suggest that a number of site related 

and other local factors are infuential in the formation of a mor 
humus type. In particular the chemical nature of leaf litter 
(Handley 1964) which influences the phosphate and nitrogen status 

of the soil (Davies et al. 1964) and which may be related to 

woodland disturbance, site topography and climate. 

The pollen diagrams. (Figures 36-39). 

1) Taxus - Sorbus stand (LDB2). 

LPAZ 1DB2-1 ; 55 cros - 14 cros.. 

High Calluna vulgaris pollen frequencies characterise the basal 

pollen spectra (c90% tip. ). Other pollen types are poorly 
represented and include scarce grains of Gramineae, Potentilla, 
Osmunda regalis, Filicales and Pteridiu®. Arboreal pollen 
frequencies are low (<27 t1p) and comprise occasional grains of 
Pinus, Betula, Alnus, Salix and Coryloid type. 

LPAZ IDB2-2 : 14 - 8cros. 
Calluna pollen frequencies vary from 557. tip to c. 72% tip. Overall 

there is a small increase in arboreal pollen representation. 
Coryloid type (15-207 t1p), Betula (5-10% t1p) and Sorbus (5-8% 

t1p) together with occasional grains of Taxus, Quercus, Ulmus, 

Alnus, Sorbus and Taxus. Lonicera and Rosaceae (undifferentiated) 

pollen are present in low frequencies. There is an increasing 

diversity of herbaceous pollen includes Plantago lanceolata, Rumex 

acetosa and Succisa. Filicales, and Athyrium spp. spore 
frequencies are higher. 
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FIGURE 36 

Pollen percentage diagram, 
Taxus - Sorbus stand : T)B2 
Loch Druidbeg, South Uist. 

See Appendix 
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LPAZ LDB2-3 :8-0 cros. 
Characterised by Betula (15-45%), Sorbus (10-20%), Taxus (15% tip) 

and Athyriusn spp. Callum representation falls to c. 5% tlp. 
Scarce pollen types include Rumex acetosa, Ranunculus type, 
Succisa, and Scrophulariaceae (Digitalis type). Lonicera, 
Rosaceae type and Hedera helix are present. 

Discussion 

Three phases of vegetation succession are therefore recorded in 
the LDB2 profile. Following initial clearance of the vegetation 
(indicated by the high charcoal values in the basal spectra) 
firstly, Calluna heath, then Corylus / rica. dominated scrub and 
finally Taxus -Betula - Sorbus woodland developed. 

Pollen Concentration Zones (L)B2). 

Four pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 37) and are used to describe the pollen concentration 
diagram. 

Pollen Concentration Zone ; PCZ-IDB2 -1 ; 50-48cros. 

Total pollen and spore concentration values are high with values 
averaging 2000k grains / per cm3" in the basal sediments. The 

major contributor to the pollen spectra is Calluna, with low but 

significant amounts of Pinus and Salix. Charcoal concentrations 
are particularly high in this zone. 

Pollen Concentration Zone PCZ-LDB2-2 : 48 - 14 cros. 

This zone is marked by a decrease in total pollen and spore 
concentration with values remaining consistently at c. 400k grains 
/ per cm3 throughout the zone. The main constituent of the pollen 
spectra is Calluna vulgaris . 
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Pollen Concentration Zone PCZ-LDB2-3 : 14-8cms. 

Total pollen and spore concentration values increase very slightly 
in this zone to c. 500k grains per cm3. However Calluna values 
decline slightly and there isýa corresponding increase in Corylus 

/ Myrica, Taxus, Gramineae and Cyperaceae. Fungal spore 
concentrations increase across the zone boundary. 

Pollen Concentration Zone PCZ-LDB2-4 : 8-Ocms 

Total pollen and spore concentrations increase further to c. 1000k 

grains per cm3. This increase in pollen concentration values 
reflects the decline in Calluna pollen values and a corresponding 
increase in Betula, Sorbus, Taxus and Athyrium type and Dryopteris 

spores. 

Salix stand : i)B1. 

LPAZ : LBB1-1 : 22 - 16cros. 

High Callum frequencies (c. 60-65% tip) characterise the basal 

pollen spectra together with Gramineae (10-12% tip) and Cyperaceae 
(5-10% tlp). Low, but consistent frequencies of Plantago 
lanceolata, Rumex acetosa and species of Compositae and 
Umbelliferae occur. Arboreal pollen values are low with Alnus 
(c. 5% tlp), Coryloid (c. 10%-12% tlp), Salix (c. 5% tlp) and Sorbus 
(c. 3% tlp) most frequent. Betula, Pinus, Quercus and Ulmus are 

also present with values of <2% Up respectively. Spores included 

Filicales, Osmunda regalis, Polypodium, Selaginella selaginoides 

and Equisetum. Aquatic pollen frequencies, Littorella (10% Up + 

aquatics) and Isoetes lacustris and Isoetes echinospora (c. 20% 

Up + aquatics) decline towards the upper zone boundary. Sphagnum 
(4-5% Up + spores) was recorded. 

LPAZ IDB1-2 ; 16-5cros. 
A marked increase in the representation of Salix and a decline in 
Calluna from the high frequencies recorded in LDB1-1 characterise 
this LPAZ. Coryloid (12-15% tip) and Sorbus (4-7% tip) increase 
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FIGURE 37 

Pollen percentage diagram, 

Taxus - Sorbus stand : LDB2 

Loch Druidbeg, South Uist. 

See Appendix 
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gradually then decline from 11 cros. Other arboreal species 
include Alnus, Pinus, Betula and occasional grains of Ulmus 
Fraxinus and Taxus. Gramineae, Cyperaceae and a similar suite of 
herbaceous species are well represented, together with spores of 
Osmunda, Pteridium and Filicales. Isoetes echinospora declines 

and Isoetes lacustris increases. A small peak in Sphagnum occurs 
between 13-10 cros. Charcoal concentrations fall from the high 
levels of LDB1-1 (Figure 38). 

LPAZ LDB1-3a ; 5-2cms. 

Calluna frequencies peak again (50-57% tip) and there is a 

corresponding decline in Salix from maximum levels of 80% Up in 

LDB2b to between 55-307. Up in LDB2c. Gramineae and Rumex 

acetosa also increase in abundance and Plantago lanceolata, 

Rubiaceae type (Polygala) and Polygonum bistorta type were 

present. 

LPAZ LDB1-3b ; 2-0 cros. 
Salix dominates the pollen assemblage in the uppermost LPAZ. 
Gramineae and Calluna vulgaris decline, as does the representation 
of herbaceous type pollen. 

Pollen Concentration Zones. 

Four pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 39) and are used to describe the pollen concentration 
diagram. 

Pollen Concentration Zone PCZ-IDB1-1 : 22-16cros. 

Total pollen and spore concentration values average 4-800k grains 
/ per cm3" in the basal sediments. Calluna is a major contributor 
to the pollen spectra, together with Gramineae, Cyperaceae, and 
some woody taxa such as Betula, Taxus and Sorbus. 
Sphagnum. Aquatic types such as Isoetes also have relatively high 

concentration values for the diagram in this zone. 
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FIGURE 38 

Pollen percentage diagram, 

Salix stand LDB1 

Loch Druidbeg, South Uist. 

see Appendix 
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Pollen Concentration Zone PCZ-LDB1-2 : 16 - 5cros. 

This zone is marked by a slight decline in total pollen and spore 
concentrations with values falling to between 2-400k grains / per 
cm3 throughout the zone. This decline in pollen concentration 
values corresponds with a change from Calluna to Salix dominated 

pollen concentrations. 

Pollen Concentration Zone PCZ-IDB1-3 :5-2 cros. 

Total pollen and spore concentration values fluctuate between 2- 

400k grains per cm3, reflecting a brief decline in Salix values 
and increase in Calluna. 

Pollen Concentration Zone ; PCZ-LDB1-4 :2-0 ems 
Total pollen and spore concentrations increase slightly as Salix 

values rise once again. 

-279- 



FIGURE 39 

Pollen concentration diagram, 
Salix stand : LDB1 
Loch Druidbeg, South Uist. 

See Appendix 
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Four phases of vegetation change are recorded in LDB1. The basal 

pollen assemblage LDB1-1 suggests that the vegetation at this time 

consisted of open grassland and Callum vulgaris heath with a 

small copse of Salix scrub. Waterlogged conditions at the site 

are indicated by the abundance of Littorella pollen and Isoetes 

spores, aquatic taxa probably present in the sediments as a result 

of inundation by lake water. As in LDB2 the open aspect of the 

vegetation in this part of the diagram means that the source area 

represented by the pollen spectra reflects not only the vegetation 

at the site but also that of the surrounding lake island 

communities and lake shores. The Coryloid pollen curve may 

represent a separate Coryloid scrub growing either on the island 

or lake shore rather than a Salix / Coryloid association at the 

site. In the second phase of vegetational succession Salix scrub 

appears to have flourished as the waterlogged conditions at the 

site improved and is accompanied by grasses, herbs and ferns in 

the understory. In LDB1-3a a brief period of disturbance in which 

grass and heath communities are re-established at the expense of 
Salix may be the result of an increase in grazing. In the final 

phase, Salix scrub regenerates and the upper pollen spectra is a 
fairly good representation of the modern vegetation at the site. 

Discussion. 

a) Pollen source area. 
Comparison of the contemporary vegetation at LDB1 with the 

surface sample from the mor humus profile suggests that pollen 
representation under the dense wood and shrub canopy strongly 
represents the vegetation within 20 m. of the site. If other 
loon-island" pollen sources were contributing significantly to the 

pollen spectra within the woodland higher Salix values than those 

recorded could be anticipated, having their source in the Salix 

scrub approximately 30 metres away. If "off-island" sources were 
contributing to the pollen spectra then much higher values for 

Calluna and other blanket bog species would occur. Surface 

samples from within the Salix scrub at LBD1 also display similar 
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taphonomic characteristics, for example, Betula, Sorbus and Taxus 

are recorded as scarce pollen types in LBD1 surface samples, 
despite the fact that they are present in the vegetation only 

c. 30m from the site. "Off island" pollen spectra (blanket bog 

species) are also poorly represented suggesting that at both 

sites pollen dispersal from within the woodland is concentrated 

within a few metres of source. 

Surface pollen samples from the three other vegetation releves 
sampled are more varied and contain a much greater proportion of 
"off-island" pollen (blanket bog taxa) and "on-island" pollen from 

LDB1 and LDB2 woodland (Betula, Sorbus, Salix). These data 

suggest that the physiognomy of the vegetation plays a 
considerable role in the dispersal of pollen on the island. The 
low growing communities at the exposed, western end, appear to 

receive pollen from a wider source area than the closed canopy 
sites. These taphonomic characteristics are significant in 

relation to the interpretation of the pollen sequences recorded in 

the deposits from LDB1 and LDB2 in that they suggest that the open 
heathland recorded in LDB1-1 and LDB2-1 represents a pollen source 
area which includes local and extra local sources. 

Dati . 
Previous studies of mor humus profiles have adopted several 
methods for dating palynological sequences (see Bradshaw 1988). 
Radiocarbon dating has been successfully employed at some sites 
but dating the humus matrix is problematic due to the 
translocation of humic acids within the profile (Cruickshank and 
Cruickshank 1981). Alternative methods have been employed based 

on known historical dates for vegetation characteristics and the 

constant pollen accumulation rate assumption (Hannon and Bradshaw 
1989, Aaby 1983, Middeldorp 1980). Calibration with tree ring 
data from sites has been used to calibrate the dating curve 
(Hannon and Bradshaw 1989), although in the case of this Loch 

Druidibeg island, no suitable taxa or individuals were found. 

-282- 



Radiocarbon dates are not available for the Loch Druidibeg profile 

and there are no features of the pollen record from the site which 

provide a useful marker on which to base an age-depth relationship 

curve by assuming constant pollen and humus accumulation rates. 
The Sorbus and Taxus trees on the island are mature specimens but 

tree ring age determinations were not attempted. 

In the absence of absolute or relative age-depth time scales 
consideration of the pollen and archaeological record may provide 
some clues to the age of the deposits. 

Surface sample studies (see above) suggest that the two basal 
LPAZ's - (LBD1-1 and LDB2-1) are representative of a wider source 
area than that recorded in the closed canopy woodland 
n 

iý e« ý, 
,cs Mor humus accumulation on Loch 

Druidibeg island appears to have been initiated during a period in 

which widespread Calluna heath, similar to that surrounding the 
loch today, was the dominant vegetation type. Radiocarbon dates 

from other Outer Hebridean sites suggest that similar open 
landscapes were present from c. 4,300 B. P. at Loch Lang (Bennett et 

al. 1990), c. 4345 B. P. at Rosinish III (Whittington and Ritchie 

1988), c. 3,220 B. P. at Callanish (Bhoncke 1988) and c. 4,000 B. P. 

Lochan na Cartach, Barra (this study). Biostratigraphic 

correlation with the pollen record from these sites is extremely 
tentative given the very different nature of the pollen preserving 
deposits and geographical locations of the other sites. However 

this palynological evidence clearly suggests a post 4,000 B. P. 

date for the basal Loch Druidibeg island profiles. 

Archaeological structures on lake islands dating from the 
Neolithic period are a feature of the South Uist archaeological 
record. Iron Age island Duns and Brochs such as Dun Raouvill in 
Loch Druidibeg, are the most common archaeological structures 
dating from this period. Possibly the structure and initial 

clearance phase recorded in LDB2-1 and LDB1-1 on Loch Druidibeg 
island dates from this period (c. 2,000 B. P., Barber 1987). The 
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relationship between the construction of the archaeological site 

and the onset of mor humus accumulation is unknown, consequently 
it is very speculative to assume that the mor humus post-dates the 

structure. 

The pollen diagrams. 
Analysis of the mor humus profile from Loch Druidibeg island 

provides no evidence of continuous woodland or scrub vegetation 
during the present phase of mor humus accumulation. The high 
frequencies of microscopic charcoal particles in the basal 

minerogenic layer in LDB PCZ2: 1 indicates that. the preceeding 
vegetation of the island may have been cleared by fire and that 

subsequently the area was colonised by dry Callum heath. This 

clearance may be associated with the occupation of the island. 

The Coryloid pollen type contains two species, Corylus avellana 
and Myrica gale, and attempts to separate these types proved 
unreliable and as a result interpretation of the Coryloid 
frequencies is difficult. rica gale, a characteristic species 
of blanket peat vegetation is present on the island (Table 29) and 
it may have flourished briefly in this first phase of scrub 
development. However the generally dry nature of the Calluna 
heath recorded in the previous zone would suggest that Corylus 

avellana, rather than Myrica gale was present. Though the acid 

soils, or a change to a wetter environment could favour ricer. 

There are other indications of scrub development as Sorbus, 
Betula, Taxus, Dryopteris spp., Filicales and Athyrium are 
recorded. Lonicera and scarce grains of Hedera occur, Rosaceae 

pollen is also present and may be derived from Rubus fruticosa or 
Rosa canina, species abundant within the present day woodland. 
Difficulties in the identification of Rosaceae type pollen to 

species level caused problems in the separation of these types 

except in the case of Sorbus which was identified using the pollen 
keys of Eide (1981) and Boyd and Dickson (1987). A small peak in 

Gramineae together with a more diverse herbaceous pollen flora 
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which includes Plantago lanceolata, Runex acetosa, Succisa, 

Ranunculus type and Umbelliferae suggest the presence of acid 

grassland. An increase in fungal spores in the pollen samples at 

this vegetation transition corresponds with the change from 

heathland to scrub vegetation indicating a change in the humus 

forming matrix. 

In the uppermost LPAZ LDB2-4 Betula attains values of c. 45% Up 

and Sorbus and Taxus values increase to between 10-25% Up 

respectively. The dominance of Betula in the pollen spectra may 

reflect high pollen productivity rather than abundance in the 

vegetation, Taxus and Sorbus aucuparia are relatively low pollen 

producers, consequently these low values probably represent a 
local presence of these taxa. Calluna and Pteridium decline as 
the woodland canopy develops and Dryopteris and Athyrium increase 

in abundance. 

The pollen record from LDB2 shows that the recent history of 
vegetation on the island has been dynamic as the heathland flora 

was invaded by Corylus / Myrica dominated scrub, then Betula, 
Taxus and Sorbus woodland. 

The pollen sequence from LDB1 (Figures38-39) suggests simpler 
vegetation dynamics as a small Salix copse, present at the start 
of the pollen diagram flourishes possibly as a result of a 
relaxation of anthropogenic disturbance on the island. A brief 

period disturbance is recorded in LDB1-3 in which the Salix scrub 
is reduced possibly as a result of coppicing which would reduce 
pollen production or sheep grazing which would restrict 
regeneration, temporarily depleting the scrub. 

Salix remains the dominant woody species at this site possibly 
because the shallow soil and wet conditions prevented further 

succession by other species such as Betula, Sorbus and Taxus. The 

two pollen sequences may overlap as the basal spectra are similar 
and the Taxus and Sorbus follow similar trends. 

-285- 



Several characteristics of the Druidibeg island pollen data are 

remarkably similar to the record from the Connemara lake islands 
(Hannon and Bradshaw 1989, Flannelly 1988). In both cases there is 

no orderly arrival of woody plant species on the island, rather 

they arrive simultaneously with Corylus / Myrica. Hannon and 
Bradshaw's 1989 model (Figure 40) of recent vegetation change in 

western Ireland provides a valuable aid to the interpretation of 

the Loch Druidibeg island pollen data. This model suggests a 

three stage process in which temporary tree clearance on acid 

soils created heathland which, in the absence of grazing and 
disturbance, would develop woodland similar in species composition 
to the Loch Druidibeg island woods. Comparison of the Loch 

Druidibeg pollen data with this model suggests that the Calluna 

heath and grassland communities of the basal LPAZ's were 

maintained by anthropogenic pressure during a phase in which the 
island was occupied. The woody succession in which Corylus / 

rica scrub then Betula - Taxus - Sorbus woodland at one site and 
Salix scrub at the other could have been initiated after the 
(archaeological) site was abandoned. 

The source of the tree seed which colonised the island is 
difficult to ascertain given the apparently non-wooded nature of 
the wider landscape. Hannon and Bradshaw (1989) discuss possible 
dispersal mechanisms in the similar non-wooded landscapes of 
Connemara and suggest that; 

"the observed mixture of species are not purely the result of 
chance colonisations, but reflect the interaction between the 
regional seed-pool and available habitats". 

Similar arboreal species with predominantly wind-dispersed seeds 
and bird dispersed berries are recorded in the woodland 
colonisation of the Connemara and Loch Druidibeg islands. It 

seems probable that a local source of seed was available in South 
Uist from other wooded islands and sheltered woodland fragments 

such as the gorge at Allt Volagir. Most of the species present in 
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the Loch Druidibeg pollen data were present on South Uist earlier 
during the Holocene and fragments of ancient woodland have 

persisted, despite the predominance of blanket peat communities 
from the mid to late Holocene An exception is Taxus baccata 

which currently has no history in the Holocene pollen record from 

the Outer Hebrides. Hannon and Bradshaw (1989) describe the 

presence of Taxus as an early colonist of post clearance woodland 

on Connemara lake islands where, as in South Uist, its presence on 

the acid soils of the lake island contrasts with its current 
distribution on calcareous base rich soils in the British Isles. 

This fits in with Tittensor's (1980) inference that; 

'Yew is obviously an opportunistic species which can expand 
rapidly in the context of open areas where there is low grazing 
pressure' (Tittensor 1980 pp 263). 

the status of Taxus as a colonist of post- "elm decline" woodland 
in Ireland has been noted by O'Connell et al. (1987) who suggest 
that the role of Taxus in Holocene woodland dynamics has been 

underestimated largely as a result of difficulties in the 
identification of this rather indistinct grain. Taxus does not 
appear to colonise in this manner today, for example, grazing 
pressure is thought to prevent Taxus colonisation in the forests 

of Killarney where secondary successions, recorded by pollen 
analysis, do not include Taxus despite the local availability of 
seed sources (Mitchell 1987b). Its presence on Loch Druidibeg 
island may be the result of a chance dispersal and also support 
the hypothesis that woodland became established on the island as a 
result of the relaxation of human activity. 

Synthesis. 

There are a number of limitations to this study which prevent any 

useful correlation between island vegetation dynamics, the 

regional Holocene pollen record and the archaeological record. 
Specifically the lack of reliable dating evidence imposes severe 
limitations to establishing a chronology for the sequence. The 
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Figure 40. : Model describing recent woodland succession in 
Western Ireland (source Hannon & Bradshaw, 1989 ). 
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duration of vegetation phases recognised in the pollen diagrams 

cannot be established, thus the antiquity of the pre-woodland 

phase during which the island may have been occupied, and the 

woodland itself remains unknown. Equally frustrating is the lack 

of dating for the archaeological structure on the island as one 

could provide a provisional timescale for the other. However the 

study is significant in that it further demonstrates the potential 

of palynological studies in elucidating the history of individual 

woodland stands and vegetation dynamics within closed canopy sites 

which would not normally be expressed in conventional pollen - 
stratigraphic sequences. Importantly, this study shows that in the 

absence of anthropogenic disturbance, woodland colonisation can be 

successful in South Uist and was not just a phenomenon of the 

early Holocene vegetation history in the Outer Hebrides. This new 
information has importance for management of such sites in the 
Loch Druidibeg nature Reserve. Significantly no tree or shrub 

seedlings were recorded in any of the vegetation releves probably 
because the island is accessible to grazing sheep which remove the 

seedlings and are preventing regeneration. 
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Chapter 11. 
Holocene Vegetation History-at Port Caol, 
Barra. 



Holocene vegetation history at Port Caol, Borve, Barra. 

The intertidal peat deposit (figure 41) at Port Caol (NF 646022) 

is located on the north facing side of the Borve Headland, Barra 
(Figure 42). Erosion around the headland has revealed a series of 

complex interbedded sand and organic deposits which include 

lacustrine marl, rich in freshwater molluscs (figure 43). The 

diversity of the sediments reflects the complexity of former 

coastal processes which represent phases in the origins and 
development of the machair. The sequence contains sediments which 

can be classified stratigraphically as pre- machair and machair 
(above basal sand deposits) in age. The Holocene deposits on the 

Borve Headland, Barra, illustrated in figure 43 are described 

below. 

Unit Thickness / Description. 

Youngest ; la and 1- 2m. 

Pale brown / white sand of comminuted shell sand, often well 
sorted, with occasional quasi-horizontal darker brown / black 

organic bands (Unit 1b) each 2-3 cms. thick, transitional contact 
below. 
is 2-5 cros. 
Dark brown, black peaty sand, undulating surface, dipping and 
thickening into Port Caol, sharp upper contact, transitional lower 
boundary. 

Interpretation ; la, lb and 1c. 
la and 1b. Dune sands and machair sands with intermittent soil 
formation. 
ic. A wet swamp or pond deposit accumulating at the back beach 

or upon the machair. 

At south margin of exposure 
li 1-5 cros. 
Sand with a peat matrix. 
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Figure 41. Inter-tidal peat ; Port Caol, Barra. 
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li 10-20 ems. 
Buff sand with pebbles and cobbles, poor to good sorting. 

1k 1-5 cms. 
Sand with a peat matrix. 
Interpretation ; li-1k. 

A back beach depression which has been infilled with storm beach 

and beach sands. 

2a > 40 cros. 
Boulders and cobbles in point-contact with a sand matrix, well to 

poorly sorted, clasts sometimes up to 30cros. long, eliptical, well 

rounded, sometimes horizontally bedded, sometimes imbricated. In 

places this deposit changes laterally into a shelly-grit matrix, 
sometimes cemented in a carbonate cement. Elsewhere the deposit 

appears to change laterally into the beach and dune sands of Units 
la and 1j; the lower boundary is not exposed. 
Interpretation 

A cobble beach with an infiltration deposit of beach sand, which 

collected adjacent to a beach sand and machair zone into which the 

cobble beach appears to merge. 

2b 1-5 cros. 
Undulating patchy layers of buff sand and shell marl, deposit 

appears to taper to the east, precise nature of contacts with the 

enclosing boulder rich deposits of Unit 2a is unclear. 
Interpretation. 
A small fresh / brackish pool trapped behind a cobble beach which 
was subsequently overwhelmed by further ingress of the boulder 
beach. 

3a 20-30 cros. 
Pale buff/grey sand often well sorted, with thin (1-2cros. ) thick 

undulating layers of dark sands. 
Interpretation 
Dune /machair sands with thin soils. 
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3b 2-3cms. 
Pale grey/buff shell marl, including the marsh snail Succinea 

putris 
3c 2-5cros. 
Dark brown peaty sand/peat, thickens towards the centre of Port 
Cao 1. 
3d 2-3cms. 
Shell grit of freshwater shell debris. 
3e 2-3cms. 
Pale grey silt, -sometimes with shell grit and decomposing 
freshwater shell debris, undulating, iron stained at base. 

3f 1cm. 
Shell marl, freshwater shells, undulating surfaces. 
3g 1-15 cam. 
Pale buff sands, often well sorted. 
Interpretation. 

3a-3g represents a small fresh/brackish calcareous pool or lake on 

or adjacent to machair probably within the rock hollow of Port 

Caol, often in receipt of windblown sand. 

4 0.1-o. 9m. 
Brown slightly humified peat, fibrous, many leaves and 
horizontally bedded tree trunks of Betula and Pinus(? ), the peat 
layer dips towards the centre of the basin which is in the centre 

of the present Port Caol. The peat is confined to an oval shaped 
basin which opens under the present machair in the rock gulley of 
Port Caol and closes to the seaward; (throw direction appears to 
be towards the north). The basin was extensively sampled for 

plant and beetle remains. 
Interpretation. 

A rock basin which infilled with peat as a result of impeded 
drainage caused perhaps by any of the following; 

1) The rock basin has not been drained and has been collecting 

peat throughout the Holocene, 

2) and/or the drainage impedence was caused by rising sea level; 

and/or the ingress of the machair. 
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The deposits have collected in an eroded fault zone in the 

underlying bedrock of gneiss. Elsewhere on the headland there is 

a thin (<lm. thick) covering of till, the surface of which is 

weathered. There are howevertno clear exposures. 

Overall the sequence indicates the collection of organic mud in a 

small freshwater lake (95m. + long and 10-20m. across), around 

which there were abundant trees. The lake existed (locally at 
least) before the ingress of the local machair, and the arrival of 

the beach. Ihe'cessation of accumulation of organic mud was 

associated with the ingress of blown sand. Subsequently small 
freshwater pools with calcareous water collected in the infilling 

basin and more aeolian sand blew in. Locally soils developed on 
the machair sands, before the basin was overwhelmed by more sand. 
More feeble episodes of soil development occurred. The shoreline 
then reached the area of the inlet. Storm beach and back-beach 

deposits moved across the area, and machair sands collected 
further inland. Small pools of fresh to brackish water deposits 

accumulated temporarily as the sea was briefly unable to reach the 

site, before further movements of the coastline caused further 

storm conglomerates, beach sand, and machair sand deposits to 

collect in the area. The sequence may then be summarised as a 

substantial early period characterised by the formation of organic 

mud in a "wet", freshwater, tree fringed basin, and a later period 
in which there was a very complex interaction between the ingress 

of blown sand - the machair, soil development, the formation of 

small freshwater ponds or slacks, and erosion and over-topping by 

the sea. 

This study focuses on the 'intertidal peat' deposit, (Unit 4 

above). Sequences exposed in the modern inter-tidal and sub-tidal 
zone are described from a number of sites in the Uists (Ritchie 

1985) and outline pollen diagrams from radiocarbon dated deposits 

of mid to late Holocene age indicate that typically the intertidal 

sites were freshwater lochs which became marshy grassland (Ritchie 

1985). The stratigraphic studies from these sites suggested that 
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prior to a major period of sand deposition before about 4,500 B. P. 

there was a complex history involving minor episodes of sand 
ingress, interspersed with periods of sand surface stability 
during which wet and marshy conditions returned. Ritchie (1985) 

suggests that sea level was some 3-5 m. lower than at present 
between 8,800-5,165 B. P. and that primary deposition of sand took 

place sometime around 4,366 B. P.. Importantly Ritchie (1985) 

demonstrates that from the mid Holocene coastal retreat and sea- 
level rise have produced considerable changes in the position and 

shape of the coastline. The "intertidal- peat" sites suggest that 
freshwater lochs were once present in areas of, the landscape which 

are now covered by the sea. The Port Caol intertidal peat deposit 

provided an opportunity to investigate such a site and provides 
information on the pre-machair vegetation of Barra in an area 
totally exposed to the full force of Atlantic weather conditions. 

The site 
The inter-tidal peat deposit extends beneath a storm beach at the 
back shore and beneath sand and pebbles at low water mark. The 

surface peat contains numerous wood remains comprising of branches 

and rooted trunks identified as Betula spp. (figure 41). 

Methods 

Due to compaction of the sediments, coring at the site was 
accomplished by retrieving a series of overlapping cores with a 
Dutch Gouge corer. Subsequently a pit was excavated for studies 

of insects and tephra in the peats. The sediment sections were 
then transferred to plastic guttering, wrapped in heavy plastic 
sheeting and stored at 4 degrees Celsius prior to analysis. 

The details of the sediment sequence in the core was recorded as 
follows, 

Stratigraphy 
S. U. 1 0-4 cros. Dark brown organic layer. 
S. U. 2 4-5 cms. White / grey marl. 
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S. U. 3 5- 9 cms. Sand layer. 
S. U. 4 9- 10 cros. White / grey marl. 
S. U. 5 10 - 15 cms. Brown organic layer. 
S. U. 6 15 - 16 cros. Sand layer. 
S. U. 7 16 - 23 cms. Brown Organic layer. 
S. U. 8 23 - 24 cms. Sand layer. 
S. U. 9 24 - 40 cms. Organic layer with sand inclusions. 
S. U. 10 40 - 44 cms. Sand layer. 
S. U. 11 44 - 86 cms. Organic layer with wood remains. 
S. U. 12 86 - 94" cms. Sphagnum peat. 
S. U. 13 94 - 98 cms. Organic sedge peat with fine sand layers. 
S. U. 14 98 - 116 cms. Lake mud with silt / clay. 
S. U. 15 116 - 120 cms. Blue / grey / silt / clay. 
S. U. 16 120 - 158 cros. Minerogenic lake mud. 

Sub-samples for pollen analysis were prepared using the procedures 
outlined in chapter 4 (this study) with additional sieving through 

micro-sieves of the more minerogenic samples. 1 cm3. pollen sub- 

samples were taken at 4 cm. intervals (where possible) or from 

organic bands between sand bands in the upper core sections. 

The Pollen Diagrams (Figures 44 and 45). 

Oldest LPAZ PC1a 158 - 120 cms. 
The basal pollen assemblage is characterised by high and 
increasing frequencies of Empetrum, Gramineae and Cyperaceae. 
Arboreal pollen frequencies are low with Salix, Betula, Juniperus 

and Pinus <2% Up respectively. Herbaceous taxa present include 

Rumex acetosa, Artemisia, Caryophyllaceae, Onagraceae type, 
Ranunculus type, Plantago media /major and Compositae 
Liguliflorea. Spores include Polypodium, Huperzia selago and 

scarce grains of isetum. The aquatic component comprises 
Myriophyllum alterniflorum, Littorella, Tema type, and Pediastrum 

type algae. 
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FIGURE 44 

Pollen percentage diagram from 

Port Caol, Barra. 

see Appendix 
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PAZ PCib 120 - 115 cros. 
Empetrum pollen frequencies decline rapidly from 75% to 11% tip in 

this sub-zone. Cyperaceae percentages increase to <60% tip and 
there is a small peak in Huperzia selago. 

LPAZ PC2 115 - 96 cros. 
Empetrum values are very low or zero. Cyperaceae reaches 70% in 

some samples. Arboreal pollen representation remains low (<15% 

total tree pollen). The diversity of herbaceous pollen types 
declines as Rumex acetosa, Artemisia and Caryophyllaceae become 

scarce. However Menyanthes trifoliata and Filipendula are 

present. Occasional Polypodium, Huperzia sela o and uisetum 

spores are present. 

LPAZ PC3a 96-90cros. 
High Calluna vulgaris percentages (c. 65% tip) characterise this 

sub-zone together with high Sphagnum. Arboreal pollen 

representation remains low and includes scarce grains of Betula, 

Corylus, Salix and Juniperus. The herbaceous pollen flora 

includes Menyanthes trifoliata, Filipendula, Rumex acetosa, 
Ranunculus type and Plantago media / major. Menyanthes trifoliata 

and Littorella occur as scarce grains. 

LPAZ PC3b 90 - 80 cros. 
An increase in tree and shrub pollen representation characterises 
this sub-zone. Corylus / rica (c. 45% t1p), Betula (up to 55% 

tlp)and Salix (5-7% t1p) occur together with scarce grains of 
Ulmus, ercus, Hedera helix and Lonicera periclymenum. There is 

a corresponding decline in Calluna vulgaris, Gramineae and 
Cyperaceae frequencies. However Sphagnum increases to c. 70% Up + 
Sphagnum. Menyanthes trifoliata and Filipendula are the most 
common herbaceous types. 

LPAZ PC3c 80 - 55 cms. 
A rapid increase in Betula to 80-85% tip at maximum characterises 
this sub-zone. Corylus / Myrica percentages decline to c. 6% tip. 
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Ulmus and Quercus frequencies remain below 2% tip and scarce 
grains of Hedera helix and Lonicera periclymenum are present. 
Gramineae and Cyperaceae percentages fall to <5% tip and 15% tip 

respectively. Alnus occurs at 65 ems. 

LPAZ PC3d 55 - 35 cms. 
Low Betula and increasing Cyperaceae percentages characterise this 

subzone. Herbs include Umbelliferae, Potentilla, Ranunculus type, 
Plantago lanceolata, Mentha type, Menyanthes trifoliata and 
Filipendula. 

LPAZ PG4 35 -0 cros. 
High Cyperaceae percentages characterise this zone together with a 
diversity of herbs particularly Compositae Liguliflorae, 
Umbelliferae (Crithmum maritimutn type), Plantago maritima, 
Carophyllaceae, Viccia cracca, Lotus type and Potentilla. 

Pollen Concentration Zones. 

Three pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 45) and are used to describe the pollen concentration 
diagram. 

Pollen Concentration ; PCZ-PC1 ; 158 - 90 cros. 
Total pollen and spore concentration values are generally low with 
values averaging 200k grains / per cm3" in the basal sediments to 
c. 4500k grains / per cm3. at the upper zone boundary. The major 
contributors to the basal pollen spectra are Empetrum, Juniperus, 
Huperzia selago and Rumex type. The small peak in total pollen 
concentration values at 122 ans reflects the abundance of 
Myriophyllum pollen found in the sediments at this level. 

Pollen Concentration : PCZ-PC2 : 90 - 60 cms. 
This zone is marked by a significant increase in total pollen and 
spore concentration with values reaching a maximum of c. 800k 
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grains / per cm3. The dominant elements in the pollen spectra are 

peaks in the abundance of individual taxa notably Calluna, 

Corylus / Myrica, Betula and Cyperaceae. Potentilla (P. 

palustris? ) and Filipendula are also well represented. 

Pollen Concentration ; PCZ-PC3 : 60 -0 cms. 
Total pollen and spore concentration values decline'again in this 

zone to <100k grains per cm3. This decline in pollen 
concentration values reflects not only the decrease in arboreal 
pollen representation, most notably in Betula and Corylus / 

Myrica, but affects all the pollen and spore types - with the 

exception of Plantago maritima. 

Interpretation. 

The basal pollen assemblage in the Port Caol profile differs 

markedly from the rest of the diagram principally in respect of 
the high pollen frequencies for Fmpetrum recorded in PCi but also 
in the presence of relatively high frequencies of Rumex acetosa 

and in the consistent occurrence of Caryophyllaceae, Artemisia and 
Onagraceae type. Gramineae and Cyperaceae frequencies are also 

relatively high for the diagram indicating the wide spread 

occurrence of grass and sedge communities around the loch. 

Huperzia selago and scarce grains of Saxifraga suggest the 

availability of rock - crevice habitats in the vicinity. Pollen 

of woodland and scrub vegetation is virtually absent with the 

exception of scarce grains of Salix, Betula and Juniperus. 

Increasingly organic sediment deposition and high pollen 

percentage values for Myriophyllum alterniflorum and Littorella 

spp. indicate an increase in organic productivity in the loch 

basin and a freshwater lacustrine environment. Correlation with 

similar radiocarbon dated pollen spectra at Loch Lang, South Uist 
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FIGURE 45 

Pollen concentration diagram from 

Port Caol, Barra. 

see Appendix 
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(Bennett et al. 1990) suggest that the basal deposits at Port Caol 

are of a late Devensian Late-Glacial age. ' 

A peak in Empetrum pollen and Huperzia selago spores in LPAZ PC1b, 

coinicident with a return to highly minerogenic sedimentation in 
S. U. 15 are thought to be indicative of a change in sediment 
recruitment processes, possibly as skeletal soils which had 

previously supported trum heath were eroded and deposited in 
the loch. A similar peak in Fmpetrum pollen and minerogenic 
sedimentation of presumed Loch Lomond Stadial age are reported at 
Lochan na Cartach, Barra (this study) and from Mull (Lowe and 
Walker 1986). Importantly the lower three LPAZ's at Port Caol 

predate the Betula / Corylus / rica rise in PC3a further 

supporting the suggested pre-Holocene date for these deposits. 

The rapid decline in Empetrum heath which is accompanied by a 
sharp rise in the pollen representation of Cyperaceae and a return 
to more organic sedimentation in the loch are evident in LPAZ PC2. 
The notable reduction in aquatic pollen representation is 

significant at this point as it indicates a second phase of 
hydroseral succession in the loch, presumably as terrestrial 
vegetation encroached onto the infilled loch margins. Other plant 
species associated with lake margin, swamp and tall herb fen 

communities in South Uist (see Kent at al. in press, Pankhurst and 
Mullin 1991) are present in the pollen spectra, for example, 
Filipendula, Equisetum (cf. E. fluvatile, Menyanthes trifoliata and 
Valerians officinalis type. The pollen from these plants, 
probably derived from plants growing in or around the loch, 
dominates the pollen spectra. However the vegetation in the wider 
landscape around the loch appears to consist of a mosaic of herb 

rich grassland and sedge communities. Arboreal pollen percentage 
and concentration values remain low and the Fmpetrum heaths of the 
previous zone are declining in the vegetation mosaic round the 
loch. 
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The transition from the open grasslands and heaths of the Late 

Devensian (Late-glacial) and early Holocene appears to involve a 

complex sequence of vegetation dynamics. Infilling of the loch 

basin is indicated by the decline in aquatic species such as 
Myriophyllum and Littorella and an increase in Nymphaea. Calluna 

vulgaris and Sphagnum spp. then expand together in PC3a at the 

expense of the grass, sedge and tall herb communities described in 

LPAZ PC2. There is a change in sediment deposition as lacustrine 

deposits are replaced by Sphagnum peat. These changes indicate 

acidifying soil conditions and vegetation response to increased 

waterlogging. Peat formation appears to have begun in a 
freshwater-marsh environment. 

Calluna vulgaris and Sphagnum dominated pollen spectra are 

replaced firstly by Corylus / Myrica and Betula, then Betula / 

Salix dominated assemblages. Scarce grains of ercus and Ulmus 

are also noted from the LPAZ PC3c. The expansion of Calluna 

vulgaris, Sphagnum, Corylus / Myrica, and Betula clearly suggest 
Holocene vegetation and this transition has much in common with 
that recorded at Kildonan Glen, South Uist (this study) where 
these species are recorded simultaneously at the LPAZ KDG3 

boundary. These changes are interpreted as signifying a further 

stage in the development of a hydrosere at the site, possibly 
initiated by a climatic shift towards dryer conditions. 
Comparison of the Betula and Coryloid rise at Port Coal with early 
Holocene pollen diagrams from Lochan na Cartach, Barra (this 

study), Loch Hellisdale, South Uist (this study) and Loch Lang 

South Uist (Bennett et al. 1990) suggests that the woodland 

succession described at these sites differed from that recorded at 

Port Coal. At Port Caol Coryloid is the first type to increase 

rather than Betula. At Loch Lang, South Uist (Bennett et al. 
1990) the arrival of Betula at 10,145 B. P. is followed by the 

arrival of Callum vulgaris at 9,500 B. P. and the rapid spread of 
Corylus / Myrica at 9,400 B. P. This sequence is paralleled at 
Lochan na Cartach, Barra. However at Port Caol the early Holocene 

vegetation succession is different in that the sequence begins 
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with the expansion of Calluna vulgaris followed by Corylus / 

Myrica and then Betula. As at Kildonan Glen, South Uist, a hiatus 

in sediment deposition during the early Holocene could account for 

the absence of the pollen record of woodland succession similar to 

that recorded at the more sheltered inland and east coast sites 
described above. However it is interesting to consider that the 

pattern of plant colonisation may have been different along the 

western margins of the islands. Betula may not have spread 
westwards from the east coast valleys until Corylus / Myrica had 

reached the islands, or alternativley Corylus / rica may have 

reached Barra at the same time as Betula and spread from the west 

coast to the eastern valleys. Further palynolögical and 
radiocarbon dated studies are required to test these hypotheses. 

Woodland begins to decline as Betula and Salix are replaced by a 

return to the marshy conditions in which Cyperaceae, Equisetum, 

Filipendula and Umbelliferae flourished. Armeria maritima and 
Plantago maritima and Plantago coronopus are also present 
indicating the presence of maritime grassland similar to the 
Festuca rubra - Armeria maritimes - Plantago coronopus community, 
Group A (Kent at al. in press). 

Alnus is first recorded at the LPAZ PC3d lower boundary. The 
Alnus entrance at the lower LPAZ PC3d boundary provides a 
biostratigraphic marker which when correlated with the Alnus 

entrance in the radiocarbon dated Holocene record from Lochan na 
Cartach, Barra (this study) provides a provisional date for the 
LPAZ PC3d boundary. Alnus is present in low freqencies, at Lochan 

na Cartach, Barra (this study) from c. 7,500 B. P. and the Alnus 

rise occurs at c. 6,000 B. P. suggesting that the Alnus entrance and 
the onset of woodland decline at Port Caol occurred during this 

period. (This biostratigraphic correlation of course needs to be 

confirmed by radiocarbon dating to establish if colonisation on 
this very exposed area was earlier, later or the same age as the 
sheltered Lochan na Cartach site). 
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In LPAZ PC4 pollen of marsh and swamp communities dominates the 

pollen spectra and Compositae Liguliflorae contributes 
significantly to the herbaceous pollen flora which includes a 
diversity of taxa associated with grassland and lake margin 

r 
communities. The replacement of woody - scrub vegetation by sedge 

communities is interesting as it suggests that the acidification 

noted in LPAZ PC3a is no longer influencing the vegetation to the 

same degree. Increasing proportions of sand and distinctive sand 
layers characterise the sediment matrix and pollen preservation 
becomes increasingly poor. The pollen analysis of the upper 

organic bands suggests that periods of sand influx represented by 

the sand layers were interspersed with more stable periods in 

which marshy grassland vegetation developed at the site. The 

occurrence of lacustrine marl deposits together with abundant 
freshwater mollusc shells suggests that shell sand ingress was 
increasingly influencing sediment deposition. The site at this 

time may have resembled wetland areas in the modern machair in 

which water table levels fluctuate in response to seasonal 

rainfall and the erosion of surface sand layers. Organic sediment 

accumulation is truncated at Port Caol by storm beach and aeolian 

sand deposits. 

Without independent radiocarbon dating evidence it is difficult to 

correlate with reliability the pollen diagram from Port Caol with 
the other Hebridean sites, and especially the peat deposits 

exposed in the intertidal zone and described by Ritchie (1985). A 

submerged organic peat layer at Forvath Reef, Pabbay which is 
dominated by Cyperaceae, S hp agnum and Ericoid (undifferentiated) 

pollen together with low Corylus / Myrica, Betula and Alnus is 

radiocarbon dated to c. 8,330 B. P. A similar date of 8,802 + 70 
B. P. (SRR-396) was reported from Holme, near Stornaway, Isle of 
Lewis for submerged organic deposits beneath a thin sand layer. 
Pollen analysis from The Jetty, Pabbay shows a transition from 

sedge and grassland vegetation to Ericaceous heath and Betula, 
Corylus / Myrica woodland. The basal organic clay layer is 

radiocarbon dated to 7,703 + 60 B. P. and Durno, in Ritchie (1985), 
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suggests that the top of the profile could be c. 5,000 B. P.. The 

basal pollen assemblage at the Jetty is similar to the LPAZ PC3a 
lower boundary but the date of c. 7,730 B. P. appears too late in 

comparison with the suggested, early Holocene date for the Calluna 

yulgaris, Corylus / Myrica, Betula rise at Port Caol. 

Unfortunately without radiocarbon dates it is not possible to know 

if the sediment sequence is continuous and there are no breaks in 

sediment accumulation. So it is possible that the early Holocene 

colonisation of "Betula then Corylus woodland on Barra, which is 

recorded in the Lochan na Cartach pollen diagram, may be absent 
from Port Caol. 

The movement of sand onshore appears to have altered the 

vegetation at Port Caol from the LPAZ PC4 lower boundary, that is 
from c. 7,000 B. P. which is the time of the Alnus entrance. 
However the rapid rise in sea level after 5,100 B. P. suggested by 

Ritchie (1985) may provide a provisional date for the primary 
ingress of sand and storm beach deposits which appear to have 

buried the Port Caol site. Present coastal erosion is reworking 
these deposits and exposing the remains of the buried loch basin. 
Importantly this study shows that woodland and scrub vegetation 
was established in exposed western locations in Barra in areas 

which were subsequently buried by the ingress of sand as sea 
levels rose in the mid Holocene. 

Discussion. 

The studies reported here suggest that Port Caol is an unusually 
important site. The pollen analytical studies indicate with 
reasonable confidence that lacustrine sedimentation began in the 
late Devensian and continued into the early-mid Holocene. 
Typically sites of this time range have only been detected in deep 

cores such as Loch Hellisdale, Lochan na Cartach and Kildonan Glen 

where the sequence could not be examined in open section, neither 

was it possible in these locations to observe the presence of 

significant macrofossils. At Port Coal, the formerly contentious 
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taphonomic issues concerning the actual presence or absence of 

woodland with trees in the Outer Hebrides has been definitly 

settled. Log sized macrofossils of tree birch and perhaps Pinus 

sylvestris (Dr. F. B. Pyatt pers, com. ) have been recovered in 

abundance, and in abundance from a site which at all times in its 

Pleistocene history, must have been totally exposed to Atlantic 

gales. It is therefore interesting to examine the pollen content 
of the sediment matrix in which the tree birch macro-fossils were 
embedded. It is worth recalling that an apparently "natural" 

stand of birch woodland survives in an exposed location 
immediately south-east of the Allt Volagir National Nature Reserve 
(Chapter 6 this study, Bennett and Fossit 1989). In combination 
with the other finds of Holocene tree stumps recorded along the 
foreshore of North Uist, South Uist, Pabbay and Benbecula by Elton 
(1938) and Ritchie (1966,1985), it now appears incontrovertible 

that tree species forming woodland (perhaps rather open) clothed 
at least the lower slopes of the western Atlantic seaboard of the 
Outer Hebrides. 

The Holocene Port Caol lacustrine basin has been shown (in part) 
to be of different origin to sites noted previously in the inter- 
tidal area in the study region. The Holocene lake existed because 

of the topographic control of the rocky basin, only much later did 
the rising sea level, coastal retreat and the ingress of machair 
produce the type of calcareous, machair dammed lakes that 
characterise the modern western margins of the Outer Hebrides, 

especially South Uist. 

Interestingly the late Devensian pollen sequence at Port Caol, 

when compared with the other sites studied in the area, reveals a 
broadly similar suite of plant communities during this period. 
Pollen analytical studies such as those from Loch Hellisdale (this 

study), Loch Lang (Bennett et al. 1990), Lochen na Cartach (this 

study) and Kildonan Glen (this study) suggest that a mosaic of 
open grassland, widespread Fmpetrum heath and sedge communities 
characterised the sheltered eastern and exposed western areas of 
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South Uist and Barra. However the early Holocene sequence of tree 

colonisation differs from that observed elsewhere with Corylus / 

rica preceding Betula. In many ways the site at Port Caol is 

likely to have been a more characteristic location than the others 

of this period previously studied. Port Caol lies in what must 
have been a wide and long "plain" sloping westwards along most of 
the western shoreline of the Outer Hebrides, whereas the other 

sites are in somewhat isolated mountain basins. It is possible to 

speculate that the sequence of tree colonisation at Port Caol (and 

Kildonan Glen) is likely to be the more typical of the greater 

part of the Western Isles land mass during the, early Holocene than 

the more frequently investigated mountain sites. The 

stratigraphic evidence and topographic situation of the small rock 
bounded Port Caol site can never have been the equivalent of the 

wet peat covered moorland which provides a habitat for Myrica gale 
in the present landscape of the Outer Hebrides. This evidence 

suggests that Myrica gale is unlikely to have been a dominant 

coloniser in the region during the early Holocene and suggests 
that the Coryloid pollen recovered in the core derived from 

Corylus rather than Myrica gale. Even if this suggestion is not 

regarded as particularly reliable it remains the case that the 

present Port Caol study suggests caution in the use of 
biostratigraphically based correlation of cores, involving Betula 

- Corylus / Myrica in this island region. 

The upper part of the Port Caol sequence demonstrates the 

complexity of the soils, peat, machair sand and storm beach 

sequences produced by the ingress of the machair and coastal 

retreat during the more recent Holocene. At present there is no 

clear evidence of the exact antiquity of these events recorded in 

the stratigraphy. A fuller treatment of this site awaits the 

completion of studies of the fossil insects, tephra and possible 
tidal wave incursions (A. Dugmore pers. com. ) by G. R. Coope and 
A. Dugmore. 
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Conclusion. 

The present Port Caol study provides new and interesting 

information on the character of the vegetation of the western 
fringes of Barra during the early to mid Holocene. The small rock 
basin infilled from the late Devensian to mid Holocene by 

lacustrine deposits records the increasing magnitude of sand 

moving on-shore as sea-levels rose during the early to mid 
Holocene. Importantly the palynological data suggest that on the 

western margins of Barra the Late Devensian vegetation was similar 
in species compösition to that recorded at Lochan na Cartach, 

Barra (this study) and sites from the "blacklands" interior of 
South Uist such as Kildonan Glen, and from sheltered east coast 
valleys such as Loch Hellisdale (this study), Loch Lang (Bennett 

et al. 1990). The early Holocene transition to open woodland at 
Port Caol is similar to that recorded only from one other site in 

the study, at Kildonan Glen, South Uist, in that Corylus and 
Betula are co-dominant in the earliest stages of woodland 
succession. However pollen percentage and concentration values for 

Corylus and Betula pollen are comparable with those from other 
sites which record the local presence of birch and hazel woodland, 
and exceed contemporary pollen spectra from within existing 
woodland on South Uist (Chapter 7 this study). At Port Caol 
Betula and Corylus pollen frequencies are much greater than those 

recorded at Little Loch Roag, Isle of Lewis (Birks and Madsen 
1979). This suggests that Betula and Corylus were successful 
colonisers of the southern, western margins of the island chain 
but may have been under more stress in the north west (at Little 
Loch Roag, Lewis for example). Commenting on the direction and 
rate of spread of these species is speculative due to a lack of 
radiocarbon dating control and the paucity of studies from other 
similarly located sites. 

Woodland diversification in the mid-Holocene also appears to have 
been different at Port Caol to east coast sites. Quercus, Ulms, 
Pinus and Alnus are poorly represented in the woodland pollen 
flora suggesting that these species were not locally present on 
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the west coast of Barra, whereas their much higher pollen 
frequencies at sheltered inland sites indicates the local presence 

of these species. Possibly these species were only able to 

establish in less exposed locations. 

The cause of woodland decline at Port Caol is difficult to pin- 
point. The rising sea-level obviously played a critical role in 

impeding drainage, the site may have been temporarily "damned" by 

encroaching sand dune and machair systems before being finally 

overwhelmed by the sea. Equally a sudden more catastrophic event 
such as massive sand-blowing onto the coast suggested by Ritchie 
(1985) may have adversely affected woodland regeneration. 

The primary interest of the site lies in its location which must 
have been initially on the landward margins of the early Holocene 

coastline, sensitive to the effects of sea-level change. The 

presence of wood macrofossils and polleniferous deposits rich in 

the representation of arboreal pollen confirms the existence of 
natural woodland on the west coast of Barra during the early 
Holocene. 
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Chapter 12. 
Holocene Vegetation History at Lochen na Cartach, 
Barra. 



a 

Holocene vegetation history at Lochan na Cartach : Barra. 

The island of Barra, one of the most southerly islands in the 
outer Hebridean island chain is separated from the Scottish 

mainland by the Sea of the Hebrides by a distance of 95 miles: and 
from South Uist, Barra's nearest island neighbour by the Sound of 
Barra, a distance of 5 miles. Barra is a small island, 8 miles 
long and 4 miles wide yet presents a landscape which is of 
considerable ecological and archaeological interest. 

The physical background. 
The solid geology of Barra as described by the British Geological 

survey (B. G. S. ) in 1981 consists of Pre-cambrian basement rocks 

which are predominantly acidic gneisses. The bedrock is overlain 
by deposits of Quaternary age which provide a range of substrates 
for plant growth. The distribution of drift deposits on the island 

is indicated in the 1: 50 000 Provisional Soil Map Sheet 31 (Hudson 

et al. 1982). Thin locally derived tills occur widely on lower 

hill slopes and valley bottoms and correspond with the soils of 
the Lochinver Association. Peat deposits are extensive on the 

island either as deep pockets formed in rock basins or as thin 
blanket peats extending to altitudes of 200-300 metres O. D. 

The extent of the machair plain which is well developed on the 

western coast is defined by the soils of the Fraserburgh 
Association. These calcareous sands of the machair plain provide 
a habitat for floristically rich calcareous grassland communities 
and the area is widely exploited by the islanders for pasture and 
arable crop cultivation. 

A number of major trough like valley systems radiate away from the 

mountainous centre of the island towards the coast. The 

contemporary landscape is bleak and windswept, the vegetation 
characterised by a mosaic of acid grassland - blanket peat - 
wetland and machair - grassland communities. A few isolated stands 
of mixed plantation woodland occur, confined to sheltered 
localities on the eastern side of the island. Species noted by 
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this author included: Populus tremula, Betula pubescens, Corylus 

avellana, Fraxinus excelsior and Sorbus aucuparia (possibly 

natural) as well as Acer pseudoplatanus, Salix caprea, Picea 

abies, Pinus sylvestris and Larix decidua. Lonicera periclymenum 

and Luzula sylvatica are present in the understory of these 

woodlands. A few. scattered, possibly native Salix shrubs were 

also noted on loch islands in Loch nic Rhuide. Salix repens is 

common in acid heaths above the Borve valley and on Ben Tangaval. 

Barra contains a rich diversity of archaeological sites which 
attest to a long history of occupation possibly from neolithic 
times. The R. C. H. M. volume of 1928 records 28 sites on the island, 

including 7 duns, 9 cairns and two standing stones. The Sheffield 

Archaeology survey has substantially extended this inventory and 

also included ancient buried wall systems and coastal midden 
sites. 

The Pollen Site. 

Lochan na Cartach, the site from which cores were obtained for 

pollen analysis, is a small lake situated in a valley on the 

north-eastern side of Barra (figure 46, GR. NF695027). The loch 
lies at an altitude of c. 30m. O. D. and is one of a series of lochs 
in the valley which include Loch Duin, Loch nic Rhuaidhe and Loch 

nam Faolian (the location of Blackburn's 1948 site) which are 
sheltered by the surrounding hills. Lochan na Cartach lies in the 

valley known locally as "Ihe Dark Glen", sheltered by Cora Bhienn, 

Benn Gunary and Ben Obe. There is little evidence of past or 
present occupation in the valley. A dun on a small island in Loch 

nic Rhuaidhe is the only major archaeological monument in the 

valley, and there are no visible signs of past cultivation such as 
'lazy bedding'. In contrast, the Borve Valley, just over the 

ridge of Cora-Bhienn from Lochan na Cartach has two major 
neolithic cairns, Dun Bharpa and Tigh Talamanta, together with hut 

circles, standing stones and field boundaries (Branigan 1989a, 
1989b) which testify to a long history of occupation in the Borve 

Valley. Lochan na Cartach (figure 46) was selected for study 
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because of its relatively sheltered location, which may have 

afforded both protection to local woodland from winds, diminished 
(slightly) problems of aeolian dispersal of pollen, and its 

proximity to Blackburn's (1948) site. 

The contemporary vegetation in the valley is characterised by 

Molinia caerulea - Scirpus cespitosus - Erica tetralix wet heath 

with Narthecium ossifragum and Drosera intermedia (Chapter 6 this 

study, Kent et al. in press). Better drained areas above the loch 

support Calluna"vulgaris dry heath (Group D in chapter 6 this 

study, Kent at al in press). The infilled loch edge supports an 
Eriophorum angustifolium bog pool community (Group B, in chapter 6 

this study, Kent at al. in press) with Menyanthes trifoliata, 
Potamogeton polygonifolius, Sphagnum papillosum, S. recurvum and 
Scirpus cespitosus. Modern land use in the valley is sheep 

grazing and peat cutting. 

Field and laboratory methods. 
The deepest part of the infilled loch edge was located by running 
a series of trial bores across the area and at that point the 
stratigraphy consisted of: 

0- 50 cms. Fibrous sedge peat. 
50 - 51 cros. Gritty, coarse, minerogenic inclusions. 
51 - 350 ems. Organic detrital lake mud. 

351 - 399 cms. Organic detrital mud with abundant diatoms. 
400 - 500 cms. Organic detrital lake mud. 
501 - 508 cms. Diffuse boundary / organic lake mud with 

increasing silt / clay fraction with depth. 
509 - 511 cms. Blue-grey clay. 
512 - 517 cms. Diffuse boundary organic fraction increasing 

with depth. 
518 - 525 cros. Fibrous organic peat. 

Cores for pollen analysis were retrieved using a Russian peat 
corer with a 5cm. diameter chamber. All cores were placed in clean 
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plastic guttering and sealed in airtight, waterproof film and 
stored at 4°C. prior to laboratory preparation. Sub-samples were 
extracted from the cores for pollen analysis at 4cm. intervals for 

the first 500cms. and at 1cm intervals from 500cms. - 524cms. All 

samples were prepared for pollen analysis using the methods 
outlined in chapter 4 this study. 

Sedimentation at Lochan na Cartach. 

Me core from Lochan na Cartach has been divided into a 
number of lithostratigraphic units for the purposes of 
description. 

Sediment unit 1; 525 - 518 cms. 

The basal sediment unit consists of an accumulation of fibrous 

organic remains in a silty matrix. It seems probable that this 

unit represents a phase in which soil development was taking place 
in the bottom of the rock basin which was later to become Lochan 

na Cartach. 

Sediment unit 2; 517 - 501 cros. 
At 517 cms. there is a gradual change in sedimentation from the 
highly organic material in unit 1 to the organic silts and clays 
of unit 2. This suggests a change in the depositional environment 
of the basin. The mobilisation and deposition of clays and silts 
can result from intense weathering breaking down soils, for 

example, in periglacial conditions, or as a result of increased 

precipitation causing leaching of minerals from the soils in the 

catchment. The unit is increasingly minerogenic as indicated by 

the transition to blue / grey clay between 509 and 511 cms. and 
typical of a water lain deposit in terms of the uniformly fine 

clays forming this unit. The high levels of trum pollen found 
in this unit may indicate the movement of soils into the basin 

which previously supported Empetrum heath. This sedimentary 
change also represents the begining of open water conditions in 

the basin. The radiocarbon dates for this section of the core are 

unhelpful in providing a chronology for the sedimentary sequence 
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(discussed later). However such anomalies, in the sequence of 

radiocarbon dates are not unusual in Late-Glacial and early 
Holocene sediments (see Walker and Lowe 1980, Edwards et al. 1980) 

but they do further support the notion of an erosional regime in 

the catchment, in which older sediments were washed into the 

catchment contaminating sediments with older carbon. The gradual 
increase in organic content between 512 - 500 cms. suggests an 
decrease in erosional processes and an increase in organic 

productivity. 

Sediment Unit 3; 500 - 150 c ms. 
A change to organic detrital lake mud with high diatom 

concentrations between 399 - 350 cms. defines this sedimentary 

unit and indicates open water conditions in the basin. A peak in 

the pollen representation of Myriophyllum and Ranunculus at the 
lower boundary indicates an increase aquatic plant productivity in 

the loch basin consistent with the change from minerogenic to 

organic sediment accumulation. The pollen representation of these 

types declines throughout the unit and Nymphaea is subsequently 

recorded indicating shallow open water conditions. 

Sediment Unit 4; 50 -0 cros. 
The change from fine organic lake sediments to gradually 
coarsening sedge peat indicates the infilling of the loch basin 

and the encroachment of terrestrial vegetation into the loch 
basin. 

Synthesis. 

The sediments at Lochan na Cartach represent four main 
depositional environments; 

1) Pre-loch soils forming in the base of a shallow rock basin 

with only limited input of water into the catchment. 
2) Deposition of minerogenic clay either in a stream or shallow 

loch. 
3) Open water shallow loch. 
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4) Loch infilling and the spread of terrestrial vegetation into 

the loch basin. 

The Pollen Diagrams. 

The pollen analytical data from Lochan na Cartach are presented as 

pollen percentage curves (Figure 48) and pollen concentration 

curves (Figure 49). The local pollen assemblage zones (LPAZ) 

described below have been defined with the aid of the numerical 

zonation programs of Padmore (1988,1990) and are prefixed by the 

site designation LnC (Lochan na Cartach). 

Basal LPAZ InC - la ; Enpetrun - Salix - Huperzia selago - Rumex ; 
525 - 518 cros. 
The basal pollen assemblage is characterised by high frequencies 
for Empetrum (c. 40-50% tlp), Salix (c. 10-15% tlp), Rumex acetosa 
(c. 20% tip) and Huperzia selago. Juniperus and Betula are 
recorded in low but consistent frequencies. Scarce pollen types 
include Thalictrum, Saxifraga, Filipendula, Vaccinium and species 
of Compositae Liguliflorea, Chenopodiaceae, Umbelliferae, 
Caryophyllaceae. 

Inclb trum - Huperzia selago ; 518-508 cros. 
This subzone is marked by the abrupt increase in Fmpetrun (70-80% 

tip) together with Huperzia selago, Polypodium and Filicales. The 

pollen representation of all other species declines. 

LnC -ic ; Betula - Juniperus - Empetrun 508 - 455 cms. 
This sub-zone is characterised by increasing frequencies of 
Betula up to 20%+tlp and Juniperus (5% tlp). Gramineae and 
Cyperaceae values rise and herbaceous types also increase in 

abundance notably Filipendula, species of Umbelliferae and 
Caryophyllaceae. A peak in Myriophyllun and Ranunculus type are 

noted at the upper zone boundary. Chenopodiaceae decline together 

with Huperzia selago and Saxifraga type. 
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FIGURE 48 

Pollen percentage diagram from 

Lochan na Cartach, Barra. 

see Appendix 
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Local pollen assemblage zone LnC2 is differentiated from LnCl by 

the greatly increased pollen representation of arboreal pollen, 

particularly Betula and Corylus. Differences in the proportional 

representation of these two genera form the basis of the sub- 
division of the zone into two sub-zones. 

InC2a ; Betula - F]mpetrun - Corylus ; 501 - 455 cros. 
Betula frequencies increase to 40% tlp., Corylus/ Myrica gradually 
increases to c. 15% Up and etrum remains an important element 

with values of approximately 20-30% tlp. Populus, Ulmus and 
Quercus are recorded in low but consistent frequencies i. e. <2% 

tip, and Salix values increase again to c. 5% tip. The proportion 

of arboreal pollen increases to over 50% tlp. Calluna vulgaris 

and Sphag are recorded for the first time in this sub-zone. 
Gramineae, Cyperaceae, Osmunda regalis and Filicales are also well 

represented. 

LnC2b ; Corylus - Ulmus - Quercus ; 455 - 405 Inas. 
Corylus / Myrica dominates the pollen spectra in this sub-zone 

with values exceeding 40% Up at all levels and maximum values of 
70% tlp. Betula is slightly reduced to between 10 - 20% tlp. 

Ulmus and Quercus increase to c. 5% tlp. Gramineae and Cyperaceae 

frequencies are lower than in LnC2a, Calluna vulgaris values 

average 10% Up and Engetrum, Huperzia selago and Juniperus become 

scarce. 

Local pollen assemblage zone LnC3 is defined by the declining 

pollen representation of Betula and Corylus / Myrica and a notable 
increase in Plantago lanceolata, Rumex acetosa, Alnus glutinosa 

and Sphagnum. 

Inc3a ; Betula - Corylus / Myrica - Quercus : 405 - 245 cros. . 
Pollen frequencies for Betula and Corylus / Myrica are declining 

gradually from the high levels recorded in LnC2 and there are 

corresponding increases in Gramineae and Calluna vulgaris. 
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Herbaceous pollen types include Filipendula, Potentilla, Plantago 

lanceolata and Succisa. Pteridophytes include Polypodium, 

Filicales, Osmunda regalis, as well as Pteridium aquilinum which 

increases to 5% tip. 

LnC3b ; Alnus - Querces ; 245 - 165cros. 

This sub-zone is characterised by increasing frequencies of Alnus 

and Quercus in the context of declining values for other woodland 

genera. Sphagnum, Gramineae and herbaceous types remain important 

elements in the pollen spectra. Filicales, Polypodium and Osmunda 

regalis all decline. 

LPAZ Ir1C4 

Local pollen assemblage zone LnC4 is defined by strongly declining 

arboreal pollen values and a corresponding increase in Calluna 

vulgaris, Gramineae, Cyperaceae and Sphagnum. Two sub-zones are 
detected. 

ilia ; Callum - Grami. neae - Cyperaceae - Spbagrnm ; 165 - 75 

Cms. 
This zone is characterised by abundant Calluna vulgaris (40 - 60% 

tip). Gramineae, Cyperaceae and Sphagnum all increase as 

arboreal pollen representation declines to below 5% of the total 

assemblage. 

tnG4b ; Calluna - Narthecium - Menyanthes trifoliata ; 70 -0 cms. 

This sub-zone is characterised by an increase in Narthecium 

ossifragum, Menyanthes trifoliata and Potentilla frequencies 

together with increasing Calluna vulgaris, Sphagnum, Gramineae and 

Cyperaceae values. 

Pollen Concentration Zones. 

Four pollen concentration zones are defined on the basis of major 
fluctuations in the total pollen and spore concentration values 
(Figure 49) and are used to describe the pollen concentration 
diagram. 
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Pollen Concentration Zone A; PCZ-iNCI ; 524 - 455cms. 

Total pollen and spore concentration values are generally low with 

values averaging 400k grains / per cm3" in the basal sediments to 
200k grains / per cm3. at the, upper zone boundary. The major 

contributors to the pollen spectra are Empetrum, Juniperus 

communis, Hu rzia selago and Rumex type. 

Pollen Concentration Zone B; PCZ-tNC2 : 455 - 355 cams. 
This zone is marked by a significant increase in total pollen and 

spore concentration with values reaching a maximum of c. 900k 

grains / per cm3. The dominant elements in the pollen spectra are 
Betula and Corylus / Myrica 

Pollen Concentration Zone C; PCZ INC3 : 355 - 305 c ms. 

Total pollen and spore concentration values decline again in this 

zone to c. 200k grains per cm3. This decline in pollen 
concentration values reflects a decrease in arboreal pollen 
representation, most notably in Betula and Corylus / Myrica. 

Pollen Concentration Zone D; PCZ -U EA : 305 - 210 cis 
Total pollen and spore concentrations decline further to c. 100k 

grains per cm3. The decline in pollen concentration appears to 

affect all the major pollen taxa including all arboreal types 
together with Calluna, Gramineae and Cyperaceae. 

Pollen Concentration Zone E; (PCZ LNC -5; 210 - Ocms). 

Total pollen and spore concentration values begin to increase 

again in this zone to consistent levels of c. 200k grains per cm3. 
Major pollen contributors are Calluna, Cyperaceae, Gramineae and 
Sphagnum. There is a gradual increase in particulate charcoal 

concentrations from the lower zone boundary. 
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FIGURE 49 

Pollan concentration diagram from 
Lroctzan na Cartach, Barra. 

see Appendix 
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Radiocarbon dates. 

A series of radiocarbon dates was provided by Dr. D. D. Harkness, The 

Radiocarbon Laboratory, East Kilbride on a N. E. R. C. sponsored 

allocation. The selection of samples for radiocarbon analysis was 
based on significant changes in the pollen percentage, pollen 

concentration spectra and sedimentary changes, these are described 

below : 

Shef. # Depth Character. 

LnC9 50 cms. Sedimentary change from organic detrital 
lake mud to terrestrial sedge peat. 

LnC8 149 ems. Increased pollen representation of Calluna, 
Sphagnum, Cyperaceae and Gramineae. 

LnC7 234 cms. Decreased pollen representation of tree 

species and increase in Gramineae and herbs. 
LnC6 349 cros. Decrease in pollen concentration values. 
InCS 397 cros. Quercus arrival. 
LnC4 439 cms. Corylus rise, Ulmus entrance. 
LnC3 508 cros. Betula rise, upper minerogenic sediment. 

boundary. 
LnC2 511 cros. Lower minerogenic boundary. 

LnC1 524 cros. Basal sediments. 

The results of radiocarbon analysis are listed below and plotted 
against sediment depth with sediment accumulation rates between 
dates in Figure 50. 

Code Shef. # De th Date 

SSR-3733 LnC9 50- 53 cms. 1540 + 45 B. P. 
SSR-3734 thC8 149-151 cros. 3810 + 55 B. P. 
SSR-3735 LnC7 234-236 ems. 6080 + 80 B. P. 
SSR-3736 LnC6 349-351 ems. 7715 + 120 B. P. 
SSR-3737 LnC5 397-399 cros. 7780 + 75 B. P. 
SSR-3738 LnC4 439-441 cros. 6800 + 65 B. P. 
SSR-3739 LnC3 505-508 cros. 11190 + 130 B. P. 
SSR-3740 LnCl 521-524 cros. 7660 + 90 B. P. 
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The basal four radiocarbon dates differ significantly from 

anticipated age / depth relationships suggesting that the 

apparently stratified sediments indicated by pollen analysis have 

been subject to contamination by factors which have produced dates 
'younger' and 'older' than those anticipated. The basal sediments 
contained high levels of acid insoluble carbon which could reflect 
contamination of the sample by rootlet penetration from vegetation 
growing on a much later depositional surface (D. D. Harkness 

pers. com. ). Sample no. LnC2 contained insufficient acid soluble 
carbon to allow meaningful radiocarbon measurement (D. D. Harkness 

pers. com. ). Sample No. SSR-3739 may be contaminated by the 

addition of older carbon residues washed into the lake basin 
during what was clearly an erosional environment in the catchment 
during this phase of deposition. The first reliable date is 

considered to be SSR-3737 (7,780 + 75 B. P. ) after which the dates 
follow a pattern which correlates well with radiocarbon-dated 
biostratigraphic features at Loch Lang, South Uist (Bennett et al. 
1990) and Loch Airigh na n-Aon Oidhche, South Uist (Edwards 1990). 
Several of these features are used to construct a provisional 
chronology for the Lochan na Cartach data set which preceeds the 
Quercus pollen entrance at 7,780 B. P. 
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Figure 50. Plot of radiocarbon dates against sediment depth. 
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between each pair of dates are indicated and 
calculated assuming constant sediment accumulation. 
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Local environmental and regional correlation. 
Examination of the vegetation record shown in figures 48 and 49 

suggests an environmental and land use history described below. 

LnCla - lc ; Pre-woodland phase. 
The pollen spectra in these LPAZ on the Lochan na Cartach profile 
differ considerably from the rest of the diagram particularly with 

respect to the low values recorded for the pollen of trees and 

shrubs. Salix and Betula are the main woody types recorded 
together with low counts for Pinus. Salix which reaches maximum 

values for the diagram in the basal pollen spectra (c. 15% tlp) 

possibly represents dwarf Salix scrub. Salix re pens is common in 

heathland in Barra today and Salix herbacea, Salix glauca, Salix 

reticulata or Salix polaris, types of shrub willow found in 

northern European tundra landscapes could have been present. A 

similar peak in Salix pollen is also a feature of pollen diagrams 

from the region, for example in Late-glacial spectra on St. Kilda, 
(Walker 1984) and at Little Loch Roag, Isle of Lewis at 

approximatley 9,140 B. P. (Birks and Madsen 1879). Salix may have 

flourished as part of the montane communities or in sheltered 
localities in the valley bottoms. The relative abundance of 
EmpetrLm, Juniperus, Huperzia selago, Gramineae and Cyperaceae, 

and the consistent occurrence of Saxifraga type, Rumex acetosa, 
Filipendula and Caryophyllaceae suggests an open mosaic of 

vegetation in which species of open ground and heath were 

abundant. Empet dominated heath with Vaccinium was extensive 

possibly on freely draining valley sides. Empetrum, nigrum is 

associated with acidic, freely draining substrates, its 

distribution is limited to areas typically above 600m. O. D. in the 

Cairngorns in Scotland (Watt and Jones 1948). In the Outer 

Hebrides it has been recorded in the uplands of South Uist and 
Barra (Chapter 6 this study, Kent et al. in press). The isopol 

maps of Huntley and Birks (1984) show extensive Fmpetrum heaths in 

north-western Britain during the Late-glacial interstadial. These 

heaths declined in the early Holocene as forest expanded and 

climate improved. 

-329- 



The abundance of trenn / Vaccinium pollen at Lochan na Cartach 

in these basal sediments suggests that despite the remoteness of 
Barra, the taxon's slow migration rates and fairly specific 

environmental requirements, they had become well established in 

the vegetation. These data correlate well with similar pollen 
spectra dated to before 10,200 B. P. on South Uist (Bennett et al. 
1990). 

The Huperzia selago / Juniperus communis assemblage found in the 

contemporary vegetation of South Uist in north-facing uplands 
(Chapter 7 this study, Kent et al. in press) may also have been 

present and more extensive in its distribution' than it is today - 
indicating colder climatic conditions which lowered the 

altitudinal limits of this community. 

Species rich tall herb communities with Gramineae, Cyperaceae and 
herbaceous taxa such as Rumex, Filipendula and species of 
Caryophyllaceae, Chenopodiaceae, Compositae Liguliflorae and 
Umbelliferae (possibly analogous to those described by Spence 

1960) may aso have occurred, possibly in the wetter, nutrient 
flushed valley bottom. 

Local bare rock substrates may have provided a habitat for 
Huperzia selago and the saxifrages. Scarce grains of Artemisia, 
Thalictrum and Chenopodiaceae could indicate unstable, eroding 
soils particularly in LnClb. Ferns were also present, including 
Polypodium, probably as a component in the scrub and heathland 

communities. The lithostratigraphic changes recorded in Sediment 
Unit 2 are interpreted as an inwash of minerogenic material into 
the basin. The associated peak in Fmpetrum pollen values tends to 
suppress the percentage representation of other pollen types, 
however the concentration data shows a slight expansion of 
Gramineae, Cyperaceae and a peak in Compositae Liguliflorae. As 
these types show no signs of exine deterioration it is presumed 
that the pollen from these types are locally derived and are 
therefore broadly representative of the local vegetation. Lowe 
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and Walker (1986) report a similar FmpetrLm inwash within 
sediments of Loch Lomond Stadial age at Gribun on Mull. As the 
Outer Hebrides is thought to have been outside the limit of Loch 
Lomond ice advance, (Sissons, 1976, Peacock, 1984) the survival of a 
complete Late-glacial sequence on Barra is possible. The sediment 
lithology in Lochan na Cartach exhibits an apparently tri-partite 
(peat-clay-lake mud) Late-Glacial sequence but correlation between 
these Hebridean sites on biostratigraphic grounds is difficult 
because at many sites the Late-Glacial pollen signature is so 
similar to that-of the early Holocene (Walker, 1988). The 

erosional sediment regime in LnClb and LnC1b supported by the 
radiocarbon dating analysis suggest that the change in sediment 
accumulation might also be the result of a change in local 
hydrological processes and / or the erosion or leaching of local 

soils. This could itself be due to a return to colder climatic 
conditions during the Loch Lomond Stadial, or an increase in 

precipitation and overland flow in the catchment during the early 
Holocene, or a chance event. On St. Kilda, Walker (1984) reports 
an hiatus in sedimentation covering a period of 4,000 years from 
the Late-Glacial to approximately 6,000 B. P. and at Kildonan Glen 

and Port Caol (this study) possible early Holocene breaks in 

sedimentation may occur. How this erosional phase at Lochen na 
Cartach relates, if at all, to these features is difficult to 
determine without firmer dating control and more palynological 
evidence. 

Overall the pattern of vegetation cover recorded at Lochan na 
Cartach is very similar to those found from several late-glacial 

and Holocene 'spectra' from many diagrams in the region ( Walker 
and Lowe 1977,1987, Walker 1988, Birks and Madsen 1979, Bennett 

et al. 1990). The source(s) of the pollen found in this early 
part of the Lochan na Cartach diagram are difficult to ascertain 
because of the amount of sediment reworking indicated by the 
radiocarbon dates. It is therefore suggested that LnCla-lc input 

represents elements in the pre / early Holocene vegetation of 
Barra which can best be viewed as providing a generalised picture 
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of an open non-wooded landscape in which species of open ground 

and heathland were common. Erosion and redeposition of sediments 
from these ancient land surfaces, probably occurred during the 

Loch Lomond Stadial and early; Holocene, and incorporated 

stratified contemporary pollen in the process. 

LnClc-? fib early Holocene woodland. 
The arrival and rapid spread of Betula, the decline in species of 

open and disturbed ground, and an increase in biogenic sediments 
in the loch basin, all clearly relate to the onset of Holocene. 

Radiocarbon dating analysis of this important feature of the 
diagram provided a date of 11,190 B. P. which is c. 1,000 years 

older than anticipated that from the isochrone maps of Birks 
(1989). The Betula rise observed at Lochan na Cartach has a 

precise match and presumed correlation at Loch Lang, South Uist 
(Bennett et al. 1990) at 10,145 B. P. and it is suggested here as 

providing a 'provisional date' for the Holocene Betula rise at 
Lochan na Cartach. The Lochan na Cartach sequence also has other 

parallels with Loch Lang LPAZ Llp2a which provides further 

provisional dates for this section of the diagram. There is a 

striking parallelism in the ordered entrance of species at both of 
these sites. For example the arrival of Calluna vulgaris and 
Ulmus dated at c. 9,360 B. P. at Loch Lang, and the arrival of 
Quercus at 7,780 B. P. at Lochan na Cartach. These features 

correlate well with the Loch Lang diagram and reinforce the 

suggested dating correlations with other features at both sites. 

The peak in Myriophyllum pollen at the LnC1c zone boundary at 
Lochan na Cartach is typical of many Late-glacial and early 
Holocene diagrams from northern Europe. Huntley and Birks (1984) 

suggested that Myriophyllum expanded rapidly as a response to 

climatic warming, an increase in the amount of water in the 

catchment, and/or the influx of minerogenic bases into lakes which 
temporarily increased the nutrient status of the loch (factors 

already suggested as influential in the sedimentary and pollen 
interpretations offered above). 
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Tall herb and grassland communities appear to have persisted 

within the developing woodland, possibly around the loch margins. 
The presence of Calluna vulgaris indicates the influence of base- 

poor local bed-rock and soil substrates on vegetation development 
from the early Holocene. The pollen of species associated with 

open and disturbed ground such as Artemisia and Chenopodiaceae 
disappear from the record, and Huperzia selago and Juniperus also 
decline possibly as a response to successional change. Populus is 

recorded in low frequencies as part of the developing woodland. 
Populus tremula"and Betula pubescens are present together in the 

contemporary woodland described at Allt Volagir (N. N. R. ) and Meall 
Mor (Bennett and Fossitt, 1988) on South Uist. ` Similar woodland 
("Birch forest ; Populus variant") was characteristic of early 
Holocene woodland in southern Norway c. 9,000 B. P. (Huntley and 
Birks 1983, pp. 619). The expansion of Birch woodland on Barra 

appears to have reduced the habitats available for grassland and 
heath communities. It seems possible that this woodland was able 
to extend through the valley shading out some communities, 

although Empetrum and Juniperus may have persisted as understorey 
in the developing woodland as they do in the contemporary Birch 

woodland in Scotland (McVean and Ratcliffe, 1962). 

The Corylus / Myrica curve becomes continuous and expands 
gradually before the main Corylus / Myrica rise in LnC2b. 
Unfortunately the pollen of Corylus avellana and rica gale are 
particularly difficult to separate reliably to species level. 
Myrica gale is a common shrub growing in wet peat bogs whereas 
Corylus avellana is a woodland shrub / tree. As the pollen 
representation of peat bog indicators is limited in this part of 
the diagram, it is assumed that the high frequencies of Coryloid 

pollen recorded here are Corylus avellana rather than rica gale. 
The Corylus rise is dated at c. 9,400 B. P. at Loch lang, South 
Uist (Bennett et al. 1990). 

The pollen concentration data for Betula and Corylus in LnC2a 

suggest that the fluctuations in the percentage data which 
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indicates the reduction of Betula woodland by Corylus colonisation 
is an effect of the percentage calculations rather than 

vegetation. 

Both data sets display similar overall trends in LnC2 and Llp2 as 
firstly Betula and Populus form early Holocene open woodland 

stands which are invaded by the arrival and expansion of Corylus 

scrub. As at Loch Airigh na n-Anon Oidhche, South Uist (Edwards, 

1990) there appears to be no evidence for human involvement in the 

establishment or expansion of Corylus. At Lochan na Cartach the 

pollen diagram at this point suggests that woodland diversified 

with the arrival of small numbers of Ulmus at c. 9,200 B. P. and 
Quercus at about 7,800 B. P. Alnus glutinosa is present from c. 
7,500 B. P. The Alnus rise, dated at c. 6,080 B. P. at Lochan na 
Cartach is consistent with the anticipated date of 6,000-5,500 

B. P. suggested by the isopol maps (Birks 1989). These data 

correspond well with zone VI of the Blackburn (1948) diagram in 

which high percentage values are recorded for Pinus, Betula, 

Ulmus, and Calluna. Blackburn (1948) suggested that peat 
formation began in the early Boreal period (c. 9,000 B. P. ) and the 

Calluna vulgaris values recorded in this part of the Lochan na 
Cartach diagram with an estimated age of c. 9,500 B. P. are in 

agreement with this idea. 

As the pollen representation of all arboreal pollen types, with 
the exception of Pinus exceed the threshold levels which are 
thought indicative of local presence (see Table 31, from Huntley 

and Birks, 1984) it is suggested that the tree pollen was derived 
from local components of the woodland on Barra. Pinus may have 
been present on Barra, but not perhaps in the Lochan na Cartach 

catchment. Pinus is consistently recorded from c. 10,000 B. P. with 
maximum values of 10-12% Up between 9,200-7,780 B. P. and 3,000- 
4,200 B. P. These values are difficult to interpret as Huntley and 
Birks (1983) suggest a threshold value of 25% tlp as indicative of 

a local presence of Pinus. Isolated individuals of Pinus 

sylvestris do occur on Barra today near Bay Hulavagh, but no 
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Table 31 ; Pollen percentage values indicative of the local 

presence of tree species. 

Ulmus 

>27 Indicates local presence. 

>10% Indicates the species is a significant component in the 

vegetation cover. 

Pinus 

>25% Indicates local presence. 

Quercus 
>2% Indicates local presence. 
>10% Indiates the species is a significant component in the 

vegetation cover. 

Fraxinus 

>1% Indicates local presence. 

>5% Indicates woodland in which Fraxinus is co-dominant. 

Salix. 
>1% Indicates local presence. 

Source : (Huntley & Birks, 1983). 
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Pinus macrofossils have been found during our investigations. 

Pinus pollen may be of long distance provenance but other pollen 

analytical studies do not support this theory. Pinus pollen does 

not appear to increase in representation with proximity to 

Scottish mainland Pinus populations, for example in the Inner 

Hebridean pollen records. 

The pollen evidence suggests that the landscape around Lochan na 
Cartach in the early to mid-Holocene was a mosaic of Betula / 

Corylus woodland'with small numbers of Populus, then specimens 
o lmus and Quercus. 

A decline in pollen concentration values of all pollen and spore 
types at 7,715 B. P. which coincides with a phase of rapid sediment 

accumulation and high diatom concentrations in the sediment 
lithology requires some dicussion at this point in the text. In 

principle reduced pollen concentration values can be interpreted 

as the result of a change in pollen productivity, pollen source 

area, or the rate of sediment accumulation. That reduction in 

pollen concentrations affects all pollen types rather than 

specific taxa suggests that the reduction observecis the result of 

vegetation changes. A change in pollen source area either as a 

result of a reduction in overland flow or streamflow into the loch 

basin would also reduce pollen concentration values. Lochan na 
Cartach has no inflow streams at present but there may have been 

one flowing from Loch nic Ruaidhe in the past. Sediment 

accumulation may have blocked inflow streams and this would reduce 
the pollen source area to immediately local vegetation and account 
for the decrease in pollen concentration values. Drier climatic 

conditions could also have reduced the amount of pollen washed 
into the basin through overland / streamflow. Sediment 

accumulation rates are high, possibly as a result of rapid 

accumulation of the diatomite which may be reflecting a change in 

the magnitude / frequency of overland / streamflow in the 

catchment which requires further testing. There appears to be 

little pollen evidence pointing to anthropogenic disturbance of 
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the vegetation cover around Lochan na Cartach during this period - 
changes in the pollen data discussed above appear to reflect the 

migration and expansion of arboreal taxa and the response of the 

preceeding heath and grassland communities to these migrational 
impacts and Holocene thermal improvements. 

InC3a-3b ; woodland decline. 

The pollen analytical evidence from Lochan na Cartach indicates a 
change in the abundance and composition of woodland communities 
after 6,080 B. P. Betula and Corylus values begin a gradual 
decline and there is a corresponding increase in ercus, Alnus 

and Salix. The pollen representations of Gramineae, Filipendula, 
Osmunda regalis, Rumex acetosa, Plantago lanceolata, Succisa 

pratensis and of Umbelliferae and Compositae all increase 

suggesting the expansion of species rich grassland and tall-herb 

communities and the opening up of the woodland canopy. 

Alnus begins to increase at Lochan na Cartach from 6,080 B. P., but 

reaches a maximum between 4,600-4,000 B. P. These dates compare 
well with Llp2c at Loch Lang, South Uist (Bennett et al. 1990) 

where Alnus values reach a maximum between 6,000-4,500 B. P. The 

rational limit for. Alnus is dated at 7,030 B. P. at Loch Airigh na 
n-Anon Oidhche (Edwards 1990) and such agreement between the dates 

suggests that the Alnus rise at Lochan na Cartach is consistent 
with other Southern Outer Hebridean sites. The pollen 
representations of Calluna vulgaris, Sphagnum and Cyperaceae all 
remain consistent suggesting that the observed decline in Betula / 

Corylus woodland should not be explained as the result of 
environmental conditions which encouraged the spread of blanket 
bog. 

There are no unequivocal indications of human activity influencing 

the vegetation at this time. The changes described above could be 
the result of vegetation response to climatic change bringing 
increased wind frequencies and precipitation as sea-levels rose. 
Ritchie (1979) suggests that initial pre-machair sand accumulation 
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began as sea level rose off the west coast of South Uist before 

5,700 B. P. Changes in the coastal zone would have effects on 
local hydrology, for example, by raising the water table. 
Increased wind frequencies could change pollen taphonomic patterns 

within the tree canopy or cause 'wind throw' creating open ground 

and habitats for grassland and herbaceous plants. Filipendula and 
Osmunda which are resistant to salinity effects (Hirons and 
Edwards, 1990) may have profited from such a change and are 

relatively abundant at this time. 

Increasing charcoal representation at Lochan na Cartach at and 

around the Alnus maxima at 4,600-4,000 B. P. is'interesting in the 

context of the debate already cited in Chapter 2 regarding the 

relationship between Alnus and human activity. The pattern of 

gradual decline shown by Betula and Corylus in LnC3a-LnC3b is not 

suggestive of any large scale woodland clearances which might 
facilitate the spread of Alnus. However Sphagnum values which 
begin a progressive increase from 4,700 B. P. may indicate 

increased wetness around Lochan na Cartach which could have 

favoured Alnus (see McVean, 1956 for discussion). There may be a 
direct causal relationship between the decline in Betula / Corylus 

scrub, human activity, increased waterlogging in the catchment and 
the spread of Alnus as part of an Alnus - Salix woodland 

association, but this is difficult to define with precision. 

In LnC3b (5,500 - 4,200 B. P. ) some intimation of human impact may 
be detectable as the pollen representation of Gramineae remains 
high, tall-herb and fern taxa such as Filipendula, Umbelliferae, 
Filicales and Polypodium decline, whereas Plantago lanceolata 
increases as does a fern avoided by grazing animals - Pteridium 

aquilinum. These changes may result from animal grazing which 
inhibited woodland regeneration, removed flowering herbs and ferns 

and increased pasture. Human occupation of the area during the 
Neolithic period is evidenced in the funerary sites in the 

adjacent Borve Valley. Importantly similar changes are recorded 
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at Little Loch Roag (Birks and Madsen, 1979) after 5,200 B. P. and 
at Loch Lang from 4,300 B. P. (Bennett et al. 1990). 

inc4 Late Holocene (4,000 B. P. ) to present. 
The final phase in the vegetation record from Lochan na Cartach is 

characterised by the expansion in the pollen of Calluna vulgaris, 
Sphagnum, Cyperaceae and Potentilla - typical taxa associated with 
blanket peat communities. Between 4,300 - 1,900 B. P., the 

expansion of the blanket peat communities which had persisted from 

the early Holocene begin to dominate the pollen spectra. This 
blanket-peat type depicted in the pollen diagrams appears to be 

essentially similar to the Molinia caerulea - Scirpus cespitosus - 
Erica tetralix - Calluna vulgaris wet heath community observed in 

the survey of modern vegetation of South Uist (Chapter 6, and Kent 

et al in press). From 1,900 B. P. Narthecium ossifragum, Drosera 

and Polygala type are recorded indicating a change in the blanket 

peat communities with elements of Group C2 (Chapter 6, and Kent et 
al. in press), which includes class character species plus 
Narthecium ossifragrum, Schoenus nigricans, Polygala vulgaris and 
Drosera intermedia. This sub-community is widespread often 
occurring where Calluna heath has been burnt and in peat cuttings 
at altitudes of approximately 66m. Increased charcoal frequencies 
from c. 2,000 B. P. could signify muir burn and may be related to 
the expansion of the C2 type sub-community observed in the pollen 
diagram. This inferred increase in land use pressure in the 

valley at this time, may be related to settlement (broadly dated 

to this period, Branigan pers. com. ) which was connected with the 
'island dun' in Loch nic Ruaidhe. Elsewhere in the Scottish 
islands similar changes are recorded in the pollen record. The 

spread of blanket peat communities and the final demise of 
woodland at c. 4,000 B. P. appears to have dominated the regional 
vegetation pattern from this time (see Chapter 2 for review). In 

the Uists there is also further independent evidence of changing 
environmental conditions. Ritchie (1985) has provided evidence of 
sand blowing onto the coast of Pabbay at approximatley 4,366 B. P. 

an event which followed a rapid sea level rise from c. 5,100 B. P. 
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The increased precipitation, and wind frequencies which are 

alleged to have accompanied the sea level rise can be inferred to 

have created a stressful environment for plants and people alike. 
Presumably more land would have been required for pasture and 

cultivation, as drainage and soil acidification worsened. Calluna 

heath may have been burned to provide grazing. 

Pollen assemblage zones LnC4a and LnC4b essentially reflect the 

same suite of plant communities which occur in the "Dark Glen" 

today, a bog and heath covered glen which is heavily grazed by 

sheep. 

Conclusion. 
All these events suggest that there are marked similarities 
between the palynological data from Lochan na Cartach, Loch 
Hellisdale, South Uist (this study), and Loch Lang, South Uist 
(Bennett et al. 1990) which has facilitated a provisional 
chronology for the early pollen assemblages zones of LnC1-2, after 
which reliable new radiocarbon analyses have provided a new 
chronostratigraphic framework for the rest of the Lochan na 
cartach sequence. To summarise, around Lochan na Cartach itself, 

the tundra type communities of the late Devensian - early Holocene 

were associated with unstable and eroding substrates and the 
deposition of minerogenic sediments in the loch. The subsequent 
establishment of an early Holocene vegetation mosaic of scrub, 
woodland, acid grasslands and bog communities stabilised the 

catchment soils and open woodland vegetation remained relatively 
undisturbed until its long term decline began at c. 6,000 B. P. 
Woodland appears to have been more abundant and diverse than at 
Little Loch Roag, Isle of Lewis (Birks and Madsen, 1979). A later 

period of reduced Betula / Corylus woodland occurred in which 
Quercus and Alnus flourished and open grassland and tall-herb 

communities were more widespread. This vegetation may be related 
to a period of Neolithic settlement in the Borve Valley. The 

spread of blanket peat after c. 4,000 B. P. is a feature of the 

regional vegetation history of the Outer Hebrides connected 
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possibly with climatic fluctuations and increasing land use 
pressure after 2,000 B. P. 
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Chapter 13. 
Borve Valley, Barra :A Stone Setting and 
Ancient Cereal Cultivation. 



Borve valley, Barra :a sub-peat stone setting and ancient cereal 

cultivation. 

Organic deposits associated with sub-peat field boundaries, 

clearance cairns and associated field systems have yielded 

palynological evidence of past land use practise and farming 

economy. A number of such sites are recorded from Britain and 

Ireland (gg. Herity 1971, Caulfield 1978, Whittington 1980,1983, 

Williams 1982, Stevenson 1985, O'Connell 1990, O'Connell 1986, 

Pals 1987). Burial beneath blanket peat ensures the preservation 

of the archaeological features, the pre-peat sediments and can 

also facilitate the establishment of a chronology. These 

sediments are also good preserving environments for fossil pollen 

which can be used to reconstruct land use history at the site. 

The taphonomic studies of Hall (1988,1989) and Vuorella (1973) 

indicate that the pollen of cereals and associated weed taxa are 
dispersed only short distances from source and are therefore 

unlikely to be clearly represented in conventional pollen 

preserving sites. Consequently the sediments directly associated 

with an archaeological feature are more likely to contain a higher 

proportion of in situ pollen from crop cultivation associated with 
the feature and therefore provide detailed information of land use 
history. 

Derelict field boundaries and abandoned "lazy bedding" are evident 
in the landscape of Barra indicating past cultivation in areas of 
the landscape now used almost exclusivley for sheep grazing. 
Historical accounts from the Outer Hebrides describe crops of 
barley, oats, rye and potatoes being grown on the machair in South 

Uist (MacDonald, 1811). Elton (1902) relates a story in which the 

population of Pabbay, Sound of Harris were removed in 1842 because 

of "the whisky which they distilled from barley grown there". 

Unpublished plant macrofossil studies from machair archaeological 

sites (Baleshare, Hornish, Cill Donain) indicate cereal 
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cultivation on the machair but to date there are no palynological 

records which document historic or prehistoric crop cultivation 
from inland peat sites. Palynological studies from sediments 

associated with sub-peat archaeological features in the Outer 

Hebrides (figure 5) are concentrated in the north of the islands, 

for example, on Lewis (Bohncke 1988, Newall 1989), North Uist 
(Mills et al. in prep) and Benbecula (Whittington and Ritchie 
1988). Grassland and heath communities represented in these 

studies indicate pastoral rather than cultivated landscapes. 

The site. 
A sub-peat stone wall fragment located on the_south facing Borve 

valley side between the major Neolithic cairns Dun Bharpa and Tigh 

Talamanta (Figure 51) was reported during an extensive field 

survey by S. E. A. R. C. H. of the Borve valley, Barra in 1989. This 

survey recorded seventy eight archaeological sites additional to 
those recorded in the H. M. R. (1928), indicating a history of 

settlement in the valley dating from the neolithic period 
(Branigan 1989). The proximity of the sub-peat stone setting to 

the large neolithic funerary site, Dun Bharpa, suggested the 

possibility that there may have been a connection between these 
features. Samples for pollen analysis were retrieved when the 

site was first investigated in 1989. Subsequent archaeological 

excavation of the buried stones suggests that the feature may be 

part of a clearance cairn rather than a continuous field boundary. 

Modern land use in the valley is predominantly sheep grazing, 
there is no cereal / root crop cultivation. The contemporary 

vegetation at the site is typical of the Agrostis capillaris - 
Festuca ovina grassland (Group E2) (Chapter 6, this study, Kent at 

al. in press) and the Holcus lanatus - Trifolium re pens sub 
comupity of the NVC (Rodwell 1991). Agrostis capillaris, Festuca 

ovina and Potentilla erecta are the main diagnostic species with 
Nardus stricta, Viola riviniana, Galium saxatile and Trifolium 

re ens. Polytrichum comune and Sphagnum spp were also noted. 
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Figure 51. Location map ; Borve valley sub-peat wall 
(stipple indicates shoreline) 
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The context of the samples 
The stones which rest on a pre-peat mineral soil were originally 
exposed by a contemporary agricultural drainage ditch. This 

analysis consists of a series of samples taken from the excavated 
ditch section (figure 52) which include mineral soils and 
immediately overlaying peat. Palynological analysis of the 

profile, which cuts across the peat-mineral soil interface, 
investigates sediments directly associated with the field 

monument. Samples for pollen analysis were retrieved with the 

specific aims of : 

1) Investigating the landuse history of the site. 
2) Investigating any relationship which may have existed between 

the clearance cairn and any cultivation which may have occurred 
during or after its creation. 
3) Provide a provisional date for the feature by correlation with 
the Lochan na Cartach diagram. 

Methods. 

A number of critical horizons were identified in the field and a 

series of spot samples were taken for pollen analysis. 
Samples were prepared using the methods detailed in Chapter 4, 

this study. 

The pollen data are presented as a pollen percentage and a pollen 
concentration diagram (figures 53 and 54). 

Pollen identification. 

A number of well preserved large Gramineae pollen grains were 
identified during counting. The separation of cultivated and wild 
species of Gramineae has been attempted (eg Andersen 1979, Faegri 

and Iversen 1975, Beug 1961, Dickson 1988). These studies provide 
a series of morphological criteria for distinguishing wild and 
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Figure 52: Borve Valley ; ditch section. 
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cultivated grasses. The criteria described by Andersen (1979) are 

used in this analysis. 

Pollen percentage data. 

Peat sample BVD and BVA ; 60-67 cros (6 samples). 

Arboreal pollen frequencies are low and include Betlila, Pinus, 

Ulms, Quercus, Fraxinus, Sorbus, Coryloid, Alnus and Sambucus. 

Total arboreal pollen averages 5-12% with Coryloid and Alnus 

pollen most abundant. Calluna vulgaris dominates the none 

arboreal pollen spectra (60-68% tip) and Gramineae (15% tlp). The 

pollen of Avena / Triticum type reaches a peak`of 37 tlp. 

Coincident with this peak are high levels of Plantago lanceolata 

and Plantago media / major. EEpilobium type pollen is also 

recorded. A diversity of herbaceous pollen types including 

Succisa, Potentilla, Ranunculaceae, Rubiaceae, Vicia, 

Umbellifereae, Rumex acetosa, Viola, Urtica, Scrophulariaceae, 

Pedicularis, Hydrocotyle and Narthecium ossifrag um are recorded. 
Spores recorded include Polypodium, Pteridium, and the moss 
Selaginella selaginoides. There are increasing frequencies of 

microscopic charcoal. 

Peat Sample BVB : 50-55 cms (3 samples). 
Arboreal pollen frequencies are low with Alnus, Coryloid, Betula, 

continuously recorded with frequencies of c. 2% tlp. Scarce grains 

of Fraxinus, Pinus, Ulmus, ercus, Sambucus and Salix are 

recorded at all levels. Calluna vulgaris dominates the pollen 

spectra (60-70% tip) and Gramineae c. 15. tlp. Cereal pollen 
frequencies are present in all the samples, but peak at 52-53 ems. 
They are differentiated from the Avena / Triticum type in BVD and 
BVA on the basis of annulus diameter. High levels of Plantago 

lanceolata (2% tlp), Plantago media/major (7% tip) together with 
Epilobium and Spergula arvensis (Corn Spurrey) are also recorded 

and other herbaceous taxa as in BVA. 
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FIGURE 53 

Pollen percentage diagram (1) 
from Borve Valley, Barra. 

FIGURE 54 

Pollen percentage diagram (2) 
from Borve Valley, Barra. 

see Appendix 

-348- 



Peat sample BVC ; 40-45cros : (3 samples). 
Characterised by Callua vulgaris (70-74% tip) and low arboreal 
pollen frequencies (10% tlp). Plantago lanceolata, Plantago media 
/ major frequencies decline and Spergula arvensis, cereal type and 
Onagraceae are not recorded. 

Discussion. 

The pollen spectra from the basal samples at 67 ans at the soil 
/peat interface provide an indication of vegetation at the site at 

the time of the' construction of the stone cairn. The high Calluna 

vulgaris pollen frequencies and low Cyperaceae and Sphagnum 

indicate the presence of dry heathland similar to the Calluna 

vulgaris dry heath community (Group D, chapter 6 this study, Kent 

et al. in press). Gramineae and herbaceous pollen such as 
Potentilla, Lotus type, Viola type, Plantago lanceolata, Rubiaceae 

type (Polygala), Leguminosae and Succisa indicate that grassland 

communities similar to those found in the locality today were also 

present. The low pollen frequencies recorded for Sphagnum, 

Cyperaceae and other blanket bog species such as Drosera and 
Narthecium ossifragum suggest that conditions were dryer than at 

present. It would seem that the cairn was constructed in an open 
landscape supporting dry Callum heath with neutral soils on the 

well drained valley slopes supporting grassland communities. 
The herbaceous pollen flora in the profile is of particular 
interest. Plantago lanceolata, Potentilla (cf. erecta), Succisa, 
Viola type (cf. riviniana) are characteristic of pastoral 
grassland in Barra today. O'Connell (1991, p267) suggests that 

some of these species are classic indicators of pastoral farming 
but they may also colonise fallow land. A change in the 

vegetation following the construction of the cairn is indicated by 

the occurrence of large grass pollen >37p of Avena / Triticum type 

pollen in small peaks. These pollen types are also recorded as 
scarce grains in many levels at this site. These types are not 
recorded in the uppermost samples. The groups defined by Andersen 
(1979) contain both cultivated and wild species and consequently 

cannot be taken as unequivocal evidence of cereal cultivation. 
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However the presence of Plantago media / major, Spergula arvensis 

and Epilobium type, coincident with. the peaks in Cereal type 

pollen suggest that some type of cultivation or disturbance may 
have been locally present in the vicinity of the stone cairn. 

Spergula arvensis is listed in Pankhurst and Mullin (1991) as a 

weed of arable fields and gardens in the Outer Hebrides. Pollen 

spectra similar to that recorded at Borve (0.6%-1.77 tip) are 
described by O'Connell (1991) from a prehistoric field enclosure 

at Carrownaglogh, Co Mayo, Eire, where fossil samples yielded much 
higher pollen frequencies of Spergula arvensis than a modern oat 

crop heavily infested with the weed. O'Connell. (1991) cites 

several instances where S. arvensis pollen and seeds have been 

recorded from prehistoric and medieval contexts in European sites 
(Willerding 1986, Behre 1986, Pals 1987, Odgaard 1985) and 
Shetland where Renfrew (1973) reports the use of Spergula arvensis 

as a food crop. 

If land was cultivated at Borve, Spergula arvensis may have grown 

either as a weed of cultivation or it may have been grown part of 
a cultivation system with Oats or Barley. 

Cereal-type pollen grains become scarce in the upper samples of 
the profile and arable weed type pollen is poorly represented, 

whereas the rest of the pollen spectra remains essentially similar 
to the rest of the profile. Possibly cultivation or disturbance 

which provided a niche for these taxa had ceased or was taking 

place elsewhere. 

Microscopic charcoal particles are recorded at all levels in the 

analysis but there is no unequivocal evidence that fire was being 

used to modify the vegetation. 

Comparison with other palynological studies from archaeological 

sites in the Outer Hebrides such as Callanish, Isle of Lewis 
(Bohncke 1988) Rosinish, Benbecula (Whittington and Ritchie 1988) 

Sheshader, Isle of Lewis (Newall 1989) and Loch Portain (Mills et 
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al. in prep. ) is difficult because of the disparate locations of 

the sites. However some interesting details emerge from these 

studies which may be of relevance to the Borve study. Radiocarbon 

dates from these sites show that open, non-wooded landscapes 

similar to that recorded at Borve were present from c. 4,990 B. P. 

at Loch Portain (Mills et al. in prep) and 4,345 B. P. at Rosinish 

III (Whittington and Ritchie 1988). 

Pollen analysis from sediments associated with sub-peat field 

walls at Callanish, Lewis (Bohncke 1988) dated to c. 3,200 B. P. 

suggests that local woodland was cleared and the corresponding 
increase in grassland pollen taxa indicates the presence of 

pasture. Newall (1989) also found that a sub-peat wall at 
Sheshader, Isle of Lewis was constructed at c. 3,000 B. P. and that 

the palynological record from an adjacent peat profile indicates 

pasture. Cereal pollen is also recorded from the site and peaks 
in fossil charcoal particles recorded at 3,300 B. P. may indicate 

some anthropogenic influence on the vegetation. A sub-peat wall 

at Loch Portain, North Uist is thought to have been constructed at 
2,600 B. P. (Mills et al. in prep). It is not possible without 

radiocarbon dating evidence to see how the Borve site compares 

with the cluster of radiocarbon dates (c. 3,200 - 2,600 B. P. ) from 

the other Outer Hebrides sub-peat field boundary sites which 

suggest enclosure during this period. However the acid heath and 

grassland depicted in the pollen spectra, together with the low 

arboreal pollen frequencies recorded at all levels, correlate most 

strongly with LPAZ LNC4 from Lochan na Cartach, which is located 

in an adjacent valley. In the absence of radiocarbon dating this 

biostratigraphic correlation (post 4,000 B. P. ) provides a 

provisional dating framework for the sequence, suggesting that the 

sub-peat cairn at Borve may have been constructed during the 

period of enclosure represented by the other sites. However the 

presence of cereal-type pollen and relatively high frequencies of 

taxa associated with cultivated or disturbed ground at the soil- 

peat interface at Borve are unusual in relation to the observed 

pattern of pastoral activity at the other sites. 
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Synthesis. 

Pollen analysis from sediments associated with a sub-peat stone 

clearance cairn in the Borve valley indicates that the feature was 

constructed during a period in which Calluna heath and grassland 
1 

were widespread in the valley. The palynological evidence 

provides some indication of two phases of cereal crop cultivation. 
Large Gramineae pollen grains at the soil peat interface were 

assigned to the Avena / Triticum group (Andersen 1979) and may 
represent the cultivation of Oats. A second phase in which cereal 
type pollen is assigned to the Hordeum type group of Andersen 
(1979) may indicate a phase of barley (or bere) cultivation. 
These cultivation or disturbance episodes are interspersed with 

phases of grassland and heath vegetation which may represent 

grazing or fallow periods as part of a crop rotation system or 
"outfield" as described by Dodgson (1988). 

Biostratigraphic correlation with the Holocene palynological 

record from Lochan na Cartach, Barra suggests that the 

construction of the cairn and subsequent agricultural activity 

occurred after 4,000 B. P. and may be part of a more widespread 

pattern of land clearance and enclosure which is beginning to 

emerge from studies of other sub-peat sites in the Outer Hebrides. 

Any relationship between the construction of the clearance cairn 

and the neolithic funerary monuments is difficult to ascertain 
because of the lack of radiocarbon dating control. However it 

seems likely that the cairn post-dates the burial chamber. 
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Chapter 14. 

Conclusion. 



Conclusion. 

This dissertation was started with an interest in the status and 
history of the vegetation in a most fascinating, remote, bleak 

part of the British Isles, at the far western margins of the 

European mainland. A place nowadays characterised by a bleak 

climate and open, peat covered moorland, lacking trees and also 

characterised by a profusion of archaeological remains which 

suggest that both environmental factors such as climatic 
fluctuations, pedological change and past human activity may have 

played critical roles in producing the present situation. 

Critical examination of the literature showed that there were a 

whole series of inter-related issues and questions which had to be 

addressed before a simple but potentially naive application of 
palynology to the numerous bogs and lakes of the region was made. 

For example, an appropriate understanding of the contemporary 

vegetation in a worthwhile environmental or ecological context was 
largely absent. Critical species could not be related to 

environmental gradients of phytosociological situations with the 

result that the presence or absence of critical species ( ercus, 
Ulmus, Alnus, Pinus) could not be reliably interpreted. 

Not only were familiar issues of pollen taphonomy unknown in this 

wind dominated region, the biotic situation of these species in 

the outer Hebrides itself was poorly known. The available 
botanical literature was principally concerned with lists of 
species from very particular habitats - possibly reflecting the 
taxonomic interests of biologists with perhaps an inbuilt emphasis 
on rarity and the biological interest of controlled (e. g. Sites of 
Special Scientific Interest and National Nature Reserves) or 
otherwise rare and unusual sites. The nature and distribution of 
the 'ordinary', the human influenced and perhaps the typical were 
largely unknown. 

-353- 



Closely related in this historical / palynological survey of the 

research location was seen to be the understanding of pollen 
taphonomy in the region. Essentially contradictory conclusions 
had been reached by research workers in Lewis with no consensus on 
the role, and indeed the significance, of long distance dispersal 

/ inter-regional dispersal or the scales and mechanisms of very 
local pollen deposition. The implication of Birnie's (1983) 

studies in Shetland, which indicated background levels of tree 

pollen in the region, together with Birks and Madsens (1979) 

findings of minimal palynological evidence of tree presence, where 
the wood macro-fossil evidence (Wilkins 1984) clearly placed one 
in a wood, suggested that the situation was more complicated. Here 

woodland can now be seen to have produced only very modest numbers 
of tree pollen. This taphonomic discussion curiously appeared to 
ignore the clear arguments and conclusions drawn by Blackburn 
(1948) in her pioneering studies of Barra and South Uist. In this 

situation a research strategy was devised which both resolved the 

nature and significance of controls upon the modern vegetation and 
identified the pollen rain accumulating in the vegetation units 
identified in the east-west transects. The transects were 
designed to encompass all aspects of the modern environment with 

maximum efficiency and at the same time to emphasise variability 

with evidence on the ground. This reading of the existing state 

of research and study design appears on reflection to have been 

reasonably successful - although if started again with the 

acquired knowledge and hindsight the questions, methods and the 

analyses would have been slightly different. 

In the pollen taphonomy study the pollen depositional 

characteristics of sixteen plant communities are described. 

Pollen deposition was found to reflect the distribution of major 
vegetation types on the islands. Patterns of "in-community" and 
"out-community" pollen deposition reflected the major vegetation 
units on the transect and revealed a general harmony between the 

contemporary pollen rain and vegetation, demonstrating the local 

nature of pollen deposition. These conclusions do appear to have 
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importance for the interpretation of palynological data from the 

area. In practice the vegetation is seen to be related to 

environmental gradients and situations which are capable of being 

investigated and interpreted in palynological studies. The 

critical roles of pollen taphonomic issues have been clearly 
identified, for example it is clear that where there is wood or 

scrubland, for example at Allt Volagir N. N. R. and Loch Druidibeg 

loch islands, there is clear evidence of reasonably high tree / 

shrub pollen. There are also clear indications that away from 

woodland situations the frequencies of tree / shrub pollen are 

minimal. The meteorological and entrapment processes responsible 

probably conform to those essentially set out. by Tauber (1965) 

except that once outside the micro-climatic situation produced by 

the trees and shrubs themselves -a feature itself reinforced by 

the particular topography and highly sheltered situations of these 

remnants - wind velocities are sufficiently high at the 

appropriate times of the year (indeed most times of the year) that 

tree / shrub pollen is largely removed from depositional 

environments beyond these present habitats. 

Other topographically controlled aspects of variability have also 
been highlighted. Perhaps not suprisingly Juniperus and Fmpetrum 

communities, and in general more arctic and alpine communities, 
have been shown to predominate in the more remote and high 

mountainous areas where there are north and east facing crags and 

cliffs naturally protected from grazing. Pollen catchments in the 

north and east facing area of the transect such as at Loch 

Hellisdale are therefore likely to have more substantial and 
better records of these arctic and alpine heath and shrub 

communities (even though Loch Hellisdale is some 300' lower in 

altitude) than much higher and closer sites on the exposed, bleak, 

grazed and better illuminated sites on the adjacent western flank 

of the Beinn Mhor massif. 

The relationship between past and present plant communities 
requires further detailed statistical analysis to clarify the 
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degree of similarity between past and present pollen spectra. 
However the results of the present study suggest a number of 

correlations which link together the contemporary vegetation / 

pollen taphonomy and palaeo-vegetation data. The pollen diagrams 

from Loch Lang (Bennett et al. 1990), Loch Hellisdale, Lochan na 
Cartach, Kildonan Glen, Port Caol and Loch Druidibeg (this study) 

provide an indication of vegetation change through the Holocene 

from c. 10,000 B. P. These studies all indicate that in the Late 

Glacial arctic-alpine scrub prevailed with Juniperus, Salix, 

Fnpetrum, Vaccinium, Huperzia selago and herbaceous taxa such as 
Rumex, Artemisia and Saxifraga. A similar community (in the 

vegetation and pollen taphonomy classification-it is described as 

a sub-set of Group El) is still found above 500m on the north and 

east facing slopes of Beim Thor. 

The arctic-alpine communities were then progressively replaced by 

trees. First Betula then Corylus and Populus arrived on the 
island forming woodland which had a similar pollen spectra to that 

recorded in samples of the subset of Group F (br4 en-infested 

grassland) from Allt Volagir N. N. R.. The diversification of 

woodland which followed with the arrival of Ulmus, Quercus, Alnus 

and later Fraxinus and Sorbus appears to have no modern equivalent 

on the islands. However isolated individuals of Fraxinus, Alnus 

and Sorbus survive in scattered locations and in loch-island scrub 

Group F (bracken-infested grassland) outside of the woodland may 
have been present on the island from 9,000 - 8,700 B. P. when 
Pteridium first occurs in the pollen spectra; increasing in 

abundance after c, 4,000 B. P. when the record for Pteridium becomes 

almost continuous. 

Blanket bog plants such as Eriophorum and Carex nigra possibly 
components of the Cyperaceae in the pollen diagrams) have an 

almost continuous Holocene record. These types together with the 
Ericaceous species, correspond to groups B and C of the present- 
day classification. Calluna, Ericales and Cyperaceae are all 
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present in the pollen record from c. 9,200 B. P. and may indicate 

the presence of blanket bog type communities similar to those 
found in Group B (Eriophorum angustifolium bog-pool community). 

and Group C1 (Molinia caerulea - Scirpus cespitosus - Erica 

tetralix - Calluna vulgaris wet heath during the early Holocene. 

Group C2 which includes Narthecium ossifragum and Drosera spp. is 

possibly discernible in the pollen data from c. 4000 B. P. when 
Narthecium is first recorded in the pollen spectra. Dry 

heathland, dominated by Calluna (Group D) may also have been 

present from the early Holocene, evidenced by increasing Calluna 

pollen frequencies from c. 9,200 B. P. with rapid expansion after 
4,000 B. P. 

A further aspect of the work has been to emphasise the 
"invisibility" to palynologists (unfortunately) of too many 

critical plant and "landuse" communities, such as the machair, 

which plays such a dominant role in the biological and human 

interest of these islands. There are too many insect-pollinated 

species and species which cannot be identified to the appropriate 
taxonomic levels to resolve with confidence the history and 
development of machair communities. Similarly the availability 

and location of study sites, and pollen preservation-conditions 

within them, have been shown to be critical problems in the 

western areas of these islands and even such immediately down-wind 

sites as Kildonan Glen have not yielded particularly important 

information on machair communities. However research at the Borve 

headland and more generally in the western area has identified 

with success the nature and changing status of 'pre-machair' 

vegetation in these presently machair-covered or machair- 
influenced landscapes. 

Even so the palynological studies chosen to address these basic 
issues of between site variability in these diverse landscapes 

have been successful. The vegetation studies showed that 

vegetation development followed a pattern typical for the region 

at similar latitudes. The early post-glacial vegetation mosaic of 
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Emetrum heath, herb-rich grassland and dwarf shrub communities 

was replaced in the early Holocene by woodland. The pollen 
diagrams record an ordered sequence of tree migration to the 

islands in which Betula then Corylus were the first colonists, 
followed later by Ulmus, ercus, Alnus, Pinus and Fraxinus. An 

exception to this pattern is noted at Kildonan Glen, South Uist 

where the Corylus rise briefly precedes the expansion of Betula in 

the early Holocene. Woodlands appear to have persisted in 

sheltered localities until c. 5,000 B. P., together with species of 

rich grassland and blanket bog communities which were also present 

on the islands from the early Holocene. 

The gradual decline of woodland from c. 5,000 B. P. was accompanied 
by the expansion of herb-rich grassland and blanket bog 

communities. After 4,000 B. P. woodland and herb-rich grassland 
declined further and blanket peat communities spread. Human 

presence on the islands is indicated from the early Holocene. A 
brief episode of woodland disturbance, charcoal and cereal type 

pollen is noted at one east coast site, Loch Hellisdale, during 

the early Holocene adding to an increasing body of information 

which suggests some mesolithic presence on the eastern coast of 
South Uist. 

However the causes of vegetation change are attributed to a 

combination of environmental conditions resulting from rising sea- 
levels and the corresponding shift towards an oceanic climate, 

which led to pedological deterioration, as much as to 

anthropogenic impacts. 

Investigations into the historical ecology of existing woodland 
stands on a previously inhabited island in Loch Druidibeg National 

Nature Reserve indicated that woodland became established 
following abandonment, suggesting that factors other than climate 
have inhibited woodland continuity on such islands - and by 

inference in the wider Hebridean landscape. 
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Archaeological Issues. 

This palynological and phytosociological research has inevitably 

been directed towards identifying the nature and significance of 
human activity with two strategies at two spatial scales. The 

pollen taphonomy and vegetation study, focussing on the many semi- 

natural or anthropogenically influenced plant communities in the 

area, emphasised that the presence of pollen of 'anthropogenic' 

weeds cannot neccessarily be interpreted in terms of anthropogenic 

origins in these remote and bleak areas, where significant numbers 

of these taxa, (Plantago lanceolata, Urtica, Chenopodiaceae) have 

niches in natural habitats where bleakness, poor soil conditions 

or local combinations of base rich soil conditions and bleakness 

permit the survival of these taxa. 

The impact of people appears to be characterised at an island wide 

scale by the presence and growing abundance of grasslands, 

moorlands, deforestation, agricultural weeds and in general terms 

the progressive opening up of the landscape. However proof and 

assessment of this type of information are actually very difficult 

to obtain. The well known arguments about the respective roles 

and importance of podzolisation and the spread of blanket bog, and 

shifts towards wetter climates, singly or in combination, or when 

associated with human activities as triggers (one burning episode 
too many in a threshold situation, too many sheep in a threshold 

situation) cannot be addressed with any independant evidence at 
the moment. Such indications of the extent of burning, grazing, 

cultivation on the one hand, or environmental fluctuations on the 

other, have not emerged as yet with any precision from other 

current research into the archaeology and geology of the islands. 

There is therefore a consensus in this thesis that the progressive 
loss of trees and the apparent episodes of widespread but 

relatively sudden spread of bog and raised bog, deduced from 

parallel Calluna curves from so many of the diagrams, are directly 

or indirectly the result of past human activity. Nevertheless it 
is clear that Calluna, (an indicator of one of the most 'managed' 
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contemporary plant communities) was a very early Holocene 

immigrant into these islands and was spreading slowly in a 

situation where at best only relatively few people might have been 

present, (bearing in mind that to date there is no archaeological 

evidence for mesolithic occupation on these islands). The extent 
to which charcoal curves produced in this study, from Loch 
Hellisdale, for example, and from Edwards' (1990) sites in the 

Holocene from South Uist correspond to the debris of fires or 

small scale burning is far from clear. It could be said that 

natural fires might be producing these charcoal curves and indeed 

the emphasis in this study on investigating local variation has 

highlighted how some basins have charcoal in their early to mid- 
Holocene sediments, whereas others lack them. It would be wrong 

therefore to assume that charcoal frequencies in peat cores are a 

reliable surrogate for the presence of early human communities in 

the landscape. At best this might be so some of the time. 

This study has therefore investigated locations where past human 

activity is clearly evidenced on the ground, either by 

archaeological monuments, such as the Borve sub-peat cairn, or by 

geographical and historical situations, such as the Loch Druidibeg 

islands. The detailed study of the sediments associated with a 

sub-peat stone clearance cairn in the Borve valley indicates that 

the feature was constructed during a period in which Calluna heath 

and grassland were widespread in the valley. The palynological 

evidence provides some indication of two phases of cereal crop 

cultivation. Large Gramineae pollen grains at the soil-peat 
interface were assigned to the Avena / Triticum group (Andersen 

1979) and may represent the cultivation of oats. A second phase 
in which cereal type pollen is assigned to the Hordeum type group 

of Andersen (1979) may indicate a phase of barley or bere 

cultivation. These cultivation or disturbance episodes are 
interspersed with phases of grassland and heath vegetation which 

may represent grazing or fallow periods as part of a crop rotation 

system or "outfield", as described by Dodgson (1988). 

Biostratigraphic correlation with the Holocene palynological 

record from Lochan na Cartach, Barra (this study) suggests that 
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the construction of the cairn and subsequent agricultural activity 

occurred after 4,000 B. P and may be part of a more widespread 

pattern of land clearance and enclosure which is beginning to 

emerge from studies of other sub-peat sites in the Outer Hebrides. 

Any relationship between the construction of the clearance cairn 

and the Neolithic funerary monuments is difficult to ascertain 
because of the lack of radiocarbon dating control. However it 

seems likely that the cairn post-dates the burial chamber. 

This study appears to have been successful in identifying human 

activity in an "archaeologically-densely populated" landscape in 

which blanket bog was already developing. In a'sense the 
identification of this past farming activity was made possible by 

two things: 
1. The chance find of archaeological features in a ditch. 
2. The closely spaced sampling intervals which were appropriate to 

the investigation of a 'used' landscape surface within a 
blanket bog. 

The Loch Druidibeg woodland, all be it apparently unusual, is 

perhaps more important and representative than it might seem at 
first sight. It repeats the situation of a landscape in which 
grazing intensity is reduced (sheep can walk to the islands in 

sumer over partially-submerged causeways, and on the ice in 

winter). Trees and shrubs of stature can grow in environmental 
conditions that are very exposed to salt laden winds which blow 

unimpeded across the machair and surface of the loch. The Loch 
Druidibeg wooded islands, like the situation of the trees at Alit 
Volagir and Ben Obe, Barra, all emphasise the critical importance 

of grazing animals, particularly sheep, in generating the present 
bleak, treeless landscape. 

This study has been able to illuminate the microclimatic and 
environmental situation and indeed the resource potential of these 
islands for past people, especially before 4,000 B. P., for which 
time these data have shown the existence of relatively dense 
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woodland or shrub with canopies, probably above "head-height" much 

of the time. The particular value of the Druidibeg study has been 

that the identification and tracing in the pollen and historic 

record of known alien tree taxa, such as Taxus and Abies, have 

shown the extreme rapidity with which woody species have 

established themselves in the past c. 200 years. In this sense 

these studies have also emphasised the technical advantages of 

working with mor humus and palynology to address issues of 

conservation management as well as using it to identify the nature 

of human impact'on a landscape and the speed at which biological 

changes can occur. 

Many of the basic problems identified in the opening chapters of 

this study have been advanced in this thesis with a considerable 
degree of success. New issues have also arisen. Perhaps the most 
intractable of these issues has been shown (ironically) to be that 

associated directly with the application of the theories of island 

biogeography. The nature and scales of change demonstrated in 

these particular islands are such that there is still a long way 
to go before it is clear that in this "theory" we have an 

appropriate concept with which to understand the present or past 

vegetation of these Hebridean islands. 

ýýýýi7ý 
iii. 

ni ýýiýýý ýý 

-362- 



BIBLIOGRAPHY 

Aaby, B. (1983) Forest development, soil genesis and human 
activity illustrated by pollen diagrams and 
hypha analysis of two neighbouring podzols 
in Draved Forest, Denmark. 
Danm. Geol. Unders. 2,114pp. 

Adam, P. (1981) The vegetation of British saltmarshes. 
New Phytologist, 88,143-196. 

Adam, P., Plant Communities of the Island of Arran, 
Birks, H. J. B. and Scotland. 
Huntley, B. (1977) New Phytologist, 79,689-712. 

Affleck, T. L., Archaeological and Palynoiogical studies at 
Edwards, K. J., the Mesolithic pitchstone and flint site of 
Clarke, A. (1989) Auchareoch, Isle of Aaran. 

Proceedings of the Societ of Antiquaries of 
Scotland, lid k1968) . 

Agassiz, L. (1840) On the evidence of the former existence of 
glaciers in Scotland, Ireland and England. 
Proc. Geol. Soc. Lond., 3,327-32. 

Andersen, S. T. The relative pollen productivity and pollen 
(1970) representation of North European trees and 

correction factors for tree pollen spectra. 
Danmarks eolo iske Undersogelse, II Raekke, 
No 99. 

Andersen, S. T. Local and regional development in eastern 
(1978) Denmark in the Holocene. 

Danm. Geol. Unders. Arbog. (1976) pp. 5-27. 

Andersen, S. Th. Identification of wild grass and cereal 
(1979) pollen. 

Danmarks Geologiske Undersogelse, Arbog. 
1978,69-92 Copenhagen. 

Andersen, S. T. Stages in soil development reconstructed 
(1984a) from hypha fragments, pollen and humus 

contents in soil profiles. 
In: Lake Sediments and Environmental History (Ed. 

by E. Y. Howarth and J. G. W. Lund) pp. 295-3l6. 
Leicester University Press, Leicester. 

Andersen, S. T. Forests at Louenholm, Djursland, Denmark at, 
(1984b) present and in the past. 

Det Kon eli e Danske Videnskabeunes Selskab, 
B of logis eS ri-f ter, 24,1-210. 

-363- 



Andrew, R. (1984) A practical Pollen Guide to the British 
Flora. Technical Guide 1, Quaternary 
Research Association, Cambridge. 

Andrews, M. V., The past and present vegetation. In: 
Beck, R. B., P. A. Mellars (Ed). Excavations on Oronsa : 
Gilbertson, D. D., Prehistoric human ecology on a small island. 
and Switsur, V. R. pp. =-. 
(1987) Edinburgh University Press, Edinburgh. 

Angus I. S. (1991) Climate and vegetation of the Outer Hebrides. 
In: Flora of the Outer Hebrides. 
R. J. Pankhurst and J. M. Mullin. eds) 
Natural History Publications, London, 28-31. 

Angus, S. (1987) The Lost Woodlands of the Western Isles. 
Hebridean Naturalist, 9,24-30. 

Atkinson, R. Notes on the Botany of North Rona and Sulga 
(1940) Sgeir. 

Trans. Proc. Bot. Soc. Edinb. 30,52-60. 

Ball, I. R. (1975) Nature and Formulation of biogeographic 
hypotheses. 
Syst. Zool. 24,407-430. 

Ball, M. E. (1983) Native Woodlands of the Inner Hebrides. 
Proc. Roy. Soc. Edinb. 83B, 319-339. 

Barber, J. (1987) The Western Isles. 
oo n Dona , Edinburgh. 

Barkham, J. P. A report on the upland vegetation of Foula. 
(1968) Brathay Ex loration Group Field Studies 

Report No 11. [971. pp. - 7. 

Beaulieu, J. L., A long upper Pleistocene pollen record from 
De and Reille, M. Les Echets, near Lyon, France. 
(1984) Boreas, 13,111-132. 

Behre, K. E. (1981) The interpretation of anthropogenic 
indicators in pollen diagrams. 
Pollen et Spores., 23,225-45. 

Behre, K. E. (1986) Anthro o enic Indicators in Pollen Diagrams. 
(Ed) A. A. Ba kema, Rother am. 

Bennett, K. D. The post-glacial history of Pinus sylvestris 
(1984) in the British Isles. 

Quaternary Science Review 3, pp. 133-155. 

-364- 



Bennett, K. D. Competitive interactions amongst forest tree 
(1986) populations in Norfolk, England during the 

last 10,000 years. 
New Phytologist, Vol. 103,603-620. 

Bennett, K. D. A provisional map of forest types for the 
(1989) British Isles 5,000 years ago. 

Journal of Quaternary Science, 4,141-144. 

Bennett, K. D. (1990) B. E. S. Conference Paper, University of 
(unpublished) Manchester. 

Bennett, K. D. and A stand of birch by Loch Ejnert, South Uist. 
Fossitt, J. (1989) Outer Hebrides. 

Transactions of the Botanical Society of 
Edinburgh, 45-, 24=- 52. 

Bennett, K. D., Holocene vegetational and environmental 
Fossitt, J. A., history at Loch Lang, South Uist, Western 
Sharp, M. & Isles, Scotland. 
Switsur, V. R. New Phytologist. 114,281-298. 
(1990) 

Benninghoff, W. S. Calculation of pollen and spore density in 
(1962) sediments by addition of exotic pollen in 

known quantities. 
Pollen et Spores, 4,332-333. 

Berglund, B. E. and Pollen analysis and pollen diagrams. In: 
Ralska- Handbook of Holocene Palaeoecolo and 

-Ey Jasiewiczowa, M. Pa aeoh droTqgy (Ed. by B. E. Berglund), 
(1986) pp. 455-484. 

Wiley Chichester. 

Berry, R. J. (1979) The Outer Hebrides where genes and geography 
meet. 
Proc. Royal Soc. Edinburgh, 77B. 21-43. 

Beug, H. J. (1961) Leitfaden der Pollenbestimmung fur 
Mitteleuropa und -angrenzende Gebiete. 
Leif I. Stuttgart: Fischer. 

Beveridge, E. North Uist: Its Archaeology and Topography 
(1911) with notes upon the early hi Cory o the 

Outer H-ebrides. 
Edinburg ice: -Brown. 

Beveridge, G. The submerged forest and peat off Vallay. 
(1926) North Uist. 

Scott. Nat. 157,24-25. 

Birks, H. H. (1970) Studies in the vegetational history of 
Scotland. I. A pollen diagram from Abernethy 
Forest, Inverness-shire. 
Journal of Ecolo 58,827-846. 

-3ý5 



Birks, H. H. (1972a) Studies in the vegetational history of 
Scotland. II. Two pollen diagrams from the 
Galloway Hills, Kirkcudbrightshire. 
Journal of Ecology, 60,183-217. 

Birks, H. H. (1972b) Studies int the vegetational history of 
Scotland III. A radio-carbon dated pollen 
diagram from Loch Maree, Ross and Cromarty. 
New Phytologist 71,731-745. 

Birks H. H., and Studies in the vegetational history of 
Mathewes, R. W. Scotland V. Late Devensian and early 
(1978) Flandrian pollen and macrofossil stratigraphy 

at Abernethy Forest, Inverness-shire. 
New Phytologist, 80,455-484. 

Birks H. J. B. Inwashed pollen spectra at, Loch Fada, Isle of 
(19705 Skye. 

New Phytologist, 69,807-820. 

Birks, H. J. B. The past and present ve etation of the Isle 
oF-Skye: e: A Pa aeoecolo ica Stud y. 

_ Cambridge University Press, London. 

Birks, H. J. B. Pollen representation studies in Arctic and 
(1973b) Alpine environments. In: 

Birks, H. J. B. and West, R. G. Eds. Quaternary 
Plant Ecology, pp. 143-168. 
Bla, -well, Oxford. 

Birks, H. J. B. Modern pollen rain studies in some artic and 
(1973c) alpine environments. In: 

Birks, H. J. B. and West, R. G. Eds. 
Quaternary Plant Ecology, 
Blackwell, Oxford. 

Birks H. J. B. The Flandrian forest history of Scotland; a 
(19775 preliminary synthesis. In: 

F. W. Shotton (Ed. ) British Quaternary 
Studies. Recent Advances. 
Caren on Press, Oxford. 

Birks, H. J. B. Conclusions. In: 
(1987) Eds. H. H. Birks H. J. B. Birks, P. E. Kalaland 

and D. Moe (eds. 
The Cultural Landscape Past, Present and 
Future. 463-466. 
Academic Press, London. 

Birks H. J. B. Holocene isochrone maps and patterns of tree 
(1989 spreading in the British Isles. 

Journal of Biogeography, 16,503-540. 

-366- 



Birks H. J. B. Floristic and vegetational history of the 
(19915 Outer Hebrides. In: 

Flora of the Outer Hebrides. 
R. J. Pank urst and J. M. Mullin. (eds) 
Natural History Museum Publications, London, 32-3j 

Birks, H. J. B. and Notes on the Flora of Islay. 
Adams, P. (1978) Trans. Bot. Soc. Edinb. 43,37-39. 

Birks, H. J. B. and Studies on the bryophyte flora and vegetation 
Birks, H. H. (1974) of the Isle of Skye. 1. Flora. 

Journal of Bryology, 8, pp. 19-64, 
3ý4 . 

Birks, H. J. B. and üaternar Palaeoecolo . 
Birks, H. H. (1980) Edward Arnold, London. 

Birks, H. J. B., Pollen maps for the British Isles 5000 years 
Deacon, J., and ago. 
Peglar, S. M. (1979) Proc. R. Soc. London, B189,87-105. 

Birks, H. J. B. and Numerical methods in quaternary 
Gordon A. D. (1985) Pollen ana yds Academic Press, London. 

Birks, H. J. B. and Flandrian vegetational history of Little Loch 
Madsen, B. J. Roag, Isle of Lewis, Scotland. 
(1979) Journal of Ecology, 67,825-842. 

Birks, H. J. B. and Interglacial pollen spectra from Sel Ayre, 
Peglar, S. M. Shetland. 
(1979) New Phytologist, 83,559-575. 

Birks, H. J. B. and An interglacial peat at Fugla Ness, Shetland. 
Ransom, M. E. (1969) New Phytologist, 68,77-796. 

Birks, H. J. B. and Late Quaternary vegetational history of the 
Williams, W. Inner Hebrides. 
(1983) Proc. of the R. Soc. Edinb., 83, pp. 269-292. 

Birnie, J. F. Environmental changes in Shetland since the 
(1981) end of the last glaciation. 
Unpublished Ph. d. thesis, University of Aberdeen. 

Birnie, J. F. Tolsta Head: Further investigations of the 
(1983) interstadial deposits. 

uaternar Research Association, Newsletter, X 
412 18- . 

Birnie, J. F. Trees and shrubs in the Shetland Islands:. 
(1984) Evidence for a post glacial climatic optimum. 

pp. 155-161. In: 
Morner N. A. and Karlen (Eds. ) Climatic 
changes on a Yearly to Millenial Basis. 
D. ReideFPub fishing Co. 

-367- 



Birse E. L. Assessment of climatic conditions in Scotland 
(19715 3. 

The Bioclimatic sub-regions. 
The Macaulay Institute for Soil Research, 
Aberdeen. 

Birse (1970) and Assessment of climatic conditions in Scotland 
Robertson. 2. Based on exposure and accumulated frost. 

The"Macaula Institute for Soil. Research. 
Craigi buckler, Aberdeen. 

Bishop, W. W. and Stratigraphical and faunal evidence for 
Coope G. R. Lateglacial and early Flandrian environme nts 
(19775 in South West Scotland. In: 

Gray, J. M. and Lowe, J. J. (Eds). Studies in 
the Scottish Late glacial environment. 
Pergamon Press, Oxford. pp., 61-88. 

Blackburn, K. B. On the peat from the Island of Barra, Outer 
(1948) Hebrides: Data for the study of post-glacial 

history. 
New Phytologist , 45,44-49. 

Bohncke, S. J. P. Vegetation and habitation history of the 
(1988) Callanish area, Isle of Lewis, Scotland. In: 

The Cultural Landscape - Past, Present and 
Future. 
H. H. Birks, H. J. B. Birks, P. E. Kaland and 
D. Moe (Eds). 
Cambridge, C. U. P., 445-461. 

Bonny, A. P. (1976) Recruitment of pollen to the seston and 
sediment of some Lake District lakes. 
New Phytologist, 71,393-405. 

Bonny, A. P. (1978) The effects of pollen recruitment processes 
on pollen distribution over the sediment 
surface of a small lake in Cumbria. 
Journal of Ecology, 68,385-416. 

Bonny, A. P. (1980) Seasonal and annual variation over five years 
in contemporary airborne pollen trapped at a 
Cumbrian Lake. 
Journal of Ecology, 68,421-441. 

Bowen D. Q. 
(1978$ 

Boyd, A. P. (1986) 

Quaternary Geology. 
Pergamon Press, London. 

The role of mosses 
The influence of 
entrapment. 
Pollen et spores, 

in modern pollen analysis. 
mass morphology on pollen' 

28,243-56. 

-368- 



Boyd, J. M. (1979) The Natural Environment of the Outer 
Hebrides. 
Proc. Roy. Soc. Edinb. 77B, 3-19. 

Boyd, J. M. (1983) Natural Environment of the Inner Hebrides: an 
introduction. 
Proc. Roy. Soc. Edinb. 83B, 3-22. 

Boyd, J. M. , and The Natural Environment of the Inner 
Bowes D. R . 

(Eds) Hebrides. 
(19835 Proc. Roy. Soc. Edinb. 83B, 648pp. 

Boyd, U. E. (1986) Vegetation history at Linwood Moss, 
Renfrewshire. 
Journal of Biogeography, 13. 

Boyd, W. E. and Patterns in the geographical distribution of 
Dickenson, J. H. the early Corylus rise in S. W. Scotland. 
(1988) New Phytologist, 102,615-623. 

Boyd, W. E. and A post-glacial pollen sequence from Loch 
Dickson, J . H. A'Mhuilinn, North Arran: A record of 
(1987) vegetation history with special reference to 

the history of endemic Sorbus species. 
New Phytologist, 107,21 444. 

Bradshaw, R. H. W. Modern pollen representation factors for 
(1981) woods in South-East England. 

Journal of Ecology, 69,45-90. 

Bradshaw, R. H. W. Relationships between contemporary pollen and 
and Webb, T. vegetation data from Winsconsin and Michigan, 
(1985) U. S. A. 

Ecology, 66 (3), 721-737. 

Bradshaw, R. H. W., Lake Islands as woodland refugia. 
Hannon, G. E. (1986) Bull. Brit. Ecol. Soc. XVII: 210. 

Bradshaw, R. H. W. Spatially precise studies of forest 
(1987) dynamics. In: 

Handbook of Vegetation Science. Vol. 7, 
Vegetation Histor . E by B. Hunt ey and T. Webb III). 
Dr. W. Junk, Dordrecht. 

Bramwell, A. G. Forests of the Inner Hebrides - Status and 
and Cowie, G. M. habitat. 
(1983) Proc. Roy. Soc. Edinb. 83B, 577-597. 

Brooke, A. J. The phytoplankton of the Scottish freshwater 
(1964) lochs. In: 

The Vegetation of Scotland. 
Eck. J. H. Burnett. 0 iver and Boyd, 
Edinburgh. 

-369- 



Browne, M. A. E., A late Devensian marine and non-marine 
McMillan, A. A. and sequence near Dumbarton, Strathclyde. 
Graham, D. K. (1983) Scottish Journal of Geology, 19,229-234. 

Brown, M. A. E., Quaternary deposits in the Grangemouth area, Graham, D. K. and Scotland. 
Gregory, D. M. (1984) Report, British Geological Survey, 16, (3). 

Bullard, E. R. The Orkney Dales. 
(1973) Orkney Field Club Bulletin, 3. 

Burnett, J. H. The Vegetation of Scotland. 
(Ed. ) (1964) Oliver and Boyd, Edinburgh. 

Bush, M. B., and Flandrian Alnus, expansion or immigration? 
Hall, A. R. (1987) Journal of Biogeography, 14,479-481. 

Caird, J. B. Land use in the Uists since 1800. 
(1979) Proc. of the Royal Society of Edinburgh, 77B, 

3-2- 

Campbell, M. S. (1945) The Flora of Ui (Lewis). Buncle, Arbroath. 

Caseldine, C. J. Pollen analysis of material from the stones 
and of Stenness, Orkney. In: 
Whittington, G. Ritchie, J. N. G. (1976). The stones of (1976) Stenness, Orkney. 

Proc. Soc, Antiq. Scot., 107,1-60. 

Caulfield, S. Neolithic Fields: The Irish Evidence. In: 
(1978) H. C. Bowen and P. J. Fowler (eds). 

Early Land Allotment in the British Isles. A 
survey of recent work.. - 
BAR British Se ies, Oxford. pp. 137-43. 

Chambers, F. M. Date of blanket peat initiation in upland (1981) south Wales. 
Quaternary Newsletter, 35,24-29. 

Chambers, F. M. The spread and expansion of Alnus Mill in the 
and Elliott, L. British Isles: timing, agencies and possible (1989) vectors. 

Journal of Biogeography, 16,541-550. 

Chambers, F. M. Palaeoecology of Alnus (Alder): early post- 
and Price, S. M. glacial rise in a -valley mire North West 
(1985) Wales. 

New Phytologist, 101,333-344. 

Clapham, A. R., Flora of the British Isles (Third Edition). 
Tutin, T. G. and Cam riUge University Press, 
Moore, D. M. (1989) Cambridge. 

-370- 



Clark, J. S. (1988) Particle motion and the theory of charcoal 
analysis: source area, transport, deposition 
and sampling. 
Quaternary Research, 30,67-80. 

Clark, JS., Post-glacial! fire, vegetation and human 
Merkt, J. T., history on the northern Alpine forelands, 
Muller, H. (1989) south western Germany. 

Journal of Ecology, 77,897-925. 

Clarke, R. L. Point count estimation of charcoal in pollen 
(1982) preparations and thin section sediments. 

Pollen at Spores, 24,523-535. 

Glutton-Brock, T. H. Rhum: The natural ralhistory of an Island. 
and Ball, M. E. (Ed) Edinburgh University Press. 

Clymo, R. S. and Upwash and downwash of pollen and spores in 
Mackay, D. (1987) the unsaturated surface layer of Sphagnum 

dominated peat. 
New Phytologist, 104,271-310. 

Coles J. M., The early settlement of Scotland: Excavations 
(19715. at Morton, Fife. 

Proceedings of the Prehistoric Society, 37, 

Connell, E. R., Evidence for two pre-Flandrian palaeosols in 
Edwards, K. J., Buchan, N. East Scotland. 
Hall, A. M. (1982) Nature, 297,570-572. 

Coope, G. R. (1977) Fossil coleopteran assemblages as sensitive 
indicators of climatic change during the 
Devensian (last) cold stage. 
Philosophical Transactions of the Royal 
Society o London, B280, -3. 

Coope, G. R. (1981) Episodes of local extinction of insect 
species during the Quaternary as indicators 
of climatic change. In: 
J. Neale and J. Fleney (Eds). 
The Quaternary in Britain, 216-221. 
Pergamon, Ox ord. 

Coope, G. R., Fossil coleoptera as indicators of climatic 
Morgan, A. and fluctuations during the last glaciation in 
Osborne, P. J. Britain. 
(1971) Palaeo eo ra h Palaeoclimatology and 

Pa aeoeco ogy, 10,8 -. 

Coward, M. P. The Eastern Gneiss of South Uist. 
(1972) Scott. J. Geol., 8: 1-12. 

-371- 



Coward, M. P. Heterogeneous deformation in the development 
(1973) of the Laxfordian complex of south Uist. 

J. Geol. Soc. Lond. 129: 139-160. 

Coward, M. P. and The Laxfordian of the Outer Hebrides. In: 
Graham, R. H. The early precambrian of Scotland and related 
(1973) rocks Green and. 

R. G. Park, J. Tarnay: 85-93. Keele. 

Crawford, I and Sandscaping and C14: The Udal N. Uist. 
Switsur, R. (1977) Antiquity, L1,124-136. 

Cruickshank, J. G. Buried relict soils at Murlogh Sands. Co. 
(1980) Down. 

Irish Naturalist Journal, 20,21-31. 

Cruickshank, J. G. The development of humus iron podsol 
and profiles, linked by radiocarbon dating and 
Cruickshank, M. M. pollen analysis to vegetation history. 
(1981) Oikos 36,238-253. 

Cullingford, R. A., Early Flandrian land and sea level changes in 
Caseldine, C. J. lower Stratherm. 
and Potts, P. E. Nature, Lond, 184,159-161 
(1980) 

Cundill, P. (1989) Limitation of soil pollen analysis - an 
example from Mauley Cross, a mesolithic site 
on the North York Moors. 
Circea, Vol. 6,1,43-47. 

Curry, A. (1979) The vegetation of the Outer Hebrides. 
Proc. Roy. Soc. Edinb., 77B. 

Currie, A. and Flora and vegetation of the Inner Hebrides. 
Murray, C. (1983) Proc. Roy. Soc. Edinb., 83B, 293-318. 

Davidson, C. F. 
(1943) 

Davidson, D. A., 
Jones, R. L. and 
Renfrew, C. (1976) 

The Archaean rocks of the Rodel district, 
South Harris, Outer Hebrides. 
Trans, Roy. Soc. Edinb., 61; 71-112. 

Palaeoenvironmental reconstruction and 
evaluation: a case study from Orkney. 
Trans. Inst. Brit. Geogr., 1.346-61. 

Davidson, D. A., The environment of Orkney. 
Jones R. L. In: Ed. C. Renfrew. 
(19855 The Prehistory of Orkney. 

Edinburgh University Press. 

Davis, A. M. (1980) Modern pollen spectra from the tundra-boreal 
forest transition in northern Newfoundland, 
Canada. 
Boreas, 9,89-100. 

-372- - 



Davis, M. B. and Differential sedimentation of pollen grains 
Brubaker, L. B. in lakes. 
(1973) Limnology and Oceangraphy, 18,635-646. 

Davis, M. B. (1969) Palynology and environmental history during 
the Quaternary period. 
American Scientist, 57,317-332. 

Davis, R. B., and The contemporary distribution. of pollen in 
Webb, T., III eastern North America: a comparison with 
(1975) vegetation. 

Quaternary Research, 5,395-434. 

Davies, R. I. and Polyphenols in plant humus and soil iv. 
Coulson, C. B., Factors leading to increase in biosynthesis 
Lewis, D. A. (1964) of polyphenols in leaves and their 

relationship to mull and mor formation. 
Journal of Soil Science, 15,310-318. 

Dawson A. G. The low rock platform in Western Scotland. 
(1980aS Proc. Geol. Ass., 91, pp. 339-344. 

Dawson A. G. Shore erosion by frost: an example from the 
(1980b$ Scottish Lateglacial. In: 

Gray, J. M. & Lowe, J. J. (Eds). 
Studies in the Lateglacial of N. W. Europe, 

-_ pPý. 5--54. 
Pergamon. 

Dawson, A. G. Late-glacial sea-level changes and ice limits 
(1982) in Islay, Jura and Scarba, Scottish Inner 

Hebrides. 
Scottish Journal of Geology, 18,253-65. 

Dawson, A. G. Quaternary sea-level changes in Western 
(1984) Scotland. 

quaternary Science Reviews, 3, No. 4, 
345-369. 

Dearnley, R. The Lewisian complex of South Harris with 
(1962) some observations on the metamorphosed basic 

intrusions of the Outer Hebrides, Scotland. 
Q. J. Geol. Soc. Lond., 119,243-312. 

Denton, G. H. and The Last Great Ice Sheets. 
Hughes, T. H. (1981) New -Yo-FF. 

Dickinson, G., The application of phytosociological 
Mitchell, J. and techniques to the geographical study of 
Tivy, J. (1971) vegetation. (South Uist Machair). 

Scott. Geogr. Mag., 87,83-102. 

Dickinson, G., An interpretation of machair vegetation. 
Randall, R. E. (1979) Proc. Roy. Soc. Edinb. 77B, 267-278. 

-373- 



Dickinson, J. H., Palynology, palaeomagnetism and radiometric 
Stewart, D. A., dating of Flandrian marine and freshwater 
Thompson, R., sediments in Loch Lomond. 
Turner, G., Nature, 274, pp. 548-553. 
Baxter, M. S., 
Drndarsky, N. D., 
and Rose, J. 
(1978) 

Dickson, C. (1988) Distinguishing cereal from wild grass pollen: 
some limitations. 
Circaea, Vol. 5,2,67-71. 

Dimbleby, G. N. Ahthropogenic changes from Neolithic through 
(1984) medieval times. 

New Phytologist, 98,57-72. 

Dodgshon, R. A. The ecological basis of highland peasant 
(1988) farming, 1500-1800AD. In: 

The Cultural Landscape: Past, Present and 
Future. E. by H. H. Birks, s, U. J. B. Bir cis, 
P. E. Kaland and D. Moe). 
Cambridge University Press, Cambridge, 
139-151. 

Donner, J. J. 
(1957) 

Donner, J. J. 
(1960) 

The geology and vegetation of Late-glacial 
retreat stages in Scotland. 
Transactions of The Royal Society of 
Edinburgh, 63,2 i- 

Pollen analysis of the Burn of Benholm peat 
bed, Kincardineshire. 
Societas Scientiarum Fennica, 
Biologicae, 22, pp. -13. 

Commentationes 

Donner, J. J. The early or middle Devensian peat bed at 
(1979) Burn of Benholme, Kincardineshire. 

Scottish Journal of Ecology, 15, pp. 247-250. 

Duncan, U. K. Botanical Studies in Coll and Tiree. 
(1968-70) Proc. Bot. Soc. Edinb., 7,298-99,636-637; 

Trans. Bot. Soc. 7117-n b. 40,482-485,653-655. 

Edwards, K. J. Possible Interstadial and Interglacial pollen 
Caseldine, C. J. floras from Teindland, Scotland. 
and Chester, D. K. Nature, 264,742-44. 
(1976) 

Edwards, K. J. Earliest fossil evidence for Koenigia 
(1979) islandica middle Devensian interstadial 

pollen from Lewis, Scotland. 
Journal of Biogeography, 6, pp. 375-377. 

Edwards, K. J. Man, space and the woodland edge. 
(1982) In: Bell, M. G., and Limbrey, S. Eds. 

-374- 



Archaeolo ical As ects of Woodland Ecology. 
B. A. R. S146, pp. 5=22. 

Edwards, K. J. The hunter-gatherer agricultural transition 
(1987) and the pollen record in the British Isles. 

In: The Cultural Landscape - Past, Present 
and Future. (Ed. by H. H. Birks, H. J. Birks, 
P. E. Ka a and and D. Moe). 
Cambridge University Press, Cambridge. 255-266 

Edwards, K. J. Meso-Neolithic vegetational impacts in 
(1989a) Scotland and beyond: palynological 

considerations. In: 
The Mesolithic in Europe. 
Eck. C. BonsalT, Edinburgh; John Donald, 
143-155. 

Edwards, K. J. The cereal pollen record and early 
(1989b) agriculture. In: 

The beginnings of A riculture. 
Ems. Mi es, A., Williams, D., and Gardner, N. 
B. A. R. International Series, 496,113-135, 
Oxford. 

Edwards, K. J. Fire and the Scottish Mesolithic: Evidence 
(1990) from microscopic charcoal. In: 

Contributions to the Mesolithic in Europe. 
E s. Vermeersc M., and Van Peer, P. 
Leuven University Press. 

Edwards, K. J., New Mesolithic sites in South West Scotland 
Ansell, M. and and their importance as indicator of inland 
Carter, B. A. penetration. 
(1984) Transactions of the Dumfriesshire and 

Galloway Natural Hitor an Antiquarian 
ýI 

. Society. 58, T1 T83 

Edwards, K. J. and Cereal pollen grains in pre-elm decline 
Hirons, K. R. deposits: Implications for the earliest 
(1984) agriculture in Britain and Ireland. 

Journal of Archaeological Science, 11,71-80. 

Edwards, K. J. and Improving the detection rate of cereal-type 
Mclntosh, C. J. pollen grains in Ulmus decline and earlier 
(1988) deposits from Scotland. 

Pollen et Spores, 30,179-188. 

Edwards, K. J. and Post-glacial hunter gatherers and 
Ralston, I. (1985) vegetational history in Scotland. 

Proceedings of the Society of Antiquaria of 
Scotland., 11+ (1964)7 4. 

Efremov, J. A. Taphonomy: A new branch of paleontology. 
(1940) Pan American Geologist, 74,81-93. 

-375- 



Eggeling, W. J. Check list of the plants of Rhum after a 
(1965) reduction or exclusion of grazing. 

Trans. Bot. Soc. Edinb., 40,60-69. 

Elton, C. (1938) Notes on the ecological and natural history 
of Pabbay and other islands in the Sound of 
Harris. 
Journal of Ecology, 26,275 -297. 

Erdtman, G. (1924) Studies in the micropalaeontology of post- 
glacial deposits in northern Scotland and the 
Scottish Isles with special reference to the 
history of woodland. 
J. Linnean. Soc. Bot., 96, pp. 449-504. 

Ewing, P. A contribution to the topographic botany of 
(1887-95) the west of Scotland. 

Proc. Trans. Nat. Hist. Soc. Glasg. 2, 
309-331; 159- ; 4-, 7M-2-IT-. - 

Ewing, P. The Glasgow catalogue of native and 
(1892-1899) established plants. 

Ist and 2nd eds. Glasgow. 

Faegri; K., and Textbook of Pollen Analysis. 
Iversen, J. (1975) Blackwell, Ox or . £ition 

Fenton, E. and The influence of sheep on the vegetation of 
Wyllie, J. (1937) hill grazings in Scotland. 

Journal of Ecology, 25,424. 

Ferreira, R. E. G Scottish mountain vegetation in relation to 
(1959) to the geology. 

Trans. Bot. Soc. Edinburgh, 39,399-341. 

Flannelly, M. Recent vegetation dynamics on a lake island 
(1988) Connemara, Co. Galway, Ireland. 

(Unpublished B. Sc. dissertation, Manchester 
Polytechnic). 

Flenley, J., Pollen analysis of a peat from the island of 
Pearson, M. C. Canna (Inner Hebrides). 
(1967) New Phytologist, 66,299-306. 

Forest, J. E., The natural history of Barra, Outer Hebrides. 
Waterston, A. R. 
and Proc. Roy. Phys. Soc. Edinb., 22. 
Watson, E. V. (1936) r+I-96. 

Foss, P. J., and A palynological study of the Irish Ericaceae 
Doyle, G. J. (1988) and Empetrum. 

Pollen et Spores. 30, No 2. 

-376- 



Fitzpatrick, E. A. An interglacial soil at Teindland, 
(1965) Morayshire. 

Nature, 207,621-622. 

Fredskild, B. Palaeobotanical investigations at Sermermiut 
(1967) Jacobshaven,, West Greenland. 

Meddelelser om Gronland, 178, No. 4,1-54. 

Geikie, A. (1865) The-Scenery of Scotland. 
London. 

Giekie, A. (1863) On the phenomena of the glacial drift of 
Scotland. 
Trans. Geol. Soc. Glasg. 1,1-190. 

Geikie, A. (1865) The Scenery of Scotland. 

Geikie, J. (1894) The Great Ice Age. (3rd ed). 

Gilbert, O. L. Some effects of disturbance on the lichen 
(1984) flora of oceanic hazel woodlands. 

Lichenologist, 16,21-30. 

Gilbert, O. L. and The Flora of the Flannan Isles. 
Wathern, P. (1976) Trans. Bot. Soc. Edinb., 42,487-503. 

Gimingham, C. H. Dwarf shrub Heaths. In: 
(1964a) The Vegetation of Scotland, J. H. Burnett. (ed) 

071ver and Boyd, E iii nigh. 67-129. 

Gimingham, C. H. Maritime and sub-maritime communities. In: 
(1964b) The Vegetation of Scotland, J. H. Burnett. (ed) 

Oliver and Boyd, E idýgh. 

Girling, M. A. and A first fossil record for Scol ýtus scolytus 
Greig, J. (1985) (F. ) : Its occurence in elm decline deposits 

from London and the implications for 
Neolithic elm disease. 
Journal of Archaeological Science, 21,247-51 

Gleason, H. A. The individualistic concept of the plant 
(1939) association, 

American Midland Naturalist, 21,92-110. 

Glentworth, R. Observations on the soils of the Outer 
(1979) Hebrides. 

Proc. Roy. Soc. Edinb., 77B, pp. 123-137. 

Godwin, H. (1940) Pollen analysis and forest hi story in England 
and Wales. 
New Phytologist, 39,370-400. 

Godwin, H. (1954) Appendix: Report on the peat samples. 
V. G. Childe (Ed) Maes Howe. In: 

-377- _ 



Proceedings of the Society of Antiquaries 
Scotland, 8, I69 T72. 

Godwin, H. (1975) The History of the British Flora, 2nd Edn. 
_ riUge Press. CaHb 

Goode, D. A. , and The Peatland Vegetation of Lewis. 
Lindsay, R. A. Proc. R. Soc. Edinb. 

_ (1979) 77B 27 -. 

Goodier, R. (1.974) The Natural Environment of Shetland. 
Nature Conservancy Council, Edinburgh. 

Gould, S. J. (1965) Is uniformitarianism necessary? 
American Journal of Science, 263, pp. 223-228. 

Gray, J. M. (1978) Low-level shore platforms ; in the south-west 
Scotish Highlands: altitude, age and 
correlation. 
Trans. Inst. Br. Geogr, New Series 3, 
151-164. 

Gray, J. M., and The Quaternary of Scotland: Reviews in honour 
Ballantyne, C. K. of J. B. Sissons. 
(1984)'(eds) Quaternary Science Reviews, Vol. 3, No. 4. 

Pergamon Press. 

Green, D. G. (1982) Fire and stability in the postglacial forests 
of Nova Scotia. 
Journal of Biogeography, 9,29-40. 

Green, D. G. (1986) The ecological interpretation of fine 
resolution pollen records. 
New Phytologist, 94,459-477. 

Gribble, C. D. The Geology of the Outer Hebrides. In: 
(1991) Flora of the Outer Hebrides. 

R. st and J. M. Mullin. 
Natural History Museum Publications, London. 

Grimm, E. (1991) Tilia 1.10 and TILIA* GRAPH 1.17. 
Illinois State Museum. 

Grime J. P. The ecology of species, families and 
(1984) communities. 

New P yto ogist, 98,15-33. 

Goodier, R. (ed) The natural environment of Orkne . Nature Conservancy Council, Edinburgh. 

Gwynne, D., The vegetation and soils of Hirta. 
Milner, C., In: Island survivors. (Ed. P. A. Jewell, C Milnes 
Hornung, M. (1974) and J. Morton Boyd. 

Athalone Press. 

-378- 



Haggart, B. A. Sea level changes in the Beauly Firth 
(1986) Scotland. 

Boreas, (15). 113-- 134. 

Hall, V. (1989) A comparison of grass foliage, moss polsters 
and soil surfaces as pollen traps in modern 
pollen studies. 
Circea, Vol. 6, No. 1,63-69. 

Hall, V. A. (1988) The role of harvesting techniques in the 
dispersal of pollen grains of Cerealia. 
Pollen et Spores, 30,265-70. 

Hall, V. A. (1991) Some problems encountered in identifying 
Phragmites pollen in modern and fossil pollen 
assem ages. 
Circea, Vol. 8, No. 1,17-19.; 

Handley, W. R. C. Mull and Mor formation in relation to forest 
(1954) soils. 

Forestry Commission Bulletin No. 23. 
H. M. S. O. 

Hannon, G. E., and Recent vegetation dynamics on two Connemara 
Bradshaw, R. H. W. lake islands, western Ireland. 
(1989) Journal of Biogeography, 16,75-81. 

Harrison, J. The passing of the ice age and its effects 
W. Heslop. upon the plant and animal life of the 
(1948) Scottish Western Isles. 

New. Naturalist., 2,83-90. 

Harrison, J. Observations on the flora of the Isle of 
W. Heslop. Lewis, Isle of Harris and the Shiant Isles 
(1953) in 1952. 

Proceedings of University of Durham 
Phi osop ical-Society, 11 , -$3-90. 

Harrison, J. W. H., The occurrence of a nut of Trapa Natans in 
Blackburn, K. B. the Outer Hebrides with some account-the 
(1946) peat bogs adjoining the loch in which the 

discovery was made. 
New Phytologist, 45,124-131. 

Hawkesworth, M Studies on the peat deposits of the island of 
(1969) Foula, Shetland. 

Transactions of the Proceedings of the 
otanica Society Edinburgh, 40,516-5M. 

Heide, K. M. and The pollen-tree relationship within forests, 
Bradshaw, R. H. W. of Wisconsin and Upper Michigan, U. S. A. 
(1982) Review w of Palaeobotany and Palynology, 36, 

-379- 



Herity, M. (1971) Prehistoric Fields in Ireland. 
Ir. University Rev. T. F. 

Hibbert, F. A. and Radiocarbon dating of Flandrian pollen zones 
Switsur, V. R. in Wales and northern England. 
(1976) The New Phytologist, 77,793-807. 

Hicks, S. (1989) The. representation of different farming 
practices in pollen diagrams from northern 
Finland. In: H. H. Birks, H. J. Birks, P. E. 
Kaland and D. Moe (Eds), 
The Cultural Landscape - Past, Present and 
Future. 
Cambridge University Press, Cambridge, 
189 - 207. 

Hirons, K. R., and Pollen and related studies at Kinloch, Isle 
Edwards, K. J. of Rhum, Scotland, with particular reference 
(1990) to possible early impacts on vegetation. 

New Phytologist, 116,715-727. 

Hirons, K. R., and Pollen and charcoal analysis from the raised 
Edwards', K. J. beach site, Kinloch. In: 
(in press) Rhum, Mesolithic and later sites at Kinloch. 

Hoppe, G. (1965) Submarine peat in the Shetland Islands. 
Geogr. Annlr., 47A, 195-203. 

Hoppe, G. (1974) The glacial history of the Shetland Islands, 
Transactions of the Institute of British 
Geographers Special Publication, No. 7, 

Hudson, G (1991) The Geomorphology and Soils of the Outer 
Hebrides. 

In: Flora of the Outer Hebrides. 
R. J. Pänkhurst and J. M. Mu in. 
Natural History Museum Publications, London. 

Hudson, G., (1982) 
Towers, W., 
Bubby, J. S., and 
Henderson, D. J. 

Huntley, Be, and 
Birks H. J. B. 
(1983 

Huntley, Be, and 
Prentice, I. C. 
(1988) 

The Outer Hebrides: Soils and land use 
capabilit for agriculture. 
The Macau ay Institute for Soil Research. 
Aberdeen. 

An Atlas of Past and Present Pollen Maps for 
Europe, 0T3,000 years ago. 
Cambridge University Press. 

July temperatures in Europe from pollen data 
6000 years before present. 

Science, 241, pp. 687-690. 

-380- 



Huntley, B. and Handbook of Vegetation Science 7. 
Webb, T. III Vegetation History. 
(Eds. ) (1988) Kluwer Academic Press. 

Huntley, B. and Migration: species response to climatic 
Webb III (1989) variations caused by changes in the earths 

orbit. 
J. Biogeography, Vol. 16, No. 1 1989. 

Iversen, J. (1941) Land occupation in Denmarks Stone Age. 
Danmarks geologiske Undersogelse II Raekke, 

s 
ar. 

Iversen, J. (1973) The development of Denmarks nature since the 
last glacial. 
Danmarks geol. Undersogelse Series V, 7-C. 

Jacobson, G. L. and The selection of sites for 
Bradshaw, R. H. W. palaeoenvironmental studies. 
(1981) Quaternary Research, 16,80-96. 

Janssen, C. R. Recent pollen spectra from the deciduous and 
(1966) coniferous - deciduous forests of north 

eastern Minnesota: a study in pollen 
dispersal. 
Ecology, 47,804-825. 

Jardine, W. G. Form and age of late Quaternary Shorelines 
(1971) and coastal deposits of south-west Scotland: 

critical data. 
Quaternaria, 14,103-114. 

Jardine, W. G. Sea level changes in Scotland during the last 
(1982) 18,000 years. 

Proceedings of the Geologists Association, 
5-42. 

Jehu, T. J., and Geology of the Outer Hebrides. 
Craig, R. M. (1923) Part I- The Barra Isles. 

Trans. R. Soc. Edinb., 53, pp. 419-441. 

Jehu, T. J., and Geology of the Outer Hebrides. 
Craig, R. M. (1925) Part II - South Uist and Eriskay. 

Transactions of the Royal Society of 
Edinburgh, 53, pp. 6J341. 

Jehu, T. J. and Geology of the Outer Hebrides. 
Craig, R. M. (1927) Part III - North Uist and Benbecula. 

Transactions of the Royal Society of 
Edinburgh, 4, x+67-490. 

Jermy, A. C. , and The Island of Mull, a survey of its Flora and 
Crabbe, J. A. M. anif environment. 
(1978) tish Museum Natural History), London. 

-381- 



Johansen, J. Pollen diagrams from the Shetland and Faroe 
(1975) Islands. 

New Phytologist, 75,369-387. 

Johansen, J. The age of the introduction of Plantago 
(1978) lanceolata to the Shetland Islands. 

Danmarks Geologiske Undersogelse Arbok, 
(1976), 45-48. 

Johansen, J. Studies in the vegetational history of the 
(1985) Faroe and Shetland Islands. 

Annals societatis scientiarum faroensis 
supplement. , Torshaven. 

Johnson, M. P. and Environmental determinants of Island species 
Simberloff, D. S. numbers in the British Isles. 
(1974) Journal of Biogeography, 1, pp. 149-154. 

Jones R. L. Vegetational studies. 
(19793 In: C. Renfrew - Investigations in Orkney. 

Re Res. Comm. Soc. Antiq. Lon o. 38. 
Lon on. 

Keatinge, T. H. and Mid Flandrian changes in vegetation on 
Dickson, J. H. Mainland Orkney. 
(1979) New Phytologist, 82,585-612. 

Keith-Lucas, M. Neolithic impact on vegetation and subsequent 
(1986) vegetational development at Scourd of 

Brewster. In: 
A. W. R. Whittle et. al (Eds). 
Scourd of Brewster, an early agricultural 
settlement on Shetland. 
Oxford University Committee for Archaeology 
Monograph. No. 9, pp-92-118 Oxbow Books, 
Oxford. 

Kent, M., Watham, The environmental and phytosociological 
p., Weaver, R. and relationships of plant communities on South 
Brayshay, B. A. Uist, Outer Hebrides. 
(1991) Journal of Vegetation Science (submitted). 

Kerslake, P. D. 
(1982) 

Kinloch, B. B., 
Westfall, R. D. and 
Forrest, G. I. (1986) 

Kutzbach, J. E. and 
Guetter, P. J. 
(1986) 

Vegetational history of wooded islands in 
scottish lochs. 
Ph. d. thesis University of Cambridge. 

Caledonian Scots Pine: origins and genetic 
structure. 
New Phytologist, 104,703-729. 

The influence of changing orbital patterns 
and surface boundary conditions on climate 
simulations for the past 18,000 years. 
Journal of Atmospheric Science, 43,1726- 
1759. 

-382- 



Lamb, H. H., Atmospheric circulation and the main climatic 
Lewis, R. P. W. and variables between 8000-OB. C. 
Woodroffe, A Meterological evidence. 
(1966) Proceedings of the International Symposium on 

World climate 8000-OB. C. 
Proc. Roy. Met. Soc, 99. 

Lehman, J. T. Reconstructing the rate of accumulation of 
(1975) lake sediment, the effect , of sediment 

focussing. 
Quaternary Research, 5,541-550. 

Lewis, F. J. (1906) The plant remains in the scottish peat mosses 
II: The Scottish Highlands. 
Trans. Royal Soc. Edinb., 45, pp. 335-360. 

Lewis, F. J. (1907) The plant remains in the scottish peat 
mosses, III, The Scottish Highlands and 
Shetland Isles. 
Trans R. Soc. Edinb, 46, pp. 33-70. 

Lewis, F. J. (1911) The plant remains in the scottish peat 
mosses, IV, The Scottish Highlands and 
Shetland with an appendix on Icelandic peat 
deposits. 
Trans. R. Soc. Edinb., 47, pp. 793-833. 

Lightfoot, J. Flora Scotica. 
(1777) Wie, London. 

Lindsay, R. A., Ombrogenous mines in Islay and Mull. 
Riggall, J. and Proc. R. Soc. Edinb., 83B, 
Bignal, E. M. (1983) pp. 341=37l. 

Lichti-Federovich, Recent pollen assemblages from the western 
S., and interior of Canada. 
Ritchie, J. C. (1968) Review of Palaeobotany and Palynology 7, 

29'T-344. - 

Livin stone, D. A. Communities of the past. In: 
(19695 Essays in Plant Geography and Ecology. 

7d. K. N. Greeni ge . Nova Scotia Museum, Halifax, Nova Scotia. 

Lowe, J. J. and Radiocarbon dates and the deglaciation of 
Walker, M. J. C. Rannoch Moor, Scotland. 
(1976) Nature, 246,632-33. 

Lowe, J. J. and The reconstruction of the Lateglacial 
Walker, M. J. C. environment in the southern and eastern 
(1977) Grampian Highlands. In: 

Ed. J. M. Gray and J. J. Lowe. 
Studies in the Scottish Lateglacial 
Environment, 101=- 8, Oxford. 

- 83- 



Lowe, J. J., and Problems associated with dating the close of 
Walker, M. J. C. the Late-Glacial found in the Rannoch Moor 
(1980) area, Scotland. In: 

Studies in the Late-Glacial of North-West 
Europe. 
Eds. J. J. Lowe, J. M. Gray and J. E Robinson. 
Pergamon, Oxford. 123-138. 

Lowe, J. J., and Late-Glacial and early, Flandrian 
Walker M. J. C. environmental history of the Isle of Mull, 
(1986a5 Inner Hebrides, Scotland. 

Trans. R. Soc. Edinb: Earth Sciences, 77,1- 

MacArthur, R. H., The Theory of Island Biogeography. 
Wilson, G. O. Princeton University Press. 
(1967) Princeton, N. J. 

MacCulloch, J. A Description of the Western Isles of 
(1819) Scot and including the Is eo Man. 

Two vols. and At as. Loon. Longman. 

MacDonald, J Agriculture in the Hebrides. 
(1811). Report to the Board o Agriculture. 

Macgillivray, W. Account of the series of islands usually 
(1830) denominated the Outer Hebrides. 

J. Nat. Geogr. Sci. 1,245-250,401-411; 
' 2 87-95,160-135; 321-334. 

Macrae, F. (1845) North Uist. In: 
New Statistical Account of Scotland. 
EETn urg BB ac woo . 

Malloch, A. J. C. An outline of the literature on the 
(1972) vegetation of sea cliffs. 

Report of the sea-cliff vegetation study 
group. Appendix 

_L 
DI. 

Nature Conservancy Council (NERC). 

Manley, G. (1979) The climatic environment of the Outer 
Hebrides. 
Proc. Roy. Soc. Edinb., 77B, 47-59. 

Markgraf ,V 
(1980) Pollen dispersal in a mountain area. 

Grana, 19,127-146. 

Marshal, D. N., The excavation at Hilton Cairn. 
Scott, J. G., and Transactions of the Bute Natural History 
Whitting ton, G. Society, 20. 

PP" 9 -2 7. 

Martin, M. (1698) A late voyage to St Kilda the remotest of all 
the Hebrides. London. 

-384- 



Martin, M. (1703) A Descri tion of the Western Isles of 
Scotland. London: Belte 

Martin, M. (1709) A Description of the Western Isles of 
Scotland. Be 11- : London. 

Mather, A. S., and The beaches of the Highlands and Islands of 
Ritchie, W. (1977) Scotrnd a. 

Countryside Commission for Scotland. 

Mahews, J. A., Lake shoreline development, frost weathering 
Dawson, A. G. and and rock platform erosion in an alpine 
Shakesby, R. A. Boreas, 15,33-55. 
(1986) 

Metcalfe, G. The ecology of the Cairngorms II, the 
(1950) mountain Callunetum. 

J. Ecol. 38,46-74. 

Middeldorp, A. A. The functional palaeoecology of the Hahnemoor 
(1980) raised bog ecosystem -A study of vegetation 

history, production and decomposition by 
means of pollen density dating. 
Review of Paleobotany and Palynology 49 1-73. 

Mills, C; Crone, A, The excavation and environmental 
Edwards, K. J., investigation of a sub-peat stone bank near 
Whittington, G, Loch Portain, North Uist, Outer Hebrides, 
Dugmore, A. D. and Scotland. 
Newton, A. J. (1991) In Press. 

Mitchell, F. J. G. Grazing in broadleaf upland woods. In: 
(1987a) Agriculture and Conservation in the Hills and 

Uplands. ET. M. Ba 
I. T. E. Symposium Publication. 

Mitchell, F. J. G. Recent Vegetational History in Killarney 
(1987b) National Park. 

Unpublished Ph. d Thesis, Trinity College, 
Dublin. 

Mitchell, F. J. G. Recent vegetational history of the Killarney 
(1988) oakoods, S. W. Ireland: Evidence from fine 

spatial resolution pollen analysis. 
Journal of Ecology, 76,415-436. 

Mitchell, G. F. Studies in Irish Quaternary Deposits, 7. 
(1951). Proc. R. Ir. Acad. 53B., (11), 111-205. 

Moar, N. T. (1969) Two pollen diagrams from the Mainland Orkney 
Islands. 
New Phytologist, 68,201-208. 

-385- 



Molloy, K. and The nature of vegetation changes at about 
O'Connell, M. 5000 B. P. with particular reference to the 
(1987) elm decline: fresh evidence from Connemara, 

Western Ireland. 
New Phytologist, 106,203-220. 

Moore, P. D. (1975) Origins of Blanket Mires. 
Nature 256,267-269. 

Moore, P. D., and An Illustrated Guide to Pollen Analysis. 
Webb, J. A. (1978) Hod ar and Stoughton, Kent. 

Moore, P. D. (1986) Unravelling human effects. 
Nature, 321, p. 204. 

Moore, P. D. (1987) Tree boundaries on the move. 
Nature, 326, p. 545. 

Morrison, A. Early man in Britain and Ireland. 
(1980a) Groom - HeI Loon. 

Morrison, A. The coastal Mesolithic period in S. W. 
(1980b) Scotland. 

Veroffentlichenungen des Museums fur ur-und 
Fru geschic to Potsdam l4 5Y 

Morrison, A. The Mesolithic period in S. W. Scotland a 
(1989) review of the evidence. 

Glasgow Archaeological Journal, 9, pp. 1-14. 

Mosimann, J. E. Statistical methods for the pollen analyst: 
(1965) multinomial and negative multinomial 

techniques. In: 
Handbook of Palaeontological Techniques. 
(Ed. B. Kumme an D. Raup). 
Freeman, London. 

Murchison, R. I. and On the altered rocks of the Western Isles of 
Geikie, A. (1861) Scotland, and the North-Western and Central 

Highlands. 
Q. J. Geol. Soc. Lond., 17,171-228. 

Myers, J. S. (1970) Gneiss types and their significance in the 
repeatedly deformed and metamorphosed 
Lewisian Complex of Western Harris, Outer 
Hebrides. 
Scott. J. Geol., 6,186-199. 

Myers, J. S. (1971) The Late Laxfordian granite-migmatite complex 
of Western Harris, Outer Hebrides. 
Scott. J. Geol., 7,254-284. 

McIntosh, C. J. Palaeoecological investigations of early 
(1986) agriculture on the Isle of Arran and The 

-386- 



Unpublished Kintyre Peninsula. 
University of Birmingham, M. Sc. Thesis. 

McDean, D. N. Ecology of Alnus glutinosa (L. ) 
(1956) Gaertn. V. Notes on some British alder 

populations.: 
J. Ecol., 44,195-218. 

McVean, D. N. Island vegetation of some West Highland 
(1958) freshwater lochs. 

Trans. Bot. Soc. Edinburgh, 37,200-208. 

McVean, D. N. Flora and vegetation of the islands of 
(1961) S. t. Kilda and North Rona in 1958. 

J. Ecol., 49,39-54. 

McVean, D. N., and Plant communities of the Scottish Highlands. 
Ratcliffe, D. A. Nature Conservancy Monograph, No. 1. 
(1962) HMSO Edinburgh. 

Newell, P. J. A buried wall in peatland by Sheshader, Isle 
(1989) of Lewis. 

Proceedings of the Societ of Antiquaries of 
Scotland, 118, Z3 8)q 19- 

Nicols, H. (1967) Vegetation change, shoreline displacement and 
the human factor in the late Quaternary 
history of S. W. Scotland. 
Transactions of the Royal Society of 
Edinburgh, 67, T45-fM. 

Norton, T. A., and Seaweeds and rocky shores of the Outer 
Powell, H. T. Hebrides. 
(1979) Proc. Roy. Soc. Edinb., 77B, 141-153. 

Odgaard, B. V. A pollen analytical investigation of a Bronze 
(1985) Age and pre-Roman Iran Age soil profile from 

Grontoft, western Jutland. 
J. Danish Archaeology, 4,121-128. 

Oldfield, F. The role of magnetic studies in 
(1983) palaeohydrology. In: 

Background to Palaeohydrology. 
Eds. K. J. Gregory; John Wiley and Sons Ltd. 

O'Connell, M. Reconstructions of local landscape 
(1986) development in the post-Atlantic based on 

palaeoecological investigations at 
Carrownaglogh prehistoric field systems,, 
County Mayo, Ireland. 
Rev. Palaeobot. Palynol., 49,117-76. 

O'Connell, M. Early cereal-type pollen records from 
(1987) Connemara, western Ireland and their possible 

-387- 



significance. 
Pollen et Spores, 29,207-24. 

O'Connell, M. Early land use in north-east County Mayo - 
(1990) The Palaeoecological evidence. 

Proceedings ! of the Ro al Irish Academy 
Section C, Vo 30. C. No. ý, pp. 2 279. 

O'Connell, M. Origins of Irish lowland blanket bog. In: 
(1990) G. Doyle and P. Dowding. (Eds). ' 

ýEcology 
and conservation of Irish peat lands. 

Royal Irish Academy-, 

O'Connell, M. Early land use in north-east County Mayo - 
(1991) The Palaeoecological evidence. 

Proc. R. Ir. Acad. Vol. 90c, 259-279. 

O'Connell, M., Post-glacial landscape evolution in Connemara 
Bowler, M., and Western Ireland with particular reference to 
Molloy, K., (1987) woodland history. In: 

The cultural landscape - as t present and teure. (Eds H. H. Birks, H. J. B. Birks, P. E. 
R-aland and D. Moe). 
Academic Press, London. 

O'Connell, M., Reconstruction of the post-glacial 
Mitchell, F. J. G., palaeoenvironment at Lough Doo, County Mayo, 
Readman, P. W., Ireland. 
Doherty, T. J., and Journal of Quaternary Science, 2, 
Murray, D. A. (1987) 17. 

O'Sullivan, P. E. Pollen analysis of Mor Humus layers from a 
(1973) native Scots Pine ecosystem. 

Oikos, 24,259-272. 

Padmore, J. Program Sheffpoll -A program for the 
(1987) zonation of stratigraphical data sets. 

Dept. Probability and Statistics, University 
of Sheffield Research Report, 304/87. 

Padmore, J., A Change Point Approach to Zonation. 
Brayshay, B. (1992) (Unpublished - In Prep). 

Palmer, R. C. and A check list of the flowering plants and 
Scott, W. (1969) rern the Shetlai Is es. 

Sca way a -nil Oxford. 

Pals, J. P. (1987) Reconstruction of landscape and plant 
husbandry. In: 
W. Groenman, J. Van Waateringe and L. H. Van 
Wiljngaarden-Bakker. (Eds). 
Farm life in a Carolingian village. 
Assen /1aastricht. Van Gorcum. - 6. 

-388- 



Pankhurst, R. J. and Flora of the Outer Hebrides. 
Mullin, J. M. (eds) VaturaT-History Museum Publications. 
(1991) London. 

Paterson, J. B., Quaternary deposits in the Tay-Earn area 
Armstrong, M. and Scotland. 
Browne, M. A.. E. Rep. Inst. Geol. Sci., 81/7. 
(1981) 

Paton, J. A. (1972) Hepatic flora of the Shetland Isles. 
Trans. Bot. Soc. Edinb. 

Peacock, J. D. and Anomalous glacial erratics in the southern 
Ross, D. L. (1978) part of the Outer Hebrides. 

Scott. J. Geol., 14,263. 

Peacock, J. D. Glaciation of the Outer Hebrides: A reply. (1980) Scot. J. Geol., 16, pp. 87-89. 

Peacock, J. D. Scottish Late-Glacial marine deposits and (1981) their environmental significance. In: 
J. Neale and J. Flenley (Eds). 
The Quaternary in Britain: essays, reviews 
an original wor coon Me Quaternary puffed 
in honour o Lewis PennY . Pergamon Press, Oxford. 222-236. 

Peacock, J. D. Quaternary Geology of the Outer Hebrides. 
(1984) Rept. Brit. Geol. Surv., 16/2. 

Peacock, J. D., Late and post glacial marine environments in 
Graham, D. K. and part of the Inner Cramarty, Firth Scotland. 
Gregory, D. M. Rep. Inst. Geol. Sci., 80/7. 
(1980) 

Peck, R. M. (1973) Pollen budget studies in a small Yorkshire 
catchment. In: 
Quaternary Plant Ecology. 
Ed. H. . B. Birks and R. G. West). 
Blackwell Scientific Publications, Oxford. 

Pennington, W. Modern pollen samples from West Greenland and (1980) the interpretation of pollen data from the 
British Late Glacial. (Late Devensian). 
New Phytologist, 84,171-201. 

Pennington, W. Lake sediments and the Lateglacial 
(1977) environment in Northern Scotland. In: 

J. M. Gray and J. J. Lowe (eds). 
Studies in the Late glacial Scottish 
Environment, 119--4-2. Oxford. 

Pennington, W. Quaternary Geology. In: 
(1978) Ed. F. Moseley (ed). 

Geology of the Lake District. 
-389- 



Yorks. Geol. Soc., Occ. Publ. 3,207-225, 
Leims . 

Pennington, W. Sediment composition in relation to the 
(1981) interpretation of pollen data. 

Proceedin s, of the IV International 
Pa no o ical Conference Lucknow. 
7976-17)v 3,186-213. 

Perring, F. H. and An annotated flora of the Monäch Isles NNR. 
Randall, R. E. Outer Hebrides. 
(1972) Trans. Bot. Soc. Edinb., 41,431-444. 

Perring, F. H. and Atlas of the British Flora. 
Walters, S. M. (1962) Nelson, London. 

Petch, C. P. (1933) The vegetation of St. Kilda. 
J. Ecol., 21,91-100. 

Peterken, G. F. Woodland Conservation and Management. 
(1981) Chapman and Hall, London. 

Pilcher, J. R. Appendix G: Botanical report on Dun Mor Vaul. 
(1974) In: Dun Mor Vaul: An Iron Age Broch on Tiree. 

(Ed. by V. Macki3. 

Poore, M. E. D. and The vegetation of St. Kilda in 1948. 
Robertson, V. C. J. Ecol., 37,82-89. 
(1949) 

Powell, H. T. Survey of the littoral zone of the coast of 
(1979) Great Britain, 3. Report on the shores of 

the Outer Hebrides. 
Report to the Nature Conservancy Council. 

Prentice, H. C. and The hill vegetation of North Hoy, Orkney. 
Prentice, I. C. New Phytologist, 75,313-367. 
(1975) 

Prentice, I. C. Modern pollen spectra from lake sediments in 
(1978) Finland and Finnmark, North Norway. 

Boreas 7,131-153. 

Prentice, I. C. Calibration of pollen spectra in terms of 
(1982) species abundance. In: 

Palaeoh drolo ical Changes in the Temperate 
Zone in the last 15000 years. -Subpro i ect B 
Lake and Mire Envi onments. Volume III. 
Specific Methods (ed. B. E. Berglund). 
University of Lund, Lund. 

Prentice, I. C. Pollen representation, source area and basin 
(1985) size, towards a unified theory of pollen 

-390- 



analysis. 
Quaternary 

Prentice, I. C. Records of 
(1988) principles 

Vegetation 
B. Huntley 
Kluwer Aca( 

Research, 23,76-86. 

vegetation in time and space: the 
of pollen analysis. In: 
Hi! stor . 
and T. Webb III (Eds). 

iemic Publishers. 

Price, R. J. (1983) Scotlands environment during the last 30,000 
years. 
Scottish Academic Press, Edinburgh. 

Rackham, 0. Ancient Woodlands. Edward Arnold. 
(1980) London. 

Rackham, 0. The histor of the countryside. 
(1986) Dent andSons LIFT-, London. 

Randall, R. E. Aspects of machair ecology on the Monach 
(1974) Isles. In: 

Sand Dune Machair. 
ems. D. S. Ranwell, 15-18. 
Institute of Terrestrial Ecology. 

Randall, R. E. Machair zonation of the Monach Isles NNR, 
(1976) Outer Hebrides. 

Trans. Bot. Soc. Edinb., 42,441-462. 

Randell, R. E., Pollen catchment in relation to local 
Andrews, R. and vegetation Caenn Ear, Monach Isles, Outer 
West, R. G. (1986) Hebrides. 

New Phytologist, 105,175-183. 

Ranwell, D. S. Sand Dune Machair 1. 
(Ed. ) (1974) Report of a seminar at Coastal Research 

Station, Norwich. 

Ranwell, D. S. Sand Dune Machair 2. 
(1977) Institute Terrestrial Ecology (N. E. R. C. ). 

Ratcliffe, D. A. Mires and bogs. In: 
(1964) The vegetation of Scotland. 

(Ed. by J. H. Burnett). 
Oliver and Boyd, Edinburgh, 426-478. 

Ratcliffe, D. A. A nature conservation review. 
(Ed) (1977) Cambridge University Press. 

Ratcliffe, D. A. Post medieval and recent changes in British 
(1984) vegetation: the culmination of human 

influence. 
New Ph tolo ist, 98,73-100. 

391- 



R. C. A. H. M. C. S. Royal commission of ancient and historical 
(1928) monuments and constructions oF-Scotland th 

report with inventor o monuments anc 
constructions in the Outer Hebrides, Skye ai 
the Small Is an7s. HMSO. E inburgh. 

Renfrew, J. M. Pafaeoethnobotany. 
(1973) Plants of te Near 

London, Methuen. 

Ritchie, W. (1966) The post-glacial 
coastal changes in 
Trans. Inst. Brit. 

The prehistoric food 
East and Europe. 

rise in sea-level and 
the Uists. 
Geographers, 39,79-86. 

Ritchie, W. (1968) The Machair of South Uist. 
Scottish Geographical Magazine, pp. 162-173. 

Ritchie, W. (1976) The meaning and definition of Machair. 
Trans. Bot. Soc. Edinb., 42,431-440. 

Ritchie, W. (1971) The beaches of Barra and the Uists 
Dept. Geography, Aberdeen. 

Ritchie, W. (1979) Machair development and chronology of the 
Uists and adjacent islands. 
Proc. R. Soc. Edinb., B. 77,107-22. 

Ritchie, W. (1985) Inter-tidal and sub-tidal organic deposits 
and sea level changes in the Uists, Outer 
Hebrides. 
Scottish Journal of Geology, 21,161-176. 

Ritchie, W. (1991) The geography of the Outer Hebrides. In: 
Flora of the Outer Hebrides. 
R. J. Pank1F-urst and J. M. Mu lin. 
Natural History Museum Publications, London, 
3- 13. 

Ritchie, W., and The machair landform and its regional 
Mather, A. S. variation. In: 
(1974) D. S. Ranwell (ed. ). Sand Dune Machair: Report 

of a seminar at the coastal-eco ogy research 
unit. N. E. R. C. 
Institute of Terrestrial Ecology. 

Roberts, H. tJ., The Machair grasslands of the Hebrides. 
Kerr, D. H., and Journal of the British Grassland Society, 14. 

- Seaton, D. (1959) M3-2280 

Robertson, J. S. A Key to the Common Plant Communities of 
(1984) -!; cötTanc. 

Macaulay Institute for Soil Research. 
Aberdeen. 

-392- 



Robinson, D. Possible Mesolithic activity in the West of 
(1983) Arran, evidence from peat deposits. 

Glasgow Archaeological Journal, 10,1-6. 

Robinson, D. E. and Vegetational history and land use: a 
Dickson, J. H. radiocarbon-dated pollen diagram from Machrie 
(1988) Moor, Arran, Scotland. 

New Phytologist, 109, pp. 223-251. 

Rodwell, J. National Vegetation Classification. 
(1991) University of Lancaster. 

Rose, F. (1976) Lichenological indicators of age and 
environmental continuity in woodlands. 
Lichenology; Progress and Problems. 
(ED. by D. H. Brown and R. H. Bai ey). 
Systematics Association Special Volume 8. 
Academic Press, London, 279-307. 

Rose, F., and Lichens on Colonsay. 
Co ins B. J. Proc. Roy. oc. Edinb., 83B. 
(1983) 1 

Ruddiman, W. F. and Time transgressive deglacial retreat of 
McIntyre, A. (1973) polar waters from the North Atlantic. 

Quaternary Research, 3,117-130. 

Ruddiman, W. F. and The North Atlantic Ocean during the last 
McIntyre, A. (1981) deglaciation. 

Palaeo eo . Palaeoclim. Palaeoecol., 35, 

Ruddiman, W. F., Glacial/interglacial response rate of sub 
Sancetta, C. D. and polar North Atlantic waters to climatic 
McInt're, A. change. The record in ocean sediments. 
(19775 Philosophical Transactions of the Royal 

Society, 370,119-142. 

Rymer, L. (1973) Modern pollen rain studies in Iceland. 
New Phytologist, 72,1367-1373. 

Scott, T. (1894) Ferns from Barra. 
Ann. Scot. Nat. Hist., 3,187. 

Selby, I. C. (1987) Glaciated shorelines on Barra and Batersay. 
Quaternary Research Association, 
Quaternary Newsletter No. 53, pp. 16-22. 

Shackleton, N. J., Oxygen isotope and palaeomagnetic 
and 0 dyke, N. D. stratigraphy of Equatorial Pacific core 
(1973 V28-238: Oxygen isotope temperatures and ice- 

volumes on a 105 and 106 fear scale. 
Quaternary Research, 3,39-55. 

-393- 



Shepherd, I. A. G., Traces of beaker period cultivation at 
Tuckwell, A. N. Rosinish, Benbecula. 
(1977) Proc. Soc. Antiq. -Scot. 108, (1976-7) 108- 

11 

Shotton, F. W. and Birmingham University radiocarbon dates 1V. 
Blundell, P. J. Radiocarbon, 12,385-99. 
(1970) 

Shoolbred, W. A. 
(1895) 

Shoolbred, W. A. 
(1899) 

Sinclair, V. (1794) 

Plants observed in the Outer Hebrides in 
1894. 
J. Bot. Lond., 33,247-249. 

Notes on N. Uist plants. 
J. Bot. Lond., 37,478-481. 

Statistical account of- Scotland, 10, 
Edinburgh, Creec iF . 

Sissons, J. B. Late-Glacial marine erosion in Scotland. 
(1974) Boreas, 3,41-48. 

Sissons, J. B. The Geomorphology of the British Isles. 
(1976). ýcotlan . Methuen, London. 

Sissons, J. B. The glaciation of the Outer Hebrides. 
(1980) Scottish Journal of Geology, 16.81-84. 

Sissons, J. B. The last Scottish Ice Sheet: facts and 
(1981) speculative discussion. 

Boreas, 10,1-17. 

Sissons, J. B. The so-called high "interglacial" rock 
(1982) shoreline of western Scotland. 

Transactions of the Institute of British 
Geographers, New Series, , -21-6. 

Sissons, J. B. The Quaternary Geomorphology of the Inner 
(1983a) Hebrides. 

Proceedings of the Geologists Association, 
IJ42 1b5 - 1/5. 

Sissons, J. B. Shorelines and Isostasy in Scotland. In: 
(1983b) Shorelines and Isostasy, Smith, D. A. and 

Dawson, A. G. ýE s. 
Academic Press, London. 109 - 225. 

Smith A. J. E. The Moss Flora of Britain and Ireland. 
(19785 Cambridge Uni ersity Press. 

Smith, A. G. (1970) The influence of Mesolithic and Neolithic man 
on British vegetation, a discussion: In: 
Studies in the vegetational history of the 



British Isles: Essays in honour of Harry 
Godwin. 
D. Walker and R. G. West (eds), 81-96. 

Smith, A. G. (1984) Newferry and the Boreal Atlantic Transition. 
New Phytologist, 98,35-55. 

Smith, D. I., and The geological framework of the Outer 
Fettes, D. J. Hebrides. 
(1979) Proceedings of the Royal ' Society of 

Edinburgh, 77B, 75=$x. 

Smith, A. G., and Radio-carbon dates and the vegetational 
Pilcher, J. R. history of the British Isles. 
(1973) New Phytologist, 72,903-914. 

Somerville, A. Notes on the Flora of the Island of Barra. 
(1889a) Proc. Trans. Nat. Hist. Soc. Glasg., 2, 

33-188 
. 

Somerville, A. Notes on the Flora of Barra and South Uist. 
(1889b) Proc. Trans. Nat. Hist. Soc. Glasg., 

3- 31 6. 

Spence' D. H. N. Studies in the vegetation of Shetland II, 
(1960 j Scrub in Shetland and in South Uist, Outer 

Hebrides. 
Journal of Ecology, 48,73-95. 

Spence, D. H. N. Sub artic debris and scrub vegetation of (1974) Shetland. In: 
The natural environment of Shetland. 
Goodier, R. E. 
Nature Conservancy Council. 

Spence, D. H. N., Macrophytic vegetation of fresh and brackish 
Allen, E. D. and waters in and near the Loch Druidibeg. 
Fraser, J. (1979) National Nature Reserve, South Uist. 

Proc. Roy. Soc. Edinb., 77B, 307-328. 

Stelfox, A. W. and A history of the land and freshwater Mollusca 
Welsh, R. J. (1980) of Ulster. 

Proc. R. Ir. Acad., 80B, 125-152. 

Stockmarr, J. Tablets with spores used in absolute pollen (1971) analysis. 
Pollen et Spores, 13,615-621. 

Stockmarr, J. Biostratigraphic studies in Late Weichselian 
(1975) sediments near Bollingso. 

Danm. Geol. Unders., Arbog. 1974,71-89. 

Stockmarr, J. Retrogressive forest development as reflected 
(1975) in a mor pollen diagram from Mantingerbos, 

-395- 



Drenthe, The Netherlands. 
Palaeohistory, 17,38-51. 

Sutherland, D. G. The high-level marine shell beds of Scotland, 
(1981) and the build up of the last scottish ice- 

sheet. I 
Boreas, 10,247-254. 

Sutherland, D. G. The Quaternary deposits of landforms of 
(1984) Scotland and the neighbouring shelves :a 

review. 
Quaternary Science Reviews, 3,157-254. 

Sutherland, D. G., 
Ballantyne, C. K., 
and Walker, M. J. C. 
(1984) 

Sutherland, D. G., 
and Walker, M. J. C. 
(1984) 

Tauber, H. (1965) 

Late Quaternary glaciation and environmental 
change on St. Kilda, Scotland and their 
palaeoclimatic significance. 
Boreas, 13,261-272. 

A late Devensian ice free area and possible 
interglacial site on the Isle of Lewis. 
Nature, 309,710-703. 

Differential pollen dispersion and the 
interpretation of pollen diagrams. 
Danmarks geologiske Undersogelse. Series 11, 

,$6p. 

Tauber, H. (1967) Investigation of the mode of pollen transfer 
in forested areas. 
Review of Palaeobotany and Palynology, 3, 
277-286. - 

Tauber, H. (1977) Investigations of aeriel pollen transport in 
a forested area. 
Dansk Botanisk Arkiv, 32, (1), 121pp. 

Thomas, J. (1990) T. A. G. Conference Pa er. 
Lampe ter Unpu Red). 

Thompson, R. and Environmental magnetism. 
Oldfield, F. (1986) Allen and Unwin. 

Tipping, R. M. Late Devensian and early Flandrian 
(1984) vegetational history and deglacial chronology 

of western Argyll. 
Unpublished Ph. d. Thesis. (C. N. A. A. London 
Polytechnic). 

Tipping, R. M. A late Devensian pollen site in Cowal, south- (1986) west Scotland. 
Scottish Journal of Geology, 22,27-40. 

Tipping, R. M. The prospect for establishing synchronity in 
(1987) the early post-glacial peak of Juniperus in 

-396- 



the British Isles. 
Boreas, 16,155-153. 

Tipping, R. M. The recognition of glacial retreat from 
(1988) recent palynological data: a review of recent 

work in the British Isles. 
Journal of Quaternary Science, 3, (2), 
118 

Tittensor, R. M. Ecological history of Yew, Taxus baccata L. 
(1980) in southern England. 

Biological Conservation, 17,243-265. 

Traill, W. (1868) On submarine forests and other remains of 
indigenous wood on Orkney. 
Transactions of the Botanical Society of 
Edinburgh, pp. 37+6-37ZT-. 

Troels-Smith, J. Ivy Mistletoe and Elm - Climatic Indicators - 
(1960) fodder plants. 

Danmarks geologiske undersogelse, Ser. IV, 4, 
1-32. 

Tyldesley, J. B. Long range transmission of free pollen to 
(1973) Shetland II. Calculation of pollen 

deposition. 
New Phytologist, 72,183-190. 

Vasari, Y. and Late and post-glacial macrophytic vegetation 
Vasari, A. (1968) in the lochs of northern Scotland. 

Acta. Bot. Fenn., 80,1-20. 

Vasari, Y. (1977) Radiocarbon dating of the Late-glacial and 
early Flandrian vegetational succession in 
the Scottish Highlands and Isle of Skye. In: 
Studies in the Scottish Late glacial 
environment. (Ed. by J. M. Gray and J. J. Lowe, 
pp. 143- Pergamon Press. 

Von Weymarn and Interstadial site on the island of Lewis 
Edwards, K. J. Scotland. 
(1973) Nature, 246,473-474. 

Von Weymarn, J. Coastline development in Lewis and Harris, 
(1974) Outer Hebrides, with particular reference to 

the effects of glaciation. 
Ph. d Thesis (Unpublished), University of 
Aberdeen. 

Vose, P. B. The machair grazings of Tiree, Inner 
(1957) Hebrides. 

Trans. Bot. Soc. Edinb., 37,89-110. 

-397- 



Vuorela, I. Relative pollen rain around cultivated 
(1.973) fields. 

Acta Botanica Fennica, 102,1-27. 

Vuorela, I. Microspores of Isoetes as indicators of human 
(1980) settlement in pollen analysis. 

Memoranda Societatis pro Fauna et Flora 
Fennica, 56,13- . 

Walker, D. (1972) Quantification in historical plant ecology. 
Proceedings of the Ecological Society of 
Australia, 6,31-T 7. 

Walker M. J. C. Pollen Analysis and Quaternary Research in 
(1984aS Scotland. 

Quaternary Science Review, 3,369 - 404. 

Walker M. J. C. A pollen diagram from -St. Kilda, Outer 
(1984b) Hebrides, Scotland. 

New Phytologist, 97,99-113. 

Walker, M. J. C. and Postglacial environmental history of Rannoch 
Lowe, J . J. (1977) Moor, Scotland 1. Three pollen diagrams from 

the Kingshouse area. 
J. Biogeogr., 4,333-51. 

Walker, M. J. C. and Postglacial environmental history of Rannoch 
Lowe, J. J. (1979) Moor, Scotland II. Pollen analysis and 

radiocarbon dates from the Rannoch Station 
and Corrour areas. 
J. Biogeogr., 6,236-249. 

Walker, M. J. C. and Pollen analysis, radiocarbon dates and the 
Lowe, J. J. (1980) deglaciation of Rannoch Moor, Scotland, 

following the Loch Lomond Advance. In: 
Ed. R. Cullingford, Davidson, D. A., and 
Lewin J. Timescales in Geomorphology. 
247-259. Wiley, London. 

Walker, M. J. C., A reinterpretation of the Late-glacial 
Ballantyne, C. K., environmental history of the Isle of Skye, 
Lowe, J. J., and Inner Hebrides, Scotland. 
Sutherland, D. G. Journal of Quaternary Science, 3, (2). 
(1988) 135-146. 

Walker, M. J. C. and Lateglacial and early Flandrian chronology of 
Lowe, J. J. (1982) the Isle of Mull, Scotland. 

Nature, 296,558-561. 

Walker, M. J. C. and Flandrian environmental history of the Isle, 
Lowe, J. J. (1985) of Mull, Scotland, I. Pollen stratigraphic 

evidence and radiocarbon dates from Glen 
More, south central Mull. 
New Phytologist, 99,587-610. 

-398- 



Walker, M. J. C. and Flandrian environmental history of the Isle 
Lowe, J. J. (1987) of Mull, Scotland, III, a high resolution 

pollen profile fram Gribun, western Mull. 
New Phytologist, 106,333-347. 

Walker, M. J. C., Field Guide` to the Isle of Mull, Inner 
Gray, J. 11., and Hebrides, ScotT nd. 
Lowe, J. J. (1985) Quaternary Research Association, Cambridge. 

Waterson, A. R., The inland waters of the Outer Hebrides. 
Holden, A. J., Proceedings of the Royal Society of 
Campbell, R. N., Edinburgh, 77B. 
Maitland, P. S. (1979) 3=19-351. 

Watson, E. V. Notes on the Flora of Barra, Outer Hebrides. 
(1939) J. Bot. Lond., 77,5-8. 

Watson, E. V. British Mosses and Liverworts. 
(1982) Cambr dge [Jn 'Unive'rsity Press. 

Watson, J. (1977) The Outer Hebrides: a geological perspective. 
Proc. Geol. Ass., 88,1-14. 

Watt, A. S., and The ecology of the Cairngorms I. 
Jones, E. W. (1948) The environment and the altitudinal zonation 

of the vegetation. 
J. Ecol., 36,283-304. 

Webb, D. A. The Flora of Ireland in its European context. 
(1983) Journal of Life Sciences of the Royal Dublin 

oý ciTety, T+, =- 
. 

Webb, T., III and Corresponding patterns of contemporary pollen 
McAndrews, J. H. and vegetation in central North America. 
(1976) Geological Society of America Memoir. 145, 

Webb, T. III, Sensing vegetational patterns with pollen 
Laseki, R. A. and data: choosing the data. 
Bernabo, J. (1978) Ecology, 59,1151-1163. 

West, R. G. (1970) Pollen zones in the Pleistocene and their 
correlation. 
New Phytologist, 69,1179-1183. 

West, R. G. (1977) Early and Middle Devensian flora and 
vegetation. 
Philosophical Transactions of the Royal 
society, B280,229-246. 

Whittington, GA sub peat dyke on Shurton Hill, Mainland 
(1978) Shetland. 

Proc. Soc. Antiq. Scot., 109,30-35. 

-399- - 



Whittington, G. A palynological investigation of a second 
(1.983) millenium B. C. bank system in the Black Moss 

of Achnacree. - 
Journal of Archaeological Science, 10, 
283-291. 

Whittington, G., Flandrian environmental evolution on north- 
Ritchie, W. (1988) east Benbecula and southern Grimsay, Outer 

Hebrides, Scotland. 
Aberdeen, Universit of Aberdeen. 
O'Dell Memorial Monograph, 21. 

Wilkins, D. A. The Flandrian woods of Lewis, (Scotland). 
(1984) Journal of Ecology, 72,251-258. 

Willerding, U. Zur Geschichte der Unkrauter Mittleeuropas. 
(1986) Neumunster, Wachholtz. 

Williams, W. The Flandrian vegetational history of the 
(1977) Isle of Skye and Morar Peninsula. 

Unpublished: Ph. d. thesis: University of 
Cambridge. 

-400- 



Whittington, G. A palynological investigation of a second 
(1.983) millenium B. C. bank system in the Black Moss 

of Achnacree. 
Journal of Archaeological Science, 10, 
X91. 

Whittington, G., Flandrian environmental evolution on north- 
Ritchie, W. (1988) east Benbecula and southern Grimsay, Outer 

Hebrides, Scotland. 
Aberdeen University of Aberdeen. 

ll M i O'D M h 21 emor a e onograp , . 

Wilkins, D. A. The Flandrian woods of Lewis, (Scotland). 
(1984) Journal of Ecology, 72,251-258. 

Willerding, U. Zur Geschichte der Unkrauter Mittleeuropas. 
(1986) Neumunster, Wachho tz. 

Williams, W. The Flandrian vegetational history of the 
(1977) Isle of Skye and Morar Peninsula. 

Unpublished: Ph. d. thesis: University of 
Cambridge. 

-400- 


