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Abstract: Phases of rapid climate change throughout the early to mid Holocene coincide with regional
human population expansion in Scotland and North-West Europe. Palaeoenvironmental signals
of climate and anthropogenically driven vegetation changes can therefore be difficult to separate.
To identify whether it is possible to distinguish potential signatures of anthropogenic clearance
and agricultural activities from climatic drivers of landscape change in the early to mid Holocene
in the region, two topographically contrasting sites on the Isle of Skye and the Isle of Bute were
investigated. A multiproxy approach including pollen, spore, microcharcoal, loss on ignition and
particle size analyses was adopted to investigate changes in vegetation and climate. There are subtle
indications that the 8200 cal BP climate event had an effect on the vegetation composition at both sites.
Signals of anthropogenic woodland clearance are apparent early in the sequence at Peat Hill (Bute),
indicated by a peak in Poaceae (grass) cereal-type (7–14%) at 8592–8793 cal BP, alongside a decrease
in arboreal pollen, which could not be associated with a regional episode of climate change. Early
to mid Holocene vegetation changes at Lyndale House (Skye) occur alongside regional changes in
precipitation and sea level and therefore cannot be readily separated. Continuous declines in arboreal
pollen from ca. 5000 cal BP at Lyndale House indicates the onset of widespread clearance on Skye via
felling and sustained grazing pressures.

Keywords: pollen analysis; microcharcoal; vegetation; Holocene; climate; anthropogenic

1. Introduction

The early to mid Holocene climate of northwest Europe was generally warmer and
drier than that of the present day [1]. However, palaeoclimatic studies of the period also
reveal a picture of instability, with episodes of both rapid and gradual climatic changes
which are often associated with alterations in the strength of Atlantic meridional overturn-
ing circulation [2]. Ice core data from Greenland signify a major climate change event at ca.
8200 cal BP (calibrated years before present) when annual mean temperatures were approxi-
mately 1 ◦C lower than the recent past, precipitation and methane emissions decreased and
conditions were windier [3]. Earlier cooling events of shorter duration are also evident at
ca. 9300 cal BP and ca. 11,300 cal BP (the Pre-Boreal Oscillation) [4,5]. Palynological records
indicate concurrent vegetation changes in Europe and the British Isles which suggest that
the climate events caused woodland recession in many areas, although difficulty lies in
distinguishing palynological signals of climate and anthropogenically driven vegetation
changes [6]. This is suggested in western Scotland, where there is widespread palaeoenvi-
ronmental evidence of landscape change in the early Holocene, alongside archaeological
evidence of the presence of Mesolithic populations [7].

This paper presents two new pollen, spore and microcharcoal profiles, supported by
radiocarbon dating, for (i) a low-lying coastal site on the Isle of Skye; and (ii), an inland
highland site on the Isle of Bute (Figure 1), with the aim of identifying whether it is possible
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to distinguish potential signatures of anthropogenic clearance and agricultural activities
from climatic drivers of landscape change in the early to mid Holocene in western Scotland.
The study of two geographically contrasting sites within the same region allows for the
potential influence of differing altitudes, aspect and exposure to marine processes on pollen
representivity, vegetation mosaics and landscape change to be considered.
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Cleat, 17 Suarbie, 18 Elgol (Glasnakille), 19 Druim Loch, 20 Inver Aulavaig, 21 Talisker Bay, 22. 
Peinchorran 23. Lyndale House*, 24 Ardmore Bay, 25 Point of Sleat (B) Bute: 26 Hilton, 27 Red Loch, 
28 Peat Hill*. * Indicates new data presented in this paper. 

2. Materials and Methods 
2.1. Site Descriptions 
2.1.1. Lyndale House (Isle of Skye) 

The Isle of Skye (Figure 1) is the largest and most northerly island of the Inner Heb-
rides. It is offered a degree of protection from direct exposure to the Atlantic Ocean by the 
Outer Hebrides to the north-west. It has been the focus of intensive palaeoecological in-
vestigations and vegetation reconstructions since the late 1960s, e.g., [8–13]. The island 
provides a unique transitional zone between the mainland and more exposed oceanic is-
lands for Lateglacial and Holocene vegetation. Pollen records generally show a Lategla-
cial-early Holocene succession from grass and sedge dominated assemblages to birch and 
hazel woodland [11–13]. Inter-site variation exists relating to site exposure and lithology, 

Figure 1. Map to show the location of the study sites (*) at Skye (A) and Bute (B) alongside topographic
maps of the study sites (Lyndale House, (C); Peat Hill, (D)). The locations of previous palaeoecological
investigations are also shown: (A) Skye: 1 Loch Cuithir, 2 Slochd Dubh, 3 Glen Arroch, 4 Glen
Varragill, 5. Sligachan, 6 Marsco, 7 Luib 1 & 2, 8 Clach Oscar, 9 Loch Fada, 10 Digg, 11 Loch Meodal,
12 Loch Cill Chroisd, 13 Loch Mealt, 14 Lochan Coir’ a’ Ghobhainn, 15 Loch Ashik, 16 Loch Cleat,
17 Suarbie, 18 Elgol (Glasnakille), 19 Druim Loch, 20 Inver Aulavaig, 21 Talisker Bay, 22 Peinchorran
23 Lyndale House*, 24 Ardmore Bay, 25 Point of Sleat (B) Bute: 26 Hilton, 27 Red Loch, 28 Peat Hill*.
* Indicates new data presented in this paper.

2. Materials and Methods
2.1. Site Descriptions
2.1.1. Lyndale House (Isle of Skye)

The Isle of Skye (Figure 1) is the largest and most northerly island of the Inner Hebrides.
It is offered a degree of protection from direct exposure to the Atlantic Ocean by the
Outer Hebrides to the north-west. It has been the focus of intensive palaeoecological
investigations and vegetation reconstructions since the late 1960s, e.g., [8–13]. The island
provides a unique transitional zone between the mainland and more exposed oceanic
islands for Lateglacial and Holocene vegetation. Pollen records generally show a Lateglacial-
early Holocene succession from grass and sedge dominated assemblages to birch and
hazel woodland [11–13]. Inter-site variation exists relating to site exposure and lithology,
including the continuous presence of grass-sedge dominated assemblages in exposed
coastal sites [12]. In many areas, birch-hazel woodland continued to expand throughout
the mid-Holocene, with lesser amounts of oak, elm and pine pollen [13]. From ca. 5000 BP
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potential anthropogenic indicator taxa associated with disturbance and pastoral agriculture
begin to expand in the pollen record and the onset of woodland clearance is evident in
records across the island from this date [10,12,14].

The study site at Lyndale House (NG37165499) (Figure 1) is situated at Camas Mór
between the Waternish and Trotternish Peninsulas at 5.25 mOD, where a Sphagnum moss
surface peat has formed behind a coastal barrier composed of coarse sand and pebbles.
Annual mean air temperature in the area reaches a maximum of 11.4 ◦C and a minimum
of 5.4 ◦C, with an average of 1806 mm of rainfall per annum and regional average wind
speeds of 11.23 knots per annum [15]. The study site was initially investigated by Selby and
Smith to reconstruct Holocene relative sea-level (RSL) change [16]. The study found that
barrier formation was likely to have occurred around 6498–6716 BP. The influence of the
Main Postglacial Transgression on the site was recorded as commencing after 8205–8386
(7497 ± 32) BP. Marine regression began to occur after 7280–7426 (6436 ± 37) BP. A sum-
mary pollen diagram was presented to provide a broad environmental context for the
sedimentary sequences and to corroborate the radiocarbon dates. A higher resolution
pollen analysis for the site is now presented in this study.

2.1.2. Peat Hill (Isle of Bute)

The Isle of Bute (Figure 1), in the Firth of Clyde, is protected from the Atlantic weather
system by the coast of Kintyre and the Isle of Arran to the west. In comparison to the Isle
of Skye, Bute has received minor attention in respect of palaeoecological and palaeoen-
vironmental research. There are only two published pollen profiles from highland sites,
i.e., an archaeological study of Neolithic and Bronze Age funerary monuments at Hilton
on the east side of the Ardmaleish Peninsula; and an 11,000 year vegetation record from
Red Loch, a former (now infilled) lake site in the North of the island [17,18]. Similar to the
pollen records for the Isle of Skye and southwest Scotland, the early Holocene vegetation
composition of Bute consists of birch-hazel woodland with lesser amounts of pine, willow
and juniper [18].

The study site at Peat Hill (NS09951185) (Figure 1) is an inland peat bog situated on
the edge of a col at 75 mOD. It is centrally positioned on the southern peninsula of the
isle within Branzet Moss, and to the immediate north of Glen Callum. Annual mean air
temperatures in the area reach a maximum of 12.5 ◦C and a minimum of 6.4 ◦C, with an
average of 1455 mm of rainfall per annum and regional average wind speeds of 10.65 knots
per annum [19].

2.2. Fieldwork

At each site a detailed lithostratigraphic survey was carried out using a 1 m Eijkelkamp
gouge corer. Transects were set up and boreholes recorded at regularly spaced intervals
(10–50 m) using the Troels-Smith scheme [20]. All boreholes and geomorphological features
were levelled to Ordnance Datum (OD). Altitudes are quoted in mOD. A representative
core was taken from each site using a Russian-type corer from overlapping boreholes to
minimise contamination [21], producing a 5.1 m sample core at Lyndale House and a 3.1 m
sample core at Peat Hill. The sampled cores were sealed in uPVC and foil, labelled in the
field, and then cold-stored at 4 ◦C for laboratory analyses.

2.3. Laboratory Analyses
2.3.1. Pollen Analysis

Pollen analysis was undertaken to establish local and regional environmental change,
and spore analysis to identify proximate changes in local vegetation and hydrology. Mi-
crocharcoal analysis was undertaken to detect any episodes of woodland burning. Each
1 cm3 subsample was prepared for pollen and spore analyses using standard extraction
methods [22,23]. Samples were boiled with 20–25 mL 10% potassium hydroxide and then
sieved through a 200 micron mesh. The samples were then centrifuged for one minute at
2000 rpm. Acetolysis and heavy liquid separation procedures were then undertaken before
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the samples were stored in glycerol ready for analysis. The pollen was counted using a light
microscope under ×400 magnification. A minimum pollen sum of 300 of total land pollen
(TLP) was counted per level. All pollen data are expressed as a percentage of TLP. Groups
not included in the TLP count are expressed as a percentage of TLP plus aquatics and spores.
Pollen identification, including cereal-type pollen, was aided by reference keys [23–25],
and supported by a type-slide reference collection. Corylus avellana and Myrica gale are
classified collectively as C. avellana-type due to recognised difficulties in separating these
species [26]. Plant nomenclature follows Stace [27]. Combined data were plotted using
TiliaGraph 2.1.1 [28]. CONISS has been used to statistically define local pollen assemblage
zones (LPAZs) using stratigraphically constrained cluster analysis (with a dendrogram
scale) [29]. Microcharcoal fragments identified on the pollen slides were counted and are
included in the plots. Rare types (≤2%) are indicated by a cross.

2.3.2. Loss on Ignition Analysis

Loss-on-ignition analysis (LOI) was undertaken to detect any changes in the organic
content of the sediments relating to local vegetation, sedimentary and hydrological change.
LOI analysis followed standard methods [30] to determine the total organic carbon (TOC)
content. 1 cm3 samples were weighed into crucibles before being dried in an oven at 105 ◦C
for 12 h and the dry weight recorded. The samples were then placed in a muffle furnace at
550 ◦C for 3 h before recording the post-ignition weight. LOI was calculated as:

LOI550 = ((DW105 − DW550)/DW105)) × 100 (1)

LOI550 represents the post combustion weight of the sample as a percentage, DW105 the
pre-combustion weight and DW550 represents the post combustion weight of the sample.

2.3.3. Particle Size Analysis

Particle size analysis (PSA) was undertaken on the core extracted from Lyndale House
to assess the grain size of the minerogenic horizons that could be related to edaphic changes
resulting from anthropogenic, sedimentary or hydrological changes in the local environ-
ment. A Malvern Mastersizer Hydro 2000 (Malvern Instruments Ltd., Worcestershire,
UK)) laser granulometer was used (in accordance with standard manufacturers operat-
ing procedures) after the removal of organics using hot hydrogen peroxide. Standard
sand (0.152–0.422 mm) was used to calibrate the granulometer. Measurements for each
sample were triplicated and averaged. PSA data were divided into clay, silt, and sand
fractions [31,32]. PSA was not undertaken on the core from Peat Hill as the sediment
consisted solely of organic material. LOI and PSA data are plotted using TiliaGraph 2.1.1
and are shown on the pollen plots [28].

2.3.4. Radiocarbon Dating and Age-Depth Model

Biostratigraphic and lithostratigraphic changes in the sediment core from Peat Hill
were radiocarbon dated. Three ~5 g bulk sediment samples were extracted and submitted
for AMS dating to the DirectAMS Laboratory (Bothell, WA, USA). Five previously published
radiocarbon dates on samples from the Lyndale House core were dated at the 14Chrono
Laboratory (Queen’s University, Belfast, UK) [16]. All radiocarbon dates were calibrated
using the CALIB 7.1 software with the INTCAL 13 radiocarbon data set for terrestrial
samples [33]. Radiocarbon determinations are listed in Table 1. Age–depth models were
based on the eight AMS 14C ages and constructed using CLAM (linear interpolation) [34].
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Table 1. Radiocarbon dates used in this study.

Site Lab Code Depth (cm) mOD C13:C12 (‰)
14C age BP 1σ
(* = AMS date)

14C Age Range
cal.BP 2σ

Horizon/Material Dated Reference [16]

LH 1 UBA-23234 229 1.91 −23.9 5808 ± 36 6498–6716 Silt Selby & Smith (2016)
LH UBA-23235 283 1.37 −21.9 5989 ± 33 6739–6922 Silt, sand & gravel lens Selby & Smith (2016)
LH UBA-23236 316 1.04 −17.0 6436 ± 37 7280–7426 Silt with wood & fibres Selby & Smith (2016)
LH UBA-23237 440 −0.20 −21.6 7094 ± 36 7485–7981 Silt with wood & fibres Selby & Smith (2016)
LH UBA-23238 507 −0.87 −26.4 7497 ± 32 8205–8386 Peat Selby & Smith (2016)

PH 2 D-AMS 029587 68 74.33 −47.5 6072 ± 41 6793–7023 Peat New data
PH D-AMS 029588 140 73.61 −43.6 7892 ± 39 8592–8793 Peat New data
PH D-AMS 029589 201 73.00 −41.3 8288 ± 59 9117–9458 Peat New data

1 Lyndale House, 2 Peat Hill.



Quaternary 2023, 6, 2 6 of 17

3. Results
3.1. Sediment Accumulation Rates

Age-depth models are presented in Figure 2. Between the earliest dated horizon
at Lyndale House at 507 cm (−0.87 mOD) (8205–8386 cal BP (7497 ± 32)) and 440 cm
(−0.20 mOD) (7485–7981 cal BP (7094 ± 36)) the sediment accumulation rate is 1.2 mm a−1.
Between 440 cm and 316 cm (1.04 mOD) (7280–7426 cal BP (6436 ± 37)) the sediment
accumulation rate increases to 3.3 mm a−1. Between 316 cm and 283 cm (1.37 mOD)
(6739–6922 cal BP (5989 ± 33)) the sediment accumulation rate decreases to 0.6 mm a−1

and between 283 cm and the highest dated horizon at 229 cm (1.91 mOD) (6498–6716 cal
BP (5808 ± 36)) the sediment accumulation increases again to 2.4 mm a−1. Between the
earliest dated horizon at Peat Hill at 201 cm (73.00 mOD) (9117–9458 cal BP (8288 ± 59))
and the horizon dated at 140 cm (73.61 mOD) (8592–8793 cal BP (7892 ± 39)), the sediment
accumulation rate is 1 mm a−1. Between the horizon dated at 140 cm and the highest dated
horizon at 68 cm (74.33 mOD) (6793–7023 cal BP (6072 ± 41)) the sediment accumulation
rate decreases to 0.4 mm a−1.

Quaternary 2023, 6, x FOR PEER REVIEW 6 of 17 
 

 

 
Figure 2. Age-depth models for Lyndale House, Skye and Peat Hill, Bute. 

3.2. Lithostratigraphy 
3.2.1. Lyndale House 

The core extracted at Lyndale House mainly consists of peat and silt sediments, with 
sand and gravel horizons (Table 2). The sediments are dominated by silt sized fractions 
between 504 cm and 168 cm (up to 82%), sand sized fractions (up to 89%) between 152 cm 
and 72 cm and silt sized fractions between 40 cm to 8 cm (up to 63%). The organic content 
of the sediments (LOI) range from 9.8% to 91.5% (Figure 3). From the core base to 168 cm, 
where silts dominate the stratigraphy, the mean organic content is 25.5% with a range of 
9.8% to 42.2%. There is a significant change in the organic content of the sediments at 152 
cm where levels reach 91.5%. From 152 cm to the core surface, where peat sediments dom-
inate the stratigraphy, the mean organic content is 79.7% with a range of 26.6% to 94.5%. 

Table 2. Lithostratigraphic description of the sediment cores extracted at Lyndale House and Peat 
Hill. 

Site Altitude (mOD) Depth (cm) Sedimentary Description 
Lyndale House 4.20–2.20 0–200 Brown organic fibrous peat 

 2.20–1.50 200–270 Brown silt 
 1.50–1.46 270–274 Blue-grey coarse sand & gravel 
 1.46–1.37 274–283 Brown organic peat 
 1.37–1.36 283–284 Blue-grey sand and gravel 
 1.36–−0.78 284–498 Dark grey silt with wood & fibres 
 −0.78–−0.87 498–507 Brown organic peat 
 −0.87 507 Base 

Bute    

Peat Hill 75.00–71.89 0–312 Black fibrous peat 
 71.89 312 Base 
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3.2. Lithostratigraphy
3.2.1. Lyndale House

The core extracted at Lyndale House mainly consists of peat and silt sediments, with
sand and gravel horizons (Table 2). The sediments are dominated by silt sized fractions
between 504 cm and 168 cm (up to 82%), sand sized fractions (up to 89%) between 152 cm
and 72 cm and silt sized fractions between 40 cm to 8 cm (up to 63%). The organic content
of the sediments (LOI) range from 9.8% to 91.5% (Figure 3). From the core base to 168 cm,
where silts dominate the stratigraphy, the mean organic content is 25.5% with a range of
9.8% to 42.2%. There is a significant change in the organic content of the sediments at 152 cm
where levels reach 91.5%. From 152 cm to the core surface, where peat sediments dominate
the stratigraphy, the mean organic content is 79.7% with a range of 26.6% to 94.5%.
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Table 2. Lithostratigraphic description of the sediment cores extracted at Lyndale House and Peat
Hill.

Site Altitude (mOD) Depth (cm) Sedimentary Description

Lyndale House 4.20–2.20 0–200 Brown organic fibrous peat
2.20–1.50 200–270 Brown silt
1.50–1.46 270–274 Blue-grey coarse sand & gravel
1.46–1.37 274–283 Brown organic peat
1.37–1.36 283–284 Blue-grey sand and gravel

1.36–−0.78 284–498 Dark grey silt with wood & fibres
−0.78–−0.87 498–507 Brown organic peat

−0.87 507 Base
Bute

Peat Hill 75.00–71.89 0–312 Black fibrous peat
71.89 312 Base

3.2.2. Peat Hill

The sediment core extracted at Peat Hill consists entirely of black fibrous peat (Table 2).
The organic content of the sediments average 84.4% with a range of 80.6% to 91.1% (Figure 4).
The organic content generally shows limited variation throughout the stratigraphy, with
the exception of the sample taken at 276 cm, which had an LOI value of 14.5%.
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3.3. Pollen Analysis

The percentage pollen frequency plot for Lyndale House is presented in Figure 3 and
the plot for Peat Hill is presented in Figure 4. LPAZ descriptions and palaeoenvironmental
interpretations are presented in Tables 3 and 4, with approximate ages based on the age-
depth model which were extrapolated using CLAM [34]. The data for each site have been
divided into three LPAZs (LH1–3) (PH1–3). Pollen was absent from Peat Hill at 236–208 cm
(72.65–72.93 mOD) and the section has therefore not been zoned.

Table 3. LPAZ description and palaeoenvironmental interpretation for Lyndale House, Skye.

Pollen Zone mOD/Depth LPAZ Description: Pollen Characteristics Interpretation Approximate Age (cal BP)

LH3 4.20–2.44
0–176

Fluctuating dominance of Poaceae and
Cyperaceae. Low arboreal pollen levels
from mid-zone with decreasing Alnus

(25–1%) and C. avellana-type (15–2%). Low
Poaceae >35µm but occasionally above

rare-type quantification (3%). Isolated peak
in C. vulgaris (23%). Appearance of

Juniperus above rare-type (3–4%)
immediately after decline of C. vulgaris.

Influx of R. acetosa-type (3–16%) at top of
zone. Spores. Low microcharcoal counts to
top of zone corresponding with decline of

C. avellana-type (23–0.5%). Low
herb mosaic.

Sedge fen with C. avellana-type
and Alnus scrub.

The presence of R. acetosa-type
may indicate local

anthropogenic
disturbance [35–37].
The 885% influx and

microcharcoal maximum at
24 cm (3.96 mOD)

corresponding with decreases
in C. avellana-type, Ericaceous

taxa and Pteridium spores, may
indicate elevated burning and a

subsequent reduction in
vegetation cover.

231–5078

LH2 2.44–0.52
176–368

Fluctuating and gradual decrease of C.
avellana-type (39–11%) from mid-zone.
Fluctuating Alder (6–37%) and Betula

(4–10%). Decreasing Cyperaceae (17–13%).
Fluctuations in microcharcoal with peaks

corresponding with decreases in
C. avellana-type and increases in Alnus.

Low herb mosaic.

C. avellana-type scrub with
Alder, Betula and Poaceae.

The formation of the 9 cm band
of peat between 283–274 cm

(1.37–1.46 mOD), and the
increase in sediment

accumulation rates between
283–229 cm (1.37–1.91 mOD)

(2.4 mm a−1), indicates a
further change in marine and

associated hydrological
conditions favouring organic

deposition. The overlying 4 cm
sand and gravel facies between

274–270 cm (1.46–1.50 mOD)
may represent a final high

energy marine environment
after 6739–6922 cal BP

(5989 ± 33). As peat continues
to develop, the influx of Alnus

pollen may represent the
establishment of local fen

carr [38].
The 50% increase in

microcharcoal at 360 cm
(0.60 mOD) corresponds with

increases in in Betula, Alnus and
P. lanceolata, which may be a

response to this episode
of burning.

5078–6763
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Table 3. Cont.

Pollen Zone mOD/Depth LPAZ Description: Pollen Characteristics Interpretation Approximate Age (cal BP)

LH1 0.52—0.87
368–507

Fluctuating Betula (6–12%) and Alnus
(4–13%). Dominance of C. avellana-type
(36–23%) showing similar fluctuation
patterns. Microcharcoal fluctuations

(91–556%) correspond with reductions and
influxes in pollen counts. Fluctuating

Poaceae (27–37%) and Cyperaceae
(14–34%). Low shrubs (with the exception

of C. avellana-type), dwarf shrubs, and
herb mosaic.

C. avellana-type scrub with
Betula, Alnus, Salix, and Quercus.

Poaceae >35µm is present at
−0.84 mOD as a rare-type.

Large diameter Poaceae pollen
may represent cereals or wild

grass. The maximum
microcharcoal peak in this zone

at 432 cm (−0.12 m OD)
coincides with a 14% increase in

Cyperaceae pollen.
The subsequent and isolated

peak in Poaceae >35 µm counts
at 408 cm (0.12 mOD) may be a
response to clearance following

burning or increased
anthropogenic activity.

6763–8301

Table 4. LPAZ description and palaeoenvironmental interpretation for Peat Hill, Bute.

Pollen Zone mOD/Depth LPAZ Description: Pollen Characteristics Interpretation Approximate Age (cal BP)

PH3 75.00–74.29
0–72

C. avellana-type (17–33%) with low and
high fluctuations corresponding with high
and low microcharcoal fluctuations. Betula

(4–21%) and Alnus (8–33%) peaks
correspond with low microcharcoal counts.

Fluctuating Poaceae (7–34%) decreasing
mid-zone (17%), then increasing (23–29%).

Cyperaceae to rare-type increases
temporarily (24–33%) prior to decline

(18–6%) in upper half of zone. Appearance
of C. vulgaris (4–6%) corresponds with an

increase in microcharcoal counts (116–84%)
in upper levels of zone. Influx of aquatic M.
verticillatum to above rare-type status (3%)

in top half of zone. Low herb mosaic.

Poaceae and Cyperaceae
dominated grassland and

C. avellana-type dominated
scrub with Alnus and Betula.

The influx of C. vulgaris pollen
to 6% at 8 cm may indicate
increased soil acidity and a

regional increase in
precipitation [12].

Pollen which may potentially
indicate anthropogenic

disturbance includes rare-type
quantities of

Plantaginaceae/P. lanceolata, R.
acetosa-type, Asteraceae,
Apiaceae, Potentilla, and

Urticaceae [35,37]. These taxa
are representative of grassland,

most probably meadow or
pasture [35,37].

802–7030

PH2 74.29–72.93
72–208

Gradual increase in Poaceae (18–40%) and
Poaceae >35µm (3–7%). Fluctuating
Cyperaceae (14–38%). Fluctuating

dominant C. avellana-type (11–29%).
Fluctuating Quercus (2–12%). Lesser and

fluctuating quantities of Betula (2–9%) and
Alnus (1–18%). Temporary increase of

Sphagnum in bottom third of zone
corresponding with high microcharcoal
counts. High microcharcoal counts in

bottom third of zone (165–244%), declining
mid-zone (4–33%), increasing (194%) prior
to decline (42%) at upper PH2 boundary.

Low herb mosaic.

Poaceae and Cyperaceae
dominated grassland and

C. avellana-type dominated
scrub with Quercus.

Filicales spores reach their
maximum at 176 cm

(73.25 mOD), whilst Sphagnum
declines to its lowest count

(12%). The fluctuations of these
two spores at this depth may be
a response to the initial phase

of elevated burning [39].
However, there is no notable

impact across the pollen
assemblage until 156 cm

(73.45 mOD) when
microcharcoal counts decline to

4% and Poaceae cereal-type
starts to rise. This fluctuation in
herbaceous taxa may represent
a temporary expansion of wild

grass following a phase of
elevated burning.

7030–9342
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Table 4. Cont.

Pollen Zone mOD/Depth LPAZ Description: Pollen Characteristics Interpretation Approximate Age (cal BP)

VOID 72.93–72.65
208–236 Zone void of microfossils.

The cause of this data void
cannot be defined.

Loss-on-ignition percentages
show a consistent organic

content of 86–90%.

9342–9599

PH1 72.65–71.89
236–312

Fluctuating Poaceae (27–48%) (including
Poaceae >35µm (3–12%)) and Cyperaceae

(21–38%). Increase in C. avellana-type
(5–20%). Initial increase in Quercus (4–12%),
Betula (2–7%), and Salix (2–6%) followed by

decline of Quercus to 0.3%, and
disappearance of Betula and Salix. Low

shrub and herb mosaic. Increase in
microcharcoal (11–117%).

Poaceae and Cyperaceae
dominated grassland Low
arboreal values indicate an

open early Holocene
vegetational environment.
The microcharcoal peak at
244 cm (72.57 mOD) may

indicate a phase of
elevated burning.

9599–10,294

4. Discussion
4.1. Early Holocene Vegetation Changes

The pollen, spore and microcharcoal profile at Peat Hill commences in the early
Holocene. The basal horizon is characterised by high levels of Poaceae and Cyperaceae
pollen and low arboreal pollen values, indicating an open vegetational environment similar
to that identified at Inver Aulavaig (Skye) (LPAZ IA3) [12,14,40,41]. From ca 9910 cal BP
(270 cm), increased Corylus (hazel) pollen and fern spores indicate the development of hazel
scrub or woodland and are concurrent with the timing of Corylus pollen expansion on the
west coast of the Isle of Skye, recorded from 10,110 ± 140 cal BP; and at inland sites in Oban,
from ca 9500 cal BP [12,42]. Corylus expansion appears to have been synchronous across
much of southwest Scotland at this time, though it is recorded later in pollen diagrams
inland on the Isle of Mull (8760 ± 140 BP) and the Isle of Arran (8665 ± 155 BP) [11,43].
Expansion coincides with the Holocene thermal maximum when the climate was generally
warmer and drier [44].

4.1.1. The 9300 Cal BP Event

The hiatus in microfossil content of the sediments at Peat Hill from ca 9342–9599 cal
BP (208–236 cm) makes it difficult to detect evidence of climatically induced vegetation
changes relating to the 9300 cal BP event. The increase in microcharcoal levels from ca
9672 cal BP (244 cm) which resumes at 9117–9458 cal BP (201 cm), may be an indication
of drier conditions associated with the climate change episode. The minor declines in
cold-intolerant Quercus and Corylus pollen at ca 9122 cal BP (184 cm) may also indicate a
vegetative response to lower temperatures.

4.1.2. Early Alnus Presence

From 9117–9458 cal BP (201 cm) (LPAZ PH2) there is an expansion in scrub/woodland
coverage at Peat Hill as Betula and Quercus pollen increase. The sudden rather than gradual
expansion in Alnus in this horizon is likely to be a consequence of the previous hiatus in
pollen preservation. The presence of Alnus pollen at both Peat Hill and Lyndale House is
very early compared to other studies in the region [7,37,43]. For example, there is no record
of Alnus pollen in the late Glacial/early Holocene palaeoenvironmental records at Druim
Loch (east Skye), Loch Ashik (east Skye) and Elgol [11]. Although Alnus pollen is recorded
at ca 9740–9490 cal BP at Loch Cleat (north Skye) [13].

Macrofossil evidence of Alnus in the UK suggests that small stands of alder trees
may have existed in Yorkshire during the Late Glacial and at 10,500 BP, and in Wales from
8900 BP [41,45]. Alnus has a high potential for seed dispersal via water [41] and it is possible
that small stands of Alnus trees may have existed on the Isle of Bute and the Isle of Skye
at this time via marine water seed transportation along the west coast. Given the lack of
evidence for early Alnus pollen presence in the region, and that the abundance of the taxon
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declines to low levels for the remainder of the Early Holocene period at Peat Hill, it is
highly unlikely that Alnus widely colonised the region until the mid Holocene.

4.1.3. Early Anthropogenic Influences

A peak in Poaceae (grass) cereal-type (7–14%) at 8592–8793 cal BP alongside a decrease
in arboreal pollen may represent anthropogenic disturbance at Peat Hill. It is feasible to
propose a human influence on the vegetation composition in the region given the lack
of evidence for climate events at this time. Archaeological records of prehistoric human
activities are also relatively abundant in the surrounding area, including a lithic working
site of probable Mesolithic age close to Branzet Moss and several caves with midden
deposits around Dunagoil Bay [46].

Cereal-type pollen has been identified in early Holocene pollen records in other parts
of the region [42,47]. However, the large grains identified at Peat Hill are highly likely
to represent wild grass species. Large pollen grain sizes, similar to cultivated taxa, may
have colonised the area following clearance, potentially as a result of felling. It is generally
accepted that adequate evidence of cereal cultivation in the region is not apparent until ca
5000 BP. Multiple palynological indicators of agriculture become apparent at this time and
the earliest cereal macrofossil remains have been dated to this period. Palaeodietary and
archaeological data show a concurrent shift to domesticated plant and animal subsistence
in western Scotland [48–50].

4.1.4. The 8200 Cal BP Event

At Lyndale House, hazel scrub/woodland is already established at the base of the
profile from 8205–8386 cal BP (507 cm). The Early Holocene vegetation bears similarity to
Peat Hill, being dominated by Corylus, Cyperaceae, Poaceae and Sphagnum taxa, indicating
wet acidic fen conditions [51]. The horizon is followed by a significant decrease in tree
pollen as Poaceae and Cyperaceae increase, and the LOI percentage of the sediments
decreases, indicating a drier more open environment which may have been affected by
colder climatic conditions.

The effects of the 8200 cal BP event are less pronounced at Peat Hill, though the
absence of Betula and Salix pollen from ca 8222 cal BP (120 cm) and the decrease in peat
accumulation rates gives some indication of reduced temperatures and precipitation in the
region. Arboreal pollen and microcharcoal presence increases at both sites from ca 7500 cal
BP, indicating an increase in regional temperatures favouring woodland expansion, which
corresponds with a wet shift in the palaeoclimatic record (at ca 7800 to 6800 cal BP) [44].

4.2. Mid Holocene Vegetation Changes
4.2.1. Alnus Colonisation

A main phase of Alnus expansion is evident at both sites during the mid Holocene.
At Peat Hill, the expansion at 6793–7023 cal BP (68 cm) occurs alongside a significant
increase in Betula pollen and low herb pollen levels. At Lyndale House, the increase after
6498–6716 cal BP (229 cm) occurs alongside the resumption of peat growth and a decrease
in Poaceae and Cyperaceae coverage. Alnus expansion is generally concurrent across the
region, commencing from 6630 ± 130 cal BP at Arran [43], from 6630 ± 70 cal BP at Talisker
Bay and 6600 ± 70 at Peinchorran, Skye [12], and 6430 ± 90 cal BP on the Isle of Rhum [47].
An earlier rise is dated at Inver Aulavaig, Skye at 7640 ± 240 cal BP [12]. The Alnus rise
in this period is generally attributed to regional increased precipitation [44,51]. Alnus
may have colonised the islands from the mainland [36] and the earlier expansion at Bute,
compared to Skye, may indicate later colonisation of more northern sites. Alternatively,
the expansion of Alnus at Lyndale House may reflect succession from a turbid marine
environment, indicated by the horizon of silt sediments from 270 cm to 200 cm, to fen or
marsh following barrier development at the site.

Mid Holocene Alnus expansion is followed by a reduction in the abundance of the
taxon at both sites. At Lyndale House, the decline occurs alongside a decrease in arboreal
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pollen which remains low for the remainder of the profile. The concurrent increase in
Poaceae and Cyperaceae pollen in the period reflects a change in the vegetation composition
of the site from hazel, alder and birch scrub to open grassland with some areas of hazel
and alder scrub. The reduction in Alnus abundance at Peat Hill is temporary, and occurs
alongside concurrent temporary increases in Cyperaceae and Poaceae pollen. For the
remainder of the period, Alnus pollen abundance sees some recovery alongside high levels
of Corylus and fluctuating Betula pollen, signalling increased woodland coverage of the
area in the mid Holocene. There may be some evidence of increased acidification of the
sediments at Lyndale House and Peat Hill towards the mid to late Holocene, indicated by
the increased levels of ericaceous pollen at both sites. Increased acidification is thought to be
a regional event related to higher precipitation rates and stronger winds at ca. 3000 BP [12].

4.2.2. Anthropogenic Influences on Vegetation

Potential signals of anthropogenic disturbance in the palynological record at Lyndale
House are subtle and difficult to decipher from synchronous environmental changes associ-
ated with climate and reduced marine influence on the landscape from ca. 6498–6716 cal BP
(229 cm). The archaeological record indicates the presence of Mesolithic populations in
the area and sites consisting of middens, hearths and lithic scatters, have been identified
in many coastal areas of the island, including at nearby South Cuidrach [46]. The inci-
dence of anthropogenic indicator taxa such as Plantago lanceolata and herbs of the Apiaceae
and Asteraceae families [44,46], alongside increased microcharcoal levels, may suggest
small-scale disturbance activities in the surrounding landscape early in the sequence
(ca. 7485–7981 cal BP) [35,37,52]. Green and Edwards [13] suggest that human woodland
interference may be evident at Digg (northern Trotternish, Skye) from 8350–6850 BP when
herb pollen and microcharcoal levels increase. However, at Oban (Argyll), increased mi-
crocharcoal levels observed at a similar period (8100 BP) are assigned to a drier climatic
episode [42], highlighting the difficulty in deciphering subtle signals of anthropogenic
disturbance against a background of changing environmental conditions. Where large
diameter Poaceae pollen is present in the Lyndale House sequence, counts are low until
the small and isolated peak following the onset of peat formation (which coincides with
a heightened episode of burning), and the shift to a freshwater environment with the
landward site being cut off from the sea [16]. It may be feasible that the culmination of
climatic, marine, and hydrological improvements enabled and/or encouraged small-scale
vegetation manipulation at the coastal site, particularly as a consequence of the cessation of
sea-level rise after 6498–6716 cal BP (5808 ± 36) [16].

The decrease in arboreal pollen levels at Lyndale House from ca. 5078 cal BP is likely
to reflect the onset of regional woodland clearance, which commenced at many other areas
of Skye in the same period [13,14,53]. Microcharcoal levels are low throughout this period,
indicating clearance by felling and sustained grazing pressures which resulted in the almost
continuous reduction in arboreal pollen levels for the remainder of the Lyndale House
profile. By ca 2000 cal BP, it is likely that much of the region would have been subject
to considerable deforestation from the combined effects of the changing climate, human
influences and edaphic changes [53].

The rise in large diameter Poaceae pollen from ca 3207 cal BP (32 cm) at Peat Hill,
which occurs alongside small increases in ruderal pollen, increased microcharcoal levels,
and a decrease in arboreal pollen, most likely indicates the advent of widespread agrarian
practices in the area. The onset of the episode may coincide with the establishment of
Dunagoil Fort in the Iron Age period [54]. An anthropogenic influence is strongly apparent
in the Lyndale House sequence later, from ca. 693 cal BP (the upper 24 cm of the profile).
Disturbance is marked by a rise in Rumex, Cyperaceae and Poaceae pollen, alongside
reduced arboreal pollen, peak microcharcoal levels and a reduced organic matter content.
The onset of the episode may reflect medieval and post-medieval pastoral agricultural
expansion in the area which is indicated in the archaeological record by the presence of
several shieling huts, including at nearby Breabost [46].



Quaternary 2023, 6, 2 15 of 17

5. Conclusions

New palaeoenvironmental data for a low-lying coastal site on the Isle of Skye and
an inland highland site on the Isle of Bute, West Scotland, reveals complex vegetation
changes in the early to mid Holocene which can be associated with changing climate,
human influences, marine conditions and edaphic changes. There are subtle indications
that the 8200 cal BP climate event had an effect on the vegetation composition at both sites,
while the period of heightened microcharcoal levels from ca 9672 cal BP (244 cm) at Peat
Hill (Bute) may indicate the effects of the cooler drier climate event of ca 9300 cal BP.

Signals of anthropogenic woodland clearance are apparent early in the sequence at
Peat Hill, indicated by a peak in Poaceae (grass) cereal-type (7–14%) at 8592–8793 cal BP,
alongside a decrease in arboreal pollen, which could not be associated with a regional
episode of climate change. Archaeological records of Mesolithic sites are relatively abun-
dant in the area surrounding Peat Hill, including a lithic working site of probable Mesolithic
age close to Branzet Moss and several caves with midden deposits around Dunagoil Bay.

Early to mid Holocene vegetation changes at Lyndale House (Skye) occur alongside
regional changes in precipitation and sea level and therefore cannot be readily separated.
Continuous declines in arboreal pollen from ca. 5000 cal BP at Lyndale House indicates the
onset of widespread clearance in the region via felling and sustained grazing pressures.
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