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Introduction
Since its arrival in the early Holocene after the onset of full inter-
glacial conditions, between approximately 11,000–10,000 cal yr 
BP, Pinus sylvestris spread rapidly across the British Isles and 
reached its maximum extent ~4500 cal yr BP (Bennett, 1984; 
Birks, 1989; Birks et al., 1975; Kinloch et al., 1986). Palaeoeco-
logical data, however, shows that P. sylvestris suffered a wide-
spread demise around 4000 cal yr BP (Gear and Huntley, 1991). 
While this demise was sudden in places, an increasing body of 
research has demonstrated that the timing and nature of this event 
are far from uniform (Blackford et al., 1992; Edwards et al., 1996; 
Edvardsson et al., 2016; Hall et al., 1994, 1996; Lageard et al., 
1999, Payne et al., 2013). The decline has been attributed to vari-
ous factors including climatic deterioration, increased competi-
tion with other tree species, anthropogenic effects, pathogens and 
volcanic activity (Bennett, 1984, 1995; Blackford et al., 1992; 
Hall et al., 1996; Manning et al., 2010; McGeever and Mitchell, 
2016).

Efforts to conserve and restore woodland habitats and species 
has stimulated discussions about the protection of native tree spe-
cies (McGeever and Mitchell, 2016) and the control of introduced 
non-natives (Shackelford et al., 2013). In the British Isles, one 
such debate revolves around the range of native P. sylvestris out-
side of the Scottish Highlands (Manning et al., 2010).

Currently, the accepted view is that populations of native 
Scots pine (descendants of populations from the early Holocene) 
are geographically isolated to the Scottish Highlands and only 

survive in fragmented woodlands (Figure 1). In the rest of the 
British Isles, Scots pine is believed to only exist in plantation for-
ests established in the 1800s, and as individual ‘landscape trees’ 
planted from the middle of the 17th century onwards (Kinloch 
et al., 1986). However, several authors (e.g. McGeever and 
Mitchell, 2016; McNally and Doyle, 1984; Manning et al., 2010) 
have suggested the persistence of native populations in southern 
Scotland, northern England and western Ireland long after the 
demise, thus indicating the existence of possible refugial zones.

Living P. sylvestris specimens are found in ancient semi-natu-
ral woodlands (ASNWs) in the Marches of north-east Wales and 
Shropshire, occurring on thin-soils of drought-prone crags located 
in a small area centred around Breidden Hill and nearby Ness-
cliffe Hill. Observations at the site revealed that the thin soils 
overlaying the doleritic crags of Breidden Hill support unique 
calcifuge-calcicole heath and ‘saum’ habitats (Mortimer et al., 
2000; Natural England, 2007). Rare post-glacial relic flora is 
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present, including Potentilla rupestris, Silene viscaria, Veronica 
spicata, and a range of whitebeam microspecies including the 
endemic Sorbus stirtoniana. Considered a non-native species, 
conservation efforts have involved the removal of Scots pine trees 
from the crags at Breidden Hill to reduce the impacts of shading 
and the build-up of needle litter on the important flora. Tree-rings 
from felled trees at Breidden Hill suggest that some of these indi-
viduals were over 100–150 years old and, given their location, 
would most likely have regenerated naturally from seed. Scots 
pine can produce seed from a relatively young age (10–15 years; 
Mukassabi et al., 2012) so the planting date need not necessarily 
have been much earlier than the age of these naturalised individu-
als. The symbology of the 1838 Tithe map of Breidden Hill clearly 
shows a mixed woodland with conifer and broadleaved tree sym-
bols across the whole hill, including the inaccessible crags and 
more gentle gradients. However, there are no existing historical 
records that indicate the origin of these Scots pine populations, 
raising a question about whether they are remnants of native pop-
ulations that survived the demise, they have been planted more 
recently, or they are naturalised stands that self-seeded from 
planted stock.

Some findings from previous studies suggest the long-term 
presence of Scots pine in the area. Buckland et al. (2001) studied 
the record of beetle assemblages from the Buckbean pond site to 
investigate human activity on Breidden hill during the Iron Age. 
Notably, the investigation reported a specimen of a Hylurgops pal-
liatus beetle, dated at between ca. 2100 and 2200 yrs BP. Hylur-
gops palliatus is an ambrosia beetle which is an obligate associate 
of Scots Pine. Moreover, between 2011 and 2013, entomologists 

(Jones, 2011; Rotheray, 2013) recorded a rare species of hoverfly, 
Callicera rufa, among these hills. This species is also an obligate 
of water-filled rot-holes in Scots pine and previously thought to 
occur only in ancient Caledonian pinewoods in Scotland (Jones, 
2011), although this has since been found at other sites, such as in 
South Wales and Merseyside. Another archaeological study on 
Breidden hill was conducted by Musson et al. (1991), who used 
pollen analysis on lake sediments from the Buckbean pond to 
understand changes in local environmental conditions over time. 
The pollen record shows that Pinus grains occur long after the 
pine-decline, with abundances of 5–10% between 3000 and 
2000 cal yrs BP, and occasional zero values. However, there is no 
further discussion about this species’ history, as the focus is mostly 
on the archaeology of the site.

Other tantalising evidence that might point towards the long-
term persistence of Scots pine in this area includes fragments 
from Ancient Welsh literature. Early references to pine in Welsh 
(ffenitwydd, ffenyt, ffinydwydd) occur in manuscripts such as Cad 
Godeu (The Battle of the Trees) and the Mabinogion, dated to the 
13th century (Ball et al., 1990). Pine is also mentioned in The 
Dream of Rhonabwy, a medieval Welsh text found exclusively in 
the Red Book of Hergest, written c. AD 1382 (Raye, 2014). In the 
tale of the Lady of the Fountain in the Mabinogion, the character 
of Cynon talks about “branches greener than the greenest pine-
trees” (Guest, 1877). The reference to pine in these examples is 
interesting because at the time these myths were told, Scots pine 
is generally considered to have been extinct in the region. This 
contradiction might be either because Scots pine was present in 
Wales during the medieval period, or the Welsh words for pine 

Figure 1. Current distribution of native Scots Pine in the British Isles (adapted from Botanica Society of Britain and Ireland (BSBI), 2018).
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could have referred to native yew or juniper trees which existed at 
that time (Raye, 2014).

This paper aims to shed further light on the origin of Scots 
pine specimens in the Breidden and Nesscliffe hills area. Specifi-
cally, we seek to understand whether there might be woodland 
remnants which have descended from older native generations 
(Carlisle and Brown, 1968), or if they are all of more recent 
planted origin. The study will focus on the history of Scots pine in 
the Welsh Marches by studying the palaeoecology of peat and 
lake deposits, providing a deep-time perspective of the dynamics 
of Scots pine in this area taking into account factors such as long-
term succession, anthropogenic impact and climatic change.

Study setting
Two previously unstudied sites were selected in the vicinity of 
Breidden and Nesscliffe Hills, located in northwest Wales on the 
Shropshire-Powys border and approximately 15 km west of 
Shrewsbury (Figure 2a). Breidden Hill (367 m asl) is an outcrop 
of basic igneous rock associated with shales, sandstones, and 
mudstones (Watts, 1885), and is a site of archaeological signifi-
cance for Iron age and Late Bronze Age forts (Buckland et al., 
2001). Nesscliffe Hill (161 m asl), the geology of which was 
famously described by Charles Darwin in 1831 (Herbert and 
Roberts, 2002), is a red sandstone escarpment that is known for 
an Iron Age hillfort where Late Roman artefacts have been found 
(Home and Jones, 1959; Murdie et al., 2003). Both hills are char-
acterised by several introduced conifer plantations including 
Picea sp., Tsuga heterophylla and Pseudotsuga menziesii, esti-
mated to have been planted in the 1800s (Linnard, 1982). The 
climate in Shropshire is temperate, with an average temperature 

of 8.8°C and rainfall averaging 700 mm/yr (Climate-Data.org, 
2019).

The site of Lin Can Moss (SJ 375 211) was chosen as the main 
coring site. This is a small (1.61 ha) raised ombrotrophic peat bog 
located near Nesscliffe Hill in north Shropshire, about 10 km from 
Breidden Hill and 15 km from Shrewsbury (Figure 2b). It is clas-
sified as a Site of Special Scientific Interest (SSSI) under the pro-
tection of the Wildlife and Countryside Act 1981 (Natural 
England, 2018). The site is dominated by non-arboreal species 
such as Sphagnum recurvum, Carex rostrata, Carex curta, 
Eriphorum vaginatum and Vaccinium oxycoccus, with a sur-
rounding woodland fringe including Betula, Fraxinus, Alnus, 
Quercus and P. sylvestris (Natural England, 2018) (Figure 2b).

At Breidden Hill (Figure 2c), a small (0.3 ha) pond of about 
2 m deep, located on the southern side of Breidden Hill was 
selected for further study. We note that the previously studied 
Buckbean Pond site (Buckland et al., 2001) no longer exists due 
to quarrying activity. The pond is considered to have been con-
structed in the 1800s as a fire-fighting reservoir and is currently 
surrounded by both PAWS (Plantation on Ancient Woodland 
Sites) and ASNW. The vegetation adjacent to the pond consists of 
Pteridium aquilinium, Holcus mollis, Filipendula ulmaria as well 
as Betula sp., Fraxinus excelsior, Quercus sp., Sorbus aucuparia 
and Picea sitchensis.

Materials and methods
Core retrieval
A sediment core (LM18; Figure 2b) was sampled from Lin Can 
Moss (52°47′02.1″N 2°55′39.9″W) using a Russian corer and 
overlapping segments, reaching the bottom of the deposit at 

Figure 2. (a) Regional map showing the location of the study sites. (b) Map of the Breidden Hill coring location. (c) Map of the Lin Can Moss 
(LM18) coring location.
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310 cm. The top 85 cm of the core were not successfully sampled 
due to the high Sphagnum moss content, therefore only the 
remaining 225 cm were used for the pollen analysis. The core was 
transported to the University of Manchester Geography Laborato-
ries, where it was cleaned and described using the Troels-Smith 
system (Troels-Smith, 1955), and stored at 4°C.

At the Breidden Hill pond, a UWITEC gravity corer was used 
to collect sediment core (BH18) to ensure the soft sediments from 
the base of the pond were collected without being disturbed 
(Ribeiro et al., 2008). The corer was dropped from an inflatable 
rubber boat in the middle of the pond (52°43′05.9″N 3°02′36.1″W) 
(Figure 2c). A 46.5 cm sediment core was recovered and trans-
ported vertically to the laboratory to avoid sediment mixing. In 
the laboratory, the sediment core was extruded in 1 cm sections 
which were each placed into individual sample bags.

Peat characterisation
Loss-on-ignition (LOI) was carried out to determine the percent-
age of organic matter in the LM18 peat core. Samples of around 
3 cm3 were taken at a 2 cm interval. After oven-drying wet sam-
ples for 24 h at 105°C, the dry organic matter was combusted at 
550°C (Heiri et al., 2003). Peat humification was carried out at a 
2 cm interval on the LM18 core. Following the methods indicated 
by Chambers et al. (2011), freeze-dried samples of approximately 
0.1 g were ground to a fine powder, and subsequently boiled at 
95°C in an 8% NaOH solution for 1 h to dissolve humic matter. 
The samples were then filtered through a Whatman Qualitative 
one glass fibre filter, and the filtrate was measured three times 
with a spectrophotometer at 540 nm to obtain a light transmission 
percentage (Chambers et al., 2011).

Chronology
Wood macro-fossils were collected from the LM18 core and 
dated using radiocarbon dating, at the depths 90 cm and 300 cm. 
Peat samples were passed through a coarse sieve and single frag-
ments of waterlogged wood were manually picked under a zoom 
microscope using clean tweezers. The material was sent to Beta 
Analytic for dating. A palynological control point for the chronol-
ogy was added, based on the well-known elm-decline occurring 
regionally between 3400 and 4400 cal yr BP (Chambers, 1980; 
Musson et al., 1991; Taylor, 1973). The radiocarbon dates (95.4% 
probability) were calibrated using IntCal20 (Reimer et al., 2020) 
and the 2σ calibrated median ages (cal yr BP) were rounded to the 
nearest 10 years. Age-depth modelling (linear interpolation 
between the three ages) was undertaken using the CLAM R pack-
age (Blaauw, 2010).

The chronology for the Breidden Hill core was established by 
measuring lead (Pb) concentrations and lead isotopic ratios 
(206PB/207Pb) and comparing results to existing lead records, 
yielding an approximate timeframe for the accumulation of the 
lake sediments (Renberg et al., 2001; Kemp et al., 2012). The use 
of lead concentrations and isotopic ratios to construct chronolo-
gies for sediment records has been demonstrated by Renberg et al. 
(1994, 2001). Renberg et al. (1994) identified three main peaks in 
a record from Sweden corresponding to Roman, Medieval and 
historical 20th century anthropogenic activity, respectively, with 
parallels across Europe (Renberg et al., 2001). In central Britain, 
historical lead emissions increased already from the 16th century 
onwards due to regional smelting activity, and especially in the 
mid-19th century due to fossil fuel combustion (Fletcher and 
Ryan, 2018; Le Roux et al., 2004; Rothwell et al., 2010). The 
206Pb/207Pb ratio can be used to trace the source of lead in sedi-
ments and consequently distinguish between natural and anthro-
pogenic sources. Average 206Pb/207Pb ratio in the Earth’s crust is 
~1.2 but varies with the underlying geology (Chow et al., 1975). 
Due to the lower ratio of lead ores (e.g. 1.17 for Roman and 

Medieval lead in Britain, 1.18–1.19 for British coals, 1.04–1.17 
for petrol additives), lower values, especially in combination with 
absolute increases in Pb concentration, can be a powerful tool for 
detecting anthropogenic pollution in the historical timeframe 
(Farmer et al., 1999; Renberg et al., 2001). Lead isotopic ratios 
(206Pb/207Pb) were determined using inductively coupled plasma 
mass spectrometry (ICP-MS). The samples were freeze-dried, 
ground and sub-sampled (0.2 g). Each sub-sample was then pre-
pared using standard Aqua Regia microwave digestion in a CEM 
Mars Xpress system, using 9:1 HNO3:H2O2 as the digestion 
reagent before dilution and transfer to centrifuge tubes for analy-
sis. The samples were measured three times on a PerkinElmer 
Nexion 350D and then averaged by the instrument.

Pollen records
In the laboratory, 1 cm3 samples were taken from the LM18 and 
BH18 cores at 8 cm and 2 cm intervals, respectively. Pollen 
extraction followed standard laboratory techniques outlined by 
Moore et al. (1991) and Faegri and Iversen (1989). During the 
process, Lycopodium spores were added to each sample in order 
to determine the absolute pollen concentration (Bennett and Wil-
lis, 2001). Pollen was identified by comparison with reference 
material and pollen atlases (e.g. Moore et al., 1991) under ×400 
and ×1000 magnifications. For each sample, a main sum of 300 
pollen grains of terrestrial plants (trees, shrubs, herbs, grasses and 
sedges) were identified (Bennett and Willis, 2001) excluding 
spores, and aquatic species. Microcharcoal fragments were also 
identified as they can be an indicator of fire events and anthropo-
genic activity (Blackford, 2000; Brown, 2010). The pollen dia-
grams were created using the software Psimpoll (Bennett, 1996), 
and have been divided into distinct zones using Optimal Splitting 
by Information Content.

Results
Lin Can Moss
The two radiocarbon dates reveal a basal age of 6060 ± 30 cal yr 
BP (6910 cal yr BP) and an age of 270 ± 30 cal yr BP (320 cal yr 
BP) for the uppermost part of the recoverable peat deposit 
(Table 1). The age-depth model is presented as a component of 
the pollen diagram (Figure 3). The chronology suggests that the 
sedimentation rate at the site is slow, although with the absence 
of more dates it is not possible to identify changes in sedimenta-
tion or hiatuses. The chronology also indicates that peat accu-
mulation at Lin Can Moss accelerates between 85 cm and the 
surface of the bog. This is reflected by the composition of the 
uppermost part of the core (0–85 cm), composed of largely un-
humified and highly elastic Sphagnum moss.

There is a rapid transition of LOI from low (52%) to high 
(96%) values near the base of the core (310–290 cm), followed by 
predominantly high LOI values above 95% between 287 and 
97 cm. In the uppermost part of the core (95–89 cm), organic mat-
ter drops slightly from 95% to 81%.

The humification results (Figure 3) show a general increase in 
humification throughout the core, reflected by a decrease in per-
centage transmission. The lowest humification levels occur at the 
bottom of the core, indicated by a peak in transmission values of 
49–57%. Subsequent noteworthy high transmission values (low 
humification) occur at 245 cm (47%) and 199 cm (42%). Trans-
mission values then fluctuate around 20–35% between 200 and 
150 cm, until reaching the lowest values (high humification) of 
around 12–19% between 140 and 130 cm. Transmission increases 
to 38% in the uppermost sample at 89 cm depth, indicating a final 
decrease in humification.

The major changes in the LM18 pollen diagram (Figure 3) are 
summarised in Table 2. The pollen record indicates a transition 
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from dense forest characterised by high concentrations of Quer-
cus, Betula, Corylus and Alnus, to more open land as %NAP 
increases towards zones LM-4 and LM-5. Pinus pollen is depos-
ited continuously throughout the record at low concentrations 
between 0.3 and 5.4%.

Breidden Hill
BH18 comprises organic detrital mud overlying clays. The Pb 
concentration (Figure 4) shows low values of 16 mg/kg at the base 
of the core, a first rise to around 55 mg/kg above 35 cm followed 
by a second rise to peak values (around 69–88 mg/kg) in the cen-
tral core section (27–12 cm), and a subsequent decrease to around 
65 mg/kg above 12 cm. The 206Pb/207Pb ratio (Figure 4) is gener-
ally high (1.18–1.19) in the lower part of the core below 27 cm 
depth, decreasing slightly with decreasing depth. The ratio then 
shows a progressive shift to lower values between 28 cm and 
22 cm (values decreasing from 1.178 to 1.139). The values then 
fluctuate between 1.135 and 1.143 in the upper part of the core.

The major vegetation dynamics observed from the pollen 
analysis of BH18 (Figure 4) are summarised in Table 3. The 
record suggests that the site underwent a transition from an envi-
ronment characterised by high levels of Alnus and ferns (BH-1) to 
a forest with broadleaf species such as Quercus and Betula (BH-
2). A significant rise in conifer cover is observed, with increases 
in P. sylvestris and Picea (BH-3 and BH-4).

Discussion
Vegetation dynamics during the mid to late-Holocene 
at Lin Can Moss
At the site of LM18, radiocarbon dating indicates that peat initia-
tion began no later than around 7000 cal yr BP. Between 7000 cal 
yr BP and 3000 cal yr BP (zones LM-1 and LM-2), the pollen 
record indicates a landscape dominated by Quercus, Betula, Cor-
ylus, Ulmus and Alnus, reflecting the earlier expansion of broad-
leaved woodland that is understood to have occurred during the 
Early Holocene based on the nearby record of Colemere (Kneen 
and Lageard, 2015). The high abundance of pine in the lowermost 
sample of the LM18 record suggests that pine may have been 
relatively abundant prior to 7000 cal yr BP, an inference again 
supported by the Colemere record (Kneen and Lageard, 2015). In 
fact, P. sylvestris was among the pioneer species to arrive in 
Shropshire after the post-glacial period along with Betula and 
Corylus (Beales, 1980; Kneen and Lageard, 2015; Twigger and 
Haslam, 1991). Pinus then becomes less abundant for the rest of 
the record apparently outcompeted by other species, specifically 
Quercus, Ulmus and Alnus. In particular, the expansion of Alnus 
during the Early and Mid-Holocene caused significant competi-
tion with P. sylvestris and Betula (Kneen and Lageard, 2015). The 
expansion of Alnus has been attributed to a shift to wetter and 
more oceanic climatic conditions, (Beales, 1980; Mighall and 
Chambers, 1995), which is supported in the LM18 core by the 
lower degree of humification in zones LM-1 and LM-2. Sphag-
num also increases at this time, suggesting a local transition from 
carr to bog.

The decrease in Ulmus in LM-2 correlates to the well-known 
Holocene biogeographical event of the ‘elm-decline’ (Parker 

et al., 2002). As previously noted, the elm-decline in this region 
appears to have occurred later than elsewhere in the British Isles 
(Godwin, 1940), around 4000–3500 cal yr BP as opposed to the 
more widely recognised time window of 5000–5500 cal yr BP 
(Innes et al., 2006; Parker et al., 2002). This late regional elm-
decline is supported by similar findings by Musson et al. (1991), 
who record the elm decline at Breidden Hill at about 2400 BC 
(4400 cal yr BP), and other similarly later dates in Wales, at Glas 
Llyn (3870 ± 100 cal yr BP; Taylor, 1973) and Cefn Gwernffrwd 
(3845 ± 80 cal yr BP; Chambers, 1980).

The LM18 record shows a decline of pine around 3400 cal yr 
BP with values dropping from around 5% to <1% and reaching 
an absolute minimum around 3000 cal yr BP (LM-3). Several 
authors (e.g. Anderson et al., 1998; Bennett, 1995; Bradshaw and 
Browne, 1987; Gear and Huntley, 1991; Lageard et al., 1999; 
McGeever and Mitchell, 2016) suggest that the pine-decline was 
caused by a shift from a drier climate to wetter and cooler condi-
tions, promoted by large-scale changes in global atmospheric cir-
culation coupled with a reduction in solar insolation (Anderson 
et al., 1998). At LM18, the pine decline occurs in the context of 
drying conditions in the bog, inferred by the decreasing transmis-
sion values in the humification record, as well as the low Sphag-
num abundances coupled with an increase in Calluna vulgaris 
(Figure 3). It is possible that the humification record misses a 
regional climate trend that was unfavourable for Scots pine, and 
the values reflect a localised drying trend resulting from infilling 
of the site. The pine decline in this area might have also been 
caused by increased human pressure on the woodland landscape, 
as proposed by Bennett (1995) or by competition with other spe-
cies such as Alnus, pathogens or even soil deterioration (Bennett, 
1984). We rule out the possibility of impacts from volcanic activ-
ity such as the Hekla-4 eruption 4500 cal yr BP (Blackford et al., 
1992), as the pine decline at LM18 occurred around one thousand 
years later.

Nevertheless, Pinus at Lin Can Moss maintains values above 
0.3% and recovers by the end of zone LM-4, reaching 1.5%. 
Pinus then rises further to 3.5% at 85.5 cm in zone LM-5. The 
data indicate that although recorded in low abundances through-
out the core, P. sylvestris pollen grains were deposited continu-
ously even after the pine-decline. The local humification record 
seems to indicate a prolonged dry shift between 3400 and 
2000 cal yr BP, which could mean that Scots pine in this area may 
have benefitted from a drier environment shortly after the pine-
decline. It is also possible that the isolation and inaccessibility of 
trees on the steep crags of Breidden and Nesscliffe Hills, as well 
as the thin soils, could have promoted the persistence of Scots 
pine in this area. These hills may have acted as a refugial zone, 
providing P. sylvestris enough protection against climate deterio-
ration, competitive exclusion by more dominant trees, expansion 
of blanket bogs and anthropogenic activity. Similar findings have 
been reported by McGeever and Mitchell (2016) at Rockforest in 
Ireland, where P. sylvestris persisted on limestone pavements 
which discouraged the conversion of woodland into agricultural 
land.

The first significant evidence of human disturbance to the veg-
etation in the area can be seen at the beginning of zone LM-3, 
dated around 3400 cal yr BP. Quercus pollen declines, accompa-
nied by a gradual decrease of Alnus and an increase in Plantago 

Table 1. Radiocarbon dates from the LM18 record.

Lab ID Core Depth 
(cm)

Material δ13C (‰) Conventional 
radiocarbon 
age (BP)

2 sigma calibrated 
age range  
(cal yr BP)

Median age 
(cal yr BP)

BETA-526878 LM18 90 Wood macrofossils −26.5 270 ± 30 0–440 318
BETA-500379 LM18 290 Wood macrofossil −27.5 6060 ± 30 6796–7146 6913
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Table 2. Zone summary for the LM18 record.

Zone Depth (cm) Estimated age 
(cal yr BP)

Description

LM-5 96–85 750–320 Betula, Corylus and Quercus are the dominant species although less prevalent as non-arboreal taxa increase. Fagus 
and Sorbus appear at the site. Ericaceae, Calluna vulgaris, Poaceae, Cyperaceae and Sphagnum increase signifi-
cantly. Pinus abundances rise towards the end of the zone.

LM-4 147–96 2100–750 Quercus and Tilia reach peak concentrations while Betula and Corylus decrease. Pinus shows a stable but low 
abundance. Ulmus also reappears, although below previous average. %NAP and microcharcoal levels increase.

LM-3 183–147 3400–2100 Pinus declines to less than <1% but does not disappear. Betula, Corylus and Alnus frequencies increase in the near 
absence of Ulmus, Pinus and Tilia. Quercus suffers a significant decline towards the middle of the zone. Arrival of 
Ericaceae, Plantago lanceolata and Calluna vulgaris, and increase in Poaceae and Cyperaceae.

LM-2 255–183 5600–3400 Quercus, Betula, Corylus, Ulmus and Alnus are the prevalent species. Rise in Sphagnum and micro-charcoal, and 
decrease in Betula, Corylus, Ulmus and Tilia. Ulmus and Pinus decline steadily.

LM-1 310–255 7000–5600 Dominated by Quercus, Betula, Corylus, Ulmus and Alnus. Highest concentration of Pinus at the lowermost part 
of the zone. Rise in Alnus, Quercus and Betula, and decline in Corylus, Ulmus and Tilia. Poaceae, Cyperaceae and 
Sphagnum increase towards the end of the zone.

lanceolata and Poaceae, indicating a period of opening of the for-
est by Neolithic populations (Musson et al., 1991). This corrobo-
rates findings at Fenmere, Shropshire, showing an expansion of 
cereals and herbs where Tilia, Ulmus and Quercus were cleared 
for agriculture and timber, especially during the early Bronze Age 
(Twigger, 1988; Twigger and Haslam, 1991).

Clearance episodes seem to intensify in zone LM-4, around 
2100 cal yr BP, during the Roman occupation (Beales, 1980). 
Musson et al. (1991) describe in detail the high degree of occupa-
tion of the Breidden Hill during the late Iron Age and 
Romano-British period, and indicates intense pressure on the 
environment with increased levels of Artemisia, Chenopodiaceae, 
Polygonum bistorta type, Plantago major/media and Fabaceae. In 
zone LM-5, further human impact is shown by decreases in Bet-
ula and Corylus and increases in Ericaceae and Calluna vulgaris, 
as well peaks in the micro-charcoal record, which may indicate a 
decrease in woodland cover by means of slash-and-burn agricul-
ture during the Norman conquest in the 11th century AD (Beales, 
1980; Linnard, 2000; Mighall and Chambers, 1995). The decrease 
in tree pollen, namely of Betula, Quercus, Corylus, Tilia and 
Alnus, at the end of zone LM-5 can be attributed to the increase in 
pastoral and agricultural activities between the 14th and 17th cen-
turies AD, as well as significant political and societal change in 
Wales during this time which promoted the exploitation of wood-
lands for building and timber (Beales, 1980; Linnard, 2000; 
Rackham, 1986).

The layer of unhumified sphagnum in the uppermost 85 cm of 
the core, which was not recoverable with a Russian corer, could 
relate to a more recent rise in waterlogging in the bog of Lin Can 
Moss. This is supported by the uppermost values in the percent-
age transmission record, which indicate very weak humification. 
This transition to wetter conditions is estimated to have occurred 
at around 320 cal yr BP (440–0 cal yr BP, 2σ). This waterlogging 
may have been initiated during the Little Ice Age (LIA) as shown 
by peat-based palaeohydrological studies in the UK, such as Tore 
Hill Moss in Scotland, and Malham Tarn Moss and May Moss in 
northern England, which recorded wet changes during LIA 
between AD 1350 and 1640 (Blundell and Barber, 2005; Chiver-
rell, 2001; Turner et al., 2014). This could have caused wetter 
conditions in the acrotelm (Belyea and Warner, 1996), a decrease 
in decomposition of Sphagnum moss and an increased accumula-
tion of unhumified material. Wetter conditions at the site could 
have also caused a reduction in herbaceous and woody cover, 
leading to an increased Sphagnum cover.

Recent insights from the Breidden Hill record (AD 
1800–present)
Based on comparison with other records from the British Isles 
(Farmer et al., 1999; Fletcher and Ryan, 2018), the BH18 lead 

concentration and 206Pb/207Pb ratios reflect trends that would be 
expected during the 19th and 20th centuries. Farmer et al. (1996) 
and Fletcher and Ryan (2018) found a rapid increase in lead con-
centrations in NW England and Scotland respectively, associated 
with an increase in pollution due to industrialisation during the 
19th century. This was supported by Mighall et al. (2002a, 2002b) 
who found a similar trend at two sites in the Ystwyth Valley as a 
result of an increase in mining activity during this period. It is 
likely that the rapid increase in lead concentrations from Breidden 
Hill, which begins at around 35 cm, can be correlated to this 
national rise in lead contamination, and perhaps more specifically 
to mining activities in mid-Wales during the 1850s (Mighall et al., 
2002a, 2002b). This was occurring on the opposite side of Breid-
den Hill at Criggion Quarry (Hanson Heidelberg Group, 2013), 
and in the nearby Snailbeach and Tankerville Mines of Shropshire 
(Pearce, 2010), and the North Wales Coalfield (Jones, 2008). The 
precise origin of this pond, however, is not fully understood. One 
hypothesis is that it was created artificially as a fire-fighting res-
ervoir around in the 1800s. Another explanation is related to the 
creation of the Criggion Quarry in 1866 (Hanson Heidelberg 
Group, 2013). In the mid-19th century, clay-lined reservoirs were 
created to provide a year-round water supply for steam-powered 
machines used for mining (Bick, 1996; Edwards et al., 2016). 
After the 1930s, deposition of lead associated with coal burning 
and smelting, as well as the introduction of leaded petrol, begins 
to lower 206Pb/207Pb ratios (Shennan et al., 2015). Farmer et al. 
(1996) recorded a decrease in 206Pb/207Pb ratios from background 
levels of 1.17–1.18 to 1.122 by the 1970s. Based on these results, 
it is not possible to provide a detailed chronology for the record, 
but an approximate date of around AD 1850 (100 cal yr BP) for 
the initiation of lake sediment accumulation can be provided for 
depth of 35 cm, and likely post-1930s age for the core section 
above 26 cm depth.

The palaeoecological significance of zone BH-1, therefore, 
must also be treated with caution, as this zone corresponds to the 
predominantly clay-rich sediments which may have been trans-
ported to the site as part of the construction of the pond. Neverthe-
less, high frequencies of Alnus and Corylus in BH-1 suggest a 
wooded and damp environment (Clapham et al., 1962; Ingrouille, 
1995), supported by very high abundances of Thelypteris, a spe-
cies characteristic of alder carr (McVean, 1956). The high pres-
ence of Sparganium grains may reflect the development of a 
telmatic zone around the pond margins as the site underwent 
hydroseral succession (Van der Valk, 1981). The lack of Quercus 
in this zone is surprising due to its near continuous representation 
in pollen records from nearby sites including Crose Mere (Beales, 
1980), Colemere and Clarepool Moss (Kneen and Lageard, 2015) 
and LM18. This could be owed to the significant prior felling of 
Quercus during the early late 18th and early 19th centuries, as a 
result of the need for timber in the naval industry and oak bark in 
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the tanning industry (Linnard, 2000; Rackham, 1990). However, 
the very high percentage of ferns in this zone could be an indica-
tion of poor pollen preservation leading to the loss of other taxa, 
especially considering the high clay content of these sediments 
(Horrocks and D’Costa, 2003). At the end of zone BH-1, the 
marked decrease in Alnus pollen may indicate a shift towards 
drier conditions (Lamb, 1977), due to the sensitivity of Alnus to 
hydrological changes (Rodríguez-González et al., 2014). Another 
explanation for the decline in Alnus at this time is clearance in 
advance of the extensive plantation of conifers, which began dur-
ing the 19th century (Rackham, 1990). This is supported by the 
immediate appearance of Picea and Pinus in Zone BH-2 once the 
frequency of Alnus has decreased significantly.

The absence of Pinus in the pollen record up until this point 
and the widespread planting at this time events suggest it was 
most likely introduced via planting during this period at this loca-
tion. However, the absence of Pinus before this point may also be 
due to the potentially allochthonous nature of the clay layer in the 
sediment in zone BH-1, which may not accurately reflect the full 
picture of the woodland forest composition. This might also be 
why Quercus does not show the same trends as in records from 
adjacent sites (e.g. Beales, 1980; Kneen and Lageard, 2015; Mus-
son et al., 1991). Equally, the high pollen productivity of alder at 
the site in this zone seems to have dominated the pollen spectra, 
possibly ‘swamping’ the record and pushing the signal of scat-
tered individual pine trees below the palynological radar.

In Zone BH-3, the high values of Betula (>25%) reflect an 
increase in birch trees, perhaps a secondary succession follow-
ing clearing activities implied by the reduction in Alnus. This 
zone is particularly noteworthy as it represents significant 
changes in the woodland species composition, with a rise in 
Pinus, Picea and Fagus pollen. The increase in abundance of 
these species is attributed to the widespread planting of non-
natives in Wales which began around AD 1850 (Linnard, 2000). 
Douglas fir (Pseudotsuga menziesii), for instance, was first 
introduced in Britain in AD 1827 and the first plantings in Wales 
were established at Penrhyn Castle in AD 1840, at Powis Castle 
in AD 1842 and at Stanage in AD 1854 (Linnard, 2000). The 
strong palynological signal in BH-3 might however reflect more 
extensive plantation activity from the 1930s onward, consistent 
with the low 206Pb/207Pb ratios observed in this core section. We 
note some similarities between the uppermost zone of LM18 
and the zones BH-3 and BH-4. However, on the basis of the 
available chronological information, it is unlikely that the 
records overlap chronologically.

In Zone BH-4, the woodland is still dominated by Betula and 
other broadleaved species, but their presence decreases rapidly 
near the top of the core as Pinus and Picea increase. This could 
have occurred as a result of the widespread plantations of conifers 

by the Forestry Commission following World War II (Rackham, 
2008).

Did Scots pine survive the decline in this area?
Given there are not hiatuses in sedimentation, the palynological 
evidence shows that P. sylvestris pollen was continuously depos-
ited at the site of Lin Can Moss between 7000 cal yr BP and 300 cal 
yr BP, with abundances between 0.3% and 5.4%. Could P. sylves-
tris have persisted in the local area since the Mid-Holocene? The 
continuous curve for Pinus at Lin Can Moss provides tantalising, 
though not unassailable, support for a continuous local presence of 
pines at low abundances. The pollen values clearly do not suffice 
as evidence of a local woodland where Scots pine was dominant or 
abundant similar to, for example, a present-day Caledonian pine-
wood. Nevertheless, the findings may support the presence of iso-
lated trees in a mixed forest scenario, occurring in microedaphic 
conditions that enabled their growth. The recent insights from the 
Breidden Hill record show that the concentration of Scots pine pol-
len, even when the trees are physically present at the site, remain 
under 10%. Thus, the levels in the fossil diagram may reflect a 
population of P. sylvestris similar to the modern one, with a few 
individual trees confined to the steep crags of the hills.

There has been considerable debate as to the abundance of 
pollen that indicates the local presence of pine, mainly because of 
the high pollen productivity of the species and the efficiency with 
which the pollen can travel long distances (Lageard et al., 1999; 
McGeever and Mitchell, 2016; Pessi and Pulkkinen, 1994). Over 
the last 30–40 years, the view about what palynological threshold 
indicates the local presence of pine has changed considerably. An 
increasing number of studies, particularly from Ireland, have sug-
gested the presence of pine even with low pollen abundances. 
Fossitt (1994) demonstrated the local presence of pine woodlands 
in NW Ireland by using pine stomata, even when pollen frequen-
cies in the record were as low as 3–18%. Similarly, Hall et al. 
(1994) found pine macrofossils occurring contemporaneously 
with low abundances of pine pollen (2–3%) in a record from 
Garry Bog, Ireland. A later study by Cooney (1996) showed that 
P. sylvestris occurred locally in Ireland at 2.3%. Froyd (2005) fur-
ther reported that P. sylvestris may be local with abundances of 
only 0.4%, using once again evidence from fossil pine stomata. In 
Scotland, where native pinewoods have been continuously pres-
ent, Tipping (2008) recorded pine pollen percentages between 10 
and 20% after the pine-decline.

Although the palynological evidence points towards a contin-
uous deposition of local Scots pine pollen, there is still a chance 
that the record may reflect a well-mixed atmospheric pollen com-
ponent including pine pollen from distant sources, such as Scot-
land and Ireland (see section below). The modest size of the 

Table 3. Zone summary for the Breidden Hill BH18 record.

Zone Depth (cm) Description

BH-4 6.5–0 Picea and Pinus increase towards the end of the record, coinciding with a decline of Betula. Salix and Fraxinus persist at steady 
frequencies, while Corylus disappears. Sparganium and Poaceae are present at moderate values throughout the zone. Pterop-
sida monolete disappears.

BH-3 27.5–6.5 This zone is dominated by Betula, Quercus and Pinus. Fraxinus and Salix are present at lower frequencies. Picea appears in this 
zone but remains at abundance below throughout the zone. Sparganium, Pteropsida monolete and Thelypteris are all present at 
low frequencies. Betula and Quercus decline around the middle of the zone. Poaceae is present at high values. Pinus and Picea 
decrease.

BH-2 33.5–27.5 Alnus and Corylus dominate this zone. Quercus and Betula appear but remain at low frequencies. This zone records the first 
appearance of Pinus. Pteropsida monolete is the prominent NAP. The end of this zone is characterised by decreases in Alnus, 
Corylus and Pteropsida monolete. There is also the first appearance and rapid increase of Sparganium and an increase in 
Poaceae.

BH-1 46.5–33.5 Characterised by high frequencies of Alnus and Corylus. NAP such as Thelypteris and Polypodium are present at high values. 
Poaceae is present at very low but slowly increasing frequencies. The end of this zone is characterised by a decrease in Alnus 
and the appearance and rapid increase of Pteropsida monolete.
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LM18 basin (50 × 120 m), however, makes it unlikely that the 
long-distance pollen component is dominant, and the pine pollen 
signature is therefore more likely to represent local land cover 
changes (McGeever and Mitchell, 2016; Sugita, 2007).

Regional comparisons
The continuity of the pine curve, though admittedly at low values, 
is unlike many other fossil records in the rest of the British Isles 
and especially in Wales (Figure 5). For instance, the pollen dia-
gram of Goldcliff in SW Wales (Smith and Morgan,1989) presents 
breaks in the Pinus record around 4750 cal yr BP and 3750 cal yr 
BP. Similarly, at Cors Fochno in western Wales, Mighall et al. 
(2017) report disruption episodes at 4500 cal yr BP and 2000 cal yr 
BP. At Tregaron bog in SW Wales, the Pinus record is continuous 
until 4990 cal yr BP after which it disappears entirely (Hibbert and 
Switsur, 1976). These trends are all consistent with records from 
other regional sites in Wales (Figure 5), including Nant Ffrancon 
(Hibbert and Switsur, 1976), Waun-Fignen-Felen (Smith and 
Cloutman, 1988), Melynllyn (Walker, 1978) and Arfon Platform 
(Watkins et al., 2007), where pine reaches the highest abundance 
around 7000–8000 cal yr BP, and subsequently diminishes and dis-
appears around 4000–5000 cal yr BP. The findings at LM18 are 
also distinctive when compared to records in England and Ireland, 
most of which show a discontinuity. For example, at Aveley 
Marshes in southern England, Batchelor (2009) recorded a 

discontinuous pine curve following a decline at 4459 cal yr BP, 
with recurrent disruptions related to anthropogenic disturbance. 
Breaks are also recorded in Scotland after the Scots pine range 
shifted northward following the decline, in pollen records such as 
Clatteringshaws Loch (Birks et al., 1975) and Loch Cleat (Birks 
and Williams, 1983). Generally, however, most studies in Scotland 
report similar findings to LM18 which involve continuous records 
characterised by higher abundances of about 10–40% around 
6000 cal yr BP and lower abundances of 1–10% after the decline.

We also find that the Scots pine trends from the LM18 record 
are consistent with other records in the nearby region, specifically 
Colemere (Beales, 1980), Crose Mere (Kneen and Lageard, 2015) 
and Fenmere (Twigger and Haslam, 1991) – all located within 
15 km of Nesscliffe Hill. Figure 5 highlights the good agreement 
between these records. In all five sites in the Welsh Marches, 
including Lin Can Moss and Buckbean Pond, pine reaches its 
highest abundances prior to 7000 cal yr BP with a strong subse-
quent decline to levels below 10%, revealing a distinctive regional 
trend of maximum pine cover. It is possible that a shift to wetter 
conditions and damp soils, coupled with the rise in Alnus pro-
moted by such conditions, led to competition with Pinus in the 
region (Watkins et al., 2007) and an extirpation of pine except on 
steep slopes. However, in contrast with lowland Welsh sites at 
Tregaron Bog and Moel y Gerddi (Chambers and Price, 1988), 
the Welsh Marches sites show a continued modest persistence of 
pine throughout much of the Mid to Late-Holocene. The records 

Figure 5. Comparison of the LM18 record with other dated pine records in Wales that encompass the Mid to Late-Holocene.
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then show a second, well-marked (albeit lower amplitude) decline 
at 3500–3000 cal yr BP, which corresponds broadly with the 
demise of pine observed in the rest of the British Isles. After this 
period of decline, all records show a modest recovery supporting 
a persistence of Scots pine in the area and abundances rise to 
between 4% and 10%. The pine-decline in this area seems to 
occur later than in many other sites in Wales or England, and the 
timing can be compared to sites where native Scots pine popula-
tions were proven to have survived long after the decline such as 
the Irish Midlands, where it thrived until 3500 cal yr BP (Dodson 
and Bradshaw, 1987; McNally and Doyle, 1984).

Are present-day Scots pine stands descendants of 
older populations?
Although the results from LM18 support a continued persis-
tence of Pinus pollen throughout the record, the Pinus trends 
from BH18 indicate that the current population of Scots pine 
may have been increased or augmented by plantation during the 
early to mid-1800s. The high degree of naturalisation observed 
among the modern stands at Breidden Hill and Nesscliffe Hill 
might be attributed to the existence of environmental conditions 
that were previously well suited for the successful growth of P. 
sylvestris.

Still, as noted above, the absence of pine pollen in the lower-
most part of core BH18 does not necessarily represent evidence of 
absence of pine trees on or around Breidden Hill, due to the 
ambiguous origin of basal clays in the pond and possible ‘swamp-
ing’ effect of the alder carr pollen signal. This leaves an open 
question regarding the persistence of Scots pine during the time 
elapsed between the end of the LM18 record and the start of the 
BH18 around. As discussed earlier, uncertainties in the chronol-
ogy of the records impair the ability to fully interpret environmen-
tal changes during this overlap.

Overall, while this study cannot confirm the earlier presence 
of Scots pine on Breidden Hill prior to the plantations, the evi-
dence from the LM18 core and from the regional Welsh Marches 
records indicates a strong picture of local recovery of Scots pine 
following the decline, pointing to a potential role of this region as 
a refugial area for pine.

Wider relevance and future directions
Since the 1980s, the Woodland Trust has been protecting the bio-
diversity of woodlands in Britain, with a great focus on the resto-
ration and expansion of native woodland (Woodland Trust, 2009). 
Recent efforts have targeted the restoration of ASNWs, which are 
of significant ecological value (Marren, 1990; Rackham, 2003; 
Spencer and Kirby, 1992). Although the findings indicate that not 
all Scots pine in the region descended from older generations, the 
fossil evidence suggests that the area investigated may have acted 
as a refugium for a small population to Scots pine, as well as 
many other post-glacial species. This has important implications 
for the conservation of Scots pine in the British Isles and for gen-
eral ecological restoration practices (Manning et al., 2010). 
According to Gavin et al. (2014), identifying refugial populations 
and areas of native remnants can be crucial to understanding the 
importance of certain species in the maintenance of ecosystems 
over time.

Future research should focus on searching for macrofossils 
such as bark, wood and cones, or microfossils such as stomata 
(Twigger and Haslam, 1991) which have not been encountered 
thus far, to help answer questions about the survival of pine in this 
part of Shropshire-Wales borders. Further evidence for the persis-
tence of pine could be sought from much wider sources, including 
continued investigations into the linguistic and documentary ref-
erences to pine within this part of Wales and the Shropshire bor-
ders. DNA analysis could also be carried out on modern and fossil 

pollen and plant material from existing trees to investigate 
whether the populations currently found in this part of the British 
Isles are indeed descendants of older native populations (e.g. Par-
ducci et al., 2005). Environmental DNA analysis might also pro-
vide opportunities to look for fossil fungal material of any 
pine-associated ectomycorrhizal or saprotrophic fungi, such as 
Suillus and Rhizopogon spp. (Glassman et al., 2015). Lin Can 
Moss is a valuable site which would be well suited to further 
investigation using this wider suite of biological proxies, sup-
ported by a larger programme of 14C dating. Further palaeoeco-
logical sequences would improve our knowledge of the regional 
history of pines, especially for the critical recent centuries which 
are not documented in the LM18 core.

Conclusion
This study aimed to improve understanding of the ecological his-
tory of Scots pine populations found in the area of the Welsh 
marches around Breidden Hill in Powys and Nesscliffe Hill in 
Shropshire. Radiocarbon dating revealed that the Lin Can Moss 
peat deposit spans the last 7000 cal yr BP. The LM18 pollen 
record includes a continuous curve for Pinus between 0.3% and 
5.4%. Pinus declines around 3500 cal yr BP, but never fully disap-
pears and shows a recovery after the demise. This pattern is con-
sistent with other records in the area such as Colemere and 
Crosemere, where Scots pine seems to have declined much later 
than other parts of Britain, revealing a distinctive trend for this 
region on a millennial scale. Elsewhere in Wales and England, 
pollen records for pine show clear breaks with 0% abundance, 
indicating that the trends seen at LM18 are distinctive. Thus, we 
suggest the long-term persistence of individuals of P. sylvestris 
with a cover similar to present, characterised by the presence of 
isolated trees on steep slopes in a mixed forest scenario. Insights 
from the BH18 record show that even with pine trees present at 
the site today, the abundance of pollen remains below 10%. Of 
course, on the basis of pollen evidence alone, it is not possible 
entirely to rule out long-distance travel of pine pollen. However, 
the consistency of available evidence corroborates the hypothesis 
of a local Scots pine refugium in the Welsh Marches.

Another aim of this investigation was to determine whether 
the extant Scots pine stands are descendants of older native popu-
lations that survived the pine decline 4000 years ago, or had 
instead been planted during the introduction of planted conifers 
from around AD 1800. Results from the Breidden Hill pond 
record indicate that the current populations at that site have been 
strongly influenced by planting activities in the 1800s. However, 
the overwhelming signal from the local alder carr in the early part 
of the record is likely to have dampened the detection of pine pol-
len, and thus may not reflect the ecological changes during that 
period accurately. Moreover, there are uncertainties regarding the 
overlap between the LM18 and BH18 records, leaving the ques-
tion regarding the origin of the current Scots pine populations 
open-ended and in need of further research.

This study contributes to the debate regarding the Scots pine 
demise in the British Isles and encourages the discussion about 
the persistence of this species for this particular region. This dis-
cussion has important implications for the conservation of wood-
lands in the area and how Scots pine is considered. This 
investigation demonstrates the contribution that palaeoecology 
can make to questions of modern ecology and conservation, and 
its potential to add new information to long-lasting environmental 
debates.
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