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ABSTRACT

Aim Native Pinus sylvestris became extirpated in Ireland, during a massive

population decline experienced throughout Europe. It was extensively replanted

in Ireland during the 18th century from Scottish stock. We test the hypothesis

that P. sylvestris in Rockforest Co. Clare did not become extirpated during the

P. sylvestris decline, and persisted to present day independent of 18th century

plantations.

Location Rockforest, Co. Clare in Ireland.

Methods Fossil pollen was counted from a terrestrial core. Radiocarbon dates

and age-depth modelling was used to ascertain the core chronology. Loss-on-

ignition was carried out to investigate sediment accumulation history. Pollen

was also counted from moss polster pollen traps to explore the deposition of

P. sylvestris pollen in the surrounding landscape. Historical maps were con-

sulted to investigate the longevity of other nearby P. sylvestris populations.

Results A continuous record of P. sylvestris is reported. The core extends

through the last two millennia, and reports a clear decline of P. sylvestris at

c. 1550 cal bp. The P. sylvestris pollen curve recovers quickly after the decline

event and persists at high levels up until the present day. The loss-on-ignition

data reveal a stable accumulation of sediment with no major erosion events.

The moss polster pollen traps show the core site is a suitable location for col-

lecting pollen from the Rockforest P. sylvestris population. Historical maps

demonstrate that none of the other nearby P. sylvestris populations extends fur-

ther back than plantations in the early 18th century.

Main conclusions The population of P. sylvestris in Rockforest Co. Clare

survived the regional P. sylvestris decline, recovered and persisted right up to

the present day, independent of introduction by human agency. Hence, we

identify this microrefugium population of native Irish stock outside of the cur-

rent understanding of the native range for this tree species.
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INTRODUCTION

The concept of what constitutes a native species, and its resul-

tant conservation value, has become increasingly relevant due

to the recent challenges of biodiversity loss from invasive non-

native species (Simberloff et al., 2013) and the call for biodiver-

sity inventories to inform conservation policies (Perrin et al.,

2006). Pinus sylvestris L. is one of the most widely distributed

tree species in the world. It occupies the temperate conifer forest

biome in Europe, the distribution of which is between around

40° N, 70° N, 10° W and 70° E (Hult�en & Fries, 1986; Ched-

dadi et al., 2006). Pinus sylvestris is the most widespread Pinus

species, growing successfully throughout much of Eurasia

(Rehfeldt et al., 2002). The wide range of this species is proba-
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bly due to its broad ecological tolerance (Kelly and Connolly,

2000) and wide climatic range (Cheddadi et al., 2006).

Extirpation of species, mostly mammals, has been

recorded in north-west Europe throughout the Holocene.

Pinus sylvestris stands out as the only significant tree lost

during this time. This tree species was widespread during

the early to mid-Holocene but became extirpated in Ire-

land, Wales, England, Denmark, Belgium and the Nether-

lands (Huntley & Birks, 1983). The non-native status of P.

sylvestris in these regions has been based on a long history

of planting and poor representation in the pollen record.

While planting of introduced stock is undisputed, the inter-

pretation of the pollen record can be challenged. This chal-

lenge arises from the early idea that Pinus presence in

pollen records must be above a certain pollen percentage

threshold (Bennett, 1984). However, Pinus stomata found

along with pollen in Scotland provide evidence of indis-

putable local presence and are often found in association

with very low pollen percentages (Froyd, 2005). This

implies that small isolated Pinus populations could have

survived but have been invisible in regional pollen records.

We test this assumption in what was the most westerly

European outpost of P. sylvestris; Ireland.

Pinus sylvestris colonized Britain through south-east Eng-

land c. 11,470 cal bp [for consistency, radiocarbon dates in

the literature were calibrated into cal BP units using OxCal

4.2 (Bronk Ramsey, 2009) and IntCal13 (Bronk Ramsey,

2013; Reimer et al., 2013)] and spread as far as northern

Scotland by 4470 cal bp (Birks, 1989). The Irish population

may originate from English stock, or it may have spread

independently from a glacial refugium on the continental

shelf (Birks, 1989). Evidence for this was found in a site in

the south-west of Ireland (Watts, 1984), where P. sylvestris

was present from 10,740 cal bp, before it was present in the

east of Ireland. From 10,200-8350 cal bp, P. sylvestris spread

throughout Ireland (Mitchell, 2006). Despite its widespread

distribution, it was often restricted in the habitats it occurred

in due to out-shading on fertile soils by deciduous trees like

Ulmus and Quercus. From 8350 cal bp, the spread of Alnus

glutinosa significantly restricted the distribution of P. sylves-

tris, particularly in lowland habitats. In the uplands and the

western seaboard, the populations of P. sylvestris were also

reduced by the spread of blanket bog (Bennett, 1984; McGe-

ever & Mitchell, 2015).

A combination of these, and other putative drivers such as

climate change, human activity and pathogens, led to a wide-

spread decline in P. sylvestris (Roche et al., 2009; McGeever

& Mitchell, 2015). This decline was asynchronous in nature

affecting populations throughout Europe and P. sylvestris

became extirpated in England, Wales, Belgium, the Nether-

lands and Denmark (Bradshaw & Browne, 1987; Birks, 1989;

Hannon et al., 2000; Lust et al., 2008). Presently, it is also

understood to have become extirpated from Ireland

(Bennett, 1984). Pinus sylvestris persisted into historic times

in several western and upland locations in the Ireland (Brad-

shaw & Browne, 1987). In Ireland the decline can be divided

into two phases, the first of which was a widespread decline

around 4470 cal bp (Roche et al., 2009), where Pinus mostly

disappeared from the Irish landscape. Small and isolated

populations persisted in some locations as evidenced by fine

resolution small hollow pollen diagrams in the west and

south-west of Ireland (Watts, 1984; Dodson & Bradshaw,

1987; Mitchell, 1988; Jeli�ci�c & O’Connell, 1992; Little et al.,

1996; Feeser & O’Connell, 2010) where the declines occurred

more recently around 1780, 1950, 2150 and 1490 cal bp

respectively. This second phase of the decline in isolated

populations is also demonstrated in macrofossil evidence

such as Pinus stumps found in a bog in the Irish midlands

(McAulay & Watts, 1961) two stumps in the south-west

(Mitchell, 1988) and one stump in Co. Clare (Watts, 1984)

dated around 1490, 1740, 1730 and 1055 cal bp respectively.

These data represent the second population decline at

around 1600 cal bp. This is only about three tree generations

until reintroduction in the early 18th century by plantations,

most likely from Scottish stock (Roche et al., 2009). Despite

this, there are no published data that suggest Pinus persisted

in Ireland and so this species is classified as non-native in

Ireland (Carlisle & Brown, 1968). Of these sites with late

native P. sylvestris records, only in Rockforest do we find

mature P. sylvestris in the landscape today with no planting

record. Consequently, this site was chosen for this investiga-

tion.

Rockforest is located in the karst limestone landscape of

western Ireland. The contemporary ecology of this P. sylves-

tris stand is reported in Roche et al. (2009). Its vegetation

community was described as a Corylus avellana–Brachy-
podium sylvaticum association by Roche et al. (2009). The

ecology of the wider Burren region is noted for its diverse

and unusual range of flora, supporting mediterranean, arctic

and alpine plants, as well as north continental flora. For fur-

ther details on the ecology of the Rockforest P. sylvestris

stand and the wider Burren area, see Roche et al. (2009) and

Ivimey-Cook & Proctor (1964).

The history of this P. sylvestris population has been inves-

tigated at a different palaeoecological site (Roche, 2009)

which produced a pollen diagram from a nearby lake that

extends back 1514 cal bp. The pollen data were quite

homogenous in nature, and sampled every 4–8 cm (with a

temporal resolution varying from one sample every 50–
200 years). Despite this low temporal resolution, and some

questions surrounding the sedimentation continuity, the P.

sylvestris pollen curve appeared to be continuous throughout

the core. Hence, these findings justify further investigation

into the history of the Rockforest P. sylvestris stand.

Clarifying the native status of P. sylvestris is of crucial con-

servation importance. In Ireland P. sylvestris has become well

established, integrated and is successfully naturalizing in Irish

semi-natural habitats (Roche et al., 2009). With only 11% of

Ireland’s land cover attributed to forest (ITGA, 2012), classi-

fying P. sylvestris as a native Irish tree, and identifying the

native Irish stock, will have significant consequences for

future conservation and re-establishment of native Irish
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woodlands. Testing this hypothesis has broader international

implications, particularly at the limits of P. sylvestris’ natural

range. It tests the potential for small populations to have

persisted locally during a regional decline and demonstrates

the potential for our current understanding of modern regio-

nal ecology to be expanded through local palaeoecological

investigations. It thus provides a contemporary model of a

microrefugium (Rull, 2009).

The concept of a native plant was defined as one that has

arrived before Neolithic times, or has arrived since without

human agency (Webb, 1985). This definition is further

refined into three perspectives; boundaries, human agency

and time-scale (Kendle & Rose, 2000). In the case of our

investigation, the boundary is the island of Ireland, the

potential for human agency is the extensive replanting of P.

sylvestris since the 18th century and the time-scale defines

the native Scots Pine as those originating from before the

regional Pinus decline. As the P. sylvestris stand in Rockforest

is located within the confines of the Irish island, two criteria

remain to be satisfied to prove it is native: firstly that it orig-

inates from before the 18th century reintroduction, and sec-

ondly that it survived the Pinus decline, which occurred in

this region of Ireland around 1600 cal bp. The evidence to

demonstrate that these criteria are met would be found in a

continuous record of relatively high Pinus pollen percentages

over time, particularly between the time of the regional Pinus

decline and 18th century plantations, when P. sylvestris was

presumed extirpated in Ireland.

This paper sets out to test the hypothesis that P. sylvestris

in Rockforest Co. Clare did not become extirpated during

the Pinus decline, and persisted to the present day indepen-

dent of 18th century plantations. This was tested by carrying

out a high resolution pollen analysis from a new location in

the Rockforest area.

MATERIALS AND METHODS

The site chosen for this study lies on one of the most west-

ern outposts of Europe and so, also the most western poten-

tial ecological range of P. sylvestris. The Burren is a region of

karstified Carboniferous limestone pavement in the west of

Ireland, where there is a mild oceanic climate. The site lies

on the eastern margin of the Burren Plateau (Fig. 1).

Numerous small lakes occur in a karst landscape sur-

rounding the Rockforest P. sylvestris population but survey-

ing revealed that sediment did not accumulate in these lakes.

Consequently, a core was extracted from Aughrim swamp

c. 100 9 40 m in size that was hydrologically linked to

Rockforest Lough. The sediment core described by Roche

(2009) was extracted directly from the western part of Rock-

forest Lough, some 0.85 km south-west of Aughrim swamp

selected for the current investigation. The site occurred at an

elevation of 40 m OD at latitude 53.01 and longitude �8.95

(Fig. 1). The core was taken from the centre of the swamp,

with a water depth of 44 cm, where the peat was at its deep-

est. The core was extracted using a Wardenaar corer

(Wardenaar, 1987), wrapped in polythene film and tinfoil

and stored at 4 °C.
The core was divided longitudinally, and one half stored

as a backup record. The remaining half was described using

the Troels-Smith sediment description scheme (Troels-Smith,

1955). Pollen was extracted at 1 cm intervals using standard

preparation techniques (Faegri et al., 1989). Towards the

base of the core the sediment graded from peat to clay, and

dense-media separation techniques were used to remove the

inorganic sediment (Nakagawa et al., 1998).

Pollen

A minimum of 300 pollen grains were counted per level.

Pollen was identified using 9400 magnification. For pollen

identification, reference was made to a pollen reference collec-

tion and identification keys (Moore et al., 1991; Reille, 1995;

Beug, 2004). The pollen sum was calculated using the terres-

trial pollen sum, excluding local aquatic taxa. Standard pollen

nomenclature was followed (Moore et al., 1991), where appli-

cable taxonomic names were updated using the standardized

taxa lookup files of Tilia 2 and the Neotoma database

(Grimm, 2013). Tilia 2 (Grimm, 2013) was used to calculate

the pollen percentages and draw a pollen diagram of the key

taxa, with loss-of-ignition and sediment description results.

Chronology

The core was 75 cm in length, with pollen investigated to a

depth of 55 cm. For dating, bulk sediment samples of 5 cm3

were extracted from 20 and 48 cm in the core. The sample

at 48 cm was taken at the point of a prominent decline in

the percentage of Pinus pollen, representing the population

decline event. The material was passed through a coarse sieve

to remove potential contamination from the modern root

material. The sieved sediment was dried in an oven at 60 °C,
and then sent to Beta Analytic for AMS Radiocarbon dating.

The R package Bchron 4 (Haslett & Parnell, 2008) was used

to establish a chronology for the core, using the two bulk

sample radiocarbon dates. The radiocarbon date for the

Pinus decline was calibrated using OxCal 4.2 and IntCal13

(Bronk Ramsey, 2009, 2013; Reimer et al., 2013) and

compared to the radiocarbon date of four other published

P. sylvestris decline radiocarbon dates in the south-west of

Ireland.

Loss-on-ignition

Loss-on-ignition was carried out at 1 cm intervals throughout

the core, to investigate the sedimentological history of the site.

Around 3 cm3 of sediment was extracted from contiguous

1 cm depths of the core. The samples were dried overnight at

60 °C and weighed. The samples were then ignited at 550 °C
for 5 h and re-weighed to obtain an estimate of the organic

matter content. The samples were again ignited for a further

3 h at 950 °C to estimate the carbonate and mineral content.

Journal of Biogeography
ª 2016 John Wiley & Sons Ltd

3

Re-defining the natural range of Scots Pine



Moss polsters

Modern pollen rain was investigated through the analysis of

moss polsters which were collected from six sites around the

existing population of P. sylvestris in Rockforest. This was

done to gain insight into the distribution of P. sylvestris pol-

len on the landscape surrounding the putative native stand,

and the core site. Approximately 100 mL of moss was placed

in a conical flask of distilled water for each sample. The sam-

ples were shaken for 45 min. The moss and water was then

transferred through a sieve into centrifuge tubes. The sam-

ples were centrifuged at 1465 g for 5 min to extract pollen

and sediment from the solution. The supernatant was dec-

anted and the standard pollen preparation was applied to the

resultant sample (Faegri et al., 1989). Pollen was counted at

9400 magnification on a light microscope, to a count of 300

grains per sample.

Historical maps

Satellite images and maps were used to identify any other

areas of forestry, besides Rockforest, within an 8 km radius

of the core site. The historical maps database (Clare County

Library, 2015) and Ordnance Survey Ireland (OSI, 2015)

were used to survey the area around the core site. Over 100

maps of Co. Clare were searched, dating from 1653 until

present day. However, the historic Ordnance survey map of

1842 was the earliest to provide details on land use. Hence,

the maps used to reconstruct historic forestry distribution

within an 8 km radius of the core site included the 1842

Ordnance survey, and the Ordnance survey satellite images

of 1995, 2000 and 2005.

RESULTS

The core was 75 cm in depth, with good pollen preservation

to a depth of 55 cm. The sediment was composed primarily

of peat, with clay and marl material at the base. Four distinct

zones were identified and described using the Troels-Smith

sediment description scheme (see Appendix S1).

Pollen

Pollen was well preserved to a depth of 55 cm. In total, 73

taxa were identified and Pinus was the dominant tree taxon.

A prominent decline in Pinus can be seen at 48 cm, although

it quickly recovers to sustained levels above the present day

values (Fig. 2).

Chronology

The two sediment samples taken at 20 cm (Beta-395999) and

48 cm (Beta-396000) were dated to 1120 � 30 bp (around

1020 cal bp) and 1650 � 30 bp (around 1550 cal bp) respec-

tively (Fig. 3). The record extends as far back as 1600 cal bp.

The date of the Rockforest Pinus decline was compared

with published dates from four other sites in the south-west

region of Ireland. These dates were from stumps in the

south-west (Co. Kerry) radiocarbon dated around 1740 and

1730 cal bp (Mitchell, 1988), sites in Co. Clare report the

Pinus decline around 2150 cal bp (Feeser & O’Connell, 2010)

and 1490 cal bp (Jeli�ci�c & O’Connell, 1992). A stump from

the Burren region in Co. Clare was radiocarbon dated

around 1050 cal bp (Watts, 1984). The calibrated date of the

Rockforest Pinus decline was around 1550 cal bp 95.4%

range, OxCal 4.2 (Bronk Ramsey, 2009, 2013) and IntCal13

(Reimer et al., 2013). This calibrated date lies within the cali-

brated ranges of the other Pinus declines in the region

(Fig. 4).

Loss-on-ignition

The results for the loss-on-ignition can be seen in Fig. 2.

The mean mineral content was 34.1%. Overall there is a very

Figure 1 Location of core site in Aughrim
Swamp in Co. Clare, Ireland, with inset

map of Europe showing Pinus sylvestris
distribution in grey (From: EURFORGEN,

2009) and Ireland. Dark Grey shading:
Rockforest P. sylvestris stand. Grey lines:

elevation contours. White lines: roads.
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low carbonate content, with an average percentage of 1.96%.

The organic matter is highest at the top of the core and

decreases gradually from 11–16 cm. The mineral content

stays at relatively stable levels from 16–49 cm. There is a

sharp increase in mineral content at from 49–50 cm, which

recovers at 51 cm (Fig. 2).

Moss polsters

The percentage of Pinus pollen is highest from the moss pol-

ster taken from under the forest canopy (Polster 5, Fig. 5,

see Appendix S3). The Pinus pollen percentage of the surface

sample of the site core is higher than most of the moss pol-

sters, surpassed only by the forest sample (Polster 5) and

Polster 1. Polster 5 has notably more Corylus pollen than the

other samples.

Historical maps

Eleven other forestry ‘parcels’ were identified within the

8 km radius of the core using satellite images (see

Appendix S2). These ranged from 0.4 to 67.1 ha in area, and

occurred from 3.5 to 8.0 km from the core site. Historical

maps were used to identify when these forests developed on

the landscape. Ten of the 11 forestry parcels developed

within the last 235 years (see Appendix S2).

One forest parcel extends back beyond the map records

(Forest 2; see Appendix S2). This forest occurs in the area of

Derryowen, which might be translated to ‘Owen’s Oakwood’

(Burke, 2009). It occupies a very small area of only 2.4 ha

and lies 5.5 km south-east of the core site. The symbols on

the 1842 map indicate it was a mixed broadleaf and conifer-

ous wood. The ruins of a castle lies within 200 m of the for-

est that dates back to the 15th century, with a reference to a

wood in the area in 1598 (O’Donovan & Curry, 1839). It is

difficult to determine whether this references this particular

piece of woodland. However, within the forested land of the

1842 map is Derryowen house, which was part of the Lopdell

estate in the 19th century. A notice announcing the sale of

this house in July 1889 describes it as ‘a very good newly

built dwelling-house, with suitable out-offices’ (MooreInsti-

tute, 2015). This would suggest the house was built at some

point in the 19th century, and so it is likely the trees were

planted at some point in the early 1800s.

DISCUSSION

The findings of this work support the hypothesis that

P. sylvestris in Rockforest Co. Clare did not become extir-

pated during the P. sylvestris decline, and persisted to
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present day independent of 18th century plantations. Hence,

we consider there to be sufficient evidence for P. sylvestris to

be classified as a native Irish tree. Unlike previous investiga-

tions (Roche, 2009), this pollen diagram does show a distinct

P. sylvestris decline at c. 48 cm. However, atypical of tradi-

tional Pinus pollen curves in Irish pollen diagrams (Buzer,

1980; Mitchell, 1990; O’Connell & Molloy, 2001; O’Connell

et al., 2001), this Pinus curve recovers relatively soon after the

Pinus decline. The Aughrim Swamp LOI results are relatively

continuous throughout (Fig. 2), supporting the integrity of

this core sequence with no major hiatus. A sudden change in

the ratio of mineral to organic content would suggest the

occurrence of an erosion event (Bradshaw & McGee, 1988;

Stevenson et al., 1990; Evans & Warburton, 2011). The contin-

uous nature of the loss-on-ignition and pollen records shows

no reason to suspect the sediment accumulation was not con-

tinuous and uninterrupted since the decline event, supporting

the integrity of the core chronology.

When was Scots Pine present?

At the top of the core, the Pinus pollen per cent is c. 5% of

the total pollen sum, at a time when we know there is a defi-

nite presence of P. sylvestris in the area today. Since the

Pinus decline around 1550 cal bp, the Pinus pollen has main-

tained percentage values above this threshold. There has been

much debate over what pollen percentage should indicate a

P. sylvestris presence. Pinus pollen can easily travel long

distances, with two air bladders facilitating dispersal (Pessi &

Pulkkinen, 1994). Originally a ‘critical pollen percentage’ of

20% was suggested to indicate a P. sylvestris presence

(Bennett, 1984). This was later revised to 5% (Bennett,

1995). However, others have demonstrated a P. sylvestris

presence with values lower than 5% using stomata to indi-

cate an indisputable presence. Examples of these can be seen

elsewhere Ireland, where P. sylvestris presence was found with

pollen values as low as 2.8% (Fossitt, 1994) and 2.3%

Figure 4 Calibrated radiocarbon dates of

pine declines in the south-west of Ireland

(OxCal 4.2 and IntCal13; Bronk Ramsey,
2009, 2013). 1. Feeser and O’Connel (2010),

2 and 3. Mitchell (1988), 4. Putative native
Rockforest site, 5. Jeli�ci�c & O’Connell

(1992), 6. Watts (1984).
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(Cooney, 1996) and in Scotland P. sylvestris was proven to

occur when pollen was only 0.4% (Froyd, 2005). The

dynamics of pollen dispersal are complex and difficult to

reliably predict. In the case of this investigation there are sev-

eral considerations that might justify using a Pinus pollen

value of 5% to indicate a native presence. Firstly, at the top

of the core the Pinus pollen percentage fluctuates around the

5% mark, at a time when we know P. sylvestris to be present

from the contemporary Rockforest population. This is fur-

ther supported by an investigation of contemporary pollen

deposition in the area around the coring site and Rockforest

using moss polsters as pollen traps (Fig. 5). Secondly, the

location of the site in the west of Ireland significantly mini-

mizes the likelihood of the Pinus pollen coming from

another country, and so we conclude that the Pinus pollen

must be from Irish populations. And thirdly, it is unlikely

that pollen from further away would have been deposited

and preserved at this site due to the size of the basin

(40 9 100 m); smaller basins tend to represent local pollen

sources compared to larger basins which show more regional

vegetation dynamics (Sugita, 2007).

The timing of the Pinus decline at Rockforest

Other pollen sites in this region of Ireland also show a dis-

tinct P. sylvestris decline, but with no recovery (Watts, 1984;

Jeli�ci�c & O’Connell, 1992; Feeser & O’Connell, 2010). The

most likely reason for our site detecting a P. sylvestris recov-

ery while other sites did not is its proximity to the putative

native stand. Some nearby sites show ‘smearing’ in the Pinus

pollen curve after the P. sylvestris decline (Watts, 1984),

which might be representing the persisting Rockforest popu-

lation. Our core shows the Pinus decline to have occurred at

48 cm, around 1550 cal bp. In western and upland areas of

Ireland, Pinus persisted into historic times (Bradshaw &

Browne, 1987). The decline was similarly timed in other sites

in Ireland (McAulay & Watts, 1961; Watts, 1984; Dodson &

Bradshaw, 1987; Mitchell, 1988; Feeser & O’Connell, 2010).

The date of the Rockforest Pinus decline is consistent with

other declines in this area of Ireland (Fig. 4).

Pinus pollen in the area around the Aughrim Swamp

core

Moss polsters were successful collected and analysed as mod-

ern pollen traps. These were used to provide insight into the

distribution of Pinus pollen around the Rockforest stand of

P. sylvestris. Olalla et al. (1994) found four mechanisms that

influence the distribution of pollen on the landscape: topog-

raphy, distance from pollen source, local vegetation composi-

tion and wind turbulence. The area of Rockforest is relatively

flat topographically, but all the other factors are likely influ-

encers of the moss polster results. These modern pollen traps

show that the sample taken closest to the pollen source has

the highest representation of Pinus pollen (Polster 5, Fig. 5,

see Appendix S3). Counter intuitively, Polster 1 has quite

high representation of Pinus pollen (Fig. 5), despite it being

one of the furthest away from the Rockforest P. sylvestris

stand (2.5 km, see Appendix S3). This pollen trap was taken

from an open area of karst landscape. It is possible that the

sparse local vegetation cover at the polster site contributed

to the high representation of Pinus pollen. The remaining

polsters have much lower percentage of Pinus pollen related

to their distance from the stand and dilution with pollen

from other taxa. The Pinus:Poaceae ratio is 1.04 and 3.66 for

Polsters 1 and 5 respectively compared to < 0.3 for Polsters

2, 3, 4 and 6 (Fig. 5, see Appendix S3).

Pinus sylvestris stands in the area around the

Rockforest stand

Historical maps were consulted to provide additional context

into the distribution of P. sylvestris in the wider landscape.

An 8 km radius was chosen because the core site itself lies in

a small basin of only 40 9 100 m in area. Small basins rep-

resent pollen from a local area (Sugita, 2007), so an 8 km

radius is a conservatively large area to survey for P. sylvestris

populations relevant to the area being surveyed in a palaeoe-

cological context by the core.

A review of historical maps successfully provided records of

forest plantations, that likely would include P. sylvestris, repre-

senting the re-introduction of this species to the area (see

Appendix S2). This is consistent with the current narrative for

this species in Ireland; being reintroduced by anthropogenic

agency since the early 18th century (Roche et al., 2009).

Why did P. sylvestris survive in Rockforest?

This is the first Irish P. sylvestris population to be found that

has survived since before the population decline and ‘extirpa-

tion’ event. At this point the reason for it surviving can only be

discussed speculatively. It is very possible that future palaeoe-

cological investigations may find similar populations and more

insight might be gained into why these stands survived. What

is clear from this work, is that whatever caused P. sylvestris to

decline had an impact on the population in Rockforest; the

population did decline, but recovered. Therefore, the possibil-

ity of the population simply being too geographically isolated

to experience the decline can be dismissed. The main causal

mechanisms suggested for the decline of P. sylvestris in Ireland

are (1) being out-competed by Alnus glutinosa and (2) habitat

loss to blanket bogs (3) human exploitation (Bennett, 1984;

Roche et al., 2009; McGeever & Mitchell, 2015).

Human exploitation is likely to have been the principal

causal mechanism for the final historic decline in P. sylvestris

in Ireland. Human exploitation of the Irish landscape has

been ongoing for millennia (Mitchell & Ryan, 1997). Pinus

sylvestris was particularly vulnerable because unlike most

other Irish trees it does not naturally coppice and the root

stock dies following felling. Almost all semi-natural forest in

Ireland has survived through virtue of being located within

estates that were established from c. 12th century through to

Journal of Biogeography
ª 2016 John Wiley & Sons Ltd

7

Re-defining the natural range of Scots Pine



the 18th century (Rackham, 1995). This afforded some pro-

tection and reduced the risk of forest being converted to

farmland. In the case of Rockforest P. sylvestris stand lies

within the Rockforest estate. The trees grow on limestone

pavement which would have been unattractive to convert to

agricultural land and we thus assume that the estate owner-

ship protected the trees from felling for timber.

Wider relevance of this study

Our study uses fossil evidence to elucidate new features in the

population dynamics of P. sylvestris in Ireland, which has

much wider implications for the regional dynamics of this

species. Another example of the use of fossil evidence can be

seen in the work of De Nascimento et al. (2009), who show

the impact of anthropogenic disturbance on forest ecosystems

in Tenerife. The past dynamics of plant populations can be

further elucidated when fossil evidence is coupled with distri-

bution models. For example, Bialozyt et al. (2012) use a

model of the dispersal characteristics of Fagus sylvatica and

Picea abies to gain new insight into their history in Scandi-

navia. Similarly Manning et al. (2010) use bioclimatic mod-

elling to identify areas in northern England and southern

Scotland that P. sylvestris may have survived, narrowing the

ongoing search for refugia populations there.

With the accumulation of historical data on plant distribu-

tions from fossil records, species distributional models and phy-

logeographical surveys, the search for plant refugial populations

is becoming increasingly successful. Finding refugial popula-

tions is important due to their crucial role in the maintenance

of regional biodiversity over long time periods (Gavin et al.,

2014). Our work here compliments and contributes to the

wider use of approaches employed in the search for refugia, and

demonstrate a successful discovery of a refugial population

using a palaeoecological approach. Future research may employ

species distributional models and phylogeographical studies to

identify other potentially native stands of P. sylvestris in Ireland,

which can then be confirmed by a palaeoecological study.

CONCLUSION

Our investigation demonstrated the potential for palaeoecol-

ogy to contribute to our understanding of modern ecology.

We demonstrate that P. sylvestris deserves reclassification of its

status and to be re-established as a native Irish tree. It has

maintained a continuous Irish presence despite its declines.

We identify the population in Rockforest, Co. Clare to be of

native Irish stock and hence of significant genetic provenance,

as so far, other Irish P. sylvestris populations are believed to

have resulted from human introductions during the 18th cen-

tury. Evidence for these findings have been found in the radio-

carbon dated palynological record, interrogating the sediment

accumulation constancy using loss-on-ignition, investigating

the pollen distribution in the surrounding landscape using

moss polster pollen traps, and exploring the forest history in

the area through historical maps. We find the core to be of a

sufficient age to include the Pinus decline, with no major dis-

ruptions to the accumulation of sediment, in a location that is

ideal for collecting Pinus pollen from the Rockforest popula-

tion. We are also confident that the decline dated around 1550

cal bp is the population decline found elsewhere in Ireland, as

this date is consistent with the timing of the decline event at

other sites in this region. Hence, we identify a microrefugium

for P. sylvestris in this region of Europe originating from before

the regional population decline.

The relevance of these findings is threefold; firstly, this has

significant implications for the conservation of Irish flora and

further contributes to the already significant conservation

value of the Burren Co. Clare, as its unique environment sup-

ports the only confirmed native stand of Irish Scots Pine (P.

sylvestris). Secondly, in a European context it extends the

native range of P. sylvestris and highlights a realistic potential

for native stands of P. sylvestris to exist in other regions where

it is currently understood to have been extirpated; England,

Wales, Denmark, Belgium and The Netherlands. And thirdly,

in a palaeoecological context this result is relevant to the inter-

pretations of existing and future Pinus pollen records, demon-

strating the risk of drawing regional conclusions in the absence

of fine resolution local investigations.
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